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FILOSOFIA DO SUCESSO
Napoleon Hill
Se vocé pensa que é um derrotado,
VOCé seré derrotado.
Se ndo pensar “ quero aqualquer custo!”
Né&o conseguira nada.
Mesmo que vocé queira vencer,
mas pensa que nédo vai conseguir,

a vitdria ndo sorrird para voce.

Se vocé fizer as coisas pela metade,
vocé sera fracassado.
NOs descobrimos neste mundo
que 0 sucesso comega pela intencdo da gente

e tudo se determina pelo nosso espirito.

Se vocé pensa que é um malogrado,
VOCé se torna como tal.
Se almeja atingir uma posi¢cdo mais elevada,
deve, antes de obter a vitoria,
dotar-se da convicgdo de que

conseguira infalivelmente.

A luta pela vida nem sempre € vantajosa
aos fortes nem aos espertos.
Mais cedo ou mais tarde, quem cativa a vitoria
é aquele que cré plenamente
EU CONSEGUIRELI!
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BASTOS AS. Avaliagdo da correlacdo entre peroxidacdo lipidica e o perfil de
marcadores inflamatorios em pacientes com Diabetes mellitus tipo 2, dislipidemia e
periodontite cronica. [Tese de Doutorado]. Araraquara: Faculdade de Odontologia da
UNESP; 2012.

RESUMO
O presente estudo teve por objetivo avaliar os niveis locais e sisttmicos de

peroxidacdo lipidica (LPO) e sua correlagdo com o perfil de marcadores
inflamatorios, locais e sisttmicos em com Diabetes mellitus (DM) tipo 2,
dislipidemia e periodontite cronica, comparando-os a individuos sem diabetes. Além
disso, buscou-se propor um método validado para avaliar o malondiadeido (MDA) no
fluido sulcular gengival de sitios saudaveis e doentes. A amostra foi constituida de
120 pacientes com doenca periodontal cronica divididos em 4 grupos: Grupol (DM
descompensado); Grupo2 (DM compensado); Grupo3 (sem diabetes com
dislipidemia); Grupo 4 (sistemicamente saudavel). Toda a amostra foi submetida a
exame periodontal completo, exame fisico e avaliacdo laboratorial para verificacdo da
glicemia de jejum, hemoglobina glicada (HbA1.), insulina, proteina C-reativa e perfil
lipidico. O exame periodontal consistiu na avaliacdo do indice de placa visivel, do
indice de sangramento marginal, da posicdo da margem gengival, da profundidade de
sondagem, do sangramento a sondagem e do nivel clinico de insercdo. Para todos 0s
grupos foram coletadas amostras de fluido sulcular gengival (FSG) (4 sitios sem
periodontite e 4 sitios com periodontite) e de sangue para obtencdo do plasma
sanguineo. Os niveis de peroxidacéo lipidica representados pelo MDA, avaliado por
HPLC, e pelo LDL oxidado (LDLox), avaliado por ELISA, foram quantificados no
fluido sulcular gengival e no plasma. Foram avaliadas ainda as citocinas (IL)-1p, -2, -
4, -5, -6, -7, -8, -10, -12, -13 e fator de necrose tumora o (TNF-a) no FSG e no
plasma. Foi possivel determinar e validar o método de avaliacdo no fluido sulcular
gengival, com alta preciséo, sendo que os coeficientes de variacdo intra- e inter-dias
encontrados foram abaixo de 6.3% e 12.4%, respectivamente. O meétodo foi

considerado sensivel e capaz de detectar 0 MDA em pequenas quantidades, sendo o



limite de quantificagdo (S/N = 5) de 0.03 uM, permitindo avaliacdo deste marcador
no fluido de sitios saudaveis. Foi observado que os sitios com doenca periodontal
apresentavam-se com valores maiores de MDA do que os sitios saudaveis. Os
resultados mostraram que o grupo 1 apresentou maior severidade da doenca
periodontal quando comparado aos demais grupos, em especial quanto ao
sangramento a sondagem, profundidade de sondagem>6mm, nivel de insercdo
clinica=5mm e supuragcdo. Em relacdo aos parametros de LPO local e sistémico, 0s
grupos com diabetes apresentaram maiores niveis de peroxidacdo quando
comparados aos grupos sem diabetes, sendo que o grupo 1 apresentou diferenca
significativa também em relacdo ao grupo 2. Em relagdo as citocinas inflamatorias no
FSG, foi observado que o TNF-a, IL-6 e IL-10 estavam significativamente
aumentadas no fluido de pacientes com diabetes, sendo esta diferenca maior no grupo
1. Foram verificadas correlacbes positivas e significantes entre os niveis de
peroxidacdo lipidica e citocinas no FSG (IL6, IL-10, TNF-0) bem como com
parametros de doenca periodontal, dentre estes sangramento a sondagem,
profundidade de sondagem > 6mm, nivel de insercdo clinica > 5mm e presenca de
supuracao. Ja no plasma, a expressao das citocinas seguiu um padrdo decrescente do
grupo 1 ao grupo 4 tanto para citocinas pro- quanto anti-inflamatorias, sendo esta
diferenca significante para (IL)-1B, -4, -6, -8 e TNF-a. Esta diferenca ocorreu em
maior magnitude no grupo 1, embora nos pacientes portadores de diabetes com
adequado controle metabolico os niveis destas citocinas também estivessem mais
elevados em relagdo aos pacientes saudaveis. Os niveis de LPO plasmatica
apresentaram correlagdo intermediaria e positiva (p<0.0001) com niveis de IL1-
$(0.50), TNF-0.(0.40) e IL-6(0.40). Concluimos que a peroxidacao lipidica pode ser
um mecanismo importante na expressdo aumentada de marcadores inflamatorios e
maior severidade da doenca periodontal no paciente com DM e dislipidemia.

Palavras-chave:Peroxidacdo de lipideos, diabetes mellitus tipo 2, doencas

periodontais, citocinas
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ABSTRACT
The aim of this study is to evaluate the levels of the lipid peroxidation and its

correlation with systemic and local inflammatory markers profile in patients with
type 2 diabetes mellitus (DM2) dyslipidemia and chronic periodontitis compared to
systemically healthy patients. We also aimed to quantify a specific product of the
lipid peroxidation process, malondialdehyde (MDA), in gingival crevicular fluid and
to describe the validation of this method in this matrix using HPLC. The study
sample comprised 120 patients divided into four groups with 30 patients in each
group: group 1- diabetes with poor metabolic control with dyslipidemia, group 2-
diabetes with good metabolic control, group 3- without diabetes with dyslipidemia
and group 4- systemically healthy. All the subjects will go through a complete
periodontal examination and physical and laboratory evaluation in order to verify
fasting plasma glucose, glycated hemoglobin (HbAZ1c), lipid profile, insulin and high
sensitivity C-reactive protein. Periodontal examination will consist of visible plaque
index, gingival bleeding index, bleeding on probing, probing depth (PD) and clinical
attachment levels (CAL). Plasma and samples of gingival crevicular fluid (GCF) will
be collected in 4 sites without periodontal disease and 4 sites with periodontal
disease. The lipid peroxidation levels, evaluated by oxidized LDL (ox LDL) and
MDA were measured in GCF and in plasma. Inflammatory cytokines, (IL)-1p, -2, -4,
-5, -6, -7, -8, -10, -12, -13 and tumor necrosis factor-alpha a (TNF-a) were also
evaluated in plasma and GCF. It was possible to validate a HPLC-based method to
identify and quantify the MDA in GCF with sensitivity, precision, and accuracy even
in small concentrations as observed in healthy sites GCF. Samples intra- and

interday coefficients of variation were below 6.3% and 12.4%, respectively. The limit



of quantitation (S/N = 5) was 0.03 uM. GCF in the periodontal diseased sites
presented higher values of MDA than healthy sites for all groups. The results also
showed that all the periodontal parameters were considered worse in group 1 (DM
with inadequate metabolic control) when compared to the others groups, particularly
BOP, PD > 6mm, CAL > 5mm and suppuration. Regarding lipid peroxidation
evaluated by MDA in plasma and in gingival crevicular fluid (GCF), significant
differences were observed between the groups with diabetes when compared to the
groups without DM and G1 presented higher values of MDA when compared to G2
(p<0.05). The local inflammation assessed by cytokines in GCF(IL6, IL-10, TNF-a)
increased in all diabetic patients, being significant in the group with poorly controlled
diabetes and dyslipidemia. It was possible to verify significant and positive
correlations between GCF lipid peroxidation markers, GCF cytokines (IL6, IL-10,
TNF-a) and periodontal parameters such as bleeding on probing, PD > 6mm, CAL >
5mm and presence of suppuration. The cytokines panel in plasma showed a
decreasing pattern from the poorly controlled diabetes to the healthy group being
significant to (IL)-1B, -4, -6, -8 e TNF-a. This difference was more evident is group 1
but even in well-controlled DM with dyslipidemia the levels of MDA, OxLDL and
inflammatory cytokines were significantly increased when compared to the non
DM/dyslipidemic group. There was a wide range of, moderate positive, correlations
observed between DM status, LPO markers and inflammatory cytokines expression,
such as MDA and IL1-$(0.50); MDA and TNF-a.(0.40); MDA and 1L-6(0.40). These
findings indicate an important role for LPO in the severity of the local inflammatory
response to bacteria and the susceptibility to periodontal disease in DM patients and
suggest that LPO may represent an additive effect in the aggravation of inflammation
in DM and a role of increased oxidative metabolism in the inflammatory response.

Keywords: Lipid peroxidation, diabetes mellitus type 2, periodontal diseases,

cytokines



INTRODUCAO




INTRODUCAO

A relacdo entre diabetes e doencas bucais ndo tem sido amplamente discutida
na literatura da mesma forma como se tem discutido os efeitos do diabetes em demais
6rgaos 2%, No entanto, evidéncias mostram que a periodontite ¢ uma importante
complicacdo do diabetes ' e uma das primeiras manifestacées clinicas da doenca .

Sendo a periodontite uma infeccdo, pode induzir ou perpetuar uma condicao

142

inflamatoria cronica com possivel impacto sobre o controle metabolico do

diabetes " 8. Desta forma, além da busca por um adequado controle glicémico, a
prevencao e controle da periodontite sdo essenciais no tratamento integral do paciente
com diabetes > ¥

Diversos estudos buscam investigar as razdes pelas quais a periodontite é mais

prevalente e severa em pacientes com diabetes quando comparados a pacientes sem

31, 60, 88, 112, 212, 227

diabetes e atribui-se ao pobre controle metabdlico o papel de ser um

dos principais fatores de maior severidade'*® #2229 'Ng entanto, as anormalidades

6, 175, 201

no metabolismo dos lipidios’®, o estresse oxidativo e a peroxidacio

lipidica®® ??° podem, caracterizar-se como importantes mecanismos relacionados &

patogénese da periodontite cronica nestes pacientes.
Recentemente estudos tém mostrado o papel das especies reativas de oxigénio
(ROS), peroxidacao lipidica e de atividade antioxidante nas complicacBes do diabetes

92110 e na patogénese da periodontite'® **®. No entanto, a avaliacdo da peroxidacao
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lipidica em ambas condicbes, diabetes e periodontite crbénica, ndo tem sido
investigada.
Considerando que aumentos dos niveis de peroxidacao lipidica podem

137, 153

contribuir para danos significativos na integridade tecidual do hospedeiro por

diferentes mecanismos como dano ao DNA, oxidacdo de importantes enzimas e

estimulo & liberagdo de citocinas inflamatérias ®® %

, entende-se que estudos devem
ser conduzidos para investigar a influéncia da peroxidacao lipidica sistémica e
localmente, sobre o periodonto de pacientes com diabetes.
Doenca periodontal

A doenga periodontal é uma desordem inflamatéria induzida por bactérias e
que afeta as estruturas de suporte dos dentes % . E a maior causa de perdas
dentéarias, acometendo aproximadamente 10-15 % da populagdo mundial **.
Apresenta-se mais severa em um grupo determinado da populacdo, mais predisposto
a doenga devido a uma reacdo inflamatdria exacerbada frente a interacdo entre
hospedeiro e patdgenos, causando dano desproporcional aos tecidos de suporte,
mobilidade e eventual perda do elemento dentario 8 128,

O fator etioldgico primario é o biofilme bacteriano, sendo que a bolsa
periodontal pode conter diversas espécies microbianas diferentes, das quais uma
pequena quantidade é considerada periodontopatogénica, podendo participar

diretamente da doenca periodontal cada uma com seu potencial de inducdo e

viruléncia ** #°. O inicio e a progressdo da periodontite envolvem a colonizago
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bacteriana da superficie dentaria, penetracdo das bactérias e seus produtos no tecido
conjuntivo e estimulo da resposta inflamatéria, a qual induz destruicdo do tecido
conjuntivo e 0sso alveolar e limita o processo de reparo tecidual **.

A avaliacdo de marcadores inflamatorios relacionados a destruicdo do
periodonto tem sido constante na busca de elucidar os mecanismos de inicio e
progressdo da doenca periodontal. Estudos mostram que individuos com periodontite

10, 45

apresentam niveis elevados de citocinas inflamatorias no plasma sanguineo e no

| 5% oy de

periodonto, este Ultimo avaliado por meio de biopsia do tecido gengiva
coleta do fluido sulcular gengival *. O fluido sulcular gengival (FSG) é considerado
um transudato sérico em condi¢Oes de saude dos tecidos e quando do estabelecimento
de condicBes inflamatdrias periodontais € considerado um exsudato inflamatério
oriundo dos tecidos que circundam o periodonto *?°. Tal fluido pode conter células
inflamatorias do hospedeiro e fatores derivados do plasma bem como produtos dos
microrganismos que compdem o biofilme supra e subgengival ** **°. O valor do
fluido sulcular gengival como potencial fluido de diagnostico é reconhecido por
estudos prévios que constataram que sua composicao pode contribuir para a detec¢do

| 180

de alteracdes relacionadas ao inicio da doenca periodontal =, sendo uma amostra de

natureza sitio-especifica ® e que pode ser coletada usando métodos néo invasivos *,
servindo como uma excelente fonte de informacao do paciente “*.

Atualmente, & bem estabelecido que o dano tecidual que ocorre na

periodontite é atribuido mais a resposta inflamatoria do hospedeiro do que ao préprio
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efeito direto das bactérias e seus produtos ** 2%’ Desta forma, passou-se a estudar
a influéncia de diversos fatores, além da microbiota, na instalagdo, progressao e
etiopatogénese da doenca periodontal. Em especial, a influéncia de condicGes

115,130,158 o as anormalidades do metabolismo de

sistétmicas, como o diabetes mellitus
lipidios *" % %2 tém sido avaliados como fatores modificadores do processo

imunoinflamatorio da periodontite.

Diabetes mellitus

O Diabetes mellitus ¢ um grupo de doencas metabdlicas, que envolve
primariamente os carboidratos, seguido de lipidios e proteinas, sendo caracterizado
pela hiperglicemia resultante de defeitos na secregéo de insulina, em sua agdo ou em
ambos. Como resultado das alteragdes metabolicas e do desequilibrio osmético, uma
triade clinica classica de sintomas é desenvolvida e inclui polifagia, polidipsia e
polidria .

O diagnéstico do Diabetes mellitus é baseado na histéria médica, exames
clinico e laboratoriais, como o exame de glicemia de jejum (=126 mg/dL), valores
casuais de glicose sangliinea (>200 mg/dL) ou teste de toleréncia a glicose anormal.
Entretanto, para monitorar o controle glicémico do paciente ja diagnosticado como
portador de diabetes, 0 exame de hemoglobina glicada A;. (HbA1.) é validado como a
ferramenta de maior confiabilidade, fornecendo um registro de aproximadamente 90

dias da condicéo glicémica do paciente, devendo ser inferior a 7% % % 2%,
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As formas mais comuns da doenca sdo o tipo 1 (DM1) e tipo 2 (DM2). O
Diabetes mellitus tipo 1 é resultante da destruicdo auto-imune das células P
pancreaticas, responsaveis pela producdo de insulina, enquanto o tipo 2 é causado
pela resisténcia das células alvo a acdo da insulina com utilizacdo deficiente do
hormonio, podendo estar combinada a um defeito na secre¢cdo do mesmo. A maior
parte dos pacientes portadores de DM2 sdo obesos e possuem um aumento do
percentual de gordura corporal distribuida principalmente na regido abdominal °.

O aparecimento da doenca esta relacionado a fatores de risco genéticos,
ambientais e comportamentais **° com aumento da prevaléncia em todo o mundo,
sendo estimado que mais de 300 milhdes de individuos serdo afetados até 2030 2%
Muitos destes pacientes, particularmente do tipo 2, permanecem sem diagnostico por
muitos anos, uma vez que a hiperglicemia aparece gradualmente gerando pouca
sintomatologia no inicio da doenca .

As complicacdes do diabetes elevam os custos econdmicos associados as
despesas com assisténcia médica e reducdo da capacidade produtiva destes paciente,
sendo uma das principais causas do aumento da mortalidade e morbidade destes

pacientes 2.

Tais complicacbes estdo associadas a hiperglicemia crbnica
desencadeando uma cascata de eventos que levam a mudancas estruturais dos tecidos
afetados **‘resultando em prejuizo a diversos 6rgaos em especial olhos, rins, coragio,

nervos e vasos sangiiineos *°,.

Sabe-se que quando o excesso de glicose interage de forma ndo-enzimaética e,
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frequentemente, irreversivel com proteinas, lipidios e &cidos nucléicos, ocorre a
formacdo de produtos finais da glicacdo avancada (AGE-advanced glycation end-
products) %, sendo um mecanismo importante no desenvolvimento das complicacdes
do DM. Tanto macréfagos como células endoteliais apresentam receptores
especificos para AGES denominados RAGES e esta interacdo resulta em diversas
alteracGes celulares como o aumento da permeabilidade vascular e estimulo a
secrecgdo de citocinas pro-inflamatorias, dentre elas a interleucina 1 (IL-1B) e o fator
de necrose tumoral o (TNF-a) **" %3, A relagdo causal entre 0 aumento de AGEs e as
complicacdes do diabetes foi demonstrada em modelos animais em que a inibi¢do
destes reduziu significativamente o processo de aterosclerose em animais com
diabetes induzido sem afetar o controle da glicemia °’.

Outro mecanismo bioldgico envolvido nas complicagdes associadas ao
diabetes, especialmente as complica¢fes vasculares, é a alteracdo do metabolismo
lipidico. Portadores de diabetes podem apresentar resisténcia insulinica’®,

155 " esta dltima sendo

adiposidade visceral e alteracdo do metabolismo lipidico
definida na literatura como dislipidemia diabética. Apesar da possibilidade de
alteracdo de todas as fragdes de lipidios, o fenotipo mais comum é caracterizado pela
reducdo do colesterol de alta densidade (HDL), e elevacdo de triglicérides e do

colesterol de baixa densidade (LDL) 321 1¢7.

A patogénese da dislipidemia no diabetes ndo é bem compreendida, no

entanto sabe-se que as anormalidades no metabolismo dos lipidios podem estar
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presentes antes mesmo do estabelecimento da hiperglicemia, devido & possivel

associacdo com a resisténcia insulinica " % 12

. Acredita-se que a resisténcia
insulinica prejudica a capacidade dos adipdcitos de armazenar triglicérides e pode
levar ao aumento da enzima lipoproteina lipase, que resulta no aumento da liberagédo
de acidos graxos livres. O maior influxo destes acidos graxos no figado na presenca
de estoques de glicogénio adequados promove a producdo de triglicérides, a qual

estimula a secrecéo de apolipoproteina B e LDL colesterol *.

A dislipidemia diabética desempenha um importante papel na resposta imune,
predispondo o paciente a um estado hiperinflamatério por modular a funcéo e
atividade dos macréfagos 1% 2% 2 desencadeando a ativacdo de diversas vias

relacionadas a liberacdo de mediadores oxidativos e inflamatérios e fatores de

crescimento que levam a danos em diversos 6rgaos e tecidos * %,

A relacdo entre diabetes e resposta imunoldgica € bidirecional e com
possibilidades de convergéncia das vias metabdlica e inflamatéria em multiplos
niveis %°. Sabe-se que a resposta imunoinflamatéria pode inibir eventos moleculares

relacionados a regulacdo da insulina, exercendo um papel fundamental no

99

metabolismo glicémico ™. Reciprocamente, o diabetes pode modular a resposta

imune, levando a um aumento da magnitude da resposta inflamatéria frente a

43,171

patdgenos e seus produtos , persisténcia do infiltrado inflamatério **°, aumento

do metabolismo oxidativo 3, inibic4o da funcéo de polimorfonucleares *°, transtornos

54, 79

no metabolismo do tecido conjuntivo , inibicdo da proliferacdo de células
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21,144 ‘menor resisténcia a infeccdes *”’

osteoblésticas e diminui¢do da formacgéo 0ssea
e dificuldade na cicatrizacéo de feridas **°.
Sendo assim, o controle de infeccdes, adequado controle glicémico e a
manutencao dos niveis dos lipidicos séricos dentro da normalidade é uma meta a ser
atingida nos pacientes com Diabetes mellitus, principalmente pelo fato de tais

alteracOes estarem associadas com o desenvolvimento de complicacdes que elevam a

morbidade e mortalidade do paciente portador de DM °.

Doenca periodontal e diabetes

Atualmente, a periodontite pode ser reconhecida como a sexta complicagédo
associada ao diabetes *** e, de fato, o diabetes é um fator de risco estabelecido para a
periodontite com maior prevaléncia, severidade e progressdo em individuos com
diabetes em comparacéo a individuos saudaveis ** 0 115 119. 198,187,226, 227 ‘13| re|acio
foi confirmada em recente revisdo sistemética na qual foi constatado, ap06s rigorosos
ajustes para potenciais fatores de confundimento, a ocorréncia de maior extenséo e
severidade da periodontite em pacientes com DM quando comparados a pacientes
sem DM *°,

O efeito negativo e reciproco da periodontite sobre o diabetes foi demonstrado
em estudos clinicos e longitudinais que observaram que a inflamacgéo do periodonto

pode estar relacionada a um risco aumentado de desenvolver complicacGes do

diabetes como proteindria, angina, infarto do miocardio, derrame ***, faléncia renal
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%8 nefropatia '3, tolerancia & glicose diminuida **, retinopatia 1" e maiores niveis
de glicose sanguinea quando comparados a paciente sem diabetes **.

Relata-se ainda que pacientes com inadequado controle metabdlico (HbAlc >
7%) apresentam progressdo mais rapida da periodontite em comparagdo a pacientes
com adequado controle metabdlico (HbAlc < 7%), como demonstrado em diversos

estudos 16, 136, 187, 227, 229

, que mostram o impacto do pobre controle metabolico sobre a
severidade da periodontite.

Os estudos tém demonstrado que a resposta imunoinflamatéria do hospedeiro
frente ao desafio bacteriano representa um dos fatores mais importantes para a maior
destruicdo periodontal e que esta pode ser a responsavel pela maior severidade da
doenca periodontal no diabetes **'*?® 11 E bem estabelecido em estudos in vitro, em
animais e em seres humanos que o diabetes induz a exacerbacdo da resposta
inflamatoria, demonstrada por alteracdes celulares e teciduais. Evidéncias mostram
que no diabetes existe aumento da permeabilidade vascular do tecido gengival 4 e
que os neutréfilos apresentam-se com deficiéncia de suas funcBes em nivel de
aderéncia, quimiotaxia e fagocitose '® '*®. J4 monécitos e macréfagos demonstram
fendtipo hiperinflamatorio, o que resulta na producdo de mediadores e citocinas pro-
inflamat6rias em niveis aumentados ***, mesmo em sitios com periodontite leve 2.

Além disso, tem sido sugerido que no diabetes existe uma diminuigcdo da

54,79

quantidade de colageno nos tecidos gengivais pela reducdo da sintese e aumento

124, 204, 208 140, 215, 216

da degradacéo

, deficiéncia na cicatrizacdo de feridas e
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persisténcia do infiltrado inflamatério por um periodo mais longo ®, contribuindo
para o extenso dano tecidual observado na periodontite de pacientes com diabetes.
Em se tratando de tecido 6sseo, diversos autores investigaram a influéncia do
diabetes sobre fatores relacionados a osteoclastogénese nas infeccdes periodontais,
tendo sido demonstrado que a hiperglicemia pode modular as taxas de RANKL
(receptor activator of nuclear factor kappa B) e OPG (osteoprotegerina) nos tecidos

57, 96, 131, 147, 197

periodontais , além de aumentar a apoptose de células ésseas,

prejudicando a formacdo e a reabsorcdo 6ssea *°. Estudos mostram que, além da

54, 139 0 que

reduzida formacao Ossea alveolar, ha também um limitado reparo 6sseo
poderia explicar, pelo menos em parte, 0 aumento da destruicdo Ossea alveolar

observada em pacientes com DM.

Assim como nas demais complicacbes do diabetes, o papel da interacdo dos
produtos de glicacdo avancada (AGE) com seus receptores RAGEs também tem sido
investigado na doenca periodontal. Estudos demonstram que existem receptores
RAGESs no tecido gengival 1% 2% de pacientes com diabetes e que niveis séricos de
AGEs foram associados com a extens@o da doenca periodontal em adultos com DM
tipo 2 2% Niveis aumentados de AGEs e sua interacdo com Seus receptores estio
associados com a supressao da producdo de colageno por fibroblastos da gengiva e do

ligamento periodontal *** '® [iberagdo de mediadores inflamatérios como

127, 253

interleucina 1 (IL-1pB) e fator de necrose tumoral o (TNF-o) promocao da
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55, 255 | 80

osteoclastogénese e atraso da reparacgdo tecidual **, sendo tais eventos cruciais

no desenvolvimento e progressao da doenca periodontal.

47, 69, 102

Alguns estudos sugerem ainda que as dislipidemias e 0 aumento do

6, 175, 202

metabolismo oxidativo , possam ser possiveis mecanismos que podem levar a

uma maior severidade da doenga periodontal em pacientes com diabetes
principalmente pelo fato de estimularem a liberacéo de citocinas pré-inflamatérias *”
76,97, 135, 179 H H P Avi f i R4

. Pacientes com DM tipo 2 e elevados niveis sericos de triglicérides podem
apresentar piores parametros clinicos periodontais *’ enquanto niveis elevados de
colesterol podem estar correlacionados com a média aumentada da profundidade de

sondagem periodontal ®°. Além disso, marcadores de estresse oxidativo foram

| 202

detectados no tecido gengiva e no plasma de pacientes ® com diabetes e com

periodontite. No entanto, estes estudos séo escassos e falham em correlacionar os
niveis de oxidacdo encontrados com dados clinicos periodontais e ainda com a

expressdo de marcadores inflamatdrios locais e sistémicos nestes pacientes.

Estudos clinicos e epidemioldgicos fornecem evidéncias cientificas para
estabelecer a relacdo entre doenca periodontal e diabetes. Contudo, as investigacoes

sobre 0 impacto do diabetes na periodontite, deveriam levar também em consideracéo

fatores de risco adicionais & doenca periodontal, como a sindrome metabélica ** %

163, 169, 232 35, 114, 200, 211 102

, a obesidade e a dislipidemia —°, condigdes que estdo

2 128, 188

intimamente ligadas ao DM tipo e que demonstram ter um efeito potencial
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sobre o estado inflamatdrio local e sistémico do paciente com diabetes, podendo

interferir na patogénese da periodontite.

Estresse oxidativo e peroxidacéo lipidica

As espécies reativas de oxigénio (EROs) (reactive oxygen species- ROS) séo
produzidas continuamente pelas células sob condi¢des fisioldgicas, sendo
consideradas bioprodutos normais do metabolismo ** e, durante a fagocitose, esses
radicais livres sdo liberados em maior quantidade como parte da reacdo bactericida **
27 No entanto, apesar de desempenharem funcdes fisiolégicas, sabe-se que ocorre
uma producdo de espécies reativas de oxigénio acima do normal em sitios de
inflamac&o cronica % e que tais compostos deixam de exercer uma funcéo meramente
fisiologica, passando a contribuir para a injuria inflamatéria dos tecidos do
hospedeiro 2%’

As células desenvolvem diversos mecanismos de defesa antioxidante para
neutralizar o dano causado pelas ROS no organismo ** '*. Tal sistema antioxidante
interage de forma conjunta e é composto de sistema enzimatico (enzima superdxido
dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx)) e pelo sistema nédo
enzimatico (vitamina C-acido ascorbico, vitamina E, &cido Urico, selénio,
carotenoides, entre outros) '°. No entanto, quando uma condicdo patolégica se
estabelece, ocorre a saturagdo da capacidade antioxidante celular devido ao freqiiente

estimulo do eixo de sinalizacdo sensivel a alteragdes no mecanismo de oxidagdo-



33

reducdo. Este desequilibrio no sentido pré-oxidativo *® % desencadeia vias

92,181 e de

bioguimicas associadas com o desenvolvimento de processos inflamatorios
doencas cronicas, como a aterosclerose, o diabetes e suas complicacdes %.

Os radicais livres, em especial o radical hidroxila e o peroxinitrito, ttm a
tendéncia de afetar os diferentes tipos de acidos graxos poliinsaturados das
membranas celulares e lipidios circulantes (colesterol e lipoproteina de baixa
densidade) resultando em um processo conhecido como peroxidacéo lipidica (PL) "®
105236 A interacdo das espécies reativas de oxigénio com os é&cidos graxos das
membranas celulares altera a estrutura dos lipidios, causando modifica¢Ges bioldgicas
e fisiolégicas "% %2 como a diminuicéo da fluidez e alteracdo da atividade de ligacéo
entre a membrana, enzimas e receptores *°2. O aumento da peroxidacao de lipidios em
nivel sanguineo atinge primeiramente as células endoteliais e, a seguir, tecidos e
6rgéos intactos *°%, gerando indesejéveis produtos oxidados responséaveis por causar
ou contribuir para a progressao de doencas %> %

A producdo descontrolada de perdxidos de lipidios pode provocar dano a
integridade celular e tecidual **" *** por mecanismos diferentes incluindo alteracdes
do DNA e proteinas, oxidacdo de enzimas e estimulo a liberacdo de citocinas pré-
inflamatérias *" " 97 135 179 240 Dosta forma, a peroxidacdo lipidica tem sido
considerada um importante mecanismo patogénico em doencas associadas com

mecanismos de infiltracdo fagocitaria em resposta a patégenos " % no

151 92

envelhecimento 7, na aterosclerose *“, no desenvolvimento de complica¢fes do
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110, 241 149
, N

diabetes como alteragcGes micro e macrovasculares , Na artrite reumatdide a

doenca pulmonar obstrutiva cronica “°, na AIDS *® e na doenca periodontal * %3

246

Diversos marcadores de peroxidacdao lipidica tém sido utilizados para
monitorar este processo, empregando diferentes metodologias * 4, uma vez que
espécies reativas de oxigénio sdo dificeis de serem detectadas por serem instaveis e

2. No entanto, para um método ser considerado ideal na

com meia-vida curta
mensuracgdo da peroxidacao lipidica deve: identificar e quantificar produtos derivados
especificamente do processo de peroxidacdo (estaveis in vivo e in vitro); ter baixo
coeficiente de variacdo; ndo estar sujeito a interferéncias de outras biomoléculas;
empregar técnicas confidveis; ndo sofrer interferéncia direta da dieta e ter
sensibilidade para avaliacdo de niveis basais dos produtos #*’.

O processo de peroxidacédo lipidica como uma medida geral de oxidacdo de
lipidios, sem considerar a peroxidacéo de uma fracdo de lipoproteina especifica ** %,
pode ser avaliado por meio do malondialdeido (MDA). Este é o principal e 0 mais

50,52 o tem

estudado produto da peroxidacao lipidica de acidos graxos poliinsaturados
sido descrito como um importante indicador de injaria a membrana celular, estando
aumentado em situacdes de estresse oxidativo ** '*3. Diversos métodos tém sido
utilizados para mensurar os niveis de peroxidacéo lipidica por meio do MDA * 8415

176,221, 233,234,252 g entanto, alguns destes métodos, em especial a reacdo chamada de

“teste das substancias reativas com &cido tiobarbitlrico (SRATB)” ou TBARs, tém
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recebido criticas devido a falta de especificidade na avaliacdo efetiva dos niveis de
MDA sem interferéncias de outras moléculas * %, Sendo assim, o método para
avaliacdo do MDA por meio de cromatografia liquida de alta eficiéncia (HPLC) tem
sido considerado mais especifico, confiavel e reprodutivel, uma vez que o0 MDA é
eficientemente separado de outros cromdgenos que poderiam vir a interferir na reacéo
4,37, 40, 68, 89, 98, 256.

No entanto, existe ainda a mensuracdo da peroxidacdo de fracdes lipidicas
especificas como a oxidacdo da LDL (low density lipoprotein). A LDL oxidada
(LDL-ox) é uma forma modificada da LDL com importantes propriedades pro-

195, 196

inflamatorias e também € utilizada como um biomarcador de peroxidacao

lipidica ** '"®. Esta relacionada com niveis aumentados da HbA;. *® e com o
desenvolvimento de complicagdes vasculares do diabetes ?°. A LDL-ox tem efeitos
importantes sobre as células, sendo relatado maior recrutamento de linfdcitos T e de
monacitos circulantes assim como apoptose de linfocitos T, ambos os eventos

157

estando relacionados ao desenvolvimento de lesdes ateroscleréticas . Outros

eventos incluem: citotoxicidade para fibroblastos *

, aumento da expressao de
metaloproteinase- 9 (MMP-9) e aumento da secre¢do de citocinas como IL-1p, IL-12

223 @ TNF-o. '%°.

Peroxidacéo lipidica e diabetes

Niveis altos de glicose no sangue podem levar a maior formacdo de radicais
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9, 111, 234 103, 152

livres aumentando o estresse oxidativo ??, a peroxidacdo lipidica e
diminuindo os niveis de defesa antioxidante ' 3 1% Reciprocamente, evidéncias
sugerem que niveis elevados de estresse oxidativo e peroxidacdo lipidica podem ser

24, 247’ na

importantes mecanismos na producdo, liberacdo ou fungdo da insulina
disfuncéo e morte de células beta pancreéticas **, no estabelecimento de condigdes
de pre-diabetes e diabetes, podendo ainda ser responsavel por complicacdes
associadas & doenca " 111150152237 ‘N entanto, ainda existem controvérsias se 0s
niveis aumentados do estresse oxidativo e da peroxidacdo lipidica estdo meramente
associados a0 DM ou se apresentam relac&o causal com o diabetes 2.

Apesar de alguns autores ndo encontrarem aumento dos niveis de peroxidacdo

lipidica no diabetes ?**, diversos estudos ° 104 107 160. 234

observaram que pacientes
com diabetes estdo expostos a um aumento do estresse oxidativo por meio da
peroxidacdo lipidica *2. Estudos mostram que pacientes com DM tipo 2 apresentam
elevados niveis de marcadores de peroxidacdo lipidica como a LDL-oxidada ** *®
166,193 "5 malondialdeido (MDA) 8+ 107 160. 234 o 5 TBARS, quando comparados a
pacientes sistemicamente saudaveis ' *°. Além disso, niveis elevados de PL foram
correlacionados positivamente com a glicemia de jejum, HbAy. e colesterol total **
185 sugerindo que pacientes com diabetes descompensado e com complicacdes tém
aumento sérico de PL **2,

As alteragBes no metabolismo de lipidios e os mecanismos de formacdo dos

peroxidos de lipidios no diabetes bem como os seus efeitos na funcdo e estrutura
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celular ainda néo estdo completamente elucidados %*’, mas tém recebido significativa
importancia no estudo da diabetogénese **2, principalmente quanto ao entendimento
do papel da dislipidemia diabética e da peroxidacdo de lipidios na modulacdo da
resposta imunoinflamatoria.

No diabetes, o microambiente dislipidémico pode ser alterado também pela
presenca de produtos finais da glicacdo avancada (AGES), os quais podem agir como
co-estimuladores das células. A propria LDL-colesterol, como qualquer outra
proteina plasmética, é susceptivel & glicacdo formando um AGE *2. Os AGEs
presentes no plasma sanguineo interagem com seus receptores especificos (RAGESs) e
esta interacdo resulta em diversas alteracdes patoldgicas, basicamente envolvendo a

modulacdo da resposta imune.

Desta forma, a hiperglicemia associada a dislipidemia e ao diabetes
descompensado aumentam a formagdo de AGEs, incluindo LDL-AGE, bem como
implicam em maior peroxidacdo lipidica representada por um aumento na quantidade
de LDL oxidada **"?°>??°> Tanto AGEs como LDL-0x, presentes concomitantemente
no sangue de pacientes com diabetes, apresentam diversos efeitos biologicos sobre
linfocitos e mondcitos, aumentando a expressao de citocinas inflamatérias devido a
ativacdo de fatores de transcricdo como o NF-kB ?** que sdo conhecidos por serem
sensiveis a alteracdes do metabolismo oxidativo 2°> %, Tais eventos resultam na
regulacdo do crescimento e proliferacdo celular bem como no inicio de um processo

43, 95

inflamatorio difuso , 0S quais podem ter impacto significativo na patogénese de
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diferentes complicacdes associadas ao diabetes, como insuficiéncia renal ®’, doencas

vasculares e menor resisténcia a infeccoes *”’.

Peroxidacdo lipidica e doenca periodontal

Estudos recentes tém demonstrado que pacientes com doenca periodontal

4,246 32,37,

cronica tém niveis de peroxidacgdo lipidica aumentados no plasma , ha saliva

| 25, 202 I 4,233, 246

13 o tecido gengiva e no fluido sulcular gengiva

Alguns autores verificaram uma correlagdo positiva entre os niveis de MDA
plasméticos * e do fluido sulcular gengival * %** com parametros clinicos periodontais
como indice gengival, profundidade de sondagem e nivel de insercdo clinica * 2,
indicando que niveis aumentados de peroxidacdo lipidica podem ter um papel
importante na inflamacéo e destrui¢do na periodontite.

O efeito do aumento do metabolismo oxidativo no tecido periodontal e em
seus componentes celulares tém sido investigado em estudos in vivo e in vitro & ™
201, 205, 210, 218 - Eyjidancias tém mostrado que niveis aumentados de peroxidacao
lipidica podem contribuir para danos significativos ao periodonto *, levando a maior
inflamacdo e destruicdo tecidual e a alteragGes degenerativas, como necrose e
destruicdo do 0sso alveolar na regido do infiltrado inflamatdrio **%,

Localmente, o dano tecidual ao periodonto pode ser causado diretamente por

27, 176

um desequilibrio do sistema antioxidante nos locais de inflamacao e pelo

aumento do metabolismo oxidativo durante a ativacdo de neutréfilos e macréfagos
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25, 209, 210, 233

por periodontopatdgenos e seus produtos A presenca do anion

superéxido, potente indutor de peroxidacéo lipidica *****° foi demonstrada em éreas
de reabsorcdo adjacente a osteoclastos, levando & reabsorcdo 6ssea **°. Tem sido
demonstrado que o colageno, juntamente com outras proteinas, é susceptivel ao
ataque direto de espécies reativas do oxigénio podendo interagir com produtos da
peroxidacdo lipidica como o malondialdeido %', levando a dano aos tecidos
periodontais de protecdo e sustentacdo. Durante o processo inflamatorio e oxidativo

ocorre degradacdo de proteoglicanas e componentes extracelulares da matriz > 2%,

alteracBes nas funges dos fibroblastos como adeséo, proliferacdo e longevidade **° e
. T soox 71 : x~ 19,901
estimulo a diferenciagédo ' e ativacdo de osteoclastos.

O dano causado pela oxidacdo aos tecidos periodontais também pode ocorrer
indiretamente via desequilibrio do eixo oxidagdo-reducdo ativando fatores de
transcricdo como a proteina-1 (AP-1) e fator nuclear-kB (NF-kB) " *78
desencadeando a liberagdo de mediadores inflamatorios e apoptoticos como citocinas

e moléculas de adesdo celular %

, mecanismos considerados importantes na
patogénese da doenca periodontal 3% 8.
No entanto, estudos mais recentes que investigaram o papel da peroxidacéo

lipidica em pacientes com periodontite 4 2 32 113202, 233, 246

, hdo consideraram o perfil
imunoinflamatorio local e/ou sistémico do individuo, tornando dificil, estabelecer
uma correlacdo entre achados clinicos periodontais e de peroxidacédo lipidica com a

magnitude da resposta inflamatdria gerada.
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Peroxidacdo lipidica e severidade da doenca periodontal no paciente com
diabetes

As evidéncias atuais de fato comprovam a relacdo bidirecional entre diabetes
e doenca periodontal ® 2 %8227 Ng entanto os mecanismos precisos pelos quais
esta interagdo ocorre ainda permanecem incertos. O estado hiperinflamatério que
existe em ambas condi¢fes tem sido proposto como sendo um elo comum. No
entanto, suspeita-se que algum mecanismo adicional esteja atuando para amplificar
sinergisticamente a bioquimica e o curso clinico destas doencas '

Estudos recentes tém demonstrado que as anormalidades no metabolismo dos
lipidios e a peroxidacdo lipidica podem, além do pobre controle glicémico,
caracterizar-se como um importante mecanismo associado a maior severidade e
extensdo da doenca periodontal em pacientes com diabetes ** 2% 22 Sugere-se que
espécies reativas de oxigénio, por meio da peroxidacdo lipidica, cause danos diretos e
indiretos ao tecido periodontal e seus componentes celulares e teciduais, conforme
relatado acima.

O efeito da peroxidacdo lipidica sobre o periodonto pode ser ainda mais
severo em pacientes que apresentam condicfes sistémicas que predispdem o
individuo a producdo de PL em niveis exacerbados, como € 0 caso de pacientes com

dislipidemia ® e diabetes, em especial com inadequado controle metabélico 2. No
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entanto, os estudos clinicos que investigaram a peroxidacdo lipidica em pacientes
com diabetes e periodontite cronica sdo escassos 202 220,

O estudo da peroxidacao lipidica plasmatica, mensurada por meio do TBARs,
em pacientes com diabetes e doenca periodontal demonstrou uma correlacdo fraca
entre PL e expressdo de metaloproteinases da matriz-8 (MMPs), que dentre outras
funcdes sdo responséaveis por prejudicar a formacao do colageno **.

Além disso, 0 acumulo de AGEs e de produtos de peroxidacao lipidica foi
demonstrado em diversos 6rgéos, inclusive na gengiva de pacientes com diabetes 22
e no endotélio e epitélio vascular gengival de pacientes portadores de diabetes com
periodontite . Sendo a doenca periodontal uma condicio que se desenvolve frente a
um desafio bacteriano, o acumulo periférico ou local de AGE e de produtos de

156

peroxidacdo lipidica, pode prejudicar a capacidade antioxidante = a0 mesmo tempo

em que aumenta a liberacdo de mediadores inflamatérios % ©3

, contribuindo para
dano aos tecidos periodontais °. Avaliando a peroxidacdo lipidica por meio do
anticorpo anti-malondialdeido modificado pela LDL (MDA-LDL), em uma amostra
reduzida de pacientes, foram constatados niveis aumentados de PL em individuos
com diabetes e doenca periodontal e que apo6s o tratamento periodontal os niveis de
peroxidacdo lipidica foram significativamente reduzidos 2%°.

No entanto, os estudos acima citados apresentam certas deficiéncias
metodologicas que dificultam a interpretacdo dos dados de maneira conjunta, pois

43, 202, 220

alguns deles ndo consideraram os niveis de dislipidemia destes pacientes ou
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avaliaram a PL por meio de metodologias pouco especificas **, apenas um estudo

202 & nenhum

avaliou os niveis de peroxidacdo lipidica no tecido periodontal
correlacionou tais achados com a resposta inflamatoria sistémica e local.

O paciente com diabetes e dislipidemia apresenta por si s6 um estado
hiperinflamatério em nivel celular e molecular, que leva a maior destruicdo tecidual e
dificuldade de reparo. Tais condi¢des combinadas, em especial em pacientes com
pobre controle glicémico, predispdem a niveis de peroxidagao lipidica aumentados
agravando o processo inflamatorio e o dano tecidual. No entanto ndo existem estudos
que avaliem o estado periodontal e o papel da peroxidacao lipidica em pacientes com
diabetes, dislipidemia e doenca periodontal. Sendo que tais condi¢es clinicas sdo, na
maioria das vezes, indissociaveis " % 122,

Neste contexto, sugere-se que a LPO possui um papel importante na
severidade do processo inflamatorio relacionado a periodontite cronica em pacientes
com DM e dislipidemia. Em virtude do exposto acima, parece-nos oportuno estudar,

em pacientes portadores de Diabetes mellitus tipo 2, com dislipidemia, a correlacéo

entre peroxidacao lipidica e o perfil imunoinflamatério, local e sistémico.
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2 PROPOSICAO

2 Obijetivo geral

O presente estudo teve por objetivo avaliar a correlacdo entre peroxidacgado
lipidica e o perfil de marcadores inflamatorios, locais e sistémicos, em pacientes com
Diabetes mellitus (DM) tipo 2, dislipidemia e periodontite cronica, comparando-os a

individuos sem diabetes.

2.3 Objetivos especificos

- Avaliar a peroxidagdo lipidica plasmaética e seu papel na modulacdo da

resposta imune, por meio do estimulo a liberacdo de citocinas inflamatorias;

- Validagdo de um método de avaliacdo dos niveis de peroxidacdo lipidica no

fluido sulcular gengival de sitios saudaveis e com periodontite cronica;

- Avaliar o impacto da peroxidacéo lipidica local e sisttémica sobre parametros
de severidade da periodontite crénica e expressédo de citocinas inflamatdrias no fluido

sulcular gengival.
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ABSTRACT

Lipid peroxidation has been associated with periodontal disease, and the evaluation of
malonaldehyde (MDA) in the gingival crevicular fluid (GCF), an inflammatory
exudate from the surrounding tissue of the periodontium, may be useful to clarify the
role of lipid peroxidation in the pathogenesis of periodontal disease. We describe the
validation of a method to measure MDA in the gingival crevicular fluid using HPLC.
MDA calibration curves were prepared with PBS solution spiked with increasing
known concentrations of MDA. Healthy and diseased GCF samples were collected
from the same patient to avoid interindividual variability. MDA response was linear
in the range measured, and excellent agreement was observed between added and
detected concentrations of MDA. Samples’ intra- and interday coefficients of
variation were below 6.3% and 12.4%, respectively. The limit of quantitation (S/N =
5) was 0.03 uM. When the validated method was applied to the gingival crevicular
fluid, excellent agreement was observed in the MDA quantitation from healthy and
diseased sites, and diseased sites presented more MDA than healthy sites (p < 0.05).
In this study a validated method for MDA quantitation in gingival crevicular fluid

was established with satisfactory sensitivity, precision, and accuracy.

Keywords: Lipid peroxidation, malondialdehyde, periodontal diseases, gingival

crevicular fluid, HPLC.
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INTRODUCTION

Reactive oxygen species (ROS) are produced as an integral feature of normal
cellular metabolism under physiological conditions [1]. The generation of ROS is an
important mechanism during phagocytosis as part of the bactericidal reaction [2,3,4].
However, it has been well-established that over-production of ROS occurs at sites of
chronic inflammation [4], and uncontrolled production of lipid peroxides can result in
oxidative stress. These conditions can contribute to injury of the host tissue [5] and
significant damage to cell integrity [6,7] by different mechanisms such as DNA
damage, oxidation of important enzymes, lipid peroxidation, and stimulation of
proinflammatory cytokine release [8,9].

Lipid peroxidation (LPO) is thought to play an important role in ageing,
atherosclerosis [4], late complications of diabetes mellitus [10] such as micro- and
macrovascular alterations [11,12], rheumatoid arthritis [13], chronic obstructive
pulmonary disease [14], and periodontitis [3,15,16,17,18].

Periodontitis is an infectious inflammatory disease involving the connective
tissue and bone that support the teeth, and its primary etiological factor is the biofilm
constituted by several pathogenic bacteria. The severity of periodontal disease is
determined by the interactions between host defense and pathogens and can lead to
periodontal destruction and lost teeth [19,20]. There have been many investigations
regarding the systemic conditions and modifier factors that can be involved in the

pathogenesis of periodontitis. Recently, more studies have focused on the roles of
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antioxidant activity, reactive oxygen species, and lipid peroxidation products in the
pathogenesis of periodontitis [18,21]

It has been demonstrated that patients with periodontitis have increased levels
of lipid peroxidation in plasma [17,18], saliva [3,22,23], gingival tissue [24], and
gingival crevicular fluid [16,17,18]. In addition, these levels have been correlated
with periodontal parameters such as gingival index, probing pocket depth, and
gingival crevicular fluid volume [16,17]. Interventional studies have demonstrated
that conventional periodontal treatment resulted in decreased levels of lipid
peroxidation in gingival crevicular fluid, saliva [16,18], and plasma [25], suggesting
important roles of ROS and lipid peroxidation in the pathogenesis of periodontal
disease.

Gingival crevicular fluid (GCF) is considered as a serum transudate or, more
commonly, as an inflammatory exudate from the surrounding tissue of the
periodontium [26]. GCF contains substances from the host such as inflammatory cells
and serum-derived factors as well as from microorganisms in the subgingival and
supragingival plaque [26,27]. The potential diagnostic value of the gingival crevicular
fluid has been well-recognized since early studies reported that the composition of
gingival fluid seems promising as a potential medium for the detection of early
changes that could indicate the onset of disease [28]. The major interest in GCF as a

diagnostic marker is due to the site-specific nature of the sample [29]. Further, it can
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be collected from the gingival sulcus surrounding the teeth [26] by a non-invasive
procedure, serving as an expedient biological source of patient information [30].

Numerous markers have been investigated for monitoring the production of
reactive oxygen species. Malonaldehyde (MDA) is the most-studied product of
polyunsaturated fatty acid peroxidation and can be an indicator of oxidative stress
increase [7,31]. Several methods have been described in the literature to measure the
levels of the adduct formed between MDA and two molecules of thiobarbituric acid,
MDA-(TBA), (Fig. 1) [7,16,32,33,34]. However, spectrophotometer or
spectrofluorimeter determination of thiobarbituric acid-reactive substances (TBARS)
has been criticized for a lack of specificity in the precise evaluation of MDA without
the interference of other molecules [21,35].

Of the studies that measured MDA in GCF, some used a method to evaluate
TBARS or colorimetric assays [16], and two recent studies described a lipid
peroxidation assay by a high-performance liquid chromatography (HPLC)-based
method [17,18]. However, this is the first study to demonstrate the measurement and
validation of MDA in healthy and diseased gingival crevicular fluid including
modifications in the assay described by the abovementioned authors, to optimize
chromatographic conditions, eliminate interferents that could influence the results of
the assay and improve the method sensitivity.

Considering the importance of having a reliable and validated method to

identify and quantify a specific product of the lipid peroxidation process in human
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gingival crevicular fluid and the possibility to use this measurement as a risk marker
of disease, we describe here the validation of a method to quantitate MDA in this

matrix using HPLC with photodiode array detection.

MATERIALS AND METHODS

The present study was approved by the Ethics in Human Research Committee
of the Araraquara School of Dentistry (UNESP — Univ Estadual Paulista, Araraquara,

Brazil; Protocol number 50/06).
Sample selection and assessment of periodontal disease

The clinical measurements were performed by a single calibrated examiner
(kappa = 0.89) using a Williams periodontal probe PCPUNC15-6 (Hu-Friedy®,
Chicago, IL, USA). The periodontal status was evaluated by probing depth (PD -
distance from the gingival margin to the most apical penetration of the probe),
clinical attachment level (CAL - distance from the cementoenamel junction to the
most apical penetration of the probe), and bleeding on probing (BOP). All
measurements were evaluated at six sites per tooth. In the second clinical session, the
GCF was collected, to avoid stimulation of the fluid or bleeding during the probing,

which would interfere with the sample collection process.
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The selected healthy sites had probing depth < 3 mm, without clinical
attachment loss and without bleeding on probing. The sites with periodontal disease

had probing depth > 4 mm, clinical attachment loss >4 mm, and bleeding on probing.
Gingival crevicular fluid collection

The GCF samples were collected with standardized paper strips (Periopaper®,
Oraflow Inc., Smithtown, NY, USA), and the volume of GCF in each strip was
measured with specific precalibrated equipment (Periotron® 8000; Oraflow Inc.).
After supragingival plaque was removed, the sites were isolated with cotton rolls, to
avoid saliva contamination, and gently air-dried. GCF was collected by means of a
paper strip inserted into each sulcus/pocket and left in place for 1 min. The GCF
collection was performed in different nonadjacent teeth. Samples contaminated with

blood or saliva were discarded.

Samples from four different healthy sites were collected and pooled in a
microtube with 300 ul of phosphate buffered solution (PBS), and the same procedure
was performed in 4 different diseased sites. This procedure was repeated 4 times with
new paper strips and the same methodology in the same sites with 5-min intervals. In
total, 32 samples were collected, resulting in 16 samples from 4 healthy sites (4
samples at each site) and 16 samples from 4 diseased sites (4 samples at each site) of

the same patient, to avoid interindividual variability. Samples from the same site were
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pooled in the same PBS solution, resulting in 4 different healthy-site and 4 different

diseased-site solutions for MDA quantitation.

Samples were eluted for 40 min on ice and centrifuged at 3000 g for 5 min.
The supernatants were transferred to new microtubes and stored at -80°C until the

MDA analysis.
MDA assay
Chemicals and reagents

All chemicals used here were of the highest-grade purity commercially
available. Chromatography grade methanol was obtained from Merck (Darmstadt,
Germany). All other reagents used were acquired from Sigma-Aldrich® (St. Louis,

MO, USA). Water was purified in a Milli-Q system (Millipore, Billerica, MA, USA).
Chromatographic conditions

HPLC analyses were carried out with a Shimadzu (Kyoto, Japan) system
equipped with two LC-20AT pumps, a photo diode array detector (PDA-20AV), an
auto-injector (Proeminence SIL-20AC), and a column oven (CTO-10AS/VP)
controlled by a CBM-20A communication module and LC-Solution software. The
elution system was as follows: A 150 mm x 4.6 mm i.d., 5 um, Luna C18 (2) column
(Phenomenex, Torrance, CA, USA) with a C18 security guard cartridge, 4.0 mm x

3.0 mm (Phenomenex) was eluted in isocratic mode with a mobile phase consisting of
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35% CH3OH and 65% potassium phosphate buffer (50 mM, pH 7.0) filtered through
a Millipore membrane filter (0.22 um; Millipore), at a flow rate of 1 ml/min and
30°C. The diode array detector (DAD) was set at 532 nm for detection of the adduct

TBA-MDA-TBA obtained from the reaction.
Preparation of MDA stock solution

A solution was prepared with 22 pl of 1,1,3,3-tetramethoxypropane added to
10 ml of H,SO,4 (1%), and it was left to stand at room temperature for 2 h in a place
protected from light to generate MDA from acid hydrolysis of the standard. Then, 10
ul of the MDA stock solution were added to 3 ml of H,SO,4 (1%). We determined the
concentration of the MDA stock solution by reading the absorbance at 245 nm in the

spectrophotometer (245 nm = 13700 M™* cm™).
Calibration curves

MDA calibration curves were prepared with PBS solutions spiked with known
concentrations of MDA.. Increasing concentrations of MDA were used—a0, 0.05, 0.1,
0.5, and 1.0 uM—and these curves were included in parallel with all samples. These

solutions were prepared on the same day of the experiment.
Sample preparation

MDA levels were determined by the method of Hong et al. [36], with slight

modification to measure the MDA in the gingival crevicular fluid. The tubes
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containing 300 pl of the gingival crevicular fluid in PBS were vortexed, and a volume
of 250 ul of these solutions was added to 36 ul of 0.2% BHT and 100 ul of H3POy,,
0.44 M. The tubes were vortexed and left to stand at room temperature for 10 min.
The tubes utilized in this experiment had screws to avoid inadvertent opening during
the incubation period. After this, 150 upl of a solution containing 0.6% of
thiobarbituric acid (TBA) in H3PO,, 0.44 M, were added to all tubes, vortexed, and
heated in a dry bath for 45 min at 90°C. After the incubation period, the tubes were
cooled at room temperature, and the extraction with 150 ul of n-butanol was carried
out by vortex-mixing for 1 min, followed by centrifugation at 3000 x g for 10 min. A
volume of 100 pl of the butanol layer was transferred to a vial, and 40 pl were

injected into the HPLC system.

RESULTS

A typical calibration curve in the 0.05 — 1 uM range is presented in Fig. 2.
The DAD response was linear in the range measured. Method accuracy was
determined by the addition of MDA standard to the PBS solution to achieve different
samples within this concentration range. Samples were then processed in two
different days as described above, and 40 ul of the butanol layer were injected into

the HPLC system. Representative chromatograms are shown in Fig. 3. Excellent
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agreement was observed between added and detected concentrations of MDA (Table

1).

Method precision was determined by quadruplicate analysis of the same
samples used for method accuracy determination. Intra- and interday coefficients of
variation (CV) were below 6.3% and 12.4%, respectively (Table 1). The limit of

quantitation (S/N = 5) was 0.03 uM.

The validated method was then applied to gingival crevicular fluid in PBS.
The periodontal clinical characteristics of the sites from which GCF was collected are
presented in Table 2. Four healthy and four diseased samples from the same person
were processed. As presented in Table 3 and Fig. 4, a significant increase in MDA
concentration was observed in the periodontally diseased gingival crevicular fluid
when compared with healthy fluid samples (p < 0.05). Similar MDA concentrations
were also observed for different sites within each group, showing the method

precision when applied to real samples (Table 3).

DISCUSSION

It has been postulated that the levels of oxidative markers are increased in
periodontally diseased sites [16,33,37,38]. Further, several studies have shown that
increased levels of MDA in gingival crevicular fluid significantly correlate with

clinical parameters of periodontal disease [16,17,18]. Investigators have been
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attempting to identify the role of oxidative stress products in the inflammation and
destruction of the periodontium in periodontal disease. It has been reported that this
destruction can be caused or enhanced by reactive oxygen species and active
proteases released during inflammatory and host immune responses to bacterial
challenge [3,18,30,39].

However, it has not been well-established whether the increased levels of lipid
peroxidation (LPO) products in the periodontal region are the cause or a result of
periodontitis. Some authors believe that LPO products in gingival crevicular fluid can
enhance the inflammatory reaction in periodontitis, but it is also possible that local
inflammatory responses in the gingival tissue can generate lipid peroxidation
products [18,30]. Nevertheless, whatever the case, an appropriate measurement of
lipid peroxidation markers is essential to give accurate and reproducible results. In
this study, we describe a reliable and validated method to identify and quantify a
specific product of lipid peroxidation in human gingival crevicular fluid by HPLC.
By applying this method to real samples, we demonstrated that, in fact, sites with
periodontal disease have increased MDA concentrations when compared with healthy
sites.

For many years, the analysis of MDA has been widely employed for the
assessment of lipid peroxidation in biological systems [31,40]. The measurement of
thiobarbituric acid-reactive substances (TBARS) has been commonly used as an

index of MDA generation and consists of a spectophotometric or spectrofluorimetric
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assay of the products generated when the sample is heated under acidic conditions to
form the adduct MDA-(TBA),. However, aldehydes other than MDA can react with
TBA, and several other pigments may interfere, usually giving an overestimation of
the MDA concentrations. For these reasons, the specificity of the TBARS assay has
been open to question [35,36,41].

In this way, HPLC has been introduced as a means of improving the
specificity and reliability of the measurement [42], since the authentic MDA-TBA;
chromogen is efficiently separated from other chromogens [3,36,43,44,45,46].
Several HPLC methods have been validated for determination of MDA in plasma
[36,41,46]. By these methods, it has been postulated that systemic conditions such as
glomerular disease [41], male infertility [47], hyperlipidemia [44], and diabetes
mellitus [48,49,50] correlate with increased MDA levels in plasma.

In evaluating lipid peroxidation markers in patients with periodontitis, studies
have demonstrated the measurements of these products in saliva [3,22,23], plasma
[17,18], gingival tissue [24], and gingival crevicular fluid [16,17,18]. Methods used
to measure MDA in GCF are TBARS or colorimetric assays [16], and only two
recent studies have evaluated lipid peroxidation using HPLC-based methods [17,18].
However, the method described in the present study for MDA analysis consists of
GCF collection, TBA reaction, and HPLC/PDA quantitation of the MDA-TBA

adduct. The approach described here has not been utilized previously. Of the few
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studies that detected MDA in GCF, none described the sensitivity and validation of
their method, nor did they determine the quantitation of MDA in healthy sites.

In addition, the method was directed at GCF, making it distinct from other
methods used for MDA measurement in other biological samples, such as saliva or
plasma. In this study, the samples were treated with BHT, which is a chain-breaking
antioxidant added to suppress peroxidation during the assay and eliminate artefacts
due to events taking place during the assay itself [44]. Furthermore, a sample
extraction step with n-butanol before injection into the chromatographic system was
added to improve the method. The extraction removed interference and extended the
lifetime of the column by preventing contaminants from the incubation mixture to be
injected [36,46].

The chromatographic conditions we used in the present paper are very similar
to those previously used for MDA analysis in plasma [36]. However, the matrix used
here for MDA determination is much less complex, consisting of a few microliters of
GCF diluted in 300 uL of PBS buffer, which diminishes the possibility of
interference. In addition, the chromatographic peak corresponding to MDA-(TBA),
in the samples presented the same retention time and absorbance spectrum of the
MDA standard added to the buffer and subsequently reacted with TBA. To test for
interference from the reagents, we processed blank samples without GCF in parallel

to each set of analyses, and the peak due to MDA-(TBA), was not present.



61

Further, the reaction volume we used for MDA analysis in GCF was
decreased approximately 4-fold, improving method sensitivity. For comparison, a
0.5-uM MDA standard processed by the method described here gave an average peak
area of 9104, while the average peak area when the same standard was processed by
the method described by Hong et al. [36] was 2069. Method sensitivity allowed for
MDA quantitation with excellent accuracy and precision. The sensitivity
improvement of the present method (LOQ = 0.03 uM) was necessary for MDA
quantitation in concentrations as low as 0.04 - 0.05 uM. This was of fundamental
importance for the quantitation of MDA in GCF from healthy sites, which has not
been measured previously. The method used for GCF collection, with the
improvement in the sensitivity, allowed for the determination of MDA levels with
high reproducibility within healthy or diseased sites.

GCF samples collected from 4 different healthy and 4 different diseased sites
presented similar MDA concentrations within each group (healthy or diseased),
demonstrating the precision of the method when applied to real GCF samples.
Further, a significant increase in MDA concentrations was observed in gingival
crevicular fluid from periodontally diseased sites compared with samples from
healthy sites. These findings are in accordance with those of Tsai et al. [16], who also
detected higher MDA levels in sites with periodontal disease in comparison with
healthy sites. However, this is the first study to use HPLC to detect MDA in the

gingival crevicular fluid of healthy sites. This implies not only a reliable
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measurement of MDA even in low concentrations in these biological samples, but
also the possibility for use of this measurement as a risk marker of periodontal
disease.

In this study, using an HPLC-based assay, an improved method for MDA
quantitation in gingival crevicular fluid was established with satisfactory sensitivity,
precision, and accuracy. Such a reliable and validated method to measure MDA in
human GCF, collected non-invasively, may be very useful in clarifying the role of

lipid peroxidation in the pathogenesis of periodontal disease.
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Table 1: Precision and accuracy of the method for MDA quantitation.*
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MDA VOAMaD  MPAMD) il rsior (G (G
Added (uM) Detected (uM) Detected (uM) vV (%) CcV (%) %) (%)
N=4 N=4 N = 4 N=8 N=4 N=4
0.05 0.0520 + 0.0033 0.0568 + 0.0089 6.3 124 104 114
0.1 0.1329 + 0.0045 0.1178 £ 0.0111 3.4 9.0 133 118
0.5 0.4922 +0.0244 0.4853 + 0.0253 5.0 4.8 98 97
1 1.0005 = 0.0122 1.0052 = 0.0264 12 1.9 100 101

*Samples consisted of PBS buffer contaminated with the indicated concentrations of MDA.

Table 2: Characteristics of the sampled sites.

Probing depth Clinical Attachment Bleeding on
(mm) Level (mm) Probing (% sites)
Healthy Sites (N = 16) 25+05 25+05 0
Periodontal diseased sites (N = 16) 575+05* 5.75 + 0.5* 100% *

*p<0.05; Mann-Whitney test
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Table 3: MDA quantitation in gingival crevicular fluid from healthy and diseased

sites.
MDA Mean MDA MDA Inter samples
Sampled sites concentration concentration Smol/min in precision
(uM) (uM) each site CV (%)
1 0.0482 3.6141
GCF of healthy sites 2 0.0407 0.0415 + 0.0082 3.0534 19.8
(N=4)
3 0.0469 3.5193
4 0.0302 2.2655
1 0.0873 6.5497
GCF of periodontitis 2 0.0863 0.0877 £0.0015%  6.4755 18
sites (N = 4)
3 0.0872 6.5373
4 0.0899 6.7439

*p<0.05; Mann-Whitney test
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Fig. 1. Scheme of the adduct MDA-(TBA).
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Fig. 2. A typical calibration curve in the 0.05 — 1 uM range with regression line y =
18191x + 275.48, r* = 0.9988.
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Figure 03

Intmnaity

!
w B4 I |

o = e —~ —_——— e — . —— &

'],iﬂ a8 &n &8 o A To s ng as a0 as min

Fig. 3. Typical sample chromatograms showing the elution of MDA-(TBA), at 6 min
in the concentration range tested (A, blank; B, 0.05; C, 0.1; D, 0.5; E, 1.0 uM).
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Fig. 4. MDA concentrations in GCF collected from healthy and periodontally

diseased sites.
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ABSTRACT

Context: Periodontitis is the most common lytic disease of bone and is recognized as
a common complication of diabetes. Lipid peroxidation (LPO) is increased in
diabetes and may be related to modulation of the inflammatory response. LPO levels

in patients with diabetes (DM) and periodontal disease have not been evaluated.

Objective: The aim of this study was to evaluate the association of LPO with
periodontal status and to establish a potential mechanism by assessing inflammatory

cytokines in type 2 diabetic and non-diabetic patients.

Design and Setting: This is a cross-sectional study of 18 months’ duration involving

Brazilian patients recruited at the Univ Estadual Paulista.

Patients: The sample was comprised of 120 patients divided into four groups based
upon diabetic and dyslipidemic status: poorly controlled diabetics with dyslipidemia,
well-controlled diabetics with dyslipidemia, normoglycemic individuals with

dyslipidemia, and healthy individuals.

Main Outcome Measure(s): Blood analyses were carried out for fasting plasma
glucose, HbA;. , and lipid profile. Periodontal examinations were performed, and
gingival crevicular fluid was collected. LPO levels were evaluated by measuring
oxLDL (ELISA) and malondialdehyde (MDA, HPLC). Cytokines were evaluated by

the multiplex bead technique.
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Results: Lipid peroxidation evaluated by MDA in plasma and gingival crevicular
fluid was significantly increased in DM groups. Significant correlations between LPO
markers and periodontal parameters indicate a direct relationship between these levels
and the severity of inflammation and secretion of inflammatory cytokines,

particularly in diabetic patients.

Conclusion: These findings indicate an important role for LPO in the severity of the
local inflammatory response to bacteria and the susceptibility to periodontal disease

in diabetic patients.

Abbreviations: BMI — Body Mass Index; DM — Diabetes mellitus; GCF — Gingival
Crevicular Fluid; HbA;.— Glycated Hemoglobin A fraction; HDL — High-density
lipoprotein; LDL — Low-density Lipoprotein; LPO — Lipid peroxidation; MDA —

Malondialdehyde.
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Introduction

Periodontitis is the most common lytic disease of bone and consists of a
bacteria-induced inflammatory disorder that involves the structures that support teeth
(1, 2). It is the most common cause of tooth loss in adults and affects approximately
10 to 15% of the world’s population (3). Periodontitis is initiated by bacteria that
induce an inflammatory response in the gingiva. It is the bacteria-stimulated
inflammation that leads to breakdown of bone that supports the teeth, which is a

hallmark of periodontitis (4-6).

The link between diabetes and oral diseases has not been widely discussed in
the medical literature (5). However, it has been reported that periodontitis is one of
the first clinical manifestations of diabetes (7) and is recognized as a common
complication in diabetic patients (8), particularly in poorly controlled diabetics (9).
As an infectious-initiated inflammatory condition, periodontal disease may result in a
systemic chronic inflammatory challenge that may have a significant impact on

metabolic control in diabetics (10).

A potential mechanism through which diabetes is linked to periodontitis and
other inflammatory conditions associated with diabetes is the increased production of
reactive oxygen species (ROS) and lipid peroxidation products (11, 12). However, the
role of lipid peroxidation in both conditions, diabetes and periodontal disease, has

received relatively little attention.
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Diabetes may contribute to the destructive aspects of the host response that
leads to periodontal disease through the generation of reactive oxygen species (ROS)
(11, 13, 14) . Over-production of ROS is also thought to contribute to several diabetic
complications, including vascular disease (15-17). ROS are unstable, with a short
half-life, and thus are difficult to detect (14). Several markers of lipid peroxidation
have been studied to monitor ROS production. Malondialdehyde (MDA) is one of the
most studied end-products of lipid peroxidation and is often used as a surrogate
marker of oxidative stress (18) . To investigate the link among diabetes, lipid
peroxidation, and inflammation, we assessed periodontal disease as an indicator of
the severity of inflammation in a host-microbe interface. We examined the local and
systemic levels of lipid peroxidation in type 2 diabetic patients with dyslipidemia. We
also evaluated the effect of lipid peroxidation on periodontal status and investigated a

potential mechanism, the expression of inflammatory markers in local tissues.

Materials and Methods

Study population

The present study was approved by the Ethics in Human Research Committee
of the Araraquara School of Dentistry (UNESP - Univ. Estadual Paulista,

Araraquara, Brazil; Protocol number 50/06) and was carried out between May 2009
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and November 2010. All volunteers were informed about the aims and methods of

this study, and they provided their written consent to participate.

As inclusion criteria, all study participants ranged in age from 35 to 60 yr and
had at least 15 natural teeth. All individuals had clinical chronic periodontal disease
as defined by the American Academy of Periodontology (19), with local signs of
inflammation and tissue destruction (presence of deep periodontal pockets > 6mm)
and loss of the connective tissue attachment of gingiva to teeth (clinical attachment
loss > 4mm) in at least 4 non-adjacent teeth. Patients were excluded based on the
following criteria: history of antibiotic therapy in the previous 3 months and/or non-
steroidal anti-inflammatory drug therapy in the previous 6 months, pregnancy or use
of contraceptives or any other hormone, current smoker or former smoker, history of
anemia, periodontal treatment or surgery in the preceding 6 months, use of
hypolipemic drugs such as statins or fibrates, and history of diseases that interfere

with lipid metabolism, such as hypothyroidism and hypopituitarism.

A power analysis based on a pilot study determined that at least 20 patients in
each group would be sufficient to detect a 3-unit difference in MDA levels with 90%
power and 95% confidence interval. To compensate for the possibility of drop-out
during the experimental period, the experimental groups consisted of 30 patients
each. The population was divided into four groups based upon diabetic and

dyslipidemic status: poorly controlled diabetics with dyslipidemia (Group 1), well-
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controlled diabetics with dyslipidemia (Group 2), normoglycemic individuals with

dyslipidemia (Group 3), and healthy individuals (Group 4) (Table 1).

Clinical record and physical evaluation

The individuals answered a structured questionnaire about demographic
characteristics, and a trained examiner collected information regarding time since
diabetes onset, medication used to control glucose, and the presence of at least one
complication associated with diabetes. Abdominal circumference (cm) and height (m)
were measured as part of a physical examination, which allowed the body mass index

(BMI) to be calculated.

Parameters of metabolic control and lipoprotein profile

Blood samples were collected after a 12-hour overnight fast for the evaluation
of fasting plasma glucose (mg/dl) by modified Bondar e Mead method, glycated
haemoglobin (HbA;:) by enzymatic immunoturbidimetry, high-sensitivity C-reactive
protein by the nephelomeric method, total cholesterol (TC), triglycerides (TGs), and
HDL by enzymatic methods. LDL was determined by the Friedewald formula. To
avoid the inclusion of individuals with transitory dyslipidemia, the cutoff points used
were the highest values according to the National Cholesterol Educational Program
(NCEP) Adult Treatment 111 (ATP I11): TC > 240 mg/dL, LDL > 160 mg/dL, HDL <
40 mg/dL, and TGs > 200 mg/dL. Metabolic control was considered as adequate

when HbA;; < 8% and as inadequate when HbA;. > 8%. Insulin resistance was also
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evaluated for insulin levels by the chemiluminescence method (uUl/mL) for

calculation of the HOMA index (HOMA IR) (20).

Periodontal clinical examination

All patients were subjected to a periodontal clinical examination performed in
six sites per tooth by a single trained calibrated examiner (kappa = 0.89). Periodontal
pocket depth, clinical attachment loss, and bleeding on probing were evaluated with a
periodontal probe PCPUNC15-6 (Hu-Friedy®). Severe periodontal disease was
defined as the presence of deep periodontal pockets > 6mm with clinical attachment
loss > 5mm and bleeding on probing in at least 8 sites distributed in different

quadrants of the dentition (21).
Gingival crevicular fluid (GCF) collection

Gingival crevicular fluid (GCF) is considered as a serum transudate or, more
commonly, as an inflammatory exudate from the gingival sulcus surrounding the
teeth. GCF contains substances from the host, such as inflammatory cells and serum-
derived factors, as well as from microorganisms. The potential diagnostic value of the
GCF is due to the site-specific nature of the sample, and it can be collected non-

invasively, serving as an expedient biological source of patient information.

In each patient, 4 different healthy sites (probing depth < 3mm, no loss of
attachment, and no bleeding on probing) and 4 periodontally diseased sites (probing

depth >5mm, loss of attachment >4mm, and with bleeding on probing) were
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randomly chosen in different non-adjacent teeth for GCF collection. Collection of
gingival crevicular fluid was performed as previously described (22) with paper strips
(Periopaper®, Oraflow Inc., Smithtown, NY, USA), and the volume of gingival
crevicular fluid was measured with a specific instrument (Periotron®, Oraflow Inc.).
The samples from each patient were pooled in 2 different tubes, representing healthy
and diseased sites, centrifuged at 3000 g for 5 min, and the supernatants were stored

at -80°C until the analysis of MDA and cytokines.
Blood collection

Blood samples were collected in tubes with EDTA centrifuged at 3000 g for
10 min at 4°C. Plasma was obtained and stored at -80°C until the lipid peroxidation
analyses. The assays were performed by professionals blinded to the patients'

conditions.
Inflammatory biomarker assays

The concentration of 3 inflammatory cytokines in gingival crevicular fluid, as
tumor necrosis factor o (TNF-a), IL-10, and IL-6, was analyzed by multiplex beads
(Bio-Plex system, Bio-Rad Laboratories, Hercules, CA, USA), following the

manufacturer’s instructions.
Lipid peroxidation assays

Oxidized LDL assay in plasma samples
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The levels of oxLDL in plasma were analyzed with a commercially available
ELISA kit (Mercodia AB®, Uppsala, Sweden) following the manufacturer’s

instructions.
MDA assay

The assessment of MDA in plasma and gingival crevicular fluid was
determined by HPLC (Shimadzu, Tokyo, Japan) with a reverse-phase HPLC column
(C18; 4.6 x 150 mm) (Phenomenex, Torrance, CA, USA) and compared with MDA
standard curves. Plasma and gingival crevicular fluid samples were prepared as

described previously (23).

Statistical analysis

The distribution and normality of the variables were evaluated by the
D’Agostino-Pearson test. The general characteristics of each group were described
with mean and standard deviation (SD), and the inflammatory cytokines were
expressed as median (25% /75% quartiles). The differences between the groups for
parametric data were evaluated by ANOVA, followed by Bonferroni’s post-test, and
non-parametric data were evaluated by the Mann-Whitney test or the Kruskall-Wallis
test, followed by Dunn’s post-test or. Pearson’s partial correlation coefficient was
used for normally distributed data, or Spearman’s partial correlation coefficient was

used for non-normally distributed data, to investigate the correlations between the
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various parameters adjusted for age, gender, and BMI. To determine the influence of
lipid peroxidation and diabetic status on the severity of periodontal disease and on the
expression of local cytokines, separate multivariable logistic and linear regression
models were built for each independent variable. Variables found to be associated
with the independent and dependent variables, and thus possible confounding factors,
were included in the models. Moreover, regardless of their statistical significance, all
variables known to have biologic linkage with the outcomes were retained. The
significance level was set at a=0.05. All analyses were carried out with SPSS

software, IBM version 19.

Results

Sample population

In total, 1728 patients were screened, and 120 were identified as meeting the
study inclusion criteria; of these, 30 patients assigned to 4 different groups. The
general characteristics of the sample are demonstrated in Table 1. There were no age
and gender differences between the groups. Diabetics had significantly higher values
of BMI and abdominal circumference (p<0.05). Among all diabetics, there was no
difference in the age of diabetes onset. However, poorly controlled diabetics had
more diabetic complications, with the most common complication being retinopathy,

followed by nephropathy. Glucose metabolism, metabolic control, insulin resistance,
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lipoprotein profile, and high-sensitivity C-reactive protein for all groups are presented
in Table 1.The groups with diabetes had increased levels of fasting glucose, HbA,
and insulin resistance compared with non-diabetic patients, and groups 1, 2, and 3 all
presented dyslipidemia with increased total cholesterol, LDL cholesterol, and

triglycerides compared with group 4 (healthy individuals) (p<0.05).

Periodontal evaluation

Periodontal tissue destruction and local inflammation were significantly more
severe in diabetics, particularly in group 1 (Fig. 1A and supplemental Tablel),
indicating that poorly controlled diabetes aggravates local host response to
microorganisms in the dental biofilm. Relevant clinical periodontal parameters that
were significantly different between the groups are illustrated in Fig. 1B in terms of
fold change. Each patient group was compared with group 4 (healthy individuals).
Chronic periodontitis, as evaluated by the presence of deep periodontal pockets (>
6mm), was increased four-fold in poorly controlled diabetics with dyslipidemia and
two-fold in well-controlled diabetics with dyslipidemia. Acute infection, evaluated by
the presence of suppuration, and acute inflammation, evaluated by bleeding on
probing, were increased 3.5- and 1.3-fold, respectively, in poorly controlled diabetics

with dyslipidemia.
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Immunological analysis

To assess local inflammation, the expression of TNF-a, IL-6, and IL-10 was
measured in gingival crevicular fluid. The cytokine expression was normalized to the
volume of gingival crevicular fluid collected and expressed in concentration (pg/ul).
All cytokines were increased in the gingival crevicular fluid of diabetic patients,
being significant in the group with poorly controlled diabetes and dyslipidemia
(p<0.05), indicating that diabetes aggravates the local inflammatory response to

microorganisms in the dental biofilm (Table 2).

Lipid peroxidation levels

Plasma Malondialdehyde (MDA) and Oxidized LDL (oxLDL)

Plasma MDA levels were slightly increased in dyslipidemic patients, but the
presence of diabetes resulted in significantly increased systemic oxidative metabolism
(p<0.05) (Fig. 2A). However, the most increased levels of plasma MDA were observed
in poorly controlled diabetics with dyslipidemia who had about 2.5 times higher MDA
levels when compared with those in the non-diabetic groups and approximately 1.5
times higher MDA levels when compared with well-controlled diabetics with
dyslipidemia. OXLDL was increased in all groups with dyslipidemia (Groups 1, 2, and

3) (Fig. 2A).

In relation to local lipid peroxidation, evaluated by MDA in the gingival

crevicular fluid, the patients with diabetes presented significantly higher levels of
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MDA when compared with those in the other groups (p<0.05) (Fig. 2B). The mean
levels of MDA in the diseased sites of the poorly controlled diabetics were 2.3 greater
than in the normoglycemic with dyslipidemia group (p<0.001), approximately 1.8
times higher than in the healthy group (p<0.05), and about 1.6 times higher in the well-
controlled diabetics with dyslipidemia (p<0.05) (Fig. 2B). Moreover, even the gingival
crevicular fluid of healthy sites in the groups with diabetes presented higher levels of
MDA when compared with the healthy gingival crevicular fluid of normoglycemic

groups.

Correlations

Correlations among lipid peroxidation markers, diabetes status, lipoprotein
profile, clinical periodontal parameters, and local cytokine levels were assessed
(Table 3). There was no independent association between lipoprotein profile and a
greater severity of periodontal disease in individuals with periodontitis. Diabetes was
significantly associated with lipid peroxidation markers, and this was the strongest
positive correlation observed (r=0.65, p<0.0001). Even though we cannot infer causal
relationships by correlations, this association could represent an additive effect in the
aggravation of inflammation in diabetics, as indicated by the positive correlations
observed between diabetes markers and periodontal disease parameters. The positive
associations between systemic levels of lipid peroxidation and the levels of
inflammatory cytokines in the gingival crevicular fluid (Table 3) support a role for

increased oxidative metabolism in the aggravation of inflammation.
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Considering the correlation between systemic levels of lipid peroxidation, a
significant intermediate correlation between MDA in plasma and oxidized LDL
(r=0.460; p<0.01) was observed. In addition, there was a statistically significant but
weak correlation between plasma and local levels of MDA (r=0.33; p<0.01) and

between plasma-oxidized LDL and local levels of MDA (r=0.32; p<0.01).

Regressions

Regression analyses were performed to obtain insight into the role of diabetes and
lipid peroxidation in local inflammatory responses. Table 4A represents the results
from multiple regression analysis using separate models for independent variables,
lipid peroxidation parameters, and diabetes status. Lipid peroxidation markers were
directly related to the severity of local inflammation, represented by all clinical
measures of periodontal disease (except for bleeding on probing) after adjustment for
age, gender, BMI, and triglycerides. Diabetes was also directly related to the severity
of local inflammation. Table 4B represents the results from a multivariate logistic
regression analysis using separate models and taking into account the effects of age,
gender, BMI, and triglycerides. There was an approximate 1.81- and two-fold
increase in the odds of having severe bleeding on probing and deep periodontal
pockets, respectively, among those patients who have higher plasmatic levels of
MDA. This finding suggests a link between periodontal inflammation/destruction and

plasma MDA levels.
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A potential mechanistic insight into this linkage is the demonstration of a
positive relationship among periodontal inflammation, diabetes, and lipid
peroxidation by a regression analysis using the levels of inflammatory cytokines in
the gingival crevicular fluid as the dependent variable (Tables 5A, 5B). In particular,
plasma levels of MDA were correlated with a more than two-fold increase in the odds

ratio of high IL-6 and TNF-a levels in GCF.

Discussion

This is the first study to investigate the impact of systemic and local lipid
peroxidation levels on periodontal inflammation and periodontal disease in patients
with and without diabetes and dyslipidemia. The results offer new insight into the
association of diabetes and dyslipidemia that, by generating lipid peroxidation
products, can affect the magnitude of a microbially triggered inflammatory process
increasing tissue destruction, represented in this study by a greater severity of

periodontal disease.

It has been stated that, in diabetes, there is a magnification of the
inflammatory response to pathogens and their products (24). More extensive
periodontal tissue loss caused by diabetes has been linked to persistence of the
inflammatory infiltrate in diabetic compared with normoglycemic conditions (25),
impaired wound healing, (26) reduced connective tissue formation (27), increased

periodontal bone loss as result of enhanced resorption and diminished bone formation
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(28, 29), and increased oxidative metabolism (30, 31). In addition, diabetic
dyslipidemia combines a cluster of lipid abnormalities (32) that predispose the patient
to a hyperinflammatory status by modulating the function and activity of

macrophages that promote enhanced inflammation (33).

Results presented here demonstrate that there is an increased production of
lipid peroxidation in patients with diabetes that is strongly correlated with elevated
fasting glucose, HbA;, and dyslipidemia parameters such as levels of total
cholesterol, LDL cholesterol, and triglycerides. In addition, there was also a positive
correlation between local and systemic markers of lipid peroxidation and periodontal
clinical parameters, indicating that the higher the level of lipid peroxidation, the more
severe the periodontal tissue inflammation. Within this context, it can be suggested
that LPO has an important role in the severity of the inflammatory process that was
observed by loss of attachment, deep periodontal pockets (> 6mm), bleeding on

probing, and suppuration.

We found that greater severity of inflammatory periodontal disease
parameters was not associated with the lipid profile in the studied sample of patients
with periodontal disease, in contrast to previous studies suggesting that dyslipidemia
itself can be associated with a worse periodontal status (34). In fact, when diabetes
was coupled with dyslipidemia, compared with individuals in the ‘normoglycemic
with dyslipidemia’ group, increased severity of inflammation was observed,

represented by greater periodontal tissue damage and local production of
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inflammatory cytokines. Our findings suggest that diabetes may alter oxidative
metabolism, increasing lipid peroxidation. This increase in oxidative metabolism and
lipid peroxidation may represent an additive effect to the metabolic imbalance
associated with diabetes in the modulation of the inflammatory response. In this
sense, dyslipidemia may have a relevant impact on the inflammatory response in the

presence of diabetes-increased oxidative metabolism.

LPO can contribute to injury of the host tissue by several mechanisms,
including DNA damage, oxidation of enzymes, stimulation of proinflammatory
cytokines (15), degenerative changes including necrosis in the region of
inflammatory infiltrate, and the presence of superoxide anions in areas adjacent to
osteoclasts, leading to bone resorption (35). Several sources can generate lipid
peroxidation products, such as lipids in plasma and in cell membranes and the
accumulation of advanced glycation end-products (AGEs) (36) in various organs,
including the gingiva (30). AGEs binding with their pattern-recognition receptors
(RAGE) can actively participate in inflammation and immune responses, thereby
causing the activation of a range of inflammatory and fibrotic pathways, triggering
the host response and altering the structure and function of cellular membranes (30,

36), causing the overproduction of reactive oxygen species (ROS) (37).

Increased oxidative metabolism and accumulation of AGEs are involved in
the pathogenesis of chronic inflammatory conditions commonly observed in diabetic

patients, such as atherosclerosis (15), micro- and macrovascular alterations (16, 17),
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and periodontitis (11, 13, 14, 38). Some mechanisms can be suggested to elucidate
the role of LPO in the severity of an inflammatory condition in diabetic and
dyslipidemic patients. In the course of an infectious/inflammatory condition, the
overproduction of LPO can enhance the inflammatory reaction during the activation
of neutrophils and macrophages by pathogens or their products in the tissue (14, 39),
releasing proinflammatory cytokines (1). In addition, lipid peroxides can also activate
transcription factors such as nuclear factor-kB (37). NF-kB can be activated by
oxidative stress (37), stimulate the release of proinflammatory and apoptotic
mediators, and enhance endothelial expression of vascular cell adhesion molecules

(15), resulting in a cascade of cell activation and diffuse inflammation.

Previous studies reported that oxidative stress induced by diabetic status
triggers the release of cytokines and enhances their activation (40), and that diabetics,
especially those with poor metabolic control, have increased levels of inflammatory
cytokines in plasma and in gingival crevicular fluid (24). Our findings of significant
correlations between plasma levels of MDA and the expression of local (gingival
crevicular fluid) cytokines, especially TNF-a, have not been reported previously and
suggest that systemic and local lipid peroxidation can increase the odds of expression

of inflammatory markers in the inflamed site.

Thus, the results of our study suggest that lipid peroxidation may play a
crucial role in the initiation and/or progression of the inflammatory response.

Increased oxidative metabolism and lipid peroxidation, and not merely dyslipidemia,
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aggravate the inflammatory response. If this association is proved causal by
experimental studies, targeting the oxidative metabolism and its downstream effects
may be an alternative therapeutic approach to manage diabetes-associated

inflammatory complications.
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TABLE 1. Characteristics of the sample: demographic, physical, laboratory, and diabetes data (mean + SD)

GROUP 1 GROUP 2 GROUP 3 GROUP 4
(DM >8%/ dyslip) (DM<8% / dyslip) (without DM / with dyslip) (without DM / without dyslip)

Gender (F/ M) 18/12 20/10 17713 19/11
Age (mean + SD) 480 (+7.6) 50.3 (+ 6.7) 49.0 (+75) 459 (+5.9)
Ethnicity (white/brown/black) 13/10/7 15/11/4 20/8/2 14/11/5
BMI (m/kg’) 305 (+52) 314 (+41) 28.4 (+3.8) 27:3(+6.4)
Abdominal circumference (cm) 1043 (+ 14.6)# 109.3 (+ 10.8)# 98.1 (+9.9) 98.2 (+ 16.9)
Fasting glucose (mg/dl) 2266 (+ 74_2)T¢ 1375 (+ 41_4)1 90.0 (+ 6.4) 90.8 (+7.3)
HbA,. (%) =

' 104 (+19) 66 (+09)°% 5.4 (+0.6) 5.1 (+0.6)
Insulin (U/L) 197 (+209)" 211 (+215)" 12.6 (+8.5) 111 127)
HOMA IR Index 9.03 (+8.11)" 6.51 (+4.98)° 2.82 (+1.90) 181 (+1.01)

Total cholesterol (mg/dl)

2427 (+378) "

2834 (+429) "

2861 (+423) "

171.6 (+ 18.5)

HDL cholesterol (mg/dl) 44.8 (+9.5) 46.1 (+ 10.5) 50.7 (+ 11.1) 48.4 (+12.6)
LDL cholesterol (mg/di) 1534 (+37.0) " 1473 (+443) " 156.4 (+44.2) " 1038 (+174)
Triglycerides (mg/di) 2169 (+94.6) 249.8(+ 104.1) 194.1 (+ 80.6)" 93.9(+35.9)
Hs C-Reactive Protein 0.5 (+0.5) 07 (+ 0.6)# 0.4 (+0.4) 0.4 (+0.6)
Time since DM onset
(years) (mean + SD) 6.2 (+4.2) 5.2 (+6.6) - -
Presence of diabetes
Complication 19" 12 - -
One 09 09 - -
More than one 10 03 - -
Medication for DM control:
Hypoglycemic 20 15 - -
Insulin 1 1 - -
Hypoglycemic / Insulin 8 5 - -
None 1 9 - -

+ p< 0.05 in relation to group 2 (Mann-Whitney Test; 0=5%). T p< 0.05 in relation to group 2; { p< 0.0001 in relation to groups 3 and 4.
*p< 0.05 in relation to the other groups; ** p< 0.0001 in relation to the other groups.

§ p< 0.05 in relation to group 3; “p< 0.05 in relation to group 4; *p< 0.0001 in relation to group 4 (Kruskal-Wallis Test; 0=5%)
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TABLE 2. Local cytokine expression in gingival crevicular fluid [Median (25" / 75th percentiles)]

GROUP 1 GROUP 2 GROUP 3 GROUP 4
(DM >8%/ dyslip) (DM<8% / dyslip) (without DM / (without DM /
with dyslip) without dyslip)
IL-6 (pg/pl) 0.92(0.35/1.7)" 0.45(0.05/1.0) 0.55 (0.16 /0.78) 0.55(0.14/0.78)
IL-10 (pg/pl) 0.19(0.10/0.62)" 0.14 (0.01/0.23) 0.15(0.02/0.30) 0.12 (0.01/0.18)
TNF-0 (pg/pl) 0.34(0.14/1.8)" 0.28 (0.06 / 0.65) 0.25 (0.06 / 0.75) 0.13(0.05/0.33)

#p< 0.05 in relation to group 4 (Kruskal-Wallis test; a=5%).
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TABLE 3. Adjusted correlation between lipid peroxidation and diabetes status, lipoprotein profile,

periodontal parameters, and GCF cytokines

PARAMETER

GCF MDA

Periodontally

Plasma MDA" | . | Oxidized LDL"
Diseased Sites

Diabetic Fasting glucose (mg/dl) 0.66** 0.39%* 0.35**
status

HDA 0.65%* 0.33%* 0.43%*

Total cholesterol (mg/dl) 0.24% 0.16 0.60%**
Lipoprotein LDL cholesterol (mg/dl) 0.23* 0.14 0.60**
profile

Triglycerides (mg/dl) 0.22% -0.03 0.53**

Percentage of sites with bleeding on probing 0.30* 0.34* 0.12
Clinical Percentage of sites with probing depth > 6mm 0.25* 0.34* 0.13
periodontal

Percentage of sites with suppuration
Parameters 0.32* 0.162 0.32*

IL-6 GCF (pg/ul) 0.30* 0.28* 0.14
Local IL-10 GCF (pg/ul) 0.28* 0.29* 0.25*
inflammatory
markers TNF-a GCF (pg/ul) 0.41* 0.30* 0.25%

“p<0.05; ™ p< 0.0001 (r; Pearson’s or Spearman’s correlation coefficient; a=5%).

#Adjusted for age, gender, and BMI.

HbA,. ,glycated hemoglobin; GCF MDA, malondialdehyde in gingival crevicular fluid of periodontally diseased sites.



TABLE 4A. Multiple-regression model with the influence of lipid peroxidation and diabetes status on

parameters of severe periodontal disease

Bleeding on Probing
(% sites)”

B SE 95%CI

Probing Depth > 6mm
(% sites)”

B SE 95%CI

MDA PL 471* 143 (1.88-753) |508% 1.19 (2.72-7.44)

LPO MDAPD GCF | 232* 061 (1.11-353) |213* 052 (1.10-3.16)
parameter

Ox LDL PL 023 0.5 (-0.07-0.53) | 0.40* 0.3 (0.15-0.69)

Fasting glucose | 0.09** 0.02 (0.05- 0.13) 0.08** 0.02 (0.04-0.11)

Diabetes | HbA 2.52%% 054 (1.44- 3.59) 271%* 0.44 (1.84- 3.58)

status HOMA IR 038 0.8 (0.02-0.73) |0.16 0.16 (-0.16-0.47)

TABLE 4B. Multivariate Logistic Regression model with the influence of lipid peroxidation and diabetes status

of parameters of severe periodontal disease.

Bleeding on Probing
(% sites)”

OR p value  95%ClI

Probing Depth > 6mm
(% sites)”

OR p value  95%ClI

MDA PL 1.81 0.02* (1.12-2.92) 2.01 0.004* (1.25-3.23)

LPO MDA PD GCF 1.36 0.003* (1.11-1.65) 1.31  0.009* (1.07-1.60)
parameter

Ox LDL PL 1.03 0.13 (0.99-1.08) 1.07 0.007* (1.02-1.13)

Fasting glucose 1.01 0.005* (1.0-1.02) 1.01  0.006* (1.0-1.02)

Diabetes HbA,. 1.36 0.002* (1.12-1.66) 1.46 0.0001** (1.21-1.77)

Status HOMA IR 1.08 0.08 (1.0-1.17) 1.0 0.88 (0.95-1.06)

“p<0.05; ™ p< 0.0001. * Adjusted for age, gender, BMI, TGL. p partial standardized regression coefficient.
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LPO, lipid peroxidation; MDA PL, malondialdehyde in plasma; MDA GCF PD, malondialdehyde in gingival crevicular fluid of
periodontally diseased sites; Ox LDL PL, oxidized LDL in plasma; HbA. (glycated hemoglobin); HOMA IR, Insulin resistance
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TABLE 5A: Multiple Regression model with the influence of lipid peroxidation and diabetes status on the
expression of local cytokines

IL-6 TNF-o* IL-107
B SE 95%Cl B SE 95%CI B SE 95%CI

MDA PL 0.32** 0.06 (0.01-0.34) 0.44** 0.06 (0.2- 0.45) 0.29* 0.17 (0.02-0.1)

LPO parameter | MDA PD GCF 0.251* 0.27 (0.20-0.13) 0.31* 0.03 (0.04-0.16) 0.25* 0.01 (0.010- 0.04)
Ox LDL PL 0.25* 0.01 (0.01-0.03) 0.40** 0.007 (0.01- 0.04) 0.31* 001 (0.002-0.01)

Fasting glucose 0.30* 0.13 (0.12-0.63) 0.37** 0.01  (0.18-0.5) 0.22* 0.04  (0.01-0.18)

Diabetes HbA. 0.38** 0.13 (0.31-0.82) 0.30* 0.5 (0.18-0.75) 0.32* 0.04 (0.07 -0.30)

Status HOMA IR 0.35** 0.01 (0.01-0.05) 0.33* 015 (0.18-0.73) 0.33** 0.01 (0.0-0.01)

TABLE 5B. Multivariate Logistic Regression model of the effects of lipid peroxidation and diabetes status

on the expression of local cytokines

IL-6" TNF-o” IL-107
OR p value 95%CI OR pvalue 95%CI OR pvalue 95%Cl

MDA PL 2.06 0.003* (1.28-3.30) 2.24  0.002* (1.35-3.71) 117 0.45 (0.78-1.77)

LPO MDA PD GCF 1.32 0.004* (1.09- 1.60) 1.21 0.049* (1.01-1.48) 1.25 0.02* (1.04-1.51)
parameter

Ox LDL PL 1.04 006  (1.00-1.09) 110 0.001* (1.04-1.17) 1.04  0.04* (1.01-1.1)

Fasting glucose 1.01 0.003* (1.003-1.02) 1.01  0.0001** (1.01-1.02) 1.01 0.10 (0.1-1.0)

Diabetes HbA,, 1.31 0.003* (1.09-1.56) 1.28 0.005* (1.08-1.52) 111 0.21 (0.95-1.3)

status HOMA IR 1.07 0.07 (1.0-1.16) 1.08 0.04* (1.04-1.15) 1.03 0.22 (0.98-1.0)

"p<0.05; ™ p< 0.0001. Adjusted for age, gender, BMI, TGL. p partial standardized regression coefficient.

LPO, lipid peroxidation; MDA PL, malondialdehyde in plasma; MDA GCF PD, malondialdehyde in gingival crevicular fluid of periodontally

diseased sites; Ox LDL PL, oxidized LDL in plasma; HbA;.glycated hemoglobin; HOMA IR, Insulin resistance.
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FIGURES

FIG 1: 1A. Prevalence of patients with severe periodontal disease. The severity of periodontal disease
was assessed by the number of sites with deep periodontal pockets (= 6mm) and bleeding on probing in at
least 8 sites. * p<0.05 in relation to all groups (ANOVA; 0=5%); 1B. Fold change differences in relative
numbers of sites with deep periodontal pockets as defined by depth >6mm (A), suppuration (B), and
bleeding on probing (C) for all groups. **p<0.01 in relation to group 4; * p<0.05 in relation to group 4
(ANOVA; a=5%).
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FIG 2: 2A. Levels of MDA and oxidized LDL in plasma. * p<0.05 in relation to all other groups; * p<0.05
significant difference between the groups (ANOVA; a=5%); 2B. Levels of MDA in GCF from healthy and
periodontally diseased sites. * p<0.05 in relation to the other roups; ¥ p<0.05 in relation to the group without

diabetes with dyslipidemia and periodontitis (Group 3) (ANOVA; a=5%).
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ABSTRACT

Lipid peroxidation (LPO) is increased in patients with diabetes. The
evaluation of diabetes, lipid peroxidation, dyslipidemia and inflammation has not
been evaluated simultaneously. The aim of this study is to investigate if diabetes
coupled with dyslipidemia may alter the oxidative metabolism, by increasing lipid
peroxidation products leading to the modulation of the inflammatory response. The
sample was comprised of 100 patients divided into four groups based upon diabetic
and dyslipidemic status: poorly controlled diabetics with dyslipidemia, well-
controlled diabetics with dyslipidemia, normoglycemic individuals with
dyslipidemia, and healthy individuals. Blood analyses were carried out for fasting
plasma glucose, HbA;. and lipid profile. LPO levels in plasma evaluated by
measuring oxLDL (ELISA) and malondialdehyde (MDA, HPLC). Plasma cytokines
were evaluated by the multiplex bead technique. Lipid peroxidation evaluated by
MDA was significantly increased in DM groups. The cytokines panel showed a
decreasing pattern from the poorly controlled diabetes (p<0.05) to the healthy group.
Even in well-controlled diabetics with dyslipidemia the levels of MDA, OxLDL and
inflammatory cytokines were significantly increased when compared to the non
diabetic/ dyslipidemic group. Moderate positive (p<0.0001) correlations were
observed between diabetic status, lipid peroxidation markers and proinflammatory
cytokines expression, such as MDA and HbAlc (0.64); MDA and IL1-B (0.50);
MDA and TNF-a. (0.40); MDA and IL-6 (0.40).These findings suggest that LPO
may represent an additive mechanism in the aggravation of inflammation in diabetics
and may support a role for increased oxidative metabolism in the inflammatory

response.

Key terms: Lipid peroxidation, diabetes mellitus type 2, periodontal diseases,

cytokines
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INTRODUCTION

Diabetes is a group of metabolic diseases that, by several mechanisms such as
the accumulation of advanced glycation end products (AGES), leads to several events
that are involved in the pathogenesis of chronic inflammatory conditions, impaired
wound healing, higher susceptibility to infections?, atherosclerosis?, and micro- and
macrovascular alteration®>. Considering that inflammation is an underlying cause of
several co-morbidities associated with poorly controlled diabetes®, several studies
demonstrated high levels of circulating inflammatory markers such as interleukin-6,
tumor necrosis factor o (TNF- o)®? in type 2 diabetic patients.

Systemically, several alterations can contribute to the hyperinflammatory
status of the patients with diabetes such as the binding of AGEs with their pattern-
recognition receptors (RAGE). The interaction AGE-RAGE participate actively in
inflammation and immune responses, dyslipidemia that modulates the function and
activity of macrophages that promote enhanced inflammation'* and an over-
production of ROS leading to peroxidation of lipid membranes. Lipid peroxidation
can contribute to injury of the host tissue by several mechanisms, including DNA
damage, oxidation of enzymes and stimulation of proinflammatory cytokines .

However the evaluation of these conditions, diabetes, lipid peroxidation,
dyslipidemia and inflammation have not been evaluated simultaneously. In this

context, even in well controlled diabetic patients the effects of dyslipidemia and lipid

peroxidation products should be considered in a more emphatic way helping to
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prevent these patients to become a poorly controlled diabetic. In this context, the aim
of our study is to investigate if diabetes coupled with dyslipidemia may alter the
oxidative metabolism, by increasing lipid peroxidation products leading to the

modulation of the inflammatory response.

MATERIALS AND METHODS
Study population

The present cross-sectional study was approved by the Ethics in Human
Research Committee of the Araraquara School of Dentistry (UNESP — Univ. Estadual
Paulista, Araraquara, Brazil; Protocol number 50/06) and was conducted according to
the ethical principles of the Declaration of Helsinki. All volunteers were informed
about the aims and methods of this study, and they provided their written consent to
participate.

A simple questionnaire was applied initially to all subjects to identify the
patients that were eligible to be enrolled in the study, considering the
inclusion/exclusion criteria. All study participants should range in age from 35 to 60
years and have similar socio-economic level. None of the patients were pregnant or
were current or former smokers. Patients taking antibiotic, nonsteroidal anti-
inflammatory, hormones or hypolipidemic drugs such as statins or fibrates, were

excluded from the study. Particular care was taken to exclude subjects with history of
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anemia and diseases known to influence lipoprotein metabolism, such as
hypothyroidism and hypopituitarism.

A power analysis determined that at least 25 patients in each group would be
sufficient to detect a 3-unit difference in MDA levels or a 2.4-unit difference in an
inflammatory cytokine with 90% power and 95% confidence interval. The population
was divided into four groups based upon diabetic and dyslipidemic status: poorly
controlled diabetics with dyslipidemia (Group 1), well-controlled diabetics with
dyslipidemia (Group 2), normoglycemic individuals with dyslipidemia (Group 3),
and healthy individuals (Group 4).

Clinical record and physical evaluation

After been enrolled in the study, all participants answered a face-to-face
structured questionnaire about socio-demographic data, personal and family medical
history, and use of medications. A trained examiner collected information from
diabetics patients regarding time since diabetes onset, medication used to control
glucose, and the presence of complications associated with diabetes. Subjects
completed a physical examination including anthropometric data such as abdominal
circumference (cm), hip (cm), waist (cm) and height (m), weight (kg), and body mass

index (BMI).

Laboratory measurements: metabolic control and lipoprotein profile
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Blood samples were collected after a 12-hour overnight fast for the evaluation
of fasting plasma glucose (mg/dL) by modified Bondar e Mead method, glycated
haemoglobin (HbA1.) by enzymatic immunoturbidimetry, high-sensitivity C-reactive
protein by the nephelomeric method and lipid profile (total cholesterol (TC),
triglycerides (TGs), and HDL) by enzymatic methods. LDL was determined by the
Friedewald formula. To avoid the inclusion of individuals with transitory
dyslipidemia, the cutoff points used were the highest values according to the National
Cholesterol Educational Program (NCEP) Adult Treatment 111 (ATP 111)!2: TC > 240
mg/dL, LDL > 160 mg/dL, HDL < 40 mg/dL, and TGs > 200 mg/dL. Metabolic
control was considered as adequate when HbA;; < 7.0% and as inadequate when
HbA;. > 8.5% to avoid the inclusion of patients that were transitorily poorly/well-
controlled. Insulin levels were determined by the chemiluminescence method
(uU1/ml) and homeostatasis model assessment of insulin resistance (HOMA IR) was
calculated by the formula: fasting insulin concentration (uU/ml) x fasting glucose

concentration (mmol/L) 2.

Sample collection

Blood samples were collected in tubes with EDTA centrifuged at 3000 g for
10 min at 4°C, plasma was obtained, promptly aliquoted and stored at -80°C until the
lipid peroxidation and cytokine analyses. The following assays were performed by

professionals blinded to allocation of the patients into the groups.
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Analysis of cytokines in plasma

Eleven cytokines (interleukin-1f IL-1 B, IL-2,-4,-5,-6,-7,-8,-10,-12(p70)-1L-
13 and tumor necrosis factor-alpha TNF-a) were measured in plasma samples using a
multiplex bead analysis (Bio-Plex system, Bio-Rad Laboratories, Hercules, CA,

USA), following the manufacturer’s instructions.

Lipid peroxidation assays

Oxidized LDL assay: The levels of oxLDL in plasma were analyzed with a
commercially available ELISA kit (Mercodia AB®, Uppsala, Sweden) following the
manufacturer’s instructions.

MDA assay: The assessment of MDA in plasma was determined by HPLC
(Shimadzu, Tokyo, Japan) with a reverse-phase HPLC column (C18; 4.6 x 150 mm)
(Phenomenex, Torrance, CA, USA) and compared with MDA standard curves.

Plasma samples were prepared as described previously .

Statistical analysis

The distribution and normality of the variables were evaluated by the
D’Agostino-Pearson test. The general characteristics of each group were described
with mean and standard deviation (SD), and the inflammatory cytokines were
expressed as median (25% /75% quartiles). The differences between the groups for

parametric data were evaluated by ANOVA followed by Bonferroni’s post-test, and
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non-parametric data were evaluated by Kruskall-Wallis test, followed by Dunn’s
post-test. Pearson’s partial correlation coefficient was used to investigate the
correlations between the various parameters adjusted for age, gender, and BMI. To
determine the influence of lipid peroxidation and diabetic status on the expression of
plasma cytokines, separate multivariable logistic and linear regression models were
built for each independent variable. Variables found to be associated with the
independent and dependent variables, and thus possible confounding factors, were
included in the models. Moreover, regardless of their statistical significance, all
variables known to have biologic linkage with the outcomes were retained. The
significance level was set at a=0.05. All analyses were carried out with SPSS

software, IBM version 19.

RESULTS
Sample population

The general characteristics of the sample are demonstrated in Table 01. From
the screened patients, 100 were identified as meeting the study inclusion criteria; of
these, 25 patients assigned to 4 different groups. There was no statistical significant
difference between the participants with respect to gender, age and socioeconomic
status. In relation to physical evaluation, all individuals were overweight and the
diabetic groups were obese and presented higher values of BMI (p<0.05), waist/hip

proportion and abdominal circumference. The groups with diabetes had significantly
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increased levels of fasting glucose, HbA;., and insulin resistance compared with non-
diabetic patients. Based on ATP 1112 definition of dyslipidemia groups 1, 2, and 3
were dyslipidemic presenting increased levels of total cholesterol, LDL cholesterol,
and triglycerides compared with group 4 (healthy individuals) (p<0.05).

Among all diabetics, there was no difference in the age of diabetes onset.
However, poorly controlled diabetics were the most hypertensive patients and had
more diabetic complications (p<0.05), with the most common complication being

retinopathy, followed by nephropathy.

Lipid peroxidation levels

Plasma Malondialdehyde (MDA) and Oxidized LDL (oxLDL)

Plasma MDA levels were slightly increased in dyslipidemic patients (Fig. 1A).
However, the most increased levels of plasma MDA were observed in poorly
controlled diabetics with dyslipidemia who had about 2.9 times higher MDA levels
when compared with those in the non-diabetic groups and approximately 1.6 times
higher MDA levels when compared with well-controlled diabetics with dyslipidemia.
OxLDL was also increased in all groups with dyslipidemia (Groups 1, 2, and 3) and in
the plasma of diabetics were approximately 1.7 times higher than in the healthy group
(p<0.05) (Fig. 1B). Well-controlled diabetics with dyslipidemia (Group 2) presented
significantly increased levels of MDA and OXLDL (p<0.05) when compared to the non

diabetic/ dyslipidemic group (Group 3).
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Immunological analysis

To assess inflammation, the expression of I1L-1, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12 (p70) e IL-13 and TNF-a was measured in plasma. The cytokines
panel showed a decreasing pattern from the poorly controlled diabetes (p<0.05) to the
healthy group, indicating that diabetes aggravates the inflammatory response. The
significant differences between the groups according to the expression of pro- and
anti-inflammatory cytokines are illustrated in Figure 2. The cytokines that did not
have statistical significant difference between the groups are represented in Table 2.
The cytokines that are considered adipokines such as IL-6 and TNF-a were also

significantly increased in the group with dyslipidemia.

Correlations

Adjusted correlation among diabetes status, lipoprotein  profile,
anthropometric and lipid peroxidation markers, and plasma cytokine expression were
assessed taking into account the effect of age, gender and BMI (Table 3). There was a
wide range of, moderate positive, correlations observed between diabetic status, lipid
peroxidation markers and proinflammatory cytokines expression. Among these most
significant correlations (p<0.0001) were between IL1-f and fasting glucose (0.48),
HbAlc (0.40), MDA (0.50), OxLDL (0.42). Moderate positive correlation was also

observed between TNF- a and fasting glucose (0.50), HbAlc (0.50), Triglycerides
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(0.35), MDA (0.44), OxLDL (0.48). Lastly, IL-6 was moderately and positively
correlated with OxLDL (0.40). Diabetes was significantly associated with lipid
peroxidation markers, and there was a strong positive correlation observed between
MDA and HbAlc (r=0.643, p<0.0001), suggesting that the higher the concentration

of HbA1c, the higher the expression of MDA (Figure 03).

Regressions

A potential mechanistic insight into the linkage among inflammation,
diabetes, and lipid peroxidation is demonstrated by a multiple regression analysis
using separate models for independent variables, lipid peroxidation parameters,
diabetes status, lipoprotein profile and physical parameters. Lipid peroxidation
markers and diabetic status were directly related to the expression of inflammatory
cytokines, especially IL-1B (f=0.40) and TNF-a ($=0.50). IL-6 was significantly
related to lipoprotein profile rather than diabetic or inflammatory status (Table 4)

The multivariate logistic regression analysis using separate models for
dependent variables, also evaluated the expression of cytokines taking into account
the effects of age, gender and BMI. There was an approximate 3.2-, 2.0- 1.9- and 2.6-
fold increase in the odds of having increased levels of IL-1p, IL-6, IL-8, and TNF-q,
respectively, among those patients who have higher plasmatic levels of MDA. In
addition, increased levels of HbA;. were correlated with, approximately, 1.5-fold

increase in the odds ratio of high of IL-1p, IL-8, and TNF-a. Physical parameters and
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lipoprotein profile did not demonstrate significant relationship with increased

expression of inflammatory cytokines (Table 5).

Discussion

The evaluation of diabetes, lipid peroxidation, dyslipidemia and inflammatory
profile has not been evaluated simultaneously. In the present study we evaluated the
impact of lipid peroxidation on the inflammatory status in patients with diabetes
coupled with dyslipidemia. Our results suggest that lipid peroxidation can have an
impact on the modulation of the inflammatory response, even in well controlled
diabetics.
6, 8, 15

Previous studies evaluated cytokines in plasma of patients with diabetes

1617 However to the best of our

and its influence in diabetic complications
knowledge, this is the first study to measure 11 cytokines simultaneously and
correlate them with the several systemic parameters. Elevated proinflammatory
cytokines (IL-1B, IL-6, IL-8, TNF-a) were significantly detected in diabetics patients.
Antinflammatory cytokines (IL-4, 1L-10) were also elevated in these patients, but the
difference was statistically significant only to IL-4. The presence of complications
related to diabetes was positively associated with increased levels of TNF- a. Thus,
the expression of adipocytokines, IL-6 and TNF- o, were significantly increased in

patients with dyslipidemia (Gr 1, 2 and 3) and were positively correlated with total

cholesterol and triglycerides.
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It is known that obesity promotes dyslipidemia and may impact insulin action
via additional pathways, including through the release of leptin, IL-6 and TNF- o°. In
the present study the individuals with DM were considered obese (BMI> 30), had a
large waist circumference, an increased insulin resistance index (HOMA IR)

%1819 \ve did

compared to healthy patients. However, in contrast with some studies
not find a statistic significant correlation between the cytokines and physical
parameters, suggesting that even in individuals with the physical parameters
considered in a normal range, the cytokines expression can be elevated leading to an
increased inflammatory response in these patients. Besides, positive but weak
correlations (0.2) were observed between cytokines (IL-6 e 0 TNF- a) and insulin
resistance (HOMA IR). In spite of the fact that previous studies demonstrated the
association between insulin resistance and the increased expression of inflammatory
cytokines® !°, other authors did not find this correlation and affirm that cytokines
circulating levels are more related to hyperglycemia®® or to the presence of adipose

18,21

tissue rather than insulin resistance itself.

The pathogenesis of diabetic dyslipidemia is not completely elucidated,
however, it is stated that lipid abnormalities are part of primary features of metabolic
syndrome and can precede the clinical manifestation of hyperglicemia, probably due

to its association with insulin resistance®*®. It is important to notice that even with

23, 24, 26, 27

the well-established effect of dyslipidemia on diabetes , several studies with

8, 17, 20, 25, 28

diabetic population do not consider the lipid profile of the patients or do
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not categorize them according to their dyslipidemic status® 1% 2% 2931

. In the present
study we evaluated the lipid profile of the whole sample and included in diabetic
groups only patients with established dyslipidemia' to avoid the inclusion of diabetic
patients with a transitory state, considering that diabetes is a metabolic syndrome and
a cluster of lipid abnormalities®” is a part of it. To check real the impact of
dyslipidemia alone on lipid peroxidation markers and on inflammatory cytokines
we’ve included a group of patients only with dyslipidemia (group 3).

In the present study we observed significant but weak correlation between
dyslipidemic status and inflammatory cytokines suggesting that in spite of the fact
that abnormalities in lipids can contribute to the production of lipid peroxides,
dyslipidemia itself was not responsible to major alterations on oxidative and
inflammatory profile. In fact, when diabetes was coupled with dyslipidemia (Gr 1 and
2), compared with normoglycemic /dyslipidemic individuals (Gr 3), an increased
expression of LPO products and inflammatory cytokines was observed, suggesting
that not only the dyslipidemia itself but the presence of diabetes resulted in
significantly increased systemic oxidative metabolism. Our findings are in
accordance with other authors that showed an increased oxidative metabolism levels
in diabetic patients 3% 3* 3 Besides, previous studies reported that hyperglycemia
and dyslipidemia together predisposes the patient to an inflammatory status by
modulating the function and activity of macrophages and promote enhanced

inflammation increasing the expression of inflammatory cytokines ** 3 3.
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Another relevant issue is that only few studies consider the metabolic control,
based on HbALc levels, and separate the sample into different groups’ 3* 33738 |n
the present study, we’ve analyzed the DM patients as separate groups based on the
metabolic control. It was observed a significant increase on lipid peroxidation and
proinflammatory levels in poorly controlled diabetics when compared to the other
groups. These results indicated that the higher the concentration of blood glucose,
evaluated by fasting glucose and HbA1c, the higher the expression of MDA, oxLDL
and inflammatory cytokines. Consistent with this, previously reported increased
levels of inflammatory cytokines® ¥ * high levels of LPO?" 3 33 4142 in patients
whose diabetes is poorly controlled.

Interesting findings were observed in well-controlled diabetics. This group of
patients is usually considered at a lower risk to develop cardiovascular disease and
diabetic complications when compared to patients with inadequate metabolic
control** ** and for these reasons is not often evaluated regarding lipid profile and
acute phase proteins. However, in the present study, well-controlled diabetics showed
the higher levels of high sensitivity C-reactive protein and the larger abdominal
circumference from the whole sample, high lipid peroxidation levels and high
inflammatory cytokines levels (IL-1B, IL-6, IL-8, TNF-a). Thus, the inflammatory
and lipid peroxidation levels of the well-controlled diabetics were closer to the levels
observed in the group with poorly controlled DM when compared to the LPO levels

in the “normoglycemic with dyslipidemia’ group, suggesting a possible risk of these
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patients to develop complications and a imbalance in the metabolic control. Other
authors also emphasize the hypothesis that lipid peroxidation may cause the

4. 45 and that oxidative stress can be an

beginning and progression of diabetes
important early event in the pathogenesis of complications secondary to diabetes and
may indicate an underlying subclinical pathology despite the good metabolic
control®. These results point out the importance to establish strict goals to achieve
lower lipids levels not only in patients with high levels of HbAlc but also in patients
with adequate metabolic control, preventing them to become patients with poor
metabolic control in a near future.

Several studies show that the accumulation of advanced glycation end-
products (AGEs)*® and their binding with their pattern-recognition receptors (RAGE)
can actively participate in imunoinflammatory responses, being involved in the
development of diabetic complications® * *" *®. However, the precise mechanism by
LPO products, possibly serves as a key activator leading to the induction of
inflammatory cytokines release has not been directly studied in humans. Some
experimental studies point out to the direction that an increased oxidative
metabolism?® seems to be a likely mechanism linking acute hyperglycemia to diabetic

complications™, by activating nuclear factor-xB (NF-kB) *

and increasing the
cytokines expression (IL-6 and TNF- o) 2°. At the same time it was showed that the

inhibition of the lipid peroxidation can significantly improve the impaired wound
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healing in diabetic mice through the normalization of the defect in VEGF
expression™.

Consistent with this, in the present study lipid peroxidation markers were
positively and significantly correlated with the expression of inflammatory cytokines,
such as IL1-B, TNF-a e IL-6. It also demonstrated that, among those patients with
elevated plasmatic levels of MDA, there is a positive correlation with having
complications related to diabetes and there is a significant increase in the odds having
higher levels of cytokines release, particularly 1L-1p and TNF-a.

The present study has the limitation to have a cross-sectional design and its
inherent restriction to infer causality or allow to generalize the results observed.
However, in an effort to minimize the influence of lifestyle behaviors and the effects
of confounding factors, particular care was taken to use a strict inclusion criteria,
having subjects of similar socio economic level, age and gender-matched, who were
not currently taking medication that could influence inflammatory and oxidative
markers (i.e., statins) and who did not differ in habitual activity. Nevertheless, our
study introduces an additional aspect of the influence of the lipid peroxidation to
increase circulating inflammatory cytokines levels and also favor the modulation of
inflammatory response even in well controlled diabetics and dyslipidemic patients.

Taken together, such findings suggest that the lipid peroxidation may
represent an additive effect to the metabolic imbalance associated with diabetes in the

aggravation of inflammation in diabetics. In this sense, dyslipidemia may have a
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relevant impact on the inflammatory response in the presence of diabetes-increased
oxidative metabolism.
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TABLE 1. Characteristics of the sample: demographic, physical, laboratory, and diabetes data (mean + SD)

GROUP 1 GROUP 2 GROUP 3 GROUP 4
(DM >8.5%/ dyslip) | (DM<7.0% / dyslip) (without DM / (without DM /
with dyslip) without dyslip)
Gender (F/ M) 14711 15/10 14/11 15/10
Age (mean + SD) 47.8 (+7.7) 50.3 (+ 6.7) 49.1 (+ 7.9) 45.6 (+5.3)
Ethnicity
(white/brown/black) 11/717 9/4/12 13/31/9 12/5/8
BMI (m/kg?) 30.8 (+4.1)" 309 (+4.1)7 28.5 (+ 4.0) 27.6 (+6.9)
Abdominal circumference (cm) 103.7 (+ 14.3) 107.9 (+ 10.0) ¢ 98.2 (+10.7) 98.1 (+ 18.0)
Waist/hip proportion 1.0(+0.2) 1.0(+0.2) 0.9(+0.1) 0.9(+0.1)
Fasting glucose (mg/dl) 233.4 (+76.6) ¥ 137.7 (+ 435) * 90.2 (+6.1) 91.0 (+7.5)
HbA¢ (%) 10.7 (+1.8) " 6.5 (+0.7) %" 5.5 (+0.7) 5.2 (+0.6)
Insulin (U/L) 17.7 (+ 14.5) * 16.2 (+ 7.8)* 12.5 (+ 8.3) 121 (+13.7)
HOMA IR Index 9.8(+8.5)* 5.4 (+2.7) %% 2.8 (+1.8) 2.8 (+3.4)
Total cholesterol (mg/dl) 244.0 (+ 38.5) ** 247.3 (+ 44.3) ** 244.8 (+ 41.9) ** 173.9 (+ 18.4)
HDL cholesterol (mg/dl) 45.9 (+9.8) 47.2 (+ 10.6) 50.0 (+ 11.3) 48.9 (+13.4)
LDL cholesterol (mg/dI) 153.6 (+ 39.0) ** 150.8 (+ 45.1) ** 157.0 (+ 43.2) ** 105.5 (+17.8)
Triglycerides (mg/dI) 218.1 (+ 94.2) ** 246.2 (+ 108.4) ** 189.1 (+ 82.7) ** 94.1 (+37.8)
High-sensitive C-Reactive Protein 4
0.4 (+0.3) 0.7 (+0.5) 0.4 (+0.3) 0.4 (+0.6)
Hypertension 197 147 8 3
Time since DM onset
(years) (mean + SD) 6.5 (+4.5) 4.8 (+5.2) - -
Presence of diabetes
Complication 18 10 - -
One 10 08 - -
More than one 08 02 - -
Medication for DM control:
Hypoglycemic 17 12 - -
Insulin 1 1 - -
Hypoglycemic / Insulin 7 4 - -
None 0 8 - -
#p< 0.05 in relation to group 4; * p< 0.0001 in relation to group 4; * p< 0.05 in relation to group 3; T p< 0.05 in

relation to group 2; 1 p< 0.0001 in relation to groups 3 and 4; * p< 0.05 in relation to the other groups; ** p< 0.0001 in

relation to the other groups
(Mann-Whitney Test; 0=5%).

(Kruskal-Wallis Test; a=5%); ® p< 0.05 in relation to group 2
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Cytokines GROUP 1 GROUP 2 GROUP 3 GROUP 4

(pg/nl) (DM >85%/ | (DM<7.0%/ | (withoutDM/ | (without DM/

dyslip) dyslip) with dyslip) without

dyslip)

IL-2 0.55 (£0.73) 0.42 (£0.44) 0.33 (£0.40) 0.33 (x0.22)

IL-7 1.28 (+0.41) 1.24 (+0.38) 1.14 (+0.28) 1.02 (+0.22)

IL-10 0.83 (+0.34) 0.80 (+0.24) 0.75 (+0.18) 0.72 (+0.25)

IL-12 (p70) | 0.81 (+0.48) 0.93 (+0.42) 0.95 (+0.73) 0.91 (+0.49)

IL-13 2.71 (+2.20) 2.03 (+0.98) 2.28 (£0.99) 2.14 (£1.20)
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TABLE 3. Adjusted correlation between plasma cytokines and diabetes status,

lipoprotein profile, physical parameters, lipid peroxidation levels markers

PARAMETER IL-1p IL-4 IL-5 IL-6 IL-8 IL-10 TNF-a
Diabetic Fasting glucose (mg/dL)
" 0.48** 0.30** 0.24* 0.17 0.32** 0.15 0.50**
status
HbA
0.40** 0.21* 0.25* 0.19 0.17 0.09 0.50**
HOMA IR index
0.18 0.12 0.04 0.21* 0.15 -0.02 0.25*
Total Cholesterol (mg/dL)
. . 0.20* 0.05 0.12 0.25* 0.02 -0.03 0.16
Lipoprotein
profile *
HDL-cholesterol (mg/dL) -0.15 0.04 -0.01 -0.17 -0.03 -0.11 -0.08
LDL-cholesterol (mg/dL) 0.14 -0.01 0.04 0.21* -0.05 -0.01 0.07
Triglycerides (mg/dL) 0.20* 0.10 0.15 0.24* 0.16 001 | 0.35%*
BMI
Physical 0.04 0.03 -0.01 0.08 -0.01 -0.03 0.05
Parameters | Wais/hip proportion
0.15 0.10 0.11 0.17 0.20* 0.12 0.14
Abdominal circunf
0.06 0.05 0.001 0.12 0.08 0.02 0.04
MDA (uM)
Lipid 0.50** 0.25* 0.28* 0.16 0.25* 0.08 0.44**
peroxidatio
nmarkers” | Ox LDL (U/L)
0.42** 0.18 0.21* 0.40** 0.21* 0.07 0.48**

"p<0.05; ~ p< 0.0001 (r; Pearson’s correlation coefficient; a=5%)

*Adjusted for age, gender and BMI; t Adjusted for age and gender

HbA, ,glycated hemoglobin; HOMA IR — homeostatasis model assessment of insulin resistance
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TABLE 4: Multiple Regression Linear model with the influence of lipid peroxidation, diabetes status, lipoprotein profile and physical parameters on

plasma cytokines

IL-1p* 1L-6 IL-8° TNF-o*

B 95%ClI B 95%ClI B 95%ClI B 95%ClI

MDA PL 0.50** (0.08-0.16) 0.15  (-0.04 - 0.326) 0.25* (0.05-0.36) 0.44** (0.53-1.27)

LPO parameter Ox LDL PL 0.44** (0.0-0.01) 0.40** (0.02-0.05) 0.06 (-0.02-0.03) 0.50** (0.05-0.11)
Fasting glucose | 0.50** (0.001-0.002) | 0.17  (0.000-0.005) 0.11  (-0.01-0.03) 0.47 ** (0.008-0.02)

Diabetes status HbA; 0.40%* (0.02-0.06) 0.17  (-0.01-0.14) 0.18 (-0.01-0.12) 0.50** (0.26-0.54)
HOMA IR 0.2 (-0.001-0.02) | 0.2 (-0.002-0.06) 0.17 (-0.01-0.05) 013 (-0.01-0.04)

Insulin 0.01  (-0.003-0.003) | 0.23*  (0.001- 0.03) 0.01 (-0.01-0.01) 0.27*  (0.02-0.16)

Lipoprotein profile | Total Chol 0.2  (0.000-0.002) |[0.26* (0.001-0.01) 0.03  (-0.003-0.004) 017  (-0.02-0.02)
LDL 0.14  (0.000-0.002) |0.21* (0.000-0.01) -0.04 (-0.005-0.003) 0.008  (-0.01-0.01)
TGL 0.21  (0.000-0.001) | 0.24* (0.000- 0.004) 0.18  (0.000-0.003) 0.37**  (0.003- 0.01)

Physical parameters® | BMI 0.04  (-0.008-0.01) |0.08  (-0.02-0.051) -0.005 (-0.03-0.03) 0.051  (-0.06-0.1)
Abdominal circ | 0.12  (-0.005-0.009) | 0.19  (-0.01- 0.037) 0.33 (-0.03-0.04) -0.004 (-0.06 - 0.05)

“p<0.05; ™ p< 0.0001.

# Adjusted for age, gender and BMI.
s Adjusted for age and gender

B partial standardized regression coefficient.
LPO, lipid peroxidation; MDA PL, malondialdehyde in plasma;Ox LDL PL, oxidized LDL in plasma; HbA. (glycated hemoglobin); HOMA IR, Insulin resistance.



TABLE 5: Multivariate Logistic Regression model with the influence of lipid peroxidation, diabetes status, lipoprotein profile and physical

parameters on plasma cytokines
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IL-1p* 1L-6 1L-8* TNF-o*
OR  pvalue 95%Cl OR  pvalue 95%Cl OR p value 95%Cl OR p value 95%Cl
MDA PL 3.17 0.0001** (1.72-5.83) | 1.9 0.01* (1.15-3.11) | 1.87 0.01* (1.15-3.06) | 2.57 0.0001** (1.46-4.53)
LPO parameter Ox LDL PL 1.08 0.003* (1.03-1.14) [ 1.1  0.0001** (1.04-1.14) | 1.03 0.17 (0.99-1.06) | 1.11  0.0001** (1.06-1.17)
Fasting glucose 1.01  0.0001** (1.01-1.02) | 1.00 0.11 (1.00-1.01) | 1.01 0.003*  (1.0-1.02) | 1.01 0.01* (1.00-1.01)
Diabetes status HbA, 1.31 0.005** (1.09-1.58) | 1.16 0.11 (0.97-1.38) | 1.22 0.03* (1.02-1.45) | 1.41 0.0001** (1.15-1.73)
HOMA IR 112 0.02* (1.02-1.24) | 1.02 051 (0.95-1.10) | 1.1 0.04* (1.0-1.21) | 1.04 0.30 (0.96- 1.12)
Insulin 1.00 0.74 (0.98-1.03) | 1.0 0.67 (0.98-1.04) | 1.01 0.54 (0.98-1.04) | 1.02 0.24 (0.99-1.05)
Lipoprotein profile Total Chol 1.00 0.44 (0.99-1.01) | 1.0 0.14 (1.00-1.02) | 1.0 0.63 (0.99-1.01) | 1.01 0.11 (1.00-1.02)
LDL 1.00 0091 (0.99-1.91) | 1.0 0.39 (1.00-1.01) | 1.0 0.8 (0.99-1.01) | 1.0 0.31 (0.99-1.01)
TGL 1.11  0.04* (1.00-1.01) | 1.0 0.01* (1.00-1.01) | 1.0 0.13 (1.0-1.01) | 1.0 0.01* (1.00-1.10)
Physical parameters§ BMI 0.97 0.59 (0.89-1.07) | 1.1 0.06 (1.00-1.18) | 0.98 0.6 (0.90-1.06) | 1.04 0.32 (0.96-1.13)
Abdominal circ 1.06 0091 (1.00-1.14) | 1.05 0.11 (0.99-1.12) | 1.02 0.6 (0.96-1.07) | 0.99 0.66 (0.93-1.04)

p<0.05;

p< 0.0001.

# Adjusted for age, gender and BMI.
8 Adjusted for age and gender

LPO, lipid peroxidation; MDA PL, malondialdehyde in plasma; Ox LDL PL, oxidized LDL in plasma;HbA. (glycated hemoglobin); HOMA IR, Insulin resistance.
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FIGURES

1A

1B

Figure 1: Lipid Peroxidation markers in plasma— 1A Levels of MDA in plasma; 1B Levels
of oxidized LDL in plasma (** p<0.0001; *p<0.05; ANOVA Test; a=5%)



129

Figure 2: Cytokines expression in plasma** p<0.0001 in relation to group 4; *p<0.05 in relation
to group 4; * p<0.05 in relation to group 3; Kruskall Wallis Test; a=5%)
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5.0 .

PL_MDA

HbA1c

Figure 03: Correlation between levels of lipid peroxidation (MDA) in plasma and metabolic

control (HbA;.); r, Pearson’s correlation coefficient= 0.643; p<0.0001
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4 DISCUSSAO

Estudos prévios tém avaliado o impacto da peroxidagdo lipidica no
diabetes e na doenca periodontal como condic¢Oes independentes. Neste estudo
foi possivel avaliar a peroxidacdo lipidica em pacientes com diabetes tipo 2,
com adequado e inadequado controle metabolico, e dislipidemia comparando-
0s a pacientes sistemicamente saudaveis, bem como avaliar seu impacto sobre a
inflamac&o cronica no plasma e no fluido gengival. Além disso, foi possivel
padronizar e validar a mensuracdo da peroxidagdo lipidica (PL) no fluido
sulcular gengival (FSG) de sitios saudaveis e com periodontite. Os resultados
demonstraram a presenca de maiores niveis de peroxidacdo lipidica em
pacientes com diabetes e sugerem que a associacdo diabetes/dislipidemia pode
afetar a magnitude da inflamac&o local e sistémica, aumentando a expressao de
citocinas inflamatorias plasmaticas e no periodonto, levando também a
destruicdo tecidual, representada neste estudo por maior severidade da
periodontite cronica.

A dislipidemia no diabetes pode estar presente antes mesmo do
estabelecimento da hiperglicemia™ % *?2. Desempenha um importante papel na
resposta imune, predispondo o paciente a um estado hiperinflamatorio por
modular a funcdo e atividade dos macréfagos'®® 2% 2%8 desencadeando a
ativacdo de diversas vias relacionadas a liberacdo de produtos oxidativos, de
peroxidacdo lipidica e de mediadores inflamatérios que levam a danos em
diversos 6rgdos e tecidos*” . O aumento do metabolismo oxidativo e o

acumulo de AGEs estdo envolvidos na patogénese de condic¢des inflamatérias
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cronicas observadas em pacientes com diabetes como a aterosclerose®, as

110241 & 3 doenca periodontal® 3" 233246

alteracGes micro e macrovasculares

Diversos autores observaram que pacientes com diabetes apresentam
aumento de marcadores de peroxidacdo lipidica como LDL-oxidada (LDL-
ox)*% 100, 104,166,193 o 5 malondialdeido (MDA)* 84 19710 Em concordancia
com tais autores, o presente resultado demonstrou que os niveis plasmaticos de
peroxidacdo lipidica (LDL-ox e MDA) estdo aumentados em pacientes com
diabetes, sendo ainda mais elevados na presenca de inadequado controle
metabdlico e estdo correlacionados com parametros de dislipidemia como
niveis elevados de colesterol total, LDL-colesterol e triglicérides. Em

.1 e Nacitarhan et al.*®®, foi

concordancia com os estudos de Kesavulu et a
observado que 0s niveis de peroxidacdo lipidica também apresentaram
correlacdo forte e significativa com elevados niveis de glicemia de jejum e
hemoglobina glicada (HbA1. No entanto, alguns autores®”! néo encontraram
relagdo significativa entre niveis elevados de peroxidagdo lipidica e diabetes,
isso provavelmente esteve relacionado a diferencas nas populacdes de estudo.
Por muitos anos, a analise do MDA tem sido amplamente empregada
para verificar a peroxidacéo lipidica em amostras biolégicas ** *%. A reacéo
chamada de “teste das substancias reativas com &cido tiobarbitirico” (TBARS)
tem sido comumente utilizada como um indice de producdo de MDA e consiste
de um ensaio espectrofotométrico ou espectrofluorimétrico de produtos gerados

quando a amostra € aquecida sob condicdes acidas para formar o aduto MDA-

(TBA),. No entanto, outros aldeidos além do MDA podem reagir com o0 TBA e
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diversos outros cromégenos podem interferir, resultando dessa forma em uma

superestimacdo das concentracdes de MDA. Por estas razdes, a especificidade

do TBARSs tem sido alvo de questionamentos % 18 228,

Desta forma, a cromatografia liquida de alta performance (HPLC) tem
sido introduzida como uma maneira de melhorar a especificidade e
confiabilidade da avaliagdo®, uma vez que o auténtico cromégeno MDA-TBA;
é eficientemente separado de outros cromogenos que poderiam via a interferir

com a reacdo>" 40 889 98. 2% Riversos autores demonstraram a validacéo de

89, 98, 228

métodos para avaliacdo de MDA em plasma , mostrando que condigdes

sisttmicas como doenca glomerular %, infertilidade masculina *3*,

hiperlipidemia “° e Diabetes mellitus %> 16¢- 2%

apresentam niveis aumentados
de MDA plasmaticos.

Em se tratando de doenca periodontal, estudos recentes tém investigado
0 papel dos produtos do metabolismo oxidativo sobre a inflamacéo e dano ao
periodonto. Niveis aumentados de marcadores de estresse oxidativo foram

176, 210, 218, 233

verificados em sitios com periodontite e produtos de peroxidacao

lipidica no fluido sulcular gengival, como o malondialdeido (MDA), foram
NP : A - 4, 233, 246
significativamente correlacionados com parametros clinicos da doenca .
Alguns estudos sugerem que o inicio ou progressao da destrui¢do periodontal
pode ser devido ao aumento de espécies reativas de oxigénio e proteases ativas,
liberadas durante o processo de resposta do hospedeiro frente a um desafio

bacteriano & 37 190, 246
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Dessa forma, qualquer que seja 0 mecanismo, uma medida eficaz para
detectar os marcadores de peroxidacéo lipidica se faz necessaria para fornecer
resultados precisos e reprodutiveis. Na avaliagdo da peroxidacao lipidica em

pacientes com periodontite, os estudos tém realizado tal analise na saliva 3"

+2% no tecido gengival % e no fluido sulcular gengival * %% 4,

13 o plasma
No entanto, os métodos descritos para avaliar MDA no fluido gengival de sitios
com doenca periodontal foram ensaios colorimétricos *** e apenas dois autores
recentemente utilizaram cromatografia liquida de alta performance (HPLC) *
2 Deve-se ressaltar, entretanto, que a metodologia empregada para
mensuracdo no fluido sulcular gengival nestes estudos foi a mesma utilizada
para amostras de plasma e saliva e que ndo existe validacdo do método na
literatura. Considerando-se que o fluido sulcular gengival é uma amostra
bioldgica menos complexa em relacdo ao plasma e diferente da saliva quanto a
composicéo, o estabelecimento de uma metodologia especifica para avaliacdo
do MDA no fluido gengival se faz necessaria assim como a validacdo do
método para que esta analise seja precisa e reprodutivel.

No presente estudo, foi descrito um método confiavel o qual foi
validado para identificar e quantificar um produto especifico da peroxidagédo
lipidica no fluido sulcular gengival, de sitios saudaveis ou com periodontite
cronica, utilizando HPLC. O método foi padronizado e direcionado
especificamente para o FSG, diferenciando-o da mensuragdo em outras

amostras biologicas. Além disso, este é o primeiro estudo a descrever a

quantificagdo do MDA no fluido sulcular gengival de sitios saudaveis, uma vez
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que outros estudos apenas avaliaram MDA, por HPLC, em fluido de sitios com
doenca periodontal *2*. Isto implica ndo somente na mensuracéo do MDA em
concentragdes reduzidas, mas também na possibilidade de usar esta mensuracéo
como um marcador de risco para doenca periodontal (Apéndice 1).

A sensibilidade do método empregado permitiu a quantificacdo do
MDA com excelente exatiddo e precisdo até mesmo em concentracGes baixas
como 0.04 - 0.05 uM. Tal caracteristica foi de fundamental importancia na
quantificacdo do MDA no fluido de sitios saudaveis. Adicionalmente, as
diferentes amostras coletadas tanto de sitios saudaveis quanto com periodontite
cronica apresentaram concentracdes semelhantes, a depender da caracteristica
do sitio, demonstrando a precisdao do método quando aplicado para amostras de
fluido sulcular gengival. Além disso, um significativo aumento nas
concentracBes de MDA foi observado no fluido de sitios com periodontite
cronica quando comparados a sitios saudaveis, em concordancia com o estudo
de Tsai et al. 2.

Além da possibilidade de detectar MDA no fluido de sitios saudaveis e
de se obter um método validado para mensurar a peroxidacao lipidica no fluido
sulcular gengival utilizando a cromatografia liquida de alta performance
(Capitulo 1- Anexo C), o presente estudo avaliou o impacto da peroxidacao
lipidica no plasma e fluido gengival sobre a inflamacdo cronica em pacientes
portadores ou ndo de diabetes e dislipidemia (Capitulo 2).

E reconhecido que o diabetes esta associado a uma maior magnitude da

resposta inflamatdria a patégenos e seus produtos® ™. A periodontite cronica é
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reconhecida como a sexta complicagdo do diabetes** e é bem estabelecido que
h& maior prevaléncia, severidade e extensdo da doenca periodontal nestes
pacientes*! 60 115 198, 187, 226, 227 " Eqta jnformacéo foi confirmada no presente
estudo mostrando que os grupos com diabetes (grupos 1 e 2) foi relacionado a
piores valores para todos os parametros periodontais quando comparados aos
grupos normoglicémicos (grupos 3 e 4) (Apéndice 2).

O nivel de controle metabdlico tem sido extensivamente apontado como
um importante fator que leva a doenga periodontal mais severa, tendo mais

impacto em pacientes com inadequado controle metabdlico® 3¢ 287 227

apesar
de alguns estudos n&o observarem tal associacdo®® **. No presente estudo foi
verificado que pacientes com inadequado controle metabdlico e com
dislipidemia (grupo 1) apresentaram mais sitios com sangramento a sondagem,
supuracao e perda de insercdo quando comparados a pacientes sistemicamente
saudaveis (grupo 4). Além disso, uma correlacdo forte e positiva foi observada
entre glicemia de jejum e hemoglobina glicada e parametros clinicos de
periodontite cronica. Estes achados mostraram que, de fato, o controle
metabolico exerceu um impacto importante sobre a severidade da inflamacéo e
destruigdo periodontal.

No entanto, além do controle metabdlico, fatores como alteracBes na

86, 218

resposta imune, anormalidades no metabolismo de lipidios e aumento do

6, 175, 202

metabolismo oxidativo podem caracterizar-se como um importante

mecanismo relacionado a maior destruicdo periodontal. Sabe-se que a

36, 121

dislipidemia caracteristica do diabetes predispde o paciente a um estado
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hiperinflamatério pela modulagdo da funcéo e atividade dos macréfagos'®® =

2% desencadeando a ativacdo de vias associadas com a liberacdo de fatores de
47,101

crescimento e citocinas inflamatdrias

Estudos tém demonstrado a presenca de produtos do metabolismo

4, 220, 246 32, 37, 113

oxidativo e de peroxidacdo lipidica no plasma , saliva e fluido
sulcular gengival® %% Ainda, alguns autores demonstraram a relagdo desses
produtos com a patogénese da doenca periodontal'® 17626244 'Neste aspecto, o
presente estudo verificou que independente da condigcdo sistémica, 0s sitios
com periodontite cronica apresentaram mais MDA do que os sitios saudaveis.
Nossos achados demonstram uma correlacdo positiva entre marcadores de
peroxidacdo lipidica local e sistémica e parametros clinicos periodontais, como
sitios profundos (PD > 6mm), sangramento a sondagem, nivel de insercdo
clinica (NI >5mm) e presenca de supuragdo, estando em concordancia com

outros estudos® 2%

, 0 que indica que niveis aumentados de peroxidacéo lipidica
podem ter um papel importante na destruicdo periodontal. Além disso, também
foi verificada correlacdo positiva entre marcadores de peroxidacdo lipidica
local e sisttmica. Neste contexto, pode-se sugerir que a peroxidacao lipidica
tem um importante papel na severidade do processo inflamatorio periodontal e
sistémico, frequentemente observado nestes pacientes.

N&o foi encontrada correlacdo significativa entre dislipidemia e
parametros inflamatérios da periodontite crbnica, em contraste com estudos

anteriores que sugerem que a dislipidemia por si sé pode estar associada a um

pior status periodontal®® . O aumento da severidade da inflamagdo,
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representada por maior destruicdo periodontal e producdo aumentada de
citocinas inflamatdrias locais ocorreu quando a dislipidemia esteve associada
ao diabetes (grupos 1 e 2), ndo havendo diferenga na comparacdo entre
individuos com e sem dislipidemia ndo portadores de diabetes (grupos 3 e 4).
Nossos achados sugerem que o diabetes, na presenca de um ambiente
dislipidémico, pode alterar o metabolismo oxidativo, aumentando a
peroxidacdo lipidica. Tal aumento na peroxidacéo lipidica pode representar um
fator adicional no desequilibrio metabdlico associado ao diabetes com efeito
sobre a modulagdo da resposta inflamatdria. Neste sentido, sugere-se que a
dislipidemia tenha impacto relevante sobre a resposta inflamatéria na presenca
de estresse oxidativo aumentado.

Até o momento, o efeito da peroxidacdo lipidica local e sistémica em
pacientes com diabetes e periodontite cronica ndo havia sido estudado. No
presente estudo tais aspectos foram avaliados de maneira conjunta e foi
observado que apenas o fato de ter diabetes, independente do controle
metabolico, levou a um aumento dos niveis de peroxidacéo lipidica, avaliados
pela LDL-oxidada no plasma e pelo MDA no plasma e no fluido. Nesse
aspecto, um importante resultado que deve ser salientado foi a obtencdo de
maiores valores de MDA no fluido sulcular gengival de sitios saudaveis para os
grupos com diabetes (grupo 1 e 2) quando comparado ao fluido de pacientes
normoglicémicos (grupos 3 e 4). Além disso, os resultados de regressoes,

logistica e multipla, sugerem que niveis aumentados de peroxidacdo lipidica
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local e sisttmica podem representar um maior risco para a presenca de
periodontite cronica considerada severa.

Alguns mecanismos podem ser sugeridos para elucidar o papel da
peroxidacdo lipidica sobre a severidade da condicdo inflamatdria em pacientes
com diabetes e dislipidemia. Durante 0 curso de uma condigdo
inflamatoria/infecciosa, ap6s a ativacdo de neutrofilos e macréfagos por

patégen03209, 210, 233

, ocorre a producgdo exagerada de produtos da peroxidacdo
lipidica no tecido como conseqiiéncia do processo inflamatério®®® ?'°. Por sua
vez, a presenca de peroxidacdo lipidica nos locais inflamados pode, de maneira
oposta, aumentar a magnitude da reacdo inflamatoria por meio da liberacédo de
T s 2i0 o182
citocinas pré-inflamatérias™-.
Neste contexto, os perdxidos de lipidios podem ativar fatores de

transcricdo como o fator nuclear-kB" 178 205 2%3

, 0 qual é sensivel a alteracdes
no metabolismo oxidativo®:. Tal ativacdo estimula a liberacdo de mediadores
apoptaéticos e citocinas pré-inflamatdrias e aumenta a expressdo de moléculas
de adesdo endotelial, como a VCAM-1" % 1% resyltando numa cascata de
ativacéo celular e inflamacéo difusa® .

A peroxidacdo lipidica pode ainda contribuir para a injdria tecidual por
outros mecanismos, incluindo dano ao DNA, oxidagdo de enzimas e alteracGes
degenerativas, como necrose e destruicdo do osso alveolar na regido do
infiltrado inflamat6rio®®. Tal condic&o de dano tecidual pode ser agravada em

pacientes com diabetes pelo fato de que, além dos lipidios no plasma e das

membranas celulares serem fontes de perdxido de lipidios, o acimulo de AGEs
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(produtos finais da glicacdo avangada) também pode gerar produtos de
peroxidacdo lipidica™. Sabe-se que os AGEs estdo diretamente associados ao
nivel de controle metabdlico e a duracdo da hiperglicemia e tém a capacidade
de alterar a estrutura e funcdo das membranas celulares, inclusive levando a um
aumento do metabolismo oxidativo (ROS) acima do fisiol6gico®®?. Tal
mecanismo de estresse oxidativo e producdo de peroxido de lipidios induzido
por AGEs contribuem para a diminuicdo da capacidade antioxidante **°
disfuncdo vascular difusa e ativacdo de células mononucleares* 2. Sendo a
doenca periodontal uma condigdo que se desenvolve frente a um desafio
bacteriano, o acimulo periférico ou local de AGEs pode contribuir para dano
aos tecidos periodontais® e por este motivo, tal aciimulo tem sido investigado na
doenca periodontal®®. Estudos demonstram que existem receptores RAGES no
tecido gengival ** %2 de pacientes com diabetes e a interagdo de AGEs com

253

seus receptores RAGESs, que ocorre em Vvarios 0rgaos~”, também pode ocorrer

no tecido gengival’® 2%, Tal interacdo pode levar & supresséo da producdo de
colageno por fibroblastos da gengiva e do ligamento periodontal*®* %

liberacdo de mediadores inflamatorios como interleucina 1 (IL-1p) e fator de

127, 253 55, 255

necrose tumoral o (TNF-c) , estimulo a osteoclastogénese e atraso da

reparacdo tecidual®.
E bem estabelecido que pacientes com diabetes, especialmente com

inadequado controle metabolico, apresentam niveis aumentados de citocinas no

plasma e no fluido sulcular gengival®: *™* 8 1% Jevando a dano tecidual®® % e
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influenciando nas complicagdes relacionadas ao diabetes™® **. No entanto, os
poucos estudos que investigaram a peroxidacdo lipidica como um possivel
mecanismo adicional para a severidade da resposta inflamatoria e da doenca

periodontal em pacientes com diabetes ** 202 220

, ndo consideraram o perfil
imunoinflamatério local e/ou sisttmico do individuo, tornando dificil,
estabelecer uma correlagdo entre achados clinicos periodontais e de
peroxidacdo lipidica com a magnitude da resposta inflamatoria gerada.

No presente estudo, em relacdo aos marcadores inflamatdrios (TNF-a,
IL-6 e IL-10) no fluido sulcular gengival, além de confirmar que pacientes com
DM e pobre controle metabdlico apresentam maior expressdao de tais
marcadores em sitios com periodontite cronica, também foi verificada uma
significativa correlacdo entre niveis plasmaticos de MDA e a expresséo local de
citocinas, especialmente em relacdo ao TNF-a, dado este ainda nao relatado na
literatura. Alem disso, os resultados da regressdo logistica sugerem que o
aumento da peroxidagdo lipidica, local e sistémica, pode aumentar o risco de
expressao de marcadores inflamatdrios locais, particularmente TNF-o. Estes
achados demonstram um papel potencial da peroxidacdo lipidica quanto ao
aumento na expressdo de citocinas no tecido inflamado e, consequente,
destruigdo periodontal.

Em se tratando de marcadores inflamatdrios plasmaticos, no presente
estudo foram avaliadas 12 citocinas e estas foram correlacionadas com
condigdes sistémicas. Poucos estudos que avaliaram marcadores inflamatorios

categorizaram os pacientes com DM de acordo com o controle metabdlico,
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baseado nos niveis de HbA1c*® 7 19%.120.18 ‘N presente estudo, foi observado
que a expressdo das citocinas seguiu um padrdo decrescente do grupo 1 ao
grupo 4 tanto para citocinas prd- quanto anti-inflamatdrias, sendo esta diferenga
significante para IL-1p, IL-4, IL-5, IL-6, IL-8 e TNF-o. Esta diferenca ocorreu
em maior magnitude na comparagdo do grupo 1 em relacdo aos demais grupos,
embora nos pacientes portadores de diabetes com adequado controle
metabolico os niveis destas citocinas também estivessem mais elevados em
relacdo aos pacientes saudaveis. Tais resultados estdo em concordancia com
outros estudos que mostraram um elevado padréo de citocinas inflamatdrias em
pacientes com inadequado controle metabélico® ** “°. Além disso, conforme

demonstrado por outros autores’® **!

, No presente estudo a expressdo de
adipocitocinas, como IL-13, IL-6 e TNF-a, foi maior em pacientes com

dislipidemia (grupos 1, 2 e 3).

Dados relevantes foram encontrados nos pacientes com adequado
controle metabdlico. Este grupo de pacientes geralmente é considerado de
menor risco ao desenvolvimento de doencas cardiovasculares e complicacGes
relacionadas ao diabetes, quando comparados aos pacientes com inadequado

controle metabdlico® ¢’

e, por essas razdes, nao é avaliado frequentemente em
relacdo ao perfil lipidico e as proteinas de fase aguda. Entretanto, os resultados
verificados neste estudo em relacdo ao grupo 2, como maiores niveis de

proteina C-reativa e de circunferéncia abdominal, altos niveis de peroxidacéao

lipidica e de citocinas inflamatdrias plasmaticas (IL-1pB, I1L-6, IL-8, TNF-a),
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demonstram que h& um erro de premissa. Neste contexto, alguns autores
enfatizam que o0 aumento do metabolismo oxidativo pode levar ao inicio ou a

progressdo do diabetes’” %%

e a que peroxidacao lipidica pode ser um evento
precoce importante na patogénese do desenvolvimento das complicacOes
associadas a0 DM, mesmo em pacientes com bom controle metabdlico®. Desta
forma, os resultados do presente estudo apontam para a importéncia de que
sejam estabelecidas também para pacientes com adequado controle metabdlico,

metas de prevengdo devem ser tomadas buscando evitar um pobre controle

metabdlico no futuro.

Apesar dos pacientes com DM serem considerados obesos (BMI1>30) e
apresentarem altos valores de circunferéncia abdominal, de resisténcia
insulinica e de citocinas (IL-6 e TNF- o), ndo houve correlacdo significativa
entre citocinas plasmaticas e parametros fisicos, diferente dos resultados de
alguns estudos® 2”2, Além disso, foram observadas correlacBes significativas
fracas (0.2) citocinas (IL-6 e o0 TNF- a) com a resisténcia insulinica (HOMA
IR). Apesar de estudos prévios demonstrarem associagdo entre resisténcia

242,250,251 5 1tros estudos ndo

insulinica e a expressdo de citocinas inflamatérias
encontraram tal relacdo e afirmam que o nivel de citocinas circulantes esta mais
relacionado & hiperglicemia® ou & presenca de tecido adiposo® ** do que &

resisténcia insulnica propriamente dita®".

No presente estudo foram verificadas correlagbes moderadas e

significantes entre citocinas, como IL1-B, TNF-a e IL-6, e marcadores de
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peroxidacdo lipidica, como MDA e LDLox. As analises de regressdo também
mostraram que a peroxidagéo lipidica possui um importante papel no aumento
do risco de expressao de citocinas plasmaticas, em especial IL1-f e TNF-a. No
entanto, foram observadas correlagdes significativas, porém fracas, entre a
expressdo das citocinas plasmaticas e o perfil lipidico. Este achado sugere que,
apesar da dislipidemia contribuir efetivamente para a ocorréncia de peroxidacao
lipidica, seu papel no aumento da expressdo de marcadores inflamatdrios €
mais significativo quando esta é associada ao diabetes.

O mecanismo preciso pelo qual a peroxidacdo lipidica pode levar a
maior expressdo de citocinas ainda ndo é bem elucidado em estudos clinicos.
No entanto, alguns estudos sugerem que 0 aumento do metabolismo oxidativo

ativa fatores de transcricdo como o (NF-kB) #**

e aumenta a expressao de
citocinas inflamatérias (IL-6 e TNF- a) ®*, sendo um mecanismo que pode levar
a hiperglicemia aguda e a complicacdes do diabetes’’. Além disso, foi
demonstrado® que a inibicdo da peroxidacéo lipidica é capaz de normalizar a
expressdo de citocinas angiogénicas como o fator de crescimento vascular
endotelial (VEGF), melhorando a cicatrizacdo de feridas em ratos diabéticos.
Desta forma, pode-se sugerir que a peroxidacdo lipidica pode ser um
mecanismo adicional importante na expressdo aumentada de marcadores
inflamatorios em pacientes com diabetes e dislipidemia.

Apesar deste estudo apresentar limitacOes, inerentes a um estudo

transversal, que ndo permitem conclusfes generalizadas ou de causalidade, foi

possivel observar que marcadores de peroxidacdo lipidica no plasma e no



periodonto estdo aumentados nos pacientes com diabetes que apresentam
dislipidemia, particularmente quando ha pobre controle metabolico. Alem
disso, niveis locais e sisttmicos de peroxidagdo lipidica aumentaram a
expressdo de citocinas plasmaticas e locais, 0 que pode contribuir para a
ocorréncia de inflamacdo difusa e dano a diversos tecidos, dentre esses 0

periodonto.
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5 CONCLUSAO

Os resultados obtidos permitem concluir que:

A peroxidacdo lipidica plasmatica, mesmo em pacientes com
adequado controle metabolico, esteve associada a niveis elevados de
citocinas plasmaticas, sugerindo um possivel mecanismo adicional
na modulacdo da resposta inflamatdria em pacientes com diabetes e
dislipidemia.

Foi possivel quantificar um importante marcador de peroxidacao
lipidica no fluido sulcular gengival utilizando cromatografia liquida
de alta performance, com exatidao e preciséo.

A avaliacdo do MDA no fluido sulcular gengival, inclusive de sitios
saudaveis, podendo ser avaliada como possivel marcador de risco
para periodontite cronica.

A peroxidacao lipidica pode ser um mecanismo importante para a
expressao aumentada de marcadores inflamatérios no fluido sulcular
gengival e maior severidade da periodontite crénica do paciente
portador de diabetes com dislipidemia.

A presenca de maiores niveis de peroxidagdo lipidica, e
meramente a dislipidemia, em pacientes com diabetes sugere que a
associacdo diabetes/dislipidemia possa afetar a magnitude da

inflamacé&o local e sistémica.
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Apéndice 1 - MATERIAIS E METODOS
Descricdo da Amostra

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa em
Seres Humanos da Faculdade de Odontologia de Araraquara (Protocolo n°
50/06) (Anexo A) e foi conduzido entre Maio de 2009 e Novembro de 2010. Os
pacientes foram selecionados dentre os que buscam atendimento na Faculdade
de Odontologia de Araraquara e os que foram encaminhados pelas Unidades
Basicas de Saude do municipio e regiéo.

Ap0s esclarecimento da natureza e objetivos da pesquisa, 0s pacientes
confirmaram sua aceitacdo para participar do estudo mediante a assinatura de
um Termo de Consentimento Livre e Esclarecido (Anexo B).

Os participantes desta pesquisa receberam orientacdo sobre a doenca
periodontal e, apos as coletas de material, foram encaminhados para tratamento
periodontal. Os pacientes portadores de diabetes, quando necessario, foram
encaminhados ao endocrinologista responsavel para acompanhamento e

eventual tratamento da condicdo metabolica.

Grupos

O célculo da amostra foi baseado em um estudo piloto conduzido pelo
nosso grupo de pesquisa, em que observando uma diferenca de 3.0 unidades na
concentracdo de um determinado marcador de peroxidacao lipidica (MDA) e
usando um desvio padrédo de 1.4 unidades, poderia ser observada uma diferenca

significativa entre o um grupo de pacientes com diabetes quando comparado a
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um grupo sem diabetes. Desta forma, foi calculado que seriam necessérios pelo
menos 20 pacientes em cada grupo para termos um poder de 90% com um
intervalo de confianga de 95%. Tendo em vista a possibilidade de desisténcia
dos pacientes em participar do estudo durante as fases de execucgéo, cada grupo
foi constituido de 30 pacientes.

Sendo assim, a amostra foi composta por 120 pacientes, divididos em

quatro grupos:

GRUPO 01 (n=30)- Individuos portadores de Diabetes mellitus tipo 2,
descompensados metabolicamente (HbA;. < 8,0%), com periodontite cronica’
e com dislipidemia®;

GRUPO 02 (n=30)- Individuos portadores de Diabetes mellitus tipo 2,
compensados metabolicamente (HbAy. > 8,0%), com periodontite cronica® e
com dislipidemia®);

GRUPO 03 (n=30)- Individuos sistemicamente saudaveis, com periodontite
cronica® e com dislipidemia®

GRUPO 04 (n=30)- Individuos sistemicamente saudaveis, com periodontite

cronica® e sem dislipidemia®

Para o grupo de individuos portadores de diabetes, foi realizado exame
laboratorial para avaliacdo da HbA;. e, a partir deste resultado, o paciente foi

alocado no grupo 01 (descompensado metabolicamente) ou no grupo 02
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(compensado metabolicamente). Para o grupo 03, individuos sistemicamente
saudaveis, o exame de glicemia de jejum foi realizado para confirmagdo da
auséncia do diabetes, sendo considerados normoglicémicos aqueles com
resultado inferior a 100mg/dl.

O critério de HbA;. > 8,0%, no grupo de pacientes metabolicamente
descompensados, foi escolhido para evitar a inclusdo de pacientes com
descompensa¢do metabdlica transitdria e foi baseado em estudos prospectivos e
randomizados™? que definem o limite de 7% da HbA;. como controle
metabolico aceitavel. Assim, a inclusdo de pacientes com 1% acima do limite
superior objetivou eliminar a interferéncia de possiveis alteracfes metabolicas

transitorias.

Critérios de Inclusao
= Ambos 0s sexos
= |dade de 35 a 60 anos
= Presenca de, no minimo, 15 dentes
= Apresentar pelo menos 4 sitios com profundidade de sondagem (PS) >
5mm, nivel de insercdo (NI) > 4mm e sangramento a sondagem (SS),

em dentes ndo-adjacentes.

Critérios de Exclusao
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= Antibioticoterapia nos seis meses anteriores e de antiinflamatdrios
esterdides ou ndo-esteroides nos trés meses antecessores ao estudo

= Gestacdo e lactagéo

= Uso de anticoncepcional ou qualquer outra forma de hormonio

= Tabagismo

» Presenca de anemia

= Tratamento periodontal nos ultimos 6 meses

= Uso de drogas hipolipemiantes: vastatinas, estatinas, inibidores da
HMG-CoA redutase, resinas de troca, fibratos, acido nicotinico, dmega-
3, acido acetilsalicilico (AAS), inibidores da enzima de conversao
(IECA), betablogueadores (BB)

= Uso de drogas que interferem no metabolismo lipidico:
imunossupressores, esteroides, anticonvulsivantes, &cido acetilsalicilico,
acido ascorbico, amiodarona, alopurinol, glitazonas

» Histdria de doengas que interferem no metabolismo lipidico:
hipotireoidismo, hipopituiritarismo, sindrome nefrotica, insuficiéncia
renal cronica, atresia biliar congénita, doencas de armazenamento, lupus

eritematoso sistémico.

Procedimentos Clinicos
Anamnese:
Todos os pacientes foram submetidos a um questionario estruturado

com relacdo aos dados demograficos, histéria de saiude geral e bucal. Os
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pacientes portadores de diabetes foram avaliados quanto a historia pregressa da
doenca, presenca de complicacdes associadas ao diabetes®, medicacdes
utilizadas para controle metabdlico, dentre outras informagdes por meio de uma
ficha elaborada especialmente para a Clinica de Pacientes Portadores de

Diabetes da Faculdade de Odontologia de Araraquara (anexo 7.5).

Exame Fisico
A amostra foi submetida a um exame fisico no qual foram avaliados:
circunferéncia abdominal, proporcdo cintura/quadril e peso e altura para

obtencdo do indice de massa corporal (IMC) de cada paciente.

Exame Clinico Intrabucal e Radiogréafico

Todos os pacientes foram submetidos a exame periodontal completo,
realizado por um {nico examinador treinado e previamente calibrado
(kappa=0.89), usando instrumental da marca Hufriedy®.

A avaliacdo periodontal foi composta de indice de placa visivel (IPV),
indice de sangramento marginal (ISM), sangramento a sondagem (SS),
mensuracdo da profundidade de sondagem, posi¢do da margem gengival e nivel
clinico de insercdo (NI). Foi realizado ainda um exame radiogréfico de boca

toda para avaliacdo da perda 6ssea periodontal.
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indice de placa visivel (IPV): presenca ou nio de placa bacteriana

visivel a olho nu, apos secagem da superficie dentaria com jato de ar, em todas
as faces de todos os dentes.

indice de sangramento marginal (ISM): presenca ou auséncia de

sangramento marginal apos percorrer 0 espaco do sulco de uma proximal a
outra, com a sonda periodontal milimetrada inclinada em 60 graus em relacao
ao dente.

Posicdo da margem gengival (NG): distancia da margem gengival a

juncdo cemento-esmalte.

Mensuracdo da profundidade de sondagem(PS): distancia da margem

gengival ao fundo do sulco gengival, medida com sonda periodontal
milimetrada em 6 sitios por dente: disto-vestibular, vestibular, mesio-vestibular,
disto-lingual, lingual e disto-lingual.

Sangramento a sondagem (SS): presenga ou auséncia de sangramento,

decorrido um tempo de 30 segundos depois de mensurada a profundidade de
sondagem.

Avaliacdo do nivel clinico de insercdo (NI): corresponde a somatoria

das medidas da posicdo da margem gengival e profundidade de sondagem, para
cada sitio de cada elemento dentério.

Procedimentos radiograficos: o exame radiogréfico intra-oral de cada
paciente foi composto por radiografias periapicais de boca toda realizadas com
auxilio de posicionadores autoclavaveis da marca RINN; filme periapical kodak

e um aparelho de raio-X odontolégico convencional. Posteriormente, os filmes
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radiograficos foram processados na processadora automética Dent — X 9000
utilizando solugdes quimicas kodak e montados em cartelas apropriadas para

interpretacdo das imagens em negatoscopio.

Uma classificacdo de periodontite crbnica severa foi definida para
aqueles pacientes que apresentavam profundidade de sondagem (PS) >6mm,
nivel de insercdo (NI) >5mm e sangramento a sondagem em pelo menos 8
sitios distribuidos em diferentes quadrantes*‘°.

Todas as mensuracOes foram realizadas em uma sesséo anterior a coleta

do fluido sulcular gengival para evitar o estimulo do fluido ou sangramento o

que poderia interferir com o processo de coleta.

Coleta do Fluido Sulcular Gengical

Para cada paciente foram selecionados, em dentes ndo adjacentes:

- 4 sitios com periodontite crénica: PS >5mm, perda de inser¢do >4mm
e com sangramento a sondagem

- 4 sitios sem doenca periodonal: PS < 3mm, sem perda de insercéo e
sem sangramento a sondagem,

A placa bacteriana supragengival foi removida dos sitios selecionados e
a regido foi isolada com rolos de algoddo estéreis e gentilmente seca com jato

de ar.
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O fluido sulcular foi coletado com a introducdo de um filtro especial”
para fluido gengival mantido durante 1 minuto, sendo descartada a amostra
contaminada visivelmente com sangue. A seguir, 0 volume de fluido foi
quantificado utilizando-se um equipamento especifico para esta metodologia.

Para a analise imunoldgica, as tiras contendo o fluido sulcular gengival
dos sitios selecionados foram acondicionadas em um Unico tubo (pool)

contendo 300 ul de solucéo de PBS (phosphate-buffered saline).

Apo6s um intervalo de uma hora, outra amostra de fluido gengival foi
coletada para a analise do MDA, sendo que as tiras obtidas dos mesmos sitios
também foram acondicionadas em um Unico tubo (pool) contendo 300 ul de

solucdo de PBS.

Procedimentos Laboratoriais
Analise laboratorial do controle metabdlico e perfil lipidico

Apbs um jejum de 12 horas, 0s pacientes foram encaminhados a um
Laboratorio de Anélises Clinicas com experiéncia na realizacdo dos exames

solicitados, onde foram realizadas as seguintes analises: Hemograma®,

" Periopaper®, Oraflow Inc. (EUA)
T Periotron®, Oraflow Inc. (EUA)
* ABX Micros 60
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Glicemia de Jejum (método Bondar e Mead modificado)®, HbA,. (método de
imunoensaio de inibicdo turbidimétrica)”, Proteina C-reativa ultrasensivel
(método nefelometria). O nivel de insulina foi determinado pelo método de
quimioluminescéncia (uUl/mL), permitindo calcular o indice de resisténcia
insulinica HOMA (HOMA IR)*. O perfil lipidico foi avaliado por meio

triglicérides  (método  enzimatico-Trinder)™", Colesterol Total (método

enzimatico-Trinder)**e HDL-colesterol (método enzimatico)®®.

As fracbes do VLDL e LDL-colesterol foram calculadas segundo a

equacdo de Friedewald (valida se Triglicérides <400mg/dl)*:
Colesterol VLDL = triglicérides / 5
Colesterol LDL= Colesterol Total — (HDL+VLDL)

Para evitar a inclusdo de pacientes com dislipidemia transitoria, para os
grupos 1, 2 e 3, foram considerados os limites superiores de cada fragdo
lipidica, de acordo com o National Cholesterol Educational Program (NCEP)

Adult Treatment 111 (ATP 111) *:
Colesterol Total (CT): Considerado alto para valores > 240 mg/dI.

LDL (Low density lipoprotein): Considerado alto para valores > 160 mg/dl.

S Kit Labtest
" Kit Roche
™ Kit Labtest
* Kit Labtest
S8 Kit Labtest
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HDL (High density lipoprotein): Considerado baixo para valores < 40 mg/dl.

Triglicérides (TG): Considerado alto para valores > 200 mg/dl.

Coleta das Amostras de Plasma Sanguineo
Foram coletados no mesmo Laboratorio de Analises Clinicas sangue de
cada paciente em tubos com EDTA de cada paciente para posterior analise

imunologica e dos niveis de peroxidacéo lipidica (LDL oxidada e MDA).

Processamento das amostras para andlise de Peroxidagdo Lipidica

Analise da LDL-oxidada
= Amostras de plasma sanguineo:

A amostra de sangue total foi centrifugada (3000g durante 10 minutos a
4°C) para obtencdo do plasma sanguineo e este foi aliquotado e congelado em
freezer a -80°C para posterior determinacdo do LDL oxidada.

As amostras de plasma sanguineo foram processadas por meio de kit
ELISA, disponivel comercialmente (Mercodia AB oxidized LDL ELISA kits® -
Sweden) seguindo as recomendacdes do fabricante. A absorbancia foi medida
por meio de espectofotdbmetro em 450 nm por um leitor de placas (Synergy

Mx,Biotek Instruments Inc, USA)
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Analise do MDA

A avaliagdo das amostras foi realizada no Departamento de Analises
Clinicas e Toxicologicas da Faculdade de Ciéncias Farmacéuticas da
Universidade de Sdo Paulo (USP), por meio de cromatografia liquida de alta
eficiéncia (HPLC-high perfomance cromatography), (Shimadzu, Tokyo, Japan)
quantificando a reacdo de MDA com &cido tiobarbitdrico (TBA), para
formacdo do produto dosado por cromatografia liquida de alta eficiéncia
(HPLC/PDA), com deteccdo na absorbancia de 532 nm. Antes do
processamento das amostras foi construida uma curva de calibragdo utilizando
uma solucdo estoque de MDA, preparada no mesmo dia da avaliagdo e foi
incluida paralelamente as amostras para comparacdo. Os niveis de MDA no
fluido sulcular gengival e no plasma foram determinadas de acordo com o

método descrito por Hong et al.%.

= Amostras de fluido sulcular gengival:

Ap6s um periodo de 40 minutos da coleta das amostras do fluido sulcular
gengival, a temperatura ambiente, as tiras foram removidas dos tubos e as
amostras foram imediatamente congeladas em freezer a -80°C para posterior
analise.

Brevemente, a cada tubo contendo 300 uL da solucgéo de fluido sulcular
gengival e PBS foram adicionados 36 puL Butylated hydroxytoluene (BHT)

(0,2% em etanol 95%) e 100 uL de acido fosfdrico (H3PO,4) 0.44 M. Os tubos
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foram levados ao vortex e deixados em temperatura ambiente por 10 minutos.
A seguir, 150 uL de uma solucéo preparada com 0.6% de écido tiobarbiturico
(TBA) em H3PO, 0.44 M foram adicionados a todos os tubos, levados ao
vortex e incubadas em banho-maria a 90°C por 45 minutos. Apos incubagao os
tubos foram deixados a temperatura ambiente e o aduto (fase rosa) foi extraido
com n-butanol (150 uL). A fase n-butandlica foi entdo injetada no sistema de

cromatografia liquida de alta eficiéncia HPLC/PDA.

= Amostras de plasma sanguineo:

As amostras de sangue total foram centrifugadas (3000g durante 10
minutos a 4°C) para obtencao do plasma sanguineo, aliquotado e congelado em
freezer a -80°C para posterior avaliagdo no mesmo laboratorio em que foi
realizada analise do fluido sulcular gengival

Aos tubos contendo 250 ul de plasma foram adicionados 36 uL de BHT
(0,2% em etanol 95%) e 12.5 ul de 10N NaOH e incubados a 60 °C por 30 min
com agitacdo (Vortemp®). A esta solucéo foi adicionado 1.5 mL de 7.2% &cido
tricloracético (TCA) contendo 1% de iodeto de potassio (KI) e esta mistura foi
colocada em gelo por 10 minutos e centrifugada (1.000 xg, 10 min). 1ml do
sobrenadante foi transferido para um outro tubo com roscas, para evitar
abertura durante incubacéo, foi adicionado a 500 pul de 0.6% TBA e a mistura
foi incubada a 95 °C por 30 min. A fase n-butandlica foi extraida com 250ul de
n-butanol e injetada no sistema de cromatografia liquida de alta eficiéncia

HPLC/PDA.
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Processamento das amostras para anélise imunologica

= Amostras de fluido sulcular gengival

Apos 40 minutos da coleta das amostras do fluido sulcular gengival, a
temperatura ambiente, as tiras foram removidas dos tubos e as amostras foram
imediatamente centrifugadas a 6.000 rpm por 5 minutos. O sobrenadante foi
coletado e congelado em freezer a -80°C para posterior analise.

No fluido sulcular gengival foi avaliada a quantidade total de
interleucina (IL)-6, IL-10 e TNF-a.

= Amostras de plasma sanguineo

A amostra de sangue total foi centrifugada (3000g durante 10 minutos a
4°C) para obtencdo do plasma sanguineo, o qual foi congelado em freezer a -
80°C para posterior analise.

No plasma sangtiineo foi mensurada a quantidade total de: (IL)-1f, IL-
2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13 e TNF-q.

Tendo em vista a grande quantidade de marcadores a serem avaliados,
as amostras coletadas tanto de fluido sulcular gengival quanto de plasma
sanguineo foram processadas no Departamento de Imunologia do Instituto de
Ciéncias Biomédicas da Universidade de Sao Paulo utilizando-se a tecnologia
Luminex . Esta metodologia utiliza dois lasers, sendo um especifico para

microparticula (qualitativo) enquanto o outro determina a magnitude do sinal

“ Luminex Corporation (Austin, TX)
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derivado da ficoeritrina (quantitativo). Todos os marcadores foram mensurados
por kits comercialmente disponiveis''" seguindo as orientacdes do fabricante.
Brevemente, microparticulas diluidas (50uL), padrdo (50uL) e amostras
do plasma ou fluido sem diluicdo (50uL) foram pipetadas nos pocos e
incubadas por duas horas. Apos trés lavagens, um coquetel de anticorpos
biotinilados especificos (50uL) foi adicionado e incubado por uma hora a
temperatura ambiente. ApOs outra lavagem, o conjugado estreptavidina-
ficoeritrina  (50uL) foi adicionado, incubado por 30 minutos e as
microparticulas foram resuspensas em tampdo. A analise dos dados foi

®H tilizando o analisador Luminex.

realizada com software Bio-Plex Manager
ANALISE ESTATISTICA

Os dados foram tabulados no programa Excel® 2007 e foram
submetidos a analise estatistica descritiva e analitica pelo programa GraphPad
Prism 5.0. A distribui¢do e normalidade dos dados foram avaliadas pelo teste
de D’'Agostino & Pearson. As caracteristicas gerais de cada grupo foram
descritas utilizando media e desvio padrdo (DP) e as citocinas inflamatérias
foram expressas como mediana e 25% / 75% quartil. As diferengas entre 0s
grupos para dados paramétricos foram avaliadas pelo teste ANOVA, seguido
do pos-teste de Bonferroni e os dados ndo paramétricos foram avaliados pelo

teste Mann-Whitney ou Kruskall-Wallis seguido do pds-teste de Dunn. Testes

™ Bio-Plex system, Bio-Rad laboratories (Hercules, CA, EUA)

** Bjo-Rad laboratories (Hercules, Califérnia, EUA)
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de correlacdo de Pearson foram utilizados para dados com distribuicdo normal e
de Spearman para dados ndo-normais, para investigar a correlacdo entre as
diferentes variaveis, ajustando para possiveis fatores de confundimento como
idade, género e indice de massa corporal. Modelos de regressdo logistica e
linear foram construidos para cada varidvel independente separadamente para
avaliar a influéncia da peroxidacdo lipidica e do status do diabetes nos
parametros de severidade da periodontite crénica e na expressao de citocinas
inflamatorias locais e sisttmicas. Varidveis que estavam altamente
correlacionadas com as variaveis dependentes e independentes, e
consequentemente, como fatores de confundimento foram incluidas nos
modelos para avaliar o peso de cada uma delas. As analises de correlacao e de
regressdo foram realizadas no programa SPSS® IBM versdo 19. O nivel de
significancia estabelecido foi de 5%. A hipotese de nulidade foi rejeitada se p <

0.05.
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1- AVALIACAO PERIODONTAL
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Tabela 1- Média (= Desvio-Padrédo) dos Parametros Clinicos Periodontais

GRUPO 1 GRUPO 2 GRUPO 3 GRUPO 4
n=30 n=30 n=30 n=30
Numero de dentes 223 (+42) 21.6 (+ 45) 232 (+ 3.8) 24.3 (+3.1)
——
1PV (b sitios) 765 (+17.4)° 69.8 (+ 13.0) 70.1 (+157) 608 (+ 17.4)
——
ISM (% sitios) 60.9 (+ 15.2) " 46.9 (+ 15.9) 40.4 (+ 14.8) 41.3 (+12.9)
0, iti
55 (ositios 69.3 (+ 12.8) *°¢ 53.9 (+13.8) 53.0 (+13.7) 514(+13.2)
s (mm) 41(+05)°° 37 (+06) 3.4.(+05) 3709
< % siti
PS < 3mm (% sitios) 433 (+ 148) cgh 57.0 (+ 15.0) 61.9 (+ 14.0) 53.3(+ 12.5)
- % siti
PS 4-5mm (% sitios) 319 (+ 11.6)° 310 (+11.0)° 31.0 (+ 10.6)? 41.0 (+ 10.0)
> % siti
PS> 6mm (% sitios) 208 (+ 159) bed 12,0 (+ 10.8) i 7.0 (+10.6) 5.7 (+5.9)
NI (mm) 4.4 (+07)°cd 3.9 (+0.7) 3.6 (+0.5) 3.8 (+0.4)
< % siti
NI < 2mm (% sitios) 131+ 85) 16.5 (+ 15.1) 248 (+162)° 10.3 (+ 10.0)
- % siti
NI 3-4mm (% sitios) 98 153) id 188 (+ 142) d 516 (+ 10.7) 61.3 (+ 10.0) [
e
NI >5mm % (% sitios) 471 (+ 16.2) 34.7 (+17.6)" 23.8 (+ 14.0) 28.4 (+10.5)
T
supuragio (nstties 6.8 (+7.0) % 40 (+33) 20 (+30) 20(3.7)

IPV: indice de placa visivel; ISM: indice de sangramento marginal; SS: sangramento a sondagem; PS:

profundidade de sondagem; NI: nivel de insercéo.

* ns-diferenca néo significativa (Teste Kruskal Wallis; a=5%) 8 p<0.01 em relag¢do ao grupo 4;
b p< 0.05 em relacéo ao grupo 2; ¢ p<0.0001 em relacéo ao grupo 3; d p<0.0001 em relacdo ao
grupo 4; € p<0.01 em relagéo ao grupo 2;  p<0.01 em relagéo ao grupo 4, 9 p<0.0001 em

relacdo ao grupo 2; h p< 0.05 em relagdo ao grupo 4; ! p< 0.05 em relacéo ao grupo 3; ’p<0.01

em relagdo ao grupo 3.
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2- ANALISE DA LDL ELETRONEGATIVA (LDL-) OU
MINIMAMENTE OXIDADA
Os resultados da analise de LDL(-) ou minimamente oxidada, no plasma e
fluido gengival estdo apresentados abaixo (Tabela 01). Foi observado que o
grupo com diabetes descompensado apresentou 0s menores valores quando

comparado aos demais grupos tanto no plasma quanto no fluido gengival.

Tabela 1 Média + Desvio-Padrao dos niveis de LDL (-) no plasma e no fluido

sulcular gengival

GRUPO 1 GRUPO 2 GRUPO 3 GRUPO 4
n=30 n=30 n=30 n=30

Plasma (U/L) 1.69 (+ 1.58) 1.99 (+ 1.91) 2.23 (+ 1.75) 3.46 (+2.34)* *

sitio saudavel (U/L) 0.0006 (+ 0.0005)  0.0007 (+0.0017) 0.0006 (+ 0.0005) 0.001 (+ 0.0008)

sitio com doenca

periodontal (U/L) 0.001 (+ 0.002) 0.001 (+ 0.003) 0.048 (+0.13) 0.0042 (+0.003)

*p<0.05 em relacéo ao grupo 1; *p<0.01 em relacio ao grupo 2 ***p<0.0001 em relag&o ao
grupo 1,2,4 (Teste Kruskal Wallis; a=5%)

Considerando a andlise de LDL eletronegativa, um achado relevante
foi o fato de ser o primeiro estudo a detectar tal marcador no fluido sulcular
gengival e que o grupo portador de dislipidemia (G3) apresentou valores
maiores no fluido de sitios com periodontite cronica (DP) em compara¢do ao
fluido de sitios com DP de pacientes sem dislipidemia (G4), podendo ser
avaliado seu emprego como marcador de risco & periodontite crénica (Figura
4).
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LDL (-) fluido gengival de sitios com DP

GR3 x Gr4

0.15- sk
= 0.10-
-]
2
8 0.05

0.00-

o

**p<0.0001 em relagdo ao grupo 4 (Teste Mann-Whitney; a=5%)

Figura 1 — Gréfico representativo da expressdo de LDL eletronegativa no

fluido sulcular gengival de sitios com periodontite cronica para 0s grupos sem
diabetes.



3- ANALISE IMUNOLOGICA
CITOCINAS FLUIDO SULCULAR GENGIVAL

3.1- SITIOS SAUDAVEIS

Tabela 1- Média (+ Desvio-Padrdo) dos niveis de marcadores inflamatérios (pg/ul)

no fluido sulcular gengival de sitios saudaveis
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Citocinas Grupq*} Grupo 2 Grupo 3 Grupo 4
IL-1p 0.53 (20.4) 0.34 (£0.32) 0.25 (+0.21) 0.15 (+0.15)
IL-2 0.004 (+0.014) 0.002 (+0.005) | 0.001 (+0.003) | 0.0003 (+0.001)
IL-4 0.009 (¥0.012) " | 0.006 (x0.005) | 0.005 (+0.004) | 0.004 (x0.003)
IL-5 0.025 (+0.05) 0.015 (+0.02) 0.013 (0.012) | 0.006 (+0.008)
IL-6 0.063 (0.13) " 0.031 (¥0.056) | 0.019 (¥0.019) | 0.012 (x0.016)
IL-7 0.016 (¥0.031) | 0.010 (¥0.009) | 0.009 (¥0.01) | 0.005 (+0.004)
IL-8 1.63 (x1.15) 1.11 (x0.94) 0.97 (0.63) 0.79 (+0.56)
IL-10 0.02 (x0.04) 0.013 (¥0.024) | 0.013 (x0.015) | 0.005 (+0.007)

IL-12 (p70) | 0.009 (£0.016) 0.005 (+0.005) | 0.007 (+0.006) | 0.005 (+0.004)
IL-13 0.02 (¥0.02) ™™ | 0.020 (0.016) ¥ | 0.018 (+0.012) | 0.013 (0.014)
GM-CSF 0.069 (+0.07) 0.068 (¥0.094) | 0.056 (+0.048) | 0.040 (+0.035)

TNF-a 0.033 (£0.099)° | 0.007 (+0.024) | 0.003 (+0.009) | 0.0001 (+0.001)

" p< 0.0001 em relacio ao grupo 4; ~ p< 0.01 em relac&o ao grupo 4; ~ p< 0.05 em relacéo ao
grupo 4; " p< 0.01 em relacéo ao grupo 3 ** p< 0.0001 em relagdo ao grupo 3e 4 (Teste
Kruska Wallis a=5%)

Em relacdo aos marcadores inflamatorios locais, avaliados no fluido

sulcular gengival de sitios com periodontite crdnica, os resultados estdo

descritos na tabela 02.
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Tabela 2- Média (= Desvio-Padrdo) dos niveis de marcadores inflamatdrios no

fluido sulcular de sitios com periodontite cronica

Citocinas Grupo 1 Grupo 2 Grupo 3 Grupo 4
IL-1p 5.86 (+2.77) | 5.50 (¥3.59) | 5.20 (+3.24) 5.24 (+1.75)
IL-2 0.072 (x0.096) | 0.067 (+0.10) | 0.062(+0.08) 0.047 (+0.062)
IL-4 0.075 (x0.05) | 0.070 (x0.04) | 0.073 (+0.045) | 0.070 (+0.04)
IL-5 0.20 (x0.22) | 0.22 (+0.19) | 0.20 (+0.17) 0.15 (+0.13)
IL-6 1.09 (+0.88) " | 0.56 (+0.52) | 0.58 (+0.52) 0.49 (+0.38)
IL-7 0.14 (x0.11) [ 0.14 (¥0.12) |[0.12(+0.073) | 0.13 (+0.09)
IL-8 12.74 (+6.18) | 10.3 (+5.75) |11.75(+6.38) | 11.92 (+3.66)
IL-10 0.31 (+0.27) [0.17 (0.19) |0.18 (+0.18) 0.11 (x0.09)
IL-12 (p70) | 0.07 (+0.06) | 0.073 (+0.06) | 0.075 (x0.06) | 0.072 (+0.05)
IL-13 0.18 (x0.14) [ 0.23 (+0.13) | 0.23 (+0.12) 0.21 (+0.15)
GM-CSF | 0.44 (+0.53) | 0.42 (+0.41) | 0.43 (0.41) 0.35 (+0.50)
TNF-0 0.86 (+0.91)" [ 0.52 (+0.74) | 0.49 (+0.62) 0.19 (+0.18)

" p< 0.05 em relag&o ao grupo 4 (Teste Kruska Wallis a=5%)
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ANEXO B - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Grupo com Diabetes mellitus
Por esse instrumento particular, declaro, para os devidos fins éticos e legais, que eu
(nome) ,(nacionalidade) (profissao) ,
portador do R.G. , residente a Rua/Av
, ha cidade de , Estado
de _, concordo em participar da pesquisa intitulada “Diabetes Mellitus e Doenca
Periodontal: anélise clinica, genética, microbioldgica, imunoldgica e bioguimica” e
declaro que tomei ciéncia e que fui esclarecido de maneira a ndo me restarem duvidas
sobre a minha participacéo no estudo, de acordo com os termos abaixo relacionados:
1- Fui informado que o objetivo desta pesquisa € estudar a associagdo do Diabetes
Mellitus, com a presenca de alteracfes nos meus dentes e gengiva que possam levar a
doenca de gengiva, comparando os achados em pacientes ndo portadores de diabetes
e se minha carga genética (herdada dos pais) pode modificar o quadro de doenca da
gengiva. Para tanto, deverei responder a um questionario de saude, ser submetido a
exame clinico de rotina dos dentes (avaliacdo da presenca de lesGes de cérie e
restauracdes) e da gengiva, exame radiografico de todos os dentes, coleta de amostras
de saliva, de fluido do sulco gengival (liquido presente entre a gengiva e o dente) e de
placa bacteriana (depdsito de bactérias localizado abaixo da gengiva). Fui esclarecido
que, se for necessario fazer alguma cirurgia para tratar meu problema de gengiva ou
tiverem que retirar algum dente para 0 meu tratamento, serei convidado a doar uma
pequenissima porcdo de gengiva para o desenvolvimento da pesquisa acima citada.
Ciente de que esta pequena porcdo de gengiva ndo fard falta para o meu
restabelecimento e cicatrizacdo do local, ja que ela seria jogada fora. Além disso,
autorizo a coleta de uma amostra de sangue para avaliacdo dos exames hemograma,
glicemia de jejum (taxa de glicose presente no sangue), nivel de insulina, colesterol e
triglicérides. Fui informado que todo material coletado serd utilizado apenas nesta
pesquisa.
2- Fui informado, em relagdo a coleta da amostra de sangue, de que sera realizada
pelo Centro de Referéncia Diagnostica da Faculdade de Ciéncias Farmacéuticas,
utilizando material apropriado, estéril e descartavel. Este Laboratdrio possui recursos
e profissionais capacitados para oferecer assisténcia integral para minimizar riscos
diante de possiveis reacdes adversas que, embora raras, possam vir a ocorrer durante
a coleta, tais como: hematoma, nauseas, voémitos, hipoglicemia, desmaio e convulsao.
Entretanto, fui informado de que os riscos serdo minimizados com a realiza¢do da
coleta de sangue por um profissional devidamente treinado e habilitado para realizar
0 procedimento e que terei assisténcia integral em caso de ocorréncia dos danos
previstos.
3- Fui informado que o estudo proporcionard uma avalia¢do criteriosa clinica e
radiografica da minha condicdo bucal, com maior destaque aos tecidos gengivais e as
lesdes de mucosa e serei encaminhado para tratamento gengival adequado, o qual
podera ser realizado sob anestesia local quando se fizer necessario, e que consistira
de limpeza dos dentes para remocdo de tartaro e placa bacteriana e instrucdes de
higiene bucal. Além disso, através do exame de sangue terei oportunidade de receber
uma avaliacdo atual e completa que incluird tanto exames laboratoriais de rotina
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quanto exames mais complexos, 0s quais por esta razdo sdo esporadicamente
solicitados pelos médicos. Assim, sera dada ao paciente e a0 medico a oportunidade
de conhecer a real condicdo sisttmica do individuo e caso necessite de tratamento,
sera orientado e encaminhado ao médico.

4- Estou ciente de que os riscos frente aos procedimentos aos quais serei submetido
estdo relacionados a utilizacdo de anestésicos locais de rotina no atendimento
odontolégico. Complicagfes relacionadas ao uso de anestésicos serdo evitadas pela
avaliacdo de historia anterior de reacdes alérgicas a algum tipo de anestésico ou
alteracdes na pressdo arterial. Caso seja informada alguma alteracdo, serei
encaminhado para avaliacdo médica e somente poderei participar do estudo quando
houver autorizacdo do profissional. Quanto a realizacdo de radiografias e os riscos de
exposicdo a radiacdo, usarei avental e colar de chumbo como medida de protecéo, o
exame sera realizado dentro da quantidade de radiacdo permitida e por técnico
capacitado, o que evitara as tomadas repetidas e desnecessarias.

5- Como existem riscos particulares para o grupo portador de Diabetes mellitus tipo
2, somente poderei participar da pesquisa com autorizacdo por escrito do médico
endocrinologista responsavel pelo meu tratamento. Além disso, caso necessite tomar
antibiotico para realizacdo dos exames clinicos, ndo poderei ser incluido na pesquisa.
Continuarei sob acompanhamento com o meu endocrinologista e este estara ciente
que receberei tratamento periodontal. Se houver complicacGes metabdlicas decorrente
do Diabetes e meu médico julgar importante a minha exclusdo da pesquisa, serei
imediatamente excluido da mesma.

6- Torno ciente que recebi todas as informacdes sobre a minha participacdo nesta
pesquisa e receberei novos esclarecimentos que julgar necessarios durante o decorrer
da mesma. Fui esclarecido que ndo terei gastos extras, a ndo ser o deslocamento, e
que meu consentimento ndo tira a responsabilidade dos profissionais que estdo
realizando esta pesquisa.

7- Estou ciente que minha participacdo é voluntéaria e tenho plena liberdade para
desistir da referida pesquisa, retirando o meu consentimento a qualquer momento,
sem sofrer nenhum tipo de penalizacao.

8 - Autorizo, para os devidos fins, o uso, a divulgacdo e publicacdo em revistas
cientificas, brasileiras ou estrangeiras, dos dados obtidos na pesquisa. Recebi a
garantia de que a minha identidade ndo sera divulgada, assegurando a minha
privacidade.

Caso haja qualquer problema ou duvida durante minha participacdo na
pesquisa, terei plena liberdade de contactar o pesquisador responsavel, pelo telefone
Profa. Dra. Silvana, (16) 3301-6377 e que posso consultar o Comité de Etica em
Pesquisa, para qualquer informacdo em relacdo a pesquisa da qual participo, pelo
telefone (16) 3301-6432/6434.

Desta forma, por estar de pleno acordo com o teor do mesmo, dato e
assino.
Araraquara, de de

Assinatura do Paciente Assinatura do Pesquisador Responsavel
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Grupo sem Diabetes mellitus

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Por esse instrumento particular, declaro, para os devidos fins éticos e legais, que eu
(nome)
,(nacionalidade) (profissdo)
, portador do R.G. , residente a
Rua/Av , Na cidade de ,
Estado de _, concordo em participar da pesquisa intitulada “Diabetes Mellitus e
Doenca Periodontal: andlise clinica, genética, microbiol6gica, imunoldgica e
bioquimica’ e declaro que tomei ciéncia e que fui esclarecido de maneira a ndo me
restarem davidas sobre a minha participacdo no estudo, de acordo com 0s termos
abaixo relacionados:
1- Fui informado que o objetivo desta pesquisa € estudar a associacdo do Diabetes
Mellitus, com a presenca de alteragdes nos dentes e gengiva que possam levar a
doenca de gengiva, comparando os achados em pacientes sem diabetes e que
apresentam doenca de gengiva e se minha carga genética (herdada dos pais) pode
modificar o quadro de doenca da gengiva. Para tanto, deverei responder a um
questionario de salde, ser submetido a exame clinico de rotina dos dentes (avaliagdo
da presenca de lesdes de carie e restauracdes) e da gengiva, exame radiografico de
todos os dentes, coleta de amostras de saliva, de fluido do sulco gengival (liquido
presente entre a gengiva e o dente) e de placa bacteriana (deposito de bactérias
localizado abaixo da gengiva). Fui esclarecido que, se for necessario fazer alguma
cirurgia para tratar meu problema de gengiva ou tiverem que retirar algum dente para
0 meu tratamento, serei convidado a doar uma pequenissima porcéo de gengiva para
o desenvolvimento da pesquisa acima citada. Ciente de que esta pequena por¢do de
gengiva nao fara falta para 0 meu restabelecimento e cicatrizacdo do local, ja que ela
seria jogada fora. Além disso, autorizo a coleta de amostra de sangue para avaliagdo
dos exames hemograma, glicemia de jejum (taxa de glicose presente no sangue),
nivel de insulina, colesterol e triglicérides.
2- Fui informado que todo material coletado sera utilizado apenas nesta pesquisa.
3- Em relacdo a coleta da amostra de sangue, estou ciente de que sera realizada no
Centro de Referéncia Diagndstica da Faculdade de Ciéncias Farmacéuticas,
utilizando material apropriado, estéril e descartavel. Este Laboratorio possui recursos
e profissionais capacitados para oferecer assisténcia integral diante de possiveis
reacOes adversas que, embora raras, possam vir a ocorrer durante a coleta, tais como:
hematoma, nauseas, vomitos, hipoglicemia, desmaio e convulsdo. Entretanto, fui
informado de que os riscos serdo minimizados com a realizagdo da coleta de sangue
por um profissional devidamente treinado e habilitado para realizar o procedimento e
que terei assisténcia integral em caso de ocorréncia dos danos previstos.
4- Fui informado também, que o estudo proporcionard uma avaliacdo criteriosa
clinica e radiografica da minha condicdo bucal, com maior destaque aos tecidos
gengivais e as lesdes de mucosa e serei encaminhado para tratamento gengival
adequado, o qual poderé ser realizado sob anestesia local quando se fizer necessario,
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e que consistird de limpeza dos dentes para remocao de tartaro e placa bacteriana e
instrucbes de higiene bucal. Além disso, atraves do exame de sangue terei
oportunidade de receber uma avaliacdo atual e completa que incluird tanto exames
laboratoriais de rotina quanto exames mais complexos, 0s quais por esta razdo sao
esporadicamente solicitados pelos médicos. Assim, sera dada ao paciente e ao médico
a oportunidade de conhecer a real condicao sistémica do individuo e caso necessite de
tratamento, sera orientado e encaminhado ao médico.

5- Estou ciente de que os riscos frente aos procedimentos aos quais serei submetido
estdo relacionados a utilizacdo de anestésicos locais de rotina no atendimento
odontolégico. ComplicacOes relacionadas ao uso de anestésicos serdo evitadas pela
avaliacdo de historia anterior de reacdes alérgicas a algum tipo de anestésico ou
alteracbes na pressdo arterial. Caso seja informada alguma alteracdo, serei
encaminhado para avaliacdo meédica e somente poderei participar do estudo quando
houver autorizacdo do profissional. Quanto a realizacao de radiografias e os riscos de
exposicdo a radiagdo, usarei avental e colar de chumbo como medida de protecéo, o
exame sera realizado dentro da quantidade de radiacdo permitida e por técnico
capacitado, o que evitara as tomadas repetidas e desnecessarias.

6- Torno ciente que recebi todas as informacgdes sobre a minha participacdo nesta
pesquisa e receberei novos esclarecimentos que julgar necessarios durante o decorrer
da mesma. Fui esclarecido que néo terei gastos extras, a ndo ser o deslocamento, e
gue meu consentimento ndo tira a responsabilidade dos profissionais que estdo
realizando esta pesquisa.

7-Estou ciente que minha participacdo € voluntéaria e tenho plena liberdade para
desistir da referida pesquisa, retirando o meu consentimento a qualquer momento,
sem sofrer nenhum tipo de penalizacdo.

8- Autorizo, para os devidos fins, o uso, a divulgacdo e publicacdo em revistas
cientificas, brasileiras ou estrangeiras, dos dados obtidos na pesquisa. Recebi a
garantia de que a minha identidade ndo sera divulgada, assegurando a minha
privacidade.

Caso haja qualquer problema ou duvida durante minha participacdo na
pesquisa, terei plena liberdade de contactar o pesquisador responsavel, Profa. Dra.
Silvana, pelo telefone: (16) 3301-6377 e que posso consultar o Comité de Etica em
Pesquisa, para qualquer informacdo em relacdo a pesquisa da qual participo, pelo
telefone (16) 3301-6432/6434.

Desta forma, por estar de pleno acordo com o teor do mesmo, dato e
assino.

Araraquara, de de 20 _.

Assinatura do Paciente Assinatura da Pesquisador
Responsavel
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Context: Periodontitis is the most common lytic disease of bone and is recognized as a
common complication of diabetes. Lipid peroxidation (LPO) is increased in diabetes
and may be related to modulation of the inflammatory response. LPO levels in patients
with diabetes (DM) and periodontal disease have not been evaluated.

Objective: The aim of this study was to evaluate the association of LPO with
periodontal status and to establish a potential mechanism by assessing inflammatory
cytokines in type 2 diabetic and non-diabetic patients.

Design and Setting: This is a cross-sectional study of 18 months' duration involving
Brazilian patients recruited at the State University of Sdo Paulo.

Patients: The sample was comprised of 120 patients divided into four groups based
upon diabetic and dyslipidemic status: poorly controlled diabetics with dyslipidemia,
well-controlled diabetics with dyslipidemia, normoglycemic individuals with
dyslipidemia, and healthy individuals.

Main Outcome Measure(s): Blood analyses were carried out for fasting plasma
glucose, HbA1c , and lipid profile. Periodontal examinations were performed, and
gingival crevicular fluid was collected. LPO levels were evaluated by measuring oxLDL
(ELISA) and malondialdehyde (MDA, HPLC). Cytokines were evaluated by the
multiplex bead technique.
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