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ABREVIATURAS

AP-1 — Activator protein 1

Bcl-2 - B-cell lymphoma 2

BSA — Bovine Serum Albumin

CCLy _Carbon tetrachloride

cDNA — complementary DNA

COX- (1, 2) - Cyclooxigenase (-1, -2)

CRP — C - reative protein

DNA — Deoxyribonucleic Acid

DNB - Dinitrobenzene sulfonic acid

ERK - Extracellular-regulated kinase

FBS — Fetal Bovine Serum

IL-1B — Interleukin 1 beta

IL(-1; -2; -4, -6, -8, -12, 17) — Interleukin (-1; -2; -4, -6, -8, -12, 17)
IFN-gamma - Interferomgamma

IkB — Inhibitor of NF-Kb

IKK — IkB Kinase

INOS: Nitric oxide synthase

JNK — c-Jun N-terminal kinase

LPS — Lipopolysaccharide

MAPK - Mitogen-activated protein kinase
MMIF - Macrophage Migration Inhibitory Factor
MMP (-1, -2, -3, -9) - Matrix metalloproteinases (-1, -2, -3, -9)
MPO — Myeloperoxidase

NF-kB - Nuclear Factor kappa B



NOS - Nitrous oxide systems

PBS — Phosphate Buffer Solution

PGE — Prostaglandinazk

OPG —Osteoprotegerin

RANK - Receptor activator of NF-kB

RANKL - Receptor activator of NF-kB ligand

RNA — Ribonucleic Acid

RT-PCR — Reverse Transcriptase — Polymerase Chain Reaction
STAT-3 - Signal transducer and activator of transcription 3
Th (1, 2) — Lymphocytes T helper (1, 2)

TLR — Toll like receptor

TNBS - Trinitrobenzene sulfonic acid

TNF-a — Tumor Necrosis Factor — alpha

TRAF6 — TNF Receptor Associated Factor 6



Resumo

Guimaraes MR. Efeitos do curcumin sobre a modulacéo da inflamacéo e da reabsorcao
O0ssea em dois modelos de doenca periodontal em roedor [Tese de Doutorado].
Araraquara: Faculdade de Odontologia da UNESP; 2010.

Curcumin, um polifenol derivado do tumériddurcuma longa) modula a atividade dos
fatores de transcricdo NEB e AP-1 e reduz a expressao de uma série de meekado
inflamatorios. Suas aplicagfes terapéuticas tém sido estudadas em uma variedade de
condi¢des, tais como colite, artrite reumatoide, cancer, psoriase; mas este € o primeiro
estudo avaliando seus efeitos na doenca periodontal in vivo. O inicio e progressao da
doenca periodontal ocorre como consequéncia da resposta do hospedeiro aos
microorganismos do biofilme dental. Uma resposta imune improépria induz a producao
exagerada de citocinas inflamatorias e consequentemente a perda de insercdo
periodontal e reabsorcdo 6ssea. No estudo in vitro, uma linhagem celular de
macrofagos de camundongo (Raw 264.7) foi estimulada com LESdléena presenca

e auséncia de concentragcfes ndo citotdxicas de curcumin e de inibidores bioquimicos de
NF«B e p38 MAPK. RT-gPCR e ELISA foram usados parardatear a expressao de

IL-6, TNF-alpha, COX-2/PGEem nivel de mRNA e proteina. O efeito do curcumin
sobre a ativacado das MAPKinases e NF-kB induzida por LPS foi avaliado por western-
blot. No estudo in vivoa doenca periodontal experimental ifiaduzida em ratos pela
colocacao de ligaduras ao redor dos primeiros molares inferiores e injecdo de LPS nos
tecidos gengivais da regido palatina entre os primeiros molares superiores (30 ug LPS, 3
vezes/semana por 2 semanas). Curcumin foi administrado aos animais diariamente por
gavagem oral em duas doses (30 e 100 mg/Kg) durante as duas semanas do
experimento, iniciando no dia anterior a indugdo da doenca periodontal. Os animais
controle receberam ligaduras e injecdes de LPS, mas somente o veiculo 6leo de milho
por gavagem. Os animais do grupo controle negativo ndo foram manipulados. RT-qPCR
e ELISA foram usados para determinar a expressédo de IL-6, TNF-alpha.enB&E
tecidos gengivais. O processo inflamatério foi avaliado através da andlise
estereométrica, enquanto a modulacdo da sinalizacdo p38 MAPK e NK-kB foram
avaliadas por western-blot. A reabsorcédo 6ssea foi determinada por microtomografia
computadorizada e por avaliacdo da area de superficie radicular exposta, enquanto a
expressdo de RANKL foi avaliada por imunoistoquimica. Os resultados in vitro

mostraram que curcumin, mas nao os inibidores bioquimicos de p38 MAPK e NF-kB,



reduziram os niveis de RNA mensageiro de IL-6, TNF-alpha e COX-2. Somente
curcumin bloqueou completamente a expressao de IL-6 e TNF-alpha em nivel protéico,
enquanto tanto curcumin quanto os inibidores bioquimicos reduziram a expressdo
protéica de PGE A ativacdo de NF-kB e de todas as trés MAPKinases (ERK, JNK,
p38) foram inibidas pelo curcumin. In vivo, em ambos 0s modelos de doenca
periodontal induzida, curcumin efetivamente inibiu a expressdo génica e inibiu de
maneira dose-dependente a ativacdo de NF-kB nos tecidos gengivais. A ativagao de p38
MAPK in vivo ndo foi afetada pelo curcumin. Os animais tratados com curcumin
também apresentaram uma marcada reducéo no infiltrado inflamatorio celular, aumento
no conteudo de coldgeno e no numero de células fibroblasticas. No entanto a reabsor¢éo
0ssea nao foi afetada pela administracdo de curcumin, que também ndo modulou de
forma marcante a expressao de RANKL nos tecidos gengivais. Curcumin administrado
via oral inibiu a resposta imune associada com a doenca periodontal, sugerindo um

potencial terapéutico nestas condi¢des cronicas inflamatdrias.

Palavras-chave: Curcumina; doencas periodontais; inflamacédo; sinalizacéo

intracelular.



Abstract

Guimardes MR. Effects of curcumin on modulation of inflammation and bone
resorption in two models of induced periodontal disease in rodent [Tese de doutorado].
Araraquara: Faculdade de Odontologia da UNESP; 2010.

Curcumin, a polyphenol derived from turmeri€du¢cuma longa), has been shown to
down regulate the activity of transcription factors RE-and AP-1 and to inhibit the
expression the several inflammatory mediators. Its therapeutic applications have been
studied in a variety of conditions, including as colitis, rheumatoid arthritis, cancer,
psoriasis; but this is the first study to assess the effects of curcumin on periodontal
disease in vivo. Periodontal disease initiation and progression occurs as a consequence
of the host response to microorganisms of the dental biofilm. An improper immune
response leads to overproduction of inflammatory cytokines and consequently
periodontal attachment loss and bone resorption. In vitro study, we stimulated Raw
264.7 murine macrophages with.coli LPS in the presence and absence of non-
cytotoxic concentrations of curcumin and of the biochemical inhibitors of NF-kB and
p38 MAPK. RT-gPCR and ELISA were used to determine the expression of IL-6, TNF-
alpha and Cox-2/PGEt mRNA and protein levels. Western-blot was used to assess the
effect of curcumin on LPS-induced activation of MAPKinases and NF-kB. In the vivo
study, experimental periodontal disease was induced in rats by placing cotton ligatures
around both lower first molars and injecting LPS in the gingival tissues on the palatal
aspect of upper first molars (30 ug LPS, 3 times/week for 2 weeks). Curcumin was
given to the rats by daily oral gavage in two doses (30 and 100 mg/Kg) during the 2
week-duration of the experiment. Control animals received ligatures and injection of
LPS but only the corn oil vehicle by gavage and negative control animals were
untouched. RT-gPCR and ELISA were used to determine the expression of IL-6, TNF-
alpha and PGE-2 synthase on the gingival tissues. The inflammatory status was
evaluated by stereometric analysis, whereas modulation of p38 MAPK and NK-kB
signaling was assessed by western blot. Alveolar bone resorption was assessed by
computerized microtomography and macroscopic evaluation of the area of exposed root
surface. Immunohistochemistry was used to detect the expression of RANKL in the

gingival tissues. The in vitro study showed that curcumin, but not p38 and NF-kB



inhibitors, inhibited LPS-induced expression of IL-6, TMFand Cox-2 mRNA. Only
curcumin completely abrogated expression of IL-6 and ©N&t the protein level,
whereas both curcumin and the biochemical inhibitors reduced expression ef PGE
protein. LPS-induced activation of NF-kB and all three MAPKinases (ERK, JNK and
p38) were inhibited by curcumin. In both experimental models of periodontal disease,
curcumin effectively inhibited cytokine gene expression at mRNA and protein levels
and dose-dependently inhibited activation of NF-kB in the gingival tissues. p38 MAPK
activation was not inhibited by curcumin. Curcumin-treated animals also presented a
marked reduction on the inflammatory cell infiltrate and increased collagen content and
fibroblastic cell numbers. Bone resorption and RANKL expression were not affected by
curcumin. The potent inhibitory effect of the immune response suggests that curcumin

has therapeutic potential in this chronic inflammatoty condition.

Key-words: Curcumin; periodontal disease; inflammation, cell signaling



INTRODUCAO



Introducéo

Curcumin € um polifenol extraido das raizes e do rizoma seco da planta
Curcuma Longa, largamente utilizado como condimento e agente colorante,
principalmente no sul e sudeste tropical da Asia onde a planta é largamente cifitivada
Além do uso culinario, curcumin tem sido usado para tratar desordens biliares,
hepaticas, artrite, diabetes e lesdes de pele e carféet® 97 112 119. 122,128, 130pya 510,
0 potencial terapéutico do curcumin vem sendo intensamente pesquisado, como
demonstra uma busca online na base de dados do National Institutes of Health (NIH)

dos Estados Unidoshitp://www.clinicaltrials.goy que listava, em 2010, mais de 40

estudos clinicos cadastrados avaliando curcumin nas mais variadas condi¢des incluindo
diversos tipos de cancer (célon, pulméo, linfoma, mama), psoriase, artrite, e até mesmo
depresséo.

Os mecanismos moleculares de acdo do curcumin ainda s&o pouco conhecidos.
Praticamente insolivel em agua e éter, curcumin pode ser dissolvido em etanol,
dimetilsulféxido (DMSO) e acetona. Sua estabilidade em meio aquoso melhora em pH
alto (acima de 11.7), e embora alguns de seus componentes tenham se mostrado
sensiveis & luz, os efeitos combinados de ar e luz ndo se mostraram dé{&téfios

Varios modelos animai¥® **ou estudos em human6&s**®tém demonstrado
uma virtual auséncia de toxicidade do curcumin, mesmo quando administrado em doses
elevadas. Trés diferentes estudos clinicos fase |, indicaram que doses téo altas quanto 12
g por dia sdo bem toleradds® ' Avaliacdes em ratos confirmaram uma auséncia de
toxicidade significante quando doses maiores que 5 g/Kg (o equivalente a 350 g de
curcumin para um individuo de 70 Kg) foram administradas via'OtaEstudos pré-
clinicos sistematicos, fomentados pela Divisdo de Prevenc¢do do Instituto Nacional do

Cancer nos Estados Unidos, ndo encontraram efeitos adversos do curcumin em ratos,



cachorros ou macacos que receberam doses maiores que 3.5 g/Kg/dia administradas por
3 meses ou mais Nenhum efeito adverso do curcumin foi observado em um estudo
clinico com pacientes portadores de artrite reumatéide que utilizaram doses diarias de
1.2 a 2.1 g de curcumin via oral por 2 a 6 semah&sm pacientes com cancer de colo
retal avancado, o tratamento com curcumin em doses até 3.6 g por até 4 meses foi bem
tolerado > Neste estudo, apenas dois casos de efeitos adversos do curcumin foram
relatados: um paciente tratado com 0.45 g e outro tratado com 3.6 g de curcumin/dia
desenvolveram diarréia, um més e quatro meses apOs 0 inicio do tratamento,
respectivamente.

A eficacia e seguranca farmacoldgica tém feito do curcumin um candidato
potencial para o tratamento de uma grande variedade de dBeRgeam, a despeito de
sua seguranca e eficacia, problemas relacionados a biodisponibilidade tem sido um
entrave. Pobre absorcéo gastrointestinal, rapida eliminacao e pobre solubilidade aquosa
sdo fatores que diminuem severamente sua biodisponibilitfade de acordo com
alguns estudos tais fatores independem da via de administracéo ulilf2ada

Algumas estratégias tém sido avaliadas com o objetivo de prolongar o tempo de
circulacdo, aumentar a permeabilidade gastrointestinal e a resisténcia do fitoterapico a
degradagcdo por processos metabdlicos. O uso de adjuvantes como piperine, um
conhecido inibidor da metabolizacdo hepatica e intestinal, e de novas formulagbes como
a sua inclusdo em nanoparticulas, tecnologia que tem emergido como uma solucao
proeminente para aumentar a biodisponibilidade de diversos agentes terapéuticos, a qual
€ particularmente indicada para agentes altamente hidrofébicos como o curcumin, tém
resultado em um aumento de até 154% em sua biodisponibitfi&ti&'s

Este interesse no estudo dos efeitos do curcumin e de estratégias para melhorar

sua biodisponibilidade se justifica pelas suas diversas atividades farmacolégicas de



grande interesse em Saude, incluindo propriedades antiinflamatdrias, antimicrobianas,

antivirais, antifingicas, antioxidantes e cicatriciais. Curcumin pode também suprimir o

inicio e a metastase tumoral em modelos experimentais it VRo''e agir como um

agente antiproliferativo através da interrup¢do do ciclo celular, induzindo apoptose e a

desintegracdo de estruturas mitétitas* ®'Devido a estas propriedades, curcumin tem

sido avaliado em diversos estudos in vitro e in vivo no tratamento de doencas

inflamatdrias como artrite reumatoide, diabetes, doenca de Crohn, pancreatite, psoriase

e cancer. Um resumo dos principais achados destes trabalhos esta presente na Tabela 1.

Tabela 1: Dose e efeito do curcumin nas doencas inflamatorias

Doenca Dose Efeito Referéncia
Doenca
Inflamatoria
Intestinal e colite
Camundongo 0,25% dieta Atenua colite induzide 112
por DNB, reduz ativacac
de NF-KB, p-38, IL-
1beta, MPO.
Camundongo 50 mg/Kg intra-gastrica Diminui colite induzida 24
por TNBS, reduz MPO
INOS.
Ratos 180 a 220 mg intra Bloqueou a ulceraca 125
peritoneal/oral gastrica, acelerou
cicatrizacdo e atenuo
atividade de MMP-9 ¢
MMP-2.
Ratos 200 mg/kg; 400 mg/kg oral Melhora histolégica do 43

figado injuriado por
CCLy, reducéo nos nivei:
de TNF-alpha e IL-6.



Doenca

Dose

Efeito

Referéncia

Ratos

Artrite reumatoide

In vitro

In vitro

In vitro

Ratos

Ratos

200 mg;

intravenosa

1; 10 uM

0 a 100 uM

50 uM

30 mg/kg oral

100 mg/kg oral

infusdo Inibiu os niveis de

mMRNA de IL-6, TNF-
ALPHA, INOS,
blogueou ativacdo d
NF«B, AP-1. Melhorou
histologicamente e
pancreatite e reduziu
infiltracédo de

neutréfilos no pancreas

Inibiu a expressdo d
MMPs induzidas pot
MMIF em fibroblasto
sinoviais da artrite
reumatoide.

Curcumin induziu
apoptose e reduziu
expressdo de PGE-2 ¢
fibroblasto sinoviais.
Inibicdo da expressa
de COX-2, MMP-9 e
colageno tipo Il em
condrdcitos estimulado
por IL-lbeta e TNF-
ALPHA.

Reduziu os niveis
séricos de Gp A72

importante marcador d
artrite reumatoéide, e |
inflamacdo na pata d

ratos com artrite.

Reducéo de IL-lbeta
CRP induzidos pol

adjuvante (Freund’s).

49

97

100

113

65

11



Doenca Dose Efeito Referéncia

Diabetes e desorden

metabolicas
Ratos 0,1%, 0,25%, 0,5% Diminui o nivel de 107
dieta colesterol no soro ¢
figado.
Ratos e camundongos 40 mg/kg oral Favorece a cicatrizaca 119
em ratos diabéticos
camundongos genétice
mente diabéticos.
Ratos 80 mg/kg oral Aumenta o nivel de 99
HDL e diminui os niveis
de lipidio no soro €
figado.
Pacientes 5mg dieta Menores  niveis  de 122
glicose no sangue.
Cancer
bacientes: 1-12g/dia, capsulas vi Melhora histol6égica en 27
Leucoplasia oral, oral ! pacientes, ‘

. . desenvolveram
metaplasia intestinal di

malignidade.
estomago.
Ratos 500ppm ou 0,5g/kg Curcumin causou uma 128
dieta reducéo significante na

frequéncia de carcinom
de lingua induzido por
4-nitroquinolone 1-
oxido (4-NQO).

A base molecular dos efeitos biolégicos do curcumin é pouco conhecida, mas
parece estar relacionada a acdo sobre uma série de alvos incluindo fatores de
transcricdo, moléculas de adesdo, genes relacionados a apoptose e angiogénese e

moléculas de sinalizacéo intraceluddl’,



Muitos dos seus efeitos biolégicos envolvem processos que sao dependentes de
NF«B; o que faz deste fator de transcricdo um alvoepeetial da acdo do curcumin.

De fato a inibicdo de NF-kB por curcumin é um achado consistente em diversos estudos
449 17T A ativacdo de NkB é crucial para imunidade inata e adaptativa e uem

papel importante na inflamacédo, doencas auto-imunes e édnteAtivado por uma
variedade de estimulos incluindo citocinas, mitdégenos, carcin6genos, agentes
quimioterapicos, estresse quimico e outros estimulos inflamatorios, NF-kB est4
associado a regulacdo da expressdo de aproximadamente 200 genes que estdo
envolvidos na inflamacéo, transformacao celular, proliferacéo, angiogénese e invaséo
celular®.

A inibicdo de NF«B pelo curcumin resulta na reducao da expressacaéia
diversas citocinas inflamatérias (TNF-alfa, IL-1, IL-6, IL-12) bem como de enzimas
pré-inflamatérias (COX-2, MMPs e NOSJ 3 % Em células mieldides humanas,
curcumin mostrou um efeito supressivo sobre a ativagdo deBNRduzida por TNF-
dfa, éster de forbol e peréxido de hidrogénf8. Experimentos com macréfagos
esplénicos de camundongos demonstraram que curcumin pode bloquear a ativagao de
TLR2 por LPS, a qual resultaria na ativagéo dexBE?. Curcumin basicamente inibe a
transativacdo de NkB devido a supresséo sequencial da fosforilacdaeadacao de
kB e subsequente fosforilagdo de p65, inibindo astoaacdo nuclear da subunidade
p65 de NFeB “.

A habilidade do curcumin em modular a via de sinalizacdo MAPK também parece
contribuir para a inibicdo da inflamacdo. As MAPKs sdo um grupo heterogéneo de
enzimas responsaveis pela transducao de diversos sinais extracelulares, e promovem a
fosforilagdo dos aminoacidos treonina e serina em multipos substratos protéicos,

incluindo outras enzimas, fatores de transcricdo e proteinas ligantes ao RNA. Entre os



sinais externos capazes de ativar estas enzimas, estdo estresse (radiacdo UV, altera¢cbes
na pressdo osmotica), citocinas e mediadores inflamatérios endégenos, LPS e outros
antigenos microbianos e fatores de crescimento. Assim, além de exercerem papéis
relevantes no desenvolvimento e homeostasia, um grande nimero de evidéncias pré-
clinicas e clinicas confirmam seu papel critico na inflamacdo e resposta imune e,
consequentemente, no desenvolvimento de doencas inflaméatérias

Salh et al**? relataram que a administracdo via oral de curcumin (50mg/kg-
100mg/kg) atenuou a colite experimental em ratos através de uma reducdo na atividade
de p38 MAPK'*2 Em um estudo com células endoteliais humanas curcumin reduziu a
fosforilacdo de p38 e JNK induzida por 10 ng/mL de TNF-alfa, ao mesmo tempo em
que reduziu a expressdo de espécies de oxigénio reativo intracelular (ROB)
autores sugerem que a atenuacdo da resposta inflamatdria por células endoteliais e
monaocitos pelo curcumin pode representar um efeito anti-angiogénico através da
modulacdo ndo apenas de KB-mas também de p38 e INK MAPKinases.

Estes efeitos sobre as MAPKinases indicam que oumun é um potente
inibidor dos fatores de transcricdo AP-1, além dexkBF+eduzindo a expressdo de
mediadores inflamatérios reconhecidamente envolvidos na osteoclastogénese; assim seu
efeito sobre a modulagédo de doencas osteoliticas também tem sido avaliado. Ozaki et al
% demostraram que curcumin estimula a apoptose de osteoclastos de maneira dose-
dependente e inibe dramaticamente a reabsorcdo J5sEates autores utilizaram
osteoclastos de coelhos, e verificaram que o tratamento caM @@ curcumin por 12
horas produziu alteracdes morfologicas indicativas de apoptose, como condensacgédo da
cromatina e fragmentagéo nuclear. Como NF-kB é um alvo preferencial do curcumin,
estes dados sugerem a importancia deste fator de transcricdo sobre a sobrevivéncia de

osteoclastos. Além de induzir apoptose de osteoclastos, 0s mesmos autores verificaram



que curcumin inibiu a diferenciacdo e atividade de osteoclastos de forma dose-
dependent&®. Estes efeitos foram acompanhados pela inibicdo da fosforilac#® de |

e, consequentemente, da ativacao dexBF-

A modulacgéo do turnover do tecido ésseo pelo curcumin foi avaliada em modelo animal
de osteoporose pés-menopaffsaDoses maiores de curcumin (750mg/kg) produziram

um aumento no tamanho do fémur. O curcumin também aumentou, de forma
significativa e dose-dependente, a resisténcia tensional do fémur a fratura experimental
e reduziu a atividade de reabsor¢do do tecido 0sseo, avaliada pela medigdo dos niveis
séricos dos marcadores C-telepeptideo e osteocalcina, de forma menos potente do que
no grupo controle positivo (tratado com etidronato + ovarectomia), porém
significativamente melhores do que o grupo controle negativo (ovariectdfia)
Curcumin também inibiu a osteoclastogénese em modelo animal de diabetes induzida
por estreptozotocing. Neste estudo, a administracdo de curcumin como suplemento
dietético reverteu os niveis de atividade e expressdo de fosfatase acida resistente ao
tartarato (TRAP) e cathepsina K aos niveis de animais-controle ndo diabéticos. A
andlise histoquimica mostrou que a ingestdo de curcumin produziu uma reducao no
namero de células TRAP-positivas no fémur distal das ratas diabéticas a niveis
comparaveis ao de animais controle ndo diabéticos. Segundo os autores, ainda de
acordo com os resultados o0 mecanismo de a¢do do curcumin sobre a osteoclastogénese
parece envolver a modulagéo da expressao de c-fos e c-jun, proteinas que compde o do
fator de transcricdo heterodimérico AP-1. Estes resultados indicam que curcumin tem
efeito significativo na modulacdo da reabsorcdo éssea, despertando o interesse de
diversos grupos de pesquisa na avaliagdo do curcumin em doencas dsseas, como artrite

reumatoide, doenca de Paget e osteopdfose



A doenca periodontal é uma infecgdo cronica do periodonto que compromete
ambos, tecido mineralizado e tecido mole ao redor dos dentes. A progressao da doenca
estd associada com a inflamacdo cronica dos tecidos moles, degradacdo das fibras
coldgenas bem como reabsorcdo 6ssea. Citocinas inflamatérias, bem como os fatores de
transcricdo NF-kB e AP-1, além das MAPKinases, todos fatores modulados pelo
curcumin, tem importante papel na patogénese das doencas periciotitats

N&o h& davidas sobre a necessidade do estimulo bacteriano para o inicio da
doenca periodontd® " Em resposta aos agentes bacterianos, reacdes defensivas do
hospedeiro sao ativadas para prevenir o avanco da infec¢cédo nos tecidos gengivais. Esta
resposta do hospedeiro aos agentes infecciosos tem como dano colateral a destruicdo
dos tecidos conjuntivo e 6sseo devido a agdo das citocinas inflamatorias derivadas do
hospedeiro. Embora estas rea¢gfes imune-inflamatorias sejam essenciais para a defesa do
hospedeiro contra a infeccdo bacteriana, a reacao excessiva e prolongada é prejudicial a
funcéo dos tecidos periodontais. A modulagédo da resposta imune-inflamatéria, além do
controle da infec¢do, € uma estratégia terapéutica ativamente pesquisada em Periodontia
126 & em outras condicdes associadas a inflamac&o crénica como a artrite reufhatéide
74, 75.

Neste contexto, as citocinas tém um papel fundamental na modulagédo dos
sistemas inflamatorios. Elas sdo produzidas ndo somente por células imunes como
linfécitos, mondcitos, macrofagos e granulécitos, mas também por células epiteliais,
células endoteliais e fibroblast&€. Em lesdes inflamatérias periodontais as citocinas
sdo produzidas localmente, porém o aumento de niveis séricos de citocinas
inflamatdrias na doenca periodontal tem sido associado a potenciais efeitos deletérios

sistémicos, como o agravamento do processo arteriosclefotitd®®



Dentre as diversas citocinas inflamatorias, a producédo de IL-6 e TNF-alfa nos
tecidos periodontais tem sido amplamente estudada. Um dos importantes efeitos de
TNF-alfa é estimular fibroblastos a produzir metaloproteinases que degradam
componentes da matriz extracelular na artrite reumat8fde periodontite *°.
Adicionalmente, TNF-alfa induz a reabsorcdo Ossea aumentando a maturacdo e
atividade dos osteoclasté¥. Outras moléculas inflamatérias como PGE2 IL-8 **
também sdo produzidas por fibroblastos gengivais humanos estimulados com IL-1beta e
TNF-alfa . Estes achados sugerem que quantidades excessivas de TNF-alfa produzidas
nos tecidos periodontais causam secrecdo de outros mediadores inflamatorios
enddgenos resultando na destruigéo tecidual e inflamacéo crénica.

Elevados niveis de IL-6 também séo produzidos localmente em pacientes com
periodontite cronica’. Isso pode ser resultado de uma infiltracdo prolongada de
linfécitos no interior dos tecidos periodontais, produzindo imunoglobulinas contra os
antigenos bacteriano¥NF-alfa e IL-6 estimulam a diferenciacdo de ostestds de
maneira sinérgica e regulam a osteoclastogénese ndo somente de forma indireta,
estimulando células estromais a produzirem RANKL, mas agindo diretamente sobre os
osteoclastos e seus precursotes’’ TNF-alfa aumenta a expressdo de RNAm de
RANK por células precursoras de osteoclastos e, sinergicamente com RANKL, estimula
a formacao de osteoclastos resultantes da fus&o destas células pretursoras

Outro mediador importante no desenvolvimento da doenca periodontal s&o as
cicloxigenases. As enzimas cicloxigenase COX-1 e COX-2 catalisam a conversao do
acido araquidoénico em prostaglandinas (PGs). COX-1 é uma enzima constitutiva
normalmente expressa em uma variedade de tecidos e 6rgéos induzindo a formacéo de
PGs com fungbes fisiologicas. COX-2 € uma enzima induzivel de baixa expressao

constitutiva, estimulada principalmente por mediadores proé-inflamatorios, levando a



formacdo de PGs envolvidas na periodontite e em outros processos patolégicos como
edema, artrite reumatdide, periodontite, hiperalgesia e ¥0fé 1°como indicam os
resultados de estudos utilizando inibidores especificos de COR-2

As PGs, em especial PgBodem estimular a reabsor¢cdo 6ssea por meio da
inducdo do aumento tanto do nimero quanto da atividade dos osteotiadto¥?
Horménios e citocinas envolvidas na reabsorcdo 6ssea podem estimular a expresséo de
COX-2 e a sintese de P&E sugerindo que o eixo COX-2/P&Rode mediar a acéo
de alguns destes fatores associados a reabsorcaoAlésedisso, secrecao elevada de
PGE, esta relacionada a perda 0ssea caracteristica de algumas doencas inflamatérias
como periodontite e artrit®. Especificamente na doenca periodontal, P@f sido
constantemente correlacionada com inflamagcéo e reabsorcad’6%5&zus niveis nos
tecidos gengivais e no fluido gengival crevicular sado significativamente elevados em
pacientes periodontalmente doertes>

E importante notar que TNF-alfa e IL-6, assim como COX-2, ativam uma
cascata de sinais intracelulares que incluem ativagdo dos membros da familia MAPK
(ERK, JNK, p38). As MAPK ativam diversos fatores de transcri¢ao, incluindo AP-1, os
quais induzem a transcricdo de multiplos genes-alvo, incluindo diversas citocinas pro-
inflamatérias'®. Além disso, ativadorespstreamdas MAPKinases, como TRAF6,

também participam da ativacdo da via do NF-kB (Figura 1).



Post-transcriptional regulation of pro-inflammatory genes Transcripmionat ectvation of pro-inflammatory genas
[Eo-2, THF-a, IL-8) (L-1g8, TNF-x, L6, PGEES)

FIGURA 1: Modelo ilustrativo da regulacédo da transcricdo de genes proé-inflamatoérios
pelos fatores de transcricdo apos estimulos externos. O papel inibitério do curcumin
sobre p-38 e NkB bloqueando a ativacao de mediadores inflamatal®scordo com

o relatado na literatura, também esta ilustrado (Figura modificada de Carlos Rossa
Junior).

Especificamente na doenca periodontal, a despeito da grande quantidade de
informacdes disponiveis sobre a regulacdo e expressao de citocinas inflamatorias, ha
somente poucos estudos sobre a ativacao das vias de sinalizacéo ativadas in vivo. NF-
kB tem mostrado estar associado com a severidadentagaeda doenca periodontal
Lipopolissacarideo (LPS) bacteriano e citocinas pro-inflamatorias, todos presentes em
grandes quantidades nos tecidos periodontais doentes, podem também at®@ar NF-
Imunohistoquimica para N&B (p50/p65) em tecido humano periodontalmente doente

indicou uma expressado aumentada nos sitios de inflamacdo comparados com os sitios



saudaveis. Com relacdo as MAPK, niveis de expresséo dos trés membros desta familia
sdo encontrados nos tecidos periodontais, embora estes niveis possam diferir
dependendo do tipo celular e do grau de inflam&tao

Diferencas interessantes na ativacao das vias de sinalizagcdo foram encontradas
em dois diferentes modelos de doenca periodontal experimentalmente induziatas
ambos, modelo de injecdo de LPS e modelo de ligadura, p38 e ERK MAPkinases, bem
como NF«B foram ativadas, mas com cinéticas diferentes. &t in vitro para a
relevancia de p38 MAPK para a doenca periodontal é primariamente derivada de
estudos demonstrando o importante papel desta via de sinalizacdo para a regulagao da
expressdo de citocinas inflamatérias que s&o relevantes para o processo d&.déenca
citocinas direta ou indiretamente reguladas por p38 MAPK incluem IL-1beta, IL-4, IL-
6, IFN-gama, TNF-alfa, NO, PGEMMP-13, RANKL em varios tipos celulares e
associados com a resposta imune inata e adaptatit/g> 110 13

Diante do importante papel das citocinas inflamatorias e das vias de sinalizacao
MAPKinases e NReB para o inicio e progressao da doenca periodoetal @dbomo para
o desenvolvimento de outras doencas de natureza inflamatdria, estratégias terapéuticas
incluindo reducdo da produgéo e atividade de citocinas e bloqueio das vias de
sinalizacao intracelular tém sido um interessante e promissor campo de estudo. Neste
contexto, a utiliza¢cdo de produtos naturais com virtual auséncia de efeitos secundérios e
com propriedades imuno-modulatérias, pode oferecer potencial significante no
tratamento das doencas periodontais. Embora inUmeros trabalhos tenham avaliado os
efeitos do curcumin no tratamento de diferentes doencas inflamatérias, seus efeitos
sobre a modulagéo da doenca periodontal ainda ndo foram explddadss. forma,

este estudo se propde a avaliar, pela primeira vez, os efeitos do curcumin sobre a

evolucao da doenca periodontal experimentalmente induzida em ratos.




PROPOSICAQ



Proposicao

A hipotese deste trabalho é que a administracdo do curcumin poderia reduzir a
severidade da destruicdo do tecido conjuntivo e a reabsorcdo do osso alveolar
associadas a doenca periodontal experimental através da modulacdo das vias de
sinalizacdo intracelular necessarias para expressdo e ativacdo das citocinas
inflamatdrias. Este efeito poderia ainda ser influenciado pelo modelo experimental
utilizado (ligadura ou LPS) devido as diferencas na resposta inflamatoéria induzida por
cada modelo. Para avaliar esta hipotese, 0s objetivos especificos deste estudo foram:

1- Analisar o efeito do curcumin sobre a modulacdo das vias de sinalizacao e

expressao de genes inflamatorios em uma populacdo de células da resposta imune

inata (macroéfagos) in vitro.

2- Avaliar o efeito da administragdo sistémica de curcumin sobre a resposta
inflamatdria e a modulagéo das vias de sinalizacao intracelular durante o curso de

dois modelos de indug&o de doenca periodontal experimental em ratos.

3- Avaliar o efeito do curcumin sobre a reabsor¢cdo do 0sso alveolar associada a

doenca periodontal induzida por dois modelos experimentais em ratos.
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Curcumin inhibits LPS-induced MAPK and NF-KB signaling, abrogating pro-
inflammatory cytokine expression by RAW 264.7 macrophages
Running title: Curcumin inhibits LPS-induced cytokine expression
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Background and purpose: Curcumin is the active compound in the extract of
Curcuma longa rhizomes. It has been shown to have anti-inflammatory properties that
are associated with inhibition of various signaling pathways. Considering that NF-kB
and MAPKinases are involved in the expression of IL-6, TN&rd PGE and their
important role on chronic inflammatory diseases, the aim was to evaluate the effect of
curcumin on LPS-induced expression of these cytokines in macrophages.

Experimental approach: RAW 264.7 murine macrophages were stimulated with E.coli
LPS in the presence and absence of non-cytotoxic concentrations of curcumin and of the
biochemical inhibitors of NF-kB and p38 MAPK. RT-gPCR and ELISA were used to
determine the expression of IL-6, TMFand Cox-2/PGEat mRNA and protein levels.
Western-blot was used to assess the effect of curcumin on LPS-induced activation of
MAP Kinases and NF-kB.

Key results: Curcumin, but not p38 and NF-kB inhibitors, inhibited LPS-induced
expression of IL-6, TNFEr and Cox-2 mRNA. Only curcumin completely abrogated
expression of IL-6 and TNE- at the protein level, whereas both curcumin and the
biochemical inhibitors reduced expression of R@Btein. LPS-induced activation of
NF-kB and all three MAPKinases (ERK, JNK and p38) were inhibited by curcumin.
Conclusions and implications:Curcumin has therapeutic potential for host modulation

in chronic diseases associated with innate immune signaling, such as periodontal
diseases and infections of the lower intestinal tract. This is the first study to show that
curcumin affects LPS-induced activation of NF-kB and all three MAPKinases in
macrophages.

Keywords: Curcumin, innate immunity, cell signaling, cytokines, NF-kB, MAPK



Introduction

Macrophages, originated from circulating blood monocytes, are involved in the
maintenance of homeostasis in normal tissue turnover, acting as scavengers to eliminate
apoptotic and senescent cells and debris through their phagocytic function. Although
this is a primary function of these cells, macrophages also play vital roles in
inflammation and repair of injured tissue, by the production of a large number of
cytokines, chemokines and growth factors that recruit and activate a variety of other cell
types to the injured tissue. Thus, macrophages also play a fundamental role in the innate
and adaptive immune responses and are involved in the pathogenesis of various diseases
characterized by chronic inflammation, including atherosclerosis, rheumatoid arthritis,
inflammatory bowel disease and periodontitis (Hueteal., 2009).

Interleukin (IL)-6 and Tumor necrosis factor (TNF)-alpha are two inflammatory
cytokines that are produced by macrophages and other cells (T lymphocytes, fibroblasts,
osteoblasts) and play important roles on the pathogenesis of various chronic diseases,
including insulin-dependent diabetes mellitus (Campbetlal., 1991; Ishihar&t al.,

2002; Pilstromet al., 1995; Rabinovitch et al., 1998), inflammatory bowel disease
(Stevenset al., 1992), ulcerative colitis (Reineckaral., 1993), arthritis (Feldmaret

al., 1991; Feldmanret al., 2001), periodontitis, systemic lupus erythematosus and
Crohn’s disease (Cronstein, 2007; Gabay, 2006). Rheumatoid arthritis and periodontitis
are two conditions characterized by chronic inflammation and increased bone
resorption. IL-6 and TNFr can stimulate osteoclastogenesis directly (Kwanetat.,

2004) and indirectly by inducing the production of receptor-activator of nuclear factor
kappa B ligand (RANKL) by other cells (osteoblasts, fibroblasts and T lymphocytes)
and acting synergistically with RANKL on osteoclasts. Defined as a potent bone-

resorbing factor, TNFe is well known for its capacity to stimulate ostestic bone



resorption in vitro (Thomson et al., 1983@nd in vivo (Koniget al., 1988). IL-6, also
considered a bone-resorptive agent, has been shown to stimulate osteoclast activity and
bone resorption by an indirect mechanism, increasing interactions between osteoblasts
and osteoclasts (Gabay, 2006). Therapeutic strategies aimed at inhibition of IL-6 or
TNF-a to reduce bone resorption associated with perigignarthritis, orthopedic
implant loosening and other forms of chronic inflammatory osteolysis (Bingham, 2002)
including post-menopausal osteoporosis have been actively evaluated in clinical trials
(Charatcharoenwitthayet al., 2007; Galarraget al., 2009; Genoves al., 2008).

However, instead of targeting the inhibition of a single cytokine specifically, another
interesting strategy for modulating the host response is the prevention of cell activation
by changing the way cells sense and respond to external signals. Cells perceive and
adapt to diverse changes in the extracellular environment, including the presence of
inflammatory cytokines that interact with membrane-bound receptors and induce
changes in a multitude of intracellular proteins that transmit the external ‘signal’ to the
nucleus of the cell where the appropriate response (e.g., proliferation, cell death,
expression of various genes) will be initiated. These intracellular signal transduction
pathways are activated not only by cytokines, but also by other factors, such as
microbial-associated molecular patterns (e.g., bacterial lipopolysaccharide, LPS) or
environmental stress. Since there are a relatively limited number of signaling pathways
involved in the expression of many inflammatory genes in response to diverse external
stimuli, modulation of these pathways can affect the expression of various cytokines,
effectively changing the cytokine network associated with chronic inflammatory
conditions. Information on the activation status of intracellular signaling pathways
involved in the expression of inflammatory mediators is crucial for the evaluation of

therapeutic strategies based on the modulation of the host response.



Among the intracellular signaling pathways involved in cytokine production, the
transcription factor NF-kB, mitogen-activated protein kinase (MAPK) and the
suppressors of cytokine signaling (SOCS), were shown to play fundamental roles. NF-
kB is one of the most important inducible transcription factors in mammals and has
been shown to play a pivotal role in the mammalian innate immune response (Hoffmann
et al., 1999) and chronic inflammatory conditions (Ghosh et al., 1998). MAPKs, which
include JNK, ERK, and p38, are well known stress-activated kinases implicated in the
regulation of many genes, particularly those of the inflammatory and immune response
(Kim et al.,, 2007). The SOCS family consists of eight proteins (SOCS-1 to -7, and
cytokine-inducible SH2-domain-containing protein) that are produced in response to a
diverse range of cytokines and growth factors and acts to attenuate signal transduction
as part of a negative feedback loop to inhibit the response to subsequent stimuli (Garlet
et al. 2006; Alexandre WS, 2004; Naka T et al 2005; Rakesh K 2005). Thus, modulation
of these cytokine signaling pathways can have a profound effect in the treatment of
various inflammatory conditions.

Curcumin, a polyphenol derived from a pla@yyrcuma longa, has potent anti-oxidant
and anti-inflammatory activities. This compound has been shown to inhibit in vitro the
expression of a sequence of inflammatory cytokines such asoJNF8, IL-1, IL-6,
MMP-9, NO, COX-2 in various cell types (Brougttal., 1995; Lantet al., 2005; Saja

et al., 2007; Shakibaet al., 2007; Surh, 2002; Swarnalaral., 2005), even though the
information on the macrophage-specific effects of curcumin are relatively scarse.
Because the overexpression of these inflammatory mediators is closely linked to
inflammatory disease development, many studies have evaluated the effect in vivo of
curcumin in the treatment of these diseases, such as cancer (&ated004; Sharma

et al., 2004; Sharmat al., 2001), rheumatoid arthritis (Deodteral., 1980), Crohn’s



disease (Holtet al., 2005), inflammatory bowel disease (Buretyal., 2004), colitis
(Hanai et al., 2006) and psoriasis (Heng et, &000). According to these reports,
curcumin substantially attenuated the clinical symptoms and decreased the levels of
main biologic markers of these pathologies.

The downregulation of inflammatory mediators by curcumin is associated with the
modulation of the transcription factors NF-kB and AP-1. AP-1 is a heterodimeric
transcription factor that is primarily activated by MAPKinase signaling pathway (Bharti
et al., 2004). Curcumin has been shown to inhibit NF-kB, MAPK and other signaling
pathways involving other protein tyrosine kinases as well as serine/threonine kinases,
such as JAK/STAT and PKC (Aggarwal al., 2003; Bhartet al., 2003; Bhartet al.,

2004; Rafieeet al., 2009). This modulation of signaling pathways varies according to
the external stimulus and cell type.

The cellular targets of curcumin in the immune system are poorly understood. Some
groups have shown its suppressive effect on the proliferation of splenic lymphocytes
(Gao et al., 2004); the inhibition of LPS-induced immunoestimulation of murine
dendritic cells (Kimet al., 2005) and macrophages (Broeetal., 1995; Chen et al.,
2008).

In this study, we analyzed the effects of curcumin on the modulation of macrophage
response to bacterial LPS. We demonstrated that curcumin suppressed LPS-induced
TNF-a, IL-6, PGE-2 expression and this effect is paratleby inhibition of the

activation of NF-kB, p38 and ERK and increase of socs-1-3.

Materials and Methods



Cell line and materials

The murine macrophage cell line RAW 264.7 (ATCC #TIB-71) was cultured in DMEM
supplemented with 100 U/mL penicillin, 1Q@/mL streptomycin, and 10% heat-
inactivated fetal bovine serum and maintained in a humidified atmosphere at 37°C and
5% CQ. LPS from Escherichia coli(serotype 0O55:B8) and curcumin (C1386) were
purchased from Sigma. Biochemical inhibitors for p38 (SB203580), NF-kB (Bay 11-
7082) were from Calbiochenk. coli LPS was diluted in PBS (pH 7.4) at 1mg/ml and
used at a final concentration of uy/ml, curcumin and biochemical inhibitors were
diluted in DMSO. Rabbit polyclonal antibodies against phosphorylated forms of p38
MAP kinases, NF-kB (p65), ERK, SOCS-1-3 and to the housekeeping beta-actin were

from Cell Signaling, as well as the secondary HRP-conjugated antibodies.

Cell viability

The effect of curcumin and NF-kB inhibitor on cell viability was determined using a
commercial kit (Cell Titer 96 Aqueous; Promega Corp.) according to the
manufacturer’s instructions. This kit evaluates cell viability by means of reduction of a
tetrazolium containing solution to formazan by dehydrogenase enzymes present in
metabolically active, viable cells. Briefly, 1 x °L6ells were plated in each well of 96-

well plates, allowed to attach for 18h, washed once with phosphate-buffered saline
(PBS) and then deinduced in culture medium with reduced concentration (0.3%) of
FBS. Curcumin was added to the culture medium in various concentrations for a dose-
response experiment and the cells incubated for 24 h. Controls were represented by the
same volume of the DMSO vehicle and also by different concentrations of the NF-kB
inhibitor (Bay 11-7082). 20 pl of reagent containing the tetrazolium salt (MTS) was
added to each well and incubated for 1 and 2 hours and the results obtained by

measuring the absorbance at 490 nm on a microplate reader (Bio-Rad Inc., model 550).



The relative number of viable cells in the wells treated with curcumin or Bay 11-7082

was estimated in relation to the vehicle-treated control wells.

Evaluation of cytokine gene expression at the mRNA level (RT-qPCR)

A total of 3 x 10 cells were grown for 24 h in each well of six-well plates, de-induced
by incubation for 8 h in culture medium containing 0.3% fetal bovine serum and
stimulated withE. coli lipopolysaccharide for 24 h, both with and without a 30 min
pretreatment with 5 uM or 10 uM of curcumin. Other wells were treated with 10 uM of
the p38 MAPK inhibitor (SB203580) or 10 pM of the NF-kB inhibitor (Bay 11-7082).
Control wells were treated with the same volume of the DMSO vehicle used to dilute
these compounds. Total RNA was isolated from the cells with Trizol reagent
(Invitrogen Corp.) according to the manufacturer’'s instructions. The RNA was
guantitated by spectrophotometry and 500 ng were reverse-transcribed into cDNA. The
relative abundance of the transcripts of the candidate inflammatory genes were
measured by real-time reverse transcription-PCR (RT-PCR) using Tagman chemistry
and pre-designed sets of primers and probes (TagMan Gene Expression Assays,
Applied Biosystems) on a StepOne Plus Real-Time PCR System (Applied Biosystems).
The reactions were carried out in a 96-well plate on a final reaction volume of 30 pL
that included Tagman Universal PCR Master Mix (Applied Biosystems), Tagman Gene
Expression Assays (Applied Biosystems) for each target gene: (tnfnor necrosis
factor alpha), NM_013693; il-6 (interleukin 6), NM031168; Ptgs-2 (prostaglandin-
endoperoxide synthase-2), NMO011198; Gapdh (glyceraldehyde-3-phosphate
dehydrogenase), NM008084;,and cDNA template (corresponding to 30 ng of total
RNA). Optimized thermal cycling conditions were:°60for 2 min, 98C for 10 min,
followed by 40 cycles at 96 for 15 seconds and 8D for 1 min. For each sample,

analyses of gene expression were performed in duplicate. Three independent



experiments were performed. To normalize the amount of total RNA present in each
reaction, the expression of GAPDH, which was not altered by the experimental
conditions, was used as a housekeeping gene. To compare the expression levels among
different samples, the relative expression level of the genes was calculated using the

comparative £T method using the thermocycler’s software.

Determination of cytokine gene expression at the protein level (ELISA)

Cell culture supernatants were collected from the same wells from which total RNA was
harvested immediately thereafter. In brief, cells were stimulated Withcoli
lipopolysaccharide for 24 h, both with and without a 30 min pretreatment with 5 uM or
10 puM of curcumin. Other wells were treated with 10 uM of the p38 MAPK inhibitor
(SB203580) or 10 uM of the NF-kB inhibitor (Bay 11-7082). Control wells were treated
with the same volume of the DMSO vehicle used to dilute these compounds. These
culture supernatants were aliquoted and stored at -80 C. These samples were thawed
only once and used in ELISA assays to quantify the secreted PGE2, IL-6 and. TNF-
These assays were performed according to the manufacturer’'s instructions (R&D
Systems) and the target protein concentration was normalized to the total protein

content determined by the Lowry method (DC assay, Bio-Rad).

Activation of signaling pathways (Western-blot)

For these experiments, 3 x°kills were grown for 24 h in each well of six-well plates,
routinely de-induced for 8 h and subsequently treated with 5 @MLOf curcumin 30
minutes before the stimulation with bacterial LPS. Control experiments were performed
with the addition of 1QuM of SB203580, 1QuM of Bay 11-7082 or of the same volume

of DMSO vehicle. LPS stimulation was maintained for 10, 30 and 60 minutes in the

short-term experiments, or for 12, 24 and 48 hours. At the end of each experimental



period, whole-cell lysates were harvested by scraping the cells in sodium dodecyl
sulfate sample buffer (62.5 mM Tris HCI buffer, pH 6.8, 10% glycerol, 50 mM
dithiothreitol, 2% sodium dodecyl sulfate, 0.01% bromophenol blue) on ice, followed
by sonication for 10 s and heat-denaturation &iC9fr 5 min. To experiments

evaluating the nuclear and cytosolic protein expression,

Total protein content was quantified by Lowry method (DC Assay, Bio-Rad). For
western blotting, 30 g of total protein were separated on 10% Tris-HCI polyacrylamide
gels run at 100 V for 60 min and subsequently electrotransferred to nitrocellulose
membranes for another 60 min in a semidry apparatus at 110 mA/gel. The membranes
were blocked (Tris-buffered saline with 5% nonfat dry milk, 0.1% Tween-20) for 1 h at
room temperature and then probed with the primary antibodies overnighg.at e
presence of the primary antibodies was detected by using horseradish peroxidase-
conjugated secondary antibodies and a chemiluminescence system (SuperSignal West
Pico Chemiluminescent Substrate; Pierce, Rockford, IL, USA). Digital images of the
radiographic films exposed to the membranes membranes were obtained on a gel
documentation system (GelDoc XT,; Bio-Rad). Expression levels of beta-actin were

determined to verify equal loading of proteins.

Results

Cytotoxicity of curcumin

Initially, we performed a dose-response evaluation of the cytotoxic effects of curcumin
using a selective NF-kB inhibitor (Bay 11-7082) as a positive control. Since the effects
of curcumin may be related to its cytotoxic effects, to avoid misinterpretation of the

information collected on the effects of curcumin on gene expression and activation of



signaling pathways, we intended to use the highest non-cytotoxic concentration of both
curcumin and Bay 11-7082. RAW 264.7 cells were treated with the indicated
concentrations of curcumin (5 uM - 100 uM) and Bay (10 uM - 40 uM) for 24 hours.
The results of the MTS-based assay of untreated control cells were set to 100% and the
results for cells treated with DMSO vehicle, curcumin and Bay 11-0782 are presented
as relative increase or decrease to untreated control cells. Concentrations of curcumin
up to 10puM produced no change in cell viability, whereas higher concentrations of
curcumin £ 25 uM) caused significant citotoxicity (Figure 1). Concentrations of Bay
11-7082 above 4@M produced a decrease of 90% in cell viability compared to
untreated control cells. We subsequently usedMOof curcumin and Bay 11-7082 as

the maximum concentrations for the subsequent experiments. Cytotoxicity of SB203580
was not assessed because we had data from other experiments (not shown) indicating

that 10uM of SB203580 caused no change in cell viability.

Curcumin inhibits LPS-induced cytokine expression

LPS stimulation induced a significant increase on the expression of Ptps2 (the murine
homolog to human cyclooxygenase-2) mRNA by the macrophages. This increase was
inhibited by pre-treatment of the cells with curcumin in a concentration-dependent
manner; but a significant decrease was only observed witiMLO6f curcumin. In the
absence of LPS stimulation, curcumin and the biochemical inhibitors (SB203580 and
Bay 11-7082) induced a slight increase of PGE2-synthase mRNA. Interestingly, in the
presence of LPS stimulation, the NF-kB inhibitor increased the LPS-induced expression
of Ptps2 mRNA (Figure 2). Detectable levels of PGE2 protein were only observed in
the samples from LPS-treated cells, indicating that curcumin (at 5 guil)land both
SB203580 and Bay 11-7082 completely abrogated LPS-induced PGE2 protein

expression by macrophages. (Figure 3).



Curcumin, but not the biochemical inhibitors, induced To&NFand IL-6 mRNA
expression in the absence of LPS stimulation. However, in cells stimulated with LPS
curcumin dose-dependently inhibited LPS-induced expression of IL-6, whereas
inhibition of TNF-a mRNA was observed only with 1AM of curcumin. Neither
SB203580 nor Bay 11-7082 inhibited LPS-induced IL-6 and TNRRNA (Figure 2).

IL-6 and TNF« protein were undetectable in the absence of LPS stimulation; and pre-
treatment of the cells with 1AM of curcumin significantly inhibited LPS-induced
secretion of IL-6 and TN, which were only slightly affected by the p38 MAPK

inhibitor, SB203580 (Figure 3).

Curcumin inhibits LPS-induced activation of NF-kB, p38 and ERK MAPKinases

Since NF-kB is considered a prime target of curcumin and also based on the relevance
of both NF-kB and MAPKinase signaling pathways for LPS-induced cytokine gene
expression, we next evaluated the modulation of these pathways by curcumin. Short-
term stimulation experiments were performed and the biochemical inhibitors of p38
MAPK (SB203580) and NF-kB (Bay 11-7082) were used for comparative purposes. In
the negative controls, equivalent volumes of the DMSO vehicle replaced curcumin and
the biochemical inhibitors. Macrophages were treated with curcumin (5 uM and 10 uM)
for 30 minutes followed by stimulation with LPS |iy/mL) for 10, 30 and 60 minutes.

LPS induced activation of NF-kB, p38 and ERK within 10 minutes and JNK was
activated 30 minutes after the stimulation. This activation was sustained, in all signaling
pathways for a least 60 minutes. Pre-treatment of the cells with curcumin inhibited LPS-
induced activation of all three MAPKinases as well as of NF-kB in a concentration-
dependent manner 30 minutes after stimulation. Biochemical inhibitors were more

effective also 30 minutes after stimulation, but there was a lack of specificity, with the



NF-kB inhibitor (Bay 11-7082) affecting activation of JNK and ERK MAPKinases

besides p38 MAPK (Figure 4).

Curcumin increases the socs-1 and socs-3 activation in macrophages stimulated with
LPS

To evaluate the role of curcumin on activation of socs-1 and socs-3, macrophages were
treated with curcumin (5 uM and 10 uM) for 30 minutes followed by stimulation with
LPS (1pg/mL) for 12, 24 and 48 hours. Curcumin increased the socs-1 expression 12
hours and 48 hours after the LPS stimulation. Regarding to socs-3, LPS simulation
inhibited its activation in all periods analyze, but the treatment with curcumin restaured

the socs-3 levels 12 (5um) and 24 hours (10um) after the stimuli.

Discussion

In this study, we show that curcumin is a potent inhibitor of the expression of PGEZ2, IL-

6 and TNFea by LPS-stimulated macrophages. Macrophages are major sources of
inflammatory cytokines and pro-inflammatory radicals, participating in both the innate
and adaptive immune responses. These inflammatory mediators can be both produced
by macrophages with paracrine effects and utilized by them in autocrine-regulatory
fashion. When activated by an external stimulus these cells migrate to the affected site
and are able to internalize and digest bacteria and other cells. Besides, macrophages can
scavenge toxic compounds produced by the metabolism and to secrete soluble
inflammatory mediators that can kill bacteria, parasites, and viruses and contribute to
the activation of other cell types and to the walling off of parasites (Au#tagl.,

2009).

In spite of this protective nature, activation of the immune system and the host-derived

cytokines causes host tissue degradation as collateral damage. Thus, modulation of the



host response by reducing the production of inflammatory cytokines is an actively-
pursuit therapeutic strategy; and due to their relevance on the immune responses,
macrophages are a prime target. In general, our results agree with those of other studies
that reported an anti-inflammatory effect of curcumin.

The effect of curcumin on the induction of NO syntase in RAW264.7 cells activated by
LPS (1 pg/ml) and IFN- (100 U/ml) was investigated and compared with wexinon-
steroidal anti-inflammatory drugs (aspirin, piroxicam, indomethacin, ibuprofen,
sulindac, sodium salicylate) (Brouet al., 1995). All the anti-inflammatory agents,
except sulindac, inhibited NO production in a concentration-dependent manner;
however the induction of NOS was inhibited by curcumin at the lowest concentration
among the compounds tested. Maximum inhibition was observed when curcumin was
added to the culture medium at the time of activation of macrophages with LPS and
IFN-y. When curcumin was added 6 or 8 h after activatioBh before activation, the
inhibition was less effective. Since we intended to evaluate the effects of curcumin from
a cell signaling perspective, we added curcumin to the cultures 30 min before the
stimulation, which is usually done with biochemical inhibitors signaling. As opposed to
the reciprocal regulation of regulation of NOS at mRNA and protein levels, our results
demonstrate a lack of transcription-translation coupling. Considering the fact that RNA
and protein samples were harvested simultaneously from the same wells, this may
suggest the influence of post-transcriptional regulation, which has been shown to play a
role for the target genes we evaluated (TdN&nd IL-6) (Basleet al.; Neiningeret al.,

2002; Zhao et al., 2008). Alternatively, the lack of correspondence between mRNA and
protein levels may merely reflect the lag between the regulation of mRNA transcription
and protein synthesis and secretion. The mechanism of regulation of cytokine

expression by curcumin will be explored in future studies.



Curcumin was recently shown to dose-dependently inhibit the expression af aNé-

IL-1B by LPS-stimulated RAW?264.7 cells (Chenal., 2008). In this study, cells were
treated with similar Hum, 10um) and higher (20um, 30um) concentrations of
curcumin in comparison to the present report. The authors (Chen et al., 2008) used a 2 h
pre-treatment with curcumin before stimulating with LPS. The nature of LPS used was
also different from the LPS used in the present study: LPS Eoooli we used is a
known activator of TLR4; whereas LPS from the periodontopathogenic microorganism
Porphyromonas gingivalisised in the study by Chen et al. (2008)(Ckéml., 2008)
activates preferentially TLR2. These differences on the curcumin treatment and source
of LPS used can account for the weak inhibition of both DTN&#d IL-13 with lower
concentrations of curcumin reported by Chen et al. (2008) (Chen et al., 2008). In our
study, concentrations above 20 pum of curcumin showed be toxic for this cell line;
moreover even lower concentrations of curcumin (5 pm) markedly decreased TNF-
protein production by RAW 264.7 cells stimulated with TLR4-activating LPS. The
concentrations of curcumin used in the present study were similar to those of Abe et al.
(Abe et al., 1999) who showed a marked inhibition of IL-IBIF-a, IL-8 and MIP-Tn

in LPS-stimulated human monocytes and alveolar macrophages; and much lower than
the maximum of JuM used by Jain et al. (Jaet al., 2009) who reported a significant

but less potent inhibition of IL-6 and TNd-in human monocytes cultured in high
glucose.

We used bacterial LPS as an external stimulus ttyghe effect of curcumin on innate
immune signaling by Toll-like receptor 4 (TLR4). TLR activation recruits specific
adaptor molecules, such as MyD88, which then bind the interleukin-1 receptor-
associated kinase (IRAK) in the cytoplasmic tail of the receptor. The signal is thereafter

transmitted through a chain of signaling molecules involving the tumor necrosis factor



receptor-associated factor-6 (TRAF6), a common upstream activator of MAPKinases
and NF-kB. TLR4 activation also leads to a delayed activation of NF-kB in a MyD88-
independent manner. This delayed activation of NF-kB is independent of the rapid
activation mediated by the MyD88-dependent pathway. Activation of NF-kB and
MAPKinases ultimately leads to increased expression of genes involved in the
activation of innate immunity, mainly pro-inflammatory cytokines (Aletaal., 2003;

An et al., 2002; Anderson, 2000; Kirkwood et al., 2009).

Curcumin has been shown to inhibit various signal transduction pathways such as NF-
kB, AP-1, MAPKinases and protein kinase C (Huat@l., 1991; Rafieet al., 2009).

In human intestinal epithelial cell line HT29 stimulated with TéNFand IL-1(
curcumin was able to inhibit NF-kB and MAPKinases, such as p38 and JNK, but did
not inhibit activation of ERK1/2 (Moon et al., 2006). On the other hand, inhibition of all
three MAPKinases was also observed in human esophageal cells stimulated by low pH
(Rafieeet al., 2009) as well as in an adipocyte cell line treated with palmitate (éfang

al., 2009) and in human microvascular endothelial cells stimulated with VEGF (Binion
et al., 2008). Inhibition of NF-kB activation by curcumin in RANKL- and LPS-
stimulated murine macrophages reduces osteoclastogenesis and IL-12 production
(Bharti et al., 2004; Kanget al., 1999). Interestingly, curcumin markedly inhibits LPS-
induced production of IL-12, but not of IL-10, by macrophages and affects the adaptive
immune response by inhibiting Thl cytokine profile (Katgl., 1999). Suppression of
NF-kB activation by curcumin inhibited the expressionpod-inflammatory cytokines

in human articular chondrocytes stimulated with Télend IL-1p (Shakibaeiet al.,

2007). This information indicates the therapeutic potential of curcumin in conditions

associated with chronic inflammation and bone resorption.



We have observed inhibition of NF-kB and of all three MAPKinases by curcumin in
macrophages, suggesting that its potent inhibitory effect on LPS-induced cytokine
expression may be related with the modulation of these signaling pathways. The fact
that curcumin inhibits all these pathways simultaneously suggests that it may be acting
on an upstream activator or even on the extracellular portion of TLR4, by affecting both
ligand-induced and ligand-independent dimerization (Youn et al., 2006). Importantly,
the marked effect of curcumin on cytokine expression may be dependent on this
simultaneous inhibition of multiple signaling pathways, as indicated by the comparison
with NF-kB and p38 MAPK inhibitors. It will be interesting to define the specific
target(s) of curcumin in the TLR4 signaling pathway. This prominent role of curcumin
on the activation of innate immunity may have potential to be explored in the
modulation of host response in chronic conditions associated with infectious stimuli,
such as periodontal diseases and lower digestive tract diseases.

In summary, we have shown that curcumin modulates TLR signaling in macrophages
and effectively inhibits cytokine gene expression induced by TLR stimulation indicating

its therapeutic potential as a host modulatory agent in chronic infectious conditions.
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Figure Legends

Figure 1 — Cytotoxicity of curcumin and NF-kB inhibitor (Bay 11-0782) to Raw 264.7
cells. Raw macriophages were grown in 96-well plates, de-induced in medium
containing 0.3% FBS and treated with the indicated concentrations of curcumin (5 -100
uM) or Bay 11-0782 (10 - 4@M) for 24 hours. Cell viability was determined by an
MTS-based assay (Left) 1 hour and (Right) 2 hours after the addition of MTS. The
average value of the absorbance reading of DMSO-vehicle treated cells was set to 100%
and the results for cells treated with curcumin and Bay 11-0782 are presented as relative
increase or decrease. Bars represent means and vertical lines standard deviations of 3
independent experiments.

Figure 2 - Curcumin inhibits LPS-induced pro-inflammatory cytokine expression at the
MRNA level. Raw 264.7 cells were de-induced in 0.3% FBS, treated withML0f

NF-kB (Bay 11-0782) or 1M of p38 MAPK (SB203580) inhibitors, curcumin (5 or

10 uM) or the same volume of DMSO vehicle for 30 min and then stimulated with
E.coli LPS (1 ug/mL) or with the same volume of PBS vehicle (control) for 24 h. Total
RNA was harvested and used for RT-gPCR performed with pre-designed primers and
probes for the indicated target genes and to the housekeeping GAPDH using TagMan
reagents. The results were analyzed by the delta-Ct method and expression of target
genes was normalized to beta-actin expression. Data is presented as fold change to
DMSO-vehicle treated and unstimulated (control) cells. (*) indicates significant
increase, p< 0.05, in comparison to control, (+) indicates significant decrease, p< 0.05,
in comparison to LPS. Bars indicate means and vertical lines standard error of mean of
three independent experiments analyzed in duplicate.

Figure 3 — Effective inhibition of inhibits LPS-induced pro-inflammatory cytokine

expression at protein level by curcumin. Raw 264.7 cells were de-induced in 0.3% FBS,



treated with 10uM of NF-kB (Bay 11-0782) or 1uM of p38 MAPK (SB203580)
inhibitors, curcumin (5 or 1AM) or the same volume of DMSO vehicle for 30 min and
then stimulated witle.coli LPS (1 ug/mL) or with the same volume of PBS vehicle
(control) for 24 h. Cell culture supernatants were harvested, aliquoted and used in
ELISA tests to quantify the expression of the target cytokines. These tests were
performed according to the manufacturer’s instructions and the results for each sample
were normalized to the concentration of total proteins determined by a Lowry-based
microassay (DC assay, Bio-Rad). (*) indicates significant difference, p< 0.05, in
comparison to control, (+) indicates significant difference, p< 0.05, in comparison to
LPS. Bars indicate means and vertical lines standard error of mean of three independent
experiments analyzed in duplicate.

Figure 4 — Inhibition of LPS-induced activation of NF-kB and all three MAPKinases.
Raw 264.7 cells were de-induced in 0.3% FBS, treated wifdML0f NF-kB (Bay 11-

0782) or 10uM of p38 MAPK (SB203580) inhibitors, curcumin (5 or uM) or the

same volume of DMSO vehicle for 30 min and then stimulated &witoli LPS (1

ug/mL) or with the same volume of PBS vehicle (control) for 10, 30 and 60 min. Cell
lysates were harvested at the indicated time points in SDS-containing sample buffer
supplemented with protease and phosphatase inhibitor cocktails (Complete and Phos-
Stop, Roche). Total concentration of protein was determined with a Lowry-based
microassay (DC assay, Bio-Rad) and (3§ of each sample were diluted in LDS-
containing running buffer supplemented with DTT, heat-denatured, electrophoresed in
10% Tris-Acrilamide gels and transferred to QU nitrocellulose membranes in a
semi-dry transfer apparatus. The activation of the signaling pathways was assessed by
the detection of phosphorylated forms of p65 (NF-kB), p38, JNK and ERK

MAPKinases. Expression levels of constitutive housekeeping beta-actin are shown to



confirm equal protein loading. The images are representative of three independent

experiments.
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Potent anti-inflammatory effects of systemically-administered curcumin modulates
periodontal disease in vivo
Running title: Curcumin inhibits periodontal disease in vivo
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Abstract

Background: Curcumin is a plant-derived dietary spice with various biological
activities, including anti-tumoral and anti-inflammatory. Its therapeutic applications
have been studied in a variety of conditions, such as rheumatoid arthritis, colon cancer
and depression; but no studies evaluated the effects of curcumin on periodontal disease
in vivo.

Methods: Experimental periodontal disease was induced in rats by placing cotton
ligatures around both lower first molars. Curcumin was given to the rats by daily oral
gavage in two doses (30 and 100 mg/Kg) during the whole 2 weeks of the experiment.
Control animals received ligatures but only the corn oil vehicle by gavage and negative
control animals were untouched. RT-gPCR and ELISA were used to determine the
expression of IL-6, TNF-alpha and PGE-2 synthase on the gingival tissues. The
inflammatory status was evaluated by stereometric analysis, whereas modulation of p38
MAPK and NK-kB signaling was assessed by western blot.

Results: Curcumin effectively inhibited cytokine gene expression at mMRNA and protein
levels and dose-dependently inhibited activation of NF-kB in the gingival tissues. p38
MAPK activation was not inhibited by curcumin. Curcumin-treated animals also
presented a marked reduction on the inflammatory cell infiltrate and increased collagen
content and fibroblastic cell numbers.

Conclusions: Curcumin did not induce detectable adverse effects, and its potent anti-

inflammatory effect suggests it may have a therapeutic potential in periodontal diseases.



Introduction
Phytochemicals are naturally occurring substances found in plants. There has

been considerable public and scientific interest in the use of phytochemicals derived
from dietary components to combat human diseases, especially the two major causes of
death in the developed world: cardiovascular diseases and cancer [1]. Curcumin
(diferuloymethane), is one such phytochemical, which is a major constituent of the
yellow spice turmeric derived from the rhizomes of Curcuma spp. [2].

Curcumin has potent anti-inflammatory, anti-carcinogenic and antioxidant
activities, and a number of pre-clinical trials have been conducted to assess its
therapeutic potential [3-5]. Following oral administration, curcumin has been shown to
prevent cancer in the colon, skin, stomach, liver, lung, duodenum, soft palate and
breasts of rodents [6, 7]. In a rat model of acute ulcers, curcumin potently attenuates the
ulcer activity by preventing glutathione depletion, lipid peroxidation, and protein
oxidation. Both, oral and intraperitoneal administration of curcumin blocked gastric
ulceration in a dose-dependent manner [8]. In animal studies of arthritis, oral
administration of curcumin decreased the levels of inflammatory glyprotein, Gp A72,
with a reduction in inflammatory response in the paws [9].

The anti-inflammatory properties of curcumin seem are mediated by the
modulating the activity of signaling pathways and transcription factors, especially NF-
KB, AP-1 and MAPKinases [10]. Down regulation of the activation of NF-kB and
MAPKinases by curcumin suppresses the expression of IL-6, [[Fif-«, MMP-2
and MMP-9 in the late phase of experimental acute pancreatitis [11], in the modulation
of arthritis [12-15] in the prevention and healing of indomethacin-induced gastric ulcer
[8], in the treatment of inflammatory bowel disease and Crohn's disease [16-18].

Periodontal disease initiation and progression occurs as a consequence of the
host response to microorganisms of the dental biofilm. Besides their role as stimulants
of the host response, periodontal pathogens release harmful by-products and enzymes
that break down extracellular matrix components, such as collagen, as well as host cell
membranes. Once the host response is initiated, various inflammatory molecules, such
as cytokines and prostaglandins are released from leukocytes, fibroblasts or other host
tissue-derived cells [19-21]. Chronic periodontal inflammation perpetuates and
amplifies itself through numerous autocrine and paracrine regulatory loops of the

inflammatory mediators, acting on cells within the periodontal microenvironment. An



improper immune response leads to overproduction of inflammatory cytokines and

consequently periodontal attachment loss and bone resorption. Host modulation
therapeutic strategies aimed at inhibition of the progression of inflammatory bone loss
associated with periodontitis include the blockage of inflammatory cytokines. Recently,

the cell signaling pathways that regulate the expression of inflammatory mediators have
become promising therapeutic targets [19].

Although a range of biological and pharmacological activities of curcumin have
been reported, its therapeutic potential for destructive periodontal disease is poorly
understood. To the best of our knowledge, this is the first study evaluating the effect of
curcumin on the modulation of periodontal disease in vivo.

Besides its anti-inflammatory properties, curcumin was also shown to improve
wound healing by increasing collagen deposition, angiogenesis and the density of
fibroblasts, reducing the radiation-induced delay in wound repair [22]. Interestingly,
curcumin-treated wounds presented not only a greater number of fibroblasts but also
more infiltrating macrophages and neutrophils compared to untreated wounds [23, 24].
These studies demonstrated that treatment with curcumin resulted in faster closure of
wound, better regulation of granulation tissue formation and induction of growth factors
[24], all features that can be extremely useful in the setting of periodontal disease.
These findings prompted us to investigate the effect of systemically administered
curcumin on the inflammatory response during the course of ligature-induced
periodontal disease in rats. The present study was undertaken to determine whether
curcumin could inhibit connective tissue breakdown in ligature-induced periodontitis in
rats. To obtain greater insight into the anti-inflammatory effects of curcumin, we
assessed the modulation of signaling pathways (p38 MAPK and NF-kB) and the
expression of IL-6, COX-2 and TNé+n the periodontal tissues.

Materials and methods

Experimental design

All the experimental protocols were approved by the Ethical Committee for Animal
Experimentation (CEEA) of the School of Dentistry at Araraquara — UNESP and
performed in accordance with the guidelines from the Brazilian College for Animal
Experimentation (COBEA).

Forty male Holtzman rats (Rattus norvegicus albinus Holtzman), weighing between 100
and 200 g, were randomly distributed into four experimental groups comprising 10

animals each. The rats were kept in a room with controlled temperature () ant



humidity (65—-70%) and a 12 h-12 h light—dark cycle. Animals were fed standard rat
chow and waterad libitum To induce periodontitis, three groups of rats were
anesthetized by intramuscular administration of ketamine (Francotar, Virbac of Brazil
Ind. and Com. Ltd, S&o Paulo, Brazil; 80 mg/kg body weight) and xylazine (Virbaxil,
Virbac of Brazil Ind. And Com. Ltd, S&o Paulo, Brazil; 20 mg/kg body weight), and
cotton threads were tietound the first molars bilaterally.

Administration of curcumin started the day before the placement of ligatures for the
induction of periodontal disease. Curcumin was administered daily by oral gavage in
two different doses: one group received the lower dose of 30 mg/Kg/ body weight, and
the other group received 100 mg/Kg/body/weight. Control animals were given the same
volume of the corn oil vehicle. Fifteen days after the placement of ligatures the animals
were sacrificed and the mandibular jaws were hemisected. Some of the block sections
including £ and 29 molars with their surrounding tissues were submitted to routine
histological processing for descriptive and stereomteric evaluation, whereas other
blocks were used for the extraction of total RNA and protein. For stereometry, 3 blocks
including the lower molars of the control group and 4 blocks of the lower molars of
each experimental group were analyzed.

These tissue blocks were immersed directly in 10% buffered formalin fixative solution
for 48 h and decalcified in tetrasodium-EDTA aqueous solution (0.5 M, pH 7.4) during
2-3 months, under agitation at room temperature. Each specimen consisted of a section
containing the 1st and 2nd molars and their surrounding alveolar process and was
included in paraffin blocks. Serial gM sections were obtained in the bucco-lingual
direction and stained with hematoxylin-eosin (HE).

Stereometry

The analysis was conducted by a single examiner that was blind to the experimental
groups using an optical microscope (Diastar Cambridge) set at 200 X magnification.
Semi-serial sections of 4M were obtained from the tissue blocks on a buadoguial
orientation. A total of 3 sections, spaced 100 from each other, were evaluated per
tooth. A 50 x 5QuM grid was overlayed the histological images allowing the analysis of
an ‘area of interest’ of 2,500M?% Two grids composed of 5 x 5 M squares were

used in each histological image: one was positioned with its lower borgév 2&low

the top of the alveolar bone crest and perpendicularly to the root surface, and the other

was positioned with its upper border at the base of the junctional epithelium,



representing the ‘bone crest’ and ‘submarginal’ areas, respectively. In both cases, the
lateral border of the grids was always positioned over the most prominent part of the
root surface in the area. Each one of the 25 points of the grid projected on each section
was counted and the proportion of collagen, fibroblastic cells and inflammatory cells
(distinguished by the morphological characteristics) in the area of interest was
determined as percentage of the total points counted. A total of three images obtained
from equally spaced slides (spanning 900 uM of the buccal-lingual aspect of the molars)
were evaluated from each animal. Slides from at least three different animals in each
experimental group were used.

Evaluation of cytokine gene expression at the mRNA level (RT-qPCR)

Total RNA was extracted from tissue samples using Trizol reagent (Invitrogen Corp)
according to the manufacturer’s instructions. Concentration of RNA was determined by
spectrophotometry and 700 ng of total RNA were reverse-transcribed into cDNA using
random hexamers as primers (High Capacity cDNA synthesis kit, Applied Biosystems).
The relative abundance of the transcripts of the candidate inflammatory genes were
measured by real-time reverse transcription-PCR (RT-PCR) using Tagman chemistry
and pre-designed sets of primers and probes (TagMan Gene Expression Assays,
Applied Biosystems) on a StepOne Plus Real-Time PCR System (Applied Biosystems).
The reactions were carried out in a 96-well plate on a final reaction volume of 30 pL
that included Tagman Universal PCR Master Mix (Applied Biosystems), Tagman Gene
Expression Assays (Applied Biosystems) for each target gene:aT{{linor necrosis

factor alpha), NM_013693; IL-6 (interleukin 6), NM031168; Ptgs-2 (prostaglandin-
endoperoxide synthase-2), NM_011198; Gapdh (glyceraldehyde-3-phosphate
dehydrogenase), NM_008084; and cDNA template (corresponding to 30 ng of cDNA).
Optimized thermal cycling conditions were:°60for 2 min, 958C for 10 min, followed

by 40 cycles at 9& for 15 s and 6 for 1 min. For each sample, analyses of gene
expression were performed in duplicate. The experiments were with samples isolated
from at least three different animals in each experimental group. To normalize the
amount of mMRNA present in each reaction, the expression of GAPDH, which was not
altered by the experimental conditions, was used as a housekeeping gene. To compare
the expression levels among different samples, the relative expression level of the genes
was calculated using the comparativeTAmethod using the thermocycler’'s software.
Activation of signaling pathways (Western-blot) and determination of cytokine

gene expression at the protein level (ELISA)



Total proteins were extracted from gingival tissue samples using a detergent-based
extraction buffer (T-PER, Tissue Protein Extraction Reagent — Pierce Biotechnology)
containing a protease inhibitor cocktail (Protein Stabilizing Cocktail — Santa Cruz
Biotechnology) according to manufacturer’s instructions (Pierce Biotechnology). The
tissue samples were macerated in the buffen{50mg of tissue) and centrifuged for 5

min at 13,000 RPM at 4°C. The proteins were quantified using Lowry method (DC
assay, Bio-Rad Laboratories) and 4 of total protein were added to a SDS sample
buffer containing 2% SDS, DTT as a reducing agent, glycerol and bromophenol blue
dye (Cell Signaling), heated-denaturated at 97° C for 5 min and chilled on ice of 5 min
before loading on 10% SDS-polyacrylamide gels.

Electrophoresis on discontinuous acrylamide gels were carried out at 100 V for 90 min
and subsequently electro-transferred toynitrocellulose membranes using 300 mA
constant current for 1 hour. The membranes were blocked for 1h in Tris-buffered saline
containing 5% non-fat dry milk and 0.1% Tween-20 and subsequently washed for 5 min
(3 times) with TBS-0.1% Tween at room temperature. The membranes were then
incubated with primary antibodies overnight at 4°C (1:100 dilution in PBS — phospho-
p65 and phospho-p38 — Cell signaling). Membranes were washed in TBS-T buffer for 5
minutes (3 times) and incubated with secondary antibodies conjugated to horseradish
peroxidase (1:1000 dilution in the blocking buffer) for 1 hour at room temperature,
washed again with TBS-T buffer (5 min, 3 times). Detection of bands was carried out
on radiographic film by using a chemiluminescence system (Lumi-Glo, Cell Signaling).
Proteins from these same samples were also used to in the ELISA assays to determine
the concentration of PGEIL-6 and TNFe. These assays were performed according to
the manufacturer’s instructions (R&D Systems) and the results were normalized to the
total concentration of protein in the samples. Samples from at least three different
animals in each experimental group were used and assayed in duplicate.

Data analysis

The purpose of data analysis was to compare the results from curcumin-treated animals
with those of vehicle treated control animals. Considering the two experimental groups
treated with different doses of curcumin (30 and 100 mg/kg body weight) as
independent variables, we used non-paired t-tests for the comparisons between all the
groups (control x 30 mg/Kg of curcumin, control x 100 mg/Kg of curcumin and 30 X
100 mg/Kg of curcumin) with a significance level of 5%.



Results

Curcumin did not affect body weight or the behavior of the experimental animals in
comparison to vehicle-treated controls. No animal died during the experimental period,
indicating the lack of severe adverse effects associated with curcumin administration.
Curcumin completely abrogates PGEZ2-synthase (murine Cox-2 analog) mRNA
expression in ligature-induced periodontal disease

To investigate the effect of curcumin on ligature-induced inflammatory gene expression
the total RNA and protein were extracted from gingival tissues surrounding the lower
first molars of rats with or without ligature placement. These samples were used for RT-
gPCR and ELISA experiments, respectively. Interestingly, animals treated with the
higher dose of curcumin (100 mg/Kg) presented a marked increase on PGE2-s mRNA
levels in comparison to control animals. Ligature placement increased PGE2-s mRNA
in the tissues, but treatment with curcumin completely inhibited this increase (Fig. 1).
We could not detect PGE2 expression at the protein level in our samples, probably due

to the reduced level of expression.

Curcumin effectively inhibits IL-6 and TNFe gene expression

At protein level, the treatment with 100 mg/Kg of curcumin induced IL-6 protein
expression in non-diseased periodontal tissues; however, there was a dose-dependently
and significant inhibition of IL-6 mMRNA (Fig. 2) and protein (Fig. 3) expression in
periodontally-diseased tissues of animals treated with both doses of curcumin.
Interestingly, greater inhibition of IL-6 was associated with the lower dose (30 mg/Kg)
of curcumin. TNF-alpha mRNA expression in ligature-induced periodontal disease was
completely inhibited by curcumin (Fig. 4). Both doses of curcumin inhibitedaTNF
protein expression in periodontal tissues surrounding ligated teeth; however similarly to
the regulation of IL-6 this inhibition reached statistical significance only for the 30
mg/Kg dose (Fig 5).

Curcumin inhibits ligature-induced activation of NF-kB, but not of p38

Since NF-kB is considered a prime target of curcumin and also based on the relevance
of both NF-kB and MAPKinase signaling pathways for inflammatory cytokine
expression, we next evaluated the modulation of these pathways in periodontally
diseased tissues by orally administered curcumin.

The placement of ligature elicited the inflammatory process and stimulated activation of

NF«B. Administration of curcumin produced a marked,eddspendent inhibition of



NF-kB activation in periodontally-diseased tissues. Surprisingly, activation of p38
MAPK was reduced in periodontally-diseased tissues. The lower dose of curcumin (30
mg/Kg) did not change the reduced activation status of p38 MAPK associated with
ligature-induced periodontal disease, whereas the higher dose (100 mg/Kg) restored the
activation status observed in healthy periodontal tissues. (Fig 6).

Curcumin inhibits the ligature-induced inflammatory process and enhances the
deposition of collagen:

A stereometric analysis was performed to correlate the information on the effects of
curcumin on the activation of signaling pathways and on the expression of pro-
inflammatory cytokines with the overall modulation of the inflammatory status in the
periodontally diseased tissues. Ligature-induced periodontitis induced a clear and
obvious inflammatory process, characterized by increased cell and vascular densities
and reduced collagen content. Administration of curcumin had a suppressive effect on
the inflammation, as evidenced by the absence of inflammatory cells in the submarginal
and bone crest aredbig 7). Collagen content in the tissues was alswemsed in
curcumin-treated animals, which may be due to the inhibition of inflammation and,
consequently, of the collagen degradation associated (Fig 8). These results indicate a
clear correlation between the histological inflammation status and the expression of pro-

inflammatory mediators.

Discussion

In this report, we investigated the anti-inflammatory effect of curcumin in
ligature-induced periodontitis in rats. The current study, for the first time, demonstrated
that orally administered curcumin effectively reduces inflammation and connective
tissue breakdown in this experimental periodontitis model. Moreover, we provide
evidence that this effect might be explained, at least in part, by the inhibition of IL-6,
PGE-2 and TNFe: expression, as a result of the modulation ofd®Factivation.

The relevance of these cytokines is supported by studies showing that these
cytokines have all been found to be significantly elevated in diseased periodontal sites
compared with healthy or inactive sites [25-31] and have been positively correlated with
increased probing depth and attachment loss [19, 28, 30].

Recent studies have found that curcumin have tHayabi suppress NkB [1,

32-35] and MAPKinases [1, 32, 35] thus reducing the production of inflammatory
cytokines such as IL-6 [11, 32, 34, 36], TMF11, 32, 36, 37] and PGE-2 [35]. Anti-



inflammatory properties of curcumin protected the liver of rats against injury caused by
carbon tetrachloride (CG). by dramatically suppressing serum levels of TaJHEL-6

and IFN-I. The doses of daily doses of curcumin used by tlheseors were higher

than the doses used in our study, but the authors did not observe a dose-dependent
effect. This may be related to the different experimental models or the maximum
effective dose may have been reached.

Curcumin has also been shown to possess beneficial effects in alleviating arthritic
symptoms in both animal and human models [38]. Indeed, there are clinical trials for the
treatment of patients with rheumatoid arthritis and osteoarthritis with high doses of
curcumin [39]. Due to their nontoxic and antimutagenic [40] nature, curcumin and other
spice-derived principles hold promise in the treatment of arthritis. In animals models,
carrageenan-induced paw inflammation is reduced in rats fed with curcumin at 30
mg/kg body weight [9]. Histological changes including infiltration of immune cells,
synovial hyperplasia, cartilage destruction, and bone erosion in the hind paw sections
were extensively suppressed by oral administration of curcumin (4 —100 mg/kg) in a
dose-dependent manner [13]. MMP-1 and MMP-3, critical factors in the degradation of
joint cartilages, whose levels were prominently increased in the vehicle-treatment
group, were also reduced by curcumin. In regard to the modulation of intracellular
signaling pathways, activation of JNK, but not ERK and p38 MAPK, was inhibited in a
dose-dependent manner [13].

Although many studies [41-45] have investigated the effect of curcumin on
modulation of different signaling pathways and transcription factors such as AP-1 and
MAPKinases, the best-characterized and studied molecular target of curcumin is NF-
kB. Inhibition of NFxB may be one of main mechanisms for the anti-inflatary
effects of curcumin. In the present study, we demonstrated that curcumin inhibited the
activation of NFxB in ligature- induced periodontal disease in rhlsvertheless, it is
possible that the inhibition of pro-inflammatory gene expression by curcumin is
partially dependent on the modulation of signaling pathways other thatBNEven
though we have not observed modulation of p38 MAPK, another signaling pathway
involved in the expression of pro-inflammatory cytokines and bone resorption [46-52],
it is important to bear in mind that our data is derived from protein from the multiple
cell types present in the periodontal microenvironment. Curcumin may have differential
effects on signaling pathways according to the cell type, e.g., macrophages,

lymphocytes, fibroblasts and osteoblasts.



Besides its anti-inflammatory properties, curcumin is also investigated for its
therapeutic potential in cancer, as an angiogenesis inhibitor in the treatment of corneal
diseases [53] and in wound healing. Recent studies show that topical application of
curcumin, incorporated in collagen vehicle accelerated healing in experimental surgical
wounds of 2 cf as indicated by enhanced cell proliferation and improved free radical
scavenging in comparison with the wounds of negative control and collagen vehicle-
treated rats [54]. In agreement with these reports, we observed a more organized and
higher collagen content in periodontally diseased tissues of animals treated with both
doses of curcumin in comparison to the tissues of the vehicle control group.

Curcumin has a long history as a traditional herbal medicine and has established
anti-inflammatory properties in animals following systemic administration [37, 55, 56].
This compound is particularly interesting for therapeutic applications because its anti-
inflammatory and anti-proliferative effects are potent, occurring at micromolar
concentrations. Moreover, clinical trials have shown no significant toxicity even when
administered at 8 g per day [39]. Although there are no reports of curcumin-induced
toxicity associated with systemic administration, topical application may not only
increase the potency of its effects but also prevent possible unwanted secondary effects
in conditions associated with local chronic inflammation, such as periodontal diseases
and rheumatoid arthritis. In summary, our results confirm and extend our prior in vitro
observations (not shown) and suggest that curcumin might be a therapeutic anti-

inflammatory candidate for the treatment of periodontal disease.
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Figure Legends
Figure 1 - Curcumin inhibits cytokine gene expression in experimental periodontitis. In

the absence of periodontal disease, only P§fathase mRNA was significantly
induced by the higher dose of curcumin in the absence of ligature-induced periodontal
disease. The animals were treated with 30 or 100 mg/Kg of curcumin by oral gavage
daily for 15 days. Control animals received the same volume of the vehicle by oral
gavage. Cotton ligatures were placed around the first molars of rats bilaterally to induce
periodontal disease. After 15 days, the animals were sacrificed and total RNA was
isolated from gingival biopsies with (‘Ligatures’) and without (‘No ligatures’)
periodontal disease and used for RT-gPCR performed with pre-designed primers and
probes for the indicated target genes and to the housekeeping GAPDH using TagMan
reagents. The results were analyzed by the delta-Ct method and expression of target
genes was normalized to GAPDH expressia). ifidicates significant reduction (p<
0.05) in comparison to vehicle control with ligatures. Bars indicate means and vertical
lines standard error of mean of at least three animals in each experimental group.

Figure 2 — Effective inhibition of both IL-6 and TN¥F-roduction in periodontally
diseased tissues by curcumin. In the absence of ligatures, the higher dose of curcumin
was associated to increased production of IL-6, whereas dr'ldfeéduction was not
affected. Gingival tissues around both lower first molars with (‘Ligature’) and without
(‘No ligature’) experimentally induced periodontal disease were collected after 15 days
of administration of curcumin (30 or 100 mg/Kg) by oral gavage. Control animals
received the same volume of vehicle. Total protein was extracted and used in ELISA
tests to quantify the expression of the target cytokines. These tests were performed
according to the manufacturer’s instructions and the results for each sample were
normalized to the concentration of total proteins determined by a Lowry-based

microassay (DC assay, Bio-Rad)}) (indicates significant difference (p< 0.05) in



comparison to vehicle control in animals with ligature-induced periodontitis. Bars
indicate means and vertical lines standard error of mean of at least three animals in each
experimental group.

Figure 3 — Modulation of NF-kB and p38 MAPK activation in gingival tissues by
systemic administration of curcumin. The animals were sacrificed after 15 days of
curcumin (30 and 100 mg/Kg) or vehicle administration and the tissues surrounding the
lower first molars were harvested. Total protein was isolated from gingival biopsies
with a detergent-containing buffer (T-Per, Pierce) supplemented with protease and
phosphatase inhibitor cocktails (Complete and Phos-Stop, Roche). Protein concentration
was determined with a Lowry-based microassay (DC assay, Bio-Rad) aigdo@ach
sample were diluted in LDS-containing running buffer supplemented with DTT, heat-
denatured, electrophoresed in 10% Tris-Acrilamide gels and transferred {gvi0.2
nitrocellulose membranes in a semi-dry transfer apparatus. The activation of the
signaling pathways was assessed by the detection of phosphorylated forms of p65 (NF-
kB) and p38 MAPKinase. Expression levels of constitutive housekeeping GAPDH are
shown to confirm equal protein loading. The images are representative of samples from
three different animals in each experimental group.

Figure 4 — Stereometry analysis of the histological characteristics of gingival tissues
subjected to ligature-induced periodontal disease according to the dose of curcumin (30
or 100 mg/Kg) administered for 15 days by oral gavage. Control animals were
administered vehicle and negative control animals also were given vehicle but no
ligature was placed around the first molars. A 50 xub0 grid was overlayed the
histological images captured from H/E stained slides at 200 X magnification, allowing

the analysis of an ‘area of interest’ of 2,50M?% Two grids were used in each

histological image: one was positioned | #4 below the top of the alveolar bone crest,



and another at the base of the junctional epithelium, representing the ‘bone crest’ and
‘submarginal’ areas, respectively. The proportion of collagen, fibroblastic cells and
inflammatory cells (distinguished by the morphological characteristics) in the area of
interest was determined. A total of three images obtained from equally spaced slides
(spanning 900 uM of the buccal-lingual aspect of the molars) were evaluated from each
animal. Slides from at least three different animals in each experimental group were
used. Both doses of curcumin markedly reduced the inflammatory infiltrate in
periodontally-diseased tissues. The lower dose of curcumin (30 mg/Kg) induced a
greater increase in the collagen content, whereas the higher dose (100 mg/Kg) was
associated with increased proliferation of fibroblastic cells.

Figure 5 — Histological aspect of the gingival tissues according to the experimental
group (control X ligature) and administration of curcumin (vehicle, 30 mg/Kg and 100
mg/Kg). Tissues were harvested 15 days after ligatures were placed and administration
of curcumin was started. Semi-serial sections with 5 pM thickness were routinely
processed and stained with hematoxylin and eosin. A total of three sections spaced 100
UM were evaluated for each first molar in a minimum of four animals in each
experimental group. An epithelial layer of regular thickness, dense connective tissue
with reduced number of cellular infiltrate and a smooth bone crest surface characterize
the gingival tissues of control (non-ligated) animals (A). Placement of ligatures (B)
produced an increase of the thickness of the epithelium layer, an intense cellular
infiltrate and irregular bone crest surface with the presence of multinucleated osteoclast-
like cells; whereas in animals treated with 30 mg/Kg (C) and 100 mg/Kg (D) of
curcumin, the epithelial layer presents normal thickness and reduced cellular infiltrate.

All images were obtained at 100 X magnification.
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Abstract
Curcumin is a plant-derived dietary spice with various biological activities. Its

therapeutic applications have been studied in a variety of conditions, but not on
periodontal disease. Periodontal disease is a chronic inflammatory condition initiated by
an immune response to microorganisms of the dental biofilm. Experimental periodontal
disease was induced in rats by injecting LPS in the gingival tissues on the palatal aspect
of upper first molars (30 ug LPS, 3 times/week for 2 weeks). Curcumin was given to the
rats by daily oral gavage in two doses (30 and 100 mg/Kg). RT-qPCR and ELISA were
used to determine the expression of IL-6, TNF-alpha and PGE-2 synthase on the
gingival tissues. The inflammatory status was evaluated by stereometric analysis,
whereas modulation of p38 MAPk and NK-kB signaling was assessed by western blot.
Curcumin effectively inhibited cytokine gene expression at mMRNA and protein levels,
but NF-kB was inhibited only with the lower dose of curcumin, whereas p38 MAPK
activation was not affected. Curcumin produced a marked reduction on the
inflammatory infiltrate and increased collagen content and fibroblastic cell numbers.
Curcumin potently inhibits innate immune responses associated with periodontal

disease, suggesting a therapeutic potential in this chronic inflammatoty condition.

Key-words: Curcumin, inflammation, innate immunity, periodontal disease



Introduction

The innate immune system in the periodontal tissues is successful in its protective role,
given the limited number of bacteria actually invading the periodontal tissues relatively
to the quantity of bacteria in the oral biofilm and the very rare occurrence of sepsis in
spite of the bacterial load in the dental biofilm associated with periodontal disease.
However, even though most of the microorganisms are located outside the host’s
periodontal tissues, their pathogen-associated molecular patterns (PAMPS) trigger an
innate immune response by activating Toll-like receptor (TLR) signaling, which, in
turn, may initiate and modulate adaptive immune responses (1, 2). These receptors are
expressed by immune cells such as macrophages, neutrophils and dendritic cells as well
as by non-immune resident cells, such as periodontal fibroblasts (3) and gingival
epithelial cells (4). Within the periodontal tissues, expression of TLR2 and TLR4 is
increased in severe disease states, suggesting that these receptors have an increased
capacity to signal and influence downstream cytokine expression (5, 6).

Classically, TLR signaling is associated with the activation of innate immunity
which initiates a series of cellular events, including production of cytokines and other
biological mediators and phagocytosis that aim to eradicate the microbial aggression
and restore homeostasis. Recently, the role of TLRs was expanded by the demonstration
of host-derived ligands that indicate tissue destruction or cellular stress (‘danger’
signals) (7). The arbitrary/didactic boundaries between ‘innate’ and ‘adaptive’ arms of
the immune response are also exposed by the fact that adaptive immune cells, such as T
lymphocytes, also present functional TLRs (8, 9). Nevertheless, activation of innate
immunity provides an immediate response to microbial stimuli and has the important

role of eliciting and amplifying the more specific adaptive immune response.



The role of bacteria in the initiation and progress of periodontal disease is
undisputed, and lipopolysaccharide (LPS) is one of the main pathogen-associated
molecular patterns (PAMPs) that can stimulate the expression and production of
proinflammatory cytokines through activation of TLRs. These cytokines are considered
the main culprits in the degradation of soft and hard tissues that are the hallmarks of
destructive periodontal disease. This critical role of LPS for periodontal diseases is
demonstrated in the LPS-model of experimentally induced periodontal disease, in which
direct injection of LPS into the gingival tissues initiates a local host response that
involves recruitment of inflammatory cells, generation of prostanoids and cytokines,
elaboration of lytic enzymes and activation of osteoclasts, culminating in the
degradation of both soft and mineralized tissues of the periodontium (10, 11).

Curcumin, an extended pseudosymetric polyphenol extracted from plants and
used as a dietary spice, has a variety of biological activities including anti-inflammatory
properties, which have been patrtially attributed to direct interaction with protein targets
(12). It has been found to modulate the growth and cellular response of various cell
types involved in the immune response including T and B lymphocytes, macrophages,
neutrophils, NK cells and dendritic cells (13).

Modulation of innate immunity is supported by the report that curcumin
efficiently blocked LPS-induced expression of IL-12, IL-1g-6 and TNFe in
dendritic cells. The same study showed that treatment of dendritic cells with curcumin
before LPS stimulation completely suppressed the MAPK and nuclear translocation of
NF-xB (14).

Curcumin inhibited the proliferation induced by concavalin A (Con A),
phytohemagglutinin  (PHA), and phorbol-12-myristate-13-acetate (PMA) of

lymphocytes derived from fresh human spleen (15). During these studies, curcumin also



suppressed IL-12 synthesis; and IL-12 induced proliferation of lymphocytes. This
correlated with suppression of NIB activation. Curcumin also has been reported to
block Epstein-bar virus (EBV) induced immortalization of human B cells. This effect of
curcumin appears to be mediated through downregulation of oxidative stress induced by
cyclosporine and hydrogen peroxide (16). Apart from affecting normal B-cells,
curcumin has been found to differentially reduce the proliferation of immature B-cell
lymphoma (BKS-2) cells, but not of normal cells, by inducing apoptosis and this is
associated with downregulation of Bcl-XL and the tumor suppressor gene p53 and
almost complete inhibition of NkB activity (17). Curcumin could also increase cell
death of refractory natural killer/T-cell lymphoma (NKTL) cell lines which are resistant
to other therapies. This is direct linked to the suppression of theBN&Ad also
blockage of Bcl-XL and activation of caspase-8 (18).

The effects of curcumin on these cell types suggest that it can regulate the
immune response in vivo. The daily administration of curcumin (30mg/kg body
weight/day) for 2 weeks in rats attenuated the ability of macrophages, stimulated with

zymosan A for 18- 72h, to generate ROS (19) and secrete lysosomal enzymes

collagenase, elastase, and hyaluronad@€y. In other ex-vivo studies, curcumin was

shown to downregulate Thl cytokines and NO production by macrophages stimulated
by AK-5 tumor cells, demonstrating the strong tumoricidal effect of curcumin and the
important modulatory role of tumor-stroma interactions (21).

Some studies suggest that anti-inflammatory, chemo-preventive and other
beneficial effects of certain dietary phytochemicals may be at least in part mediated
through the modulation of TLR activation induced by endogenous molecules or chronic

infection (22-24).



The immunomodulatory activity of curcumin can inwldirect targeting of
TLRs. For example, the cellular response to LPS is initiated by the interaction of LPS
with the transmembrane complex including TLR4 and myeloid differentiation protein 2
(MD-2/TLR4). According to Gradisagt al. (22),curcumin binds with high affinity to
MD-2 competing with LPS for the same binding site.

These immunomodulatory effects of curcumin can have important implications
for the epidemiology, due to its widespread dietary use in some cultures, and treatment
of infectious and non-infectious diseases associated with chronic inflammation (22).
The therapeutic possibilities of this phytochemical are especially promising due to the
lack of adverse effects associated with its consumption.

In this study we assessed the effect of curcumin administered by oral gavage on
the expression of pro-inflammatory cytokines IL-6, TdFand PGE-2 and on the
modulation of the signaling pathways NMB- and p-38 in a model of LPS-induced
periodontal disease in rats.

Methods

Experimental design

All the experimental protocols were approved by the Ethical Committee for Animal
Experimentatuon (CEEA) of the School of Dentistry at Araraquara — UNESP and
performed in accordance with the guidelines of the Brazilian College for Animal
Experimentation (COBEA).

Forty male Holtzman ratsR@attus norvegicus albinuHoltzman), weighing
between 100 and 200 g, were randomly distributed into four experimental groups
comprising 10 animals each. The rats were kept in a room with controlled temperature

(21 + I’C) and humidity (65—-70%) and a 12 h light—dark cycle.



General anesthesia was induced with intraperitoneal injections of ketamine and
xylazine chlorydrate at 0.08 mL/100g body weight and 0.04 mL/100g body weight,
respectively. 3ul of a 10 mg/mL solution oEschericia coliLPS (strain 055:B5 - Sigma
Chem Co., St. Louis, MO, USA) diluted in PBS was injected into the palatal gingiva
using a Hamilton micro-syringe (Agilent). The injections were done between the upper
1st and 2nd molars bilaterally three times a week for 15 days. Control animals received
injections of the same volume of PBS vehicle. Administration of curcumin started the
day before beginning of LPS injections for the induction of periodontal disease.
Curcumin was administered daily by oral gavage in two different doses: one group
received the lower dose of 30 mg/Kg/body weight, and the other group received 100
mg/Kg/body weight. Control animals were given the same volume of the corn oil
vehicle.

After 15 days the animals were sacrificed and the maxillae were harvested and
hemisected. Some of the block sections includifgahd 2 molars with their
surrounding tissues were submitted to routine histological processing to be used in the
stereometry, whereas the soft tissues surrounding’thelars were carefully dissected
for extraction of RNA and protein. The remaining specimen was used for the
assessment of bone loss. For the stereometric analysis, 3 specimens including the upper
molars of the control group (treated with vehicle by oral gavage) were analyzed,
whereas 4 specimens were analyzed for each of the experimental groups treated with
curcumin. These tissue blocks were immersed directly in 10% buffered formalin
fixative solution for 48 h and decalcified in tetrasodium-EDTA aqueous solution (0.5
M, pH 7.4) during 2-3 months, under agitation at room temperature. Each specimen
consisted of a section containing the 1st and 2nd molars and the surrounding alveolar

process and soft tissues and was included in paraffin blocks. Serial sectiopd/of 4



thickness were obtained in the bucco-lingual direction and stained with hematoxylin-
eosin (H/E).

Stereometry

The analysis was conducted by a single examiner that was blind to the experimental
groups using an optical microscope (Diastar Cambridge) set at 200 X magnification.
Semi-serial sections of 4M were obtained from the tissue blocks on a buadoguial
orientation. A total of 3 sections, spaced 100 from each other, were evaluated per
tooth. A 50 x 5QuM grid was overlayed the histological images allowing the analysis of
an ‘area of interest’ of 2,500M? Two grids composed of 5 x 5 M squares were

used in each histological image: one was positioned with its lower borgév 2&low

the top of the alveolar bone crest and perpendicularly to the root surface, and the other
was positioned with its upper border at the base of the junctional epithelium,
representing the ‘bone crest’ and ‘submarginal’ areas, respectively. In both cases, the
lateral border of the grids was always positioned over the most prominent part of the
root surface in the area. Each one of the 25 points of the grid projected on each section
was counted and the proportion of collagen, fibroblastic cells and inflammatory cells
(distinguished by the morphological characteristics) in the area of interest was
determined as percentage of the total points counted. A total of three images obtained
from equally spaced slides (spanning 900 uM of the buccal-lingual aspect of the molars)
were evaluated from each animal. Slides from at least three different animals in each
experimental group were used.

Evaluation of cytokine gene expression at the mRNA level (RT-qgPCR)

Total RNA was extracted from tissue samples using Trizol reagent (Invitrogen Corp)
according to the manufacturer’s instructions. Concentration of RNA was determined by

spectrophotometry and 700 ng of total RNA were reverse-transcribed into cDNA using



random hexamers as primers (High Capacity cDNA synthesis kit, Applied Biosystems).
The relative abundance of the transcripts of the candidate inflammatory genes were
measured by real-time reverse transcription-PCR (RT-gPCR) using Tagman chemistry
and pre-designed sets of primers and probes (TagMan Gene Expression Assays,
Applied Biosystems) on a StepOne Plus Real-Time PCR System (Applied Biosystems).
The reactions were carried out in a 96-well plate on a final reaction volume of 30 pL
that included Tagman Universal PCR Master Mix (Applied Biosystems), Tagman Gene
Expression Assays (Applied Biosystems) for each target gene:dT@{ilinor necrosis

factor alpha), NM_013693; IL-6 (interleukin 6), NM031168; Ptgs-2 (prostaglandin-
endoperoxide synthase-2), NM_011198; Gapdh (glyceraldehyde-3-phosphate
dehydrogenase), NM_008084; and cDNA template (corresponding to 30 ng of cDNA).
Optimized thermal cycling conditions were:°’60for 2 min, 98C for 10 min, followed

by 40 cycles at 9& for 15 s and 6 for 1 min. For each sample, analyses of gene
expression were performed in duplicate. The experiments were with samples isolated
from at least three different animals in each experimental group. To normalize the
amount of mMRNA present in each reaction, the expression of GAPDH, which was not
altered by the experimental conditions, was used as a housekeeping gene. To compare
the expression levels among different samples, the relative expression level of the genes
was calculated using the comparativeTAmethod using the thermocycler’'s software.
Activation of signaling pathways (Western-blot) and determination of cytokine

gene expression at the protein level (ELISA)

Total proteins were extracted from gingival tissue samples using a detergent-based
extraction buffer (T-PER, Tissue Protein Extraction Reagent — Pierce Biotechnology)
containing a protease inhibitor cocktail (Protein Stabilizing Cocktail — Santa Cruz

Biotechnology) according to manufacturer’s instructions (Pierce Biotechnology). The



tissue samples were macerated in the buffe{50mg of tissue) and centrifuged for 5

min at 13,000 RPM at 4°C. The proteins were quantified using Lowry method (DC
assay, Bio-Rad Laboratories) and 4 of total protein were added to a SDS sample
buffer containing 2% SDS, DTT as a reducing agent, glycerol and bromophenol blue
dye (Cell Signaling), heated-denaturated at 97° C for 5 min and chilled on ice of 5 min
before loading on 10% SDS-polyacrylamide gels.

Electrophoresis on discontinuous acrylamide gels were carried out at 100 V for
90 min and subsequently electro-transferred tou®2nitrocellulose membranes using
300 mA constant current for 1 hour. The membranes were blocked for 1h in Tris-
buffered saline containing 5% non-fat dry milk and 0.1% Tween-20 and subsequently
washed for 5 min (3 times) with TBS-0.1% Tween at room temperature. The
membranes were then incubated with primary antibodies overnight at 4°C (1:100
dilution in PBS — phospho-p65 and phospho-p38 — Cell signaling). Membranes were
washed in TBS-T buffer for 5 minutes (3 times) and incubated with secondary
antibodies conjugated to horseradish peroxidase (1:1000 dilution in the blocking buffer)
for 1 hour at room temperature, washed again with TBS-T buffer (5 min, 3 times).
Detection of bands was carried out on radiographic film by using a chemiluminescence
system (Lumi-Glo, Cell Signaling).

Proteins from these same samples were also used to in the ELISA assays to
determine the concentration of PSHE-6 and TNFe. These assays were performed
according to the manufacturer's instructions (R&D Systems) and the results were
normalized to the total concentration of protein in the samples. Samples from at least
three different animals in each experimental group were used and assayed in duplicate.

Data analysis



The purpose of data analysis was to compare the results from curcumin-treated animals
with those of vehicle treated control animals. Considering the two experimental groups
treated with different doses of curcumin (30 and 100 mg/kg body weight) as
independent variables, we used non-paired t-tests for the comparisons between all the
groups (control x 30 mg/Kg of curcumin, control x 100 mg/Kg of curcumin and 30 X

100 mg/Kg of curcumin) with a significance level of 5%.

Results

Administration of curcumin did not change the weight or behavior of the experimental
animals when compared to the animals treated with vehicle, suggesting the lack of
serious adverse effects.

Curcumin effectively inhibits PGEZ2-synthase gene expression in LPS-induced
periodontal disease

To evaluate the effect of curcumin on LPS-induced inflammatory gene expression the
total RNA was extracted from periodontal tissues surrounding the upper first molars of
rats treated with curcumin or vehicle both with and without LPS injections. PGE2-
synthase (PGEZ2-s) is the murine homolog of human COX-2 and its expression was
determined by RT-gPCR. Interestingly, the higher dose of curcumin (100 mg/Kg)
induced PGE2-s mRNA expression in healthy gingival tissues. On the other hand,
administration of curcumin completely abrogated LPS-induced PGE2-s mRNA
expression in the gingival tissues. Expression of PGE2 at the protein level could not be
detected in our samples (data not shown).

Curcumin abrogates LPS-induced IL-6 and TNF-alpha mRNA expression. Inhibition

of IL-6 and TNF-alpha protein is associated with different doses of curcumin



Healthy and LPS-injected gingival tissues surrounding the upper first molars from
animals treated with curcumin or vehicle were harvested and total RNA and protein
were isolated and used for RT-qPCR and ELISA experiments, respectively. Similarly to
the results for PGE2-s, administration of curcumin inhibited completely LPS-induced
TNF-alpha and IL-6 mRNA expression in the gingival tissues. In fact, IL-6 expression
was only detected in LPS-injected tissues, whereas TNF-alpha expression was not
affected by curcumin in healthy gingival tissues. Inhibition of IL-6 protein was
observed only in animals treated with the lower dose of curcumin (30 mg/Kg), whereas
TNF-alpha was inhibited only in animals treated with the higher dose of curcumin (100
mg/KQ).

Only the lower dose of curcumin inhibited LPS-induced activation of NF-kB.
Activation of p38 MAPK was not affected by curcumin.

Considering the prominent role of NF-kB and p38 MAPK on the expression of
inflammatory genes downstream of TLR activation, we evaluated the effect of curcumin
on the activation status of these two signaling pathways. LPS injections increased
activation of NF-kB in the gingival tissues, which was markedly inhibited in the
animals treated with the lower dose of curcumin (30 mg/Kg). The higher dose of
curcumin (100 mg/Kg) did not change NF-kB activation status in the gingival tissues
and neither the lower nor the higher dose had any effect on the activation of p38
MAPK.

Administration of curcumin reduced the number of inflammatory cells and increased
the collagen content in the gingival tissues

Based on the evidence of anti-inflammatory properties of curcumin in other in vivo
models and also in our own data demonstrating inhibition of PGE2-s, IL-6 and TNF-

alpha, we then verified the changes on LPS-induced host response in the gingival



tissues associated with curcumin administration. In agreement with the modulation of
inflammatory gene expression, administration of curcumin makedly inhibited LPS-
induced host response in the gingival tissues. Stereometric analysis demonstrates that
both doses of curcumin produced a significant reduction on the inflammatory infiltrate
and also inhibited tissue destruction, as indicated by the increased collagen content in

the gingival tissues of curcumin-treated animals.

Discussion

Curcumin has been shown to have a protective rofnimal models of inflammatory
diseases such as IBD, rheumatoid arthritis and colitis (25-32). This evidence, coupled
with its low toxicity make curcumin a potentially viable supportive treatment option for
chronic inflammatory conditions. Based on the evidence indicating that curcumin can
markedly suppress the production of biological mediators that are hallmarks of
inflammation and consequently various pathogenic processes, we investigated the effect
of curcumin on the expression of proinflammatory mediators and host response in an
LPS model of periodontal disease. We also assessed the effects of systemically
administered curcumin on the activation status of NF-kB and p38 MAPK in the gingival
tissues to gain further insight into the biological mechanism by which curcumin
modulates the immune host response.

We found that administration of curcumin by oral gavage completely blocked
PGE2 expression and produced a dose-dependent inhibition of IL-6 and TNF-alpha
levels in the gingival tissues. The suppression of proinflammatory cytokines by
curcumin was accompanied by a marked reduction of the inflammatory process verified
by the stereometric analysis. These changes may be, at least partially, due to the dose-

dependent inhibition of NF-kB activation in the gingival tissues of curcumin-treated



animals. Interestingly, administration of curcumiadhno effect on LPS-induced p38
MAPK activation, which agrees with our observations in vitro using LPS-stimulated
murine macrophages (data not shown - Guimaraes et al., submitted).

IL-6 and TNF-alpha play a relevant role in vari@shditions associated with
chronic inflammation and appear to be important targets of curcumin. Intragastric
administration of curcumin (100 mg/Kg) significantly reduced IL-6 and TNF-alpha
serum levels in a sodium taurocholate infusion model of acute pancreatitis. However,
this decrease of proinflammatory cytokine production in curcumin-treated animals was
not accompanied by any changes on the histopathological scores of the pancreas,
mesenteric lymph nodes, liver, lungs, spleen and kidneys (33). In contrast to these
findings, and similarly to our observations in the LPS-injected gingival tissues,
treatment with curcumin improved pancreatic histology in two models of experimental
pancreatitis in rats (34). In this study, IL-6, TNF-alpha and iINOS expression were all
reduced in curcumin-treated animals. The authors suggest that these effects of
curcumin may be, at least in part, mediated by inhibition ofkBFand AP-1,
transcription factors with prominent roles in the expression of inflammatory mediators,
which are also considered to have a critical role in the early events in experimental
pancreatitis. According to Gulcubwk al (33) the lack of improvement on pancreatic
injury in curcumin-treated animals in their study and the contrast with the study by
Gukovskyet al. (34) may be associated with differences in the experimental models
used, the observation period and the cytokine level, which did not drop to the basal
level. Sodium taurocholate induces severe hemorrhagic necrotizing pancreatitis, while
other inductive agents, such as cerulean, result in mild edematous pancreatitis. Other

important factor to be considered is the time period between the induction of



pancreatitis and the killing. Gulcubuk’s study thenaals were killed on day 6, but
Gukovskyet al. (34) sacrificed the animals at 6 h.

In another study, curcumin administered by daily oral gavage decreased TNF-
alpha and IL-6 levels in the liver of rats in a carbon tetrachloride {Ei@tduced model
of liver injury (35). The doses (200 and 400 mg/Kg) and duration of treatment (8
weeks) were both greater than those used in the present study (30 and 100 mg/Kg for 2
weeks), but the decrease on inflammatory gene expression were also associated with
improved histopathological characteristics of the liver in curcumin-treated animals,
again similarly to our observations in the LPS model of periodortitimerous studies
demonstrated that certain phytochemicals including polyphenols possessing anti-
inflammatory effects inhibit N&B and MAPKinase signaling downstream of various
receptors, including TNF-alpha receptor and TLR4 (36). Curcumin inhibited the
induction of nitric oxide synthase induced by LPSARN Raw 264.7 cells (37) and
suppressed LPS-induced COX-2 gene expression by inhibitingBNBnhd AP-1 in
microglial cells(38). In a rabbit model of sepsis, curcumin reduced LPS-induced fever
by attenuating the expression of IL;11-6 and TNF-alpha in the serum due to
suppression of NkB activation (39).

Activation of NF-kB is known to be pivotal for the expression of inflammatory
cytokines involved in the pathogenesis of various inflammatory diseases (40, 41), which
turns it into a major target for host modulation therapeutic stratefgésation of NF-
kB was also observed in oral epithelial cells exposed to the periodontopathogens
Fusobacterium nucleaturand Porphyromonas gingivali$42), indicating the crucial
role of NF-kB on innate immunity in the oral cavity. Indeed, induction of gene
expression in human monocytic cell line Borphyromonas gingivalidPS was

abolished by inactivation of IKK/NF-kB (43). In another study, inhibition of NF-kB



activation by endocannabinoids, an emerging class of lipid mediators with
immunosuppressive and anti-inflammatory effects, derived from arachidonic acids and
found in several tissues, reduced the production of proinflammatory mediators (IL-6,
IL-8 and MCP-1) induced byPorphyromonas gingivalidPS in human gingival
fibroblasts (44), another resident cell type with an important role in innate immune
response in periodontal diseases. Taken together, these studies indicate a role of NF-kB
on the expression of fundamental mediators in periodontal disease (45). There is plenty
of evidence indicating that NF-kB is one of the main targets of curcumin, and in this
study we show that the potential effects of curcumin on periodontal disease may be, at
least in part, due to the modulation of NF-kB activation downstream of TLR4 activation
by LPS.

Inhibition of LPS signaling by curcumin may have wongant implications for
treatment and epidemiology of chronic inflammatory diseases caused by bacterial
infections (22). Moreovelif is now recognized that inflammation plays a fumeatal
role in many chronic diseases including cancer, atherosclerosis and rheumatoid arthritis.
Some studies suggest that anti-inflammatory, chemopreventive and other beneficial
effects of certain dietary phytochemicals may to be associated with the modulation of
inflammation by interfering with TLR activation by PAMPs and endogenous molecules
(22, 24).

In our study, LPS-induced NF-kB activation in the gingival tissues was inhibited
only with the lower dose of curcumin. However, both low and high doses of curcumin
produced a marked decrease on inflammation and a significant decrease of the
expression of the proinflammatory mediators PGE-2, TNF-alpha and IL-6. This
suggests that curcumin may modulate other signaling pathways downstream of TLR

activation that are also relevant for the expression of these cytokines. One signaling



pathway that is relevant for the expression of mftaatory mediators and could be a
candidate for a ‘NF-kB alternative’ is p38 MAPK; however, in our experimental model,
p38 activation was not modulated by curcumin.

In summary, our results demonstrate a potent anti-inflammatory activity of
orally administered curcumin in a model of LPS-induced periodontal disease and
suggest a potential therapeutic role for curcumin in the treatment of this condition.
Future studies will aim to characterize the spectrum of the biological effects of
curcumin in this in vivo model and also in vitro, in relevant cells of the immune

response associated with periodontal disease by using a focused array approach.
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Figure legends

Figure 1 - Curcumin inhibits cytokine gene expression induced by LPS in gingival
tissues. Animals were treated with 30 or 100 mg/Kg of curcumin by oral gavage daily
for 15 days. Control animals received the same volume of the vehicle by oral gavage. 30
pg of LPS or an equivalent volume of PBS vehicle were injected in palatal aspect of the
gingival tissues around the upper first molars three times/week for 2 weeks. Total RNA
was isolated from gingival biopsies with (‘LPS’) and without (‘PBS control’)
experimental periodontal disease and used for RT-gPCR performed with pre-designed
primers and probes for the indicated target genes and to the housekeeping GAPDH
using TagMan reagents. In the tissues injected with PBS vehicle only$6iHase
MRNA was detectable and, interestingly, the higher dose of curcumin increased its
expression. TNF-alpha and IL-6 mRNAs were detected only in LPS-injected tissues of
animals that received the vehicle by oral gavage, indicating that both doses of curcumin
were able to suppress completely the expression of these cytokines in the gingival
tissues. All samples were assayed in duplicate and the results were analyzed by the
delta-Ct method and expression of target genes was normalized to GAPDH expression.
(*) indicates significant reduction (p< 0.05) in comparison to vehicle control in LPS-
injected tissues. Bars indicate means and vertical lines standard error of mean of at least
three animals in each experimental group, except for PGE2-s mRNA analysis in which
the samples of three animals in each experimental group were pooled to enable
detection and there are no error bars.

Figure 2 — Effect of curcumin administration on IL-6 and Térotein production in
gingival tissues with and without LPS injections. Total protein was extracted and used
in ELISA tests to quantify the expression of the target cytokines. These tests were

performed according to the manufacturer’s instructions and the results for each sample



were normalized to the concentration of total proteins determined by a Lowry-based
microassay (DC assay, Bio-Rad). In control, healthy gingival tissues injected with PBS
vehicle, curcumin had no effect on TNF-alpha production, whereas IL-6 was
undetectable. Both IL-6 and TNF-alpha production was induced in LPS-injected tissues
and the lower dose (30 mg/Kg) was more effective in the inhibition of IL-6, whereas
there was a trend for a dose-dependent inhibition of TNF-alpha by curcumin. (
indicates significant difference (p< 0.05) in comparison to vehicle control in animals
with ligature-induced periodontitis. For TNF-alpha production, bars indicate means and
vertical lines standard error of mean of at least three animals in each experimental
group. IL-6 concentration was determined in pooled samples from three animals in each
experimental group due to the low level of expression, and the bar indicate the average
of the triplicate measurement from these pooled samples.

Figure 3 — Curcumin inhibits activation of NF-kB, but not of p38 MAPK, by LPS
injections in the gingival tissues. The animals were sacrificed after 15 days of curcumin
(30 and 100 mg/Kg) or vehicle administration and the tissues surrounding the upper first
molars were harvested. Total protein was isolated from gingival biopsies with a
detergent-containing buffer (T-Per, Pierce) supplemented with protease and phosphatase
inhibitor cocktails (Complete and Phos-Stop, Roche). Protein concentration was
determined with a Lowry-based microassay (DC assay, Bio-Rad) apg & each
sample were diluted in LDS-containing running buffer supplemented with DTT, heat-
denatured, electrophoresed in 10% Tris-Acrilamide gels and transferred {gvi0.2
nitrocellulose membranes in a semi-dry transfer apparatus. Activation of the signaling
pathways was assessed by the detection of phosphorylated forms of p65 (NF-kB) and
p38 MAPKinase. NF-kB was clearly inhibited in the tissues of animals treated with the

lower dose (30 mg/Kg) of curcumin, whereas activation status of p38 MAPK was not



changed by either dose of curcumin. Expression levels of constitutive housekeeping
GAPDH are shown to confirm equal protein loading. The images are representative of
samples from three different animals in each experimental group.

Figure 4 — Stereometry analysis of gingival tissues injected with LPS, according to the
experimental group: vehicle control, 30 or 100 mg/Kg of curcumin administered for 15
days by oral gavage. Negative control (PBS injections and vehicle administration by
oral gavage) were analyzed for comparative purposes. A 5Qu5§rid composed of

5 x 5 10uM squares was overlayed the histological images captured from H/E stained
slides at 200 X magnification, allowing the analysis of an ‘area of interest’ of 2,500
UMZ. Two grids were used in each histological image: one was positioned 2&low

the top of the alveolar bone crest, and another at the base of the junctional epithelium,
representing the ‘bone crest’ and ‘submarginal’ areas, respectively. The proportion of
collagen, fibroblastic cells and inflammatory cells (distinguished by the morphological
characteristics) in the area of interest was determined. A total of three images obtained
from equally spaced slides (spanning 900 uM of the buccal-lingual aspect of the molars)
were evaluated from each animal. Slides from at least three different animals in each
experimental group were used. Both doses of curcumin markedly reduced the
inflammatory infiltrate in LPS-injected gingival tissues. Curcumin also increased the
number of fibroblastic cells and the collagen content in the tissues.

Figure 5 — Histological aspect of the gingival tissues according to the experimental
group (PBS X LPS injections) and administration of curcumin (vehicle, 30 mg/Kg and
100 mg/Kg). Tissues were harvested 15 days after LPS or PBS injections and
administration of curcumin was started. Semi-serial sections with 5 uM thickness were
routinely processed and stained with hematoxylin and eosin. A total of three sections

spaced 100 uM were evaluated for each first molar in a minimum of four animals in



each experimental group. A thick keratinized epithelium layer corresponding to the
palatal gingival with an underlying dense connective tissue with reduced number of
cellular infiltrate and a smooth bone crest surface characterize the gingival tissues of
control (PBS-injected) animals (A). LPS injections (B) produced a decrease on the
thickness of the epithelium layer and an intense cellular infiltrate and irregular bone
crest surface with the presence of multinucleated osteoclast-like cells; whereas in
animals treated with 30 mg/Kg (C) and 100 mg/Kg (D) of curcumin, the cellular
infiltrate was markedly reduced and the collagen content was increased in comparison
with the LPS-injected sites (B). Images were obtained at 100 X magnification and the
insert depicts the alveolar bone crest area at 200 X magnification. These images are
representative of the histological aspect observed in at least four animals in each

experimental group.
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Figure 3
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Figure 5




MATERIAL E METODO



Material e Método

Linhagem celular e materiais

Macréfagos de camundongo, Raw 264.7, foram cultivados em DMEM
suplementado com 1Q@/mL de streptomicina, e 10% de soro fetal boviratiado
pelo calor e mantidos em atmosfera Umida a 37°C e 5%LpOpolissacarideo (LPS)
de Escherichia coli(strain 055: B5 # 6529 curcumin (# C1386) foram obtidos
comercialmente da Sigma Chemical Co. Inibidores bioquimicos de p38 (SB203580, #
559389) e NF-kB (Bay 11-7082, # 196870) foram obtidos da Calbiochem. LES de
coli foi diluido em PBS a 1 mg/ml e usado em uma concentragéo finaludéml;
curcumin e os inibidores bioquimicos foram diluidos em DMSO. Anticorpos policlonais
de coelho contra as formas fosforiladas de p38 MAP kinase (# 921XKB K{#65) (#
3033), JNK (# 9251) e ERK1/2 (# 4376) foram provenientes da Cell Signaling, bem

como 0s anticorpos secundarios conjugados a HRP.

Viabilidade Celular

O efeito de curcumin e do inibidor de NF-kB sobre a viabilidade celular foi
determinado usando um kit comercial (Cell Titer 96 Aqueous; Promega Corp.) de
acordo com as instrugdes do fabricante. Este kit avalia a viabilidade celular através da
reducdo do componente tetrazolium em formazan por enzimas desidrogenases presentes
em células metabolicamente ativas. 1 Xc#ulas foram plaqueadas em cada poco de
placas de cultura de 96 pocos. Apés um periodo de 18 horas, para permitir adeséo
celular a placa, as células foram lavadas uma vez com PBS e entdo desinduzidas com
meio de cultura com concentragéo reduzida de FBS (0,3%). Curcumin foi adicionado ao
meio de cultura em varias concentragbes para um experimento dose-resposta e as

células incubadas por 24 horas. Controles foram representados pelo mesmo volume do



veiculo DMSO e também por diferentes concentracdes do inibidor de NF-kB (Bay 11-
7082). 20 pl do reagente contendo o sal de tetrazolium (MTS) foi adicionado a cada
poco, incubado por 1 e 2 horas e os resultados obtidos através da medicdo da
absorbancia a 490 nm em um leitor de microplacas (Spectramax L, Molecular Devices).
O numero de células viaveis nos pocgos tratados com curcumin ou Bay 11-7082 foi

estimado em relacdo ao controle tratado com o veiculo.

Obtencao e manutencéo dos animais

Foram utilizados 40 ratos Holtzman (Rattus norvegicus albinus Holtzman)
machos e adultos, mantidos no biotério da Faculdade de Odontologia de Araraquara, de
acordo com o Colégio Brasileiro de Experimentacdo Animal (COBEA) e o Comité de
Etica em experimentacdo Animal (CEEA) desta instituicdo. O protocolo experimental
foi submetido e aprovado pelo Comité de Etica em Experimentacdo Animal (CEEA) da
Faculdade de Odontologia de Araraquara — UNESP (Anexo 1). Os animais foram
acomodados em gaiolas de polipropileno e receberam alimentacdo granulada

(Labina/Purina) e agua ad libitum, sendo pesados semanalmente.
Os 40 animais foram distribuidos em 4 grupos experimentais: controle negativo (10

animais) que nao receberam qualquer manipulacdo, incluindo inducdo da doenca
periodontal por ligadura ou LPS, tampouco administracdo de curcumin, apenas
recebendo injecao do veiculo (PBS, pH 7.4) utilizado na diluicdo do LPS microbiano
No grupo experimental (30 animais), estdo os animais que foram submetidos a indugéo
de doenca periodontal com ligaduras nos molares inferiores e injecdo de LPS na regiao
palatina. Os 30 animais do grupo experimental foram subdividos em 3 trés grupos de 10
animais, sendo que dois deles receberam doses de 30 mg/kg/ peso corporal de curcumin,

e 0 outro 100mg/kg/peso corporal via oral, durante todo o periodo experimental. O



grupo restante recebeu 0 mesmo volume do veiculo utilizado na diluigdo do curcumin

via oral (controle).

Administracéo de curcumin e inducdo da doenca periodontal

Curcumin foi dissolvido em 6leo de milho e administrado aos animais via oral,
diariamente, nas dosagens de 30 mg/Kg ou 100 mg/Kg de peso corporal uma vez ao dia
durante os 15 dias do experimento.

No dia seguinte ao inicio da administragdo do curcumin os animais foram
submetidos & inducdo da doenca periodontal. Neste estudo, 0 modelo de inducdo de
doenca periodontal por ligadura, assim como o de injecao de LPS na regiao palatina, foi
utilizado.

Inicialmente os animais receberam anestesia geral (0,08 mL de Ketamina e 0,04
mL de cloridrato de xilazina por 100 g de peso corporal) e foram em seguida
posicionados em mesa operatoria. O modelo de ligadura foi obtido com a colocacéo de
um fio de algodao namero 24 ao redor dos primeiros molares inferiores bilateralmente.
Na regido palatina entre o 1° & @olar, realizou-se, com uma microseringa tipo
Hamilton (Agilent), a injecdo de um volume de 3 uL, correspondendo a um total de 30
ug, de LPS dé&schericia coli As injecbes de LPS foram repetidas 03 vezes porrsema
bilateralmente, durante as duas semanas de duracdo do experimento, sendo 0s animais
sedados previamente a realizacdo das inje¢cdes. O grupo controle recebeu injeces de
PBS (veiculo) na gengiva palatina dos primeiros molares superiores, enquanto ligaduras

nao foram colocadas nos molares inferiores.

Sacrificio dos animais, obtencdo de amostras e delineamento experimental
Apo6s 15 dias da colocacdo das ligaduras e inicio das inje¢cdes de LPS todos os

animais foram sacrificados. O periodo de 15 dias foi selecionado por ser representativo



da doenca instalada em nivel moderado/avancado de severidade, como indicado por
estudos anteriores de nosso grupo de pesgtiiSa A cronologia do experimento esta

representada na Tabela 2.
Tabela 2 — Cronologia do Experimento

-1 0 2 5 7 9 11 15

Inicio
administracao
curcumin

Colocacao
ligadura +

Injecdo LPS

Checagem
ligaduras

Sacrificio +

+ significa que o procedimento foi realizado no periodo indicado.
Imediatamente apds o sacrificio, a mandibula de cada animal foi removida e

separada em duas hemimandibulas, assim como os blocos envolven#oniolares
superiores. Um numero de 3 pecas superiores e 3 pecas inferiores dos animais
sacrificados foi destinado a andlise histoldgica e imunohistoquimica, 5 pecas inferiores
foram destinadas a analise por microtomografia computadorizada e 5 pecas superiores
destinadas a verificacdo da perda 6ssea por meio da coloracdo com azul de metileno, e o
restante das pecas destinado a coleta de tecidos moles para extracdo de RNA total e
proteinas.

As pecas para estereometria e imunohistoquimica foram fixadas em formol
tamponado a 10% durante 48h e entdo desmineralizadas em solucédo de EDTA (0.5 M,
pH 8.0) sob agitacdo a temperatura ambiente durante 2-3 meses (com troca da solucéo
2x/semana), com posterior inclusdo em parafina. Cortes seriados de 4 um de espessura

foram obtidos na direcédo vestibulo-lingual, montados em laminas de vidro e aquelas



destinadas a analise estereométrica do processo inflamatério receberam a coloracéo
(H/E). Os tecidos periodontais coletados para extracdo de RNA e proteina total foram
armazenados em nitrogénio liquido logo apds sua remocgédo e em seguida transferidos

para o freezer -80°C até o momento do processamento para as analises.

Andlises bioquimicas:

No momento do sacrificio, apds anestesia dos animais, 1 mL de sangue de todos
0s animais dos grupos experimentais foi coletado por puncdo cardiaca. O sangue foi
homogenizado e centrifugado a 1000 rpm durante 10 minutos para separa¢ao do soro.
Posteriormente este soro foi aliquotado e encaminhado ao Departamento de Analises
Clinicas da Faculdade de Ciéncias Farmacéuticas de Araraquara - UNESP, para
realizacdo dos testes bioquimicos.

Niveis séricos de calcio e fosforo foram avaliados através da utilizagdo dos kits
(Ca Arzenato Liquiform 95 — Labtest Diagnostica) e (Fosforo UV Liquiform 12 -

Labtest Diagndstica) respectivamente, de acordo com as instrugcfes do fabricante.

Estereometria

A andlise estereométrica do processo inflamatério foi realizada com o auxilio de
um microscoépio de luz (Diastar-Cambridge Instruments) na magnificacdo de 200 x. Um
total de 3 cortes por dente foi avaliado com um intervaloyM@ntre esses cortes. A
técnica estereoldgica de contagem de pontos foi empregada nos cortes corados com
hematoxilina e eosina (H/E) para avaliar a propor¢céo de componentes teciduais em um
plano bidimensional por microscopia. Este procedimento permite a avaliagdo

guantitativa do quadro inflamat6rio nas proximidades da agressao.



Com esta finalidade, foi determinada a densidade volumétrica relativa (ou
proporcao) dos seguintes componentes teciduais: fibras colagenas, fibroblastos, outros
tipos de células (inflamatdrias, osteoclastos, cementoblastos, etc.), vasos sanguineos e
outras estruturas (que correspondem ao tecido 6sseo, epitelial, dente e nervos). Duas
diferentes localizagbes anatdbmicas da porgao vestibular e/ou palatina dos cortes foram
guantificadas:

1- o tecido conjuntivo subjacente ao sulco gengival, junto a base do epitélio juncional
(EJ) — O limite coronal foi representado pela borda apical do epitélio juncional e a
estrutura dental correspondeu ao limite medial.

2- 0 tecido conjuntivo proximo ao topo da crista 0ssea, junto a superficie dental (CO) —
O limite apical foi delimitad@®5 uM abaixo da por¢do mais coronal da crista 6ssea e a
estrutura dental correspondeu ao limite medial.

Nos cortes que receberam inje¢cbes de LPS, a andlise considerou apenas a regido
palatina. ApGs a captura de imagens, a quantificacao foi feita com o auxilio de grades
confeccionadas com a dimens&o dep®0 x 50 uM ou 2500uM? de area (5 x 5
quadrados de 1@M de lado). Estas grades foram posicionadas (sosta&ponas
imagens digitalizadas dos cortes histoldgicos preenchendo as 2 regifes de interesse da
imagem (EJ e CO) e, para cada grade, foram contados 25 pontos coincidentes sobre as
estruturas histolégicas. Em seguida, foi feita uma analise percentual de cada
componente tecidual em relacdo ao numero total de pontos contados por periodo
experimental baseado nos trabalhos fe * para a representacdo gréfica da
estereometria.

Imunohistoquimica

Para imunolocalizagéo e avaliagdo do estado de ativacdo de NF-kB nos tecidos

gengivais, os cortes histologicos foram desparafinizados em xilol, rehidratados e



posteriormente incubados por 5 minutos com solucdo de perdxido de hidrogénio 3%
para bloqueio da peroxidase enddgena. Os cortes foram submetidos a etapa de
recuperacgdo antigénica com tripsina 0,5% ‘@€3furante 10 minutos e deixados sobre a
bancada para resfriamento por mais 10 minutos. Em seguida os cortes foram incubados
com anticorpo policlonal de coelho anti-NF-kB p50 (Santa Cruz Biotechnology, sc-114)
diluido 1:250 em BSA 1%, e deixados por 18 bavérnighty a 4 C em um
compartimento umidificado. A detec¢do do anticorpo primario foi feita com anticorpo
secundério biotinilado anti-coelho por 20 minutos e apos incubagdo em solucdo de
streptavidina conjugada a peroxidase (streptavidin-HRP) a reac¢éo foi revelada com o
uso do cromogeno DAB. Os cortes foram contra-corados com hematoxilina por 15
segundos, deixados secar a temperatura ambiente por 2 h e em seguida as laminulas
foram montadas com resina. As imagens foram capturadas em microscopio de luz
(Diastar-Cambridge Instruments) na magnificacdo de 200X e parametros de captura da
imagem (brilho, contraste, tempo de exposi¢cdo) mantidos constantes.

Segundo otimizagao previamente realizada para imunohistoquimica de RANKL, o
blogueio da peroxidase enddgena foi feito com incubag¢do dos cortes com solucao de
peréxido de hidrogénio e metanol (1:1), 2 vezes por 15 minutos. As etapas de
recuperacdo antigénica e bloqueio de proteinas inespecificas ndo foram realizadas. Os
cortes foram incubados com anticorpo policlonal de coelho anti-RANKL (Santa Cruz
Biotechnology, sc-7628) diluido 1:100 em BSA 1% por 18 h (‘overnight’) a 4 C em um
compartimento umidificado. O anticorpo secundario biotinilado anti-coelho foi
incubado com os cortes durante 30 minutos. Os passos seguintes de revelagédo da reagéo
e obtencdo das imagens foram os mesmos descritos para o anticorpo NF-kB, utilizando

0 mesmo kit de reagentes (LSAB2, Dako Cytomation).



Extracdo de RNA total, reacéo de sintese de cDNA (transcricao reversa) e PCR
em tempo real (QPCR)

Para o estudo in vitro um total de 3 X t@lulas foram plaqueadas em placas de 6
pocos e apos 24 horas desinduzidas em meio de cultura contendo 0.3% de soro fetal
bovino, e entdo estimulados com lipopolisacaride&deoli por 24 horas, com e sem
pré-tratamento com 5 uM ou 10 pM de curcumin. Células de outros pocos foram
tratadas com 10 pM do inibidor de p38 MAPK (SB203580) ou 10 uM do inibidor de
NF-xB (Bay 11-7082). Nos pocos correspondentes ao denas células foram tratadas
com o mesmo volume de DMSO, veiculo usado na diluicdo destes componentes.

RNA total das células e dos tecidos gengivais foram extraidos com o reagente
Trizol (Invitrogen Corp.) de acordo com as instrucées do fabricante. A pureza e
quantidade de RNA foram determinadas em espectrofotbmetro pela leitura da
absorbancia a 260 nm e da relacdo entre as absorbancias a 260 e 280 nm,
respectivamente. 700 ng de RNA total foram utilizados para a sintese de cDNA
utilizando random hexamers como primers e seguindo as instru¢des do fornecedor dos
reagentes (High capacity cDNA synthesis kit, Applied Biosystems). A expressao dos
genes inflamatérios selecionados fteterminada por RT-qPCR tempo real usando
sondas e reagentes Tagman (TagMan Gene Expression Assays, TagMan Universal
master mix, Applied Biosystems) em um sistema de PCR Tempo Real StepOne
(Applied Biosystems). As reacdes foram feitas encgdade 96 pogos com um volume
final de 30 pL que inclui Tagman Universal PCR Master Mix (Applied Biosystems),
Tagman Gene Expression Assays (Applied Biosystems) para cada gene: tnf-alpha
(tumor necrosis factor alpha), NM_013693; il-6 (interleukin 6), NM031168; Ptgs-2
(prostaglandin-endoperoxide synthase-2), NMO011198; Gapdh (glyceraldehyde-3-
phosphate dehydrogenase), NM008084. As condicdes das reacdes de PCR f@am: 50

por 2 min, 98C por 10 min, seguido por 40 ciclos &@%or 15 segundos e & por 1



minuto. Para cada amostra, as andalises da expressdo génica foram realizadas em
duplicata. Para normalizar a quantidade de cDNA total presente em cada reacdo, a
expressdo de GAPDH, que nao foi alterada pelas condi¢cdes experimentais, foi usado
como controle endégeno por ser um gene constitutivo. Para comparar 0s niveis de
expressdo entre as diferentes amostras, o nivel de expressdo relativa dos genes foi

calculado usando o método comparativ®rAutilizando o software da termocicladora.

Determinacéo da expressao génica a nivel protéico (ELISA)

Sobrenadantes da cultura celular foram coletados dos mesmos poc¢os que o RNA
total foi coletado. Estes sobrenadantes foram aliquotados e estocados a -80 C. Amostras
de proteina total foram extraidas dos tecidos periodontais removidos no momento do
sacrificio. Para isto, foi utilizado o tampdo de extracdo T-PER (Tissue Protein
Extraction Reagent — Pierce Biotechnology, cédigo de catalogo #78510) suplementado
com um coquetel de inibidores de protease (Protein Stabilizing Cocktail — Santa Cruz
Biotechnology, sc-29130)Este tampdao foi adicionado aos tecidos, os quaesfor
macerados, centrifugados por 5 minutos a 13.000 RPM a 4 C, com posterior remocéao do
sobrenadante. As amostras de proteina contendo sobrenadante das culturas e as
provenientes dos tecidos gengivais foram usadas para realizacdo do ELISA para
quantificacdo dos niveis de PGE2, IL-6 e TNF-ALPHA. Estas avaliacdes foram feitas
de acordo com as instru¢cdes do fabricante dos kits ELISA (R&D Systems) e a
concentracdo das proteinas-alvo foi normalizada para o conteudo de proteina total

determinado pelo método de Lowry (DC assay, Bio-Rad).

Ativacao das vias de sinalizacédo (Western Blot)
Para este experimento, 3 xX’I#lulas por poco foram plaqueadas em cada placa

de 6 pocos, rotineiramente desinduzidas por 8 horas e em seguida tratadas com 5 ou 10



MM de curcumin por 30 minutos antes da estimulacdo com 1 pg/mL de LPS bacteriano.
Experimentos controles foram feitos com a adicdo dgM@e SB203580, 1@M do
Bay 11-7082 ou 0 mesmo volume do veiculo DMSO. O estimulo com LPS foi mantido
por 10, 30 e 60 minutos. No final de cada periodo experimental todo o lisado celular foi
coletado raspando as células em tampao RIPA (20 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 1 mM NaeEDTA, 1 mM EGTA, 1% NP-40, 1% sodium deoxycholate, 2.5 mM
sodium pyrophosphate, 1 mM beta-glycerophosphate, 1 mM/Qa 1 ug/mL
leupeptin, 1 mM PMSF) sobre gelo, seguido de incubagao no gelo por 15 a 30 minutos,
centrifugacdo a 12,000 RPM a 4 C por 10 minutos e transferéncia do sobrenadante para
um novo tubo eppendorf e armazenamento a -80 C. As proteinas totais foram
quantificada pelo método de Lowry (DC Assay, Bio-Rad). Para realizagdo do Western
Blot quantidades iguais de proteina total 49 foram resolvidas por eletroforese. Para
a eletroforese, as amostras de proteina foram adicionadas ao tampdo de amostra
contendo SDS 2% (3X SDS Sample Buffer Blue, Cell Signaling, #&22)7 mM de
DTT e ajuste de um volume final igual para as amostras com o tampao de extracdo de
proteinas. Esta homogenizacao foi feita em gelo, seguida de fervura para desnaturacdo
protéica a 9TC por 5 minutos, posterior centrifugacdo de 30 segundos a 13,000 RPM
(centrifuga 5415D — Eppendorf) e manutengdo em gelo por 5 minutos, procedimentos
também realizados para o padrdo de peso molecular biotinilado (Cell Signaling).

Para o Western Blot, as amostras foram separadas em géis de poliacrilamida Tris-
Cl a 10% (com o sistema Mini-Protean 3 cell — Bio-Rad Lab.), utilizando voltagem
constante de 100 V por 90 minutos, seguidos de eletro-transferéncia (Mini Trans-blot
Electrophoretic Transfer Cell — Bio Rad) para membranas de nitrocelulose (Bio-Rad
Lab.) durante 1 hora a 300 mA constantes. Apés o bloqueio em tampéao Tris-NaCl

(TBS) contendo 5% de leite desnatado liofilizadocking buffer)por 1 hora sob



agitacdo (TS-2000 VDRIshaker— Biomixer) a temperatura ambiente, as membranas
receberam 3 lavagens de 5 minutos com tampao TBS-Tween (TBS-T) a 0,1% e foram
incubadas sob agitagcdo (Mini Rocker MR-1 — Biosamgrnight a 4°C com os
anticorpos primarios para as proteinas de interesse: phospho-p65, phospho-JNK,
phospho-ERK e phospho-p38 MAPKinase (1:1000 em tampéao de diluicdo de anticorpo
primério (BSA 5% em PBS, pH 7.4) além de GAPDH (diluicdo 0;48anta Cruz
Biotechnology) para confirmar que quantidades iguais de proteinas totais foram
utilizadas. O anticorpo secundaridilizado (conjugado &orseradish peroxidasepi

diluido de acordo com as instru¢cbes do fabricante (Cell Signaling). Utilizou-se o
anticorpo secundario anti-coelho conjugado a peroxidase (HRP) (diluicdo de 1:1000)
em blocking buffer. Apos remocdo do anticorpo primério e 3 lavagens com TBS-T, a
incubacdo com o secundario foi realizada por 1 hora a temperatura ambiente sob
agitacdo (TS-2000 VDRIshaker — Biomixer). Em seguida, as membranas foram
novamente lavadas e a detecgdo da presenca das proteinas realizada por um sistema de
guimioluminescéncia (LumiGlo, Cell Signaling). Imagens digitalizadas dos filmes
radiograficos para Western Blot foram obtidas em um sistema de digital de

fotodocumentacao (ImageQuant 100 — GE Healthcare).

Microtomografia computadorizadayCT)

As pecas destinadas a analise por microtomografia computadorizada foram
fixadas em formol tamponado a 10% por 24 horas e entdo imersas e conservadas em
etanol a 70% e mantidas aClaté o momento da analise, que foi realizada pela
varredura de feixe de raios-X em um sistema de microtomografia computadorizada (GE
HealthCare BioSciences). Cadaan (varredura) foi reconstruido em uma matriz de

18x18x18um e as imagens tridimensionais geradas para cadstramBstas imagens



foram rotacionadas em uma orientagéo-padréo e foi estabelecido um limite de contraste
para distinguir tecidos mineralizados de ndo-mineralizados utilizando o software GEHC
Microview (version Viz+2.0 build 0029 GE HealthCare BioSciences). Apoés
determinacdo da regiao de interesse (ROI) correspondente as coroas dos dentes e a
regido do osso alveolar, foi utilizada uma caixa volumétrica padrao (250 x 200 x 200
pixels) para determinacdo da fracdo deste volume ocupado por tecido 0sseo. Estas
andlises foram efetuadas no Orthopaedic Research Laboratory (Biomedical Engineering
Dept, University of Michigan) segundo orientagao do colaborador no exterior (Dr. Keith

L Kirkwood, Department of Craniofacial Biology, Medical University of South

Carolina-MUSC, Charleston, SC, USA).

Avaliacdo da perda dssea pela coloragdo da superficie radicular exposta com
azul de metileno

As pecas destinadas a quantificacdo do processo de reabsorcdo Ossea alveolar
através da técnica complementar de coloracdo com azul de metileno foram fixadas em
formol tamponado a 10% por 24 horas e em seguida mantidas em solucdo de peréxido
de hidrogénio por 24 horas e limpas para remoc¢ao do tecido mole remanescente. As
pecas foram entdo armazenadas em alcool 70% até o momento de serem coradas com
azul de metileno. Este foi preparado com a adi¢céo de 0,7g do corante dissolvidos em 50
mL de etanol a 95% com posterior diluicdo de 2,5 mL dessa solugdo em 47,5 mL de
agua e manutencdo das pecas no corante durante 5 minutos. Em seguida, a face lingual
das pecas foi fotografada em estereomicroscdpimgd MZ6 - magnificacdo de 40X) e
as mesmas analisadas por um examinador treinado e cego para 0S grupos experimentais.
Assim, a regido compreendida entre o inicio da raiz mesial do primeiro molar superior e

a regido entre a primeira e a segunda raiz do segundo molar superior foi considerada



para a mensuracdo da area de perda Ossea, compreendida entre a juncdo cemento
esmalte (JCE) e o osso alveolar. A area da lesdo e extensdo das reabsor¢cbes Ossea e
dentéria foram analisadas histomorfometricamente utilizando programa ImageJ 1.34

(NIH Image).



DISCUSSAQ



Discussao
O efeito do curcumin sobre a modulagdo da doenca periodontal

experimentalmente induzida in vivo foi avaliada pela primeira vez neste trabalho.
Nossos resultados demonstram que a administracdo de curcumin foi capaz de inibir
significativamente a degradacdo do tecido conjuntivo e da matriz de colageno nos
tecidos gengivais onde a doenca periodontal foi experimentalmente induzida, reduzindo
0 numero de células inflamatorias e a producdo de mediadores inflamatorios a niveis
semelhantes aos do grupo controle. Este resultado pode ter sido um reflexo da acgéao
modulatéria do curcumin sobre a ativacao dexBEF-

Estes resultados estdo de acordo com aqueles apresentados por outros autores
que avaliaram o efeito do curcumin em modelos de doenca inflamatéria em animais,
como colite, diabetes, artrite reumatéide, doenca de Cfofth*® % %1190 potencial
terapéutico do curcumin vem sendo explorado em diversos estudos clinicos no
tratamento de varios tipos de cancer (prostata, mama, pulméao, linfoma) e em outras
condicées como artrite, mal de Alzheimer, diabetes e depr&ssgg?® 111 115 116, 121
Nestes estudos in vivo, curcumin inibiu a expressdao dos mediadores inflamatorios
associados a estas patologias, como IL-1beta, MMPs, COX-2, IL-6 e TNF-alfa, aléem de
inibir vias de sinalizacdo e fatores de transcricdo geralmente ativados em processos
inflamatorios, como NkB, AP-1, STAT-3 e as MAPKinases. Curcumin tambémepod
ter relevancia como fitoterapico na reparacao de feridas cutaneas em animais diabéticos,
favorecendo a neovascularizacdo, reepitelizacdo e na migracdo de células como
fibroblastos e macréfagd®’. Similarmente aos nossos resultados, no estudo de Sidhu et

al. 119

a administracdo topica e sistémica (gavagem oral) de curcumin provocou um
aumento no contetido de colageno em feridas experiméhtaBm outro estudo, a
administracéo oral de 100mg/kg/peso corporal de curcumin, a maior dose utilizada no

nosso trabalho, 2 horas previamente a inducéo de colite, também foi capaz de reverter



as alteracdes histoldgicas associadas, incluindo aumento no niamero de neutrdfilos e
eosindfilos na camada epitelial, necrose hemorragica e ulcéfad@esultado similar
também foi encontrado no estudo de Swarnakar E,aém que a administrac&o (oral e
intraperitoneal) de curcumin em ratos bloqueou a ulceracdo géastrica de maneira dose-
dependente. Curcumin acelerou o processo de cicatrizacdo e reduziu a severidade da
llcera géstrica atenuando a atividade de MMP-9 e MNP Bstes resultados sugerem

gue curcumin atua ndo apenas inibindo a resposta inflamatdria, mas também
favorecendo o processo de reparo tecidual.

A inibicdo de mediadores inflamatérios como IL-6, TNF-alfa e IFN-gama
também foi relatada em ratos tratados com curcumin administrado via oral em doses
superiores as utilizadas no nosso estudo (200 mg/kg e 400 mg/kg). Além do fato de
doses elevadas serem possiveis e bem toleradas pelos animais experimentais, curcumin
teve efeito hepatoprotetor em modelo animal de injaria hepatica induzida por
tetracloreto de carbono (C@L ao reduzir a atividade das enzimas aspartato
aminotransferase sérica, alanina aminotransferase, e fosfatase alcalina, ao mesmo tempo
em que melhorou a arquitetura histolégica do fightiloDe maneira semelhante,
curcumin também diminuiu a inflamacdo associada a dois modelos experimentais de
pancreatite através de uma forte redugcdo na ativacao dd MFAP-1 e inibicdo da
producdo de IL-6, TNF-alfa e iNOS no pancréasEm ambos os modelos o efeito
inibitério de curcumin sobre os mediadores inflamatdrios resultaram em reducdo da
severidade da pancreatite, avaliada histologicamente, pelo numero de neutrofilos
infiltrados e pela diminuicdo do nivel de tripsina pancredfic&stes resultados néo
apenas confirmam a agdo anti-inflamatéria do curcumin sobre os niveis de citocinas
pré-inflamatérias como também demonstram a auséncia de toxicidade de doses

superiores aguelas utilizadas em nosso estudo.



Com relagéo ao efeito do curcumin em modelos clinicos, os resultados também
parecem promissores. Deodhar e colaboraddteandomizaram 18 pacientes com
artrite reumatdide para receber o tratamento com curcumin (1200 mg/dia) ou
fenilbutazona (300mg/dia) por 2 semanas. Os pacientes que receberam curcumin
tiveram uma melhora nos sintomas da artrite reumatéide tdo substancial quanto aqueles
qgue receberam fenilbutazona, e a administracdo do curcumin ndo causou nenhum efeito
colateral discernivel. Em outro estudo, Holt et areportaram o uso do curcumin no
tratamento de doenca inflamatdria intestinal. Cinco pacientes com doenca de Crohn
foram tratados com curcumin 360 mg trés vezes ao dia por 1 més, seguido por 360 mg
guatro vezes ao dia diariamente, durante 0os 2 meses seguintes. Quatro dos cinco
pacientes com doencga de Crohn tiveram os sintomas atenuados, o que foi evidenciado
pela melhora no indice de atividade da doencga (CDAI).

Devido a sua habilidade em eliminar radicais livres e inibir a inflamacéao,
curcumin tem sido investigado também na quimioprevencédo de cancer e supressao do

8L, 57, 59, 60 108 cyrcumin tem mostrado prevenir o

crescimento tumoral*®
desenvolvimento de canceres do estomago, duodeno, lingua, célon e glandulas
mamarias em modelos de carcinogénese quimica em ratos e camurddno¥ No
entanto, em um estudo clinico fase | avaliando o efeito do curcumin em canceres
avancados, Kutan et dl° relataram que 10% dos 62 pacientes que fizeram uso do
curcumin como tratamento tépico para cancer oral e leucoplasia mostraram reducao no
tamanho da les#8.

O resultado destes e de diversos outros estudos demostrando o efeito anti-
inflamatoério do curcumin no tratamento de doencas de natureza inflamatéria tanto em

modelos animais como em estudos clinicos consolidam os resultados apresentados neste

trabalho, em que a administracdo de curcumin in vivo reduziu significativamente a



expressdo dos mediadores pro-inflamatorios IL-6, TNF-alfa e PGE-2 associadas a dois
modelos de doencga periodontal experimentalmente induzida. Estes efeitos s&o, ao
menos em parte, devidos a modulacdo negativa da ativacao do fator de transcricdo NF-
kB, além da inibicdo do processo inflamatorio obs#avaistologicamente.

Curcumin é considerado uma substancia pleiotrépica pela sua capacidade de
interagir com diversos alvos moleculares envolvidos na inflamacdo. Ele modula a
resposta inflamatéria reduzindo a atividade de mediadores pré-inflamatérios como
COX-2, lipoxigenase e iNOS, inibindo a producédo de citocinas inflamatérias como
TNF-alfa, IL-6, IL-1beta, IL-8, IL-12 e modulando a ativagdo de vias de sinalizacao
relacionadas a transducéo de sinais intracelulares envolvidas na expressdo destes
mediadores inflamatorios induzidas por diversos estimulos externos, bem como das vias
de sinalizac&o utilizadas na transducéo de sinais por estes mediadores inflafiatérios

A inibicdo de muitos destes mediadores inflamatérios € acompanhada pela
supresséo principalmente do fator de transcricaaxB|Fenvolvido na regulacdo da
inflamacéo, proliferacéo e transformacéo celular e tumorigéfésesonsiderado um
dos principais ‘alvos moleculares’ do curcumin. Curcumin parece suprimir a ativagao
de NFxB e a expressao de genes pro-inflamatorios atravésodueio da fosforilagdo
do fator Inhibitor of kappa B kinasexB). A supressao da ativacdo de WB- ativada
por sinais externos para a inducédo de mediadores inflamatorios e também ativada pelos
proprios mediadores inflamatérios, subsequentemente modula 0s processos imunes e
neoplasico§* 24

Por exemplo, o estimulo de condrécitos articulares com TNF-alfa e IL-1beta
resulta em ativagcdo de NkB. O tratamento das células com curcumin por maig2de
horas suprimiu a ativacdo de KB-induzida pelas citocinas através da inibicdo da

fosforilagéo e degradacéo dd3t, prevenindo a fosforilagéo e translocagao nuclear d



p65, reduzindo desta forma a expressao de genes-alvo dB,Nicluindo COX-2 e
MMP-9 13, Estes resultados sugerem que a inibicdo dos mediadores inflamatérios que
reportamos nos estudos in vivo, pode ter sido, ao menos em parte, mediada pela inibicéo
da ativacéo de NkB pelo curcumin.

O efeito anti-inflamatério do curcumin sobre outros tipos celulares especificos
relacionadas a resposta imune inata e adaptativa como macréfagos, linfocitos T e B,
neutréfilos, células endoteliais e fibroblastos também tém sido estudado. Brétiet, I.
mostrou que o tratamento de macrofagos com curcumin em diferentes concentracdes
inibiu a expresséo de NOS induzida por estimulo com LPS bacteamodi ( ug/mL)

e interferon-gam&? Esta inibicdo alcancou maior expressdo quando curcumin foi
adicionado ao meio de cultura ao mesmo tempo em que as células foram estimuladas.
Este resultado € semelhante ao que reportamos no experimento in vitro, em que o
tratamento de macrofagos murinos com curcumin (5 e 10uM) foi capaz de reduzir os
niveis de PGE-2, IL-6 e TNF-alfa estimulados com a mesma concentracdo de LPS
utilizada no trabalho de Brouet. Este efeito inibitdrio do curcumin sobre a ativacdo de
NF-kB estimulada por LPS também foi relatada recenteepat Nishida et al®?
Monoacetilcurcumin, um anélogo de curcumin, inibiu fortemente a ativagédo B HF-

a producdo de TNF-alfa em macréfagos estimulados por £PShen, D. et al®®

obteve resultado bastante semelhante quando estimulou macréfagos com LPS de
Porphyromonas. gingivali$\ expresséo protéica de TNF-alfa e IL-1beta induzidas pelo
LPS foram inibidas de maneira dose-dependente pelo curcumin adicionado 2 horas
previamente ao estimufd.

Além de NF-kB, existem evidéncias de que o curcumin pode modular a
atividade das MAPKinases, as quais também tem papel relevante na resposta imune-

inflamatdria. Células endoteliais humanas estimuladas com 10 ng/mL de TNF-alfa e



tratadas com curcumin apresentaram nao somente bloqueio da atividadeBenNs
também de p38, JNK e STAT’& Similarmente, curcumin inibiu a producéo de IL-6,
IL-1beta e TNF-alfa e a ativagdo das MAPKinases (p38, JNK e ERK) em células
epiteliais humanas ndo tumorais (HaCat) estimuladas com TNE2aEstes relatos

estdo de acordo com os resultados de nosso experimento in vitro, em que o tratamento
de macréfagos murinos com curcumin (5 euM) inibiu a ativacdo de JNK, ERK, e

p38 MAPKIinases induzida por LPS bacteriano.

Entretanto, em contraste com os resultados de nosso estudo in vitro, a
administragcao oral de curcumin 30 mg/kg e 100 mg/kg in vivo ndo afetou a atividade de
p38 MAPKinase nos tecidos gengivais de ratos com inducdo da doenca periodontal
segundo o modelo de ligadura ou de LPS. Este resultado também difere do relatado no
estudo de Camacho-Barquero et?alem que ratos com colite induzida tratados com
curcumin (50-100 mg/kg) durante 15 dias diariamente, tiveram uma reducdo na ativacao
de p38 MAPK?*. Alguns estudos, entretanto, tém mostrado resultados contraditérios ao
avaliar a modulacdo de p38 pelo curcumin. Queratindcitos humanos estimulados por
radiacéo ultra-violeta tipo B (UVB) apresentaram ativacdo de p38 MAPK mais intensa
quando tratados simultaneamente com 20 uM de curcumin do que quando apenas
expostos ao UVB. Neutréfilos periféricos obtidos de humanos saudaveis tiveram um
marcado aumento na ativacdo de p38 apos exposicdo das células ao catcumin
Segundo os autores, o aumento na atividade de p38 MAPK pode estar relacionado ao
efeito pro-apoptotico, indicado pela ativacdo de caspase-3, do curcumin sobre os
neutréfilos humano¥.

A inducdo de apoptose representa outro efeito bioldgico importante do
curcumin, principalmente no processo de inibicdo tumoral. Os mecanismos

responsaveis por este processo parecem ser variados, incluindo efeitos sobre a



estabilidade de p53, a liberacdo do citocromo c e a geracdo de espécies de oxigénio
reativo (ROS)* *® A inducéio de apoptose pelo curcumin em células epiteliais da
mama envolveu a reducédo da expressado de Bcl-2 e geracdo d& E@Xélulas AK-5
tumorais a atividade anti-tumoral do curcumin mostrou-se estar relacionada a inducao
de apoptose através da ativacdo de caspase-3 e da geracdo e R@n geral,

estudos investigando os efeitos apoptoticos do curcumin concluem que este processo
pode ser induzido em células cancerigenas através das vias intrinseca (caspases) e
metabdlica (mitocdndria/citocromo c), sendo que a via preferencialmente utilizada pelo
curcumin pode depender do tipo celular, estagio de diferenciacdo celular ou
concentracéo do curcumfy.

Na doenca periodontal em humanos, a ocorréncia de apoptose, verificada pela
marcacdo de TUNEL, foi verificada em bidpsias de pacientes com periodontite, porém
nao foram observadas nas bidpsias de pacientes saudaveis. O tipo celular mais afetado
pela apoptose nos tecidos gengivais inflamados foram neutrdfiloBe forma
semelhante a presenca de caspase-3 ativada foi detectada em tecidos gengivais humanos
inflamados, enquanto bidpsias de tecidos gengivais saudaveis foram negativas para
presenca de caspase-3 ativada. Finalmente, a expressao de Bcl-2 foi detectada tanto nos
tecidos saudéaveis quanto nos tecidos com periodontite. Entretanto, um maior nimero de
células positivas para Bcl-2 foram observadas no infiltrado inflamatério de pacientes
com doenca periodontal. Este aumento da expresséo de Bcl-2 associado & inflamagéo
foi verificado também em amostras de tecido gengival de pacientes com periodontite
agressiva. O aumento da expressao de Bcl-2 pode indicar uma inibicdo da apoptose, a
qual pode prolongar a presenca de células inflamatérias, em maior quantidade nos
tecidos inflamados, resultando na persisténcia da inflamagdo e maior destruicéo

periodontaf?,



Nossos resultados mostram que a expressao protéica de Bcl-2 nos tecidos
gengivais periodontalmente comprometidos de animais tratados com curcumin foi
significativamente reduzida em relacdo ao grupo nao tratado, sugerindo que a
administragdo de curcumin aumentou a apoptose celular nos tecidos gengivais.
Entretanto, em contraste com os estudos relatando aumento da expressao de Bcl-2 na
doenca periodontal, em ambos modelos de doenca periodontal em ratos ndo observamos
aumento marcante da expressao de Bcl-2 com a inflamacédo. Como n&o avaliamos a
expressao e atividade de outros mediadores do processo apoptético que poderiam estar
atuando nos tecidos gengivais destes animais, ndo podemos conclusivamente afirmar
gue a administracdo de curcumin modulou a apoptose nos tecidos gengivais na presenca
de doenca periodontal induzida experimentalmente.

Além disso, estes resultados sdo derivados da avaliagdo do extrato protéico total dos
tecidos gengivais por western-blot. Ainda que o mecanismo associado a modulacdo de
Bcl-2 pelo curcumin ndo tenha sido explorado neste trabalho, é interessante especular
gue a apoptose induzida pelo curcumin in vivo pode afetar preferencialmente células
inflamatorias, uma vez que a avaliagdo histolégica demonstra que a vascularizagéo e
reparagcdo nao foram afetadas negativamente pelo curcumin e que resultados de
trabalhos anteriores observaram que a populacao de células apoptéticas encontradas nos
tecidos gengivais de pacientes com periodontite sdo predominantemente neutrofilos.
Esta hipOtese de inducdo de apoptose preferencialmente em células inflamatérias
poderia também estar relacionada a reducgéo da producdo de mediadores inflamatorios
nos tecidos dos animais tratados com curcumin: menor namero de células inflamatorias
viaveis nos tecidos proporcionaria reducdo da producdo de citocinas inflamatérias.
Estudos complementares seréo realizados para tentar obter imagirt‘no papel da

apoptose associada a administracdo de curcumin in vivo, com a avaliacdo da localizacédo



dos niveis de Bcl-2 e caspase-3 nos tecidos gengivais por meio de imunofluorescéncia e
determinacao dos tipos celulares (células inflamatdérias x fibroblastos) mais afetados por
esta apoptose.

Com relacdo aos efeitos do curcumin sobre células do sistema imune, existem
evidéncias sugerindo que curcumin pode modular a proliferacéo e a ativagédo das células
T, células dendriticas, células NK e células B além de macréfagos e neutrdfilos (para
revisdo consulte®®. A proliferacdo de linfécitos T derivados do bago humano
estimulados por concavalina A (Com A), fitohemaglutinina (PHA) e 13-acetato-12-
myristate-forbol (PMA) foi inibida pelo curcumin. No mesmo estudo, IL-2 induziu a
proliferacdo de linfécitos e curcumin suprimiu a sintese de IL-2. Esta supresséo da
producdo de IL-2 foi correlacionada com a supressdo da ativacdo «B NElos
autores. Estes resultados sugerem que curcumin exibe efeitos supressivos em células T
mediados pela da regulacéo de 132

Alguns poucos estudos tém relatado também o efeito do curcumin na resposta
imune inata, por meio da modulac&o da sinalizac&o dos receptores semelhant&s a Toll
82. 136 Existem diversas evidéncias demonstrando que varios polifendis inibem a
ativagcdo de NkB iniciada pelo LPS bacteriano, mas na maioria desO€ 0 alvo
molecular foi claramente estabelecitfo ** Resultados mostrando a capacidade do
curcumin em inibir os receptores Toll sdo de grande relevancia farmacolégica uma vez
que evidenciam de forma direta seu potencial na supressdo de reacdo inflamatoria
causadas por infeccdes bacterianas ou vifafé' **® No presente trabalho, relatamos
gue curcumin inibiu a expressdo de mediadores pré-inflamatérios tanto no estudo in
vivo, em modelo de doenca periodontal induzida por LPS, quanto no estudo in vitro, no
qual a expressdo destes mediadores inflamatérios foi induzida em macrofagos através

do estimulo de LPS. Estes resultados sugerem que o curcumin pode modular a resposta



imune inata, no entanto estes dados deverdo ser expandidos por estudos utilizando
inibidores de sintese protéica para confirmacdo de que a inibicdo da expressdo de
mediadores inflamatérios induzidos por LPS pelo curcumin ocorre de forma direta e
ndo indireta. O nivel de expressédo dos receptores TLR2 e TLR4 também sera avaliado
para verificar um Possivel papel do curcumin na ‘dessensibilizacdo’ dos macrofagos.
De qualquer forma, os resultados sugerem um papel potencial para o curcumin no
tratamento de inflamacdes crbnicas causadas por infecgbes bacterianas, como é o caso
ndo apenas da doenca periodontal, mas também de canceres gastricos que se iniciam por
inflamacBes gastricas cronicas causadas por bactérias gastroint®stinais

Embora os resultados deste estudo tenham confirmado alguns dos efeitos
biolégicos atribuidos ao curcumin e demonstrados em inimeros trabalhos pré-clinicos e
clinicos, como por exemplo, sua acao anti-inflamatéria com inibicdo da expressao de
genes pro-inflamatorios induzidos in vitro pelo estimulo com LPS e in vivo em dois
modelos experimentais de doenca periodontal; reducdo do processo inflamatorio e
inibicdo da degradacgéo da matriz colagena dos tecidos periodontais; reducéo da ativacdo
do fator de transcricdo NEB nos estudos in vivo, e das MAPKinases no estudo in
vitro; curcumin ndo protegeu o tecido 6sseo periodontal da reabsor¢cdo 0ssea induzida
pelos modelos de doenca periodontal experimental utilizados.

Andlise da microtomografia éssea realizada na regido de interesse ao redor dos
primeiros molares inferiores de todos os grupos experimentais mostra que a colocacéo
da ligadura provocou uma reducao na fragcdo de volume 0sseo, e que o tratamento com
curcumin ndo preveniu a reabsorcdo O0ssea. Resultado semelhante foi obtido com os
molares superiores destinados a quantificacdo do processo de reabsorcdo dssea alveolar

através da técnica complementar de coloracdo com azul de metileno. A area de



reabsorcdo 0ssea nos grupos tratados ou ndo com curcumin ndo foi estatisticamente
diferente.

Experimentos avaliando o papel do curcumin na reabsor¢do 0ssea tém mostrado
resultados promissores na prevencdo da atividade osteolitica. Células mononucleares
derivadas do sangue periférico de voluntarios saudaveis foram tratadas com curcumin (1
UM e 10 uM), o qual foi capaz de inibir de forma dose-dependente tanto a diferenciacao
(osteoclastogénese) induzida por RANKL quanto a atividade dos osteoclastos
diferenciados, sugerindo potencial do curcumin no tratamento de doencas'8sseas
No estudo de Bharti, A.C. et.af o tratamento de macréfagos murinos Raw 264.7 com
RANKL ativou NFkB e a pré-exposicdo destas células ao curcumin nsiupri
completamente esta ativacdo. RANKL induziu a diferenciagdo dos macrofagos em
osteoclastos tanto na auséncia quanto na presenca do curcumin, porém o numero de
osteoclastos formados foi reduzido com o aumento da concentragdo do curcumin.
Resultados deste estudo mostram também que RANKL induziu a formagéo de lacunas
dsseas e que esta formacao foi significantemente inibida pelo curéumin

O efeito de curcumin sobre a atividade osteoclastica em ratos com diabetes
induzida por estreptozotocina foi avaliado por Hie, M. e¥ah dieta suplementar com
curcumin reverteu 0 aumento nos niveis de atividade enzimatica e de RNA mensageiro
da fosfatase acida resistente ao tartarato (TRAP) e catepsina K a niveis similares aos
dos animais-controle ndo-diabéticos. A analise histogquimica mostrou que 0 aumento nas
células TRAP-positivas no fémur distal de ratos diabéticos foi reduzido ao nivel
controle pela suplementagéo dietética com curcumin, entretanto, os niveis de calcio e
atividade da fosfatase alcalina ndo foram diferentes entre o grupo diabético tratado ou
ndo com curcumin. Além disso, ndo houve diferenca entre os niveis de mRNA de

RANKL nas amostras do fémur distal entre os grupos de animais controle, diabéticos e



diabéticos tratados com curcumifi Estes resultados estdo de acordo com nossas
observacdes in vivo, e sugerem um efeito direto do curcumin na osteoclastogénese,
atuando diretamente em células precursoras de osteoclastos, porém de forma
independente da expressdo de RANKL por linfécitos T e células do estroma
(fibroblastos e osteoblastos).

De fato, a auséncia de modulacdo da expressdo de RANKL pode representar
uma possivel explicacdo para auséncia do efeito protetor do curcumin sobre a
reabsorcédo 0ssea apesar de seu potente efeito anti-inflamatério. De acordo com nossos
resultados, o tratamento com curcumin ndo reduziu expressao de RANKL quando
comparado aos animais néo tratados. E importante destacar que ndo encontramos na
literatura estudos in vivo relatando a modulagéo da expressdo de RANKL por curcumin,
assim de forma especulativa propomos duas hipéteses para a auséncia de efeito do
curcumin na reabsor¢cdo 0ssea in vivo: 1) a complexidade da resposta imune associada
as doencgas periodontais, com o estabelecimento de uma rede de citocinas que podem
incluir mediadores ndo modulados pelo curcumin e capazes de induzir a expressao de
RANKL e 2) a auséncia de efeito do curcumin na expressao génica de RANKL em
alguns tipos celulares especificos (por ex., linfécitos T, fibroblastos ou osteoblastos).
Também ¢é possivel a associacdo destas possibilidades. Estudos complementares
deverdo avaliar os efeitos do curcumin na expressao génica e ativagdo do promotor de
RANKL induzida por ligantes de receptores do tipo Toll e por citocinas inflamatorias.

Alguns estudos clinicos avaliando a expressdao de RANKL nos tecidos gengivais
e no fluido gengival crevicular de individuos com periodontite, relatam aumento na
expressdo de RANKL em individuos com periodontite crébnica comparados com
individuos saudavei§® '** Dessa forma, considerando a relacdo entre a doenca

periodontal e a presenca de niveis elevados de RANKL e seu papel na inducdo da



osteoclastogénese, a auséncia de modulacdo da expressdo de RANKL nos animais
tratados com curcumin pode explicar o fato da reabsorcdo 6ssea ndo ter sido
estatisticamente diferente entre os grupos periodontalmente doentes, tratados ou nao
com curcumin.

De maneira geral, embora os questionamentos propostos neste trabalho tenham
sido esclarecidos, um melhor entendimento sobre os mecanismos pelos quais o
curcumin realiza seus efeitos anti-inflamatorios durante o desenvolvimento da doenga
periodontal se faz necessario. Avaliacao sistémica da expressao génica dos mediadores
pro-inflamatorios avaliados, e até mesmo a caracterizacao do perfil de resposta Thl ou
Th2 na presenca ou auséncia de tratamento com curcumin, poderia nos dar uma resposta
mais abrangente sobre o efeito do curcumin diante do processo de inflamagé&o cronica.
Da mesma forma, a realizacdo de experimentos que explorem os mecanismos pelos
guais o curcumin foi capaz de reduzir de maneira tdo surpreendente 0 processo
inflamatdrio observado histologicamente, analisando, por exemplo, seu efeito sobre a
quimiotaxia e migracao de células inflamatérias, tais como os neutrdfilos, poderia nos
fornecer informagdes interessantes e esclarecedoras.
Ainda com relagdo ao efeito do curcumin sobre o tecido conjuntivo, observamos a
necessidade da realizacdo de experimentos que avaliem o processo de proliferacédo e
producdo de fibras colagenas pelos fibroblastos gengivais, de maneira a entender
melhor o aumento da presenca de fibras colagenas induzido nos animais tratados com
curcumin, observado tanto neste estudo como em outros modelos de doenca crdnica.
Avaliacdo dos niveis de expressdo das metaloproteinases da matriz e seu estado de
ativacdo também pode ajudar a elucidar o mecanismo pelo qual curcumin foi capaz de

inibir a degradagao da matriz extracelular ndo-mineralizada.



Andlise dos efeitos do curcumin administrados por vias diferentes da utilizada,
seja como suplemento alimentar ou aplicado topicamente sobre os tecidos gengivais,
também sdo propostas que podem fazer parte de estudos futuros, assim como o
delineamento de periodos experimentais mais longos que possam talvez, mostrar algum
efeito preventivo do curcumin sobre a reabsor¢cdo 0ssea, o que nao foi observado no
periodo de 15 dias utilizado em nosso trabalho. Também como proposta para trabalhos
futuros, os efeitos do curcumin podem ser investigados com a administracdo do
fitoterapico apés remocao do estimulo patolégico, obtendo desta forma informagfes a
respeito dos seus possiveis efeitos no processo de reparacéo tecidual.

Frente as limitagcbes do nosso trabalho podemos sugerir que o curcumin
apresenta algum potencial no tratamento de doencas cronicas como a doenca
periodontal, entretanto, diante dos resultados promissores encontrados, o delineamento
de experimentos que possam obter o melhor entendimento dos mecanismos inerentes a

estes efeitos bioldgicos observados torna-se ndo apenas interessante como necessario.



CONCLUSAQ



Conclusao:

Curcumin tem potencial terapéutico no tratamento de doencas crénicas associadas com
a sinalizacdo imune inata, como a doenca periodontal e infec¢des do trato intestinal. Na
doenca periodontal, beneficios como a reducdo no numero de células inflamatorias e
aumento de fibras colagenas podem ser obtidos com administracdo do curcumin. A
inibicdo do fator de transcricdo NdB e a modulacdo de genes proé-inflamatérios pelo
curcumin, observados tanto no estudo in vitro quanto in vivo, podem ser 0s principais
fatores responsaveis por estes efeitos anti-inflamatorios.

Por outro lado, curcumin ndo teve um efeito preventivo sobre a reabsorcdo éssea
induzida. A auséncia de modulacdo de RANKL pelo curcumin, e/ou de outros
mediadores que possam induzir a expressao de RANKL, pode ser uma explicacédo para
este fato.

Estudos avaliando seu efeito sobre a reabsorcdo 0ssea em periodos experimentais mais
longos ou usando formas de administracdo e dosagens diferentes das utilizadas neste

estudo podem trazer resultados diferentes destes encontrados.



Referéncias

1. Clinical development plan: curcumin. J Cell Biochem Suppl. 1996;26:72-
85.

2. Aggarwal BB, Harikumar KB. Potential therapeutic effects of curcumin,
the anti-inflammatory agent, against neurodegenerative, cardiovascular,
pulmonary, metabolic, autoimmune and neoplastic diseases. Int J Biochem Cell
Biol. 2009;41:40-59.

3. Aggarwal BB, Kumar A, Bharti AC. Anticancer potential of curcumin:
preclinical and clinical studies. Anticancer Res. 2003;23:363-98.

4. Aggarwal S, Ichikawa H, Takada Y, Sandur SK, Shishodia S, Aggarwal
BB. Curcumin (diferuloylmethane) down-regulates expression of cell
proliferation and antiapoptotic and metastatic gene products through
suppression of lkappaBalpha kinase and Akt activation. Mol Pharmacol.
2006;69:195-206.

5. Ambili R, Santhi WS, Janam P, Nandakumar K, Pillai MR. Expression of
activated transcription factor nuclear factor-kappaB in periodontally diseased
tissues. J Periodontol. 2005;76:1148-53.

6. Anand P, Kunnumakkara AB, Newman RA, Aggarwal BB. Bioavailability
of curcumin: problems and promises. Mol Pharm. 2007;4:807-18.

7. Anto RJ, Mukhopadhyay A, Denning K, Aggarwal BB. Curcumin
(diferuloylmethane) induces apoptosis through activation of caspase-8, BID
cleavage and cytochrome c release: its suppression by ectopic expression of
Bcl-2 and Bcl-xl. Carcinogenesis. 2002;23:143-50.

8. Arias OR, Marquez-Orozco MC. Aspirin, acetaminophen, and ibuprofen:
their effects on orthodontic tooth movement. Am J Orthod Dentofacial Orthop.
2006 ;130:364-70.

9. Ayli EE, Dugas-Breit S, Li W, Marshall C, Zhao L, Meulener M, et al.
Curcuminoids activate p38 MAP kinases and promote UVB-dependent
signalling in keratinocytes. Exp Dermatol.19:493-500.

10. Azuine MA, Bhide SV. Chemopreventive effect of turmeric against
stomach and skin tumors induced by chemical carcinogens in Swiss mice. Nutr
Cancer. 1992;17:77-83.

11. Banerjee M, Tripathi LM, Srivastava VM, Puri A, Shukla R. Modulation of
inflammatory mediators by ibuprofen and curcumin treatment during chronic
inflammation in rat. Immunopharmacol Immunotoxicol. 2003;25:213-24.

12. Bascones A, Noronha S, Gomez M, Mota P, Gonzalez Moles MA,
Villarroel Dorrego M. Tissue destruction in periodontitis: bacteria or cytokines
fault? Quintessence Int. 2005;36:299-306.



13. Beutler B. Innate immune sensing of microbial infection: the mechanism
and the therapeutic challenge. Wien Med Wochenschr. 2002;152(21-22):547-
51.

14. Bharti AC, Takada Y, Aggarwal BB. Curcumin (diferuloylmethane)
inhibits receptor activator of NF-kappa B ligand-induced NF-kappa B activation
in osteoclast precursors and suppresses osteoclastogenesis. J Immunol. 2004
15;172):5940-7.

15. Bhaumik S, Anjum R, Rangaraj N, Pardhasaradhi BV, Khar A. Curcumin
mediated apoptosis in AK-5 tumor cells involves the production of reactive
oxygen intermediates. FEBS Lett. 1999;456:311-4.

16. Birkedal-Hansen H. Role of matrix metalloproteinases in human
periodontal diseases. J Periodontol. 1993;64(5 Suppl):474-84.

17.  Birrell MA, McCluskie K, Wong S, Donnelly LE, Barnes PJ, Belvisi MG.
Resveratrol, an extract of red wine, inhibits lipopolysaccharide induced airway
neutrophilia and inflammatory mediators through an NF-kappaB-independent
mechanism. Faseb J. 2005;19:840-1.

18. Bisht S, Feldmann G, Soni S, Ravi R, Karikar C, Maitra A, et al.
Polymeric nanoparticle-encapsulated curcumin ("nanocurcumin”): a novel
strategy for human cancer therapy. J Nanobiotechnology. 2007;5:3.

19. Bohnstedt S, Cullinan MP, Ford PJ, Palmer JE, Leishman SJ,
Westerman B, et al. High Antibody Levels to P.gingivalis in Cardiovascular
Disease. J Dent Res.

20. Bremner P, Heinrich M. Natural products as targeted modulators of the
nuclear factor-kappaB pathway. J Pharm Pharmacol. 2002;54:453-72.

21. Broom 0OJ, Widjaya B, Troelsen J, Olsen J, Nielsen OH. Mitogen
activated protein kinases: a role in inflammatory bowel disease? Clin Exp
Immunol. 2009;158:272-80.

22.  Brouet I, Ohshima H. Curcumin, an anti-tumour promoter and anti-
inflammatory agent, inhibits induction of nitric oxide synthase in activated
macrophages. Biochem Biophys Res Commun. 1995;206:533-40.

23. Bulut S, Uslu H, Ozdemir BH, Bulut OE. Expression of caspase-3, p53
and Bcl-2 in generalized aggressive periodontitis. Head Face Med. 2006;2:17.

24. Camacho-Barquero L, Villegas |, Sanchez-Calvo JM, Talero E, Sanchez-
Fidalgo S, Motilva V, et al. Curcumin, a Curcuma longa constituent, acts on
MAPK p38 pathway modulating COX-2 and iNOS expression in chronic
experimental colitis. Int Immunopharmacol. 2007;7:333-42.



25. Chen D, Nie M, Fan MW, Bian Z. Anti-inflammatory activity of curcumin
in macrophages stimulated by lipopolysaccharides from Porphyromonas
gingivalis. Pharmacology. 2008;82:264-9.

26. Chen HW, Huang HC. Effect of curcumin on cell cycle progression and
apoptosis in vascular smooth muscle cells. Br J Pharmacol. 1998;124:1029-40.

27. Cheng AL, Hsu CH, Lin JK, Hsu MM, Ho YF, Shen TS, et al. Phase |
clinical trial of curcumin, a chemopreventive agent, in patients with high-risk or
pre-malignant lesions. Anticancer Res. 2001;21:2895-900.

28. Cho JW, Lee KS, Kim CW. Curcumin attenuates the expression of IL-
lbeta, IL-6, and TNF-alpha as well as cyclin E in TNF-alpha-treated HaCaT
cells; NF-kappaB and MAPKs as potential upstream targets. Int J Mol Med.
2007;19:469-74.

29. Choudhuri T, Pal S, Agwarwal ML, Das T, Sa G. Curcumin induces
apoptosis in human breast cancer cells through p53-dependent Bax induction.
FEBS Lett. 2002 ;512:334-40.

30. Comalada M, Ballester I, Bailon E, Sierra S, Xaus J, Galvez J, et al.
Inhibition of pro-inflammatory markers in primary bone marrow-derived mouse
macrophages by naturally occurring flavonoids: analysis of the structure-activity
relationship. Biochem Pharmacol. 2006;72:1010-21.

31. Conney AH, Lou YR, Xie JG, Osawa T, Newmark HL, Liu Y, et al. Some
perspectives on dietary inhibition of carcinogenesis: studies with curcumin and
tea. Proc Soc Exp Biol Med. 1997 ;216:234-45.

32. Cook R, Wu CC, Kang YJ, Han J. The role of the p38 pathway in
adaptive immunity. Cell Mol Immunol. 2007;4:253-9.

33. de Aquino SG, Guimaraes MR, Stach-Machado DR, da Silva JA,
Spolidorio LC, Rossa C, Jr. Differential regulation of MMP-13 expression in two
models of experimentally induced periodontal disease in rats. Arch Oral Biol.
2009;54:609-17.

34. Dean JL, Brook M, Clark AR, Saklatvala J. p38 mitogen-activated protein
kinase regulates cyclooxygenase-2 mRNA stability and transcription in
lipopolysaccharide-treated human monocytes. J Biol Chem. 1999;274:264-9.

35. Deodhar SD, Sethi R, Srimal RC. Preliminary study on antirheumatic
activity of curcumin (diferuloyl methane). Indian J Med Res. 1980 ;71:632-4.

36. DiDonato JA, Hayakawa M, Rothwarf DM, Zandi E, Karin M. A cytokine-
responsive IkappaB kinase that activates the transcription factor NF-kappaB.
Nature. 1997;388(6642):548-54.

37. Dorai T, Gehani N, Katz A. Therapeutic potential of curcumin in human
prostate cancer-1. curcumin induces apoptosis in both androgen-dependent and



androgen-independent prostate cancer cells. Prostate Cancer Prostatic Dis.
2000;3:84-93.

38. Durgaprasad S, Pai CG, Vasanthkumar, Alvres JF, Namitha S. A pilot
study of the antioxidant effect of curcumin in tropical pancreatitis. Indian J Med
Res. 2005;122:315-8.

39. Eley BM, Cox SW. Advances in periodontal diagnosis. 10. Potential
markers of bone resorption. Br Dent J. 1998;184:489-92.

40. Epstein J, Sanderson IR, Macdonald TT. Curcumin as a therapeutic
agent:. the evidence from in vitro, animal and human studies. Br J Nutr.
103:1545-57.

41. Fracon RN, Teofilo JM, Satin RB, Lamano T. Prostaglandins and bone:
potential risks and benefits related to the use of nonsteroidal anti-inflammatory
drugs in clinical dentistry. J Oral Sci. 2008;50:247-52.

42.  French DL, Muir JM, Webber CE. The ovariectomized, mature rat model
of postmenopausal osteoporosis: an assessment of the bone sparing effects of
curcumin. Phytomedicine. 2008;15:1069-78.

43. FuY, Zheng S, Lin J, Ryerse J, Chen A. Curcumin protects the rat liver
from CCl4-caused injury and fibrogenesis by attenuating oxidative stress and
suppressing inflammation. Mol Pharmacol. 2008;73:399-409.

44. Gamonal J, Bascones A, Acevedo A, Blanco E, Silva A. Apoptosis in
chronic adult periodontitis analyzed by in situ DNA breaks, electron microscopy,
and immunohistochemistry. J Periodontol. 2001;72:517-25.

45. Garcia de Aquino S, Manzolli Leite FR, Stach-Machado DR, Francisco
da Silva JA, Spolidorio LC, Rossa C, Jr. Signaling pathways associated with the
expression of inflammatory mediators activated during the course of two models
of experimental periodontitis. Life Sci. 2009;84(21-22):745-54.

46. Goel A, Kunnumakkara AB, Aggarwal BB. Curcumin as "Curecumin®:
from kitchen to clinic. Biochem Pharmacol. 2008;75:787-809.

47.  Gradisar H, Keber MM, Pristovsek P, Jerala R. MD-2 as the target of
curcumin in the inhibition of response to LPS. J Leukoc Biol. 2007;82:968-74.

48.  Guillot JL, Pollock SM, Johnson RB. Gingival interleukin-6 concentration
following phase | therapy. J Periodontol. 1995;66:667-72.

49. Gukovsky I, Reyes CN, Vaquero EC, Gukovskaya AS, Pandol SJ.
Curcumin ameliorates ethanol and nonethanol experimental pancreatitis. Am J
Physiol Gastrointest Liver Physiol. 2003 ;284:G85-95.



50. Harder AT, An YH. The mechanisms of the inhibitory effects of
nonsteroidal anti-inflammatory drugs on bone healing: a concise review. J Clin
Pharmacol. 2003 ;43:807-15.

51. Herman S, Kronke G, Schett G. Molecular mechanisms of inflammatory
bone damage: emerging targets for therapy. Trends Mol Med. 2008 ;14:245-53.

52. Hie M, Yamazaki M, Tsukamoto I. Curcumin suppresses increased bone
resorption by inhibiting osteoclastogenesis in rats with streptozotocin-induced
diabetes. Eur J Pharmacol. 2009;621(1-3):1-9.

53. Holt PR, Katz S, Kirshoff R. Curcumin therapy in inflammatory bowel
disease: a pilot study. Dig Dis Sci. 2005 ;50:2191-3.

54. Holy JM. Curcumin disrupts mitotic spindle structure and induces
micronucleation in MCF-7 breast cancer cells. Mutat Res. 2002;518:71-84.

55. Holzhausen M, Spolidorio DM, Muscara MN, Hebling J, Spolidorio LC.
Protective effects of etoricoxib, a selective inhibitor of cyclooxygenase-2, in
experimental periodontitis in rats. J Periodontal Res. 2005 ;40:208-11.

56. Hu M, Du Q, Vancurova |, Lin X, Miller EJ, Simms HH, et al. Proapoptotic
effect of curcumin on human neutrophils: activation of the p38 mitogen-
activated protein kinase pathway. Crit Care Med. 2005 ;33(11):2571-8.

57. Huang MT, Lou YR, Ma W, Newmark HL, Reuhl KR, Conney AH.
Inhibitory effects of dietary curcumin on forestomach, duodenal, and colon
carcinogenesis in mice. Cancer Res. 1994 ;54(22):5841-7.

58. Huang MT, Lou YR, Xie JG, Ma W, Lu YP, Yen P, et al. Effect of dietary
curcumin and dibenzoylmethane on formation of 7,12-
dimethylbenz[a]Janthracene-induced mammary tumors and
lymphomas/leukemias in Sencar mice. Carcinogenesis. 1998 ;19(9):1697-700.

59. Huang MT, Newmark HL, Frenkel K. Inhibitory effects of curcumin on
tumorigenesis in mice. J Cell Biochem Suppl. 1997;27:26-34.

60. Huang MT, Smart RC, Wong CQ, Conney AH. Inhibitory effect of
curcumin, chlorogenic acid, caffeic acid, and ferulic acid on tumor promotion in
mouse skin by 12-O-tetradecanoylphorbol-13-acetate. Cancer Res.
1988;48(21):5941-6.

61. Ishimi Y, Miyaura C, Jin CH, Akatsu T, Abe E, Nakamura Y, et al. IL-6 is
produced by osteoblasts and induces bone resorption. J Immunol. 1990
;145(10):3297-303.

62. Jacob A, Wu R, Zhou M, Wang P. Mechanism of the Anti-inflammatory
Effect of Curcumin: PPAR-gamma Activation. PPAR Res. 2007;2007:89369.



63. Jagetia GC, Aggarwal BB. "Spicing up" of the immune system by
curcumin. J Clin Immunol. 2007 ;27:19-35.

64. Jobin C, Bradham CA, Russo MP, Juma B, Narula AS, Brenner DA, et al.
Curcumin blocks cytokine-mediated NF-kappa B activation and proinflammatory
gene expression by inhibiting inhibitory factor I-kappa B kinase activity. J
Immunol. 1999;163:3474-83.

65. Joe B, Rao UJ, Lokesh BR. Presence of an acidic glycoprotein in the
serum of arthritic rats: modulation by capsaicin and curcumin. Mol Cell
Biochem. 1997 ;169(1-2):125-34.

66. Jotwani R, Cutler CW. Adult periodontitis--specific bacterial infection or
chronic inflammation? J Med Microbiol. 1998 ;47:187-8.

67. Jotwani R, Moonga BS, Gupta S, Cutler CW. Nuclear factor-kappaB p50
subunits in  chronic  periodontitis and  Porphyromonas  gingivalis
lipopolysaccharide-pulsed dendritic cells. Ann N Y Acad Sci. ;1192(1):278-85.

68. Kawai T, Matsuyama T, Hosokawa Y, Makihira S, Seki M, Karimbux NY,
et al. B and T lymphocytes are the primary sources of RANKL in the bone
resorptive lesion of periodontal disease. Am J Pathol. 2006;169:987-98.

69. Khar A, Ali AM, Pardhasaradhi BV, Begum Z, Anjum R. Antitumor activity
of curcumin is mediated through the induction of apoptosis in AK-5 tumor cells.
FEBS Lett. 1999;445:165-8.

70. Kim MS, Kang HJ, Moon A. Inhibition of invasion and induction of
apoptosis by curcumin in H-ras-transformed MCF10A human breast epithelial
cells. Arch Pharm Res. 2001 ;24:349-54.

71. Kim YS, Ahn Y, Hong MH, Joo SY, Kim KH, Sohn IS, et al. Curcumin
attenuates inflammatory responses of TNF-alpha-stimulated human endothelial
cells. J Cardiovasc Pharmacol. 2007 ;50:41-9.

72.  Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV. Novel host response
therapeutic approaches to treat periodontal diseases. Periodontol 2000.
2007;43:294-315.

73.  Kirkwood KL, Li F, Rogers JE, Otremba J, Coatney DD, Kreider JM, et al.
A p38alpha selective mitogen-activated protein kinase inhibitor prevents
periodontal bone loss. J Pharmacol Exp Ther. 2007 ;320:56-63.

74. Kirkwood KL, Rossa C, Jr. The potential of p38 MAPK inhibitors to
modulate periodontal infections. Curr Drug Metab. 2009 ;10:55-67.

75. Kumar S, Votta BJ, Rieman DJ, Badger AM, Gowen M, Lee JC. IL-1- and
TNF-induced bone resorption is mediated by p38 mitogen activated protein
kinase. J Cell Physiol. 2001 ;187:294-303.



76. Kuttan R, Sudheeran PC, Josph CD. Turmeric and curcumin as topical
agents in cancer therapy. Tumori. 1987 ;73:29-31.

77. Lao CD, Ruffin MTt, Normolle D, Heath DD, Murray S, Bailey JM, et al.
Dose escalation of a curcuminoid formulation. BMC Complement Altern Med.
2006;6:10.

78. Li L, Braiteh FS, Kurzrock R. Liposome-encapsulated curcumin: in vitro
and in vivo effects on proliferation, apoptosis, signaling, and angiogenesis.
Cancer. 2005 ;104:1322-31.

79. Listgarten MA. Pathogenesis of periodontitis. J Clin Periodontol. 1986
;13:418-30.

80. Liu R, Bal HS, Desta T, Krothapalli N, Alyassi M, Luan Q, et al. Diabetes
enhances periodontal bone loss through enhanced resorption and diminished
bone formation. J Dent Res. 2006 ;85:510-4.

81. LoTempio MM, Veena MS, Steele HL, Ramamurthy B, Ramalingam TS,
Cohen AN, et al. Curcumin suppresses growth of head and neck squamous cell
carcinoma. Clin Cancer Res. 2005 ;11(19 Pt 1):6994-7002.

82. Lubbad A, Oriowo MA, Khan I. Curcumin attenuates inflammation
through inhibition of TLR-4 receptor in experimental colitis. Mol Cell Biochem.
2009 ;322(1-2):127-35.

83. Maheshwari RK, Singh AK, Gaddipati J, Srimal RC. Multiple biological
activities of curcumin: a short review. Life Sci. 2006;78(18):2081-7.

84. Matsuguchi T, Musikacharoen T, Ogawa T, Yoshikai Y. Gene
expressions of Toll-like receptor 2, but not Toll-like receptor 4, is induced by
LPS and inflammatory cytokines in mouse macrophages. J Immunol. 2000
;165(10):5767-72.

85. Mbalaviele G, Anderson G, Jones A, De Ciechi P, Settle S, Mnich S, et
al. Inhibition of p38 mitogen-activated protein kinase prevents inflammatory
bone destruction. J Pharmacol Exp Ther. 2006 ;317:1044-53.

86. Mercurio F, Zhu H, Murray BW, Shevchenko A, Bennett BL, Li J, et al.
IKK-1 and IKK-2: cytokine-activated IkappaB kinases essential for NF-kappaB
activation. Science. 1997;278(5339):860-6.

87. Miwa H, Go MF, Sato N. H. pylori and gastric cancer: the Asian enigma.
Am J Gastroenterol. 2002;97:1106-12.

88.  Miyauchi M, Hiraoka M, Oka H, Sato S, Kudo Y, Ogawa I, et al. Imnmuno-
localization of COX-1 and COX-2 in the rat molar periodontal tissue after topical
application of lipopolysaccharide. Arch Oral Biol. 2004 ;49(9):739-46.



89. Mukhopadhyay A, Bueso-Ramos C, Chatterjee D, Pantazis P, Aggarwal
BB. Curcumin downregulates cell survival mechanisms in human prostate
cancer cell lines. Oncogene. 2001;20(52):7597-609.

90. Nesse W, Dijkstra PU, Abbas F, Spijkervet FK, Stijger A, Tromp JA, et al.
Increased Prevalence of Cardiovascular and Auto-lImmune Diseases in
Periodontitis Patients: A Cross-Sectional Study. J Periodontol.

91. Nichols FC, Levinbook H, Shnaydman M, Goldschmidt J. Prostaglandin
E2 secretion from gingival fibroblasts treated with interleukin-1beta: effects of
lipid extracts from Porphyromonas gingivalis or calculus. J Periodontal Res.
2001 ;36:142-52.

92. Nishida M, Nishiumi S, Mizushina Y, Fujishima Y, Yamamoto K, Masuda
A, et al. Monoacetylcurcumin strongly regulates inflammatory responses
through inhibition of NF-kappaB activation. Int J Mol Med. ;25:761-7.

93. Noguchi K, Ishikawa I. The roles of cyclooxygenase-2 and prostaglandin
E2 in periodontal disease. Periodontol 2000. 2007;43:85-101.

94. Odze RD, Marcial MA, Antonioli D. Gastric fundic gland polyps: a
morphological study including mucin histochemistry, stereometry, and MIB-1
immunohistochemistry. Hum Pathol. 1996;27(9):896-903.

95. Offenbacher S, Heasman PA, Collins JG. Modulation of host PGE2
secretion as a determinant of periodontal disease expression. J Periodontol.
1993 ;64(5 Suppl):432-44.

96. Okada Y, Nagase H, Harris ED, Jr. Matrix metalloproteinases 1, 2, and 3
from rheumatoid synovial cells are sufficient to destroy joints. J Rheumatol.
1987 ;14 Spec No:41-2.

97. Onodera S, Kaneda K, Mizue Y, Koyama Y, Fujinaga M, Nishihira J.
Macrophage migration inhibitory factor up-regulates expression of matrix
metalloproteinases in synovial fibroblasts of rheumatoid arthritis. J Biol Chem.
2000 7;275:444-50.

98. Ozaki K, Kawata Y, Amano S, Hanazawa S. Stimulatory effect of
curcumin on osteoclast apoptosis. Biochem Pharmacol. 2000 ;59(12):1577-81.

99. Pari L, Murugan P. Antihyperlipidemic effect of curcumin and
tetrahydrocurcumin in experimental type 2 diabetic rats. Ren Fail. 2007;29:881-
9.

100. Park C, Moon DO, Choi IW, Choi BT, Nam TJ, Rhu CH, et al. Curcumin
induces apoptosis and inhibits prostaglandin E(2) production in synovial
fibroblasts of patients with rheumatoid arthritis. Int 3 Mol Med. 2007;20:365-72.

101. Pereira MA, Grubbs CJ, Barnes LH, Li H, Olson GR, Eto I, et al. Effects
of the phytochemicals, curcumin and quercetin, upon azoxymethane-induced



colon cancer and 7,12-dimethylbenz[aJanthracene-induced mammary cancer in
rats. Carcinogenesis. 1996;17:1305-11.

102. Pfeilschifter J, Chenu C, Bird A, Mundy GR, Roodman GD. Interleukin-1
and tumor necrosis factor stimulate the formation of human osteoclastlike cells
in vitro. J Bone Miner Res. 1989:;4:113-8.

103. Qureshi S, Shah AH, Ageel AM. Toxicity studies on Alpinia galanga and
Curcuma longa. Planta Med. 1992;58:124-7.

104. Radi ZA, Khan NK. Effects of cyclooxygenase inhibition on bone, tendon,
and ligament healing. Inflamm Res. 2005 ;54(9):358-66.

105. Raisz LG. Potential impact of selective cyclooxygenase-2 inhibitors on
bone metabolism in health and disease. Am J Med. 2001 ;110 Suppl 3A:43S-
5S.

106. Rao CV, Rivenson A, Simi B, Reddy BS. Chemoprevention of colon
carcinogenesis by dietary curcumin, a naturally occurring plant phenolic
compound. Cancer Res. 1995;55(2):259-66.

107. Rao DS, Sekhara NC, Satyanarayana MN, Srinivasan M. Effect of
curcumin on serum and liver cholesterol levels in the rat. J Nutr. 1970
Nov;100(11):1307-15.

108. Rethman MP. Inflammation in chronic periodontitis and significant
systemic diseases. J Calif Dent Assoc. ;38(4):247-57.

109. Reuter S, Eifes S, Dicato M, Aggarwal BB, Diederich M. Modulation of
anti-apoptotic and survival pathways by curcumin as a strategy to induce
apoptosis in cancer cells. Biochem Pharmacol. 2008 ;76(11):1340-51.

110. Ridley SH, Sarsfield SJ, Lee JC, Bigg HF, Cawston TE, Taylor DJ, et al.
Actions of IL-1 are selectively controlled by p38 mitogen-activated protein
kinase: regulation of prostaglandin H synthase-2, metalloproteinases, and IL-6
at different levels. J Immunol. 1997;158:3165-73.

111. Ringman JM, Frautschy SA, Cole GM, Masterman DL, Cummings JL. A
potential role of the curry spice curcumin in Alzheimer's disease. Curr Alzheimer
Res. 2005;2:131-6.

112. Salh B, Assi K, Templeman V, Parhar K, Owen D, Gomez-Munoz A, et
al. Curcumin attenuates DNB-induced murine colitis. Am J Physiol Gastrointest
Liver Physiol. 2003 ;285:G235-43.

113. Shakibaei M, John T, Schulze-Tanzil G, Lehmann |, Mobasheri A.
Suppression of NF-kappaB activation by curcumin leads to inhibition of
expression of cyclo-oxygenase-2 and matrix metalloproteinase-9 in human
articular chondrocytes: Implications for the treatment of osteoarthritis. Biochem
Pharmacol. 2007 ;73(9):1434-45.



114. Shankar TN, Shantha NV, Ramesh HP, Murthy IA, Murthy VS. Toxicity
studies on turmeric (Curcuma longa): acute toxicity studies in rats, guineapigs &
monkeys. Indian J Exp Biol. 1980 ;18:73-5.

115. Sharma RA, Euden SA, Platton SL, Cooke DN, Shafayat A, Hewitt HR,
et al. Phase | clinical trial of oral curcumin: biomarkers of systemic activity and
compliance. Clin Cancer Res. 2004;10(20):6847-54.

116. Sharma RA, McLelland HR, Hill KA, Ireson CR, Euden SA, Manson MM,
et al. Pharmacodynamic and pharmacokinetic study of oral Curcuma extract in
patients with colorectal cancer. Clin Cancer Res. 2001;7:1894-900.

117. Shishodia S, Amin HM, Lai R, Aggarwal BB. Curcumin
(diferuloylmethane) inhibits constitutive NF-kappaB activation, induces G1/S
arrest, suppresses proliferation, and induces apoptosis in mantle cell
lymphoma. Biochem Pharmacol. 2005;70:700-13.

118. Shoba G, Joy D, Joseph T, Majeed M, Rajendran R, Srinivas PS.
Influence of piperine on the pharmacokinetics of curcumin in animals and
human volunteers. Planta Med. 1998 ;64:353-6.

119. Sidhu GS, Mani H, Gaddipati JP, Singh AK, Seth P, Banaudha KK, et al.
Curcumin enhances wound healing in streptozotocin induced diabetic rats and
genetically diabetic mice. Wound Repair Regen. 1999;7:362-74.

120. Singh S, Aggarwal BB. Activation of transcription factor NF-kappa B is
suppressed by curcumin (diferuloylmethane) [corrected]. J Biol Chem. 1995
;270:24995-5000.

121. Soni KB, Kuttan R. Effect of oral curcumin administration on serum
peroxides and cholesterol levels in human volunteers. Indian J Physiol
Pharmacol. 1992 ;36:273-5.

122. Srinivasan M. Effect of curcumin on blood sugar as seen in a diabetic
subject. Indian J Med Sci. 1972 ;26:269-70.

123. Suda T, Udagawa N, Nakamura I, Miyaura C, Takahashi N. Modulation
of osteoclast differentiation by local factors. Bone. 1995 ;17(2 Suppl):87S-91S.

124. Surh YJ, Chun KS, Cha HH, Han SS, Keum YS, Park KK, et al.
Molecular mechanisms underlying chemopreventive activities of anti-
inflammatory phytochemicals: down-regulation of COX-2 and iINOS through
suppression of NF-kappa B activation. Mutat Res. 2001;480-481:243-68.

125. Swarnakar S, Ganguly K, Kundu P, Banerjee A, Maity P, Sharma AV.
Curcumin regulates expression and activity of matrix metalloproteinases 9 and
2 during prevention and healing of indomethacin-induced gastric ulcer. J Biol
Chem. 2005;280(10):9409-15.



126. Takashiba S, Naruishi K, Murayama Y. Perspective of cytokine
regulation for periodontal treatment: fibroblast biology. J Periodontol. 2003
;74:103-10.

127. Takigawa M, Takashiba S, Myokai F, Takahashi K, Arai H, Kurihara H, et
al. Cytokine-dependent synergistic regulation of interleukin-8 production from
human gingival fibroblasts. J Periodontol. 1994;65(11):1002-7.

128. Tanaka T, Makita H, Ohnishi M, Hirose Y, Wang A, Mori H, et al.
Chemoprevention of 4-nitroquinoline 1-oxide-induced oral carcinogenesis by
dietary curcumin and hesperidin: comparison with the protective effect of beta-
carotene. Cancer Res. 1994;54(17):4653-9.

129. Tonnesen HH, Karlsen J. Studies on curcumin and curcuminoids. VI.
Kinetics of curcumin degradation in aqueous solution. Z Lebensm Unters
Forsch. 1985;180:402-4.

130. Ukil A, Maity S, Karmakar S, Datta N, Vedasiromoni JR, Das PK.
Curcumin, the major component of food flavour turmeric, reduces mucosal
injury in trinitrobenzene sulphonic acid-induced colitis. Br J Pharmacol.
2003;139:209-18.

131. Underwood DC, Osborn RR, Bochnowicz S, Webb EF, Rieman DJ, Lee
JC, et al. SB 239063, a p38 MAPK inhibitor, reduces neutrophilia, inflammatory
cytokines, MMP-9, and fibrosis in lung. Am J Physiol Lung Cell Mol Physiol.
2000;279:L895-902.

132. von Metzler I, Krebbel H, Kuckelkorn U, Heider U, Jakob C, Kaiser M, et
al. Curcumin diminishes human osteoclastogenesis by inhibition of the
signalosome-associated | kappaB kinase. J Cancer Res Clin Oncol.
2009;135:173-9.

133. Wabhlstrom B, Blennow G. A study on the fate of curcumin in the rat. Acta
Pharmacol Toxicol (Copenh). 1978;43:86-92.

134. Wara-aswapati N, Surarit R, Chayasadom A, Boch JA, Pitiphat W.
RANKL upregulation associated with periodontitis and Porphyromonas
gingivalis. J Periodontol. 2007 ;78:1062-9.

135. Yadav VS, Mishra KP, Singh DP, Mehrotra S, Singh VK.
Immunomodulatory effects of curcumin. Immunopharmacol Immunotoxicol.
2005;27:485-97.

136. Youn HS, Saitoh SI, Miyake K, Hwang DH. Inhibition of
homodimerization of Toll-like receptor 4 by curcumin. Biochem Pharmacol.
2006 28;72:62-9.



ANEXO



Outros Resultados

Curcumin inibe a expressao de Bcl-2 em ambos o0s modelos

experimentais de doenca periodontal

Considerando os efeitos pré-apoptoéticos do curcumin relatados na literatura, avaliamos
seu efeito sobre a expressdo protéica de Bcl-2 nos tecidos gengivais saudaveis e
periodontalmente doentes, dos animais tratados com curcumin ou veiculo nos dois
modelos de inducédo da doenca através da técnica de Western-blot (Figura 2). A inducao
de doenca periodontal provocou nao alterou significativamente a expressao de Bcl-2,
indicando que a inflamacéo associada nao foi a apoptose celular pela via metabdlica.
Curcumin reduziu a expresséo de Bcl-2 nos tecidos gengivais em ambos os modelos
experimentais, sugerindo que a administracdo de curcumin pode ter induzido apoptose.
E importante destacar que estes resultados representam os niveis de Bcl-2 no extrato de
proteinas totais obtido dos tecidos gengivais, incluindo todos os tipos celulares
presentes, em especial células inflamatoérias (neutréfilos, linfocitos B e T e macréfagos),
bem como células residentes (fibroblastos, células endoteliais, células epiteliais), ndo
sendo possivel avaliar se a modulacdo da expressédo de Bcl-2 e inducdo de apoptose
ocorreu em alguns destes tipos celulares preferencialmente. Além disso, avaliamos a
expressdo de Bcl-2 com base em relatos da literatura que indicam a modulacdo da
expressao desta proteina por curcumin, e ndo avaliamos a apoptose pela via que inclui a
ativacdo das caspases. Assim, € possivel que estejamos subestimando (caso a via de
caspases também tenha sido ativada) ou superestimando (caso a ativacdo das caspases
tenha sido inibida) a ocorréncia de apoptose nos tecidos gengivais dos animais tratados

com curcumin.



A Controle Ligadura

Bcl-2

GAPDH
Curc 30mg/kg - - + -

Curc 100mg/kg - - - +

B Controle LPS

Bcl-2

GAPDH
Curc 30mg/kg - - + -

Curc 100mg/kg - - - +

FIGURA 2: Inibicdo da expressdo de Bclads tecidos gengivais nos dois modelos
experimentais de doenca periodontal por curcumin. Proteinas totais foram extraidas
dos tecidos gengivais saudaveis ou periodontalmente doentes de animais tratados ou
nao com curcumin e separadas em gel descontinuo de poliacrilamida por eletroforese
para posterior deteccdo da proteina anti-apoptética Bcl-2. O painel A mostra que a
inducéo da doenca periodontal pelo modelo de ligadura, ndo alterou significativamente
a expressado de Bcl-2 em relacdo aos animais controle, entretanto, a administracdo do
curcumin reduziu a expressao de Bcl-2. Esta modulacdo foi similar nos dois modelos
experimentais (A, ligadura; B, LPS). Notar que em B (modelo de LPS), foi necesséario
carregar uma maior quantidade de proteina total para possibilitar a detec¢cdo de Bcl-2.
A expressao de GAPDH foi utilizada como gene constitutivo néo alterado pela inducéo

de doenca periodontal e pelo tratamento com curcumin para normalizacdo dos



resultados. As figuras sdo representativas dos resultados obtidos em experimentos
realizados utilizando amostras protéicas obtidas de um minimo de trés animais por

grupo experimental.

Curcumin inibe a ativacdo de NB no modelo de ligadura, mas néo

modula os niveis de RANKhos tecidos periodontais

Apos verificar a inibicdo da ativacdo de NF-kB por meio de western-blot de extratos
protéicos preparados dos tecidos gengivais, avaliamos a localizacdo da ativacdo de NF-
kB por imunohistoquimica (Figura 3, painel A). Pavaler os possiveis efeitos do
curcumin na reabsor¢cdo Ossea, determinamos, também por imunohistoquimica, a
expressdo de RANKL nos cortes histologicos incluindo primeiros molares inferiores de
todos os grupos experimentais (Figura 3, painel B). Em suporte aos dados obtidos por
meio de western-blot, a ativacdo de hB--estimulada pela colocacédo da ligadura foi
marcadamente inibida, tanto no tecido conjuntivo supracrestal quanto nas células
adjacentes a crista 6ssea alveolar, pelas duas doses de curcumin administradas,
entretanto, nenhuma das doses afetou de forma marcante a expressdo de RANKL nos
tecidos periodontais. Interessante notar que a expressdao de RANKL nos tecidos
periodontais teve um padrdo mais difuso, incluindo tanto o tecido conjuntivo supra-
crestal quando a porcéao coronal do ligamento periodontal e a regido adjacente a crista

Ossea.
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FIGURA 3: Imagens representativas dos resultados da imunohistoquimica paB NF-

(A) e RANKL (B). Cortes semi-seriados de 5 uM foram obtidos das pecas incluidas em
parafina e submetidos a procedimento-padrdo de imunohistoquimica utilizando
anticorpos primarios policlonais de coelho para p50 (NF-kB) e RANKL. No painel A
nota-se a presenca de p50 indicando a ativacdo deBNites animais submetidos a
inducao de doencga periodontal, a qual foi reduzida de forma marcante pelo tratamento
com curcumin. No painel B observamos que a induc¢ao da doenca periodontal estimulou
a expressao de RANKL principalmente na regido situada entre a crista 6ssea e o dente.
Neste caso, o tratamento com curcumin nédo inibiu a expressao de RANKL estimulada
pela ligadura. As imagens séo representativas dos resultados avaliados em trés cortes

histol6gicos de um minimo de trés animais por grupo experimental.

A inducédo da doenca periodontal e a administracdo do curcumin nao

alteram os niveis séricos de calcio e fosforo

Considerando os efeitos ja descritos em outros trabalhos, de modulacdo dos marcadores
0sseos pelo curcumin, e a fim de se determinar se a administracdo do curcumin poderia
alterar os parametros bioquimicos de formacdo 0ssea no soro de ratos submetidos ou
nao a inducdo da doenca periodontal, os niveis de calcio e fésforo foram avaliados no

soro (Figura 4). Uma aliquota do sangue de todos os animais dos grupos experimentais
foi retirado por puncdo cardiaca nos animais anestesiados imediatamente antes do
sacrificio por aprofundamento da anestesia. Os resultados mostram que a inducédo da
doenca periodontal e a reabsorcdo 6ssea resultante ndo alteraram significativamente os
niveis de Calcio e Fosforo sérico, que também se mantiveram constantes com a

administracdo do curcumin.



10.0-
—— 3 Controle

- 08 dp
T B8 Curc 30mg/kg + dp
E, Bl Curc 100mg/kg + dp
o 5.0
£
o
O 25

0.0 T T

12.5- e

[ Controle

_ 10.0- 8 dp
'_g @@ Curc 30mg/kg + dp
i B Curc 100mg/kg + dp
o
ug 5.0
\Q
s

2.5

0.0 T T

FIGURA 4: Os graficos mostranos niveis séricos de célcio e fésforo nos animais
segundo os grupos experimentais (controle e doencga periodontal), tratados ou n&do com
curcumin. A inducdo da doenca periodontal ndo causou reducéo dos niveis de Calcio e
a administracdo diaria do curcumin também n&o provocou alteracdes. A discreta
elevacdo dos niveis de Fésforo observada com a inducdo de doenca periodontal foi
prevenida pelo tratamento com curcumin. As barras representam medias e as linhas
verticais desvios-padrédo calculados a partir dos dados obtidos de um minimo de 6

animais por grupo experimental.

Curcumin néo previne a reabsorcéo 0ssea associada aos dois modelos de

experimentais de doenca periodontal



A reabsorcdo oOssea foi avaliada nos molares inferiores através da microtomografia
computadorizada (Figura 5, painel A) e nos molares superiores através da técnica de
coloracdo com azul de metileno (Figira 5, painel B). Em ambas as avalia¢gées curcumin

nao inibiu a reabsorcao estimulada pela indugéo da doenca periodontal experimental.
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FIGURA 5: A administragdo do curcumin ndo teve efeito sobre a reabsor¢do 0ssea
alveolar nos dois modelos de inducdo da doenca periodontal. No painel A o grafico
mostra que a fracdo de volume 6sseo (BVF) foi significantemente diminuida nos dentes
com ligadura indicando que as ligaduras induziram reabsor¢céo 6ssea. O tratamento com
curcumin, entretanto, ndo preveniu a reabsorcdo. (* indica diferenca estatistica, p< 0.05,
em comparacao ao controle). No painel B, o grafico representa os valores da area de
reabsorcdo 6ssea em milimetros. A injecdo de LPS induziu uma reabsorcédo éssea em
relacdo ao grupo controle que foi estatiscamente significante (* indica diferenca
estatistica, p< 0.05, em comparagdo ao controle). Também neste modelo a
administragdo do curcumin né&o inibiu a reabsorgcdo experimentalmente induzida. Nos
gréficos, as barras indicam médias e as linhas verticais os desvios-padréo calculados a

partir dos dados obtidos de um minimo de 3 animais por grupo experimental.



