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INTRODUCAO GERAL

A obesidade € uma epidemia crescente a nivel mundial e afeta grande parte
da populacdo em paises desenvolvidos e em desenvolvimento (BUDUNELI et al.,
2014). Caracterizada por um acumulo de gordura no tecido adiposo, a obesidade é
uma desordem médica cujas consequéncias para a saude variam do risco
aumentado de morte prematura a graves doencas que, embora nao letais, sao
debilitantes e afetam diretamente a qualidade de vida do individuo obeso (CUNHA,
et al.,, 2010; BALBO et al., 2007; PEREIRA, FRANCISCHI & LANCHA-JUNIOR,
2003). Essa doenga relaciona-se com a sindrome metabdlica, uma entidade clinica
complexa consistindo de obesidade abdominal, resisténcia a insulina, intolerancia a
glicose, hipertenséo, hipertrigliceridemia e/ou reducédo da concentracdo dos niveis
de colesterol — Lipoproteina de alta densidade (High Density Lipoproteins - HDL)
(CUNHA et al., 2010; BORGES et al., 2007).

Nosso organismo apresenta a eficiéncia em acumular energia, 0 que
favorece a sobrevivéncia em periodos de escassez de alimentos. Porém nos dias
atuais,: a facilidade de acesso e o baixo custo de alimentos com grande densidade
caldrica, aliados a pouca ou nenhuma atividade fisica diaria, fazem com que a
obesidade tome proporgbes alarmantes (SANDE-LEE; VELLOSO, 2012). Essas
propor¢cdes tém sido mostradas nos dados do Ministério da Salde que aponta que
cerca de 51% da populacdo brasileira com mais de 18 anos, esta acima do peso
ideal; sendo que esse aumento atinge tanto homens quanto mulheres chegando a
54% e 48% respectivamente (BRASIL, 2013). Assim, esta é uma condigcdo complexa
de dimensBes sociais, biolégicas e psicossociais consideraveis, podendo
eventualmente afetar qualquer pessoa de qualquer idade ou grupo socioeconémico
(BARBOSA et al., 2005).

Para compreender melhor o papel de cada um dos elementos envolvidos na
fisiopatologia da obesidade, pesquisadores utilizam-se de modelos experimentais
animais, que podem determinar de maneira controlada o papel dos componentes
envolvidos na obesidade (CESARETTI & KOHLMANN JR, 2006). A grande
similaridade e homologia entre os genomas de roedores e humanos tornam, o
modelo animal, uma ferramenta importante para o estudo da obesidade sendo que,
esses modelos tém sido estudados e ja foram classificados por sua etiologia
(DIEMEN, TRINDADE, TRINDADE, 2006).
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A obesidade pode ser induzida em animais através da ooforectomia, da
alimentacdo com dietas hipercaldricas, da manipulagdo genética para obesidade
e/ou ainda da lesdo do nucleo hipotalamico ventromedial que pode ser por lesédo
elétrica direta ou administracdo de glutamato monossédico (MSG) (DIEMEN,
TRINDADE, TRINDADE, 2006). Entre os modelos neurais, a obesidade hipotalamica
€ a mais conhecida, um modelo de obesidade que mimetiza, pelo menos em partes,
a situacao clinica de sindrome metabdlica rotulada como obesidade neuroendocrina
(DIEMEN, TRINDADE, TRINDADE, 2006). Em ratos essa obesidade pode ser
conseguida por meio de administragdo subcutanea de glutamato monossédico, um
aminoacido neuroexcitatorio lesivo ao sistema nervoso central (SNC) quando em
guantidades excessivas, pois danifica ndcleos pertencentes ao hipotalamo, ou seja,
provoca alteracdes no eixo hipotalamo-hipofisario (VOLTERA et al 2008).

Ha mais de 75 anos, pesquisas com modelos animais e humanos tém
mostrado que a base medial do hipotdlamo é a chave central da regulacao
metabdlica pelo SNC. O hipotalamo recebe e integra uma variedade de sinais
aferentes, comunicando o estado metabdlico do organismo, ajustando os produtos
autondmicos com o resultado fisioldgico ideal para a manutencdo dos reservatorios
de energia (BINGHAN, ROSE, INGE, 2012). A administragdo neonatal de MSG em
roedores, ainda com a barreira hemato-encefélica ndo formada (CUNHA, et al.,
2010; DIEMEN, TRINDADE, TRINDADE 2006; CESARETTI & KOHLMANN JR,
2006), destréi 80-90% dos neurbnios dos nlcleos arqueados e provoca danos a
outras estruturas centrais do hipotalamo, resultando em alterag6es neuroenddcrinas
e metabdlicas, levando os ratos a desenvolver obesidade, devido a falta de controle
entre a absorcdo e gasto energético (DIEMEN, TRINDADE, TRINDADE, 2006). Este
tratamento tem demonstrado resultados com numerosas anormalidades enddcrinas
e comportamentais, tais como perturbacbes do crescimento, producdo de
glicocorticéides, obesidade e hipogonadismo (CUNHA, et al., 2010).

Outra doenca que afeta grande propor¢cdo da populacdo € a periodontite,
(BUDUNELLI, et al., 2014; YACOB, et al 2012; COTTI, et al., 2011). A periodontite é
considerada atualmente um importante problema de saude publica, pois pode
reduzir a funcdo mastigatoria e prejudicar a estética, provocando a perda do dente,
tornado-se entdo responsavel por uma propor¢gdo substancial de edentulismo e

disfuncdo mastigatoria. Tudo isso leva a uma reducdo na qualidade de vida do
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individuo (TONETTI, VAN DYKE, 2013). A sua natureza polimicrobiana orquestra
um mecanismo complexo de inflamacdo que é caracterizado por destruicdo das
fiboras colagenas, e de outros constituintes da matriz do tecido conjuntivo do
ligamento periodontal e do osso alveolar, em conjunto com a formacédo de bolsas
periodontais (SAKALAUSKIENE, et al.,, 2014; RIVERAet al., 2013; COTTI, et al.,
2011). A infeccdo periodontal é iniciada por agentes patogénicos orais invasivos
especificos que colonizam biofilme da placa dental que, em geral, tem uma estrutura
organizada, composto de bactérias numa matriz de glicoproteinas salivares e
polissacarideos extracelulares (COTTI, et al., 2011). E causada predominantemente
por bactérias que liberam endotoxinas que ativam citocinas pro-inflamatoérias —
Interleucinas -1 (IL-1), Fator de Necrose Tumoral alfa (TNF-a) entre outras que
afetam os tecidos de suporte dos dentes (VGONTZAS et al., 1977; ORBAN et al.,
1999; NISHIMURA et al., 2001; BASTOS et al., 2005). Tornou-se evidente que, sem
a reacdo inflamatéria do hospedeiro, a presenca de agentes patogénicos
bacterianos por si s6 ndo é suficiente para causar a destruicdo dos tecidos que
ocorre no curso da periodontite. Assim, tem sido sugerido que, em individuos com
fraca saude oral, a reacdo as bactérias podem conduzir a uma resposta excessiva

do hospedeiro, resultando em resposta inflamatoria sistémica (YAKOB et al., 2012).

Diversas pesquisas cientificas, tanto em ratos, camundongos e humanos,
sugerem que a obesidade contribui efetivamente com a severidade da doenca
periodontal (DP) (PERLSTEIN & BISSADA, 1977; LOSCHE et al., 2000; IACOPINO,
2001; SAITO et al., 2003; AL-ZAHRANI, BISSADA, BORAWSKIT, 2003). Dados
epidemioldgicos mostram que pacientes obesos e resistentes a insulina apresentam
concentracdes plasmaticas elevadas de marcadores inflamatérios (BRANDELERO
JR et al.,, 2012). O tecido adiposo secreta grande quantidade de TNF-a e IL-6
(ORBAN et al., 1999) e a concentracdo dessas citocinas é proporcional ao indice de
massa corporal (IMC) (VGONTZAS et al., 1977). A alta concentracdo de TNF-a pode
exacerbar a doenca periodontal pré-existente por meio da estimulacdo de
fibroblastos que promovem a sintese de enzimas e pela estimulagéo de osteoclastos
que realizam a reabsorcdo 6ssea (BRANDELERO JR et a.l, 2012). O aumento da
concentracdo plasmatica das citocinas pro-inflamatorias poderia justificar a relagéo
entre obesidade e doenca periodontal (BASTOS et al., 2005). A obesidade pode

afetar a resposta imune e vascular do hospedeiro devido a diminuicdo do fluxo



12

sanguineo (HAFFAJEE & SOCRANSKY, 2008). Uma vez que a periodontite e a
obesidade estdo associadas com inflamacao sistémica, é possivel sugerir que essas
duas condicdes estejam ligadas por uma via patofisiolégica comum (IACOPINO,
1995). Tem sido demonstrado que citocinas e horménios derivados do tecido
adiposo, considerado um tecido enddcrino, podem exercer um papel fundamental
nesta associacdo visto que o tecido adiposo secreta uma variedade de citocinas e
horménios, também chamados de adipocinas, as quais tém potencial de modular a
periodontite. A obesidade pode aumentar a suscetibilidade do individuo, modulando
0 sistema imune e inflamatorio, aumentando a liberacdo de citocinas, ativando
macréfagos e dessa forma elevando o risco para a periodontite (MOURA et al.,
2010). Apesar disso tudo, a associacao entre obesidade e periodontite, e 0 seu

mecanismo bioldgico desta correlacao ainda nao esté totalmente elucidado.

Assim como a periodontite, a Doenca Cardiovascular (DCV) vem gerando
grande preocupacao visto que representa uma fonte crescente de morbidade e
mortalidade em todo o mundo. A obesidade, dislipidemia, hipertensdo arterial,
tabagismo, diabetes mellitus foram identificados como fatores de risco para DCV
durante as Ultimas décadas. Apesar das tentativas para gerenciar essas
comorbidades, a incidéncia de DCV continua a ser significativa e ha um interesse
crescente na identificacdo de novos fatores de risco (VAISHNAVA, NARAYAN,
FUSTER, 2011). O principal responsavel pela maioria dos casos de doenca cardiaca
vascular é a aterosclerose (JORGE, 1997), uma doenca multifatorial, que representa
a causa mais comum de doenca cardiaca. Ha um forte componente genético
envolvido na génese da aterosclerose em associacdo com varios fatores de risco,
anatdmicos, fisiolégicos e comportamentais, incluindo alteragbes no perfil lipidico
sérico, tabagismo, hipertenséo arterial, diabetes, obesidade, sedentarismo, idade e
género (COTTI et al., 2011). A disfuncdo endotelial é considerada uma das
primeiras caracteristicas de progressdo do ateroma, de fato, o endotélio
desempenha um papel fundamental na manutencéo da fun¢cdo normal da parede do
vaso. Varios fatores, tais como hipercolesterolemia, estresse oxidativo, diabetes,
consumo de cigarros e infecgcdo, podem aumentar a expressao de moléculas de
adesao e causar disfuncdo endotelial. O aumento da produgcédo de mediadores da
adesdo conduz a um aumento da permeabilidade da tunica intima e formacéo inicial
de ateroma (D’AIUTO, ORLANDI, GUNSOLLEY, 2013).
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A hipotese de que a infeccdo e inflamacdo podem estar ativamente
envolvidas na aterogénese é suportada por um numero crescente de relatos, sendo
que as infeccbes dentarias representam um contexto favoravel para doencas
sistémicas vasculares, como doenca coronariana, doenca cerebrovascular e doenca
pulmonar obstrutiva crénica, através da inducao de disfuncédo endotelial (BOBETSIS
BARROS, OFFENBACHER, 2006; CHANG et al., 2010(COTTI,2011). Assim é
razoavel acreditar que a inflamacgéo sistémica induzida por patdégenos periodontais
pode estar associada com a disfuncdo endotelial e aterosclerose, primeiro nos
pequenos vasos e mais tarde em artérias maiores, tais como as coronarias (ZADIK
et al.,, 2009). O entusiasmo para a relagdo entre DCV e DP surgiu a partir da
hipétese de que a periodontite, iniciada pelo acimulo de bactérias e perpetuada por
uma resposta imunolégica pode contribuir para inflamacdo sistémica ligadas a
aterogénese (VAISHNAVA, NARAYAN, FUSTER, 2011). Procedimentos clinicos
realizados pelo dentista nos dentes ou no periodonto e até mesmo a escovacgao
realizada pelo paciente, pode levar a uma bacteremia transitéria, provocando uma
infeccdo secundéaria em tecidos e 6rgaos distantes, inclusive artérias. A presenca de
bactérias como Porphyromonas gingivalis (P9) e Agregatibacter
actinomycetemcomitans (Aa) na doenca periodontal € um fator importante a ser
considerado, niveis elevados de anticorpos contra esses dois microorganismos tém
sido associado com o aumento do risco para DCV. O desafio bacteriano da bolsa
periodontal causa uma resposta inflamatéria nos tecidos gengivais, levando a um
aumento no recrutamento de leucécitos para a area e aumento da producdo de
mediadores inflamatoérios. E provavel que esses mediadores inflamatorios possam
entrar via circulacdo sanguinea e induzir a um baixo grau de inflamacao sistémica,
gue por sua vez poderia afetar a progressao da aterosclerose (HOLMLUND, et al.,
2011). Acredita-se que a doenca periodontal fornece uma carga biologica de
citocinas inflamatérias, que promove aterosclerose e acontecimentos trombéticos
(COTTlet al., 2011). Apesar da associacdo da doenca periodontal crbnica com
inflamacé@o sistémica, juntamente com as mesmas citocinas pro-inflamatorias
implicadas em algumas formas de DCV, ainda permanece instavel a afirmacéo de
que a periodontite provoca eventos cardiovasculares (VAISHNAVA, NARAYAN,
FUSTER, 2011). Embora pare¢a haver uma associacdo entre saude bucal e

doencas cardiovasculares, a causalidade ainda n&do foi comprovada e o0s
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mecanismos biolégicos envolvidos ainda permanecem obscuros (HOLMLUND, et al.,
2011).

Assim, diversas pesquisas vém sendo realizadas no sentido de investigar a
relacdo entre a obesidade e as varias doencas cronico-degenerativas que
acompanha esta epidemia. Todavia, apesar das evidéncias mostrando as inter-
relacbes entre obesidade, doencas cardiovasculares e doenca periodontal, a

literatura € muito restrita, necessitando de muitas pesquisas neste campo cientifico.
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AVALIACAO DOS TECIDOS PERIODONTAIS E AORTA ABDOMINAL
DE RATOS COM OBESIDADE INDUZIDA PELO GLUTAMATO
MONOSSODICO E PERIODONTITIE EXPERIMENTAL

RESUMO
Objetivo: O objetivo desse trabalho foi avaliar o comportamento de tecidos
periodontais e da artéria aorta abdominal em ratos com obesidade hipotalamica
associada a periodontite experimental.
A doenca periodontal € uma doenca cronica que afeta grande parte da
populacdo e tem sido associada a alteragcdes sistémicas. Sendo assim, sua
relacdo com a obesidade e a aterosclerose, € motivo de preocupacgdo para o
sistema de saude.
Metodologia: Vinte e oito ratos Wistar foram divididos, inicialmente, em 2
grupos que foram submetidos a injecfes intradérmicas na regido cervical de
4g/kg/dia de solucdo de Glutamato Monossodico (grupo MSG) e 1,25g/kg/dia
de solucao salina (grupo CTL), nos primeiros 5 dias de vida. Aos 70 dias, esse
grupos foram subdivididos em outros 2 grupos, onde foi induzida a periodontite
com a colocacio de ligadura nos 1°° molares inferiores; originando-se assim 4
grupos: grupo controle sem ligadura (CTL); grupo controle com ligadura (CTL
Lig); grupo MSG sem ligadura (MSG); grupo MSG com ligadura (MSG Lig). Aos
100 dias os ratos foram pesados e mensurados o comprimento naso-anal,
assim o indice de Lee foi determinado e, entdo, os animais foram sacrificados.
Amostras de tecido gengival e da aorta abdominal, bem como as hemi-
mandibulas foram retiradas para andlises imunoldgicas, morfologicas e
radiogréficas.
Resultados: A concentragdo de interleucina-6 no tecido gengival foi significante
no grupo CTL Lig, sendo a concentracao do Fator de Necrose Tumoral alfa na
aorta abdominal maior nos grupos com periodontite induzida (p<0.05). Tanto a
analise radiogréafica quanto a histolégica demonstrou uma menor perda éssea
alveolar no grupo MSG Lig, quando comparado ao grupo CTL Lig (p<0.05). Na
analise morfométrica da aorta abdominal houve diferenca estatisticamente
significante na mensuracédo do diametro das paredes da artéria, sendo o maior

diametro observado no grupo MSG Lig (p<0.05).
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Conclusion: Logo, este estudo sugere que a periodontite em associagcdo com a
obesidade hipotalamica pode contribuir para o aumento da largura das paredes
da aorta abdominal, bem como a obesidade hipotalamica pode exercer um

efeito protetor sobre a perda 6ssea alveolar.

INTRODUCAO

A obesidade tem alcancado propor¢des epidémicas a nivel mundial (1-
3). E uma desordem médica caracterizada por um excesso de peso e suas
consequéncias para a saude variam do risco aumentado de morte prematura a
graves doencas nao letais, mas debilitantes que afetam diretamente a
qualidade de vida destes individuos (4-6). Para compreender melhor o papel de
cada um dos elementos envolvidos na fisiopatologia da obesidade,
pesquisadores utilizam-se de modelos experimentais animais, que podem
determinar de maneira controlada o papel dos componentes envolvidos na
etiologia da obesidade (7). Entre os modelos neurais, a obesidade hipotalamica
€ a mais conhecida, um modelo que mimetiza a situacao clinica de sindrome
metabdlica rotulada como obesidade neuroenddécrina (8). Em ratos essa
obesidade pode ser conseguida por meio de administracdo subcutanea de
glutamato monossédico (MSG), um aminoacido neuroexcitatorio lesivo ao
sistema nervoso central, quando em quantidades excessivas, pois danifica
ndcleos pertencentes ao hipotalamo, ou seja, provoca alteracdes no eixo
hipotalamico-hipofisério (8).

Outra doenca que afeta grande propor¢éo da populacao é a periodontite,
a sua natureza polimicrobiana orquestra um mecanismo complexo de
inflamagc@o que é caracterizado por destruicdo das fibras colagenas, outros
constituintes da matriz extracelular do ligamento periodontal e do osso alveolar,
em conjunto com a formacdo de bolsas periodontais (9-11). E causada
predominantemente por bactérias que liberam endotoxinas que ativam
citocinas pré-inflamatérias (interleucina 1 — IL-1; fator de necrose tumoral alfa -
TNF-a; entre outras) que afetam os tecidos de suporte dos dentes (12-16).
Sugere-se que a obesidade contribui efetivamente com a severidade da
doenca periodontal (17-21). O aumento da concentracdo plasmatica das
citocinas pro-inflamatorias poderia justificar a relagdo entre obesidade e doenca
periodontal (15). A obesidade pode aumentar a susceptibilidade do individuo
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modulando o sistema imunoldgico e inflamatério, aumentando a liberacdo de
citocinas, ativando macrofagos e dessa forma elevando o risco para a
periodontite (22).

E razoavel acreditar que a inflamac&o sistémica induzida por patdgenos
periodontais pode estar associada com a disfuncdo endotelial e aterosclerose
primeiro nos pequenos vasos, e mais tarde em artérias maiores, tais como as
coronérias (23). O aumento da producdo de mediadores da adesdo conduz a
um aumento da permeabilidade da camada intima e formacé&o inicial de
ateroma (24). O entusiasmo para essa relacdo entre doenca cardiovascular e
doenca periodontal surgiu a partir da hipétese de que a periodontite, iniciada
pelo acimulo de bactérias e perpetuada por uma resposta imunoldgica pode
contribuir para uma inflamacéo sistémica ligada a aterogénese (25). Embora
sugere-se haver uma associacdo entre saude bucal e doencas
cardiovasculares, a causalidade ainda nédo foi comprovada e 0s mecanismos
biologicos envolvidos ainda permanecem obscuros (26).

Assim, o presente estudo foi proposto para avaliar o comportamento de
tecidos periodontais e artéria aorta abdominal em ratos com obesidade

hipotalamica associada a periodontite experimental.

METODOLOGIA
Animais

Quatro ratas Wistar prenhes foram obtidas no Biotério Central da
Universidade Estadual do Oeste do Parana, Campus Cascavel, e mantidas no
Biotério Setorial do Laboratério de Fisiologia Humana sob condi¢des
controladas de temperatura (21 + 2°) e luz (ciclo de 12 horas de claro e 12
horas de escuro — 7:00 - 19:00 h). Todos os protocolos experimentais foram
aprovados pelo Comité de Etica em Experimentacdo Animal e Aulas Préaticas
(CEEAAP) da UNIOESTE.
Inducéo da Obesidade

Ao nascimento, os filhotes foram separados por sexo ficando somente 7
machos para cada ninhada, perfazendo um total de 28 animais. Posteriormente
esses animais foram desmamados com 21 dias e receberam dieta padrao e
agua a vontade por todo o periodo experimental. Os animais foram divididos
em 2 grupos, com 14 ratos cada e entdo submetidos, durante o0s cinco
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primeiros dias de vida, a injecdo subcutanea, na regido cervical, de glutamato
monossadico na dose de 4g/kg de peso corporal (grupo MSG) ou salina na
dose 1,25 g/kg de peso corporal (grupo CTL) (27).
Inducéo da Doenca Periodontal

Aos 70 dias de vida os animais dos grupos MSG e CTL foram
subdivididos em dois grupos com 7 animais cada, esses animais receberam
uma ligadura de algodédo (Coats Corrente Ltda., SP, Brasil) em torno dos
primeiros molares inferiores em uma posicdo sub marginal para induzir
periodontite experimental, de acordo com os métodos propostos por Nassar et
al. (2009) (28). A anestesia foi obtida pela administragéo intramuscular de 0,08
mL/100 g de peso corporal de quetamina (Francotar, Virbac do Brasil Ind. E
Com. Ltda., Sdo Paulo, SP, Brasil) 0,04ml/100 g de peso corporal de xilazina
(Virbac do Brazil Ind. and Com. Ltda, Sao Paulo, SP, Brazil). Apés este
procedimento originaram-se 4 grupos (n=7). controle sem ligadura (CTL),
controle com ligadura (CTL Lig), obeso sem ligadura (MSG) e obeso com
ligadura (MSG Lig). Esta ligadura atuou como irritante gengival por 30 dias e
favoreceu o acumulo de placa bacteriana (28).
Avaliacao da Obesidade

Aos 100 dias de vida, os animais foram pesados e 0 comprimento naso-
anal fora obtido para célculo do indice de Lee [raiz cubica do peso corporal (g) /
comprimento naso-anal (cm) X 100] (29).
Obtencao das amostras

Apbs os 100 dias do tempo total do experimento, os ratos de todos os
grupos foram submetidos a um jejum de 8 horas, antes do sacrificio, sendo
disponibilizada agua a vontade. Os animais foram dessensibilizados com gas
carbbnico e entdo o sacrificio se deu por decapitacdo. Apdés o sacrificio,
amostras de sangue foram obtidas e centrifugadas a 300xG por 15 minutos a
4°C e armazenadas em freezer -80°C, para realizagcdo das analises de
triglicerideos e colesterol total através de kits comerciais de acordo com
instrugcdes do fabricante (Laborclin®, Bioliquid, PR, BR). As amostras dos
tecidos periodontais, da hemimandibula do lado direito e aorta destinadas as
analises foram reduzidas e pré-fixadas em metacarn (70% metanol, 20%
cloroférmio e de 10% 4&acido acético glacial) com gotejamento constante,
durante a redugcdo. Na hemimandibula do lado esquerdo, a gengiva que
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envolvia o dente, acometido pela periodontite experimental, foi removida e
assim como uma por¢ao da aorta abdominal foram alocadas em ependorfs e
armazenadas em frezer — 80°C, sendo que posteriormente, a hemimandibula
esquerda foi dissecada e fixada em formol a 10% para posterior analise
radiogréfica.

Andélise da Expresséao da Interleucina 6 e Fator de Necrose Tumoral Alfa

Amostras do tecido gengival ao redor dos dentes das hemimandibulas
esquerdas e aorta abdominal dos animais de todos 0s grupos experimentais,
foram removidas e utilizadas para analise, por Ensaio de Imunoabsorcéo
Acoplado a Enzimas (ELISA - INVITROGEN™ - Waltham, Massachusetts,
EUA) da presenca das citocinas interleucina 6 e fator de necrose tumoral alfa
respectivamente.

Proteinas totais foram extraidas das amostras do tecido gengival e da
aorta abdominal dos animais usando um tampao de extracéo total a base de
detergente contendo um coquetel inibidor de protease. ApGs isso, foi realizada
guantificacdo proteica pelo método de Bradford.

Andlise Radiogréfica

Logo ap6s o sacrificio, a hemimandibula esquerda de cada animal foi
retirada, fixada em formol tamponado (pH 7,2) durante 48 horas. As
hemimandibulas foram colocadas com o lado lingual sobre o filme radiografico
periapical (AGFA DENTUS®, Ultraspeed — Agfa Gevaert N. V., Bélgica) e
posicionadas para que as cuspides vestibulares e linguais dos primeiros
molares ficassem no mesmo plano vertical. Foi utilizado aparelho de raio X GE
1000® (General Eletric Co, Milwaukee, WI, EUA), regulado para 15mA, 65Vp,
18 impulsos, distancia foco/fiime de 50 centimetros com incidéncia de raio X
perpendicular as pecas. Para processamento dos filmes, foram utilizados
revelador e fixador Kodak® (Kodak da Amazonia Industria e Comércio Ltda,
Manaus, Amazonia, Brasil) no respectivo processamento de tempo/temperatura
e digitalizadas através de um “scanner” para dispositivos (Polaroid Sprint Scan
35 Plus, Polaroid, Sao Paulo, Brasil). As imagens digitalizadas foram
analisadas através de 3 medidas no programa Image Tools 3.0 (The University
of Texas Health Science Center, San Antonio, TX, USA ) e feita a média entre

elas, através de uma medida linear, que percorreu a distancia da juncgéo
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cemento-esmalte até a crista 60ssea alveolar do lado mesial do primeiro molar
inferior esquerdo do rato, com as medi¢des em pixels(30).
Processamento Histologico

As hemimandibulas direitas foram descalcificadas com &acido
tricloroacético (TCA) 5%, 10°C, por 27 dias. As pecas foram avaliadas para
verificar o grau de descalcificacdo esperado, com renovacdo da solugcédo de
TCA a cada 5 dias. Ap6s a descalcificacdo, os tecidos foram imersos em
sulfato de sodio 5% durante aproximadamente 2 horas para neutralizar o TCA,
lavados em agua corrente por duas horas, mantidos em &lcool 70% até o
processamento histoldgico para inclusdo em parafina (Purified Paraffin, code
1228, lot 1008459, Vetec Quimica Fina, Rio de Janeiro, Brazil). J& os
fragmentos da aorta abdominal depois de retiradas do metacarn foram
mantidos em alcool 70% até o processamento histologico. Os fragmentos das
hemimandibulas e aortas abdominais foram desidratadas em série alcoodlica
ascendente, diafanizadas em xilol e incluidos em parafina. Os blocos de
parafina foram cortados em micr6tomo manual (Olympus, CUT 4055 -
Charleston, Carolina do Sul, EUA) para obtencdo de sec¢bes de 7um de
espessura, que foram montadas em l|aminas histolégicas e coradas pela
técnica Hematoxilina e Eosina (HE).
Observacfes Microscépicas

A analise microscopica foi realizada por um Unico examinador através da
avaliagdo dos cortes histologicos corados em HE. As laminas foram analisadas
com auxilio de um microscopio de luz transmitida comumente (Leica
Microsystems, Suica) para observacfes morfolégicas de gengiva e do processo
alveolar das hemimandibulas dos ratos de todos 0s grupos experimentais.
Morfometria do Osso

Apoés a obtencao das laminas histologicas foi realizada a quantificacéo
de ostedcitos, osteoblastos e osteoclastos presentes em cinco campos
consecutivos da crista 0ssea alveolar vestibular partindo do ponto mais alto da
crista. Para a observacéo foi utilizado o aumento de 400 vezes no microscopio.
Foram feitas duas observacfes por campo, e entdo, feito a média dos valores
para cada animal e para cada grupo.

A medida da crista Ossea alveolar foi realizada através de um

microscoépio acoplado a um computador, o qual permite capturar as imagens,
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através do programa software Laz Ez® (Sistema de contagem e captura LAS
V4.2, Leica microsystems). Foi realizada uma medida da menor distancia entre
0 apice da crista 0ssea alveolar vestibular e a juncdo cemento-esmalte. As
medidas foram repetidas duas vezes por dia, em trés dias diferentes, e entao
foi feita a média entre os valores.

Analise Morfométrica da Aorta Abdominal

A aorta € uma artéria elastica que tem origem no coracdo e vai até a
regido abdominal. E dividida em aorta ascendente (regiio que se comunica
com ventriculo esquerdo); arco da aorta; aorta descendente - nessa regido é
designada aorta toracica e por fim, aorta abdominal, essa inicia-se a nivel da
122 vértebra tor4cica e termina a altura da 42 vértebra lombar. As artérias sdo
formadas por trés camadas, a mais externa chamada adventicia ou externa,
formada essencialmente por tecido conjuntivo; intermediaria encontra-se a
camada média ou muscular, formada por elastina, colageno e células
musculares lisa; a camada mais interna conhecida como intima e formada por
uma fina camada de células endoteliais, alguns fibroblastos e macréfagos, essa
camada € a regido de interesse na aterosclerose, mantém contato direto com o
fluxo sanguineo e quando h& disfuncdo endotelial € nessa regido que resulta
na formacgéo da placa aterosclerotica. (Figura 1A e B).

Apds a obtencdo das laminas histoldégicas da aorta abdominal dos
animais, foi realizada uma medida linear das larguras das paredes da artéria,
através de um microscopio acoplado a um computador, o que permitir capturar
as imagens, através do programa software Laz Ez® (Sistema de contagem e
captura LAS V4.2, Leica microsystems). Foi realizada uma medida da menor
distancia entre as camadas das paredes da artéria. As medidas foram
repetidas duas vezes por dia, em trés dias diferentes, e entéo foi feita a média
entre os valores.

Anélise Estatistica

Para a andlise estatistica, todos os valores numéricos foram expressos
como média + desvio padrdao. Em um primeiro momento, através do programa
Bioestat 5.3 (Instituto Mamiraua, Amazonas, Brasil), foi realizado o teste de
Shapiro-Wilk para avaliar a distribuicdo de normalidade dos dados. Apds a
verificacdo da normalidade dos dados, foram realizados o teste ANOVA e o

teste Tukey com p<0,05 para avaliar a diferenga entre 0s grupos.
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RESULTADOS
Efeito no desenvolvimento da obesidade em ratos com e sem
periodontite induzida.

A administracdo de MSG provocou um aumento no indice de Lee
guando comparados aos animais do grupo controle (p<0.05), essa diferenca
nao foi observada quando comparados 0s grupos obesos entre si (p>0.05). Os
animais tratados com MSG neonatal apresentam uma diminuicdo significativa

no peso de ratos (p<0.05) (Tabela 1).

Concentracao plasmatica de colesterol total e triglicerideos.

Os resultados demonstram que os grupos com obesidade tiveram um
aumento significante nas concentracdes dos Triglicerideos e Colesterol total
(p<0.05). (Tabela 2)

Andlise da presenca de IL-6 no tecido gengival

Os resultados mostram que a concentragdo média de IL-6 foi
significantemente maior no grupo CTL Lig quando comparado com os demais
grupos (p<0.05). (Tabela 3)

Andlise da presenca de TNF-a nas amostras no tecido da aorta
abdominal.

A concentracdo média de TNF-a foi maior no grupo CTL Lig (p<0.05).
Além disso quando comparados 0s grupos com ligadura com 0s grupos que
nao tiveram a periodontite induzida, os resultados demonstraram um

significante aumento desta citocina na aorta abdominal (p<0.05). (Tabela 4)

Andlise radiogréfica da média da distancia da juncdo cemento-esmalte
até a crista 6ssea alveolar do primeiro molar inferior esquerdo.

Na andlise radiogréafica verificou-se que houve diminuicdo de insercao
nos animais expostos a periodontite experimental (p<0.05), porém no grupo
CTL Lig essa perda foi mais acentuada que MSG Lig. (Tabela 5)
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Andlise histolégica da hemimandibula direita
Grupo Controle

Na avaliagdo histolégica do grupo CTL foi possivel observar a
normalidade dos epitélios oral, junciona

[, sulcular e tecido conjuntivo, sem observacdo de aspecto inflamatério
sobre estes tecidos. O 0sso alveolar estava intacto, compacto e regular, com
uma por¢ao esponjosa central normal. As cristas 6sseas eram espessas e altas
(no terco cervical da raiz) e apresentaram altura ao nivel cervical da raiz, dado
obtido através da mensuracdo da distancia entre juncdo cemento esmalte e
crista Ossea. A presenca de osteoblasto e osteoclasto também foram
observadas indicando a reabsorcdo e neoformacdo éssea, mas dentro da
normalidade. Juncdo cemento-esmalte, cemento e ligamento periodontal
apresentaram caracteristicas normais. (Figura 2)
Grupo Controle Ligadura

No grupo CTL Lig notamos a anormalidade na morfologia dos epitélios
oral, juncional, sulcular, com migracéo para a regido apical e tecido conjuntivo
com predominancia de estado inflamatorio agudo (Figura 3). A crista 6ssea se
apresentou de forma irregular, com extensa perda 6ssea alveolar, fazendo com
gue ocorresse a exposicdo do terco cervical, com presenca acentuada de
osteoclasto revelando a atividade de reabsorcdo Ossea. Também foram
observadas alteracées em cemento e ligamento periodontal.
Grupo MSG

Ap6s o tratamento com o glutamato monossddico o grupo MSG
continuou demonstrando regularidade na diferenciacdo morfologica entre os
epitélios oral, juncional, sulcular e tecido conjuntivo sem aspecto inflamatério. O
nivel da crista 0ssea e a distancia até a juncao cemento esmalte foi semelhante
ao encontrado no grupo CTL. (Figura 4)
Grupo MSG Ligadura

No grupo MSG Lig observou-se pequena irregularidade nos epitélios
oral, juncional e sulcular, com tecido conjuntivo apresentado aspecto
inflamatorio. A crista 0ssea embora se apresente numa altura proxima ao nivel
do terco cervical da raiz, apresenta irregularidades, com perda 60ssea menos
acentuada do que a que foi observada no grupo CTLLig. H4& uma presenca
aumentada de osteoclasto em relagdo ao grupo MSG, revelando a atividade de
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reabsorcdo Ossea. Também sdo observadas alteracbes em cemento e
ligamento periodontal (Figura 5).

Podemos notar na figura 6, a regido da crista 6ssea, em (A) grupo CTL
presenca de osteoblasto na periferia do osso, formando um epitélio, e presenca
de ostedcitos na regido central do osso. O mesmo € observado na (C) grupo
MSG. Em (B) grupo CTL Lig j& notamos a presenca de areas osteoclasticas
indicando evidéncia de reabsorcdo 6ssea. O mesmo se repete em (D) grupo
MSG Lig, com presenca de linhas incrementais observadas em todas as

imagens.

Analise Morfométrica da hemimandibula direita

A administracdo de MSG provocou diferenca estatistica ho numero de
osteoblastos quando comparados grupos CTL com MSG (p<0.05), ndo houve
diferenca estatistica na contagem de osteécitos (p>0.05) e em relacdo aos
osteoclastos essa diferenga foi significante entre os grupos com ligadura
(p<0.05) (tabela 6).

Analise morfométrica da aorta abdominal

A média da largura das paredes das artérias mostraram diferenca
significativa em todos os grupos, sendo o grupo CTL apresentou a menor
espessura, e 0 grupo MSG Lig apresentou uma maior espessura das paredes
(p<0.05) (tabela 7).

DISCUSSAO

O tratamento neonatal com MSG induz a obesidade através de leséo de
células neurais do nucleo arqueado e eminéncia mediana do hipotalamo (5, 31-
32). A administracdo de MSG provocou aumento no indice de Lee dos grupos
obesos (tabela 1), com diferenca significante entre os grupos tratados, mas néo
houve diferenca entre os grupos de MSG, essa variavel fica evidente nesse
modelo de obesidade devido a este tratamento poder resultar em numerosas
anormalidades enddcrinas e comportamentais, tais como perturbacbes do
crescimento, producdo de glicocorticéides, obesidade e hipogonadismo (4).
Entretanto o menor peso corporal final dos ratos tratados com MSG, também

demonstrado na tabela 1, provavelmente pode ser atribuido ao menor tamanho
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desses animais, uma vez que entre as alteracdes endocrinas descritas nesse
modelo esta a diminuicdo da secre¢do do hormdnio de crescimento (8)

Em relag&o ao perfil lipidico, o presente estudo apresenta, concentracao
de colesterol total e triglicerideos aumentados em ambos 0s grupos obesos
quando comparados com o0s controles (tabela 2). Altos indices tanto de
triglicerideos, quanto de colesterol total tém sido encontrados em individuos
com periodontite quando comparados com pacientes saudaveis, assim além de
promover alteragbes a niveis de metabolismo lipidico, também pode
potencializar os fatores classicos para aterosclerose (33). Entretanto, esta
afirmacgéo ainda permanece incerta atualmente e ndo ha um consenso dentro
da Odontologia/Periodontia sobre estes achados (34). Na periodontite, a
parede celular dos microrganismos que colonizam a placa bacteriana contém
endotoxinas, também denominadas Lipopolissacarideos (LPS), que induzem a
resposta inflamatéria e imunoldgica do hospedeiro. Essas alteracbes sédo
associadas a resposta inflamatoria tecidual e a perda de insergcdo periodontal,
se relacionando com a agregacao e adesao plaquetaria e com a elevacao da
concentracdo de colesterol (35). Os resultados destes estudos séo
contraditorios, uma vez que a elevacdo da concentracdo de triglicerideos e
colesterol foi observada nos grupos obesos, independente da presenca ou néo
de periodontite experimental, sugerindo que a periodontite ndo influenciaria no
aumento destes parametros, corroborado pelo estudo de Shridar et al., (36),
que também nao demonstrou a influéncia da doenca periodontal nestes
parametros analisados

Por muitos anos acreditou-se que o tecido adiposo era um 6rgao inerte
para armazenamento de triglicérides, sem fun¢des metabdlicas relevantes.
Atualmente esta claro que o tecido adiposo € um 6rgdo endocrino complexo,
metabolicamente ativo, que secretam mais de cinquenta moléculas bioativas.
Algumas delas sao citocinas classicas do processo inflamatério tais como TNF-
a e IL-6. O aumento destas citocinas na corrente sanguinea pode causar um
processo inflamatério subclinico, o qual interfere em outros processos
inflamatorios pré-existentes (37) (tabelas 3 e 4). A alta concentracdo de TNF-a
pode exacerbar a periodontite pré-existente por meio da estimulacdo de
fibroblastos que promovem a sintese de enzimas e pela estimulacdo de
osteoclastos que ativam a reabsorcdo 0ssea (15). Nao obstante, os niveis
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dessas citocinas proé-inflamatérias séo proporcionais ao IMC, em particular em
individuos com obesidade visceral, de forma que um aumento na massa de
gordura pode induzir a uma resposta hiperinflamatoéria na doenca periodontal. A
obesidade pode afetar a resposta imune e vascular do hospedeiro devido a
diminuicdo do fluxo sanguineo (38). A periodontite esta diretamente envolvida
na etiopatogenia da doenga cardiovascular, tanto devido as bactérias orais,
quanto devido a resposta do hospedeiro, pois pode liberar citocinas (IL- 6 e
TNF-a) que podem iniciar uma cascata de reacfes bioguimicas e dano
endotelial facilitando a fixacdo de placas de colesterol (39). Ambos marcadores
inflamatorios apresentaram-se aumentados no presente estudo (tabelas 3 e 4).

Nossos resultados mostraram uma perda de Ossea acentuada nos
grupos com periodontite induzida, essa diferenca foi mais significativa no grupo
CTL Lig (tabela 5). A literatura atual demonstra uma relacdo da obesidade e
periodontite, na qual a perda de insercdo € maior nos grupos obesos, uma
situacao que pode variar com o tempo de exposicao do animal a dieta ou o tipo
de modelo experimental de obesidade (40). Estudos em cultura de células de
gordura de ratos obesos, mostra um aumento significativo na liberacao de TNF-
a quando comparados com ratos ndo obesos. A grande quantidade de
citocinas proé-inflamatérias afeta tecidos que suportam os dentes e podem
induzir a perda de 0sso alveolar, cemento e ligamento periodontal, sendo assim
influenciam e contribuem efetivamente para o aumento ou progressao da
periodontite. Nascimento et. al., (40) realizaram um estudo em que os animais
foram submetidos a dieta de cafeteria e demonstraram diferenga significante na
perda O0ssea entre 0s grupos, sendo que 0s grupos com ligadura perderam
0sso alveolar mais do que seus homélogos. Ja Brandelero et al. (33)
demonstraram que através da obesidade hipotalamica, pode-se ter um efeito
oposto e protetor quando a periodontite € induzida. Neste presente estudo, em
qgue o modelo de obesidade foi a inducéo através de MSG também apresentou
uma perda 6ssea alveolar menor no grupo MSG Lig quando comparado com o
CTL Lig.(tabelas 5 e 6).

A obesidade pode apresentar fatores benéficos frente a reabsorcéo
0ssea, como demonstrado por Brandelero et al. (33) que observaram um efeito
protetor da obesidade hipotalamica sobre a perda 6ssea alveolar. Ainda assim
apesar do mecanismo pelo qual a obesidade possa favorecer a formagéo
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O0ssea ainda ser desconhecido, hipoteses tém sido propostas, através da
observacdo de que em pacientes obesos, com um elevado peso corporal,
possa se estabelecer uma maior carga mecanica sobre o 0sso (41-43). O
aumento da carga mecanica promoveria alguns estimulos sobre o esqueleto,
tais como reducdo da apoptose, aumento da diferenciacdo de osteoblasto e
estimulagcdo da matriz 6ssea (44). Outras evidéncias demonstram que a leptina,
um hormoénio secretado pelo tecido adiposo, € capaz de estimular a
diferenciacdo de células estromais da medula 6ssea em osteoblastos, levando
a um aumento na mineralizacdo da matriz extracelular (45-46). Além disso, a
leptina pode reduzir a expressdo do receptor ativador do fator nuclear kB
(RANK), estimular a expressdo de osteoprotegerina (OPG), inibir a
diferenciacdo de osteoclastos, levando a uma reducdo éssea e favorecimento
da formacéo 6ssea (47-48).

Entretanto a leptina também pode afetar negativamente o metabolismo
0sseo de animais sujeitos a uma dieta com elevado teor de gordura (40). A
obesidade pode agir sobre o tecido 0sseo, através da quantidade elevada de
macrofagos infiltrados no tecido adiposo. Tais células sédo fontes consideraveis
de citocinas pré-inflamatérias que, por sua vez, podem estimular a reabsorcdo
Ossea (49-50).

Em nosso estudo observou-se ainda uma diferenca significativa da
largura das paredes da aorta abdominal, corroborando com outros estudos que
tém sugerido que o remodelamento vascular € um evento precoce na
aterogénese, aparecendo antes da resposta inflamatéria e podendo estar
ligado com a incidéncia de eventos cardiovasculares (51-52). Patologicamente,
a aterosclerose ocorre devido a uma lesdo endotelial, alterando a
permeabilidade do endotélio vascular da camada intima, permitindo a entrada
de lipidios e células inflamatorias nesse intervalo inter-endotelias.
Normalmente, ocorre deposicdo de lipoproteinas de baixa densidade (LDLS)
nas células endoteliais. Estas LDLs sao hidrolisadas em fosfolipidios,
triglicerideos, proteinas e colesterol. Apds a hidrélise, alguns receptores séo
expressos na membrana celular e outros produtos s&o utlizados na
recomposicdo da membrana celular, como € o caso do colesterol. Na presenca
de hipercolesterolemia ou de situacdes que agravem a deposi¢édo dos LDLs,

ocorre maior consumo de oOxido nitrico (ON) na célula endotelial e maior
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producdo de radicais livres, acarretando uma disfuncdo do metabolismo dos
acidos graxos, das apoproteinas, da lecitina e da proteina G. O resultado final &
a incapacidade do endotélio em responder adequadamente as agressdes
sistematicas (53-54).

A associacao entre periodontite e doenca cardiovascular aterosclerotica
tem apresentado algumas hipoteses: 1)processo inflamatério provoca lesao
endotelial devido a liberacdo de citocinas pro-inflamatorias; 2) presenca de
agentes infecciosos podem induzir ou acelerar a aterosclerose tais como:
favorecer o aumento local dos linfocitos, macrofagos, producédo de fatores de
crescimento teciduais; liberacdo local de endotoxina (LPS) e mimetismo
molecular da proteina microbiana com a humana induzindo uma reagéo auto-
imune; 3) aumento sistémico de citocinas com ativacdo de marcadores
inflamatorios e estimulacdo de pré-coagulantes, podendo acarretar trombose e
isquemia aguda, além de inducdo de mudancas nas lipoproteinas resultando
em condi¢Bes pré-ateroscleréticas (55). Nosso estudo corrobora com estas
hipéteses, pois os resultados da tabela 7 demonstram um aumento na largura
das paredes da aorta abdominal, nos grupos em que a periodontite
experimental esta presente, bem como com uma maior largura quando
associada com a obesidade (MSG Lig).

Em conclusdo, embora os mecanismos de influéncia da periodontite
sobre a obesidade e aterosclerose nao estejam elucidados, e ndo ha
concordancia nessa associacao, este estudo demonstrou diferencas relevantes
nos parametros avaliados. Logo, sugere-se que a periodontite em associacao
com a obesidade hipotalamica pode contribuir para o aumento da largura das
paredes da aorta abdominal, bem como a obesidade hipotalamica pode exercer

um efeito protetor sobre a perda 6ssea alveolar.
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APENDICE A:;

Figura 1: Fotomicrografias representativas das medidas das larguras das paredes das
artétias aortas abdominais nos animais dos grupos CTL (A), CLTLig (B), MSG (C) e MSGLig

(D). A: aumento de 40X ; B: aumento de 400X (Hematoxilina e Eosina)

Figura 2: Fotomicrografia representativa de um animal do grupo CTL. COA, crista
Ossea alveolar; EJ, epitélio juncional; EO, epitélio oral; ES, epitélio sulcular (A);
Fotomicrografia representativa de um animal do grupo CTLLig. COA, crista 6ssea
alveolar; EJ, epitélio juncional; EO, epitélio oral; ES, epitélio sulcular (B);
Fotomicrografia representativa de um animal do grupo MSG. COA, crista 6ssea
alveolar; EJ, epitélio juncional; EO, epitélio oral; ES, epitélio sulcular (C);
Fotomicrografia representativa de um animal do grupo MSGLig. COA, crista éssea
alveolar; EJ, epitélio juncional; EO, epitélio oral; ES, epitélio sulcular (Hematoxilina e
Eosina, 40X).
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Figura 3: Fotomicrografias representativas dos animais dos grupos CTL (A), CTLLig
(B), MSG (C) e MSGLig (D). O, osteécito; OB, osteoblasto; OC, osteoclasto; LI, linhas

incrementais (Hematoxilina e Eosina, 400X)
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APENDICE B:

Tabela 1: Efeito do tratamento neonatal com MSG sobre parametros corporais
dos ratos CTL, CTLLig, MSG e MSGLig. Os valores representam média *
desvio padréo.

CTL CTLLig MSG MSGLig
indice de Lee  0,327+0.001A  0,355+0,001B  0,366+0,002C  0,369+0,002C
(9/cm)

Peso final 385,57+29,28A 356,14+17,07A 251,81+61,83B 223,16+23,68B
dos
animais (g)

Letras diferentes, significam que os dados séo estatisticamente diferentes, dentro do mesmo

pardmetro, com p<0.05.

Tabela 2: Concentracdo de colesterol total e triglicerideos no sangue dos ratos
dos grupos experimentais. Os valores representam média + desvio padrdo e

estdo expressos em mg/dL.

Colesterol Total Triglicerideos
CTL 91,15+6,07 A 150,5+29,0 A
CTLLIG 79,48 £ 6,02 A 158,8 + 30,4 A
MSG 127,78 + 2,38 B 292,5+6558B
MSGLIG 134,85+ 3,05B 352,6 £81,2B

Letras diferentes, significam que os dados sao estatisticamente diferentes, dentro do mesmo

pardmetro, com p<0.05.
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Tabela 3: Concentracdo de IL-6 nas amostras gengivais dos ratos dos grupos

experimentais. Os valores representam média + desvio padrdo e estdo

expressos em pg/mL.

Grupos Médias

CTL 9,75+2,70 A
CTLLig 15,33+1,50 B
MSG 7,78+ 3,19 A
MSGLig 12,78+ 1,03 C

Letras diferentes, significam que os dados séo estatisticamente diferentes com p<0.05.

Tabela 4: Concentracdo de TNF-a da aorta abdominal dos ratos dos grupos

experimentais. Os valores representam média + desvio padrdo e estdo

expressos em pg/mL.

Grupos Médias

CTL 42,57 9,0 A
CTLLig 107,58 +8,45 B
MSG 56,39+ 123 A
MSGLig 83,20+6,15 C

Letras diferentes, significam que os dados séo estatisticamente diferentes com p<0.05.

Tabela 5: Analise radiogréfica da distancia da juncdo cemento-esmalte até a

crista 6ssea alveolar do lado mesial do primeiro molar inferior esquerdo dos

ratos dos grupos experimentais. Os valores representam média = desvio

padrao e estdo expressos em pixels.

Grupos Médias

CTL 64,46 +1,01 A
CTLLig 80,62+ 3,95 B
MSG 62,03+ 0,84 A
MSGLig 71,00+ 0,56 C

Letras diferentes, significam que os dados séo estatisticamente diferentes com p<0.05
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Tabela 6: Analise morfométrica da hemimandibula direita dos ratos dos grupos
experimentais para quantificacdo de ostedcitos, osteoblastos e osteoclastos e
mensuracdo da distancia da crista 0ssea alveolar até a juncdo cemento-
esmaste (JCE-Crista). Os valores representam média + desvio padrao e estdo
expressos em unidades para o osteoblasto, ostedcito e osteoclasto e expresso
em pixels para JCE-Crista.

Osteoblasto Ostedcito Osteoclasto JCE -Crista
CTL 16,80+1,01 A 221,50+41,41A 2,00+0,81 A 1,26+0,01 A
CTLLig 14,71+0,60 A 206,57+86,13A  5,20+0,62B 2,32+0,06B
MSG 20,33+1,01 B 175,83+57,40A  1,50+0,25A 1,27+0,02A
MSGLig 20,66+0,80 B 149,00+45,40A  3,50+0,15B 1,37+0,04C

Letras diferentes, significam que os dados sdo estatisticamente diferentes, dentro do mesmo
pardmetro, com p<0.05.

Tabela 7: Andlise morfométrica da aorta abdominal para mensuracao largura
das paredes da artéria dos ratos dos grupos experimentais. Os valores
representam meédia + desvio padrdo e estdo expressos em pixels

Grupos Médias

CTL 0,078 £ 0,001 A
CTLLig 0,085+0,001 B
MSG 0,093+0,004 C
MSGLig 0,104 £ 0,001 D

Letras diferentes, significam que os dados séo estatisticamente diferentes com p<0.05.
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ANEXO B:

EVALUATION OF PERIODONTAL TISSUES AND ABDOMINAL AORTA OF
RATS WITH INDUCED OBESITY BY MONOSODIUM GLUTAMATE AND
EXPERIMENTAL PERIODONTITIE

KEYWORD: Obesity, MSG, Atherosclerosis, Periodontal disease

ABSTRACT

Background and Objective: Periodontal disease is a chronic disease that affects
a major population part and has been associated with systemic changes. As a
result, its relationship with obesity and atherosclerosis, it is a matter of concern
for the health system.The aim of this study was to evaluate the behavior of
periodontal tissues and abdominal aorta artery in rats with hypothalamic obesity
associated with experimental periodontitis.

Material and Methods: Twenty-eight male Wistar rats were divided , initially, into
2 groups that were subjected to intradermal injections of 4G/kg of solution of
Monosodium glutamate (MSG) and 1,25G/kg/day of saline solution (group
CTL)in the cervical region, in the first 5 days of life. At 70 days, the groups were
subdivided into 2 another groups, where was induced periodontitis with the
ligation placing in 1s lower molars; creating in this way 4 groups: control group
without ligation (CTL); control group with ligation (CTL Lig); group MSG without
ligation (MSG); group MSG with ligation (MSG Lig). After 100 days the rats
were weighed and the naso-anal lenght was measured, so the index of Lee was
determined and, then, the animals were sacrificed. Gingival tissue and
abdominal aorta samples, as well as the hemi-jaws were withdrawn for
immunological, morphological and radiographic analysis.

Results: The interleukin-6 concentration in gingival tissue was significant in CTL
Lig group, being that the Tumor Necrosis Factor-alpha concentration in the
abdominal aorta is higher in groups with experimental periodontitis (p< 0.05).
Both the x-ray analysis as the histology showed a lower alveolar bone loss in
the MSG Lig, group when compared to the CTL Lig group (p< 0.05). In the

abdominal aorta morphometric analysis there was statistically significant
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difference in the measurement of the artery wall diameter, being the largest
diameter observed in the MSG Lig group (p< 0.05).

Conclusion: Therefore, this study suggests that the periodontitis in association
with the hypothalamic obesity may contribute to the increase of the width of the
abdominal aorta walls, as well as the hypothalamic obesity may exert a

protective effect on alveolar bone loss.

INTRODUCTION

Obesity has reached epidemic worldwide proportions (1-3). It is a
medical disorder characterized by an excess of weight and their consequences
for health vary from increased premature death risk to serious non-lethal
diseases, but debilitating that directly affect the life quality of these individuals
(4-6).

For better understanding the role of each components involved in the
obesity pathophysiology, researchers make use of animal experimental models,
that can determine in a controlled manner the role of obesity components (7).

Between the neural models, the hypothalamic obesity is the most well-
known, a model that mimics the clinical metabolic syndrome situation labeled as
neuroendocrine obesity (8). In rats that obesity can be achieved by
subcutaneous monosodium glutamate administration (MSG), an injurious neural
excitatory amino acid that affects the central nervous system, when in
excessive quantities, because it damages cores belonging to the hypothalamus,
in other words, it provokes changes in hypothalamic-pituitary axis (8).

Another disease that affects a major proportion of the population is
periodontitis, its polymicrobial nature orchestra a complex mechanism of
inflammation that is characterized by collagen fibers destruction, others matrix
constituents of the periodontal ligament and alveolar bone, in conjunction with
the periodontal pockets formation (9-11).

It is mainly caused by bacteria that release endotoxins that activate
proinflammatory cytokines (interleukin 1, IL-1; tumor necrosis factor-alpha (
TNF-a; among others) that affect the teeth’s supporting tissue(12-16). It is
suggested that obesity contributes effectively to the periodontal disease severity
(17-21).
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The pro-inflammatory cytokines concentration increase in the plasma
could justify the relationship between obesity and periodontal disease (15).
Obesity may increase the individual susceptibility by modulating the immune
system and inflammation, increasing the cytokines release, activating
macrophages and thus increasing the risk for periodontitis (22).

It's reasonable to believe that the systemic inflammation induced by
periodontal pathogens may be associated with endothelial dysfunction and
atherosclerosis 22 first in the small vessels, and later in larger arteries, such as
the coronary arteries (23). The increase in production of accession mediators
leads to an increase in the permeability of the intimal layer and initial formation
of atheroma (24)

The enthusiasm for this relationship between cardiovascular disease and
periodontal disease arose from the assumption that the periodontitis, initiated by
the accumulation of bacteria and perpetuated by an immune response, may
contribute to a systemic inflammation linked to atherogenesis (25).

Although is suggested that there is an association between oral health
and cardiovascular disease, a causal link has not been proven and the
biological mechanisms involved still remain obscure (26). Thus, the present
study was proposed to evaluate the behavior of periodontal tissues and
abdominal aorta artery in rats with hypothalamic obesity associated with

experimental periodontitis.

METODOLOGY

Animals

Pregnant Rats were obtained from Central Animal Lab of the University
of the West of Parana, Cascavel Campus, and maintained in the Laboratory
Sector of the Laboratory of Human Physiology under controlled conditions of
temperature (21 + /- 2 degrees ) and light (12-hour cycle of ¢ &Light clustered
dither and 12 hours of darkness - 7:00 - 19:00 h). At birth, the pups were
separated by sex and only 7 males for each brood, making a total of 28
animals. Later these animals were weaned at 21 days and received a standard

diet and water ad libitum throughout the experimental period. All experimental
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protocols were approved by the UNIOESTE’s Ethics Committee for Animal
Experimentation and Practical Classes (CEEAAP).
Obesity Induction

The animals were divided into 2 groups, with 14 rats each one and then
submitted, during the first five days of life, to intradermal injections, in the
cervical region, of monosodium glutamate at a dose of 4g/kg of body weight
(group MSG) or saline at a dose 1.25 g/kg of body weight (CTL) (27).
Periodontal Disease Induction

At 70 days of life the animals from MSG and CTL groups were
subdivided into two groups of 7 animals each, these animals received 23 a
ligature of cotton (Coats Corrente Ltda., SP, Brazil) around the first molars in a
position sub marginal to induce experimental periodontitis, in accordance with
the methods proposed by Nassar et al. (2009) (28)

The anesthesia was induced by intramuscular administration of 0.08
ml/100 g body weight of ketamine (Francotar, Virbac Brazil Ind. AND With.
Ltda., Sao Paulo, SP, Brazil) 0.04ml/100 g body weight of xylazine (Virbac
Brazil Ind. and With. Ltda, Sao Paulo, SP, Brazil). After this procedure, 4 groups
were created (n= 7): control without ligation (CTL), control with ligation (CTL
Lig), obese without ligation (MSG) and obese with ligation (MSG Lig). This
ligation acted as irritating gum for 30 days and favored the accumulation of
plaque (28).

Obesity avaliation

After 100 days of life, the animals were weighed and was obtained the
naso-anal length for calculation of the index of Lee (cube root of body weight (g)
/ length naso-anal (cm) X 100) (29).

Obtaining samples

After 100 days of the total time of the experiment, the rats of all groups
were subjected to a fasting for 8 hours prior to sacrifice, being provided water
ad libitum.

The animals were desensitized with carbon dioxide and then the sacrifice
made by decapitation. After the sacrifice, blood samples were collected and
centrifuged at 300xg for 15 min at 4 C and stored in a freezer at -80 °C, for

output of the triglycerides and total cholesterol analysis using commercial kits
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according to the manufacturer's instructions (Conjugate (Laborclin®, Bioliquid,
PR, BR).

The periodontal tissues samples of the right side hemi-jaw and aorta for
analyzes were reduced and pre-fixed in metacarn (70% methanol, 20%
chloroform and 10% glacial acetic acid) with constant drips, during the
reduction.

In left side hemi-jaw, the gum which involved the tooth, affected by
experimental periodontitis, was removed and, as well as a portion of the
abdominal aorta, were allocated in ependorfs and stored in frezer - 80C, and
subsequently, the left hemi-jaw was dissected and fixed in 10% formalin for
subsequent x-ray analysis . 24 .

Analysis of the Interleukin 6 and Tumor Necrosis factor alpha Expression

Samples of gingival tissue around the teeth of left hemi-jaws and animals
abdominal aorta of all experimental groups, were removed and used for the
analysis, by Linked Immunosorbent Assay Coupled to Enzymes (ELISA -
INVITROGEN® - Waltham, Massachusetts, USA) for the cytokines interleukin 6
and tumor necrosis factor-alpha presence respectively.

Total proteins were extracted from samples of gingival tissue of the
animals and abdominal aorta using an extraction buffer total base of detergent
containing a protease inhibitor cocktail. After this, was performed protein
guantification by the Bradford method.

Radiographic Analysis

Soon after the sacrifice, the left hemi-jaw of each animal was removed,
fixed in buffered formalin (pH 7.2) for 48 hours. The hemi-jaws were placed with
the lingual side on the radiographic film periapical (AGFA REDEMPTUS®,
Ultraspeed disc - Agfa Gevaert N. V. , Belgium) and positioned so that the
buccal and lingual leaflets of first molars fell in the same vertical plane.

The X-ray equipment used was the GE 1000® (General Electric Co,
Milwaukee, W1, USA), set to 15mA, 65Vp, 18 pulses, distance focus/film of 50
centimeters with perpendicular incidence of X-ray to parts. For films processing
were used developer and fixer Kodak® (Kodak Amazon's Industry and Trade
Ltda, Manaus, Amazon, Brazil) in its processing time/temperature and
digitalized by a "scanner" to devices (Polaroid Sprint Scan 35 Plus, Polaroid,
Sao Paulo, Brazil).
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The scanned images were analyzed using 3 measures in the Image
Tools 3.0 program (The University of Texas Health Science Center, San
Antonio, TX, USA ) and made the average between them, by means of a linear
measure, that has traveled the distance from junction cement-enamel up to the
mesial side crest alveolar bone of the lower first left molar of the mouse, with
measurements in pixels(30).

Histological Processing

The right hemi-jaws were decalcified with trichloroacetic acid (TCA) 5 %,
10 °C for 27 days. The pieces were evaluated to assess the expected degree of
descaling, with renewal of the solution of 25 TCA every 5 days.

After descaling, tissues were immersed in sodium sulphate 5% during
approximately 2 hours to neutralize the TCA, washed in water for two hours,
kept in 70% alcohol until the histological processing for inclusion in paraffin
(Purified Paraffin, code 1228, lot 1008459, Vetec Fine Chemistry, Rio de
Janeiro, Brazil)

The fragments of the abdominal aorta after withdrawals from metacarn
were kept in 70% alcohol until the histological processing. The fragments of
hemi-jaws and abdominal aortas were dehydrated in series ascending alcohol,
cleared in xylene and embedded in paraffin.

The paraffin blocks were cut in manual microtome (Olympus, CUT 4055 -
Charleston, South Carolina, USA) to obtain sections of 7um thickness, which
were assembled in histological slides and stained with Hematoxylin and Eosin
(HE).

Microscopic Observation

The microscopic analysis was performed by a single examiner through
the evaluation of the histological sections stained with HE. The slides were
analyzed with the aid of a light microscope transmitted commonly (Leica
Microsystems, Switzerland) for morphological observations of gingiva and
alveolar process hemi-jaws of rats of all experimental groups.

Bone Morphometry

After obtaining the histological slides was performed the osteocytes,
osteoblasts and osteoclasts quantification present in five consecutive fields of
vestibular alveolar bone crest starting from the highest point of the crest. For the

observation was used the increase of 400 times under the microscope. Were
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made two observations per field, and then done the average of the values for
each animal and each group.

The measure of alveolar bone crest was performed through a
microscope coupled to a computer, which allows capturing images, through the
Laz Ez® software program (accounting System and capture LAS V4.2 Leica
microsystems). There was a measurement of the smallest distance between the
apex of vestibular alveolar bone crest and the cement-enamel junction. The
measurements were repeated twice a day, on three different days, and then
was made the average between the values.

Morphometric Analysis of the Abdominal Aorta

The aorta is an elastic artery that originates in the heart and goes to the
abdominal region. It is divided into ascending aorta (region that communicates
with left ventricle); aortic arch; descending aorta - in this region is called thoracic
aorta and finally, abdominal aorta, this starts at the level of the 12TH thoracic
vertebra and ends at the height of the 4th lumbar vertebra

The arteries are composed of three layers, the outer most call adventitia
or external, formed mainly by connective tissue; intermediate is the middle layer
or muscular, formed of elastin, collagen and smooth muscle cells.

The innermost layer is known as intimate and formed by a thin layer of
endothelial cells, some fibroblasts and macrophages, this layer is the region of
interest in atherosclerosis, maintains direct contact with the blood flow and
when there is endothelial dysfunction is in this region that results in the
formation of atherosclerotic plaque. (Figure 1A and B).

After obtaining the histological slides of the animal’s abdominal aorta, a
linear measure of the widths of the walls artery was performed through a
microscope coupled to a computer, which allow capturing images, through the
Laz Ez® software program (accounting System and capture LAS V4.2 Leica
microsystems).

A measurement of the smallest distance between the layers of the artery
walls was then realized. The measurements were repeated twice a day, on
three different days, and then, the average between the values was made.

For the statistical analysis, all numerical values were expressed as mean
standard deviation. In a first moment, through the Bioestat 5.3 program
(Institute Mamiraua, Amazonas, Brazil), was carried out the Shapiro-Wilk test to
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evaluate the distribution of the data normality. After checking the data normality,
were made the ANOVA test and consequently the Tukey test with p<0.05 to
assess the difference between the groups.

RESULTS

Effect on the development of obesity in rats with and without periodontitis
induced.

The administration of MSG caused an increase in the index of Lee when
compared treated groups with non-treated (p< 0.05), this 27 difference was not
observed when compared to the obese groups (p>0.05 ). The animals treated
with neonatal MSG shown a significant decrease in body weight of rats (p<
0.05) (Table 1).

Plasma concentrations of total cholesterol and triglycerides.

The results show that groups with obesity had a significant increase in
the concentrations of triglycerides and total cholesterol (p< 0.05), suggesting an
effect of obesity induced on these analyzed parameters. (Table 2)

Analysis of the IL-6 presence in gingival tissue

The results show that the mean IL-6 concentration was significantly
higher in the CTL Lig group when compared with the other groups (p< 0.05), in
other words, there was a significant increase of this cytokine. (Table 3)
Analysis for the presence of TNF- a in the samples in the tissue of the
abdominal aorta

The TNF-a mean concentration was greater in the CTL Lig group (p<
0.05). Furthermore when the groups with ligation were compared with the
groups that did not have the ligature-induced, the results showed a significant
increase of this cytokine in the abdominal aorta (p< 0.05). (Table 4)
Radiographic analysis of the average distance from cement-enamel
junction until the alveolar bone crest of the left lower first molar.

In radiographic analysis, it was found that there was a decrease of
insertion in animals exposed to experimental periodontitis (p< 0.05),
demonstrating the effectiveness periodontal disease induction on alveolar bone
tissue, but in CTL group Lig this loss was more pronounced than MSG Lig.
(Table 5)
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Right Hemy-jaw Histological Analysis
Control Group

In the histological evaluation of CTL group, it was possible to observe the
normal oral epithelia, junctional, sulcular and connective tissue, without
observation of inflammatory aspect on these tissues. The alveolar bone was
intact, compact and regular, with a normal appearance of cancellous central
bone.

The bone crests were thick and high (the cervical third of the root), data
obtained by measuring the distance between enamel-cementum junction and
bone crest. The presence of osteoblast and osteoclast was also observed
indicating the resorption and bone formation, but within the normal range.
Cementoenamel junction, cementum and periodontal ligament showed normal
characteristics. (Figure 2.A)

Ligation Control Group

In CTL Lig, group we noticed the abnormality on the morphology of oral
epithelia, junctional, sulcular, with migration to the apical region and connective
tissue with predominance of acute inflammatory state (Figure 2.B). The bone
crest presented an irregular manner, with extensive alveolar bone loss, causing
the exposure of the cervical third of the root, with strong presence of osteoclast
revealing the activity of bone resorption. We also observed changes in
cementum and periodontal ligament.

MSG group

After the monosodium glutamate treatment, the MSG group continued showing
regularity in morphological differentiation between the oral epithelia, junctional,
sulcular and connective tissue without inflammatory aspect. The level of crest
bone and the distance to the cement-enamel junction was similar to that found
in CTL group. (Figure 2.C)

Ligation MSG Group

It has been observed in the MSG Lig group a small irregularity in oral
epithelia, junctional and sulcular, with connective tissue presenting inflammatory
aspect. The bone crest, although it is at a time close to the level of cervical root,
shows irregularities, with bone loss less pronounced than that observed in the

CTL Lig. group. There was an increased osteoclast presence in relation to MSG
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group, revealing the activity of bone resorption. There are also observed
changes in cementum and periodontal ligament (Figure 2.D).

We can notice in figure 3, the bone crest region, in (A) CTL group
presence of osteoblasts in the periphery of the bone, forming a epithelium, and
presence of osteocytes in the central region of the bone. The same is observed
in (C) MSG group. (B) CTL Lig group already noticed the presence of
osteoclastic areas indicating evidence of bone resorption. The same is repeated
in (D) MSG group, with presence of incremental lines observed in all images.
Right Hemyjaw morphometric Analysis

The administration of MSG caused statistical difference as regards the
number of osteoblasts when compared groups CTL with MSG (p< 0.05), there
was no statistical difference in the count of osteocytes (p>0.05) and in relation
to osteoclasts this difference was significant between the groups with ligation
(p< 0.05) (table 6).

Abdominal aorta morphometric analysis

The average walls arteries width showed a significant difference in all the
groups, and the CTL group showed the lowest thickness, and the MSG Lig
group presented a greater wall thickness (p< 0.05) (table 7).

DISCUSSION

The MSG neonatal treatment induces obesity through injury of neural
cells of the arcuate nucleus and hypothalamus medium eminence (5, 31- 32).
The MSG administration caused an increase in the index of Lee of obese
groups (table 1), with a significant difference between the treated groups, but
there was no difference between the MSG groups, this variable is evident in this
model of obesity due to this treatment could result in numerous endocrine
abnormalities and behavioral, such as disturbances of growth, production of
glucocorticoids, obesity and hypogonadism (4).

However the lower final weight of rats treated with MSG, also shown in
table 1, can probably be attributed to the smaller size of these 30 animals, since
between the endocrine abnormalities described in this model is the reduction in

the secretion of growth hormone (8) In relation to the lipid profile, this study
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presents concentrations of total cholesterol and triglyceride levels increased in
both obese groups when compared with the control groups (table 2).

High levels of triglycerides and total cholesterol has been found in
individuals with periodontitis when compared with healthy patients, thus in
addition to promote changes to levels of lipid metabolism, can also potentiate
the classical factors for atherosclerosis (33).

However, this statement is still uncertain and currently there is no
consensus within the Dentistry/Periodontics on these findings (34). In
periodontitis, the microorganisms cell wall that colonize the plaque contains
endotoxin, also known as lipopolysaccharide (LPS), which induce the
inflammatory and immune response of the host.

These changes are associated with tissue inflammatory response and
the periodontal attachment loss, whether relating to the aggregation and platelet
adhesion and with the cholesterol levels elevation (35).

The results of these studies are contradictory, since an increase in the
triglycerides levels and cholesterol was observed in obese groups, regardless of
the presence or not of experimental periodontitis, suggesting that the
periodontitis does not influence the increase in these parameters, corroborated
by the study of Shridar et al., (36), which also failed to demonstrate the
influence of periodontal disease in these parameters.

For many years it was believed that the adipose tissue was a dummy
component for storage of triglycerides, without relevant metabolic functions.
Today it is clear that the adipose tissue is a complex endocrine organ,
metabolically active, which secrete more than fifty bioactive molecules. Some of
them are classic cytokine of the inflammatory process such as TNF- a and IL-6.

The increase of these cytokines in the bloodstream can cause a
subclinical inflammatory process, which interferes with other pre-existing
inflammatory processes (37) (tables 3 and 4). The TNF- high concentration can
exacerbate the pre-existing periodontitis through the fibroblasts stimulation
which promote the enzymes synthesis and by osteoclasts stimulation that
activate bone resorption (15).

Nevertheless, the pro inflammatory cytokines levels are proportional to
BMI, particularly in individuals with visceral obesity, so that an increase in fat
mass can induce a hiper inflammatory response in periodontal disease. Obesity
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can affect the immune and vascular response of the host due to the decrease in
blood flow (38).

The periodontitis is directly involved in the cardiovascular disease
pathogenesis, both because of the oral bacteria, and because the response of
the host, because it can release cytokines (IL-6, TNF-a that can initiate a
cascade of biochemical reactions and endothelial damage and facilitate the
fixing of cholesterol plaques (39).

Both inflammatory markers were increased in the present study (tables 3
and 4). Our results showed a loss of sharp bone in groups with induced
periodontitis, this difference was more significant in CTL Lig group (table 5).

The current literature demonstrates a relationship between obesity and
periodontitis, in which the insertion loss is greater in obese groups, a situation
that can vary with the time of exposure of the animal to diet or the type of
obesity experimental model (40).

Studies in cell culture of fat in obese rats, shows a significant increase in
the release of TNF- I+ when compared with not obese rats. The large amount of
pro-inflammatory cytokines affects tissues that support the teeth and can lead to
loss of alveolar bone, cementum and periodontal ligament, thus influence and
contribute effectively to the periodontitis increase or its progression.

Nascimento et al. , (40) conducted a study in which the animals were
submitted to cafeteria diet and showed significant difference in bone loss
between the groups, being that the ligated groups lost more alveolar bone than
their counterparts.

In the other hand Brandelero et al. (33) demonstrated that through
hypothalamic obesity, you can have an opposite and protector effect when
periodontitis is induced. In this study, in which the model of obesity was the
induction through MSG also showed a smaller alveolar bone loss in MSG Lig
group when compared with the CTL Lig group (tables 5 and 6).

Obesity can have beneficial factors facing the bone resorption, as
demonstrated by Brandelero et al. (33) who observed a protective effect of
hypothalamic obesity on the alveolar bone loss. Yet, despite the mechanism by
which obesity may promote bone formation is still unknown, hypotheses have
been proposed, through the 32 note that in obese patients, with a high body
weight, can establish a greater mechanical load on the bone (41-43).
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The increased mechanical load would promote some stimuli on the
skeleton, such as reduction of apoptosis, increased osteoblast differentiation
and bone matrix stimulation (44).

Others evidences show that leptin, a hormone secreted by adipose
tissue, is capable of stimulating the differentiation of bone marrow stromal cells
into osteoblasts, leading to an increase in extracellular matrix mineralization
(45-46). In addition, leptin can reduce the expression of receptor activator of
nuclear factor kB (RANK), stimulate the expression of proteasome (EPG),
inhibit the differentiation of osteoclasts, leading to a reduced bone and favoring
of bone formation (47-48).

However leptin can also negatively affect the bone metabolism of
animals subjected to a diet with a high fat content (40). Obesity can act on the
bone tissue, through the high amount of infiltrated macrophages in adipose
tissue. Such cells are considerable sources of proinflammatory cytokines, which
in turn, can stimulate bone resorption (49-50).

In our study, we also observed a significant difference in the width of the
abdominal aorta walls, corroborating with other studies that have suggested that
vascular remodeling is an early event in atherogenesis, appearing before the
inflammatory response and may be connected with the cardiovascular events
incidence (51-52).

Pathologically, the atherosclerosis occurs due to an endothelial injury,
changing the permeability of the vascular endothelium of the intimal layer,
allowing the entry of lipids and inflammatory cells in this range inter endothelial.

Normally, happens low-density lipoproteins (LDL) deposition in
endothelial cells. These electronegative charge are hydrolysed in phospholipids,
triglycerides, proteins and cholesterol. After hydrolysis, some receptors are
expressed in the cell membrane and other products are used during the cellular
membrane restoration, as is the case of the cholesterol

In the presence of hypercholesterolemia or situations that aggravate the
deposition of LDL, occurs greater consumption of nitric oxide (N) in the
endothelial cell and increased production of free radicals, causing a dysfunction

in the metabolism of fatty acids, of 33 apoproteins, lecithin and protein G.
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The final result is the inability of the endothelium to respond adequately to
systematic attacks (53-54). The association between periodontitis and
atherosclerotic cardiovascular disease has presented some hypotheses:

1) Inflammatory process causes endothelial damage due to the pro-
inflammatory cytokines release; 2) presence of infectious agents can induce or
accelerate atherosclerosis such as: promoting the local lymphocytes,
macrophages increase, growth factors tissue production; endotoxin local
release (LPS) and molecular mimicry of microbial protein with the human
inducing an autoimmune reaction.

3) Systemic cytokine increase with inflammatory markers activation and
procoagulants stimulation and may cause thrombosis and acute ischemia, in
addition to induction of changes in lipoproteins resulting in pre-atherosclerotic
conditions (55). Our study corroborates these assumptions, because the results
in table 7 show an increase in width of the abdominal aorta walls, in the groups
that experimental periodontitis is present, as well as with a larger width when
associated with obesity (MSG Lig).

In conclusion, although the mechanisms of influence of periodontitis on
obesity and atherosclerosis are not elucidated, and there is no agreement on
this association, this study showed significant differences in the parameters
evaluated. Therefore, it is suggested that the periodontitis in association with
the hypothalamic obesity may contribute to the width of the abdominal aorta
walls, as well as the hypothalamic obesity may exert a protective effect on

alveolar bone loss.
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APPENDIX A:

Figure 1: Representative photomicrographs of measures the widths of
walls of abdominal aortas arteries in CTL (A), CLTLig (B), MSG (C) and
MSGLig (D). A: increase of 40X ; B: increase of 400X (Hematoxylin and

Eosin) animal groups.

Figura 2: Representative photomicrography of an animal in the CTL
group. COA, alveolar bone crest; EJ, junctional epithelium; EO, oral
epithelium; ES, groove epithelium (A); Representative photomicrography
of An Animal of CTLLig group. COA, alveolar bone crest; EJ, junctional
epithelium; EO, oral epithelium; ES, groove epithelium (B);
Representative Photomicrography of an animal in MSG group\. COA,
alveolar bone crest; EJ, junctional epithelium; EO, oral epithelium; ES,
groove epithelium (C); Representative photomicrography of an animal of
MSGLig group. COA, alveolar bone; EJ crest, junctional epithelium; EO,
oral epithelium; ES, sulcular epithelium (D) (Hematoxylin and Eosin,
40X).
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Figure 3: representative Photomicrographs of animals in CTL (A), CTLLig
(B), MSG (C) and MSGLig (D) groups. The osteocyte; OB, osteoblast;
OC, osteoclast; LI, incremental lines (Hematoxylin and Eosin, 400X)
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APPENDIX B:

Table 1. neonatal treatment effect with MSG on body parameters of CTL,

CTLLig, MSG and MSGLig rats. The values represent mean standard deviation.

CTL CTLLig MSG MSGLig

Lee Index 0,327+0.001A 0,355+0,001B  0,366+0,002C 0,369+0,002C
(9/cm)

Animals Final  385,57+29,28A 356,14+17,07A 251,81+61,83B 223,16+23,68B
Weight (g)

Different Letters, mean that the data are statistically different, within the same
parameter, with p<0.05.

Table 2: total cholesterol and triglycerides concentration in the rat’s blood in the
experimental groups. The values represent mean standard deviation and are
expressed in mg/dL..

Total Cholesterol Triglycerides
CTL 91,15+ 6,07 A 150,5+29,0 A
CTLLIG 79,48 £ 6,02 A 158,8 + 30,4 A
MSG 127,78 + 2,38 B 292,5+655B
MSGLIG 134,85+3,05B 352,6 +81,2B

Different Letters, mean that the data are statistically different, within the same
parameter, with p<0.05.

Table 3: IL-6 concentration in rats gingival samples of experimental groups .
The values represent mean standard deviation and are expressed in pg/mL.

Groups Means

CTL 9,755+2,70 A
CTLLig 15,33+1,50 B
MSG 7,78+3,19 A
MSGLig 12,78 £1,03 C

Different Letters, mean that the data are statistically different at p<0.05.



70

Table 4: TNF-alpha Concentration of the abdominal aorta of rats in the
experimental groups. The values represent mean standard deviation and are
expressed in pg/mL.

Groups Means

CTL 42,57+9,0 A
CTLLig 107,58 £+ 8,45 B
MSG 56,39+ 12,3 A
MSGLig 83,20+6,15 C

Different Letters, mean that the data are statistically different at p<0.05.

Table 5: x-ray analysis of distance from enamel —cement junction until the
alveolar bone crest of the left lower first molar mesial side of experimental
groups rats. The values represent mean standard deviation and are expressed
in pixels.

Groups Means

CTL 64,46 £1,01 A
CTLLig 80,62 + 3,95 B
MSG 62,03+ 0,84 A
MSGLig 71,00+£0,56 C

Different Letters, mean that the data are statistically different at p<0.05.

Table 6: Morphometric Analysis of right hemi-jaw of rats in the osteocytes,
osteoblasts and osteoclasts in the experimental groups for quantification of
osteocytes, osteoblasts and osteoclasts and measuring the distance from the
crest alveolar bone to splice cementoesmaste (JCE-Crest). The values
represent mean standard deviation and are expressed in units for the osteoblast
and osteocyte and osteoclast and expressed in pixels for JCE-Crest.

Osteoblast Osteocyte Osteoclast JCE -Crest
CTL 16,80+1,01 A 221,50+41,41A 2,00+0,81 A 1,26+0,01 A
CTLLig 14,71+0,60 A 206,57+86,13A  5,20+0,62B 2,32+0,06B
MSG 20,33+1,01 B 175,83+57,40A  1,50+0,25A 1,27+0,02A
MSGLig 20,66+0,80 B 149,00+45,40A 3,50+0,15B 1,37+0,04C

Different Letters, mean that the data are statistically different, within the same
parameter, with p<0.05.



71

Table 7: Aorta abdominal morphometric analysis to measure rats artery walls in
the experimental groups. The values represent mean standard deviation and
are expressed in pixels.

Groups Means

CTL 0,078 £0,001 A
CTLLig 0,085 +0,001 B
MSG 0,093 +0,004 C
MSGLig 0,104 £0,001 D

Different Letters, mean that the data are statistically different, within the same
parameter, with p<0.05.



72

ANEXO C

Normas da revista cientifica

Content of Author Guidelines: 1. General, 2. Ethical Guidelines, 3. Manuscript Submission Procedure, 4.

Manuscript Types Accepted, 5. Manuscript Format and Structure, 6. After Acceptance.

Journal of Periodontal Research guarantees an effective review and publication process.
Rapid review processing: on average 32 days from submission to first decision
Rapid publication: on average 55 days from acceptance to online availability and Medline indexing

Useful Websites: Submission Site, Author Services, Ethical Guidelines, Guidelines for Figures

The journal to which you are submitting your manuscript employs a plagiarism detection system. By
submitting your manuscript to this journal you accept that your manuscript may be screened for plagiarism
against previously published works.

/ “pefl- GENERAL

eross”

b

““"The Journal of Periodontal Research is an international research periodical the purpose of which

is to publish original clinical and basic investigations and review articles concerned with every aspect of
periodontology and related sciences. Reports of scientific meetings in periodontology and related fields are
also published.

Please read the instructions below carefully for details on the submission of manuscripts, the journal's
requirements and standards as well as information concerning the procedure after a manuscript has been
accepted for publication in the Journal of Periodontal Research. Authors are encouraged to visit Wiley
Blackwell's Author Services for further information on the preparation and submission of articles and

figures.
2. ETHICAL GUIDELINES

The Journal of Periodontal Research adheres to the below ethical guidelines for publication and research.

2.1. Authorship and Acknowledgements

Authors submitting a paper do so on the understanding that the manuscript have been read and approved
by all authors and that all authors agree to the submission of the manuscript to the Journal.

The Journal of Periodontal Research adheres to the definition of authorship set up by The International
Committee of Medical Journal Editors (ICMJE). According to the ICMJE authorship criteria should be
based on 1) substantial contributions to conception and design of, or acquisiation of data or analysis and
interpretation of data, 2) drafting the article or revising it critically for important intellectual content and 3)
final approval of the version to be published. Authors should meet conditions 1, 2 and 3.

It is a requirement that all authors have been accredited as appropriate upon submission of the

manuscript. Contributors who do not qualify as authors should be mentioned under Acknowledgements.

Acknowledgements: Under acknowledgements please specify contributors to the article other than the
authors accredited. Acknowledge only persons who have made substantive contributions to the study.
Authors are responsible for obtaining written permission from everyone acknowledged by name because
readers may infer their endorsement of the data and conclusions. Please also include specifications of the
source of funding for the study and any potential conflict of interests if appropriate. Suppliers of materials
should be named and their location (town, state/county, country) included.

2.2. Ethical Approvals

All studies using human or animal subjects should include an explicit statement in the Material and
Methods section identifying the review and ethics committee approval for each study, if applicable. Editors

reserve the right to reject papers if there is doubt as to whether appropriate procedures have been used.
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2.3 Photographs of People

The Journal of Periodontal Research follows current HIPAA guidelines for the protection of patients/subject
privacy. If an individual pictured in a digital image or photograph can be identified, his or her permission is
required to publish the image. The corresponding author may submit a letter signed by the patient
authorizing the Journal of Periodontal Research to publish the image/photo. Or, a form provided by

the Journal of Periodontal Research (available by clicking the “Instructions and Forms” link in Manuscript
Central) may be downloaded for your use. This approval must be received by the Editorial Office prior to
final acceptance of the manuscript for publication. Otherwise, the image/photo must be altered such that
the individual cannot be identified (black bars over eyes, tattoos, scars, etc.). The Journal of Periodontal
Research will not publish patient photographs that will in any way allow the patient to be identified, unless
the patient has given their express consent.

2.4 Clinical Trials

Clinical trials should be reported using the CONSORT guidelines available at www.consort-statement.org.

A CONSORT checklist should also be included in the submission material.

The Journal of Periodontal Research encourages authors submitting manuscripts reporting from a clinical
trial to register the trials in any of the following free, public clinical trials

registries:wwuw.clinicaltrials.gov, http://clinicaltrials.ifpma.org/clinicaltrials/, http://isrctn.org/. The clinical trial

registration number and name of the trial register will then be published with the paper.

2.5 Conflict of Interest and Source of Funding

Please disclose information concerning sources of institutional, private and corporate financial support for
the work within the manuscript be fully acknowledged, and any potential conflicts of interest under
Acknowledgements

2.6 Appeal of Decision

The decision on a paper is final and cannot be appealed.

2.7. Permissions

If all or parts of previously published illustrations are used, permission must be obtained from the copyright
holder concerned. It is the author's responsibility to obtain these in writing and provide copies to the
Publishers.

2.8. Copyright

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive
an email prompting them to login to Author Services; where via the Wlley Author Licensing Service
(WALS), they will be able to complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected, the corresponding author will be presented with the copyright
transfer agreement (CTA) to sign.The terms and conditions of the CTA can be previewed in the samples
associated with the Copyright FAQS below:

CTA Terms and Conditions http://authorservices.wiley.com/bauthor/fags _copyright.asp

For authors choosing OnlineOpen

If the OnlineOpen option is selected, the corresponding author will have a choice of the following Creative
Commons License Open Agreements (OAA):

Creative Commons License OAA

Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial - NoDerivs License OAA

To preview the terms and conditions of these open acess agreements, please visit the Copyright FAQ
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hosted on Wiley Author Services http://exchanges.wiley.com/authors/fags---copyright- 301.html and

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by certain funders [e.g. The Wellcome
Trust and members of the Research Councils UK (RCUK) or the Austrian Science Fund (FWF)], you will
be given the opportunity to publish your article under a CC-BY license supporting you in complying with
Wellcome Trust and Research Councils UK requirements. For more information on this policy and the
Journal's compliant self-archiving policy, please visithttp://www.wiley.com/go/funderstatement

3. MANUSCRIPT SUBMISSION PROCEDURE

Manuscripts should be submitted electronically via the online submission

sitehttp://mc.manuscriptcentral.com/jre.The use of an online submission and peer review site enables

immediate distribution of manuscripts and consequentially speeds up the review process. It also allows
authors to track the status of their own manuscripts. Complete instructions for submitting a paper is
available online and below. For further assistance, please contact the editorial office
atjreedoffice@wiley.com

3.1. Getting Started

« Launch your web browser (supported browsers include Internet Explorer 6 or higher, Netscape 7.0, 7.1,
or 7.2, Safari 1.2.4, or Firefox 1.0.4) and go to the journal's online Submission

Site:http://mc.manuscriptcentral.com/jre

* Log-in or, if you are a new user, click “register here”.

« If you are registering as a new user.

- After clicking on 'register here', enter your name and e-mail information and click 'Next'. Your e-mail
information is very important.

- Enter your institution and address information as appropriate, and then click 'Next.'

- Enter a user ID and password of your choice (we recommend using your e-mail address as your user
ID), and then select your area of expertise. Click 'Finish'.

« If you have an account, but have forgotten your log in details, go to Password Help on the journals online

submission system http://mc.manuscriptcentral.com/jre and enter your email address. The system will

send you an automatic user ID and a new temporary password.

* Log-in and select “Corresponding Author Center”

3.2. Submitting Your Manuscript

« After you have logged into your “Corresponding Author Center”, submit your manuscript by clicking the
submission link under “Author Resources”.

* Enter data and answer questions as appropriate. You may copy and paste directly from your manuscript
and you may upload your pre-prepared covering letter.

* Click the 'Next' button on each screen to save your work and advance to the next screen.

* You are required to upload your files.

- Click on the 'Browse' button and locate the file on your computer.

- Select the designation of each file in the drop down next to the Browse button.

- When you have selected all files you wish to upload, click the 'Upload Files' button.

* Review your submission (in HTML and PDF format) before sending to the Journal. Click the 'Submit'
button when you are finished reviewing.

3.3. Manuscript Files Accepted

Manuscripts should be uploaded as Word (.doc/.docx) or Rich Text Format (.rtf) files (not write-protected)
plus separate figure files. GIF, JPEG, PICT or Bitmap files are acceptable for submission, but only high-
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resolution TIF or EPS files are suitable for printing. The files will be automatically converted to HTML and
PDF on upload and will be used for the review process. The text file must contain the entire manuscript
including title page, abstract, text, references, figure legends and tables but no embedded figures. Figure
tags should be included in the file. Manuscripts should be formatted as described in the Author
Guidelines below.

3.4. Blinded Review

All manuscripts submitted to the Journal of Periodontal Research will be reviewed by two experts in the
field. The Journal of Periodontal Research uses single blinded review. The names of the reviewers will
thus not be disclosed to the author submitting a paper.

3.5. Suggest a Reviewer

The Journal of Periodontal Research attempts to keep the review process as short as possible to enable
rapid publication of new scientific data. In order to facilitate this process, please suggest the names and
current email addresses of 2 potential international reviewers whom you consider capable of reviewing
your manuscript.

3.6. Suspension of Submission Mid-way in the Submission Process

You may suspend a submission at any phase before clicking the 'Submit' button and save it to submit later.
The manuscript can then be located under 'Unsubmitted Manuscripts' and you can click on 'Continue
Submission' to continue your submission when you choose to.

3.7. Email Confirmation of Submission

After submission you will receive an email to confirm receipt of your manuscript. If you do not receive the
confirmation email after 24 hours, please check your email address carefully in the system. If the email
address is correct please contact your IT department. The error may be caused by some sort of spam
filtering on your email server. Also, the emails should be received if the IT department adds our email
server (uranus.scholarone.com) to their whitelist.

3.8. Manuscript Status

You can access ScholarOne Manuscripts (formerly known as Manuscript Central) any time to check your
‘Author Centre'. The Journal will inform you by e-mail once a decision has been made.

3.9. Submission of Revised Manuscripts

To submit your revised manuscript, locate your manuscript under ‘Manuscripts with Decisions' and click on
'Submit a Revision'. Please remember to delete any old files uploaded when you upload your revised

manuscript.
4. MANUSCRIPT TYPES ACCEPTED

Original Articles: must describe significant and original experimental observations and provide sufficient
detail so that the observations can be critically evaluated and, if necessary, repeated. Original articles
must conform to the highest international standards in the field.

Review Articles: are selected for their broad general interest; all are refereed by experts in the field.
Reviews should take a broad view of the field rather than merely summarizing the authors” own previous
work, so extensive citation of the authors” own publications is discouraged.

Mini Reviews are covering a smaller area and may be written in a more free format.

Short Communications: Short communications, limited to 1-3 pages, including illustrations and
references, will be considered for rapid publication. Such papers must be based on work that is of special
importance or having the potential for great impact, or a body of work that is complete but of insufficient
scope to warrant a full-length paper. Short communications need not follow the usual divisions.

Meeting Reports: Reports of scientific meetings in periodontology and related fields are also published.
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5. MANUSCRIPT FORMAT AND STRUCTURE

5.1. Page Charge

Articles exceeding 7 published pages are subject to a charge of GBP70 per additional page. One
published page amounts approximately to 5,500 characters (excluding figures and tables).

5.2. Format

Language: The language of publication is English. Authors for whom English is a second language must
have their manuscript professionally edited by an English speaking person before submission to make
sure the English is of high quality. It is preferred that manuscript is professionally edited. A list of
independent suppliers of editing services can be found

athttp://authorservices.wiley.com/bauthor/english_language.asp. All services are paid for and arranged by

the author, and use of one of these services does not guarantee acceptance or preference for publication
Abbreviations and symbols: Abbreviations should be in accordance with Guidelines laid down by the
American Society of Microbiology. Unless they are in common usage (e.g. DNA), all terms must be
displayed in full in the key words, and the first time that they appear in the abstract, the main text, tables
and figures, followed by the abbreviation in parentheses. If an abbreviation is used in the body of figure or
table only it must be defined in the figure legend or table footnotes. The symbol % is to be used for
percent, h for hour, min for minute, and s for second. In vitro and in vivo are to be italicized. Use only
standard abbreviations. All units will be metric. Use no roman numerals in the text. In decimals, a decimal
point, and not a comma, will be used. In cases of doubt, the spelling orthodoxy of Webster 's Third New
International Dictionary will be adhered to.

Scientific Names: Proper names of bacteria should be binomial and should be singly underlined in the
typescript. The full proper name (e. g. Streptococcus sanguis ) must be given upon first mention. The
generic name may be abbreviated thereafter with the first letter of the genus (e. g. S. sanguis ). If
abbreviation of the generic name could cause confusion, the full name should be used. If the vernacular
form of a genus name (e. g. streptococci) is used, the first letter of the vernacular name is not capitalized
and the name is not underlined. Use of two letters of the genus (e. g. Ps .for Peptostreptococcus ) is
incorrect, even though it might avoid ambiguity. With regard to drugs, generic names should be used
instead of proprietary names.

It is strongly recommended that all abbreviations be introduced in the first paragraph in Materials and
Methods. Alternatively, define each abbreviation and introduce it in parentheses the first time it is used,;
e.g., "Cultures were grown in Eagle minimal essential medium (MEM)." Generally, eliminate abbreviations

that are not used at least three times in the text (including tables and figure legends).

5.3. Structure

All manuscripts submitted to the Journal of Periodontal Research should include: Title page, abstract, main
text, references and tables, figures and figure legends were appropriate.

Title Page: should contain the title of the article, name(s) of the author(s), initials, and institutional
affiliation(s), a running title not to exceed 40 letters and spaces, and the name and complete mailing
address, including email address, of the author responsible for correspondence. The author must list 4
keywords for indexing purposes.

Abstract: The abstract should consist of 1) the objective 2) the background data discussing the present
status of the field 3) methods 4) results 5) conclusion.

Main Text of Original Research Articles

Introduction: Summarize the rationale and purpose of the study, giving only strictly pertinent references.

Do not review existing literature extensively.
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Material and methods: Materials and methods should be presented in sufficient detail to allow confirmation
of the observations. Published methods should be referenced and discussed only briefly, unless

modifications have been made.

Results: Present your results in a logical sequence in the text, tables, and illustrations. Do not repeat in

the text all of the data in the tables and illustrations. Important observations should be emphasized.

Discussion: Summarize the findings without repeating in detail the data given in the Results section.
Relate your observations to other relevant studies and point out the implications of the findings and their

limitations. Cite other relevant studies.

Main Text of Reviews, Short Communications and Meeting Reports

These need not follow the usual divisions.

Acknowledgements: Acknowledge only persons who have made substantive contributions to the study.
Authors are responsible for obtaining written permission from everyone acknowledged by name because
readers may infer their endorsement of the data and conclusions. Sources of financial support must be
acknowledged.

5.4. References

References should be numbered consecutively in the order in which they appear in the text, and should be
kept to a pertinent minimum. References should include the beginning and ending page numbers. Identify
references in the text, tables, and figure legends by Arabic numerals in parentheses. References cited only
in the tables or figure legends should be numbered in accordance with a sequence established by the first
notation of that figure or table in the text. Use the style of the examples below, which is based on Index
Medicus. Manuscripts accepted but not published may be cited in the reference list by placing "in press"
after the abbreviated title of the journal. Abstracts and manuscripts not yet accepted may be cited in full in
the text but not in the reference list. References must be verified by the author(s) against the original
documents.

We recommend the use of a tool such as Reference Manager for reference management and formatting.

Reference Manager reference styles can be searched for here:www.refman.com/support/rmstyles.asp

Examples:

(1) Standard journal article

(List all authors up to 6; for 7 or more list the first 3 and add "et al.") Dockrell H, Greenspan JS.
Histochemical identification of T- cells in oral lichen planus. Oral Surg 1979; 48: 42-49. Thomas Y,
Sosman J, Yrigoyen O, et al. Functional analysis of human T- cell subsets defined by monoclonal
antibodies. I. Collaborative T-T interactions in the immunoregulation of B-cell differentiation. J
Immunol 1980; 125: 2402-2405.

(2) Corporate author

The Royal Marsden Hospital Bone- Marrow Transplantation Team. Failure of syngeneic bone- marrow
graft without preconditioning in post- hepatitis marrow aplasia. Lancet 1977; 2: 628-630.

(3) No author given

Anonymous. Coffee drinking and cancer of the pancreas [Editorial]. Br Med J 1981; 283: 628-635.

(4) Journal supplement

Mastri AR. Neuropathology of diabetic neurogenic bladder. Ann Intern Med 1980; 92 (2 pt 2): 316- 324.
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Frumin AM, Nussbaum J, Esposito M. Functional asplenia: demonstration of splenic activity by bone
marrow scan. Blood 1979; 54 (suppl 1): 26- 28.

(5) Journal paginated by issue

Seaman WB. The case of the pancreatic pseudocyst. Hosp Pract 1981; 16 (Sep): 24-29.

(6) Personal author(s)

Eisen HN. Immunology: an introduction to molecular and cellular principles of the immune response , 5th
edn. New York: Harper Row, 1984:406-420.

(7) Editor, compiler, chairman as author

Dausset J, Colombani J, eds. Histocompatibility testing 1972. Copenhagen: Munksgaard, 1973: 12-18.
(8) Chapter in a book

Weinstein L, Swartz MN. Pathogenic properties of invading microorganisms. In: Sodeman WA Jr,
Sodeman WA, eds. Pathologic physiology: mechanisms of disease . Philadelphia: WB Saunders, 1974:
457-480.

(9) Published proceedings paper

DePont B. Bone marrow transplantation in severe combined immunodeficiency with an unrelated MLC
compatible donor. In: White HJ, Smith R, eds. Proceedings of 3rd Annual Meeting of the International
Society for Experimental Hematology. Houston: International Society for Experimental Hematology, 1974:
44-50.

(10) Agency publication

Ranofsky AL. Surgical operations in short-stay hospitals: United States - 1975. Hyattsville, Maryland:
National Center for Health Statistics, 1978; DHEW publication no. (PHS) 78-1785. (Vital and health
statistics; series 13; no. 34.)

(11) Dissertation or thesis

Cairns RB. Infrared spectroscopic studies of solid oxygen. Berkeley, CA: University of California, 1965.
156pp. Dissertation.

5.5. Tables, Figures and Figure Legends

Tables: Tables should be numbered consecutively with arabic numerals. Use titles which are self
explanatory. Due regard should be given to the proportions of the printed page.

Figures: All figures should clarify the text and their number should be kept to a minimum. Details must be
large enough to retain their clarity after reduction in size. lllustrations should preferably fill a single column
width (54 mm) after reduction, although in some cases 113 mm (double column) and 171 mm (full page)
widths will be accepted. Micrographs should be designed to be reproduced without reduction, and they
should be dressed directly on the micrograph with a linear size scale, arrows, and other designators as
needed.

Preparation of Electronic Figures for Publication: Although low quality images are adequate for review
purposes, print publication requires high quality images to prevent the final product being blurred or fuzzy.
Submit EPS (lineart) or TIFF (halftone/photographs) files only. MS PowerPoint and Word Graphics are
unsuitable for printed pictures. Do not use pixel-oriented programmes. Scans (TIFF only) should have a
resolution of 300 dpi (halftone) or 600 to 1200 dpi (line drawings) in relation to the reproduction size (see
below). EPS files should be saved with fonts embedded (and with a TIFF preview if possible).

For scanned images, the scanning resolution (at final image size) should be as follows to ensure good
reproduction: lineart: >600 dpi; half-tones (including gel photographs): >300 dpi; figures containing both
halftone and line images: >600 dpi.
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Further information can be obtained at Wiley Blackwell's guidelines for

figures:http://authorservices.wiley.com/bauthor/illustration.asp.

Check your electronic artwork before submitting it:http://authorservices.wiley.com/bauthor/eachecklist.asp.

Permissions: If all or parts of previously published illustrations are used, permission must be obtained
from the copyright holder concerned. It is the author's responsibility to obtain these in writing and provide
copies to the Publishers.

5.6. Supporting Material

Supporting Material, such as data sets or additional figures or tables, that will not be published in the print
edition of the journal, but which will be viewable via the online edition, can be submitted.

It should be clearly stated at the time of submission that the Supporting Material is intended to be made
available through the online edition. If the size or format of the Supporting Material is such that it cannot be
accommodated on the journal's Web site, the author agrees to make the Supporting Material available free
of charge on a permanent Web site, to which links will be set up from the journal's website. The author
must advise Wiley Blackwell if the URL of the website where the Supporting Material is located changes.
The content of the Supporting Material must not be altered after the paper has been accepted for
publication.

The availability of Supporting Material should be indicated in the main manuscript by a paragraph, to
appear after the References, headed 'Supporting Material' and providing titles of figures, tables, etc. In
order to protect reviewer anonymity, material posted on the authors Web site cannot be reviewed. The
Supporting Material is an integral part of the article and will be reviewed accordingly.

6. AFTER ACCEPTANCE
Upon acceptance of a paper for publication, the manuscript will be forwarded to the Production Editor who

is responsible for the production of the journal.

6.1 Proof Corrections

The corresponding author will receive an email alert containing a link to a web site. A working email
address must therefore be provided for the corresponding author. The proof can be downloaded as a PDF
(portable document format) file from this site.

Acrobat Reader will be required in order to read this file. This software can be downloaded (free of charge)

from the following Web site: www.adobe.com/products/acrobat/readstep2.html . This will enable the file to

be opened, read on screen, and printed out in order for any corrections to be added. Further instructions
will be sent with the proof. Hard copy proofs will be posted if no e-mail address is available; in your
absence, please arrange for a colleague to access your e-mail to retrieve the proofs. Proofs must be
returned to the Production Editor within three days of receipt.

Excessive changes made by the author in the proofs, excluding typesetting errors, will be charged
separately. Other than in exceptional circumstances, all illustrations are retained by the publisher. Please
note that the author is responsible for all statements made in his work, including changes made by the

copy editor.

6.2. Early Online Publication Prior to Print

The Journal of Periodontal Research is covered by Wiley Blackwell's Early View service. Early

View articles are complete full-text articles published online in advance of their publication in a printed
issue. Early View articles are complete and final. They have been fully reviewed, revised and edited for

publication, and the authors' final corrections have been incorporated. Because they are in final form, no
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changes can be made after online publication. The nature of Early View articles means that they do not yet
have volume, issue or page numbers, so Early View articles cannot be cited in the traditional way. They
are therefore given a Digital Object Identifier (DOI), which allows the article to be cited and tracked before
it is allocated to an issue. After print publication, the DOI remains valid and can continue to be used to cite
and access the article.

6.3. Production Tracking

Online production tracking is available for your article through Wiley Blackwell's Author Services. Author
Services enables authors to track their article - once it has been accepted - through the production process
to publication online and in print. Authors can check the status of their articles online and choose to

receive automated e-mails at key stages of production. The author will receive an e-mail with a



