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ABSTRACT

Lipopolysaccharides (LPSs, known as endotoxins) present in the outer
layers of Gram-negative bacterial envelope, and released during bacteria
multiplication and death, can egress into periradicular tissues, acting as one of the
most potent stimuli for immunocompetent cells in the release of inflammatory
mediators and matrix metalloproteinases (MMPs). Thus, the objectives of this
study were: 1) To evaluate the influence of primarily infected root canal contents
(bacterial and endotoxin contents) on host-immune response by interleukin (IL)-1 U,
IL-1 b, tumor faetoosil) ,( TINFost a dRAGE.) dmatix E
metalloproteinases (MMP) MMP-2, MMP-3, MMP-8, MMP-9 and MMP-13
production and to correlate their levels with clinical features (chapter 1); 2) To
investigate the influence of 17% ethylenediaminetetraacetic acid (EDTA) ultrasonic
activation after chemo-mechanical preparation (CMP) on eliminating/reducing oral
bacterial lipopolysaccharide (LPS, known as endotoxins) and cultivable bacteria in
teeth with pulp necrosis and apical periodontitis (chapter 2); 3) To investigate the
endotoxin levels from primary endodontic infection before and after CMP, and to
determine their antigenicity against 3T3 fibroblasts through gelatinolytic activity of
MMPs (chapter 3). Methods: Root canal content samples were taken from 24
primarily infected root canals with apical periodontitis by using sterile/apyrogenic
paper points. Samples were taken at different clinical times: S1- before CMP; S2-
after CMP; S3- after EDTA: G1- with ultrasonic activation (n=12) and G2- without
ultrasonic activation (n=12). PCR technique (16S rRNA) was used for the detection
of the target bacteria. Culture techniques were used to determine the number of
colony-forming units (CFU). Limulus Amebocyte Lysate (LAL) was used to
measure endotoxin. Cytokines and MMPs levels were measured by enzyme-linked
immunosorbent assay (ELISA) from samples that were taken passing 2 mm
through the root apex after CMP. The levels of MMP-2 and MMP-9 gelatinolytic
activity were measured using the zymography technique. The Pearson coefficient
was used to correlate the amount of endotoxins with cytokine and MMP levels.
Clinical data were set as dependent variables and correlated by individual

correlation with each cytokine and MMP | evel . Friedmands and
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used to compare the amount of bacteria and endotoxin contents at each clinical
time. Data obtained from gelatinolytic activity was analysed using Anova and
Tukeyds tsgrafitance levEll @ways were set at 5% (p<0,05). Results: IL-
10,-1bL -ONRnNnd , BGEI as, MMP-2, MMP-3, MMP-8, MMP-9 and
MMP-13 were detected in all samples. A correlation between endotoxin levels with
cytokines and MMPs production was found (p<0.05). Root canal exudation was
positively correlated with high levels of TNF-U, and sympt omati c t e
correlated with IL-1 b, Fa@BEMMP-8 (p<0.05). CMP were effective in reducing
endotoxins and bacterial load (p<0.05). Higher values of endotoxin reduction were
achieved when EDTA received ultrasonic activation (99.92%) compared with the
no-activation group (99.56%; p<0.05). No differences were found in the bacterial
load reduction after EDTA when comparing G1 (99.98%) and G2 (99.93%)
(p>0.05). A correlation was found between the levels of endotoxins and MMP-2
expression (p<0.05). No gelatinolytic activity of MMP-9 was observed.
Conclusion: 1) Primarily infected root canal infection content is a potent stimulus
factor for host-immune response by the production of IL-1 U, -1 b TINF-U , B,GE
MMP-2, MMP-3, MMP-8, MMP-9 and MMP-13. 2) Although CMP was effective in
reducing bacteria and endotoxins, it was not able to eliminate them from all root
canals analyzed. The ultrasonic activation of EDTA was efficient in reducing even
more the endotoxins levels in the root canals of teeth with pulp necrosis and apical
periodontitis. 3) Root canal content from primary endodontic infection showed
gelatinolytic activity for MMP-2.

Key Words: Polymerase chain reaction. Endotoxins. Cytokines. Metalloproteases.
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RESUMO

O principal fator de viruléncia das bactérias Gram-negativas € representado
pela liberacdo de seus subprodutos [Lipopolissacarideos (LPS) i endotoxinas]
presentes na membrana externa do envelope celular bacteriano. O acumulo
destes componentes bacterianos no canal radicular e a sua saida para os tecidos
periapicais estimula o sistema imune do hospedeiro produzindo uma reacao
antigeno-anticorpo que gera uma resposta inflamatoria a nivel periapical. Esta
reacdo é caraterizada pela expressdo de mediadores quimicos e enzimas, tais
como as citocinas pré-inflamatdrias e as metaloproteinases (MMPS). Assim, foram
objetivos do presente estudo: 1) avaliar a influéncia do conteldo infeccioso diante
as diferentes etapas do tratamento endodéntico de dentes com infeccao primaria,
na resposta imune do hospedeiro para a producdo de interleucina 1 alfa (IL-1U), 1
beta (IL-1b), fator de necrose tumoral alfa (TNF-U), prostaglandina E, (PGE-,),
MMP-2, MMP-3, MMP-8, MMP-9 e MMP-13 correlacionando esses niveis com 0s
sinais e sintomas clinicos (capitulo 1); 2) avaliar o efeito da ativacdo do EDTA
17% com ultrassom na reducdo do conteudo infeccioso de dentes com infeccdo
primaria (capitulo 2); 3) investigar os niveis de endotoxinas de dentes com
infeccdo priméria, antes e apds o preparo quimico-mecanico (PQM) e determinar
seu potencial antigénico contra fibroblastos 3T3 através da atividade gelatinolitica
de MMPs (capitulo 3). Método: Foram selecionados 24 pacientes com
necessidade de intervencédo endododntica por necrose do tecido pulpar e presenca
de lesdo periapical. Amostras do conteudo do canal radicular foram coletadas
antes do PQM (S1), depois do PQM (S2) e depois do uso de EDTA 17% (S3) com
e sem ativacdo com ultrassom (G1 e G2, respectivamente). Amostras para
qguantificacdo de citocinas e MMPs foram coletadas passando um cone de papel 2
mm além do apice radicular depois do PQM. As amostras microbiolégicas foram
processadas por cultura para contagem de unidades formadoras de colénia (UFC)
e identificagdo. PCR foi realizado utilizando primers espécie-especificos. As
amostras de LPS foram analisadas pelo método Limulus Amoebocyte Lysate
(LAL). As coletas de citocinas e MMPs foram quantificadas utilizando kits

especificos pelo ensaio imunoenzimatico de absorcdo (ELISA). A atividade



gelatinolitica foi avaliada por zimografia. Os niveis de producdo das citocinas e
MMPs foram correlacionados individualmente com os sinais e sintomas clinicos
[dor & percussdo (POP), dor a palpacdo (TOP), presenca de exudato (EX)]. O
teste de Pearson foi utilizado para avaliar a correlacdo entre endotoxinas e a
producao de citocinas e MMPs. Os testes de Friedman e Wilcoxon compararam o0s
niveis de endotoxina e carga microbiana em cada tempo operatorio. Os dados
obtidos pela atividade gelatinolitica foram analisados pelos testes de ANOVA e
Tuckey. O nivel de significancia foi estabelecido em 5% (p<0,05). Resultados: IL-
10, IL-1b, TNF-U, PGE;, MMP-2, MMP-3, MMP-8, MMP-9 e MMP-13 foram
detectados em todas as amostras. Foi encontrada correlagdo positiva entre 0s
niveis de endotoxinas e de todas as citocinas e MMPs avaliadas (p<0,05). EX foi
correlacionado positivamente com TNF-U, enquanto os niveis de IL-1b, PGE, e
MMP-8 foram correlacionados com sintomatologia dolorosa (POP/TOP) (p<0,05).
O PQM reduziu significativamente os niveis de endotoxina e da carga bacteriana
(p<0,05). Maiores niveis de reducdo de endotoxinas foram registrados quando a
irrigacdo com EDTA foi ativada com ultrassom (99.92%). N&o foram encontradas
diferencas significativas na reducéo da carga bacteriana entre G1(99.98%) e G2
(99.93%) (p>0,05). Foi encontrada correlacédo entre os niveis de entotoxinas (S1)
e a expressdo de MMP-2 por fibroblastos. Nao foi observada atividade
gelatinolitica para MMP-9. Conclusédo: 1) O conteudo infeccioso/endotéxico é um
potente estimulo para a resposta imune do hospedeiro na producédo de IL-1 UlL-
1b, T RGE2, MMP-2, MMP-3, MMP-8, MMP-9 and MMP-13. 2) O PQM
consegue reduzir significativamente a carga microbiana e o0s niveis de
endotoxinas. Adicionalmente, a ativacdo do EDTA com ultrassom promove uma
reducdo maior dos niveis residuais de endotoxinas. 3) O conteudo
infeccioso/endotdxico € um potente estimulo para a expressao génica de MMP-2
por fibroblastos 3T3.

Palavras-Chave: Reacdo em cadeia da polimerase. Endotoxinas. Citocinas.

Metaloproteases.
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INTRODUCAO

As bactérias e seus subprodutos desempenham um papel etiolégico
primario no desenvolvimento e na perpetuacdo das doencas periradiculares
(Kakehashi et al. 1965). A maioria das bactérias capazes de infectar os canais
radiculares € oriunda da cavidade oral, sendo sua sobrevivéncia intra-radicular e
suas propriedades patogénicas influenciadas por uma combinacdo de fatores,
incluindo: interac@o sinérgica entre espécies, capacidade de interferir e evadir a
resposta do hospedeiro, a liberacdo de Lipopolissacarideos (LPS, endotoxinas) e
a sintese de enzimas danosas aos tecidos do hospedeiro (Gomes et al. 1994a,
Nair 2004, Martinho & Gomes 2008).

As infeccbes endoddnticas primarias sao polimicrobianas dominadas por
bactérias anaerobias estritas (Gomes et al. 1994a, 1994b, Siqueira et al. 2001,
Jacinto et al. 2003, Gomes et al. 2004, Vianna et al. 2008, Estrela et al. 2010).
Bacilos Gram-negativos anaerdbios estritos, particularmente espécies dos géneros
Porphyromonas, Prevotella e Fusobacterium estdo envolvidas com sintomatologia
clinica, e tém um papel importante na etiopatogénese das lesdes inflamatdrias
periapicais (Griffee et al. 1980, Yoshida et al. 1987, Gomes et al. 1994a, 1996,
Baumgartner et al. 1999, Siqueira et al. 2001, Jacinto et al. 2003, Sakamoto et al.
2006, Martinho & Gomes 2008).

O envolvimento das bactérias Gram-negativas, principalmente das espécies
anaerdbias, em processos inflamatérios pulpares e periapicais parece estar
relacionado com a presenca de LPS, um dos constituintes do envelope celular
bacteriano, estando presente na superficie da membrana externa da parede
celular (Rietschel & Brade, 1992). Eles séo liberados somente durante a divisao e
lise celular ou ainda quando a célula é guimicamente tratada para remover o
lipopolissacarideo (Fabricius et al. 1982), podendo invadir os tecidos periapicais
(Rietschel & Brade 1992) e agir como um potente estimulo para a resposta imune
do hospedeiro na liberagdo de mediadores quimicos da inflamacgéo (Martinho et al.

2010a). Mesmo em concentracdes baixas, o LPS bacteriano consegue ativar a



resposta inata do hospedeiro (Beutler, 2000, Martinho et al. 2012) gerando danos
teciduais e destruicdo 6ssea (Darveau, 2000).

Quimicamente, endotoxinas séo lipopolissacarideos (Ohno & Morrison

1989) , gue consistem de uma por - «o

Al 2pi

(polissacar?deos) e fAant2geno OO0. A por-«o

atividades endotoxicas, a qual é referida como principio endotoxico do LPS (Dixon
& Darveau,2005) . A mudan-a em menor ou mai or
pode produzir efeitos distintos e diversos na modulacao da resposta imune (Dixon
& Darveau, 2005), podendo apresentar maior ou menor atividade endotoxica
contra o organismo. Estudos revelam que a por - «o Al 2 pi de

espécie para espécie, de acordo com o numero de grupos fosfatos, a quantidade e
a posicao dos acidos graxos na molécula (Bainbridge et al. 2002, Darveau et al.
2004). O LPS que tem sido mais estudado pertence a Escherichia coli, o qual é
capaz de iniciar diversas respostas biol6gicas, tais como: ativacdo do sistema
complemento, inducdo de febre, ativacdo de macrofagos, citotoxicidade e

reabsorcdo 6ssea (Davis et al. 1973, Martinho et al. 2010a, 2011).

Jacinto et al. (2005) quantificaram os niveis de endotoxinas presentes em
canais radiculares infectados e os correlacionaram, juntamente com a presenca de
bactérias especificas, com os sinas e sintomas clinicos de origem endoddntica.
Outros estudos também demonstraram uma correlacdo positiva entre os altos
niveis de LPS e a sintomatologia clinica (Martinho et al. 2010a). As endotoxinas
ndo agem diretamente sobre as células, mas através da ativacdo do sistema
imune, sendo responsaveis pela ativacdo do sistema complemento, alteracdes
estruturais, funcionais e metabdlicas em diversos 6rgaos e células. A ativacdo de
diferentes células do sistema imune resulta na liberacdo de multiplos mediadores
da inflamag&o. A consequente atracdo de osteoclastos, assim como 0 aumento
das substancias vasoativas e de neurotransmissores nas terminacdes nervosas da
lesdo periapical poderia resultar na potencializacdo da sintomatologia clinica
(Nissan et al. 1995, Nakane et al. 1995, Silva et al. 2002, Martinho 2011).

propo



A destruicdo tecidual caracteristica da lesdo periapical pode resultar tanto
direta ou indiretamente (resposta imune) dos efeitos dos subprodutos bacterianos
ou dos componentes bacterianos ou de ambos sob os tecidos periapicais
(Mattison et al. 1987, Martinho et al. 2011a, Martinho et al. 2012). Sendo assim o
acumulo de componentes bacterianos, entre eles as endotoxinas, na regido do
periapical, podem estimular a liberacdo de citocinas proé-inflamatorias e
metaloproteinases da matriz (MMPs) por células imunocompetentes, como
neutrofilos e mondcitos, macréfagos e fibroblastos (Wilson et al. 1996, Martinho et
al. 2011a, Martinho et al. 2012).

Estudos tém demonstrado que o preparo quimico-mecanico ndo é capaz de
eliminar completamente endotoxinas dos canais radiculares, mesmo apdés uma
completa desinfeccdo (Vianna et al. 2007, Martinho & Gomes 2008). Ainda que o
preparo quimico-mecanico reduza 99% da carga microbiana dos canais
radiculares de dentes com necrose pulpar e lesdo periapical, a reducdo de
endotoxinas ocorre entre 60-90% (Martinho & Gomes 2008, Martinho et al. 2010a,
2010b, 2011a, 2012, Xavier et al. 2013, Sousa et al. 2014).

Durante a terapia endodéntica varias substancias quimicas tém sido
testadas, na eliminacdo e/ou inativacdo de endotoxinas (Tanomaru et al. 2003,
Niwa et al. 1969, Buttler & Crawford 1982, Buck et al. 2001, Oliveira et al. 2007,
Vianna et al. 2007, Martinho & Gomes 2008). Entretanto, o hipoclorito de sédio
(NaOCI) - devido as suas propriedades antimicrobianas e ao seu potencial de
dissolucéo de tecido organico (Bystréom & Sundqvist 1983, Siqueira et al. 1998,
Estrela et al. 2007), e a clorexidina (CLX) T devido principalmente a sua atividade
antimicrobiana (Gomes et al. 2001), baixa toxicidade (Oncag et al. 2003) e
substantividade em tecido dentinario (Dametto et al. 2005) - sdo as substancias

guimicas auxiliares mais utilizadas na terapia endodéntica (Martinho 2011).

O EDTA (4cido etilenodiamino tetra-acético) tem sido utlizado na
terapéutica endodbntica desde 1957, quando Ostby o indicou para a
instrumentacdo de canais atrésicos. A solugédo apresenta acao quelante (Heling et
al. 1965, Seidberg & Schelder 1974, Kennedy et al. 1986, Sen et al. 1995, Kuga et
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al. 1999, Yamashita et al. 2003), biocompatibilidade aos tecidos periapicais
(Ostby, 1957, Segura et al. 1997) e capacidade de limpeza (Baker et al. 1975,
McComb e Smith 1975, McComb et al. 1976, Brancini et al. 1983, Goldberg et al.
1986, Calt & Serper 2000, Spand et al. 2009, Herrera et al. 2013).

A associacao de EDTA 17% ao NaOCI (McGurkin-Smith et al. 2005, Young
et al. 2007, Ozdemir et al. 2010), tem se mostrado eficaz, visto que NaOCI isolado
nao é capaz de remover matéria inorganica, papel que o EDTA desempenha com
éxito, enquanto NaOCI remove matéria organica, aumentando assim a capacidade
de limpeza do canal radicular, principalmente quanto a remocéao de debris e smear
layer. Além disso, associacdo de EDTA aos protocolos de PQM com NaOCI tem
demonstrado efetividade na reducdo do conteudo microbiano e de endotoxinas
dos canais radiculares infectados in vivo (Ozdemir et al. 2007, Martinho et al.
2010a, 2010b).

A associacdo de EDTA 17% a clorexidina ndo promove alteracéo
morfolégica na estrutura dentinaria quando visualizada por meio de microscopia
de polarizacéo, assim, essa associacdo nao interfere na qualidade do substrato
dentinario e ndo prejudica a adaptacdo do cimento obturador a dentina radicular
(Moreira et al. 2009). Além disso, irrigacdo com EDTA permite maior remocao de

smear layer quando a clorexidina é utilizada no PQM (Menezes et al. 2002).

A utilizacdo do ultrassom na irrigacdo com EDTA potencializa a atividade
guelante desta substancia, melhorando a remocao de smear layer e do contetdo
microbiano dos canais radiculares (Van der Sluis et al. 2005). Por outro lado, o
EDTA tem se mostrado eficaz na reducdo do contetdo endotdoxico dos canais
radiculares (Martinho et al. 2010a, 2010b, 2011a, 2011b), abrindo assim a
possibilidade de que concentragbes baixas de LPS possam ser eliminadas nas

etapas seguintes a instrumentacao.

Desde 2005, trabalhos clinicos realizados na area de Endodontia da
Faculdade de Odontologia de Piracicaba (FOP-UNICAMP) quantificaram

clinicamente endotoxinas presentes em dentes com infec¢cdes endodonticas
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primérias (Jacinto et al. 2005, Vianna et al. 2007, Martinho & Gomes 2008;
Gomes et al., 2009, Martinho et al. 2010a, 2010b, 2011a, 2011b, 2012, Sousa et
al. 2014) e em infeccbes secundarias (Endo et al. 2012, Gomes et al. 2012). Tais
estudos inicialmente apenas quantificaram os niveis de endotoxinas (Jacinto et al.
2005), procurando depois avaliar o efeito do preparo quimico-mecanico com
diferentes substancias quimicas auxiliares (e.g. NaOCI 2,5% e clorexidina gel 2%)
na reducao bacteriana e dos niveis de endotoxinas (Vianna et al. 2007, Martinho
& Gomes 2008, Gomes et al. 2009, Martinho et al. 2010a, 2010b, 2011a, 2011b,
2012, Endo et al. 2012, Gomes et al. 2012, Sousa et al. 2014).

Vianna et al. (2007) determinaram os niveis e endotoxinas e de bactérias
cultivAveis em 24 canais radiculares de dentes com necrose pulpar e presenca de
lesdo periapical antes (C1) e ap0s a instrumentacdo manual com clorexidina gel
2% (C2), apos soro fisiologico (C3) e 7 dias apos o uso das medicac¢des hidréxido
de calcio, clorexidina gel e sua associacdo (C4). Todos o0s canais foram
instrumentados 1 mm aquém do apice. Endotoxinas e bactérias foram detectadas
em 100% dos canais avaliados. Apés o PQM a reducdo de endotoxinas foi de
55,6% e de bactérias 99,96%. ApOs 7 dias de medicacdo a concentracdo de
endotoxinas reduziu em apenas 1,4% comparada com C2, e bactérias residuais

foram encontradas em 13 casos (54,1%).

Martinho & Gomes (2008) quantificaram a presenca de endotoxinas em 24
canais radiculares de dentes com necrose pulpar e presencga de leséo periapical
antes (C1) e ap0s a instrumentacdo manual 1 mm aquém do apice com NaOCI
2,5% (C2). Endotoxina foi quantificada através do método de LAL. LPS foi
detectado em 100% dos canais radiculares estudados em C1 (mediana: 139
EU/mL). ApOs o preparo quimico-mecéanico com NaOCI 2,5% e instrumentacao
manual, endotoxina foi reduzida em 59,99% (mediana: 72,50 EU/mL). Os
resultados mostraram que o NaOCI 2,5% foi efetivo na redugédo de endotoxinas
dos canais radiculares. Associagdo positiva foi encontrada entre niveis elevados

de endotoxina e presenca de sintomatologia.



Gomes et al. (2009) compararam a efetividade do preparo quimico-
mecanico com limas manuais utilizando o NaOCI 2,5% e clorexidina gel 2% na
remocdo de endotoxina de canais radiculares de dentes com necrose pulpar e
lesdo periapical. Endotoxina foi detectada em 100% dos canais radiculares
analisados: NaOCl 2,5% (mediana: 272 EU/mL), clorexidina gel 2% (152,46
EU/mL). Niveis de endotoxinas foram reduzidos para 86 EU/mL (NaOCI 2,5%) e
85 EU/mL (clorexidina gel 2%). Percentual de remocao de endotoxinas foi maior
com o uso de NaOCI 2,5% (p<0,05). Os autores concluiram que nenhuma das
substancias quimicas auxiliares testadas foi capaz de eliminar endotoxinas dos

canais radiculares.

Posteriormente, com a popularizacdo da instrumentacdo com sistemas
rotatorios, estudos foram feitos utilizando limas rotatérias de niquel titanio Mtwo®
para a instrumentacéo dos canais radiculares em toda a sua extensao (Martinho et
al. 2010a, 2010b, 2011a, 2011b, 2012). Particularmente o trabalho de Martinho et
al. (2010b) mostrou uma reducdo de 98,06% das endotoxinas apés o PQM com
NaOCl 2,5% e irrigagdo passiva com EDTA 17%. Possivelmente a limpeza do
canal radicular em toda sua extensdo utilizando limas rotatorias versus
instrumentacdo com limas manuais 1 mm aguém do apice utilizado nos estudos
prévios (Martinho & Gomes 2008, Gomes et al. 2009) pode ter contribuido ainda

mais para a melhor desinfeccdo doscanaisradi cul ares ( &59% x 98, 06

Como ainda néao tinha sido avaliada clinicamente a efetividade do PQM
utilizando clorexidina gel 2% associada a ativacdo do EDTA, procurou-se no
presente trabalho avaliar tal efeito. Por outro lado, os resultados de Martinho et al
(2010b) indicaram que o EDTA poderia ter uma acdo na remocgdo das
endotoxinas, pois atua nas camadas mais profundas (@ 1 3 0 8 da dentina
infectada, que ndo é envolvida pelo PQM. Além disso, € um agente quelante forte
que pode reagir com o Ca’" presente na molécula de lipidio A (o centro bioativo de
endotoxina) afetando assim a sua estrutura. Como a utilizagdo do ultrassom na
irrigacdo com EDTA potencializa a atividade quelante desta substancia,

melhorando a remoc¢&o de smear layer e do conteddo microbiano dos canais
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radiculares (Van der Sluis et al. 2005), pensou-se entdo a avaliar o efeito da

ativacdo do EDTA na reducéo do contetado microbiolégico/endotoxico.

Tendo quantificado endotoxinas presentes nos canais radiculares, torna-se
importante entender o real potencial inflamatério desta molécula na infeccéo
endodontica, assim como a determinagcdo do potencial antigénico residual
presente nos canais radiculares apos preparo quimico-mecéanico. O padrao de
resposta imune/inflamatéria gerada frente aos microrganismos da infeccdo
endodontica é determinado pela rede de citocinas estabelecidas, que, por sua vez,
depende da complexidade das vias celulares ativadas diante determinado
estimulo externo. Neste sentido, o conhecimento do contetdo infeccioso presente
nos canais radiculares, assim como, a estratégia do tratamento endoddéntico em
sua eliminacdo, sdo importantes para contribuir com 0 sucesso da terapia
endodontica (Martinho 2011).

Citocinas proé-inflamatérias correspondem a um extenso grupo de moléculas
proteicas envolvidas na emissdo de sinais entre as ceélulas durante o
desencadeamento das respostas imunes. Apesar de sua grande maioria ser
produzida por células do sistema imune, muitas delas também originam de células
gue ndo sao do sistema imune, agindo no sistema nao-imune também. Tém
funcdo autdcrina agindo na propria célula produtora, paracrina atuando em células
proximas, e enddcrina, quando sua acao é a distancia. Atuam em concentracées
baixissimas e sua sintese habitualmente ocorre apds estimulacdo antigénica
(Varella & Forte, 2001; Fukushima et al., 2010).

Citocinas tais como IL-1 b e -ULNFproduzidas pri meiram
macréfagos, podem iniciar uma cascata da inflamacéo resultando em destruicao
tecidual (Hong et al. 2004, Martinho et al. 2011a, Martinho et al. 2012). Estudos
tém demonstrado a expressao de mRNA de diversos mediadores da inflamacéo a
partir de amostras de fluido intersticial de lesdes periapicas (De Brito et al. 2012,
Tavares et al. 2012, 2013).


http://pt.wikipedia.org/wiki/Mol%C3%A9cula
http://pt.wikipedia.org/wiki/C%C3%A9lula
http://pt.wikipedia.org/wiki/Sistema_imunit%C3%A1rio

MMPs sao importantes enzimas metalo-dependentes e as maiores
responsaveis pela degradacdo dos componentes da matriz extracelular, agindo no
desenvolvimento, modelagem e destruicdo dos tecidos orais (Hayakawa 1998,
Hannas et al. 2007, Page-McCaw et al. 2007, Paula-Silva et al. 2010). As MMPs
sdo as maiores responsaveis pela degradacdo do coldgeno durante a destruicdo
dos tecidos periodontais (Birkedal-Hansen et al. 1993, Van der Zee et al. 1996,
Chang et al. 2002, Nishikawa et al. 2002, Rossa-Junior et al. 2005, Paula-Silva et
al. 2010). Altos niveis de MMPs nos tecidos periodontais promovem o
desequilibrio entre a producdo e degradacdo do colageno, causando perda da
insercdo dental (Hernandez et al. 2006, Sorsa et al. 2006). MMP-2 e MMP-9,
conhecidas como gelatinasas, tém sido descritas na presenca de cistos e

granulomas periapicais (Lin et al. 1997, Shin et al. 2002, Paula-Silva et al. 2010).

Pouco se conhece a respeito das interacdes entre as diferentes MMPs e a
repercussdo destas sobre os tecidos periapicais. Contudo, perguntas surgem
guanto ao efeito citotéxico do conteudo infeccioso dos canais radiculares,
principalmente da carga de LPS e seu potencial antigénico na perpetuacdo do
processo inflamatério periapical, assim como dos diferentes padrfes de interacéo

entre os mediadores da inflamacao e as MMPs.

Esta pesquisa foi dividida em 3 capitulos, tendo como principais objetivos:
1) avaliar a influéncia do conteudo infeccioso diante as diferentes etapas do
tratamento endodéntico de dentes com infec¢do primaria, na resposta imune do
hospedeiro para a producéo de interleucina 1 alfa (IL-1U), 1 beta (IL-16), fator de
necrose tumoral alfa (TNF-U), prostaglandina E, (PGE;), MMP-2, MMP-3, MMP-8,
MMP-9 e MMP-13 correlacionando esses niveis com 0s sinais e sintomas clinicos
(capitulo 1); 2) avaliar o efeito da ativagdo do EDTA 17% com ultrassom na
reducdo do conteudo infeccioso de dentes com infecgdo primaria (capitulo 2); 3)
investigar os niveis de endotoxinas de dentes com infeccéo primaria, antes e apos
PQM e determinar seu potencial antigénico contra fibroblastos 3T3 através da

atividade gelatinolitica de MMPs (capitulo 3).



CAPITULO 1 i Primarily root canal infectious contents X host-immune
response in apical periodontitis disease by pro-inflammatory cytokines and MMPs

secretion
ABSTRACT

Introduction: The aim of this study was to evaluate the influence of primarily root
canal infectious contents (bacterial and endotoxin content) on host-immune
response by interleukin (IL)-1 U, -1 B L t umor necrosi-), factor
prostaglandin E, (PGE,), matrix metalloproteinases (MMP) -2, MMP-3, MMP-8,
MMP-9 and MMP-13 production and to correlate their levels with clinical features.
Methods: Root canal content samples were taken from 24 primarily infected root
canals with apical periodontitis by using sterile/apyrogenic paper points. PCR
technique (16S rRNA) was used for the detection of the target bacteria, and
Limulus Amebocyte Lysate (LAL) assay for endotoxin measurement. Cytokines
and MMPs levels were measured by enzyme-linked immunosorbent assay (ELISA)
from samples that were taken passing 2 mm through the root apex with paper
points. Results: Bacterial DNA and endotoxins were recovered from all root canal
samples. Porphyromonas gingivalis was the most frequently bacterial species
detected (17/24). A positive association was found between P. endodontalis and F.
nucleatum (P < .05), and P. gingivalis and P. micra (P <.05). IL-1 U,-1 b L -ONF
and PGE,, as well as, MMP-2, MMP-3, MMP-8, MMP-9 and MMP-13 were
detected in all samples. A correlation between endotoxin levels with cytokines and
MMPs production was found (P < .05). Root canal exudation was positively
correlated with high levels of TNF-U , and symptomatic teeth wer
IL-1 b, PaBE MMP-8 (P <.05). Conclusions: Primarily root canal infection
content is a potent stimulus factor for host-immune response by the production of
IL-1 UL-1 b, -UNF B GIEP-2, MMP-3, MMP-8, MMP-9 and MMP-13.

Key Words

Endotoxin, cytokine, secretion, root canal infection, metalloproteinases



Lipopolysaccharides (LPSs, known as endotoxins) present on the outer
layers of Gram-negative bacterial envelope (1), and released during bacteria
disintegration, multiplication, and death (2), can egress into periradicular tissues
(1), acting as one of the most potent stimuli for immunocompetent cells in the
release of inflammatory mediators (3).

Several studies have reported the influence of infected root canal content in
cytokines release (4-9). These inflammatory mediators, such as interleukin (IL)-1 b
tumor necrosi 4)f aamndr pU §PGEJHawe bekn detected
in periapical tissues and root canal exudates (10-14). IL-1 b has been
with clinical signs/symptoms and greater bone resorption (6); TNF-U st i mu |
production of collagenase, PGE2 and bone resorptioni related factors (15); PGE>
have been reported in painful/asymptomatic human dental pulps (12, 16).
Moreover, IL-1 U, -1 b L antd WBFe reported to be
regulating matrix metalloproteinases (MMPSs) expression (17,18).

MMPs are zinc and calcium-requiring enzymes capable of degrading almost
all extracellular matrix (ECM) and basement membrane components in normal
tissue remodelling, and especially in tissue destructive diseases, including apical
periodontitis (19, 20). Fibrillar collagens are the major components of periodontal
ECM and during pathologic conditions, they are cleaved into smaller fragments by
collagenases (MMPs -1, -8, and -13) and further degraded by active gelatinases
(MMPs -2 and -9) and other non-specific tissue proteinases (21).

Thus, the aim of this study was to evaluate the influence of bacterial and
endotoxin content from primarily infected root canals on host-immune response by
IL-1 0, -1b L -OUNF BGNMMP-2, MMP-3, MMP-8, MMP-9 and MMP-13

production and to correlate their levels with clinical features.

Methods
Patient Selection

Twenty-four patients needing endodontic treatment who attended the
Piracicaba Dental School, Piracicaba, Brazil, were included in this study. Samples
were collected from 24 root canals with pulp necrosis, all showing radiographic
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evidence of apical periodontitis. The age of the patients ranged from 22i 74 years.
Nineteen single-root teeth and 5 multi-rooted teeth were investigated. The selected
teeth showed the absence of periodontal disease. A detailed dental history was
obtained from each patient. Those who had received antibiotic treatment during the
last 3 months or who had any general disease were excluded. The Human
Research Ethics Committee of the Piracicaba Dental School approved the protocol
(132/2010) describing the sample collection for this investigation, and all volunteer

patients signed an informed consent form.

Clinical and Sampling Procedures

For all cases, pain on palpation (POP), tenderness to percussion (TTP) and
presence of exudate (EX) were recorded. All materials used in this study were heat
sterilized at 200°C for 4 hours, thus becoming apyrogenic.

The teeth were isolated with a rubber dam, with crown and surrounding
structures being disinfected with 30% H,0, for 30s followed by 2.5% NaOCI for a
further 30s. Subsequently, 5% sodium thiosulphate was used to inactivate NaOCI.
The sterility of the external surfaces of the crown was checked by taking a swab
sample from the crown surface and streaking it on blood agar plates, which were
incubated aerobically and anaerobically.

A two-stage access cavity preparation was made without the use of water
spray but under manual irrigation with sterile/apyrogenic saline solution and by
using sterile/apyrogenic high-speed diamond burs. The first stage was performed
to promote a major removal of contaminants. In the second stage, before entering
the pulp chamber, the access cavity was disinfected according to the protocol
described previously. A new sterile and apyrogenic bur was used, followed by
irrigation of the root canal access with sterile saline solution. The endotoxin sample
was taken at this time (ES) by introducing sterile pyrogen-free paper points (size
#15; Dentsply-Maillefer, Ballaigues, Switzerland) into the full length of the canal
(determined radiographically) and retained in position during 60 seconds.
Immediately, the paper point was placed on a pyrogen-free glass and frozen at
T80AC for future | imulus amebocyte

11

|l ysate



repeated with three sterile paper points to obtain the microbiologic sample (MS).
The paper points were pooled in a sterile tube containing 1 mL VMGA Il (Viability
Medium Goteborg Agar) transport medium, being immediately processed for DNA
extraction to detect the target bacteria by molecular method (16S rRNA).

Next, the cervical and middle thirds of the root canals were prepared with
the crown-down technique by using Gates Glidden burs in the sequence size #5,
#4, #3 and #2 (Dentsply-Maillefer, Ballaigues, Switzerland). A K-file #10 (VDW,
Munich, Germany) was used to obtained the full length of the root canal, using an
apex locator (VDW Gold; VDW, Munich, Germany). Next, root canals were
instrumented using the Mtwo rotary nickel-titanium system (VDW, Munich,
Germany) until 40/0.4 file. During instrumentation root canals were filled with 1 mL
of 2% chlorhexidine gel (CHX) (Endogel; Itapetininga, SP, Brazil) using a syringe
(27-gauge needle) before the use of each instrument and immediately rinsed
afterwards with 5 mL of saline solution. CHX was inactivated with 5 mL of 5%
Tween-80 and 0.07% (w/v) lecithin solution during 1-minute period, which was
removed with 5 mL of saline solution. Then, cytokine (CS) and MMP samples
(MMPS) were collected introducing a size #35 paper point (Dentsply-Maillefer,
Ballaigues, Switzerland) into the root canal, passing 1 mm through the root apex,
for 1 mi n. The paper points w e rlimked

immunosorbent assay (ELISA) analyses, as described later.

Bacterial Detection (Polymerase Chain Reaction 16S rRNA)

The reference bacteria strains used in this study were obtained from the
American Type Culture Collection (ATCC) and are listed as follows:
Porphyromonas gingivalis (ATCC 33277), Porphyromonas endodontalis (ATCC
35406), Prevotella intermedia (ATCC 25611), Fusobacterium nucleatum (ATCC
25586) and Parvimonas micra (ATCC 33270).

DNA Extraction. Microbial DNA was extracted from 24 MS as well as from ATCC
bacteria, and purified with QlAamp DNA Mini Kit (Qiagen, Hilden, Germany)

stored

according to the manuf act urcentrabos (absorlsance uct i ons
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at 260 nm) was determined by using a spectrophotometer (Nanodrop 2000;

Thermo Scientific, Wilmington, DE).

Polymerase Chain Reaction Assay. The polymerase chain reaction (PCR) reaction

was performed in a thermocycler (MyCycler; Bio-Rad, Hercules, CA) at a total

vol ume of 25 eL containing 2.5 eL 101 Taq
Mundol shei m, France), 0.5 €L dNTP mix (25 e
triphosphate (dATP, dCTP, dGTP, and dTTP; MBI Fermentas, Hanover, MD), 1.25
eL52mmol /L MgCl 2, 0.25 eL forward and revers
(I'nvitrogen, Eugene, OR) , 1.5 eL sampl e DNA
pol ymerase (1 wunit) ( MBI F e r-free wataa. P)imer and 17
forward and reverse sequences as well as PCR cycling parameters are listed in

Table 1.

Determination of Endotoxin Concentration (Turbidimetric Test and LAL
assay)
The Turbidimetric Test/LAL assay (BioWhitaker, Inc, Walkersville, MD) using
the LAL technique was used to measure endotoxin concentrations within the root
canals. First, as a parameter for calculation of the amount of endotoxins in root
canal samples, a standard curve was plotted by using endotoxins supplied in the
kit with a known concentration (100 EU/mL) and their dilutions at the following final
concentrations (i e, 0.01, 0.10, 1, and 10 E!
instructions.
Test Procedure. All reactions were accomplished in duplicate to validate the test
and performed as described previously (22). Briefly, a 96-well microplate (Corning
Costar, Cambridge, MA) was used for ES analyses. ES were suspended in 1 mL
LAL water, vortexed and serial diluted to 10", | mmedi at el vy, 100 gL c
was added according to the standard endotoxin solutions at concentrations of 0.01,
0.10, 1, and 10 EU/mL, with 100 €L of the ES
measured individually by means of an enzyme-linked immunosorbent assay plate
reader (Ultramark; Bio-Rad Laboratories, Inc, Hercules, CA) at 340 nm. Because

the mean absorbance value of the standards was directly proportional to the
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concentration of endotoxins present in the samples, the endotoxin concentration

was determined from the standard curve.

Measurements of Cytokines and MMPs Levels

For the measurement of cytokines (IL-1 U, -1 b L -ONF B @t MMPs
(MMP-2, MMP-3, MMP-8, MMP-9 and MMP-13) levels, specifics Quantikine ELISA
kits (R&D Systems, Minnesota, USA) were used.
CS/MMPS were suspended in 1 mL LAL water and vortexed for 1 min. A
monoclonal antibody specific for each cytokine/MMP were pre-coated onto a 96-
well microplate. Standards and CS/MMPS were pipetted into the wells and any
specific-kit cytokine/MMP present was bound by the immobilized antibody. After
washing any unbound substances, an enzyme-linked polyclonal antibody, specific
for each cytokine/MMP, was added to the wells. Following a wash to remove any
unbound antibody-enzime reagent, a substrate solution was added to the wells and
color developed in proportion to the amount of specific T cytokine/MMP bounded in
the initial step, following manufacturer instructions. The color development was
stopped and the intensity of the color determinate using a microplate reader, set at
540 nm. The cytokine/MMP concentration in each sample was determined from the

standard curve.

Statistical Analysis

The Pearson coefficient was used to correlate the amount of endotoxins with
cytokine and MMP levels. Clinical data were set as dependent variables and
correlated by individual correlation with each cytokine and MMP level. Data were
analysed using the SPSS package for Windows, version 12.0 (SPSS, Inc.,
Chicago, IL, USA) with significance levels always set at 5% (P< .05).

Results

Bacteria and Endotoxin Detection
The ubiquitous-universal primer indicated the presence bacterial DNA in
100% of the MS (24/24). At least 1 target Gram-negative species was detected in
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all 24 microbiological samples investigated. Porphyromonas gingivalis was the
most frequently bacterial species detected (17/24). Parvimonas micra, present in
15/24 samples, was associated with at least one Gram-negative target bacterial
species. A combination of two or more gram-negative target species was detected
in 12 of 24 root canals. A positive association was found between P. endodontalis
and F. nucleatum (P < .05), and P. gingivalis and P. micra (P < .05).

Endotoxin was detected in 100% of the root canals investigated (24/24), with
a median value of 21.83 EU/mL (range, 0.10-104.00 EU/mL). A correlation
between the levels of endotoxins with cytokines and MMPs production was found
(P < .05).

Cytokine and MMP Production

IL-1U,-1b L -ONENd, &&&las, MMP-2, MMP-3, MMP-8, MMP-9
and MMP-13 were detected in all periapical samples. The median values recorded
for each cytokine and MMP is the following: IL-1 U ( 19. 21 -1pbg / (MLQ Q. 3I19L
pg/mL), TNF-U (24 . 88 pg87m3py/mL), MBIE-2 (815.00 pg/mL), MMP-
3 (132.00 pg/mL), MMP-8 (70.50 pg/mL), MMP-9 (29.50 pg/mL), MMP-13 (47.52
pg/mL). Individual correlations between each cytokine/MMP and clinical
signs/symptoms are shown in Table 2. The EX was positively correlated with high
levels of TNF-U, and symptomatic teet-hb,wefaBE corr el
MMP-8 (P <.05).

Discussion

In the present study, the ubiquitous-universal primer and the LAL assay
indicated, respectively, that bacteria and endotoxins were presented in 100% of the
root canal samples. Therefore, the infectious disease involved in apical
periodontitis is the result of the interplay between bacteria, microbial virulence, and
host defense, and this complex interaction is associated with clinical
signs/symptoms.

Our results indicated a positive association between P. endodontalis and F.

nucleatum. Such a finding indicates that a combination of 2 or more Gram-negative
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bacterial species with different toxicity (24) plays a role in endodontic primary
infection, turning such content far more complex to be interpreted by the host-
immune response. Moreover, the association of P. micra (Gram-positive bacteria)
with P. gingivalis (Gram-negative bacteria), turns the endodontic contents even
more immunogenic (24) as the peptidoglycan, present in a significant amount in
the Gram-positive bacterial cells, plays a synergistic effect on LPS antigenic
activity (25) of the Gram-negative species. Yoshioka et al. (26) reported that LPS
can bind to P. micra cells conferring to this Gram-positive microorganism the
capacity to induce astrong TNF-U r esponse ietikeoeiscr ophag

Previous in vitro investigations have stimulated macrophages cells with

primary endodontic infectious contents, in order to determine the antigenic activity
of the endodontic contents by production of IL-1 b6, -ONFRnd , @GH
However, it has long been known that not only macrophage cell is in the onset of
apical periodontitis disease. Of a relevance, in order to avoid such limitation, this
study investigated the inflammatory biomarkers sampled straight from the
interstitial fluid present in apical inflammatory process.
In the present study a positive correlation between the levels of endotoxin with
cytokines and MMPs production was found, supporting that root canal content from
primary endodontic infections can stimulate a host-immune response to produce a
wide variety of pro-inflammatory cytokines and MMPs that are implicated in apical
periodontitis development and perpetuation. This positive association is in
agreement with previous studies that have shown an important relationship
between infectious root canal content and immune/inflammatory response by
cytokines (8, 9, 27) and MMPs (20, 28, 29) expression.

The recovery of IL-1 b a n dU TsNeFc -cywkinegdin apical periodontitis is
in consonance with previous studies that reported mRNA expression in intersticial
fluid samples from apical periodontitis disease (27). However, not all mRNA gene
expression will be converted in the form of protein during transcription and
transduction process. A positive correlation was found between EX and TNF-U,
and between symptomatic teeth (POP and/or TPP) and IL-1 b , PGE2 &nd MMP
in agreement with previous studies that have showed the relationship between
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different cytokines (6) and MMPs (29) with clinical signs and symptoms.
Theoretically, endodontic procedures will reduce the antigenic activity of the root
canal content allowing symptoms remission.

The results of the present study revealed that primary root canal infection
content is a potent stimulus factor for host-immune response by the production of
IL-1U,-1 b L -ONF B ®™KP-2, MMP-3, MMP-8, MMP-9 and MMP-13. Further
investigations are necessary to understand the real interaction between the
different inflammation mediators and MMPs networks in the development and
evolution of periapical disease and clinical signs/symptoms remission after

endodontic procedures.
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Tables

TABLE 1. PCR Primer Pairs and Cycling Parameters Used for Detection of Bacteria Species in Primary Root Canal Infection with Apical Periodontitis

. . . R Amplicon
Target bacteria Primer pairs (S3°) s?ze Cycles
. F: TCC TAC GGG AGG CAGCAGT 95°C/10 min, 40 cycles 95°C/10 mir Siqueira et al. J Endod 2001; 27(3):764
Universal (16s rDNA) 466 bp Y
R: GGA CTACCA GGG TAT CTAATCCT 60°C/10 s, 72°C/25 s
. . F:AGG CAG CTT GCC ATACTG CG 95°C/2 min, 36 cycles 94°C/30's, Siqueira et alJ Endod 2001; 27(3):164
Porphyromonas gingivalis 404 bp ) , .
R: ACT GTT AGC AAC TAC CGA TGT 60°C/1 min, 72°C /2 min, 72°C/ 2 mi
F: GCT GCA GCT CAA CTG TAG TC 95°C/2 min, 36 cycles 94°C/30 s, Siqueira et al. J Endod 2001; 27(3):764
Porphyromonas endodontal 672 bp , , ,
R: CCG CTT CAT GTC ACC ATG TC 58°C/1 min, 72°C/2 min, 72°C/10 mi
. o . o Conrads et al. Clin Infect Diss 1997;
F: AGAGTT TGATCG TGG CTC AG 207 bp 95°C/2 min, 36 cycles 94°C/30 s, 5-5947
Parvimonas micra R: ATATCATGC GAT TCT GTG GTC TC 60°C/1 min, 72°C /2 min, 72°C/ 2 mi
Prevotella intermedia F.: TTT GTT GGG GAG TAA AGC GGG 575 b 95°C/2 min, 36 cycles 94°C/30 s,
R: TCA ACA TCT CTG TAT CTG TAT CC1 P 58°C/1 min, 72°C/2 min, 72°C/10 mi Siqueira et al. J Endod 20@1(3):1647
F: AGT AGC ACA AGG GAGATG TATG 95°C/5 min, 30 cycles 94°C/30 s,
Fusobacterium nucleatum 645 bp AvilaCampos et al. J Period 1999;

R: CAA GAA CTA CAATAG AACCTGA

50°C/30 s, 72°C/30 s, 72°C/ 5 min. 70:12028
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TABLE 2ndividual Correlation between Different
Cytokines/MMPs and Clinical Features.

Parameter EX POP TTP
IL-m h 0.0656 0.0903 0.0304
P=.7606 P=.0840 P=.7721
IL-m ] -0.177 0.2932* 0.2114*
P=.0831 P=.0361 P=.0129
TNFh 0.1776* 0.3392 -0.0737
P=.0161 P=.5290 P=.2183
PGE 0.3085 0.4254* 0.1425*
P=.1136 P=.0281 P=.0429
MMP-2 -0.8435 -1.4385 -0.0536
P=.0683 P=.0882 P=.2994
MMP-3 0.8466 1.6911 -0.3466
P=.2263 P=.2196 P=.0733
MMP-8 0.0854 0.1067* 0.0585
P=.2644 P=.0329 P=.0882
MMP-9 0.2042 0.3972 0.0453
P=.2144 P=.5847 P=.0699
MMP-13 0.2051 0.4894 0.0921

P=.3439 P=.1944 P=.0801

*P <.05
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CAPITULO 2 i EDTA ultrasonic activation on endotoxins and cultivable
bacteria removal

ABSTRACT

Introduction: This clinical study was conducted to investigate the influence of 17%
ethylenediaminetetraacetic acid (EDTA) ultrasonic activation after chemo-
mechanical preparation (CMP) on eliminating/reducing oral bacterial
lipopolysaccharide (LPS, known as endotoxins) and cultivable bacteria in teeth with
pulp necrosis and apical periodontitis. Methods: Samples were taken from 24 root
canals at different clinical times: S1- before CMP; S2- after CMP; S3- after EDTA:
G1- with ultrasonic activation (n=12) and G2- without ultrasonic activation (n=12).
Culture techniques were used to determine the number of colony-forming units

(CFU). Limulus Amebocyte Lysate (LAL) was used to measure endotoxin.

Friedmands and Wi lcoxon tests was used

endotoxin contents at each clinical time (P <.05). Results: Endotoxins and
cultivable bacteria were recovered in 100% of the initial samples (S1). CMP were
effective in reducing endotoxins and bacterial load (all P < .05). Higher values of
endotoxin reduction were achieved when EDTA received ultrasonic activation [G1,
0.01 EU/mL (range 0.01 i 0.75)] compared with the no-activation group [G2, 0.13
EU/mL (range 0.01 i 8.34)] (P <.05). No differences were found in the bacterial
load reduction after EDTA when comparing G1 (99.98%) and G2 (99.93%) (P>.05).
Conclusions: Although CMP was effective in reducing bacteria and endotoxins, it
was not able to eliminate them from all root canals analyzed. The ultrasonic
activation of EDTA was efficient in reducing even more the endotoxins levels in the

root canals of teeth with pulp necrosis and apical periodontitis.

Key Words: Endotoxin, root canal infection, EDTA, ultrasonic.
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Introduction

Gram-negative  bacteria  byproducts [Lipopolysaccharides (LPS -
endotoxins)] can egress into periradicular tissues (1), acting as one of the most
potent stimuli for immunocompetent cells in the release of chemical inflammatory
mediators. These bacterial components evoke an intense inflammatory response
(2) and mediate activation of destructive enzymes, which leads to severe tissue
destruction in periapical tissues, known as apical periodontitis (3-8).

To achieve an optimal disinfection of the root canal system, endodontic
treatment should not only rely on eliminating microorganisms and substrates (9)
but also on reducing/eliminating LPS to levels compatibles with periradicular tissue

healing.

EDTA is widely used in clinical practice because it has the property of
removing the contaminated smear layer. It acts on the deep layers (~130 mm) of
contaminated dentin not achieved by the chemomechanical preparation (10) and
has a chelating action (30) on Ca++ present in the lipid A portion of the endotoxin
molecules (31). Therefore, we hypothesized that a significant improvement in the

removal of endotoxins could be achieved after ultrasonic activation of EDTA.

This clinical study was conducted to investigate the influence of 17%
ethylenediaminetetraacetic acid (EDTA) ultrasonic activation after chemo-
mechanical preparation (CMP) on eliminating/reducing oral bacterial LPS and

cultivable bacteria in teeth with pulp necrosis and apical periodontitis.
Methods

Patient Selection

Twenty-four patients needing endodontic treatment who attended the Piracicaba
Dental School, Piracicaba, Brazil, were included in this study. Samples were
collected from 24 root canals with pulp necrosis and radiographically visible apical
periodontitis. Those who had received antibiotic treatment during the last 3 months

or who had any general disease or periodontal disease were excluded. This study
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was approved for the Human Research Ethics Committee of the Piracicaba Dental
(protocol 132/2010) and all volunteer patients signed a free informed consent form.

Clinical and Sampling Procedures

All materials used in this study were heat sterilized at 200°C for 4 hours, thus
becoming sterile/apyrogenic. The teeth were isolated with a rubber dam, with
crown and surrounding structures being disinfected with 30% H,O for 30s followed
by 2.5% NaOCI for a further 30s. Subsequently, 5% sodium thiosulphate was used
to inactivate NaOCI.

A two-stage access cavity preparation was made without the use of water
spray but under manual irrigation with sterile saline solution (SS) and using high-
speed diamond burs. In this stage it was promoted the major removal of
contaminants. In the second stage, before entering the pulp chamber, the access
cavity was disinfected according to the protocol described previously. New
sterile/apyrogenic burs were used for root canal access. The endotoxin sample
was taken at this time (S1) by introducing sterile pyrogen-free paper points (size
#15; Dentsply-Maillefer, Ballaigues, Switzerland) into the full length of the canal
(determined radiographically) and retained in position during 1 min. Immediately,
the paper point was placed on a pyrogen-f r ee gl ass and frozen at
limulus amebocyte lysate (LAL) assay. The procedure was repeated with five
sterile paper points to obtain the initial microbiological sample. The paper points
were pooled in a sterile tube containing 1 mL VMGA Il (Viability Medium Goteborg

Agar) transport medium for microbial cultivation.

Then, the cervical and middle thirds of the root canals were prepared with
the crown-down technique by using Gates Glidden burs in the sequence size #5,
#4, #3 and #2 (Dentsply-Maillefer, Ballaigues, Switzerland). A K-file #10 (VDW,
Munich, Germany) was used to obtained the full length of the root canal, using an
apex locator (VDW Gold; VDW, Munich, Germany). Next, root canals were
instrumented using the Mtwo rotary nickel-titanium system (VDW, Munich,

Germany) until 40/0.4 file. During instrumentation root canals were filled with 1 mL
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of 2% chlorhexidine gel (CHX) (Endogel; Itapetininga, SP, Brazil) using a syringe
(27-gauge needle) before the use of each instrument and immediately rinsed
afterwards with 5 mL of SS. A solution containing 5% Tween-80 and 0.07% (w/v)
lecithin was used to inactivate CHX (5 mL/1 min), which was removed with 5 mL of

SS. Then, the second endotoxin (S2) and microbiological samples were collected.

Afterwards, irrigation with 17% EDTA was performed, as follows: G1- root
canal was flooded with 1 mL of EDTA and immediately activated for 1 min using an
ultrasonic tip (25/.04, Helse Industria e Comércio Ltda. SP, Brazil) that was
inserted 2 mm below the root canal length and power setting at 30%; then, EDTA
was aspirated and renewed, repeating this twice. G2- root canal was flooded with 1
mL of EDTA/1 min; then, EDTA was aspirated and renewed, repeating this twice.
Finally root canals were irrigated with 5 mL of saline solution. A new endotoxin (S3)
and microbiological sample were collected at this time.

Microbiological assessment i CFU counts

Inside the anaerobic chamber (Don Whitley Scientific, Bradford, UK), in an
atmosphere of 10% H,, 10% CO,, and 80% N, the transport medium was shaken
thoroughly in a mixer for 60 s (Vortex, Marconi, Piracicaba, SP, Brazil). Serial 10-
fold dilutions (100 pL of the sample) were made up to 1 : 10 in tubes containing
Fastidious Anaerobe Broth (LabM, Bury, UK). First, 50 yuL of each dilution was
inoculated on Fastidious Anaerobe Agar (Lab M, Bury, UK) supplemented with 5%
defibrinated sheep blood, 5 mg/L hemin, and 1 mg/L menadione. Plates were
incubated anaerobically at 37°C/7 days. After incubation, the total CFU were
counted using a stereomicroscope at 16x- magnification (Zeiss, Oberkoren,
Germany).

Determination of Endotoxin Concentration (Turbidimetric Test and LAL
assay)

The Turbidimetric Test/LAL assay (BioWhitaker, Inc, Walkersville, MD) using the
LAL technique was used to measure endotoxin concentrations within the root

canals. First, as a parameter for calculation of the amount of endotoxins in root
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canal samples, a standard curve was plotted by using endotoxins supplied in the
kit with a known concentration (100 EU/mL) and their dilutions at the following final
concentrations (i e, 0.01, 0.10, 1, and 10 E!

instructions.

Test Procedure. All reactions were accomplished in duplicate to validate the test.

A 96-well microplate (Corning Costar, Cambridge, MA) was used in a heating block

at 37°C and maintained at this temperature throughout the assay. Initially, the

endotoxin samples were suspended in 1 mL LAL water supplied with the kit and
agitated in vortex for 60 seconds and seri al
the blank was added according to the standard endotoxin solutions at
concentrations of 0.01, 0.10, 1, and 10 EU/mL, with 1 00 €L of the sampl e
added to a 96-well microplate in duplicate. The test procedure was performed

foll owing the manufactureros instructions.
measured individually by means of an enzyme-linked immunosorbent assay plate

reader (Ultramark; Bio-Rad Laboratories, Inc, Hercules, CA) at 340 nm. Because

the mean absorbance value of the standards was directly proportional to the
concentration of endotoxins present in the samples, the endotoxin concentration

was determined from the standard curve.

Statistical Analysis

Friedmandés and Wilcoxon tests were used to c
endotoxin contents at each clinical time (S1, S2 and S3). Data were analyzed

using BioStat 5.0 (Belém, Pard, Brazil) with significance levels always set at 5%

(P<.05).

Results

Overview of microbial detection by culture analysis

Bacteria were found in all initial microbiological samples (24/24). In S1 the CFU
count median was 1.2 x 10’ (ranged from 2 x 10° to 4 x 107). Significant median
percentage values of bacterial reduction were achieved after CMP (G1, 99.88%;

G2, 99.86%) compared with the baseline samples (P <.05). No statistically
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significant difference was found between the median values of bacterial reduction
found in S3 compared with S2, independent of the group. The median percentage
values of bacterial load final reduction found in G1 and G2 were 99.98% and

99.93%, respectively.

Quantification of Endotoxin Concentration

Endotoxins were recovered in 100% of the initial samples (S1). Individual median
and range of values of endotoxins at different sampling times, as well as statistical
significance at each sample time are shown in Table 1. CMP (S2) were effective in
reducing endotoxins compared with S1 (P< .05) for G1 (92.95%) and G2 (94.28%)).
The median percentage values of endotoxins reduction found after irrigation with
EDTA (S3) in G1 and G2 were 99.92% and 99.95%, respectively. Higher values of
endotoxin reduction were achieved when EDTA received ultrasonic activation [G1,
0.02 EU/mL (range 0.01 i 0.75)] compared with no-activation group [G2, 0.13
EU/mL (range 0.01 1 8.34)] (P<.05).

Discussion

CFU counting is a reliable method for evaluating the potential of the antimicrobial
agents to kill microorganisms. However, it is important to highlight that negative
samples do not necessarily mean that the bacteria were absent, as they could be
below the levels of detection (11). This fact might be a result of limitations of the
sampling procedure, the culture techniques, and the presence of as yet
uncultivated bacteria (11). Despite these limitations and from a clinical point of
view, it seems that these low levels of bacteria are compatible with periradicular
tissue healing, since negative cultures are reported to be correlated with favorable

treatment outcome (12, 13).

In the present study, all initial samples (S1) were positive for the presence of
bacteria, and the number of CFU values per canal ranged from 2 x 10° to 4 x 10’,
which agree with previous studies (14-18). Our results indicated a substantial
bacterial load reduction (G1, 99.88%; G2, 99.86%) after CMP with CHX (S2).

These results are in agreement with previous studies, where irrespective of the
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irrigant, a high reduction of bacterial load was achieved by mechanical action of the
instruments against dentin walls and the flow and backflow of the irrigants (19).
After irrigation with EDTA (S3), the bacterial load reduction found in G1 and G2
were 99.98% and 99.93%, respectively.

Endotoxins were detected in 100% of the initial samples (S1) collected from
primarily infected root canals, which is in agreement with previous studies (3, 4, 14,
19, 20). Endotoxin removal during endodontic therapy seems to be important for
the elimination of exudation in the periapical area as well as for the healing process
of the apical periodontitis. After CMP (S2), the endotoxin reduction was 92.95% for
G1 and 95.06% for G2 compared with S1 en each group. However, the greatest
reduction was obtained after irrigation with EDTA (S3, G1. 99.92% and G2
99.56%). Although the threshold levels of endotoxin required in the root canals to
damage the periapical tissues still have to be determined, it has long been known
that minimal amounts of endotoxins are capable of inducing or maintaining an
inflammatory process (18, 21). Thus, every subsequent procedures performed
during endodontic treatment to obtain endotoxin-free root canals should be

considered.

EDTA dramatically increases the rate of LPS-lipoprotein binding,
presumably by increasing the disaggregation of LPS (22). LPS that is bound to
lipoprotein does not bind to immune-host cells and is 100- to 1,000-fold less active
than free LPS to induce pro-inflammatory cytokines expression (23). Our results
indicated that higher values of endotoxin reduction were achieved when EDTA
received ultrasonic activation compared with the no-activation group. These results
could be explained by the intense flow of EDTA that ultrasonic activation creates
against root canal walls and into those areas not reachable by root canal
instrumentation, acting on remaining endotoxins left behind, and contributing to a

successful disinfection of the root canal system.

Although CMP was effective in reducing bacteria and endotoxins, it was not

able to eliminate them from all root canals analyzed. The ultrasonic activation of

29



EDTA was efficient in reducing even more the endotoxins levels in the root canals

of teeth with pulp necrosis and apical periodontitis.
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TABLE

TABLE IMedian \alues of endotoxins (EU/mL) anthtistical significance*.

S1 S2 S3
Gl G2 G1 G2 Gl G2

Median 25.68 29.758 1.87° 1.47 0.0Z 0.12
Range 1.19-104.00 0.20-79.80 0.02-23.50 0.02-5.54 0.01-0.75 0.01-8.34

S1- before chemomechanical preparation (CMP); S2- after CMP; S3- after EDTA.
G1- EDTA ultrasonic activation; G2- without EDTA ultrasonic activation.
*Different letters indicate statistical significance at the same clinical time (P < .05)
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CAPITULO 3 i Root canal content from primary endodontic infection and
up-regulation of gelatinases in fibroblast cells

ABSTRACT

Aim To investigate endotoxin levels from primary endodontic infection before and
after chemomechanical preparation (CMP), and determine their antigenicity against

3T3 fibroblasts through gelatinolytic activity of matrix metalloproteinases (MMPS).

Methodology Twenty-four root canals with primary endodontic infection and apical
periodontitis were selected. Samples were collected by using paper points before
(S1) and after chemomechanical preparation (CMP) (S2). Limulus amebocyte
lysate assay was used for endotoxin measurement. Fibroblasts were stimulated
with root canal contents during 24 h. Supernatants of cell cultures stimulated with
root canal contents were collected after 24 h to determine the levels of MMP-2 and
MMP-9 gelatinolytic activity by using the zymography technique. Friedman and
Wilcoxon tests were used to compare the amount of endotoxin before (S1) and
after CMP (S2) (P<0.05). Data obtained from gelatinolytic activity were analysed
using Anovaand Tuk ey 6 s (Pk @bt s

Results Endotoxin was recovered in 100% of the samples. There was a significant
reduction of the endotoxin levels after CMP (P<0.05). A correlation was found
between the levels of endotoxins and MMP-2 expression (P<0.05). Root canal
contents of initial samples (S1) significantly induced greater MMP-2 expression by
fibroblasts when compared to S2 and non-stimulated group (P<0.05). No

gelatinolytic activity of MMP-9 was observed in S1, S2 and control group.

Conclusions Our results suggest that root canal content from primary endodontic
infection showed gelatinolytic activity for MMP-2. Moreover, CMP was effective in
reducing endotoxin levels and their antigenicity against fibroblasts on gelatinolytic

activity.

Keywords: Root canal infection, gelatinases, endotoxin.
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INTRODUCTION

Root canal content of primary endodontic infections showed strong correlation
between oral bacteria lipopolysaccharide (LPS/endotoxin) and apical periodontitis
(Jacinto et al. 2005, Vianna et al. 2007, Martinho & Gomes 2008, Gomes et al.
2009, 2012, Xavier et al. 2013, Sousa et al. 2014). LPS released during bacterial
disintegration, multiplication, and death (Fabricius et al. 1982) can egress into
periradicular tissue (Rietschel & Brade 1992), being potent stimuli against different
cells (Dahlén 1980, Horiba et al. 1989, Hanazawa et al. 1991, Ko & Lim 2002,
Hong et al. 2004) and leading to periapical inflammatory responses and bone
destruction (Horiba et al. 1989, Takahashi 1998).

Matrix metalloproteinases (MMPSs) constitute a family of zinc and calcium-
dependent endopeptidases that are involved in the breakdown of the extracellular
matrix and in the processing of a variety of biological molecules (Page-McCaw et
al. 2007). They play an important role in many physiological such as embryonic
development and tissue remodeling (Page-McCaw et al. 2007, Gill & Parks 2008).
MMPs also participate in pathological processes, including inflammation, tumor
growth and cancer (Birkedal-Hansen et al. 1993, Rydlova et al. 2008).

MMP-2 (gelatinase A) and MMP-9 (gelatinase B) are of particular interest
because there is evidence that these MMPs play an important role in the
pathogenesis of pulp, periodontal and periapical tissue destruction (Shin et al.
2002, Tsai et al. 2005). They are responsible for the degradation of the gelatin
(denatured collagen) and type IV collagen, the major component of basement
membranes (Collier et al. 2011). MMP-2 can also degrade collagens V, VIl and X,

decorin, elastin and fibronectin (Collier et al. 2011).

Since there are no reports evaluating the gelatinolytic activity induced by
root canal content, the aim of this study was to investigate the endotoxin levels
from primary endodontic infection and to determine their antigenicity against 3T3
fibroblasts through gelatinolytic activity of MMPs.
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MATERIALS AND METHODS

Patient Selection

Twenty-four patients, presenting with dental pulp necrosis and radiographic
evidence of apical periodontitis that were referred to the Piracicaba Dental School
(Piracicaba, SP, Brazil), were selected for this study. None of them had received
antibiotic treatment during the last 3 months or had any general disease. A detailed
dental history was obtained from each patient. The Human Research Ethics
Committee of the Piracicaba Dental School approved the protocol (132/2010)
describing the sample collection for this investigation, and all volunteer patients

signed an informed consent form.

Clinical and Sampling Procedures

All materials used in this study were heat sterilized at 200°C for 4 hours, thus
becoming apyrogenic. Samples were collected from 24 root canals. The teeth were
isolated with a rubber dam, with crown and surrounding structures being
disinfected with 30% H,O, for 30s followed by 2.5% NaOCI for a further 30s.
Subsequently, 5% sodium thiosulphate was used to inactivate NaOCI. The sterility
of the external surfaces of the crown was checked by taking a swab sample from
the crown surface and streaking it on blood agar plates, which were incubated

aerobically and anaerobically.

A two-stage access cavity preparation was made without the use of water
spray but under manual irrigation with sterile/apyrogenic saline solution and by
using sterile/apyrogenic high-speed diamond burs. The first stage was performed
to promote a major removal of contaminants. In the second stage, before entering
the pulp chamber, the access cavity was disinfected according to the protocol
described previously. A new sterile and apyrogenic bur was used, followed by
irrigation of the root canal access with sterile saline solution. The endotoxin sample
was taken at this time (S1) by introducing sterile pyrogen-free paper points (size
#15; Dentsply-Maillefer, Ballaigues, Switzerland) into the full length of the canal

(determined radiographically) and retained in position during 60 seconds.
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Immediately, the paper point was placed on a pyrogen-free glass and frozen at
T80AC for future | imulus amebocyteatiorysate (L

Next, the cervical and middle thirds of the root canals were prepared with
the crown-down technique by using Gates Glidden burs in the sequence size #5,
#4, #3 and #2 (Dentsply-Maillefer, Ballaigues, Switzerland). A K-file #10 (VDW,
Munich, Germany) was used to obtained the full length of the root canal, using an
apex locator (VDW Gold; VDW, Munich, Germany). Next, root canals were
instrumented using the Mtwo rotary nickel-titanium system (VDW, Munich,
Germany) until 40/0.4 file. During instrumentation root canals were filled with 1 mL
of 2% chlorhexidine gel (CHX) (Endogel; Itapetininga, SP, Brazil) using a syringe
(27-gauge needle) before the use of each instrument and immediately rinsed
afterwards with 5 mL of saline solution. Three milliliters of 17% EDTA were used
after instrumentation followed by 5mL of saline solution. After the instrumentation,
CHX activity was inactivated with 5 mL of a solution containing 5% Tween-80 and
0.07% (w/v) lecithin during 1-minute period, which was removed with 5 mL of
saline solution. Next, the second endotoxin sample (S2) was taken as previously
described.

Determination of Endotoxin Concentration

The turbidimetric test (pyrogent 5000; BioWhitaker, Inc, Walkersville, MD) was
used to measure endotoxin concentrations in the root canals by means of the LAL
technique. It is a kinetic, quantitative assay for detection of endotoxin. Activated
LAL converts the coagulogen into coagulagin to form turbidity in the sample. A
sample is mixed with the reconstituted LAL reagent, placed in photometer, and
automatically monitored over time until appearance of turbidity. The time required
before the appearance of turbidity (reaction time) is inversely proportional to the
amount of endotoxin. In the presence of a large amount of endotoxin, the reaction
occurs rapidly; in the presence of a smaller amount of endotoxin, the reaction time
is increased. The concentration of endotoxin within unknown samples can be

calculated from a standard curve. Its wide range detection sensitivity [0.017 100
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endotoxin units (EU/mL)] requires small amounts of dilutions of clinical samples,

thus optimizing the laboratory time.

Standard Curve and Spiking Procedure

As a parameter for calculation of the amount of endotoxins existing in root canal
samples, a standard curve was plotted by using the endotoxin of known
concentration supplied by the kit (100 EU/mL), with its dilutions reaching the
following final concentrations (0.01, 0.1, 1, 10 EU/mL) according to the

manufacturer's instructions.

To avoid inhibition or enhancement of the LAL, a known concentration of
Escherichia coli endotoxin was added to the clinical samples, as recommended by
the manufacturer's instructions (spike procedure). The unspiked samples together
with the spiked ones (control) had their endotoxin concentration automatically

calculated.

Test Procedure

Initially, no serial dilution of the clinical samples was considered. Thereafter, if the
tested samples were found to be inhibitory to the turbidimetric LAL reaction, serial
dilutions of the root canal samples would be made. All reactions were performed in
duplicate to validate the test. A 96-well microplate (Corning Costar, Cambridge,
MA) was used in a heating block at 37°C and maintained at this temperature
throughout the assay. First, the endotoxin samplings were suspended in 1 mL of
LAL water supplied by the kit and agitated in vortex for 60 seconds. Immediately
afterwards 100 €L of the Dbl ank, foll owed
endotoxin solutions (0.01, 0.1, 1, 10
added in duplicate to the 96-well microplate with their respectively positive controls.
The test procedure was performed according to the manufacturer's instructions.
The absorbance of endotoxins was individually measured by using an enzyme-
linked immunosorbent assay plate reader (Ultramark; Bio-Rad Laboratories, Inc,
Hercules, CA).
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Calculation of Endotoxin Concentration

The microplate reader/WinKQCL Software (BioWittaker, Cambrex Co, Walkersville,
MD) monitors the absorbance at 340 nm of each well of the microplate
continuously throughout the assay. By using the initial absorbance reading of each
well as its own blank, the reader determines the time required for absorbance at
0.03 absorbance units. This time is termed reaction time. The WinKQCL Software
automatically performs a log/log linear correlation of the reaction time of each
standard with its corresponding endotoxin concentration, and the standard curve
parameters are printed. If the absolute value of the correlation coefficient (r) is
0.980, a polynomial model can be used to construct a standard curve and in turn

predict endotoxin concentrations of test samples.

Cell Culture and Stimulation

Fibroblasts (3T3) were cultured in 100-mm culture plates by using Dulbecco
modified Eagle minimal essential medium supplemented with 100 U/ mL of
penicillin, 100 pg/mL of streptomycin and 10% heat-inactivated fetal bovine serum,
and maintained in a humidified atmosphere at 37°C and 5% CO;, until 90%
confluence. Fibroblasts were released from 100-mm plates with 0.25% trypsin and
0.05% ethylenediaminetetraacetic acid (Gibco) for 5 min, counted in Newbauer
chamber, and a total of 3x10° fibroblasts were grown for 24 hours in each well of
six-well plates, deinduced by incubation for 8 hours in with fresh DMEM without
serum, and stimulated with 60 €L of root canal contents during 24 hours. After
time-poi nt , the cell culture supernatant

used in the zymography assay.

Zymography assay

The activities of MMP-2 and MMP-9 of the cell culture supernatants were
measured by a gelatin zymogram protease assay, as previously described (Silva et
al. 2012). Aliquots of supernatants (20 pL) were mixed with sample buffer (2%
SDS; 125 mmol L™ 1Tris-HCI pH 6.8 10% glycerol and 0.001% bromophenol blue)
and loaded on the gel. Then, prepared samples were subjected to electrophoresis
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on 8% SDS polyacrylamide gels containing 0.1% gelatin. Following
electrophoresis, the gels were washed twice in 2% Triton X-100 for 30 min at room
temperature to remove SDS. The gels were then incubated at 37°C for 18 h in a
substrate buffer containing 50 mmol L™ Tris-HCL and 10 mmol L™ CaCl, at pH 8.0
and stained with 0.5% Coomassie Blue R250 in 50% methanol and 10% glacial
acetic acid. Protein standards were run concurrently, and approximate molecular
weights were determined by plotting the relative mobilities of known proteins.
Gelatinolytic activity was detected as unstained bands against the background of
Coomassie blue-stained gelatin. Enzyme activity was assayed by densitometry
using a Kodak Electrophoresis Documentation and Analysis System (Kodak,
Rochester, NY, USA), and the intensities of digitalized bands were normalized with

regard to an internal standard (FBS) to allow intergel analysis and comparison.

Statistical analysis

The results obtained with the LAL test were statistically analysed by Friedman and
Wilcoxon tests comparing the amount of endotoxin before (S1) and after CMP
(S2). Triplicate experiments were performed to determinate gelatinolytic activity
and data were analysed using one-way analysis of variance and T u k e y 0 gy
SPSS package for Windows, version 12.0 (SPSS, Inc., Chicago, IL, USA) with

significance levels always set at 5% (P< 0.05).

RESULTS
The LAL assay indicated that endotoxins were present in 100% of the root canal
contents investigated (24/24) before (S1) and after CMP (S2), with a median value
of 21.83 EU/mL (range, 0.10-104.00 EU/mL) for S1. As a result of CMP, endotoxin
content was reduced to a median value of 0.52 EU/mL (range, 0.01-23.50 EU/mL)
in S2. There was a significant difference in the median value of endotoxin detected
in S1 and S2 (P<0.01). Analyses of the quantitative data revealed that the
endotoxin content in S2 was significantly reduced (97.62%) after CMP (P<0.01).
Specific characterization of MMPs in the cell culture supernatants by gelatin
zymography demonstrated that all groups induced different expression of MMP-2
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(72 kDa) by 3T3 cells (Fig. 1 and 2). Root canal contents of initial samples (S1)
induced significantly greater MMP-2 expression by fibroblasts when compared to
S2 and control group (P<0.05). No gelatinolytic activity of MMP-9 was observed in
the S1, S2 and control group.

DISCUSSION

The quantitative turbidimetric test used in this study for endotoxin measurement
has been reported as a precise method for the analysis of endotoxins in root canal
infection allowing reproductibility (Martinho et al. 2011). Our results showed that
endotoxins were present in 100% of the root canal samples from primarily infected
root canals; results that are in agreement with previous investigations (Pitts et al.
1982, Jacinto et al. 2005, Vianna et al. 2007, Martinho & Gomes 2008, Gomes et
al. 2009, Martinho et al. 2010, Gomes et al. 2012, Martinho et al. 2012, Xavier et
al. 2013).

The auxiliary chemical substances (ACS) used in endodontic practice
(NaOCl and CHX) are not effective in eliminating endotoxin from infected root
canals (Gomes et al. 2009). In this study the ACS used was CHX that achieved a
reduction of 97.62% of the initial endotoxin levels. Therefore, endotoxins were still
detected in all root canal samples, agreeing with previous reports (Vianna et al.
2007, Martinho & Gomes 2008, Gomes et al. 2009, Martinho et al. 2010, Gomes et
al. 2012, Martinho et al. 2012, Xavier et al. 2013).

Endotoxins can egress into periradicular tissues (Rietschel & Brade 1992),
being potent stimuli against different cells, such as fibroblasts. Fibroblasts are
major constituents of connective tissue, the predominant cell type of periodontal
ligament and are the most important collagen producers in this tissue (McCulloch &
Bordin 1991, Kumada & Zhang 2010). Fibroblasts secrete MMPs that are capable
of initiating the degradation of extracellular matrix macromolecules, and this seems
to be a key event for the progression of the inflammatory process. MMP-2 and
MMP-9 are of great interest because they are synthesized by fibroblasts and pulp

cells and have been implicated in the pathogenesis of periodontitis, oral
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carcinogenesis, pulpal and periodontal ligament inflammation (Chang et al. 2001,
Tsai et al. 2005, Fracalossi et al. 2010, Accorsi-Mendonca et al. 2013).

Collagen is the major insoluble fibrous protein in the extracellular matrix and
in connective tissues. Collagen degradation is an important characteristic of apical
periodontitis, and MMPs are likely candidates in this process because they are
involved in its degradation (Paula-Silva et al. 2010).

In the present study, 3T3 cells were found to produce MMP-2 after exposure
to root canal content from primary endodontic infection. Root canal contents of
initial samples significantly induced greater MMP-2 expression when compared to
samples after CMP. These results are explained by the dramatically reduction in
the endotoxins levels of this content (97.62%). MMP-2 expression may induce an
extracellular matrix proteolysis, and it seems to be a key initiating event for the
progression of the inflammatory process (Huang et al. 2008).

No gelatinolytic activity of MMP-9 was observed in any sample. Previous
studies have shown that MMP-9 can be expressed in small amounts when
compared with MMP-2 (Chang et al. 2001, Huang et al. 2008). This result could
also be attributed to a minimum activity, nondetectable as previously described
(Silva et al. 2012).

Theoretically, the residual endotoxins found in our study after CMP (2.38%),
if allowed access to the periradicular tissues after root canal filling, would only
temporarily modulate host immune responses by expression of MMPs and other
chemical mediators, such as cytokines. MMPs secretion is not a simple pathway
and it is known that it is regulated by several gates and that the transcription of the
majority of MMP genes is regulated by endogenous growth factors and cytokines
(Birkedal-Hansen et al. 1993). The transcriptional effects of growth factors and
cytokines are mediated through complex signaling pathways (Salo et al. 1991,
Birkedal-Hansen et al. 1993). Interleukin-1U, interleukin-1b, and tumor necrosis
factor U seem to be capable of inducing MMP expression (Birkedal-Hansen et al.
1993, Shin et al. 2002). Thus, this makes immune response networks even more
complex and further studies are necessary to determinate the real role of MMPs in

initiating and sustaining of periapical diseases.
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To the best of our knowledge, this is the first attempt to evaluate the effects
of root canal content from endodontic infection in order to determine their
antigenicity against fibroblasts through gelatinolytic activity of MMPs. Our results
suggest that root canal content from primary endodontic infection showed
gelatinolytic activity for MMP-2. Moreover, CMP was effective in reducing
endotoxin levels and their antigenicity against fibroblasts on gelatinolytic activity.
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Figures and Legends

kDa S1 S2 Control

pro MMP-2 (72)
active MMP-2 (66) B

Figure 1 Levels of MMP-2 gelatinolytic activity before (S1) and after CMP
(S2) as observed using zymography assay.

* P<0.01

Relative MMP-2
gelatinolytic activity

S1 S2 Control

Figure 2 MMP-2 gelatinolytic activity before (S1) and after CMP (S2) analysed by
one-way ANOVA and Tukey's test(P<0.05)
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CONSIDERACOES GERAIS

A polpa dentaria normalmente ndo contem microrganismos, mas pode tornar-se
infectada principalmente através de uma lesdo cariosa, apresentando reacdes
inflamatorias ou degenerativas. Quando uma alteracéo pulpar esta presente e néo é
tratada, podera evoluir para a necrose pulpar. Esta consiste na completa suspenséo
dos processos metabdlicos do tecido pulpar, ou seja, faléncia de todo sistema
vascular e nervoso que garante a vitalidade ao dente. Se esta infec¢édo néo for
tratada, os produtos toxicos bacterianos e da decomposicao tecidual vao agredir os
tecidos periapicais, dando inicio as alteracfes periapicais. A ultima, dependendo da
severidade, principalmente em casos de abscessos periapicais agudos, pode
gerar manifestagdes sistémicas tais como aumento da temperatura, mal-estar e
leucocitose (Gomes, 1995). Desta forma, o profissional deve ter conhecimento sobre
as caracteristicas histologicas, clinicas e radiograficas destas patologias para poder

reconhecé-las e indicar a melhor opgéo de tratamento (Leonardi et al. 2011).

Os microrganismos presentes em canais radiculares infectados podem ser
encontrados em diversos locais dos canais radiculares. Podem estar suspensos
no limen do canal radicular (forma planctbnica), com uma variedade imensa de
tipos morfolégicos consistindo em cocos, bacilos e formas filamentosas. Além
disso, podem estar aderidos as paredes do canal radicular, formando um biofilme
(forma séssil). Também podem ser encontrados penetrando nos tubulos
dentindrios, colonizando canais laterais, secundarios e acessoérios e formando
biofilmes na regido extrarradicular. O tempo da infeccdo é o maior fator influente

na composicao e localizacao desta microbiota (Gomes et al. 2013).

No presente estudo foi confirmada a presenca bacteriana e de seus
subprodutos, como o LPS, em todas as amostras inicias coletadas de dentes com
infeccdo endodéntica primaria, indicando uma forte correlacdo entre bactérias
(Kakehashi et al. 1965) e LPS (Rietschel & Brade 1992, Dahlén et al. 1981, Pitts et
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al. 1982, Tanomaru et al. 2003; Martinho et al. 2012) com a indugédo de

periodontite apical.

A periodontite apical € o resultado da interacdo entre a resposta imune do
hospedeiro e o conteudo infeccioso dos canais radiculares (Bergenholtz 1990,
Martinho et al. 2012). O conteldo infeccioso age como uma fonte de espécies
patogénicas e fatores de viruléncia nesta resposta do hospedeiro, estimulando ao
sistema imune para secrecao de citocinas, mediadores inflamatorios e MMPs que
se espalham no tecido apical, criando e mantendo uma carga inflamatdéria cronica
(Bainbridge et al. 2002, Paula-Silva et al. 2010, Martinho et al. 2012).

Estudos prévios relataram a capacidade antigénica desse contetudo
infeccioso (Ribeiro Sobrinho et al. 2002, Maciel et al. 2011, de Brito et al. 2012,
Tavares et al. 2012, 2013) pela expressao de citocinas e mediadores
inflamatorios. Em nossos resultados, quando analisada a relacdo dos niveis de
endotoxinas com determinada citocina foi encontrada uma correlacdo positiva
entre os niveis de LPS e a presenca de IL-1 U;:1bl, L-UNFR P éenk
concordancia com Martinho et al. (2012). Foi encontrada também uma correlacéo
positiva entre os niveis de IL-1b e JPeGiatomatologia clinica, assim como os
niveisde TNF-U e a presen-a de exsudato, em
(Gomes et al. 2009, Martinho et al. 2010b, Martinho et al. 2012).

Diversos estudos tém mostrado a importancia das MMPs durante o
desenvolvimento, modelagem e destruicdo dos tecidos orais (Hayakawa 1998,
Hannas et al. 2007, Page-McCaw et al. 2007, Paula-Silva et al. 2010). Quando
analisada a relacdo dos niveis de endotoxinas com a presenca das MMPs foi
encontrada uma correlacdo positiva para todas as MMPs avaliadas (MMP-2,
MMP-3, MMP-8, MMP-9 e MMP-13). Foi encontrada também uma correlacdo
positiva entre os niveis de MMP-8 e MMP-9 com a presenca de sintomatologia

dolorosa. Por outro lado, Thompson et al. (2012) relataram a capacidade do EDTA
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para inativar as MMPs, o que reforca a hipotese de que a ativagdo com ultrassom
do mesmo poderia resultar numa potencializacao deste efeito inibitério nas MMPs.

Os fibroblastos tém a capacidade de produzir MMPs, as mesmas que
iniciam a degradacédo das macromoléculas da matriz extracelular. Nesse processo
as MMP-2 e MMP-9 tém grande importancia, sendo sintetizadas principalmente
por fibroblastos e sendo protagonistas diretas dos processos patologicos
periapicais (Chang et al. 2001, Tsai et al. 2005, Fracalossi et al. 2010, Accorsi-
Mendonca et al. 2013). Em nossos resultados, quando analisada a capacidade
antigénica do conteudo infeccioso presente inicialmente nos canais radiculares
sobre fibroblastos, pela expressdo de MMP-2 e MMP-9, os resultados mostraram
uma alta atividade gelatinolitica para MMP-2. Porém, nao foi observada a
expressdo de MMP-9, o que vai ao encontro com os resultados de estudos prévios
(Chang et al. 2001, Huang et al. 2008, Silva et al. 2012) que relatam uma baixa
expressdo e atividade néo detectavel da MMP-9 gquando comparada a MMP-2.
Quando estimulados os fibroblastos pelo conteudo infeccioso coletado apds o
PQM, a expressao de MMP-2 foi reduzida significativamente a niveis semelhantes
ao grupo controle (células ndo estimuladas), enfatizando a importancia da

desinfeccao alcancada pelo PQM na reducao da inflamacao periapical.

No presente estudo foi investigado o padrdo de resposta
immune/inflamatoria gerada frente aos microrganismos e endotoxinas e como o
tratamento endodbntico poderia influenciar positivamente na reducdo da
inflamacédo periapical. O acumulo de componentes bacterianos, entre eles as
endotoxinas, na regido do periapical, pode estimular uma resposta antigeno-
anticorpo no sistema imune do hospedeiro com a expressdo de mediadores
quimicos e enzimas que regulam o processo inflamatorio e a consequente

destruicdo tecidual.

No intuito de reduzir esse fator de agressao ao hospedeiro, diversos
protocolos de instrumentacaol/irrigacdo e de uso de substancia quimicas auxiliares

tém sido propostos, a maioria utilizando o NaOCI como irrigante (Tanomaru et al.
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2003, Niwa et al. 1969, Buttler & Crawford 1982, Buck et al. 2001, Oliveira et al.
2007, Martinho & Gomes 2008).

A CHX tem se mostrado como uma substancia quimica com capacidade de
desinfetar os canais radiculares e reduzir o LPS a niveis semelhantes aos obtidos
pelo NaOCI, quando foi utilizada a instrumentacdo manual (Gomes et al 2009).
Entretanto, ainda nado tinha sido avaliada clinicamente a efetividade do PQM
utilizando-se de instrumentos rotatérios e de clorexidina gel 2% como substancia
quimica auxiliar. Nossos resultados mostraram que a reducdo do conteudo
endotoxico foi maior (92.95%)) que a alcangcada por instrumentos manuais (55,6%)
(Vianna et al 2007, Gomes et al. 2009).

Entretanto, nem a CHX nem o NaOCI foi capaz de eliminar completamente
o contetido endotoxcio dos canais radiculares. Desta forma, torna-se necessario o
estabelecimento de protocolos de instrumentacdo e irrigacdo eficientes que
consigam atuar onde as substancias quimicas nao tem acéao, principalmente sobre
os biofilmes bacterianos, cuja remoc¢ao ocorre principalmente pela acdo mecéanica

dos instrumentos endodoénticos.

Estudos in vitro avaliando métodos suplementares de desinfeccdo, como
irrigacdo ultrassbnica/ sbnica, laser e terapia fotodinamica, tém apresentado bons
resultados quanto a eficacia antimicrobiana dos mesmos. Entretanto, tornam-se
necessarios estudos in vivo para comprovar a superioridade desses métodos em
relacdo aos convencionais em promover desinfec¢cdo dos canais radiculares. No
presente estudo foi observado que apds o término do PQM, a irrigacao final com o
EDTA 17% ativado com ultrassom reduziu ainda mais os niveis de LPS (99,92%),
guando comparado com o protocolo sem ativacao ultrassonica (99,56%). Este fato
€ de grande importancia para a Endodontia que visa uma maxima eliminacdo dos
microrganismos, e seus subprodutos, dos canais radiculares para permitir a
reducdo da inducgdo de citocinas pro-inflamatérias e metaloproteinases, criando-se
condicOes para o reparo periapical. Para este fim, os seguintes principios foram

observados durante o tratamento endodéntico:

54



a) Medidas de controle de infecc&o para evitar a introducdo de contaminantes
externos ao sistema de canais radiculares.

b) Canais instrumentados em toda sua extensao para evitar a permanéncia de
microrganismos no terco apical dos canais e consequente modulacdo da
resposta imune do hospedeiro.

c) Paténcia apical para evitar acumulo de debris contaminados nesta regiao.

d) Utilizacdo de limas rotatorias de NiTi cuja cinematica permite uma maior
expulsdo de debris, os quais foram removidos através da
irrigacéo/aspiracao.

e) Emprego de uma substancia quimica auxiliar (CHX gel 2%) com uma ampla
acao antimicrobiana, substantividade e baixa citotoxicidade.

f) Irrigacdo abundante com soro fisioldgico para remocéao de debris e residuos
quimicos em todas as etapas da instrumentacao/irrigacao.

g) Utilizacdo de EDTA como agente irrigante final ativado com ultrassom. Isto
para potencializar a sua atividade quelante, melhorar a remogao de smear
layer e do contetdo microbiano dos canais radiculares e principalmente
otimizar sua acao na remocao das endotoxinas, pois atua nas camadas
mais profunda da dentina infectada, que néo é envolvida pelo PQM. Além
disso, € um agente quelante forte que pode reagir com o Ca'" presente na
molécula de lipidio A (o centro bioativo de endotoxina) afetando assim a

sua estrutura.

Para manter o estado de limpeza dos canais conseguido apés a
instrumentacdo, estes foram obturados hermeticamente, proporcionando um
selamento apical por meio de cimento endoddntico. Para evitar uma
microinfiltracao corondria que permitiria a entrada de novos microrganismos no
interior do canal radicular, além da entrada de nutrientes, que poderia levar a
proliferacdo dos microrganismos remanescentes no interior dos tubulos
dentinarios, os dentes foram restaurados com resina composta ao término do

tratamento endoddntico (Gomes et al. 2013).

55



Observando todos estes principios, espera-se que o0 contetudo
microbiano/endotoxico restante seja compativel com o hospedeiro ja que apesar
da reducédo drastica do contetudo endotoxico dos canais radiculares, ndo houve

eliminacao total do mesmo.

Estudos em andamento que fazem parte deste trabalho estdo avaliando
também a influéncia da medicacéo intracanal (MIC) na reducdo do conteudo
residual apdés o uso do EDTA. Isto no intuito de verificar a sua real importancia na
complementagéo da desinfec¢ao do sistema de canais radiculares, assim como de
sua possivel influéncia na neutralizacdo das enzimas e MMPs responsaveis na

perpetuacdo da leséo periapical.

Dessa forma, tornam-se necessarios estudos que avaliem a importancia
desse conteudo residual apds obturacdo dos canais radiculares na perpetuacao
da doenca periapical e que avaliem também as diferentes vias de transcricdo dos
mediadores inflamatorios. Tais pesquisas sao importantes para definir protocolos
de terapia endodontica mais eficazes, e que visem ndo apenas 0 controle da
infeccdo, mas também o controle da inflamacéo dos tecidos periapicais, assim

como do processo de reabsor¢céo 0ssea.
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CONCLUSAO

De acordo com as metodologias propostas no presente estudo, foi possivel

concluir que nas infec¢cdes endoddnticas primarias com leséo periapical:

1. O conteudo infeccioso/endotoxico é um potente estimulo para a resposta
imune do hospedeiro na producdo de IL-1 U, -1b L TNFU MMRGE?2,
MMP-3, MMP-8, MMP-9 and MMP-13 (capitulo 1).

2. O PQM consegue reduzir significativamente a carga microbiana e os niveis
de endotoxinas. Adicionalmente, a ativacdo do EDTA com ultrassom
promove uma reducdo maior dos niveis residuais de bactérias e

endotoxinas (capitulo 2).
3. O conteudo infeccioso/endotéxico de dentes com infeccdo endodobntica

primaria € um potente estimulo para a expressdo génica de MMP-2 por
fibroblastos 3T3. (capitulo3).
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participaram do estudo.

APENDICES

APENDICE 1 i Caracteristicas clinicas do elemento dental nos pacientes que

SENSIBILIDADE*

Caso IDAD GENERO DENTE COROA PERIOD. CANAL* MOBIL.
P PP
1 41 M 14 + + Rest.  Soudavel o Ndo
2 41 M 15 + + Rest.  Soudavel ., Néo
3 52 M 22 + + Rest. Saudavel Molhado N&o
4 74 M 14 - + Rest.  Saudavel yiihado  N@O
5 58 M 41 + + Higido ~ Saudavel oo Néo
6 58 M 43 + + Higido Saudavel Seco N&o
7 51 M 45 + + Rest.  Soudavel ., Néo
8 26 M 25 - + Rest.  oudavel yiiihado  N&O
9 57 M 23 + + Higido Saudavel Seco N&o
10 52 H 22 + ; Rest. ~ Soudavel o, Néo
11 25 M 12 ; + Rest.  S2Udavel \iihado  N&O
12 60 H 34 + + Rest.  Saudavel yihado  N&O
13 a7 H 42 + + Higido Saudavel Seco N&o
14 47 H 43 4 + Higido ~ Saudavel o .y Néo
15 47 M 24 4 + Rest.  S2Udavel \iihado N&O
16 51 M 23 N N Rest. Saudavel Molhado NA3&o
17 22 H 24 + + Rest.  Soudavel o, Néo
18 32 M 31 + 4 Rest.  Saudavel ) \hado  N&o
19 32 M 32 N . Rest. Saudavel Seco Nio
20 32 M 33 . N Rest. Saudavel Seco N3o
21 32 M 41 4 + Rest.  Saudavel \\ 1hago  N&O
22 43 M 11 + ; Rest. ~ Saudavel o, Néo
23 43 M 12 4 + Higido  Saudavel  ihado N&O
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24

41

Saudavel N3ao

33 - - + Higido Seco

*Canal seco- sem secrecdo; Canal molhado- todos os canais assim identificados apresentaram secrecao inicial serosa.

Sensibilidade: T- térmico; P- palpagédo; PP; palpagéo.

APENDICE 2 i Isolados bacterianos em canais radiculares por método de cultura

bacteriana e identificagdo bioquimica.

CASO Bacterias
1 Lo . .
P. gingivalis, P. micraB. bifidum P. buccae
2 P. gingivalis, P. micraCapnocytophagapp Prevotella spp.
3 Lo .
P. gingivalis, P. MicraP. buccae.
4 Lo . .
P. gingivalis, P. micraP. buccae, P. oralis.
5 P. gingivalis, P. micraP. endodontalisCapnocytophaga spp..
6 Lo . .
P. gingivalis, P. micra,P. oralis
7 Lo .
P. gingivalis, P. micraP. buccae
8 P. gingivalis,P. micra,P. endodontali®. acnes.
9 . L
P. micra,P. gingivalis
10 Lo .
P. gingivalis,B. bifidum P. buccae
11 .
Capnocytophagapp Prevotella spp.B. ureolyticus
12 P. Micra, P. buccae.
13 . .
P. buccae, P. oralis. P. endodontalis
14 P. endodontalisP. oralis
15 Lo .
P. gingivalis,P. oralis,P. buccae
16 Lo .
P. gingivalis, P. micraP. buccae
17 . .
P. endodontalisP. micra,
18 . .
P. micra, P. buccae, P. oralis
19 . . .
P. micra,P. buccae, P. oralis,B. ureolyticus
20 Lo . . .
P. gingivalis, P. micraP. endodontalis, Poralis
21

P. gingivalis, P. micra,P. oralis
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22 P. endodontalis P. BuccaeP. oralis,. B. ureolyticus

23 , P. micra,P. endodontalis, P. oralis

24 P. micra,P. oralis.

APENDICE 3 i Unidades Formadoras de Colénia / mL (UFC/mL) nas diferentes

coletas durante o tratamento endodontico para os diferentes subgrupos.

CASO

COLETA 1 2 3 4 5 6
Inicial 400X 16 240X16 40Xx16 20Xx186 27Xx16 110X 18
PQM 0 0 0 0 0 5
EDTA S/U 0 0 2 0 0 0
MIC Ca(OH) 0 0 0 0 0 0

Inicial- coleta inicial;PQM; coleta ap6s preparo quimiogecénico; EDTA S/Ucoleta apds o uso de EDTA
sem ativacdo com ulgsom;MIC Ca(OH)- coleta apds 30 dias com medicacéo intracanal de Ca(OH)

CASO

COLETA 7 8 9 10 11 12
Inicial 152X 16 26X16 90X16 130Xx16 70X16 330X 16
PQM 12 0 8 0 0 0
EDTA S/U 2 6 0 0 20 6
MIC Ca(OHY CHX 0 0 0 0 0 0

Inicial- coleta inicial; PQM; coleta apds preparo quimmecéanico; EDTA S/Ucoleta apds o uso de EDTA

sem ativagdo com ultrassoiIC Ca(OH) + CHX- coleta apés30 dias com medicacdo intracanal de
Ca(OH) e clorexidina.

CASO

COLETA 13 14 15 16 17 18
Inicial 80X106 160X16 210X16 65X16 108X16 76X 16
PQM 0 0 0 0 0 0
EDTA C/U 6 0 0 0 0 0
MIC Ca(OH) 0 0 0 0 0 0

Inicial- coleta inicial; PQM; coleta apés preparo quiramecanico; EDTAC/U- coleta apés o uso de EDTA
comativacaode ultrassom;MIC Ca(OH)- coleta ap6s 30 dias com medicacao intracanal de Ca(OH)
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CASO

COLETA 19 20 21 22 23 24
Inicial 50X 16 110X16 60X186 112Xx16 72Xx16 30X 18
PQM 12 0 8 0 0 0
EDTA C/U 2 6 0 0 20 6
MIC Ca(OHY CHX 0 0 0 0 0 0

Inicial- coleta inicial; PQM; coleta apds preparo quiricecanico; EDTAC/U- coleta apds o uso de EDTA
comativacaode ultrassomMIC Ca(OH) + CHX- coleta apds 30 dias com medicacéao intracanal de Ca(OH)
e clorexidina.

APENDICE 4 i Quantificacdo de endotoxinas (EU/mL) nas diferentes coletas
durante o tratamento endodontico para os diferentes subgrupos.

MIC
Caso Inicial PQM EDTASU Ca(OH)

1 26.40 0.16 0.10 0.12
2 23.00 0.16 0.01 0.11
3 79.80 1.77 0.01 0.14
4 0.20 0.10 0.10 0.50
5 42.70 0.40 0.01 0.10
6 5.34 0.19 0.01 0.19

Inicial- coleta inicial; PQM; coleta apGs preparo quimmgecanico; EDTA S/U
coleta apos o uso de EDTg#emativagdocom ultrassom;MIC Ca(OH)- coleta
apos 30 dias com medicacao intracanal de Cg{OH)

Caso Inicial PQM EDTAS/U MIC Ca(OHy CHX
7 47.10 0.09 0.24 0.06
8 45.20 0.34 0.01 0.04
9 25.30 1.18 0.01 0.05
10 1.20 0.18 0.10 0.05
11 167.00 23.50 0.80 0.03
12 111.00 11.40 0.42 0.05

Inicial- coleta inicial; PQM; coleta ap6s preparo quimimeecanico; EDTA S/U coleta
apos o uso de EDTAemativacdocomultrassomMIC Ca(OH)- coleta apds 30 dias com
medicacéo intracanal de Ca(Qldxlorexidina.
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Caso Inicial PQM EDTA @ MIC Ca(OH)

13 3.94 0.52 0.05 0.01
14 4.00 0.16 0.01 0.01
15 74.10 0.03 0.02 0.02
16 0.29 0.11 0.07 0.01
17 0.92 0.02 0.10 0.02
18 9.89 1.69 0.22 0.26

Inicial- coleta inicial; PQM; coleta apés preparo quimimecanico; EDTA C/U
coleta ap6s o uso de EDTA com ativagdo com ultraséti@; Ca(OH)- coleta
apos 30 dias com medicacao intracanal de Cg{OH)

Caso Inicial PQM EDTA @ MIC Ca(OHy CHX
19 1.09 0.01 0.07 0.29
20 0.37 0.14 0.02 0.20
21 0.28 0.02 0.01 0.15
22 2.56 0.04 0.02 0.01
23 0.10 0.02 0.01 0.01
24 6.43 0.10 0.02 0.02

Inicial- coleta inicial; PQM; coleta ap6s preparo quimmecénico; EDTA C/U coleta
apos o uso de EDTA com ativacado com ultrasddih Ca(OH)- coleta apds 30 dias com
medicacéo intracanal de Ca(Qld)clorexidina.
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APENDICE 5 Quantificacdo das diferentes citocinas (pg/mL) apés o preparo quimico-mecanico (PQM)nas diferentes

coletas durante o tratamento endodontico para os diferentes subgrupos.

IL-m h TNFh PGE [L-m i
Caso PQM MIC PQM MIC PQM MIC Inicial MIC
1 33.23 19.60 31.42 6.34 269.07 288.296 267.21 32.45
2 22.44 2.77 41.99 2.76 141.97 23.876 73.74 2.84
3 32.97 491 36.82 5.22 64.03 79.783 152.56 23.12
4 62.53 7.21 46.37 7.44 7.70 21.549 198.21 11.93
5 13.23 5.13 36.20 4.98 55.11 143.611 148.32 2.14
6 13.45 8.90 23.43 2.60 113.13 62.102 197.23 18.32
7 31.21 1.23 23.40 3.53 202.67 76.179 122.80 19.22
8 36.98 11.48 37.66 2.79 101.64 87.311 49.21 4.24
9 16.75 6.73 31.42 1.69 165.34 60.938 234.17 2.57
10 34.53 2.18 14.55 3.50 167.85 127.405 68.39 9.23
11 21.43 1.12 31.41 2.14 81.91 334.547 195.27 3.21
12 18.52 6.33 19.56 3.96 92.08 123.982 47.30 4.72
13 17.12 9.54 35.77 2.13 7.70 21.54 97.57 6.92
14 14.65 3.22 23.32 1.62 39.44 11.93 103.73 3.78
15 29.33 8.26 11.65 2.84 234.53 15.32 92.43 9.17
16 11.21 24.21 20.78 1.43 225.10 71.84 128.04 2.90
17 26.74 6.87 31.23 5.14 65.88 222.21 89.23 1.46
18 19.90 2.47 41.24 4.32 82.18 178.97 57.92 2.44
19 12.42 3.96 26.33 1.73 29.92 246.11 67.03 2.22
20 62.57 16.22 19.75 4.34 38.89 111.06 103.21 452
21 3.21 4.98 11.74 16.83 32.12 116.65 156.32 16.80
22 9.77 5.52 14.73 24.47 98.45 85.30 74.93 4.35
23 10.89 3.76 11.64 18.88 198.43 27.91 69.46 1.74
24 14.42 5.33 12.54 50.88 71.17 15.32 70.33 6.22

PQM- coleta ap6s o prepaguimicamecanico; MIC coleta apos o uso por 30 dias de medicagédo intracanal.
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APENDICE 6 i Quantificacdo das diferentes metaloproteinases avaliadas (pg/mL) ap6s o preparo quimico-mecanico

(PQM) e depois do uso de medicacao intracanal (MIC).

MMPs
MMP-2 MMP-3 MMP-8 MMP-9 MMP-13
Caso PQM MIC PQM MIC PQM MIC Inicial MIC Inicial MIC
1 870,00 190,00 158,00 112,00 67,00 14,00 20,00 0,22 47,23 1,52
2 790,00 175,00 173,00 109,00 61,00 13,56 30,00 0,14 67,17 4,78
3 800,00 177,00 234,00 136,00 66,00 14,67 33,00 0,18 50,39 3,07
4 810,00 180,00 146,00 110,00 70,00 15,56 22,00 0,11 100,26 2,71
5 760,00 168,00 130,00 105,00 75,00 26,67 29,00 0,49 54,30 1,76
6 850,00 188,00 138,00 90,00 61,00 19,34 40,00 0,18 49,12 7,08
7 910,00 202,00 129,00 102,00 98,00 21,78 38,00 0,21 55,71 7,46
8 810,00 180,00 145,00 108,00 61,00 11,29 21,00 0,55 55,71 4,01
9 860,00 191,00 161,00 124,00 72,00 18,44 26,00 0,46 48,84 7,69
10 830,00 196,00 128,00 112,00 65,00 19,80 34,00 0,69 42,74 9,26
11 780,00 185,00 119,00 98,00 85,00 16,24 22,00 0,29 46,41 4,00
12 750,00 180,00 117,00 101,00 66,00 12,87 22,00 0,16 58,14 9,61
13 790,00 175,00 112,00 93,00 93,00 17,22 28,00 0,62 43,88 9,48
14 800,00 184,00 134,00 115,00 66,00 14,88 34,00 0,29 69,78 1,12
15 820,00 182,00 122,00 110,00 136,00 23,64 66,00 0,33 51,05 1,15
16 830,00 190,00 148,00 81,00 77,00 12,17 106,00 0,21 47,82 1,88
17 840,00 199,00 121,00 111,00 74,00 14,72 44,00 2,49 41,60 1,22
18 900,00 210,00 136,00 79,00 61,00 13,00 21,00 0,79 40,61 3,28
19 820,00 170,00 127,00 109,00 71,00 18,11 28,00 0,12 42,11 8,73
20 770,00 148,00 111,00 103,00 73,00 14,93 32,00 0,67 46,12 11,27
21 800,00 160,00 160,00 112,00 69,00 11,66 34,00 0,37 43,82 9,72
22 910,00 190,00 123,00 84,00 73,00 16,82 28,00 0,24 41,80 9,84
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MMPs

MMP-2 MMP-3 MMP-8 MMP-9 MMP-13 MMP-2 MMP-3 MMP-8 MMP-9
Caso PQM MIC PQM MIC PQM MIC Inicial MIC Inicial MIC
23 820,00 182,00 139,00 97,00 87,00 19,23 21,00 0,23 43,98 7,90
24 750,00 170,00 121,00 101,00 61,00 13,70 42,00 0,14 40,70 5,47

PQM:- coleta apds o preparo quimiatecanico; MIG coleta apds o uso por 30 dias de medicagao intracanal.
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APENDICE 7 i Protocolo para o processamento das amostras de citocinas
utilizando os Kits de ELISA especificos para amostras humanas da R&D Systems.

IL-1 (R&D catalogo #DLA50)

1) Preparo dos reagentes:
A primeira coisa que seré feita € o preparo da curva padrao.

a) Reconstituir cil-m hStandard do kitcom5mLR2 &/ F £ A6 NI} 42 NJ 5Af dzSy i
deverd ser agitado suavemente e permanecer parado por um minimo de 15 minutos
antes de comecar as diluigdes .

b) Pegar7 ependorffs ou tubos de vidros estéreis e colmsmem uma estante.

c) Colocar500 yf RGalibrétor5 A £ dzSy G w ®penddrifs ytdbds dea vidros
estéreis previamente separados

o & & & & & &

VYV VvV

500 L

d) A partir de agora sera feita diluicdo seriada de aadw com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

500l 500pL_ 50QL 50QuL 50QuL

(Y 22 o o 2 4 2
IRERERRERRA

IL-1h Standard 125 62,5 31,2 15,6 7,8 3,9 0

)

\N

250 pg/mL pg/mL g/mL pg/mL  pg/mL pg/mL pg/mL  pg/mL



e) O ultimo ependorff /tubo de vidro deve conter apenas 50D  RCRlibrator Diluent

RD5p ¢ dse@d z8ro padrio da curvlank, Opg/mL)

2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar50 [ R?2

! 2al & o% A tSd¥S yQil RW5 MLJ2 ce2

RI

LX | OF &

contém um precifiado e por isso, deve ser bem misturado (vortex) antes e durante o seu

uso.

4) Vamos agora preencher toda a placa de 96 pocos conuR@ara todos os componentes
da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:
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'ﬁ' Essas duas primeiras colunas serdo preenchidas com as diluigéenquatar a curva

padréo. Sera realizada da seguinte forma:
-Al e A2 com 20QL do IL1h Standard

- B1 e B2 col200pL da diluicdo 125 pg/mL
-C1 e C2 cor@00pL da diluicdo 62,pg/mL
-D1 e D2 con200puL da diluicdo 31,Ag/mL
-E1 e E2 cor00 L da diluicdo 15,6g/mL
-F1 e F2 cor@00pL da diluicdo 7,8g/mL
-G1 e G2 cor200pL da diluicdo 3,8g/mL
-H1 e H2 con200pL Blank

:QQ Os pocos restanteserdo preenchids, sempre em duplicatacom 200 pL de cada

amostra.

5) Cubra a pla& com a pelicula protetorgadesivo)e incuba por 2 hrs a temperatura

ambiente.
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6) Preparar o solvente para lagam daplaca.Utilizar oa 2 | & K dadki ieidihdo que
nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidalocar em umbéquer 480 mL de agua destilada e
misturar com o20mL a2 | &K . dZFFSNE @

7) ApOs as duas horas, fazer a lavagem da placa da sefjuima: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco el pL da solucéo preparada no
item 6, novamente dispensar todo o contetdo na placa e em seguida, bater a placa na
mesa sobre um papel toalha para remover o excessse Bprocedimento deve ser
realizado 3 vezes. Ao final, se necessario, remover todas as bolas presentes com pipetas,
aspirando o conteldo.

8) Colocar200y[ R21h /a2yedAaAlFGS¢ Sy OFRIF LR2e2 RIFE LXIOFo®
adesivo e incubar panais2 horasatemperatura ambiente.

9) Realizar novamente a lavagem da placa, como descrito no item 7

10)t F NI  LINBLI NI NJ 2 LINFEAY2 NBF3ISYydaSzT OGlY2a YAai
wS I 3Sy (igbteridoaSsin2 ¢ 4 { dz0 A4 NF 0SS {2f dziA2yé d e9f Sa RS(
usados em no maximo 15 minutos. Nessa hora, é desiligaras luzes do laboratério,
porque essa mistureeage duz.

11) Adicionar200] R2 G{ dzoaGNJ GS {2fdziA2yé¢ SY OF Rl LI ce:
aluminiopara proteger da luz e espera® min atemperatura ambiente.

12) Adicionar ® [ RIF a{G2L) {2fdziA2yé¢ SY OFRIF LI2e2 RI
pocos deve mudar de azplra amarelo. Se a cor nos pogodo estiver homogénea
devemosnisturarsuavementeo po¢co com ura ponteira

13) Levar a placgarao leitor de EISAparaavaliar a densidade 6ptica 450nm Deve ser
utilizado um parametro de curvaBL. A leitura deve seealizada dentro dos 30 min apés
ter adicionadoar { 1 2 LI { 2 € dzi A2y ¢

IL-1b (R&D catalogo #DLB50)

1) Preparo dos reagentes:

A primeira coisa que seré feita € o preparo da curva padrao.
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f) Reconstituiral-mi { (¢ yYREMRNE R2 &/ fAONFG2N) 5Af dzSy
deverd ser agitado suavemente e permanecer parado por um minimo de 15 minutos
antes de comecar as diluicbes

g) Pegar7 ependorffs ou tubos de vidros estéreis e coltmmem uma estante.

h) Colocar500 yf R/2F f & 6 NI G 2 NJ 5 A  e@éhyoiffs fubos Het vidrgs2 & 1
estéreis previamente separados

o & & P

YA VAR VA VA

500L

i) A partir de agora sera faita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

500uL _ 500pL  50QL  50QL  50QuL

(Y 22 o o 2 4 2
IRRERRRRA

IL-1 Standard 125 62,5 31,2 15,6 7,83,9 0

)

AN

250 pg/mL pg/mL pg/mL pg/mL  pg/mL pg/mL pg/mL  pg/mL

j) O ultimo ependorff /tubo de vidro deve conter apenas 50D  RCalibrator Diluent
RD5p ¢ dse@d z8ro padrio da curvlank, Opg/mL)
2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar50 [ R2 d! dal & o% A fSA/SyQil RW5 MJ2 e2 RIF LI | OF @

contém um precifiado e por isso, deve ser bem misturado (vortex) antdsmnte o seu
uso.
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4) Vamos agora preencher toda a placa de 96 pocos conuR@@ra todos os componentes
da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:
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@: Essas duas primeiras colunas serdo preenchidasas diluicbes para montar a curva

padréo. Sera realizada da seguinte forma:
-Al e A2 com 200L do Il Standard

- B1 e B2 co200pL da diluigdo 125 pg/mL
-C1 e C2 cor00pL da diluicdo 62,pg/mL
-D1 e D2 col200pL da diluicdo 31,ag/mL
-E1 e E2 corB00pL da diluicdo 15,6g/mL
-F1 e F2 cor@00pL da diluicdo 7,8g/mL
-Gl e G2 cor@00pL da diluicdo 3,pg/mL
-H1 e H2 con200pL Blank

.,,,':Q., Os pocos restanteserdo preenchids, sempre em duplicatacom 200 pL de cada

5)

6)

7

amostra.

Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hrs a temperatura

ambiente.

Preparar o solvente para lagam daplaca.Utilizar o4 2 | & K  dadki ieiEidakdo que

nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos

tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e

misturar como20mL a2 | &K . dZF F SNE &

ApOs as duas horas, fazer a lavagem da placa da sefjuima: levar a placa na pia e tirar

todo o liquido presente. Depois encher cada poco el pL da soluc&o preparada no
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item 6, novamente dispensar todo o contelddo na placa e em seguida, bater a placa na
mesa sobre um papel toalha para remover o excessse Bprocedimento deve ser
realizado 3 vezes. Ao final, se necessario, remover todas as bolas presentes com pipetas,
aspirando o conteudo.

8) Colocar200y[ R2l /agzyadzaAl §S¢ SY OFRIF LRe2 RI LI OFo®
adesivo e incubar panais2 horasatemperatura ambiente.

9) Realizar novamente a lavagem da placa, como descrito no item 7

100t I N} LINBLJI N} NJ 2 LINFEAY2 NBF3ISYGESs GLYz2a YAal
wSI ISy lidbteridoaSsin? ¢ a{ dzo A G NJ GS {2t dziA2yeé de9t S& RS
usados em no maximo 15 minutos. Nessa hora, é desiligaras luzes do laboratério,
porque essa mistureeage auz.

11) Adicionar200p] R2 & {dzo&dGNJ} 0SS {2fdziA2yé SY Ol Rl LI ce?
aluminiopara proteger da luz e espera® min a emperatura ambiente.

12)Adicionar By RIF a{ (2L {2fdziAz2yé SY OFRI LRce2 RI
pocos deve mudar de azplara amarelo. Se a cor nos pogado estiver homogénea
devemosmisturarsuavementeo pogo com uraponteira

13) Levar a placparao leitor de EISApara avaliar a densidade 6ptica 450nm. Deve ser
utilizado um paréametro de curvaBL. A leitura deve ser realizada dentro dos 30 min apds
ter adicionadoat { 12 L) {2t dziA2Vy €

TNFF-U (R&D cat8logo #DTAO0O0C)

1) Preparo dos reagentes:
A primeiracoisa que sera feita é o preparo da curva padréo.

a) wSO2yalAaAGhdiAiNG y2R I 0N&RIE CpRZ] (R0 a02Y AG NI G2NJ 5Af dz
frasco devera ser agitado suavemente e permanecer parado por um minimo de 15
minutos antes de comecar as diluigbes .

b) Pegar7 ependorffs ou tubos de vidros estéreis e comaem uma estante.

c) Colocar900 p[ RGlibrator Diluent RDB5€ Y 2efiendorffs /tubos de vidros
estéreis previamente separados
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VARV VAR VA VA

900 L

d) A partir de agora seré faita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

100uL _500pL_ 50@L_ 50QL  50QuL_500uL500pL

T IAIARARAIAN AP
IRRRARARRR

TNFh Standard 1000 500 250 125 62,5 31,2 15,6

v)

10000pg/mL pg/mL pg/mL pg/mL  pg/mL pg/mL pg/mL  pg/mL

e) Sera preciso mais ugpendorff /tubo de vidrocontendo ®Op[  FCAitérator Diluent
RD63p ¢ ® se94foSzero padrdo da curvaBlank, Opg/mL) A curva ira até a
concentracao de 1009g/mL

2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar50 yf R2 4! aal 8% 58V dz®OY Rl whl@ ee2 Rl LI | OF & ¢
contém um precifiado e porisso, deve ser bem misturado (vortex) antes e durante o seu

uso.

4) Vamos agora preencher toda a placa de 96 pocos conuR@ara todos os componentes
da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:
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ﬁ Essas duas primeiras colunas serdo preenchidas com as diluicdes para montar a curva

padréo. Sera realizada da seguinte forma:

-Al e A2 com 200Lda diluicdo D00pg/mL

- B1 e B2 co200pL da diluigd®00 pg/mL

-C1 e C2 corB00pL da diluica 250pg/mL

-D1 e D2 col200pL da diluicad 25 pg/mL

-E1l e E2 corB00pL da diluica®2,5pg/mL

-F1 e F2 cord00pL da diluicdo 31,pg/mL

-Gl e G2 cor@00pL da diluicad 5,6 pg/mL

-H1 e H2 con200pL Blank

Q{\ Os pocgos restanteserdo preenchids, sempre em duplicatacom 200 pL de cada

amostra.

5) Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hrs a temperatura

ambiente.

6) Preparar o solvente para lagam daplaca.Utilizar od 2 | & K dadki ieidihdo que

7

nado exisem cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e
misturar com o20mL a2 | &K . dZFFSNE @

ApoGs as duas horas, fazer a lavagem da placa da sedointa: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco el pL da solucéo preparada no
item 6, novamente dispensar todo o contetdo na placa e em seguida, bater a placa na

mesa sobre um papel toalha para remover o excedssse procedimento deve ser
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realizado 3 vezes. Ao final, se necessario, remover todas as bolas presentes com pipetas,

aspirando o conteldo.

8) Colocar200y] RRAFU& 2y 2dzal 6S¢ Sy OFRIF LRe2 RI LXI Ol o

adesivo e incubar panais2 horasatemperatura ambiente.

9) Realizar novamente a lavagem da placa, como descrito no item 7

100t I N}  LINBLJI N} NJ 2 LINBEAY2 NBLF3ASYyGSs Ol yvza
wS | 3Sy (idbteridoaSsin? ¢ a { dzo &GN} GS {2 dzli A 2 yjéntbse9 S &
usados em no maximo 15 minutos. Nessa hora, é Hesiigaras luzes do laboratorio,
porque essa mistureeage duz.

11) Adicionar200p] R2 & { dzo adGNJ} 0SS {2fdziaz2yé SY OIR

aluminiopara proteger da luz e esperad min a temperatura ambiente.

12)Adicionar By RIF a{ (2L {2fdziAz2yé SY OFRI L] 2
pocos deve mudar de azplara amarelo. Se a cor nos pogado estiver homogénea
devemosmisturarsuavementeo pogo com uraponteira

13) Levar a plag parao leitor de EISAparaavaliar a densidade éptica 450nm. Deve ser
utilizado um parametro de curvaBL. A leitura deve ser realizada dentro dos 30 min ap6s
ter adicionadoat { G2 L) {{ 2f dziA2 Yy ¢

PGE; (R&D catalogo #KGE004B)

1) Preparo dos reagentes:
A primeira coisa que sera feita é o preparo da curva padrao.

a) wSO2y aiRGEQzZE Ny BRI MR ¢ 1RI2 e dghalLALOr¥sco devera ser
agitado suavemente e permanecer parado por um minimo de 15 minutos antes de
comecar as dilui¢des .

b) Pegar7 ependorfs ou tubos de vidros estéreis e coldoa em uma estante.

c) Colocar900 y[ RGalibrator Diluent RB56¢ Y 2efiendorffs /tubos de vidros
estéreis previamente separados

900uL
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d) A partir de agora sera feita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

100pL _ 500pL_ 50QL 50QL 50QuL_ 50QuL500pL

~ N~
( o o o o o o 2

]

PGE Standard 2500 1250 625 313 156 78 39

)
)

\N

25000 pg/mL pg/mL pg/mL pg/mL  pg/mL pg/mL pg/mL  pg/mL

e) Sera preciso mais uapendorff /tubo de vidracontendo @O0 pL dodCdibrator Diluent
RI5-56¢ @ serfh & zero padrdo da curvaBlank, Opg/mL) A curva ira até a
concentracdo d@500pg/mL

2) Retirar a placa do envelope e coldaadentro do fluxo.

3) Adicionar200 pL dodCalibrator Diluent RDp c &n cada poco daurva

4) Vamos agora preencher toda a placa de 96 pocosXahulL para todos os componentes
da curva padréo das amostras, de acordo com o diagrama abaixo:

IOTmMOOD >
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@ Essas duas primeiras colunas serdo preenchidas com as diluicdes para monta a cur
padréo. Sera realizada da seguinte forma:
-Al e A2 com50pL da diluica@500pg/mL
- B1 e B2 com50 pL da diluicad.250pg/mL
-C1 e C2 corh50 pL da diluica®25 pg/mL
-D1 e D2 com50 pL da diluica@13pg/mL
-E1 e E2 corhi50 L da diluicdd.56 pg/mL
-F1 e F2 cort50 pL da diluicAd8 pg/mL
-Gl e G2 corh50 pL da diluicad9 pg/mL
-H1 e H2 com50uL Blank

Q&\ Os pocos restanteserdo preenchids, sempre em duplicatacom 150 pL de cada

amostra.

5) Colocas0 pLdo Primary Antibody Solutioam cada po¢o das amostras (a cor deve mudar
para azul)

6) Cubra a placa com a pelicula protetora (adesivo) e incubat pono vortex utilizando o
adaptador para microplaca.

7) Colocas0[ RPBE/G2y 2dzat 1S¢ SY Qd darldoslpi;asias Brhostriadf | OF
deve mudar para roxo)Cobrir a placa com outro adesivo e incubar p@is2 hrsno
vortex atemperatura ambiente.

8) Preparar o solvente para lagem daplaca.Utilizar oa 2 | & K dadkif viedfidibdo que
nao existen cristaisformados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajlocar em um béqued80 mL de agua destilada e
misturar com o20mL a2 | &K . dzZF FSNE @

9) ApOs as duas horas, fazer a lavagem da placa da seguinte forma: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco el pL da solucéo preparada no
item 6, novamente dispensar todo o conteddo na placa e em seguida, bateranaac
mesa sobre um papel toalha para remover o excesso. Esse procedimento deve ser
realizado 3 vezes. Ao final, se necessario, remover todas as bolas presentes com pipetas,
aspirando o conteudo.

10) Para preparar o proximo reagente, vamos misturar em uma pR@& LISGNR 23 a/ 2
wS | 3Sy ligbtedoaSsin2 ¢ a{ dzo A NI 0SS {2fdziA2yéd 9f Sa RS(
usados em no maximo 15 minutos. Nessa hora, € desligaras luzes do laboratorio,

porque essa mistureeage duz.
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11) Adicionar200py] R2 a3 dpafiddi Xizyé¢ SY OFRIF L2 o2 RIF LI | (
aluminiopara proteger da luz e esperad min a temperatura ambiente.

12)Adicionar By RIF a{G2L) {2fdziAz2yé SY OFRI L}Rce2 RI
pocos deve mudar de azplra amarelo. Se a caos pogosnao estiver homogénea
devemosnisturarsuavementeo po¢co com uraponteira

13) Levar a placparao leitor de EISAparaavaliar a densidade Optica 450nm. Deve ser
utilizado um parédmetro de curvaHL. A leitura deve ser realizada dentro dos 30 apds
ter adicionadoat { G2 L) { 2f dziA2 Yy ¢

APENDICE 8 i Protocolo para o processamento das amostras de
metaloproteinases (MMPs) utilizando os Kits de ELISA especificos para amostras
humanas da R&D Systems.

MMP-2 (R&D catalogo #MMP200)

1) Preparo doseagentes:
A primeira coisa que sera feita é o preparo da curva padrao.

a) Reconstituir od a a-2 Standard R 2 {oAdiuen@& ¥ I f A 0 NI (0 BRI 5 A€ dzSy
(1:5). O frasco devera ser agitado suavemente e permanecer parado por um minimo
de 15 minutos antes de comecar as diluigbes .

b) Pegar7 ependorffs ou tubos de vidros estéreis e colm®mem uma estante.

c) Colocar200 Y[ RGalibrator Diluent REFE Y 2ependorfs /tubos de vidros
estéreis previamente separados

g & & &

VALYV AR VAR VA VA

200 uL

d) A partir de agora sera feita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.
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2)

3)

4)

MMP-2 Standard 16 8 4 2 1 0,5 0

32ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL

e) O ultimo ependorff /tubo de vidro deve conter apenas 50D  RCRlibrator Diluent

RD%% & s&do Sero padréo da curv8lank, Gpg/mL)

Retirar a placa do envelope e coldeadentro do fluxo.

Adicionar50 [ RABsayoDiluent RDIL& — $afla poco da placa. Esse componente
contém um precifgado e por isso, deve ser bem misturado (vortex) antes e durante o seu
uso.

Vamos agora preencher toda a placa de 96 poc¢os®@plL para todos os componentes
da curva padrdo, do controle e das amostm@es acordo com o diagrama abaixo:

ﬁ: Essas duas primeiras colunas serdo preenchidas com as diluigbes para montar a curva

padrdo. Sera realizada da seguinte forma:
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-Al e A2 cons0 pL doMMP-2 Standard
- B1 e B2 coms0 L da duicdo16 ng/mL
-C1 e C2 corB0 pL da diluiga® ng/mL
-D1 e D2 cond0 L da diluicaal ng/mL
-E1 e E2 cori0 pL da diluicA@ ng/mL
-F1 e F2 corB0 pL da diluigad. ng/mL
-G1 e G2 corB0 pL da diluicdo 0,8g/mL
-H1 e H2 con®0 pL Blank

Q}Os pocos restanteser@o preenchids, sempre em duplicatacom 50 uL de cada

amostra.

5) Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hrs a temperatura
ambienteno vortex com o adaptador para microplacas

6) Preparar o solvente parvagem daplaca.Utilizar oa 2 | & K dadki ieidihdo que
nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e
misturar com o20mL a2 | &K . dZF FSNE @

7) ApOs as duas horas, fazer a lavagem da placa da seguinte forma: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco el L da solucéo preparada no
item 6, novamente dispensar todo o conteldo na placa e eguisla, bater a placa na
mesa sobre um papel toalha para remover o excesso. Esse procedimento deve ser
realizado4 vezes. Ao final, se necessario, remover todas as bolas presentes com pipetas,
aspirando o conteldo.

8) Colocar00py[ RvMP-Z/ 2 y 2 dz3 | {d% @oco $larplaal Cobrir a placa com outro
adesivo e incubar panais2 horasatemperatura ambiente sempre no vortex

9) Realizar novamente a lavagem da placa, como descrito no item 7

10) Para preparar o préximo reagente, vamos misturar em uma placa de petii/og f 2 NJ
wS | ISy {igbterdoaSsin2 ¢ G { dzo A NI S {2t dziA2yéd 9f Sa

P
w»

usados em no maximo 15 minutos. Nessa hora, € desligaras luzes do laborat6rio,
porque essa mistureeage duz.
11) Adicionar200y] R 2 & { dzo & Gaxi-cadd pooda plata e oghiir ela com papel

aluminiopara proteger da luz e esper2® min a temperatura ambiente.
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12)Adicionar B[ RF a{ (2L {2fdziAz2yé¢ SY OFRI L}Re2 RI
pocos deve mudar de azplra amarelo. Se a cor nos pogodo estiver homogénea
devemosnmisturarsuavementeo po¢co com uraponteira.

13) Levar a placparao leitor de EISAparaavaliar a densidade Optica 450nm. Deve ser
utilizado um paréametro de curvaML. A leitura deve ser realizada dentro dos 30 min apds

ter adicionadoat { G2 L) { 2f dziA2 Yy ¢

MMP-3 (R&D catalogo #DMP300)

1) Preparo dos reagentes:
A primeira coisa que sera feita é o preparo da curva padrao.

a) Reconstituir od a a-8 Standard R 2  (1inll deGxgu¥ LAD frasco devera ser
agitado suavemente e permanecer parado por um minimo de 15 minutos antes de
comegar as dilui¢des .

b) Pegar7 ependorffs ou tubos de vidros estéreis e colmsmem uma estante.

c) Colocar900 [ R@alibrator Diluent RB10¢  yrmeiro tubo e 500 L nos
restantes.

o & & P

VALYV AR VAR VAR VAR

900 uL 500puL

d) A partir de agora seré faita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

100uL _ 500pL_ 500pL 500 pL 500pL 500l 500uL

Y a N a N aNala
( 174 o & &

IRRRERRRAR

MMP-3 Standard 10 5 2,5 1,25 0,625 0,313 0,156

-

\N

100ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
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al A& dzY (dzo2 aSNY dzi Chlibratdr RiientdRDIOO® Y8 S O2Y 2
zero padrao da curva(ank, Ong/mL)

2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar100 uf RABsaydDiluenRD152% SY OF Rl L3R w2 Rl LI I OF & ¢
contém um precifiado e por isso, deve ser bem misturado (vortex) antes e durante o seu

uso.

4) Vamos agora preencher toda a placa de 96 pocosX@hul para todos osomponentes
da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:

1 7 8 9 10 11 12
A X (XD
B “‘
C D

) ™y
D J
E )
F )
G )
H )

?EE& Essas duas primeiras colunas serdo preenchidas com as diluicbes para montar a curva
padrdo. Sera realizada da seguinte forma:
-Al e AZom100 pL cadiluicdo10 ng/mL
- B1 e B2 com00 pL da diluicdd ng/mL
-C1 e C2 cort00 L da diluica@,5ng/mL
-D1 e D2 comO0pL da diluigadd,,25ng/mL
-E1 e E2 corhi00 uL da diluica®,625ng/mL
-F1 e F2 cori00 pL da diluica®,313ng/mL
- G1 e G2 comO0 pL da diluica®,156ng/mL
-H1 e H2 com00 L Blank

ﬁ\ Os pocos restanteserdo preenchids, sempre em duplicatacom 100 pL de cada

amostra.
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5) Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hesnperatura
ambienteno vortex com o adaptador para microplacas

6) Preparar o solvente para lagam daplaca.Utilizar od 2 | & K dadki ieidkhdo que
nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e
misturar com o0mL a2 | &K . dzZF F SNE @

7) ApoOs as duas horas, fazer a lavagem da placa da sefjuima: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco etfif pL da solucéo preparada no
item 6, novamente dispensar todo o contetdo na placa e em seguida, bater a placa na
mesa sobre um papel toalha para remover o excessse Bprocedimento deve ser
realizado4 vezes. Ao final, se necessério, remover todas as bolas presentes com pipetas,
aspirando o conteldo.

8) Colocar00py] RMMP-&/ 2y 2dzal G6S¢ SY OFRIF L2 RI LXI Ol ¢
adesivo e incubar panais2 horasatemperatura ambiente sempre no vortex

9) Realizar novamente a lavagem da placa, como descrito no item 7

10)t F NI  LINBLI NI NJ 2 LINFEAY2 NBF3ISYyidSzT OlY2a YAai
wS | 3Sy (idbterido aSsin? ¢ a{ dzo & G NI} G S { 2 { misturaBlof juos® f S& RS ¢
usados em no maximo 15 minutos. Nessa hora, € desligaras luzes do laborat6rio,
porque essa mistureeage auz.

11) Adicionar200] R2 G{ dzoaGNY GS {2fdziA2y ¢ SY OF Rl L3 ce:
aluminiopara proteger da luz esperar30 min a temperatura ambiente.

12) Adicionar B[ RIF a{G2L) {2fdziA2yé¢ SY OFRIF LI2oe2 RI
pocos deve mudar de azplara amarelo. Se a cor nos pogado estiver homogénea
devemosmisturarsuavementeo pogo com uraponteira

13) Levar a placgarao leitor de EISAparaavaliar a densidade 6ptica 450nm. Deve ser
utilizado um parametro de cunvaglog. A leitura deve ser realizada dentro dos 30 min

apos ter adicionadoa { G2 L) { 2f dziA2y ¢

MMP-8 (R&D catalogo #DMP800)

1) Preparo doseagentes:

A primeira coisa que seré feita € o preparo da curva padrao.
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a) Reconstituir od a a-8 Standard R 2  {1inll deGgu¥ LAD frasco devera ser
agitado suavemente e permanecer parado por um minimo de 15 minutos antes de
comecar as dilui¢des .

b) Pegar7 ependorffs ou tubos de vidros estéreis e colmsmem uma estante.

c) Colocar270 [ RGalibrator Diluent RB10¢  yrmeiro tubo e 150 pL nos
restantes.

o & & P

VARV ARV ARV AR VAR VAR

270 pL 150 uL

d) A partir de agora seré faita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

30uL 150 pL 150 pL_ 150 pL 150l 150l 150 pL

NN N NN AN
( o & & &

IRRERRRRE

MMP-8 Standard 10 5 2,5 1,25 0,625 0,313 0,156

100ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL

e) al Aa dzy (dz2 &SN} dziGalibkaiot Dient RBEKE @ s&&05i0 S O2 Y
zero padréo da curva(ank, 0 g/mL)
2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar150 yf RA®sayoDiluenRD152% SY OF Rl L3R e2 Rl LX I OF & ¢

contém um precifiado e por isso, deve ser bem misturado (vortex) antdsmnte o seu
uso.
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4) Vamos agora preencher toda a placa de 96 pocos Spl para todos 0s componentes

da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:

/1 7 8 9 10 11 12
A Y ~I: v -.: -._;,
e el e

> X XD
c X X X )

Mo Mo e o e e
° o )
= A 1
L DO OO
G b e
H X Y )

@: Essas duas primeiras colunas serdo preenchidas com as diluicdes para montar a curva
padréo. Sera realizada da seguinte forma:
-Al e A2 cond0 pL dadiluicdol10 ng/mL
- B1 e B2 com0 pL da diluicA® ng/mL
-C1 e C2 corB0 pL da diluigéo 2,5gimL
-D1 e D2 comd0 pL da diluicdo 1,25gimL
-E1 e E2 corB0 pL da diluigdo 0,625gAmL
-F1 e F2 corB0 pL da diluicdo 0,313gimL
-G1 e G2 corb0 pL da diluicdo 0,156g/mL
-H1 e H2 comd0 pL Blank

&Os pocos restanteser@o preenchidos, sempre em duplicatacom 2 uL de cada

5)

6)

7

amostra.

Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hrs a temperatura
ambienteno vortex com o adaptador para microplacas

Preparar o solvente para lagam daplaca.Utilizar o4 2 | & #zF HSkiEerificando que

nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e
misturar com o20mL b & 2 | A K . dZF FSNE &

ApoOs as duas has, fazer a lavagem da placa da seguinte forma: levar a placa na pia e tirar

todo o liquido presente. Depois encher cada poco el pL da soluc&o preparada no
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item 6, novamente dispensar todo o contelddo na placa e em seguida, bater a placa na
mesa sobreum papel toalha para remover o excesso. Esse procedimento deve ser
realizado4 vezes. Ao final, se necessério, remover todas as bolas presentes com pipetas,
aspirando o conteudo.

8) Colocar00py] RMP-&/ 2y 2dzal 6S¢ SY OFRIF L2 odoul LI I O ¢
adesivo e incubar panais2 horasatemperatura ambientge sempre no vortex

9) Realizar novamente a lavagem da placa, como descrito no item 7

100t I N} LINBLJI N} NJ 2 LINFEAY2 NBF3ISYGESs GLYz2a YAal
wSI ISy lidbteridoaSam2 ¢ a{ dzo A GNJ GS {2t dziA2yeé¢d 9t Sa& RS
usados em no maximo 15 minutos. Nessa hora, é desiligaras luzes do laboratério,
porque essa mistureeage auz.

11) Adicionar200p] R2 & { dzo&dGNJ 0SS {2f dziA2y ¢ cBnypagl RI LI ce?
aluminiopara proteger da luz e esperad Biin a temperatura ambiente.

12)Adicionar By RIF a{ (2L {2fdziAz2yé SY OFRI LRce2 RI
pocos deve mudar de azplara amarelo. Se a cor nos pogado estiver homogénea
devemosmisturar suavementeo pogo com uraponteira

13) Levar a placparao leitor de EISAparaavaliar a densidade 6ptica 450nm. Deve ser
utilizado um parametro de curva ldgg. A leitura deve ser realizada dentro dos 30 min

apos ter adicionado@ { 12 L { 2f dziA 2y ¢

MMP-9 (R&D catalogo #DMP900)

1) Preparo dos reagentes:
A primeira coisa que sera feita é o preparo da curva padrao.

a) Reconstituir c& a a-9 Standard R 2  fdua LAEEBuUYido concentracio indicada
no frasco O frasco deverd ser agitado suavemente e permanecer parado por um
minimo de 15 minutos antes de comegar as dilui¢cdes .

b) Pegar7 ependorffs ou tubos de vidros estéreis e comaem uma estante.

c) Colocas00y[  Ralibrator Diluent RB10¢ em todos osbos
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d) A partir de agora seré faita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

30uL _150pL _ 1BpL_ 19pL _1®pul 150 L

NN NN S
("2 2 o o o o &

i

MMP-9 Standard 10 5 2,5 1,25 0,625 0,313 0

=

\N

20ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL

2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar100 yf  RABsaydDiluenRD134¢ SY O Rl L2 .2 Rl LI I OF & ¢
contém um precifado e por isso, deve ser bemisturado (vortex) antes e durante o seu

uso.

4) Vamos agora preencher toda a placa de 96 pocosX#hulL para todos os componentes
da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:
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/1 7 8 9 10 11 12
A Y ~I: v -.: -._;,
e el e

> X C X XD
c X X X )

Mo Mo e o e e
° o )
= A 1
5 DOOO®
G b e
H X Y )

'ﬁ: Essas duas primeiras colunas serdo preenchidas com as diluicdes para montar a curva
padréo. Sera realizada da seguinte forma:
-Al e A2 comlOOpL dd MMP-9 standard
- B1 e B2 com00 pL da diluigdd.0 ng/mL
-C1l e C2 corh00 pL da diluicdo 5gimL
-D1 e D2 com00 pL da diluicdo B ng/mL
-E1 e E2 corhi00 pL da diluicad,25ng/mL
-F1 e F2 comi00 pL da diluica®,625ng/mL
-G1 e G2 com00 L da diluicdo @13ng/mL
-H1 e H2 com 00 pL Blank

ﬁ\ Os pocgos restanteserdo preenchids, sempre em duplicatacom 100 pL de cada

amostra.

5) Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hrs a temperatura

ambienteno vortex com o adaptador para microplacas

6) Preparar o solvente para lagam daplaca.Utilizar od 2 | & K dadki ieidihdo que

7

nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e
misturar com o20mL a2 | &K . dZFFSNE @

Apos as das horas, fazer a lavagem da placa da seguinte forma: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco el pL da solucéo preparada no

item 6, novamente dispensar todo o contetdo na placa e em seguida, bater a placa na

mesa sobre um papel toalha para remover o excesso. Esse procedimento deve ser
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realizado4 vezes. Ao final, se necessério, remover todas as bolas presentes com pipetas,
aspirando o conteldo.

8) Colocar00py] RMMP-@/ 2y 2dzal G6S¢ SY OFRI hidosmold LI I Ol ¢
adesivo e incubar panais2 horasatemperatura ambientge sempre no vortex

9) Realizar novamente a lavagem da placa, como descrito no item 7

100t I N} LINBLI N} NJ 2 LINFEAY2 NBF3ISYGESs GLYz2a YA&l
wSI ISy lidbteridoaSsing ¢ a{ dzo &GN} GS {2fdziA2yé¢d 9t Sa& RS
usados em no maximo 15 minutos. Nessa hora, € desligaras luzes do laborat6rio,
porque essa mistureeage duz.

11) Adicionar200p] R2 & { dzo &dGNJ 0SS { 2f dzii A 2 yféla @ papet Rl LI2 ces
aluminiopara proteger da luz e esperad Biin a temperatura ambiente.

12)Adicionar By RIF a{ (2L {2fdziAz2yé SY OFRI LRce2 RI
pocos deve mudar de azplara amarelo. Se a cor nos pogado estiver homogénea
devemosmisturarsuavementeo pogo com uraponteira

13) Levar a placgarao leitor de EISAparaavaliar a densidade éptica 450nm. Deve ser
utilizado um parametro de curn#&PL A leitura deve ser realizada dentro dos 30 min apds

ter adicionadoat { G2 L) {{ 2f dziA2 Yy ¢

MMP-13 (R&D catalogo #DM1300)

1) Preparo dos reagentes:
A primeira coisa que sera feita é o preparo da curva padréo.

a) Reconstituir ot a a-13Standard R 2 {1/l de@gud LAD. frasco devera ser
agitado suavemente e permanecer parado por um minimo de 15 minutos antes de
comecar as dilui¢des .

b) Pegar7 ependorffs ou tubos de vidros estéreis e comaem uma estante.

c) Coloca900y[ Ralibrétor Diluent RB10E no primeiro ubo e 500 nos restantes
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d) A partir de agora seré faita diluicdo seriada de acordo com o esquema abaixo. Os
tubos devem ser vortexados antes de ser feita a transferéncia para o tubo seguinte.

100uL 500 pL_ B

(2 2
]

MMP-13 Standard 5000 2500 1250 625 313 156 78

o
=
=
8
o

\
o)

UL _®OpL 500 ul 500pL
N —

>
BZ R~ N~ S

)

50000ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL

2) Retirar a placa do envelope e coldeadentro do fluxo.
3) Adicionar100 y[ RABsaydDiluenRD134¢ SY O Rl L2 2 Rl LI I O & ¢
contém um precifiado e por isso, deve ser bem mistura@ortex) antes e durante o seu

uso.

4) Vamos agora preencher toda a placa de 96 pocos ®30pl para todos 0s componentes
da curva padréo, do controle e das amostras, de acordo com o diagrama abaixo:
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/1 7 8 9 10 11 12
A Y ~I: v -.: -._;,
e el e

> X C X XD
c X X X )

Mo Mo e o e e
° o )
= A 1
5 DOOO®
G b e
H X Y )

'ﬁ: Essas duas primeiras colunas serdo preenchidas com as diluicdes para montar a curva
padréo. Sera realizada da seguinte forma:
-Al e A2 cond0 pL da diluicadsc000 rg/mL
- B1 e B2 comd0 pL da diluicA@500ng/mL
-C1l e C2 cori0 pL da diluicad.25g/mL
-D1 e D2 comd0 pL da diluica®25ng/mL
-E1 e E2 corBO L da diluigd®@13ng/mL
-F1 e F2 corB0 pL da diluigdd 56 ng/mL
-G1 e G2 corb0 pL da diluicad8 ng/mL
-H1 e H2 comd0 pL Blank

ﬁ\Os pocos restanteser@o preenchids, sempre em duplicatacom 50 uL de cada

amostra.

5) Cubra a placa com a pelicula protetora (adesivo) e incubar por 2 hrs a temperatura

ambienteno vortex com o adaptador para microplacas

6) Preparar o solvente para lagam daplaca.Utilizar od 2 | & K dadki vierdfiddhdo que

7

nao existen cristais formados no frasco. Se houver, misture delicadamente até que todos
tenham se dissolvido. Em seguidajocar em um béqued80 mL de agua destilada e
misturar com o20mL a2 | &K . dZFFSNE @

ApoOs as duas horas, fazer a lavagem da placa da seguinte forma: levar a placa na pia e tirar
todo o liquido presente. Depois encher cada poco el pL da solucéo preparada no

item 6, novamente dispensar todo o contetdo na placa e em seguida, bateraanaac

mesa sobre um papel toalha para remover o excesso. Esse procedimento deve ser
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realizado4 vezes. Ao final, se necessério, remover todas as bolas presentes com pipetas,
aspirando o conteldo.

8) Colocark00u] RBMP-13/ 2y 2dz3l iS¢ SY OloRitaplid e od LI I OF d
adesivo e incubar panais2 horasatemperatura ambientge sempre no vortex

9) Realizar novamente a lavagem da placa, como descrito no item 7

100t I N} LINBLI N} NJ 2 LINFEAY2 NBF3ISYGESs GLYz2a YA&l
Reagents & obfendoassin? a{ dzoa iGN} 0SS {2fdziAz2yéd 9fSa RS
usados em no maximo 15 minutos. Nessa hora, € desligaras luzes do laborat6rio,
porque essa mistureeage duz.

11) Adicionar200p] R2 & { dz &dGNJ S { 2 dalddbficelaBon papel Rl LI2 ce?
aluminiopara proteger da luz e esperad Biin a temperatura ambiente.

12)Adicionar By RIF a{ (2L {2fdziAz2yé SY OFRI LRce2 RI
pocos deve mudar de azplra amarelo. Se a cor nos pogado estiver homogérea
devemosmisturarsuavementeo pogo com uraponteira

13) Levar a placgarao leitor de EISAparaavaliar a densidade éptica 450nm. Deve ser
utilizado um parametro de cunva@glog. A leitura deve ser realizada dentro dos 30 min

apos ter adicionado@ { 1 2L { 2f dziA2 Yy ¢
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ANEXOS
ANEXO 171 Comité de ética

103














mailto:dani_hm76@hotmail.com
mailto:bpgomes@fop.unicamp.br
mailto:cep@fop.unicamp.br
mailto:bpgomes@fop.unicamp.br
mailto:dani_hm76@hotmail.com

