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Dedicatoria
Dedico aos amantes da vida,

pois sem inflamac¢do ndo ha emocao!



Ela é a prépria Odisseia

La vem a Ciéncia, toda cheia de graga. Atormenta, inquieta, instiga a imaginacdo por onde
passa. Quanto mistério! Quem escolhe a presenca dela se entusiasma com facilidade.
Cheia de cores vibrantes, é a prépria natureza em movimento, é tempestade de
conhecimento. Quanta beleza! O céus, ela mata mesmo de curiosidade. Quando menos se
espera, ela ja jogou o charme da paixdo. Ela é do dia e da noite. Da filosofia, da biologia,
da matematica. Ela orgulha-se de quem abre o coracdo e ndo tem medo das perguntas.
Ela coleciona muitas histdrias, aprendizados e esta sempre pronta para uma nova
aventura. Ela também estd em paz com os erros porque sabe que fazem parte da jornada.
Ela ndo gosta de competir com os outros. Muito antes pelo contrdrio, gosta mesmo é de
se unir em prol das descobertas que melhoram o mundo! Ela é organizada, tem foco, tem
disciplina. Ela tem intencdes honestas. Quem ja viu ela se aproximar, sabe que ela conduz
uma legido cativante e cheia de forca. Ela sabe ser persuasiva e, de repente, tudo o que
nao vier dela se torna trivial, médio, cliché. Perde a graca. O bom mesmo é ir atras dessa
tal Ciéncia com qualidade, profundidade, emogao! Ela é insinuante, provocante.
Obviamente ela ndo é facil, e ai é que esta mais uma de suas maiores virtudes: o desafio
imposto. Ndo aceita qualquer um. Aqueles que tém preguica, ela nem perde tempo.
Atropela com seu infociclone. Os que vao correndo atras dela, ela foge, selvagem, voando.
Porém, aqueles que tém paciéncia, observam e persistem, ela deixa, no tempo dela, ser
analisada, interpretada, adorada. Para os que mantém a perspicacia, de uma hora para
outra, ela abre um oceano de detalhes. E ai sim! E esse tipo de mente brilhando que ela
aprecia. Quanta energia! Como ela gosta de ideias diferentes. Ela quer contribuicdo, quer
senso critico, quer criatividade, quer novidade. Ela quer paixdo! Ela precisa dessa conexao.

Mas quem é o seu grande amor? Isso mesmo: o pesquisador!

Cauana, 2017.
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RESUMO

Infeccdo e disbiose estdo correlacionadas com a sindrome metabdlica. Porém, ainda é
necessario que haja investigacbes sobre a influéncia da periodontite apical neste
contexto. Esta tese contempla uma revisdo de literatura acerca do tema e um trabalho
experimental que avaliou a influéncia da periodontite apical em um modelo de desordem
metabdlica induzido por suplementagdo com frutose 10% (HFD) durante 8 semanas.
Foram utilizados 60 ratos wistar machos, os quais foram subdivididos em: G1- controle
(ingestdo de agua filtrada e sem inducdo lesdo periapical); G2- controle HFD (ingestdo de
frutose e sem inducdo lesdo periapical); G3- controle 14 dias PA (ingestdo de 4gua filtrada
e com inducdo lesdo periapical por 14 dias); G4- HFD 14 dias PA (ingestdo de frutose e
com indugdo lesdo periapical por 14 dias); G5- controle 28 dias PA (ingestdo de agua
filtrada e com indugdo lesdo periapical por 28 dias); G6- HFD 28 dias PA (ingestdo de
frutose e com indugdo lesdo periapical por 28 dias). Durante as 8 semanas de
experimento, os animais foram pesados a cada 2 dias. Os consumos de ra¢do e agua
foram medidos diariamente. Apds as 8 semanas, foi realizada a medicdo da glicemia e
coleta de fezes de cada animal para avaliagdo da bactéria Akkermansia muciniphila
através de PCR. Em seguida, os animais foram eutanasiados. Foram removidas as
mandibulas, para andlise histolégica; o soro do sangue e o intestino para andlise de
citocinas (TNF, IL-1B e IL-6) e adipocinas (leptina e adiponectina) através de ELISA; o figado
e o0 coracdo para analise de estresse oxidativo (catalase e glutationa) através de
espectrofotometria. Os resultados demonstraram que houve aumento de peso, de ingesta

de agua (polidipsia) e de glicemia nos grupos submetidos ao HFD, independente de



inducdo de PA, confirmando que o modelo experimental foi capaz de induzir diabetes
tipo2 relacionada a obesidade. Nao houve variacdo nos niveis de TNF, IL-1B e IL-6 entre os
grupos experimentais. Os niveis de leptina e de adiponectina estavam significantemente
aumentados no G2. Os niveis intestinais de leptina estavam aumentados nos grupos 5 e 6.
Um aumento nos niveis de glutationa foi observado nos animais do G4. Ocorreu indugdo
de periodontite apical nos grupos 3, 4, 5 e 6, sem alteragdes provocadas pela HFD. Tanto a
PA quanto o HFD foram capazes de provocar disbiose, diminuindo significativamente os
niveis de expressdao de A. muciniphila. Concluindo, o presente estudo demonstra, pela
primeira vez, que a PA exerce influéncia sistémica e impacta desordens metabdlicas

modulando o metabolismo intestinal e a microbiota.

Palavras-chave: Periodontite Apical, Obesidade, Diabetes tipo 2, Akkermansia
muciniphila, Inflamacgao.
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ABSTRACT

Infection and dysbiosis present a close relationship with metabolic diseases, although the
influence of apical periodontitis (AP) in this context needs further investigation. This thesis
includes a review and an experimental study that evaluated the influence of AP in a rat
model of metabolic disorder induced by 10% fructose supplementation. 60 male Wistar
rats were used. Animals that received high fructose diet (HFD; N=30) or filtered water
(control; N=30) were subdivided into additional groups: (i) without induction of AP (N=20);
(ii) with AP induction 2 weeks before euthanasia (14 days; N=20); (iii) with AP induction 4
weeks before euthanasia (28 days; N=20). HFD triggered obesity-related type2 diabetes,
as indicated by induction of overweight and hyperglycemia, besides polydipsia, regardless
of the AP induction. There was no variation in the serum or intestinal levels of TNF, IL-1B
and IL-6 among the experimental groups. Serum leptin and adiponectin levels were
significantly elevated in the HFD group, without AP induction. The intestinal levels of
leptin were significantly increased in the groups with 28 days of AP induction, despite
HFD. A significant elevation of liver glutathione levels was observed in animals submitted
to HFD and AP for 14 days. AP induction (14 or 28 days) led to pulp and periapical tissue
inflammation, without any influence of HFD. Either HFD or AP induction led to dysbiosis,
as indicated by a significant reduction of fecal A. muciniphila expression. Conluding, we
provide novel evidence that AP can have systemic impacts on metabolic disorders, likely
by modulating intestinal metabolism and microbiota.

Key words: Apical periodontitis, Obesity, Type 2 Diabetes, Akkermansia muciniphila,

Fructose, Gut Microbiota.
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1. INTRODUCAO

1.1 Epidemiologia das Desordens Metabdlicas: Obesidade e Diabetes
Mellitus Tipo2

A obesidade é uma doenga cronica multifatorial caracterizada pela presenca
excessiva de gordura. Esta condi¢do leva a uma série de efeitos adversos no metabolismo
do individuo, como alteragdo da pressdo arterial, do colesterol (LDL), dos triglicerideos e,
resisténcia a insulina’. Sendo assim, ocorre o aumento do risco de vérias complicagBes
gue podem levar a incapacidade ou a morte do individuo. O diabetes, a hipertensdo, a
isquemia, alguns tipos de cancer e a doenca periodontal sdo exemplos de doencas que

vém sendo associadas com a obesidade’.

Os obesos tém pouca ou nenhuma sintomatologia’; este estado subclinico
contribui para a elevada taxa de pacientes que apresentam tal condi¢cdo cronica.
Atestando a seriedade da doenca, a Organizacdo Mundial de Saude (OMS) associa a
obesidade com o aumento da morbidade e mortalidade mundial. Os outros fatores
incluidos nesta categoria sdo: falta de saneamento da agua, baixo peso ao nascer,
desnutricdo, diabetes, hipertensdo, consumo de dalcool e tabaco e pratica sexual ndo-

segura®.

Ainda nos dias de hoje, a OMS recomenda o indice de massa corporal (IMC) para o
calculo de agravamento da mortalidade. Este indice leva em consideracdo o peso e altura
corporal. A média de IMC para a populagdo adulta deveria variar entre 21 e 23 kg/m?,
enquanto que individualmente deveria se manter entre 18,5 e 24,9 kg/m>. O risco de
comorbidades é agravado quando o IMC varia entre 25 e 29,9 kg/m? (considerado
sobrepeso) e passa a ser severo quando o IMC for maior que 30 kg/m? (obesidade). A

partir de 40 kg/m? considera-se obesidade moérbida°.

Segundo o ultimo levantamento realizado pela OMS (ano de 2014), pessoas no

mundo todo estdo morrendo em consequéncia do sobrepeso ou obesidade. Pelo menos
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2,8 milhdes de pessoas morrem a cada ano por esse motivo. Espantosamente, a regido
das Américas possui a maior prevaléncia de sobrepeso e obesidade comparativamente a
outras partes do mundo. Os indices da OMS para ambos o0s sexos sdo de 62% de
sobrepeso e 26% de obesidade, sendo o sexo feminino o mais prevalente (50% com
sobrepeso e 29% de obesas). A regido do sul da Asia apresenta os indices mais baixos da

categoria, com 14% de sobrepeso em ambos os sexos e, apenas 3% de pessoas obesas”.

Segundo o Instituto Brasileiro de Geografia e Estatistica (IBGE), 82 milhdes de
pessoas estdo acima do peso no Brasil (cerca de 60% da populagdo total do pais). Estes
dados foram coletados apds a realizagdo da Pesquisa de Orgamentos Familiares (POF), que
mede e pesa uma amostra da populagdo, levanta suas receitas e despesas do orgcamento
domeéstico e, investiga informagdes sobre o tipo de comida que cada familia consome e,
em quais quantidades. O estudo revela também a falta de alimentacdo balanceada por

parte da populac3o brasileira®.

A obesidade é considerada uma doenga de proporgdes epidémicas’. Em 2016, mais
de 41 milhdes de criangas abaixo dos cinco anos de idade apresentam sobrepeso,
demonstrando, claramente, a urgéncia do desenvolvimento de iniciativas e programas
com investimentos em niveis populacionais. A finalidade das estratégias é a ndo inclusdo
destas criancas em estatisticas futuras de grupos de vulnerabilidade e incapacidade por

consequéncia das comorbidades ou, também chamadas, “doencas ndo comunicaveis”®.

O Diabetes Mellitus é outro grande problema mundial de saude. A International
Diabetes Federation (IDF) indicava no ano 2000 uma estimativa de que haveria 350
milhGes de pessoas no mundo com diabetes tipo 2 no ano de 2030. Surpreendentemente,
no ano de 2011° esta estimativa ja havia sido superada apresentando 366 milhdes de
portadores e, em 2014 esse numero era de 422 milhdes de individuos com a doenca.
Ainda mais alarmante é o fato de que metade das pessoas portadoras da doencga ja
apresentam sinais de complicacdes da desordem®’. O diabetes mellitus tipo 2 (T2DM) é

responsavel por 90% dos casos de diabetes (os outros 10% correspondem ao diabetes
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mellitus tipo I). E caracterizado como uma desordem crénica metabdlica e ocorre quando
ha altera¢cdGes no metabolismo dos carboidratos, gordura e proteinas. Os resultados sdo
defeitos na secre¢do e/ou agdo da insulina, levando a um aumento na concentragdo de

glicose sanguinea (hiperglicemia)™'.

Esta condicdo, proveniente do excesso de peso e da falta de atividade fisica,
aumenta o risco de danos microvasculares (retinopatia, nefropatia, neuropatia) e
macrovasculares (isquemia cardiovascular, derrame e doenca vascular periférica). Esta
associada também a redugdo da qualidade e da expectativa de vida do individuo

portador™?.

A associagao de hiperinsulinemia, hipertensao, hipertrigliceridemia e obesidade
visceral compde o “quarteto da morte” e a sua sinergia caracteriza a Sindrome Metabdlica
(MetS)*. Os seguintes fatores estdo presentes nos individuos incluidos neste grupo: 1-
obesidade abdominal (gordura excessiva ao redor do abdémen); 2- dislipidemia
aterogénica (desordens sanguineas, triglicerideos altos, baixo colesterol HDL, alto
colesterol LDL, formagdo de placas nas paredes arteriais); 3- pressdo arterial elevada; 4-
intolerancia a glicose ou resisténcia a insulina; 5- estado pré-trombdtico (fibrinogénio
elevado sistemicamente); e 6- estado pré-inflamatério (proteina C reativa, CRP elevada
sistemicamente). Esta classificacdo é a mais aceita e foi recomendada pela American Heart
Association'. Por outro lado, sabe-se que o individuo pode apresentar caracteristicas
fenotipicas de obeso, com aumento do tecido adiposo, sem necessariamente manifestar
anormalidades metabdlicas®. Estes individuos sdo incluidos no grupo de “obesos

metabolicamente saudaveis”*®.

Em um estudo avaliando pessoas obesas e ndo obesas, com ou sem disturbio
metabdlico, os resultados indicaram que, tanto no grupo de obesos, como no grupo de
nao obesos, as mulheres apresentaram uma tendéncia a ser metabolicamente sauddveis 2
a 4 vezes maior do que os homens. No grupo de pessoas obesas, a prevaléncia foi de 6,8%

a 36,6% para individuos metabolicamente saudaveis. Observou-se ainda, que aquelas
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pessoas que seguiam as recomendacdes da piramide alimentar e mantinham uma dieta
de alta qualidade foram associados positivamente com obesos metabolicamente
saudaveis’’. A falta de atividade fisica, estresse, tabagismo e o consumo de 3&lcool
(representando o estilo de vida) também estdo associados com o aumento do risco

relacionado a obesidade, doengas cardiovasculares e T2DM.

O estilo de vida contemporaneo contribui para o sedentarismo e uma alimentagao
com maior ingestdo caldrica, afetando ndao sé paises desenvolvidos, mas paises em
desenvolvimento também. Esta mudanca global de habitos resulta nos dados espantosos
de acometimento de doencas como a obesidade e o diabetes’. Portanto, é extremamente
necessario que haja esforcos preventivos e tratamentos multidisciplinares efetivos,
evitando assim o seu crescimento e suas complicagcdes. Fatores genéticos, enddcrinos,
ambientais, socioecondmicos e comportamentais tém sido considerados importantes no
desenvolvimento da obesidade’. Porém, os mecanismos moleculares que dizem respeito a
perda de funcionalidade étima do tecido adiposo, bem como, a instalagao de resisténcia a

insulina nos individuos obesos, ainda permanecem por serem esclarecidos'’*?

1.2 Relagdo da Obesidade e do Diabetes Tipo 2 com a Inflamagdo e o Estresse
Oxidativo

A relacdo entre obesidade, resisténcia a insulina, diabetes e as suas consequentes
complicacbes vem sendo pesquisada dentro do campo da biologia celular e molecular,
com base na histofisiologia e na patogénese de tais desordens. A complexidade dos
quadros e a origem multifatorial requerem estudos adicionais, correlacionados com

inflamac3o cronica e estresse oxidativo®®.

Em niveis moleculares, a obesidade é caracterizada pela presenga aumentada de
proteinas de fase aguda e citocinas pré-inflamatérias®. Os niveis elevados de marcadores
inflamatérios da obesidade sdo resultantes da atividade enddcrina em resposta ao

excesso de tecido adiposo”. Ademais, os fatores ambientais ja citados, como alimentag&o,
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atividade fisica, estresse, tabagismo e alcoolismo, sdo capazes de ativar ou silenciar genes
envolvidos no processo de patogénese da obesidade. Essas interacdes com o genoma sao
chamadas de fatores epigenéticos e ocupam importante papel nas doencas crénicas, uma
vez que modulam a expressio de varios genes associados a obesidade®’.
Interessantemente, células do tecido adiposo possuem capacidade de estimulagdo da
producdo de células imunes, contribuindo para a instalacdo dessas doencas através da

inflamac3o®2.

Os adipdcitos constituem parte do tecido adiposo. Este tecido é um tipo especial
de tecido conjuntivo, que apresenta o maior depdsito de energia corporal sob a forma de
triglicerideos. Esses depdsitos se renovam continuamente; porém, ndo sao estaveis, sendo
influenciados por estimulos nervosos e hormonais. Os triglicerideos mantidos no tecido
adiposo podem ser armazenados a partir da alimentacdo, podem ser oriundos do figado e
transportados até o tecido adiposo ou, podem ser derivados da sintese dos proprios

adipdcitos a partir da glicose®.

Diversas citocinas, tais como interleucina-6 (IL-6), fator de necrose tumoral (TNF) e
interleucina-10 (IL-10), sdo secretadas pelos adipécitos®®. Estas células gordurosas s3o
reguladas diretamente pelo TNF no local do acimulo de gordura, que consequentemente
age interferindo na homeostase da glicemia e promovendo maior resisténcia a insulina®.

Sendo assim, a obesidade é considerada fator chave para o desenvolvimento de T2DM*°.

A obesidade apresenta principalmente células do infiltrado inflamatdrio cronico e
as citocinas IL-6 e TNF?. Os macréfagos e os mastécitos s3o as principais fontes destas
citocinas. O papel do TNF é mediar respostas inflamatérias agudas a bactérias e outros
microorganismos infecciosos. Ja, a IL-6, também atua nas respostas agudas apresentando
efeitos locais e sistémicos, induzindo ainda a sintese hepatica de diversos outros
mediadores, além da estimulagdo e produgdo de neutrdfilos e a diferenciagdo de linfécitos
T helper”’. Existe uma correlacdo positiva entre o volume de gordura e o TNF circulante?,

indicando uma reac3o de corpo estranho as células gordurosas®®. Quanto a IL-6, sua fonte
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parece estar fortemente relacionada a gordura visceral, com adipécitos sendo

responsaveis por 30% de sua secre¢io”.

Niveis elevados de inflamagdo estdo associados também com um aumento na CRP,
uma proteina plasmatica envolvida na imunidade inata e no reconhecimento de
estruturas microbianas. Essas proteinas sdo sintetizadas pelo figado, induzidas pelas
citocinas interleucina-1p (IL-1B; também mediadora de respostas inflamatdrias agudas
com agdes similares ao TNF) e IL-6 (também indutora do fibrinogénio) %’ pacientes com
obesidade ou resisténcia a insulina apresentam IL-6 e CRP aumentados e, inversamente,
ha diminuicdo sérica destes marcadores e aumento da toleréncia a insulina quando o

paciente é submetido a cirurgia bariatrica e apresenta perda de peso®.

Além de produzirem citocinas, os adipdcitos sdo potentes produtores de
adipocinas: adiponectina, adipsina, resitina e leptina. A adiponectina apresenta efeitos
biolégicos importantes, possuindo efeitos anti-inflamatérios, podendo ainda influenciar
em doencas cardiovasculares, diabetes e alguns tipos de cancer’®. A presenca da
adiponectina em ratos sépticos produz a redugdo da inflamagao através da diminuigdo dos
niveis de IL-6 e TNF*!. Na presenca de obesidade, diabetes, resisténcia a insulina ou

doenca cardiovascular, esta citocina esta diminuida®2.

A resistina apresenta efeito pré-inflamatério marcante e parece estar associada

com a resisténcia a insulina®>. J4, a leptina, é uma adipocina que participa na regulacio da
. . . . ~ . 23 . A . N .

guantidade de tecido adiposo no corpo e ingestdo de alimentos™. A resisténcia a leptina
. . s . 34 A . . s

ou a leptinemia acarreta acumulo de peso e obesidade™. Este hormonio proteico também

tem sido sugerido como mediador inflamatério, inclusive no tecido pulpar dentério e,

pode levar a diferenciacdo de células dendriticas e a sua capacidade de estimular a

reatividade das células do sistema imune (Th1)>>.

Recentemente, foi realizado um estudo utilizando um modelo de fibroblastos
derivados de adipécitos e células do baco para avaliar o impacto dos adipdcitos em células

imunes convencionais. O estudo demonstrou a capacidade de producdo da quimiocina
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CCL5 (das células Th1), bem como, indicou a producdo de citocinas selecionadas pelo baco
resultante da estimulacdo por adipdcitos. Os autores sugerem ainda que a capacidade
imune pode ndo estar limitada a produgao direta de mediadores inflamatérios, mas inclui

a modulacdo das células imunoldgicas®.

O receptor toll-like 4 (TLR4) é encontrado especialmente em células do sistema
imune, incluindo mondcitos e macréfagos37. Porém, células insulino-sensitivas, como

adipdcitos e células musculares, também expressam este receptor>>>°

. A estimulagdo do
TLR4 ativa as células do sistema imune, que subsequentemente ativam fatores de
transcricdo (como o fator nuclear kappa B; NFkB), os quais produzem as citocinas
inflamatdrias TNF, IL-1B, IL-6, ja mencionadas anteriormente®. A consequéncia é a
resisténcia a insulina nos tecidos via inibicdo da fosforilagdo da tirosina-quinase presente
no receptor e no substrato®’. Até o presente momento, 13 receptores do tipo toll-like
foram identificados em seres humanos. O receptor toll-like 4 (TLR4) é ativado,

4243 plém disso,

principalmente, por lipopolissacarideos (LPS) de bactérias gram-negativas
0 TLR4 reconhece alguns lipideos (como 4acidos graxos saturados) e citocinas do
hospedeiro, participando de maneira importante na patogénese de doencas inflamatdrias
ndo infecciosas, tais como a obesidade e o diabetes®. Os niveis de receptores TLR4, LPS e
acidos graxos apresentam-se elevados nestes pacientes®. Em um estudo recente,
pesquisadores utilizaram camundongos db/db com T2DM e obesidade. Os resultados
demonstraram que a expressdao do RNAm do TLR4 e a secregdo de citocinas, como IL-1f,
IL-6 e TNF, aumentaram com o desenvolvimento da hiperglicemia®. Concomitantemente

a inflamagdo, manifesta-se o estresse oxidativo em pacientes obesos e resistentes a

insulina®®.

O desequilibrio entre a producdo de espécies reativas ao oxigénio (ROS) e as
defesas antioxidantes gera metabdlitos de oxigénio molecular (O,). Estas reacdes formam
produtos do metabolismo aerdbio e consistem de: radical superdxido (O,), radical éxido
nitrico (NO), radical hidroxila (OH’) e ndo-radicais, como o peréxido de hidrogénio (H,0,) e

peroxinitrito (ONOO)*. Estes radicais livres sdo derivados da membrana celular das
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mitocondrias, nucleo, lisossomos, peroxissomos, reticulo endoplasmatico e citoplasma45.
Embora o estresse oxidativo seja desejavel em niveis normais para o funcionamento
equilibrado do corpo humano, a exposicdo cronica e excessiva ao ROS danifica o tecido
através da modificagcdo de proteinas, lipideos, carboidratos e DNA celular. A presenca de
enzimas, como a mieloperoxidase (MPO — que transforma os superdxidos em ROS) e a
oxido nitrico sintase induzida (iNOS — que produz espécies reativas de nitrogénio gerando
oxido nitrico em grande quantidade) provoca produtos téxicos para microorganismos
(quando estes se fazem presentes) e também para os tecidos. Estes mecanismos sdo
induzidos e ativados por muitas vias, incluindo sinais dos TLRs, ja comentados

anteriormente?’.

O estresse oxidativo pode ser monitorado por diversos biomarcadores (anti- e proé-
oxidantes). As proteinas carboniladas do plasma sdo biomarcadores sistémicos de estresse
oxidativo. Estas proteinas est3o aumentadas em obesos*, e ainda apresentam correlagdo
positiva com a resisténcia a insulina reduzindo-se significativamente apds diferentes
tratamentos para obesidade®. O plasma sanguineo, meio de transporte das proteinas de
baixa densidade (LDL), retém uma vasta gama de defesas antioxidantes a fim de manter o
equilibrio redox do organismo. Dentre estas se encontram as defesas enzimaticas
(superdxido dimutase [MnSOD], catalase, tioredoxina e glutationa peroxidase) e as

defesas ndo-enzimaticas (glutationa, ascorbato) 4

Os individuos obesos possuem estresse oxidativo elevado sistemicamente’®. Existe
uma associagao entre o indice de massa corporal (IMC) e os altos niveis de estresse
oxidativo, sendo que o aumento do IMC provoca diminuigdo nas defesas anti-oxidantes, e
concentragdo de glutationa nos eritrécitos?®. Por outro lado, a reducdo da gordura
corporal causa diminuicdo na formac3o de oxidantes*®. Até o momento, esta minimizacdo
de oxidacdo estd ligada ao uso de antioxidantes polifenoicos®’, dieta hipocaldrica e a

realizacdo regular de exercicios fisicos*®*°.
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O diabetes mellitus estd associado com o aumento do estresse oxidativo através da
producdo e acumulo de produtos de oxidacdo do DNA, lipideos e proteinas; biomoléculas
glicadas; produtos avangados finais da glicagdo (AGE) e produtos avangados da oxidagao
de proteinas (AOPP)*°. AGEs e AOPPs s3o produtos finais especificos derivados de reacées
n3o-enzimaticas e considerados biomarcadores Uteis para o diabetes®’. A glicacdo e o
estresse oxidativo da hiperglicemia e dislipidemia levam a aceleracdo de modificacGes de
biomoléculas essenciais, principalmente proteinas®®. Recentemente, pesquisadores
testaram biomarcadores de estresse oxidativo (AGEs, AOPPs, NOx e oxLDL) em pacientes
com niveis de glicose normal, pré-diabéticos e diabéticos. Todos os marcadores se
encontravam significativamente aumentados em pacientes pré-diabéticos e diabéticos

comparativamente aqueles com glicose normal®’.-

Diante das informacbes apresentadas, torna-se relevante investigar o papel da
inflamacdo e do estresse oxidativo, a partir de infeccdes odontoldgicas, no organismo de
individuos com T2DM e obesidade. Ademais, a investigacdo de biomarcadores nesse
contexto é fundamental, pois os mesmos refletem a presenca e a severidade de

hiperglicemia, estresse oxidativo e resposta inflamatéria>.

1.3 Relag¢do da Obesidade e do Diabetes Tipo 2 e Microbiota do Trato
Gastrintestinal

O processo inflamatorio subclinico ndo estd relacionado somente com o excesso
calérico, mas também com outros iniciadores e promotores deste estado, os quais
mantém a sua natureza ciclica. Uma das fontes é a microbiota do trato gastrintestinal
(TGI)>*. A microbiota humana é composta por aproximadamente 100 trilhdes de bactérias,
que somadas atingem o peso de 2 a 3 kg*°. Estas bactérias possuem um papel importante
na manutencdo da saude do hospedeiro. Porém, é necessario que a comunidade
microbiana se mantenha em equilibrio para que ndo ocorra o desencadeamento ou

perpetuac¢do de estados inflamatdrios que provoquem a dessensibilizacdo dos receptores
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de insulina, alteracdes  cardiovasculares ou, até mesmo, cancer’*®.

Contemporaneamente, a microbiota do TGl tem sido fortemente apontada como um dos

causadores de desordens metabélicas’’.

O hospedeiro possui um numero limitado de hidrolases necessdrias para a digestado
de polissacarideos complexos. Microorganismos como: Faecalibacterium prausnitzii,
Bifidobacterium, Lactobacillus, Alistipes e Akkermansia s3ao associadas com individuos
saudaveis, ndo obesos, quando estdo em nimero prevalente (alta contagem génica)®.
Uma das atividades desta microbiota intestinal é digerir fibras insoliveis como a celulose
ou lignina e, também, as soltveis, como os galactoligossacarideos e frutoligossacarideos™.
Essas fibras sdo solubilizadas em acidos graxos de cadeia curta (AGCC) como o acetato,
butirato e propionato que constituem de 5 a 10% da fonte de energia em pessoas

60, 61

saudaveis . Além disso, os AGCCs agem na sinalizacdo de moléculas do tecido adiposo,

mantendo o balango energético e regula a glicogénese intestinal®

A camada de muco do trato gastrintestinal é secretada pelas células caliciformes
intestinais. Nesta camada, residem bactérias como as gram-positivas Bifidobacterium
bifidum e as gram-negativas Akkermansia muciniphila®, que constituem de 3 a 5% de toda
a microbiota intestinal e estd inversamente correlacionada com a presenca de obesidade,

64,656667 'Animais tratados com

diabetes, doencas cardiometabdlicas e inflamacdo crénica
A. muciniphila diminuiram o peso e a hiperglicemia foi revertida. Além disso, A.
muciniphila controla o armazenamento de gorduras, a inflamagdo do tecido adiposo e o

metabolismo glicémico, demonstrando fungdes metabdlicas benéficas®®.

Corroborando com esta ideia, um estudo muito interessante demonstrou o forte
envolvimento entre as bactérias do TGl e a obesidade®™. Os autores introduziram a
microbiota de gémeas humanas discordantes quanto a obesidade em camundongos germ-
free através do transplante de fezes. Surpreendentemente, foi observado que a obesidade
humana era transferida para os camundongos, deixando claro o papel dos microrganismos

no desenvolvimento da desordem metabdlica.
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O desequilibrio na microbiota do trato gastrintestinal chama-se disbiose. Este
desequilibrio tem como resultado a endotoxemia metabdlica provocada principalmente
por lipopolissacarideos (LPS) provenientes de bactérias gram-negativas’®. A ingestdo de
alimentos com alto teor de acidos graxos provoca um aumento de bactérias produtoras de
lipopolissacarideos, bem como, um aumento na permeabilidade de barreiras protetoras

71,72,73
272 Dessa

formadas por bactérias como a Bifidobacterium spp e Lactobacillus spp
forma, ha permeabilizacdo de lipopolissacarideos no tecido adiposo e na corrente
sanguinea, provocando a liberacdo de adipocinas e citocinas. O intestino é um érgdo com
répida resposta inflamatéria, abrigando mais linfocitos do que todos os érgaos linfoides
juntos. O resultado é a inducdo de inflamacdo ciclica que, por sua vez, induz resisténcia a

insulina e favorece a obesidade’®.

A microbiota intestinal ocupa um espaco considerdvel no meio cientifico, sendo
considerada um “novo 6rgdo”, capaz de afetar varios sistemas bioldgicos, tais como o
sistema imune e fungdes metabdlicas, o desequilibrio desta comunidade deve ser

estudado a fim de correlacionar os disturbios e os seus agravos.

1.4 Distiirbios Metabdlicos no Contexto Odontoldgico

E indiscutivel que os profissionais de Odontologia devem estar atentos aos
pacientes que possuem quaisquer desordens sistémicas. Uma vez que hda um aumento
crescente do numero de individuos que possuem alteragdes metabdlicas, tais como a
obesidade e o diabetes, o plano de tratamento deve ser direcionado a minimizagdo dos
danos. No entanto, a Odontologia contemporanea deve ser voltada ndo somente as
repercussdes locais advindas das alteragdes sistémicas, mas deve se preocupar com os
desfechos do tratamento, a fim de, a partir do controle local da infeccdo, melhorar os

niveis de saude geral. SAUDE GERAL E BUCAL — OU TEM SAUDE OU NAO TEM

A periodontite apical cronica, também chamada de lesdo periapical, é uma

patologia que pode se configurar como granuloma ou cisto e pode apresentar,
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concomitantemente, reabsor¢cdo dssea dos tecidos circundantes. Ja, em 1965, em um
estudo classico realizado por Kakehashi, Stanley e Fitzgerald”®, os autores deixam claro
que a etiologia da periodontite apical é decorrente da invasdao microbiana para o interior
do sistema de canais radiculares. Neste estudo, polpas vitais foram expostas ao meio
bucal e observadas histologicamente. Foi proposta a relagdo entre a presenca dos
microorganismos no canal radicular com o aparecimento de lesGes periapicais cronicas. Os
autores avaliaram ratos germ-free e ratos com microbiota convencional apds exposicoes
pulpares ndo tratadas. Observou-se que os ratos germ-free, mesmo sem nenhum
tratamento, apresentaram formacdo de ponte de dentina a partir do 142 dia de exposicdo
e nenhuma necrose pulpar, abcesso ou granuloma periapical. No entanto, no grupo dos
ratos com microbiota convencional, foi constatada a presenca de necrose pulpar e

formacgdo de lesdes periapicais crénicas em virtude da presenca das bactérias.

O papel dos produtos microbianos intra- e extracelulares liberados (como enzimas,
toxinas e restos celulares) também sdo importantes na formagdo das lesdes, pois
provocam respostas inflamatdrias por parte do hospedeiro’®. A presenca das bactérias
gram-negativas também merece destaque. Estes microorganismos possuem LPS, uma
toxina presente na parede celular que é liberada durante a desintegracao, multiplicagao
ou morte da bactéria. Esta endotoxina é capaz de penetrar nos tecidos perirradiculares e
produzir citocinas. Estas citocinas sdo produzidas pela ativagdao dos receptores toll-like
(TLRs), especialmente TLR4, causando danos aos tecidos pelo desenvolvimento de eventos
inflamatdrios e de estresse oxidativo. A maior parte da resposta imune contra o LPS
provém do componente bioativo chamado “Lipideo A”. Outros fatores contribuintes sdo o
sinergismo das bactérias e a agregagao dos microrganismos em forma de biofilme
microbiano. Na tentativa de combate a infecgdo, as células de defesa ficam ativando

constantemente vias de sinalizagdo inflamatérias’’.

Como ndo existe barreira epitelial entre o sistema de canais necréticos infectados
e o tecido granulomatoso altamente vascularizado que se forma neste tipo de infeccdo,”®

o individuo estd suscetivel as repercussdes adversas sistémicas’”. Ao longo dos anos,
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pesquisadores tém demonstrado associacdo entre as alteracdes odontoldgicas locais e
respostas sistémicas. A drea da periodontia possui uma vasta gama de artigos

correlacionando esses temag*>80/8182,83,84,8586.

A inflamacdo que ocorre nos tecidos periapicais é muito parecida com a inflamacgao
cronica dos tecidos periodontais. A periodontite (doenga periodontal cronica) é uma
patologia odontoldgica de fundo infeccioso que leva ao desenvolvimento da inflamacgao
gengival, seguida de perda dssea alveolar, e, em casos mais severos, culmina na perda do

dente por falta de inser¢do®’.

Em 1993, a periodontite cronica foi reconhecida como a sexta complicagdo mais
relacionada ao diabetes mellitus®®, visto que os individuos portadores desta condigdo
apresentavam prevaléncia mais alta de periodontite, bem como, um progresso mais
severo e mais rapido, do que individuos saudaveis®. Além disso, pacientes portadores do
diabetes, mas bem controlados, apresentam menos gengivite e periodontite do que os
individuos n3o-controlados™. A inflamacdo provocada pela doenga periodontal afeta o
controle glicémico e é considerada um fator importante na patogénese do diabetes. Este
mecanismo ocorre similarmente em pacientes obesos, os quais apresentam exacerbacao
da resisténcia a insulina, quando a periodontite estd presente, resultando em dificil
controle glicémico®®. Os efeitos adversos provocados no tecido periodontal incluem a
diminui¢do da renovagao de coldgeno, fungao neutrofilica debilitada e menor poder de

destruig3o bacteriana, culminando no aumento da perda dos tecidos periodontais® 2.

A quimiotaxia dos neutréfilos é reduzida e o controle da apoptose é alterado, com
acimulo destas células no sitio periodontal®. Os AGE também se acumulam no
periodonto e, provocam mudancas nas células e nos componentes da matriz extracelular.
As metaloproteinases (MMPs) da matriz (por exemplo, a colagenase), as quais sdo
abundantes nos pacientes diabéticos, deixam o coldgeno suscetivel & degradacdo®. Da
mesma forma, o metabolismo désseo é afetado pelas MMPs que diminuem a renovacao

deste tecido®®. A presenca do diabetes causa ainda um prolongamento na resposta a P.
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Gengivalis (bactéria comumente encontrada em periodontite), causando um aumento na
producdo do TNF. A destruicio déssea é provocada pelo TNF, que induz a
osteoclastogénese pela ativagdo do receptor ativador do fator nuclear kappa-B ligante

(RANKL) 2%,

Sistemicamente, ha alteragdo da homeostase circulatéria e imune pela presenga
exagerada de citocinas inflamatdrias em pacientes diabéticos e obesos. Por isso, os
componentes da resposta de fase aguda, como o fibrinogénio e a CRP tém sido
encontrados em niveis altos’®. Na presenca de patégenos, os macréfagos e mondcitos
elevam os niveis de citocinas como a IL-1, IL-6 e o TNF, piorando a inflamagdo cronica
sistémica’’. Interagdes entre AGE e o seu receptor resultam na produgdo aumentada de
citocinas por células inflamatdrias. O receptor para AGE (RAGE) pode ser encontrado nas
células musculares lisas, células endoteliais, neurénios, macréfagos e mondcitos. As AGE
modificam a parede e o lumen dos vasos sanguineos, podendo ser correlacionados com a
presenc¢a do LDL, o qual participa da formacao de ateromas em vasos principais. Ja nos
vasos menores, 0 espessamento causa comprometimento no transporte de nutrientes

pela membrana®.

O tratamento periodontal reduz os niveis de hemoglobina glicada e melhora o
perfil lipidico. Ademais, os estudos tém demonstrado que a terapia periodontal, mecanica

13,83,99

e quimica pode ajudar no controle glicémico e lipidico . Outro beneficio é a redugao

do risco de formag3o de aterosclerose e doenca cardiovascular™®.

N

Com relacdo a periodontite apical, um estudo realizado em ratos Wistar
demostrou a associacdo desta patologia endodéntica com a alteracdo da sinalizacdo e
sensibilidade a insulina. Os autores utilizaram a citocina TNF como biomarcador,
observando a sua elevacdo plasmatica apds a inducdo de lesdes periapicais'®. Outro
estudo experimental demonstrou o efeito do antioxidante tempol sobre lesdes
periapicais. Os resultados obtidos apontaram para a diminuicdo no tamanho das lesGes

periapicais em ratos cardiopatas apdés a submissdo ao tratamento com o agente
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antioxidante. Houve também a melhora dos sinais relacionados a cardiomiopatia,

incluindo perda de peso e melhora na locomog3o*®.

A associacdo das bactérias existentes no tecido periapical com a inducdo de
citocinas inflamatérias ja estd bem descrita na literatura'®. Corroborando com este fato,
pesquisadores investigaram, recentemente, em uma revisdao sistematica e meta-analise, a
relagdo entre a periodontite apical e modificagdo dos niveis sistémicos de marcadores
inflamatérios em humanos. Os resultados apontaram para um numero limitado de
evidéncias (20 estudos). Porém, sugerindo a associagdo de periapicopatia com niveis
aumentados de CRP, IL-1, IL-2, IL-6, dimetilarginina assimétrica, IgA, 1gG e IgM. Sendo
assim, estes marcadores nao estariam confinados ao local da lesdo, mas interferindo
sistemicamente’®. Além disso, outro estudo observou que apés a infusdo subcutanea de
LPS em camundongos, houve resisténcia a insulina e obesidade similar aquela induzida
apds alimentagdo com alto teor de gordura'®*. Sendo assim, torna-se interessante avaliar
a relagdo entre o LPS liberado por bactérias presentes nas periapicopatias e as desordens

metabdlicas.

Quanto a prevaléncia de lesGes periapicais, pesquisadores realizaram um estudo
em individuos adultos da populacdo brasileira. Os autores apontaram um aumento
significante da periodontite apical nos pacientes portadores de diabetes tipo 2. Ademais,
foi sugerido que o diabetes pode servir como uma doenga modificadora da periodontite
periapical por tornar o individuo mais suscetivel. No entanto, o estudo ndo foi capaz de

confirmar a influéncia do diabetes na resposta ao tratamento endodéntico™®.

Apesar das evidéncias endodOnticas acerca da influéncia do diabetes, ainda existem
poucas informacbes quanto as alteracOes sistémicas provocadas em conjunto com a
obesidade. Um estudo que faca a determinacdo de biomarcadores séricos inflamatérios e
de estresse oxidativo, avaliando a alteracao de reguladores metabdlicos e da microbiota
gastrintestinal, correlacionando-os com uma afeccdo infecto-inflamatéria da cavidade

bucal (periodontite apical), pode ajudar a preencher a lacuna presente na literatura.
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Ademais, uma vez que a incidéncia de sindrome metabdlica estd crescendo
mundialmente, torna-se muito interessante o conhecimento destas atividades
moleculares sistémicas no momento da introducdo de planos de tratamento mais
completos que visem a ndo instalagao das co-morbidades, diminuindo os custos de saude

publica.
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2. OBJETIVOS

Objetivo Geral

O presente estudo teve como objetivo avaliar o efeito de lesGes periapicais em um
modelo de sindrome metabdlica em ratos e investigar a correlacdo destas alteracdes com
os niveis de marcadores inflamatérios e com a microbiota intestinal, bem como avaliar

gual o impacto periapical local a partir do efeito sistémico.
REESCREVER BIRECIONAL

Objetivos Especificos

v' Avaliar o desenvolvimento de lesBes periapicais em ratos com sindrome
metabdlica induzida pela ingestao de frutose;

v' Avaliar a influéncia do tempo de desenvolvimento das lesdes periapicais
correlacionando com os niveis de marcadores inflamatdrios e de estresse
oxidativo, na presencga e auséncia de sindrome metabdlica;

v Avaliar as possiveis alteracdes de Akkermansia muciniphila oriunda do trato
gastrointestinal em todos os grupos experimentais, correlacionando com o ganho
de peso corporal, os biomarcadores, a presenga ou auséncia de lesdo periapical,

bem como, a presenca ou auséncia de sindrome metabdlica.
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3. CAPITULO I

Manuscrito 1

O artigo a seguir intitula-se “Apical periodontitis: maybe another foe in the obesity cyclic
drama” e foi submetido a revista Iranian Endodontic Journal (fator de impacto 2,1; Qualis
B1, Area de Odontologia, Quadriénio 2013-2016, CAPES).
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3.1 Abstract

Apical periodontitis: maybe another foe in the obesity cyclic drama

Millions of people die annually due to complications related to obesity. Sedentarism and a
diet rich in fat and sugars is associated to body weight gain and the development of
comorbidities as diabetes and hypertension. Studies have been demonstrating that
feeding behavior is related to an imbalance in gut microbiota. The dysbiosis leads to
endotoxemia (systemic low-grade inflammation) contributing to a cyclic inflammatory
state and keeping metabolic syndrome (MetS). Oral cavity infections have been calling
attention by their systemic impacts. Apical periodontitis (AP) is a chronic inflammatory
response to dental root bacteria that destructs periapical normal tissues. As the area is
highly-vascularized and there is no epithelial barrier, systemic repercussions are expected.
There is a lack of scientific information about the crosstalk link among gut microbiota,
inflammation, oxidative stress, AP and MetS.

Key-words: Apical periodontitis; Obesity; Metabolic Syndrome; Gut microbiota; Dysbiosis.
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3.2 Introduction:
The world health public system has been witnessing the serious consequences of a

silent ill with epidemic proportions, called obesity. At least 2.8-million people die annually
due to complications related to this condition, and the rates are continuously increasing.
According to the most recent World Health Organization bulletin, published in 2014,
worldwide obesity has more than doubled since 1980. Currently, there are about 600-
million obese and 2-billion overweight individuals worldwide. Regarding the geographical
distribution, the WHO indicates a higher prevalence in Americas, when compared to the
other parts of the world". The index for both sexes is astonishing, with 62% of overweight
and about 26% of obesity, with females presenting a higher prevalence of obesity (50%
overweight and 29% obese). Conversely, the South Asia has the lowest rates, with 14%
overweight in both sexes, and only 3% of obese people. These numbers are even more
alarming when considering the comorbidities, such as type 2 diabetes and hypertension.
The illness greatly compromises the life quality of individuals, showing elevated morbidity
and mortality, with prominent public health costs’

Several pieces of evidence®*>®7#10

indicate a close relationship among obesity,
gut microbiome, inflammation and secondary metabolic dysfunctions, such as
dyslipidemia and insulin resistance. Although body weight gain is strongly associated with
lifestyle (sedentarism plus a western diet rich in fat and sugars), obesity has been
considered a disease, rather than a choice’. Feeding behavior is directly related to an

imbalance in gut microbiota. Trillions of microorganisms inhabit the intestine and many

studies have clearly demonstrated a positive correlation between dysbiosis and obesity-
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related complications. Endotoxemia likely induces a low-grade systemic inflammatory
state, fully contributing to metabolic syndrome (MetS). Oral cavity infections, especially
periodontal diseases, have been calling attention along the last years by their systemic
impactsll’12’13’14’1s’16.

Apical periodontitis (AP) is a chronic disease of infectious origin that surrounds the
dental root apex. In this type of infection, the root canal is a persistent source of bacterial
pathogens and endodontic intervention is necessary for tissue healing®’. If not treated, the
normal periapical tissue is destructed by a chronic inflammatory response, leading space
to bone resorption and a high-vascularized granulomatous tissue formation. In the
absence of the epithelial barrier, systemic repercussions are expected™®.

It is now widely accepted that low-grade systemic inflammation causally links to
the development of metabolic disorders and their complications. Apical periodontitis and
its correlation with MetS have not been well explored up to now. There is a lack of
scientific studies about this topic and the medical and dental scientific community is
currently interested in the possible connection between oral chronic
infection/inflammation and systemic health. The acknowledgment of a crosstalk linking
microbiota, inflammation and oxidative stress, has attracted the attention of scientists to

study the cyclic correlation between infection-related chronic inflammatory diseases and

MetS.
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3.3 Review:
Obesity is a multifactorial chronic disease characterized by fat accumulation in

adipose tissue. There is an imbalance between intake and expenditure of energy. This
condition triggers to metabolic adverse effects, such as hypertension, elevated cholesterol
(LDL) and triglycerides, besides insulin resistance. Therefore, there is an increased risk for
complications that may lead to incapacity or death™. Normal white adipose tissue (WAT)
is mainly composed by adipocytes, with 10% of cells corresponding to macrophages
(CD14+, CD33+), fibroblasts, endothelial cells and pre-adipocytes®. This tissue has an
important function of storing the dietary energy intake in a highly concentrated form:
triglycerides. During an increased physical activity, triglycerides are released as free fatty
acids, modulating energy expenditure. The adipose tissue is considered a secretory organ,
by sending out and responding to chemical signals. The adipokines, namely adiponectin,
and leptin, display a central role in the adipose tissue, being involved in glucose
metabolism and appetite regulation, repectively®’. All of the adipokines communicate
with central and peripheral organs, such as skeletal muscles, brain, liver, pancreas, and
small and large intestine®®.

The obese WAT suffers continuous remodeling. Adipocytes are transformed in

hypertrophied cells?**®

. Enlarged fat cells make adipose tissue dysfunctional and an
unbalanced production of pro-inflammatory cytokines occurs. The angiogenesis is
increased, the extracellular matrix is overproduced and a variety of immune cells, such as

macrophages, is recruited. As much as inflammatory cells are present, more cytokines

(TNF, IL-6) are secreted. Visceral WAT releases more pro-inflammatory cytokines, resulting
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in additional fatty acids secretion. An increase in adipocyte numbers is also observed. This
hyperplasia leads to effects in tissue homeostasis and WAT mass during a long life period.
Even after severe weight loss, elevated adipocyte numbers are maintained. Thus, as much
adipocytes are present in the fat tissue, more cytokine signaling exists around the body.
Consequently, an inflammatory cycle is installed®*.

MetS is dependent on low-grade systemic inflammation caused by the immune
response triggered by metabolic imbalance. The main inflammatory cells are M1
macrophages, CD8+ cells, Thl cells, B cells, NK cells, and neutrophils. Leptin, tumor
necrosis factor (TNF), interleukin-6 (IL-6), interleukin-1p (IL-1B), C-reactive protein (CRP)
and interferony (IFNy) are pro-inflammatory cytokines that exert a relevant role in obesity.
CXCL10, as a downstream chemokine for IFNy, has an important role in suppressing
insulin-dependent glucose uptake by lowering triglycerides in adipocytes, via inhibition of
insulin-receptor substrate-1 (IRS-1). This is a key molecule in insulin signaling, leading to
insulin resistance and development of type Il diabetes*%.

Insulin resistance has a very close correlation to leptin, a molecule secreted by
adipocytes. This adipokine is a modulator of T-cell function: it protects T cells from
apoptosis, it regulates T-cell proliferation and activation, and it indirectly participates in
the secretion of other cytokines. Leptin can suppress the proliferation of regulatory T
lymphocytes (Tregs), which is a hint of primary effects of adipose visceral tissue

inflammation?”"*®

. Leptin also participates in the activation, phagocytosis and cytokine
production by monocytes. In obese individuals, leptin circulating levels are increased®.

Leptin-deficient mice display a decreased inflammatory state, whereas bacterial and viral
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infections, as well as pro-inflammatory toxicity, are generally increased. In the endothelial
cells, it leads to an up-regulation of adhesion molecules, enhancing the oxidative stress.
Peripheral insulin resistance is also related to the increased levels of free fatty acids in the
circulation, because of their capacity to impair insulin secretion®’.

TNF promotes insulin resistance via a direct phosphorylation of insulin receptors,
finally inhibiting insulin signaling. Additionally, TNF leads to downregulation of adiponectin
expression. This adipokine is present in normal levels in lean individuals, and it is found
increased in anorexic ones. It has anti-inflammatory effects and regulates insulin
sensitivity. In the case of obese and type 2 diabetic patients, as they are systemically
inflamed, the levels of adiponectin are decreased. Apical periodontitis also elevates the
plasmatic TNF levels, leading to an alteration in insulin signaling and sensitivity,
emphasizing the prevention of this local disease to preclude insulin resistance®"**.

The main anti-inflammatory cells are the M2 macrophages, eosinophils, besides
Tregs and Th2 lymphocytes. Adiponectin, interleukin-22 (IL-22) and interleukin-10 (IL-10)
are well known anti-inflammatory cytokines®. When adipose tissue becomes obese, there
is a change from M2 to M1 macrophage phenotype. The presence of M1 macrophages
correlates with insulin resistance and obesity**. This might be caused by increased levels
of Th1 compared to Tregs and Th2 cells**. When glycemia is controlled or insulin signaling
is working normally, there is an increase in Th2-cell population®®. Oppositely, the influx of
Th1 cells might be related to antigen-driven expansion®.

As a persistent source of bacterial pathogens, the infected root canal constantly

stimulates an inflammatory response in the area surrounding the dental root apex. The
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destruction of periapical bone and connective tissues is also involved in the development
of apical periodontitis®’. Initially, apical periodontitis attracts polymorphonuclear
cells (PMNs) to the site of infection, killing bacteria by producing superoxide ions and
oxidative burst. At low concentrations, these reactive oxygen species (ROS) are important
for defense biological processes, stimulating the proliferation of fibroblasts and epithelial
cells. However, at high concentrations, ROS cause tissue destruction. The ROS products
further activate macrophages, neutrophils, and fibroblasts to generate additional ROS.
The presence of pathogens induces ROS elevation and tissue destruction, under a positive
feedback basis®. In obese tissues, the excessive production of ROS and a lack of
endogenous antioxidant capacity promotes an oxidation imbalance leading to oxidative
stress in adipose cells, and maintenance of injury and cyclic inflammation*°. Adipose tissue
oxidative stress is enhanced in both liver and adipose tissue, preceding the elevation of
TNF and free fat acids in plasma and liver, what suggests that ROS may be an initial factor
for inducing insulin resistance™.

Bone metabolism is also affected by adipose tissue. Metabolic disorders rely on
low-grade systemic inflammation, influencing bone regulatory cytokines. This is caused by
key pro-inflammatory cytokines (such as IL-1 and TNF), as a condition that clearly also
happens during chronic apical periodontitis. Osteoclast precursors express a membrane
catalytic receptor called RANK, which binds to circulating RANKL to activate the
transcription factor NF-xB, initiating the differentiation into active osteoclasts. The
RANKL-RANK interaction can be inhibited by an endogenous decoy receptor named OPG

(osteoprotegerin). Thus, the ratio RANKL/OPG is a critical factor in the regulation of
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differentiation and activity of osteoclasts. Insulin signaling is essential for the production
of osteocalcin and expression of RANKL by osteoblasts*'. Conversely, insulin resistance
has a negative effect on bone turnover. Osteoblast differentiation and proliferation is
impaired and the low bone turnover leads to osteopenia®.

Together, metabolic disorders, in particular, obesity-related type 2 diabetes
mellitus, negatively affect skeletal homeostasis, causing bone destructive conditions, such
as rheumatoid arthritis and periapical/marginal periodontitis, with an increased risk of
bone fractures, and delayed fracture healing. Bone loss in the periapical region is induced
by cytokines derived from immune cells, which are activated by the polymicrobial
infection process of apical periodontitis. There is a prevalence of gram-negative anaerobic
microbiota that releases lipopolysaccharides (LPS) triggering an inflammation axis cascade.
The recognition of LPS involves TLR4 activation in macrophages and neutrophils. IL-1B,
TNF, and IL-6 elicit inflammation, stimulate bone resorption by osteoclasts, and inhibit
bone formation. The cytokines induce RANKL expression by osteocytes, osteoblasts,
stromal cells, lymphocytes, and fibroblasts. Indeed, IL-1 is considered the central
mediator in the network by being strongly associated with the severity of periapical bone
loss. Depending on the expression levels, IL-1B may have a destructive potential of
approximately 500-fold more than TNF. These cytokines may be released into the systemic
circulation, inducing or perpetuating the systemic inflammatory state®.

Bacteria are also related to the systemic subclinical inflammatory state in obese
individuals. This cyclic condition is not only related with an excessive caloric intake. The

gut microbiota is a strong regulator of inflammation stasis. Human microbiota is
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composed of approximately 100-trillion bacteria. This microbiota has an important role in
host homeostasis**. However, an equilibrium maintenance is necessary to prevent the
perpetuation of the inflammatory state™. Recently, gut microbiota dysbiosis has been
pointed out as a trigger of metabolic disorders*®*"*®,

Intestinal microbiome is important for immune system development and for
fermentation of plant polysaccharides, which are non-digestible carbohydrates. However,
it is well known that, depending on the type of bacteria, gut microbiome largely interferes
in the efficiency of energy intake. Many germ-free mouse studies indicated that

manipulation of dietary energy greatly alters the microbiome*”%>*

. Moreover, obese
microbiota demonstrated to be more efficient in gathering energy from diet than lean
microbiota.

The biological adaption for obese and insulin-resistant individuals also occurs in
bowel. Normal gut luminal contents include mucus, innate immune cells (such as
macrophages and neutrophils), intestinal epithelial cells, Paneth cells (producing o-
defensin and innate lymphoid cells - ILCs), Tregs and IgA>>**. Gut microbiota can induce
inflammation, and the bowel is the front defense against infection; the innate immune
system detects non-self signals by recognizing small components of the microorganisms.
LPS from gram-negative bacteria, lipotheicoic acids (LTA) from gram-positive bacteria, and
peptidoglycans from both gram-positive and gram-negative bacteria are examples of
pathogen-associated molecular patterns (PAMPs). The recognition of PAMPs is done by

sensors called pattern recognition receptors (PRRs), like toll-like receptors (TLRs)>® and

nucleotide-binding oligomerization domain (NOD)-like receptors (NLRs). These receptors
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bind to PAMPs, in addition to endogenous danger-associated molecular patterns (DAMPs),
including ATP, glucose and 3-amyloid protein’”.

The intestine wall is coated with mucus. The inner layer has anti-microbial peptides
(AMPs) and microorganisms colonize the outer layer. The most common bacterial species
are from phyla Firmicutes and Bacterioidetes (about 70-75% of total)®. The most
predominant genera include Bifidobacterium and Bacteroidetes ssp. which can metabolize
mucin glycans to produce short-chain fatty acids (SCFAs)**. Gut microbiota synthetizes a
large arsenal of glycoside-hydrolases, making possible to process the complex dietary
carbohydrates into monosaccharides and SCFAs, such as acetate (substrate for cholesterol
synthesis), propionate (affects hepatic lipogenesis and glycogenesis)>’ and butyrate (it
maintains the intestinal integrity and prevents from endotoxemia by increasing
differentiation of Treg cells)*®*®.

A high-fat diet is based on lipid abundance. When lipids enter the gut lumen, they
provoke a stressful response on the intestinal epithelium, causing a temporary damage to
the epithelial cell junction®®.The intestine wall becomes permeable and antigenic material
(i.e. LPS) from a changed gut microbiota (from a symbiotic population mainly composed
by Bifidobacterium and Bacteroidetes to a dysbiotic one mainly composed by Firmicutes

6061626364 is taken within the lipids. From this barrier opening,

and Porphyromonadaceae)
an inflammatory immune response is induced. Under pathogenic invasion or increased
bowel permeability, PAMPs induce the secretion of IL-1pB, IL-6, IL-12, interleukin-18 (IL-18)

and/or interleukin (IL-23) by intestinal epithelial cells, dendritic cells and macrophages™.

In contrast, IL-10 produced by macrophages, Th2 and Tregs strongly suppress
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inflammation response induced by TLR4 signaling. IL-10 also has a strong inhibitory effect
on periapical inflammation and bone destruction®. Then, stimulation signaling by PAMPs
and low-grade systemic inflammation leads to the absence of this key cytokine and
peripheral insulin resistance is installed®®.

Even with the epithelial barrier, the intestine can carry into the body toxic bacterial
products'®. In apical periodontitis, the anatomic proximity with the bloodstream can favor
bacteremia during the treatment®. Endodontic infections are associated with a complex
microbiota, as no epithelial barrier is found between the infected root canal and the
highly vascularized granulomatous tissue in the apex. Despite the lack of scientific studies
about this issue, a meta-analysis study suggested that serum levels of IgA, 1gG, and IgM
are increased in humans with apical periodontitis, in comparison with control
individuals®®. A systemic spread of bacterial products may occur, as well as the
dissemination of inflammatory mediators and immune complexes, with a probable

induction and/or perpetuation of systemic adverse effects.
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3.4 Conclusion:

Herein, we provide a literature overview regarding the relationship among metabolic
alterations, periapical infection and low-grade inflammation. Pathogens initiate
endodontic infection, which leads to apical periodontitis. This local disease, with bone
destruction, triggers inflammatory responses in bloodstream. Gut microbiota altered by
high fat diet also causes low-grade inflammation, with obesity and diabetes as
consequence. A cyclic cascade feeds the endotoxemia and AP may be another foe in this
pernicious process. Chronic cytokine release is likely the pivotal mechanism that links AP
with dysbiosis, obesity and diabetes. The scheme depicted in Figure 1 summarizes the
cyclic inflammatory response linking apical periodontitis, metabolic diseases and
dysbiosis. Novel multidisciplinary approaches should be explored in order to manage the

deleterious silent consequences of low-grade inflammation more efficiently.
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Figure 1 - Manuscript 1
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3.5 Legend to the Figure 1 - Manuscript I

Diagram illustrating the cyclic activation of inflammatory cascade in the presence of metabolic
diseases and apical periodontitis (AP). (A) HFD (High Fat Diet) causes a dysbiotic state in the
intestinal lumen, increasing the number of Firmicutes and Porphyromonadaceae and decreasing
the number of Bifidobacterium and Bacteroidetes. Lipids from the HFD induce an increase of
barrier permeability by affecting the intestinal epithelial cells, which allows the entrance of PAMPs
(Pathogen-associated Molecular Patterns) to the bloodstream. Lipids induce adipocytes to become
obese and to release adipokines. PAMPs are recognized by PRRs (Pattern Recognition Receptors)
expressed by intestinal and immune cells, such as macrophages. Pro-inflammatory cytokines favor
systemic endotoxemia, and a cyclic cascade is activated (D), with damage to pancreatic 3-cells, and
consequent glucose intake alterations and insulin resistance (B). (C) PAMPs from AP-related
bacteria promotes activation of PRRs in defense cells triggering a local bone loss, with an

amplification of the inflammatory cyclic cascade (D).
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O artigo a seguir intitula-se “Crosstalk between apical periodontitis and metabolic
disorders: experimental evidence on the role of intestinal adipokines and Akkermansia
muciniphila” e foi submetido a revista Journal of Endodontics (fator de impacto 2,788;
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4.1 Abstract

Introduction: Infection and dysbiosis present a close relationship with metabolic diseases,
although the influence of apical periodontitis (AP) in this context needs further
investigation. This study evaluated the influence of AP in a rat model of metabolic disorder
induced by 10% fructose supplementation. Methods: Male Wistar rats were used. Animals
that received high fructose diet (HFD; N=30) or filtered water (control; N=30) were
subdivided into additional groups: (i) without induction of AP (N=20); (ii) with AP induction
2 weeks before euthanasia (14 days; N=20); (iii) with AP induction 4 weeks before
euthanasia (28 days; N=20). Results: HFD triggered obesity-related type2 diabetes, as
indicated by induction of overweight and hyperglycemia, besides polydipsia, regardless of
the AP induction. There was no variation in the serum or intestinal levels of TNF, IL-1p and
IL-6 among the experimental groups. Serum leptin and adiponectin levels were
significantly elevated in the HFD group, without AP induction. The intestinal levels of
leptin were significantly increased in the groups with 28 days of AP induction, despite
HFD. A significant elevation of liver glutathione levels was observed in animals submitted
to HFD and AP for 14 days. AP induction (14 or 28 days) led to pulp and periapical tissue
inflammation, without any influence of HFD. Either HFD or AP induction led to dysbiosis,
as indicated by a significant reduction of fecal A. muciniphila expression. Conclusion: We
provide novel evidence that AP can have systemic impacts on metabolic disorders, likely

by modulating intestinal metabolism and microbiota.
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4.2 Introduction

Obesity is an alarming disease with epidemic proportions: the estimates indicate
that more than 600-million individuals are obese and 2-billion are overweight worldwide
(1). Obesity and overweight are closely related to metabolic diseases, such as diabetes and
hypertension, representing a serious public health problem, with elevated morbidity and
mortality (2). The increased rates of obesity over the past years is probably a reflex of
dietary habits and lifestyle (3). Studies have been gradually demonstrating the strong
correlation between obesity and altered gastrointestinal microbiota (4-8). Fat intake
dramatically modifies the gut microbiota, what greatly disturbs the host metabolism,
triggering low-grade inflammation (9-10). When an unbalance is installed, the microbiota
undergoes dysbiosis, leading to an elevated susceptibility for metabolic diseases (11). Fat
intake also enhances the permeability for bacterial toxins (mainly lipopolysaccharide - LPS
from gram-negative bacteria) through the gut cell barrier into the bloodstream. Toxin
invasion elicits endotoxemia, maintaining the inflammatory state, turning into a cyclic
condition (6).

Among the diversity of gut microbiome, the Akkermansia muciniphila is one of the
most abundant single species (0.5-5% of the total bacteria) (12,13). This species has been
calling attention due to its contribution for host protection, presenting an inverse
correlation with inflammation, diabetes, and altered adipose tissue metabolism (14). Of

note, animals treated with A. muciniphila showed a reduction of body weight and
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glycemia (15), and therefore, these bacteria have been pointed out as candidates for
development of novel food or pharma supplements (16).

The close relationship between obesity, low-grade inflammation and microbiota
sparked our interest to evaluate the role of apical periodontitis (AP), in the outcome of
systemic metabolic diseases. AP is associated with a complex microbiota and a high-
vascularized granulomatous tissue. As this lesion has no epithelial barrier, oxidative stress
products and inflammatory cytokines can easily reach the bloodstream (17). A meta-
analysis demonstrated that serum levels of IgA, IgG, and IgM are increased in humans with
AP, in comparison with control individuals, suggesting the occurrence of systemic adverse
effects (18).

The available literature has numerous studies about periodontitis and its systemic
repercussion (19-21). However, there is a lack of scientific studies upon AP and its
systemic effects. Thus, the present study investigated the crosstalk between systemic
inflammatory changes and intestinal dysbiosis, and their correlation with AP outcomes in

a rat model of metabolic disorder induced by high-fructose diet.
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4.3 Material and methods

Animals

Male Wistar rats (8-weeks-old, total N = 60 animals), weighing 240 to 280 g at the
onset of experiments, were obtained from the Central Animal House of the Pontificia
Universidade Catédlica do Rio Grande do Sul (CeMBE; PUCRS; Brazil). The animals were
housed under standard conditions of temperature (22 + 2 2C), light (12-h light-dark cycle)
and humidity (50 - 70 %), in ventilated cages, with autoclaved wood chip bedding. They
received a standard rat chow diet (Nuvilab®), with free access to filtered water or 10%
fructose solution, depending on the experimental group. The experimental protocols
followed the current Brazilian guidelines for the care and use of animals for scientific and
didactic procedures, from the National Council for the Control of Animal Experimentation
(CONCEA, Brazil). The local Animal Ethics Committee evaluated and approved all the
protocols (CEUA 14/00428). We followed the ARRIVE Guidelines to report in vivo
experiments (22). The number of animals and the intensity of noxious stimuli were the

minimum necessary to demonstrate the consistent effects.

Induction of obesity-related type 2 diabetes and experimental groups

Obesity-related type 2 diabetes was induced as described previously (23). The rats
received 10% fructose in the drinking water during 8 weeks. Control animals received
filtered water during the same period. Rats and chow were weighted (g) three times a

week. The water was refilled and the consumed volume (ml) was measured every day; the
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results were pooled weekly. Glucose levels were measured at the end of experiments with
a digital glucometer (Accu-Check Ill, Boehringer Mannheim, Germany). Animals submitted
to high fructose diet (HFD; N=30) or normal diet (control; N=30) were subdivided into
additional experimental groups: without induction of AP (N=20); with AP induction 2
weeks before euthanasia (14 days; N=20); with AP induction 4 weeks before euthanasia

(28 days; N=20).

AP rat model

AP induction was accomplished as previously described (24). Animals were
anesthetized by an intraperitoneal injection of xylazine (10 mg/kg) plus ketamine (100
mg/kg). The pulp of the mandibular first left molar was surgically exposed with a %-size
round steel bur in high-speed rotation under constant irrigation. Pulps were left exposed
to the oral environment for 14 or 28 days, according to the experimental group, as

described before, to allow establishment of AP (24-26).

Assessment of cytokines and adipokines

The animals were euthanized 8 weeks after the onset of HFD by deep anesthesia
with sevoflurane. Serum and =3 cm of large intestine were collected to evaluate the levels
of tumor necrosis factor (TNF), interleukin-1B (IL-1B), interleukin-6 (IL-6), leptin and
adiponectin. The samples were stored at -80°C until used. Cytokines and adipokines were

analyzed by sandwich ELISA using DuoSet® kits according to the manufacturer’s
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instructions (R&D Systems, Minneapolis, MN, USA). The results are expressed in pg/ml or

pg/mg tissue, for serum and intestine, respectively.

Determination of oxidative stress
After euthanasia, the livers and hearts were immediately collected for
determination of catalase and reduced glutathione (GSH) activities, two classical indicators

of tissue oxidative stress, as described before (34).

Histopathologic analysis

To confirm the induction of tooth pulp inflammation, the mandibles were collected
and fixed in 10% neutral-buffered formalin solution. The samples were decalcified with
17% EDTA (pH 7.0). The paraffin blocks containing the maxillae were serially cut (six um-
thickness) in the longitudinal plane. The sections were stained with H&E, and examined
under light microscopy. A microscope (Axio Imager Al) coupled to an image capture
system (Axio Vision Rel. 4.4 Software Multimedia), from Carl Zeiss (Hallbergmoos,
Germany) was used (x200 magnification). Histological analysis included the pulp and
periapical areas. The quantitative analysis of the periapical region was accomplished using
the methodology described before (27). The pulp alterations were evaluated qualitatively.

Two skilled pathologists blinded to the experimental groups revised all analysis.

Evaluation of fecal A. muciniphila
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The day before the euthanasia, =4g of feces were collected from each animal.
Cellular DNA was extracted using the Wizard® Genomic Purification (Promega) according
to the protocol suggested by the manufacturers. One mL of the extracted DNA was used in
a total volume of 12.5 mL of PCR mix GoTaq® gPCR Master Mix (Promega). The primer
used to amplify A. muciniphila was F: 5’AGGCGGAGGAAATCCTAAAA -3’ and R:
5'GCGGTTGGCTTCAGATACTT -3’, which correspond to nucleotides 1231 — 1250 (sense)
and 1395 — 1414 (antisense) (accession number NR_074436.1) in a concentration of 0.64
micromoles per reaction. The qPCR amplification was confirmed with the amplicon by
melting curves analysis (TM 88.7). The specific parameters of the primers for bacterial
detection were evaluated by the BLAST search program. Negative (0.9% sodium chloride)
and positive controls (the oligo sequence design according the sequence of the primers)
were used in each gPCR. To evaluate the concentration of bacteria and the limit of
detection, a serial dilution was made with the positive control, with concentrations
varying from 10* to 10’. All samples were analyzed in duplicate. To confirm that the
amplified product was from A. muciniphila, we carried out a specific control sequencing

for this bacterium.

Statistical analysis
The results are expressed as the mean * the standard error mean of 10 animals in
each experimental group. Data was subjected to one-way analysis of variance (ANOVA)

followed by Bonferroni’s post-hoc test (GraphPad Software In, San Diego, CA). P values
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less than 0.05 were considered statistically significant. The variations in the experimental

N due to sample limitations are described in each legend to figure.
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4.4 Results

Herein, we used a model of obesity-related type 2 diabetes, induced by the
supplementation with 10% fructose (HFD), to evaluate the crosstalk between metabolic
changes and AP in rats. Regarding the general metabolic alterations, the groups submitted
to HFD for eight weeks displayed an increase of body weight gain, irrespective of the AP
induction. The increased body weight gain in HFD groups was significant from 40 days
after the onset of experiments, when compared to control animals, with or without AP
(Figure 1A). HFD elicited hyperglycemia in all animals submitted to the HFD, confirming
the induction of type 2 diabetes (Figure 1B). This evidence was supported by data showing
an increase of water intake in HFD groups, regardless of the AP intervention (Figure S1A-
D).

Next, we examined the serum and intestinal levels of cytokines and adipokines.
The pro-inflammatory cytokines, namely TNF, IL-13 and IL-6 were undetectable in either
the serum or intestine of any experimental group (data not shown). However, there was a
significant increase in the serum levels of the adipokine leptin in the HFD group, without
AP induction (Figure 2A). Moreover, the intestinal levels of leptin were significantly
increased in the groups with 28 days of AP induction, regardless of the supplementation
with 10% fructose (Figure 2B). The levels of adiponectin were significantly increased in the
serum of HFD group, without AP induction (Figure 2C), although no variation in the
intestinal levels of this adipokine was noticed in any other groups (Figure 2D). Considering

the relationship between metabolic diseases and oxidative stress, we also assessed the
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activities of catalase and glutathione in the liver and heart. No significant alteration was
seen when comparing the different experimental groups, except by a significant elevation
of glutathione levels in the liver of animals submitted to HFD and AP for 14 days (Figure
S2A-D).

Considering the induction of AP, the histological analysis indicated that control
groups (without coronal opening) showed no alterations in the pulp or periapical tissues
(Figure 3A, B). Noteworthy, 100% of these teeth presented healthy pulp and periapical
tissues, without any significant effect of HFD (Figure 3G). Those teeth submitted to
coronal opening (14 or 28 days opening) showed necrosis in the coronal region in 100% of
the cases (Figure 3C, E). Additionally, the groups with 28 days of AP induction showed root
pulp necrosis in 100% of the cases (Figure 3E, F), apart from the supplementation with
10% fructose. Data analysis revealed a time-related increase of periapical inflammation,
with mild periapical inflammation at 14 days, and intense periapical inflammation at 28
days (Figure 3G).

The fecal expression of A. muciniphila was reduced in all the experimental groups
with HFD, with or without AP induction, in relation to the control animals. This decline was
significant in animals that received 10% fructose supplementation, and had been
submitted to pulp exposure for 14 and 28 days. The groups with pulp exposure for 14 or
28 days, without HFD, also displayed a significant reduction of A. muciniphila expression in

feces (Figure 4).
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4.5 Discussion

Oral cavity infections, especially periodontal diseases, have been calling attention
along the last years by their systemic impacts (19,20,21). AP is a chronic disease with a
persistent source of infection in the dental root apex, which needs endodontic
intervention to allow tissue healing (26). In this lesion, the bone is reabsorbed and a
chronic inflammatory response, with a high-vascularized granulomatous tissue formation,
takes the space of the normal periapical tissue. In the absence of an epithelial barrier,
systemic repercussions can be expected (18). This study investigated the influence of AP in
a model of metabolic disease induced by long-term ingestion of fructose in rats. For this
purpose, we investigated the influence of AP on inflammation, oxidative stress and
dysbiosis related to metabolic disorder, as well as the influence of fructose-induced
metabolic syndrome on AP development. The present findings carry significance on the
potential systemic repercussions of AP.

Our data show that 10% fructose supplementation, for 8 weeks, was able to induce
obesity-related type 2 diabetes in rats. This model is well accepted and it has been widely
used for investigating the complications related to metabolic syndrome in rodents (28-30).
Accordingly, HFD leads to obesity, hypertension and glucose metabolism dysregulation
(29,31). It can be induced experimentally by feeding rats with a 60% fructose-rich diet
(30,32,33), or either by adding 10% fructose to drinking water (23). Herein, we opted for
adding fructose 10% in water, because it seems that 60% fructose in diet promotes satiety

earlier, and the rats have less daily food intake and gained significantly less weight (30).
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Furthermore, male rats were used in this study, since females fail to develop fructose-
induced insulin resistance (33).

Data show that fructose supplementation induced marked body weight gain, which
was more evident within =6 weeks of experiments, even with a decrease in average food
intake in the HFD groups, since the 3 week. Moreover, the glycaemia levels were
increased and the water consumption was higher in all HFD groups, when compared to
controls, from the beginning of the experiments, confirming diabetes-related polydipsia
(23). From the present results, it is possible to conclude that AP induction did not alter
fructose-induced type 2 diabetes features, such as overweight, hyperglycemia or
polydipsia. Conversely, it was demonstrated that periodontitis induction impaired glucose
metabolism and insulin resistance in Zucker prediabetes fatty rats (34,35). Nevertheless,
AP and periodontitis display different pathogenesis and progression, what might partly
justify the present discrepancy. Furthermore, genetic models of diabetes greatly differ
from diet models as the one used by us.

As a next step, we evaluated the effects of HFD and AP induction on serum and
intestinal levels of cytokines and adipokines. TNF, IL-13 and IL-6 are well known pro-
inflammatory cytokines that exert a relevant role in local AP development, besides obesity
and type 2 diabetes (36,37). In this study, we did not observe any difference in the levels
of these cytokines, in either serum or intestine, in any experimental group, confirming
previous studies (38-40). Moreover, a meta-analysis evaluating the correlation between
human AP and the serum levels of inflammatory markers did not indicate any differences

in TNF, IL-1P and IL-6 levels, despite an increase of IgA, 1gG and IgM production (18).
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The adipose tissue itself can synthetize pro-inflammatory cytokines, named
adipokines, such as leptin and adiponectin (37). Leptin is increased in obese individuals
and is present under pro-inflammatory states (36). Adiponectin has an opposite role; it
has anti-inflammatory effects and regulates insulin sensitivity (41). We found an increase
in serum leptin and adiponectin levels in the HFD group compared to control animals.
Additionally, there was an increase of intestinal leptin levels in groups with AP induction
for 28 days, an effect that tended to be higher in animals submitted to HFD. An elevation
of serum leptin levels in animals submitted to HFD was quite expected, whereas the
adiponectin raise might represent a compensatory response to overcome leptinemia (42).
However, to our knowledge, this is the first experimental evidence showing that AP
induction alters the intestinal leptin levels. Upholding partly our data, periodontitis
induction in a rat model of spontaneous type 2 diabetes led to an elevation of serum
leptin levels, when compared to diabetic rats without periodontal disease (43).

A previous study from our group demonstrated a significant alteration of
glutathione activity in the livers of animals submitted to chronic intake of 20% glucose
solution and AP induction for 21 days (24). Here, the induction of liver oxidative stress was
observed only in animals submitted to HFD and AP for 14 days, as indicated by an increase
in glutathione levels. The other experimental groups with HFD only, or HFD plus AP for 28
days did not display any significant change of this parameter. Accordingly, a previous
study also showed unaltered glutathione or catalase activity in the liver of fructose-
supplemented rats (44). This might suggest that liver oxidative stress is an early event

when metabolic disease and AP are present, preceding the intestinal adipokine changes.
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The present study also evaluated the possible influence of fructose-elicited
metabolic syndrome on AP development. For this purpose, we employed the classical AP
model induced by the first molar tooth pulp exposure to the oral environment, for 14 and
28 days (45). Herein, we observed healthy pulp and periapical tissues in those groups
without coronal opening, despite the fructose supplementation. On the other hand, after
14 days of AP induction, it was possible to observe necrotic coronal pulp tissue and mild
inflammation at the periapical area. After 28 days of AP induction, the pulp tissues were
necrotic, with severe periapical inflammation, with bone resorption and the presence of
abscess in most samples. The present set of results indicates a time-dependent progress
of AP-related inflammation. This is in accordance with the previous notion suggesting that
severity of endodontic infection determines the inflammation grade (46). However, HFD
did not influence the extent of pulp or periapical inflammation at 14 or 28 days. It is
tempting to conclude that AP leads to systemic alterations associated with metabolic
disorders, but the induction of obesity-related type 2 diabetes by fructose ingestion did
not affect the progression of AP, at least at the present experimental conditions.

Non-communicable diseases, such as obesity and type 2 diabetes, and the
increased susceptibility to infections, have currently been associated to diet lifestyle and
disruption of gut microbiota (47). The predominant bacterial phyla in bowel are
Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria (48). Another phyla present
in minor extent is the Verrucomicrobia, which encompasses the gram-negative bacteria
Akkermansia muciniphila (49). A. muciniphila resides at the gut mucus layer, and its levels

are inversely correlated with the presence of metabolic diseases and chronic inflammation
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(50). Moreover, these bacteria are present in healthy subjects controlling fat storage,
adipose tissue inflammation and glucose metabolism, with overall favorable metabolic
effects (15). Our results demonstrated a reduction of fecal A. muciniphila levels in all the
experimental groups with HFD and/or AP induction. A decrease of A. muciniphila
expression might be predictable in groups submitted to HFD, as these bacteria are
downregulated under metabolic diseases and inflammatory alterations (15,47). However,
as far as we know, this is the first experimental evidence showing the influence of AP on
fecal A. muciniphila expression. Many pathogens are involved in AP, like gram-negative
bacteria that can produce LPS. This bacterial product is able to uphold a pro-inflammatory
status (51). It has been proposed that the number of diseased teeth shows a positive
correlation with the extension of systemic involvement (52,53), which lead us to propose
that as more LPS from AP, more systemic inflammation takes place, which might

consequently reduce the A. muciniphila expression.



73

4.6 Conclusion

We provide evidence that AP is able to alter systemic parameters related to
metabolic disorders, by showing that AP per seleads to intestinal leptinemia and
dysbiosis. Oppositely, HFD-induced metabolic changes did not appear to modulate AP
progression, at least in our experimental paradigm. Future animal studies are needed to
investigate whether extended protocols of fructose supplementation might affect AP
outcomes, besides the influence of fructose-induced metabolic changes on periapical

tissue healing.
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4.7. Figures and Legends - Manuscript II

Figure 1. (A) Time-related body weight changes in control or HFD groups. Dotted lines
represent interventions to induce AP at 28 days or 14 days. (B) Glycaemia levels at the end
of experiments. **Significant difference in relation to control group, (P <.01);
***Significant difference in relation to control AP 28 days (P<.01). The columns represent

the mean of 10 animals and the vertical lines indicate the standard error of mean.
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Figure 2. (A) Serum leptin levels in the HFD group are significantly increased in relation to

control (**, P<.01). (B) Intestinal leptin levels in control AP 28 days and HFD AP 28 days

groups are significantly increased in relation to control (*, P<.05) and between them (**,

P<.01). (C) Serum adiponectin levels in the HFD group are significantly increased in

relation to control (**, P<.01). (D) Intestinal adiponectin levels demonstrating no

statistical differences among the groups. The columns represent the mean of 67 animals

and the vertical lines indicate the standard error of mean (P<.05).
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Figure 3. Representative images of histological analysis (H&E staining). (A) Control
sample; the arrowhead shows the normal pulp tissue (100x). (B) HFD sample; the
arrowhead shows normal periapical tissue with preserved periodontal ligament; no bone
resorption is observed (200x). (C) Control AP 14 days sample showing coronal opening
access (@), abscess inside the root (arrowhead), and mild inflammation at the periapical
area (*) (40x). (D) HFD AP 14 days sample showing mild inflammation (*) at the periapical
area without bone resorption (200x). (E) Control AP 28 days sample showing coronal
opening access (@), totally necrotic pulp tissue, abscess at the periapical area (arrowhead),
and extended inflammatory process with bone resorption (*) (40x). (F) HFD 28 days
sample showing severe and extended inflammation (*) with abscess formation (arrows)
(200x). (G) Data demonstrating the time-related inflammatory scores at the periapical
area in groups AP 14 days and AP 28 days. Significantly different in relation to control (**,
P<.01); significantly different when comparing AP 14 days and AP 28 days, irrespective of
HFD (##, P<.01). The columns represent the mean of 7-10 experiments and the vertical

lines indicate the standard error of mean.
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Figure 4. Fecal Akkermansia muciniphila expression is significantly reduced in all HFD and
AP groups, in relation to control group (**, P<.01). The columns represent the mean of 5-

10 experiments and the vertical lines indicate the standard error of mean.
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Supplementary Figure 1. (A) Changes in water consumption throughout 8 weeks
demonstrating increased water consumption since the beginning, especially from the gt
week on, in all HFD groups in relation to controls. (B) Changes in chow consumption
throughout 8 weeks demonstrating a decrease in chow consumption in all HFD groups in
relation to controls, especially from the 3" week on. Dotted lines represent interventions
to induce AP at 28 days and 14 days, respectively. Each point represents the mean of

water and chow consumption in each cage, at different time-points.
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Supplementary Figure 2. Catalase (A and C) and glutathione (B and D) activities in heart

(A and B) and livers (C and D) as an indicative of oxidative stress. The liver glutathione

levels were significantly increased in the group HFD AP 14 days, in relation to the control

(**, P<.01). The columns represent the mean of 9-10 experiments and the vertical lines

indicate the standard error of mean.

1.0 ¢ Control
g ¢ HFD °
§ ¢ Control AP 14 days
e 0.8+ ® HFD: AP 14 days
= ¢ Control AP 28 days ¢
g ¢ HFD: AP 28 days
£
g 0.6+ °
= 0.4
4 o
=
g ¢ L o
1o iF3T
5 .
% = O I -3
0.0~ A J [ 4 » < -
31 ¢ Control
z ¢ HFD
© ¢ Control AP 14 days ®
° ¢ HFD: AP 14 days
a ¢ Control AP 28 days
=] ¢ HFD: AP 28 days
E ».
[ k3
% ©
= . ¢
% < <
<
14 © o <>
2 %
s > 3 « T i_
Z A 3 o %
E’ ¢ . o ¢
= *
0-

O Heart Glutathione (mmol/min/mg protein)

Liver Glutathione (mmol/min/mg protein)

g 3

3

3

T

3

00000

10+

5-

Control

HFD

Control A 14 days
HFD: AP 14 days
Control AP 28 days
HFD: AP 28 days

®
*

B 2 o e
¥ T D

* -

Control

HFD T
Control AP 14 days

HFD: AP 14 days

Control AP 28 days

HFD: AP 28 days

o
" S .
YR o
=¥s e
w0 0 .
0.~ ...
<




81

4.8. References

10.

11.

12.

World Health Organization (WHO). Global Health Observatory (GHO) — Overweight.
Access: 07/10/2017.
http://www.who.int/gho/ncd/risk factors/overweight text/en/

Abdelaal M, le Roux CW, Docherty NG. Morbidity and mortality associated with
obesity. Ann Transl Med 2017;5(7):161.

Bleich S, Cutler D, Murray C, et al. Why is the developed world obese? Annu Rev
Public Health. 2008;29:273-95.

Xiao S, Zhao L. Gut microbiota-based translational biomarkers to prevent
metabolic syndrome via nutritional modulation. FEMS Microbiol Ecol. 2014
Feb;87(2):303-14.

Ridaura VK, Faith JJ, Rey FE, et al. Gut microbiota from twins discordant for obesity
modulate metabolism in mice. Science. 2013 Sep 6;341(6150):1241214.

Cani PD, Amar J, Iglesias MA, et al. Metabolic endotoxemia initiates obesity and
insulin resistance. Diabetes. 2007 Jul;56(7):1761-72.

Tilg H, Kaser A. Gut microbiome, obesity, and metabolic dysfunction. J. Clin. Invest.
J Clin Invest. 2011 Jun;121(6):2126-32.

Delzenne NM, Neyrinck AM, Cani PD. Modulation of the gut microbiota by
nutrients with prebiotic properties: consequences for host health in the context of
obesity and metabolic syndrome. Microb Cell Fact. 2011 Aug 30;10 Suppl 1:S10.

Cani PD. Gut microbiota — at the intersection of everything? Nat Rev Gastroenterol
Hepatol. 2017 Jun;14(6):321-322.

Marchesi JR, Adams DH, Fava F, etal. The gut microbiota and host health: a new
clinical frontier. Gut. 2016 Feb;65(2):330-9.

Wen L, Duffy A. Factors influencing the gut microbiota, inflammation, and type 2
diabetes. ) Nutr. 2017 Jul;147(7):14685-1475S.

Derrien M, Vaughan EE, Plugge CM, et al. Akkermansia muciniphila gen. nov., sp.
nov., a human intestinal mucin-degrading bacterium. Int J Syst Evol
Microbiol. 2004 Sep;54(Pt 5):1469-76.




13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

82

Collado MC, Derrien M, lIsolauri E, et al Intestinal integrity and Akkermansia
muciniphila, a mucin-degrading member of the intestinal microbiota present in infants,
adults, and the elderly. Appl Environ Microbiol. 2007 Dec;73(23):7767-70.

Schneeberger M, Everard A, Gdémez-Valadés AG, et al. Akkermansia Muciniphila
inversely correlates with the onset of inflammation, altered adipose tissue metabolism
and metabolic disorders during obesity in mice. Sci Rep. 2015 Nov 13;5:16643.

Everard A, Belzer C, Geurts L, et al. Cross-talk between Akkermansia muciniphila and
intestinal epithelium controls diet-induced obesity. Proc Natl Acad Sci USA
2013;110:9066-71.

Cani P; De Vos WM. Next-generation beneficial microbes: The case of akkermansia
muciniphila. Front Microbiol. 2017 Sep 22;8:1765.

Sasaki H, Hirai K, Martins CM, et al. Interrelationship between Periapical Lesion and
Systemic Metabolic Disorders. Curr Pharm Des. 2016;22(15):2204-15.

Gomes MS, Blattner TC, Sant'Ana_Filho M, et al. Can apical periodontitis modify
systemic levels of inflammatory markers? A systematic review and meta-analysis. J
Endod. 2013 Oct;39(10):1205-17.

Gurav A, Jadhav V. Periodontitis and risk of diabetes mellitus. Journal of Diabetes 2011;
3:21-28.

Pasqualini D, Bergandi L, Palumbo L, et al. Association among oral health, apical
periodontitis, CD14 polymorphisms, and coronary heart disease in middle-aged adults.
J Endod 2012;38:1570-1577.

Um YJ, Jung U, Kim C, et al. The influence of diabetes mellitus on periodontal tissues: a
pilot study. J Periodontal Implant Sci 2010;40:49-55.

Kilkenny C, Browne W, Cuthill IC, et al. Animal research: reporting in vivo experiments-
-the ARRIVE guidelines. ) Cereb Blood Flow Metab. 2011 Apr;31(4):991-3.

Al-Rasheed N, Al-Rasheed N, Bassiouni Y, et al. Potential Protective Effects of Nigella
Sativa and Allium Sativum Against Fructose-Induced Metabolic Syndromein Rats. J Oleo
Sci 63 (8) 839-848 (2014).

Wolle CFB, Zollmann LA, Etges A, et al. Effects of the antioxidant agent tempol on
periapical lesions in rats with doxorubicin-induced cardiomyopathy. J Endod 2012;
30:191-195.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

83

Scarparo RK, Dondoni L, Boetcher D, et al. Response to intracanal medication in
immature teeth with pulp necrosis - an experimental model in rat molars. J Endod
2011; 37:1069-1073.

Stashenko P, Wang CY, Tani-Ishii N, et al. Pathogenesis of induced periapical lesions.
Oral Surg Oral Med Oral Pathol 1994; 78:494-502.

Figueiredo JAP, Pesce HF, Gioso MA, et al. The histological effects of four endodontic
sealers implanted in the oral mucosa: submucous injection versus implant in
polyethylene tubes. Int Endod J. 2001 Jul;34(5):377-85.

Shawkya NM, Shehatoua GSG, Rahimb MA, et al. Levocetirizine ameliorates high
fructose diet-induced insulin resistance, vascular dysfunction and hepatic steatosis in
rats . Eur J Pharmacol. 2014 Oct 5;740:353-63.

Saad AF, Dickerson J, Kechichian TB, et al. High-fructose diet in pregnancy leads to fetal
programming of hypertension, insulin resistance, and obesity in adult offspring. Am J
Obstet Gynecol. 2016 Sep;215(3):378.e1-6.

Rayssiguier Y, Gueux E, Nowacki W, et al. High fructose consumption combined with
low dietary magnesium intake may increase the incidence of the metabolic syndrome
by inducing inflammation. Mgnes Res 19(4), 237-43 (2006).

Maithilikarpagaselvi N, Sridhar MG, Swaminathan RP, et al. Curcumin prevents
inflammatory response, oxidative stress and insulin resistance in high fructose fed male
wistar rats: potential role of serine kinases. Chem Biol Interact. 2016 Jan 25;244:187-
94,

Vazquez-Prieto MA, Gonzdlez RE, Renna NF, et al. Aqueous garlic extracts prevent
oxidative stress and vascular remodeling in an experimental model of metabolic
syndrome. J Agric Food Chem. 2010 Jun 9;58(11):6630-5.

Galipeau D, Verma S, McNeill JH. Female rats are protected against fructose-induced
changes in metabolism and blood pressure. Am J Physiol Heart Circ Physiol. 2002
Dec;283(6):H2478-84.

Pontes Andersen CC, Flyvbjerg A, Buschard K, Holmstrup P. Periodontitis is associated

with aggravation of prediabetes in Zucker fatty rats. J Periodontol. 2007 Mar;78(3):559-
65.



35.

36.

37.

38.

39.

40.

41.

42.

43,

84

Watanabe K, Petro BJ, Shlimon AE, et al. Effect of periodontitis on insulin resistance
and the onset of type 2 diabetes mellitus in Zucker diabetic fatty rats. J
Periodontol. 2008 Jul;79(7):1208-16.

Sell H, Habich C, Eckel J. Adaptive immunity in obesity and insulin resistance Nat Rev
Endocrinol. 2012 Dec;8(12):709-16.

Vielma SA, Klein RL, Levingston CA, et al. Adipocytes as immune-regulatory cells. Int
Immunopharmacol. 2013 Jun;16(2):224-31.

Yoo S, Ahn H, Park YK. High dietary fructose intake on cardiovascular disease related
parameters in growing rats. Nutrients. 2016 Dec 26;9(1).

Matsushita K, Tajima T, Tomita K, et al. Inflammatory cytokine production and specific
antibody responses against possible causative bacteria in patients with multilesional
periapical periodontitis. J Endod. 1998 Dec;24(12):817-21.

Lozano 1, Van der Werf R, Bietiger W, et al. High-fructose and high-fat diet-induced
disorders in rats: impact on diabetes risk, hepatic and vascular complications. Nutr
Metab (Lond). 2016 Feb 25;13:15.

Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between insulin
resistance, obesity and diabetes. Trends Immunol. 2004 Jan;25(1):4-7.

Castrogiovanni D', Alzamendi A, Ongaro L, et al. Fructose rich diet-induced high
plasminogen activator inhibitor-1 (PAI-1) production in the adult female rat: protective
effect of progesterone. Nutrients. 2012 Aug;4(8):1137-50.

Luo S, Yang X, Wang D, et al. Periodontitis contributes to aberrant metabolism in type 2
diabetes mellitus rats by stimulating the expression of adipokines. J Periodontal
Res. 2016 Aug;51(4):453-61.

44. Glban AM, Vasiljevic¢ A, Veli¢kovi¢ N, Nikoli¢-Koki¢ A, Blagojevi¢ D, Mati¢ G, Nestorov J.

45,

The expression and activity of antioxidant enzymes in the liver of rats exposed to high-
fructose diet in the period from weaning to adulthood. J Sci Food Agric. 2015 Aug
30;95(11):2319-24.

Kakehashi S, Stanley HR, Fitzgerald RJ. The effects of surgical exposures of dental pulps
in germ-free and conventional laboratory rats. Oral Surg Oral Med Oral Pathol.
1965;20:340-9.



46.

47.

48.

49.

50.

51.

52.

53.

85

Ego-Osuala DC, Negrén L, Gordon S, et al. The evaluation of systemic inflammation in
patients with localized versus spreading endodontic infections. J Endod 2012; 38:e42.

L. Geurts, A.M. Neyrinck, N.M. Delzenne, et al. Gut microbiota controls adipose tissue
expansion, gut barrier and glucose metabolism: novel insights into molecular targets
and interventions using prebiotics. Beneficial Microbes, March 2014; 5(1): 3-17.

Barczynska R, Slizewska K, Litwin M, et al. Effects of dietary fiber preparations made
from maize starch on the growth and activity of selected bacteria from
the Firmicutes, Bacteroidetes, and Actinobacteria phyla in fecal samples from obese
children. Acta Biochim Pol. 2016;63(2):261-6.

Derrien M, Vaughan EE, Plugge CM, et al. Akkermansia muciniphila gen. nov., sp. nov., a
human intestinal mucin-degrading bacterium. Int J Syst Evol Microbiol 2004;54:1469—
76.

Karlsson CL, Onnerfalt J, Xu J, et al. The microbiota of the gut in preschool children with
normal and excessive body weight. Obesity (Silver Spring) 2012;20:2257-61.

Gomes C, Martinho FC, Barbosa DS, et al. Increased Root Canal Endotoxin Levels are
Associated with Chronic Apical Periodontitis, Increased Oxidative and Nitrosative
Stress, Major Depression, Severity of Depression, and a Lowered Quality of Life. Mol
Neurobiol. 2017 Apr 28.

Willershausen B, Kasaj A, Willershausen |, et al. Association between chronic dental
infection and acute myocardial infarction. J Endod 2009;35:626-30.

Frisk F, Hakerberg M, Ahlgwist M, et al. Endodontic variables and coronary heart
disease. Acta Odontol Scand 2003; 61:257-62.



86

5. CONSIDERACOES FINAIS

O estudo desenvolvido durante o curso de doutorado, de uma maneira geral, traz
consigo a responsabilidade de investigar a pergunta cientifica com base nas evidéncias
prévias da literatura. A escolha do tema desta tese partiu primeiramente de uma idéia
filoséfica do pensamento complexo (tema desenvolvido por Edgar Morin). Esta ideia se
equilibra entre o pensamento linear (reducionista) e o “holistico” (sistémico). No
pensamento reducionista classico, existe uma divisdo do todo para o estudo em partes
separadas. J4 o “holismo”, estuda o todo. Ambos podem levar a aliena¢do por ndo haver
uma ponderagdo e serem analises muito restritas. Sendo assim, o pensamento complexo
busca ler esta interface transacional que complementa os olhares reducionistas e
sistémicos; preza pela comunicacdo como parte da construcdo; incorpora a duvida como
parte da vida; e traz o aprimoramento e a mudanca como bases da estruturacdo do
conhecimento. "Nao é dissolver o ser, a existéncia e a vida no sistema, mas compreender

o ser, a existéncia e a vida com a ajuda também do sistema" (Morin, 1977).

Com base nessa premissa, a escolha do tema partiu do sistémico: dados da
Organizacdo Mundial de Saude com indices alarmantes sobre o aumento exponencial da
Obesidade e do Diabetes tipo Il (quase 3 milhGes de pessoas mortas ao ano por motivos
de sobrepeso e obesidade? Que choque! - Dados ja detalhados anteriormente na
introdugdo desta tese). Juntamente com essas doengas crbnicas, surge a vontade de
verificar a influéncia da periodontite apical, uma doenca inflamatéria também cronica,

endodobntica local, quase reducionista. “Quase”, porque ainda nos dia de hoje a
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comunidade cientifica ainda tem muito a investigar sobre o seu papel nas repercussdes

sistémicas. Haja vistos os resultados deste trabalho.

Avaliar obesidade, diabetes tipo2 e periodontite apical ja nos empolgou de inicio.
Todas estas estdo envolvidas com o tema apaixonante da inflamagdo e ja trariam uma
gama complexa de informacGes e resultados. Porém, um tempo depois, surge a ideia de
colocar bactérias do trato gastrintestinal no estudo. Lembro bem da professora Maria
Martha chegando com um sorriso no rosto e dizendo pra mim: “-Cauana! Voltei de um
congresso. As bactérias do intestino estdao em alta!”. Sem pensar duas vezes, olhamos a
literatura e notamos que cada vez mais surgiam artigos com a correlagdo entre doengas
metabdlicas e o tal “novo 6rgdo”. Esta seria a cereja do nosso bolo. Na literatura, a nossa
escolhida, a Akkermansia muciniphila, se mostrava presente em condi¢des de saude e ndo
era nada compativel com gordura corporal e desordens inflamatdrias. Uma bactéria do
filo Verrucomicrobia com o papel de heroina do equilibrio metabdlico. Excelente! Ela
pareceu um bom parametro a ser estudado e de fato foi. O resultado demonstra
claramente a participacdo da PA e da desordem metabdlica na diminuicdo dos seus niveis
fecais, fendmeno que ndo acontece com o grupo controle. Em trabalhos futuros, ainda
poderiamos verificar outras bactérias, tais como as gram-negativas Escherichia, a
Enterobacteria, e a H. Pylori (etiologias de doengas intestinais), a fim de avaliar como é o

comportamento delas associadas com a obesidade quando se tem a PA instalada.

Mas e o modelo? Bem, uma coisa era certa: seria muito dificil pontuar as

alteracdes com um estudo clinico pelas dificuldades de padronizacdo, tais como: idade,
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habitos alimentares, interaces medicamentosas e associacdo com outras enfermidades.
Sendo assim, o estudo em ratos wistar possibilitou um maior controle, com analise mais
especifica e um menor nimero de varidveis. Nos modelos animais, a interagao das
periapicopatias com o organismo pode ser mais bem estudada. Pode-se dizer que se torna
mais fiel a analise isolada quando se combinam técnicas histoldgicas, bioquimicas e
moleculares, como realizado neste estudo. Dessa forma, este é um primeiro passo para a

estrapolacdo de estudos maiores e com envolvimento clinico.

A dieta ocidental estd cada vez mais rica em gorduras e agucares, substancias que
tém sido fortemente associadas ao desenvolvimento de sindromes metabdlicas. A frutose
10% utilizada neste estudo demonstrou-se um modelo muito interessante para a inducao
de diabetes tipo 2 relacionado a obesidade. Dentro deste contexto, a dieta ainda
correlaciona-se fortemente com as bactérias do tratogastrintestinal as quais, dependendo
da ingesta, mantém a funcdo de estase ou instala a disbiose. A correlagdao inflamatdria
sistémica que leva ao desenvolvimento de sindromes metabdlicas parte de toxinas, tais
como o lipopolissacarideo, liberadas por bactérias que entram na corrente sanguinea e
provocam a endotoxemia. Futuros trabalhos poderiam utilizar este modelo de HFD em
ratos com um tempo maior de inducdo de frutose 10% e também maior tempo de inducdo
de lesdo periapical, a fim de verificar o curioso processo de cura das lesdes periapicais e a
sua repercussdao sistémica. Sendo assim, do ponto de vista odontolégico torna-se
superinteressante a novidade que o presente estudo traz para a drea da saude, de que a

periodontite apical afeta niveis sistémicos de adipocinas e altera a flora gastrinstestinal,
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provocando disbiose. Mais uma peca para o quebra-cabecas da complexa sindrome

metabdlica.

De uma maneira geral, com o constante crescimento da obesidade e do diabetes
tipo 2 no mundo todo, a comunidade cientifica ainda necessita conhecer melhor as
atividades moleculares sistémicas envolvendo as sindromes metabdlicas e esta correlacdo
entre PA e bactérias intestinais. Os esforcos também devem incluir o direcionamento
clinico da ndo instalagao dessas comorbidades a fim de diminuir custos de saude publica

com planos de tratamento mais completos.
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