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RESUMO

FIDALGO, Tatiana Kelly da Silva. Analise do metaboloma salivar de criancas
por meio da Ressonancia Magnética Nuclear Rio de Janeiro, 2010. Dissertacao
(Mestrado em Odontologia — Area de concentracdo: Odontopediatria) — Faculdade
de Odontologia, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2010.

O objetivo do presente estudo foi analisar o perfil metabdlico de saliva de criancas
por meio da espectroscopia de Ressonancia Magnética Nuclear (RMN). Amostras
de saliva total ndo estimulada de 51 criancas saudaveis foram coletadas e
separadas de acordo com as denticGes, a saber, decidua (n=16), mista (n=18) e
permanente (n=18). Para avaliagdo de céarie, apo6s avaliacdo do indice
ceod/CPOD, amostras de saliva total ndo estimulada de criangas na denticdo
mista sem lesdes cariosas (n=18) e com lesdes cariosas (n=18) foram coletadas.
Para analise da influéncia de um anti-histaminico sob a forma de xarope em
metabdlitos salivares in vitro e in vivo, 5 voluntarios saudaveis foram recrutados;
realizou-se interacdo do medicamento com a saliva in vitro e in vivo (bochecho
com medicamento). Todos os espectros *H RMN foram adquiridos e processados
em um espectrometro de 400 MHz (Bruker). Procedeu-se a analise dos
componentes principais (ACP) e da distancia padrdao (DP) para a distincdo das
denticbes decidua, mista e permanente. Para a distingdo do grupo isento de
lesBes de carie e com a presenca de lesdes, utilizou-se ACP e IN correlacionando
0 ceod/CPOD e o teste F para avaliacdo dos metabdlitos entre 0s grupos.
Diversos grupos de metabdlitos apresentaram diferenca estatistica entre as
condicdes avaliadas (p<0.05). Nao houve diferenca estatistica entre a interacédo
de metabolitos salivares com o medicamento in vitro e in vivo. A metodologia
empregada demonstrou ser uma importante ferramenta para estudos
susceptibilidade, diagnostico e processo da doenca céarie e outras doencas orais e

sistémicas.

DESCRITORES: Saliva, Metaboloma, Carie dental, Quimica Farmacéutica,
Criancga, Espectroscopia de Ressonancia Magnética.
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SUMMARY

FIDALGO, Tatiana Kelly da Silva. Analysis of children metabolome using
Nuclear Magnetic Ressonance. Rio de Janeiro, 2010. Dissertagao (Mestrado em
Odontologia — Area de concentragdo: Odontopediatria) — Faculdade de
Odontologia, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2010.

The aim of this study was to evaluate children salivary metabolomic profile using
Nuclear Magnetic Resonance (NMR) spectroscopy. Unstimulated whole saliva
samples from 51 health children separated according dentition stage, primary
(n=16), mixed (n=18) and permanent (n=18). For caries asses, after dmft/DMFT
index avaliation, unstimulated whole saliva samples from children in mixed
dentition without (n=18) and with presence of caries lesion (n=15) were collected.
For analysis of anti-histaminic syrup containing influence in salivary metabolites, 5
healthy volunteers were recruited; in vitro and in vivo (rinse with medicine)
interaction with antihistaminic-containing syrup was performed. All 'H NMR
spectra were acquired and processed on a 400 MHz spectrometer (Bruker).
Principal analysis component (PCA) and standard distance (SD) were applied for
distinguish dentitions. For statistical analysis was used PCA, normalcy index for
distinguishing presence or absence of caries lesion and correlated with DMFT
index and F test for assess metabolites differences between groups. Several
groups’ metabolites presented statistical difference between conditions assessed
(p<0.05). Was not found statistical difference between in vitro and in vivo salivary
metabolites and medicine interaction. The methodology employed demonstrated
to be an important tool to support susceptibility, diagnostic and disease progress

studies in dental caries, oral and other systemic disorders.

KEY-WORDS: Saliva, Metabolome, Tooth caries, Chemistry, Pharmaceutical,
Children, Magnetic Resonance Spectroscopy.
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1 INTRODUCAO

A saliva € um biofluido que desempenha importante papel na homeostase
da cavidade bucal. Fatores locais como anatomia dental e a topografia da
superficie dental podem igualmente influenciar direta ou indiretamente no
equilibrio da cavidade bucal (Van Steijn, Amerongen et al., 2002). O
rompimento da homeostase podera acarretar no desenvolvimento do biofilme
dental. Por sua vez, as interacfes do biofilme com o hospedeiro também seréo
influenciadas pela dindmica dos eventos moleculares envolvidos com o meio
ambiente exposto a saliva, que podera propiciar o desenvolvimento de doencas
orais (Schupbach, Oppenheim et al., 2001; Yao, Berg et al., 2003).

AlteracOes salivares podem ser a resposta para microalteracdes dos
tecidos dentais, devido as modificacbes bioquimicas no fluido salivar
favorecendo o aumento do risco a carie dental (Dale, Tao et al., 2006). No que
concerne ao diagnostico dessas alteracdes moleculares, biomarcadores locais
e sistémicos séo objetos de estudos recentes. Na era do proteoma, conjunto de
proteinas de determinado biofluido, correlaciona-se a presenca, auséncia ou
modificacdes de proteinas as doencas sistémicas e da cavidade bucal (Ayad,
Van Wuyckhuyse et al., 2000; Van Nieuw Amerongen, Bolscher et al., 2004,
Wong, 2006).

Desta forma, ressalta-se o relevante papel da identificacdo de

biomarcadores para doencas sistémicas e bucais, a exemplo da investigacao



de canceres bucais, destacando-se o aumento da interleucina-6; e das
doencas auto-imunes, como a sindrome de Sjogren, sendo viavel seu
diagnostico através da deteccdo da alteracdo do perfil protéico (Nair e
Schroeder, 1986; Delaleu, Immervoll et al., 2008). Doencas sistémicas como
esclerose e cancer de mama também podem ser identificadas através da
alteracéo do perfil protéico (Giusti, Bazzichi et al., 2007; Katakura, Kamiyama et
al., 2007; Shpitzer, Bahar et al., 2007; Emekli-Alturfan, Demir et al., 2008; Tan,
Sabet et al., 2008).

Além do estudo de biomarcadores para doencas, a avaliacdo da
composi¢cdo protéica auxilia na melhor compreensdo entre a relagéo
microrganismo-hospedeiro na cavidade oral, como a capacidade de bactérias
do biofilme dental de utilizar a mucina 5B como fonte de nutrigdo (Wickstrom e
Svensater, 2008). A literatura relata ainda que a variabilidade nas proteinas
salivares e suas alteragbes podem exercer um importante papel na
determinacao de sua funcdo protetora contra a carie dental (Banderas-Tarabay,
Zacarias-D'oleire et al., 2002). Tem-se demonstrado ainda que a formacédo de
complexos entre moléculas como MG-1, amilase salivar, PRPs, e a estaterina
sdo determinantes na formagdo do biofime e da carie dental (Nieuw
Amerongen, Oderkerk et al., 1987). Para atividade de carie subclinica é
possivel detectar a auséncia da proteina soltvel CD14, possivel biomarcador
por estar envolvida na resposta imune inata (Bergandi, Defabianis et al., 2007).

Apesar da saliva ser um biofluido complexo composto por metabdlitos
inorganico e organico de alto e baixo peso molecular, poucos sdo os estudos
direcionados a avaliagcdo do perfil de metabolitos de baixo peso molecular

(Silwood, Lynch et al., 2002; Grootveld e Silwood, 2005). O conhecimento dos



produtos finais que compdem o fluido salivar, denominado metaboloma da
saliva, é de extrema importancia ndo apenas na odontologia, mas também na
area meédica, para a deteccdo de doencas sistémicas utilizando a saliva como
meio diagnostico (Grootveld e Silwood, 2005; Rochfort, 2005; Bertram, Eggers
et al., 2009). O metaboloma tem por objetivo a compreensdo dos produtos
metabdlicos como nucleotideos, aminoéacidos, acUcares, lipideos e outras
moléculas de amostras biolégicas. Dentre sua vasta aplicabilidade destacam-
se a toxidade de drogas, biomarcadores, genoma funcional e patologia
molecular (Rochfort, 2005; Xu, Lu et al.,, 2007). A partir do metaboloma &
possivel a deteccdo de alteracdes bioquimicas resultantes de processos
sistémicos, tal como o diagnostico de diferentes doencas, a exemplo da
sindrome de Sjogren (Delaleu, Immervoll et al., 2008), diversos tipos de cancer
bucais (Nagler, Bahar et al., 2006; Shpitzer, Bahar et al., 2007; Tan, Sabet et
al., 2008), diabete mellitus (Yoon, Jankowski et al., 2004) e até mesmo a AIDS
(Atkinson, Yeh et al., 1990; Coogan e Challacombe, 2000; Lin, Johnson et al.,
2003).

A saliva apresenta uma série de fatores locais e atividades bioquimicas
gue exercem impacto no biofilme dental e, portanto devem ser consideradas
nos estudos de cariologia (Hay, 1995). N&o obstante, os medicamentos sdo
considerados fatores locais que também podem atuar na alteracdo da
homeostase da cavidade oral, causando modificagbes dos componentes
bioquimicos da saliva, culminando em altera¢cdes no tecido dental. A utilizacdo
prolongada desses medicamentos, a exemplo de doencas crbnicas, aumenta o

risco a carie dental (Maguire e Rugg-Gunn, 1994).



Medicamentos liquidos, pela sua forma de apresentacdo, entram em
contato direto com o meio bucal (dentes, tecidos moles, saliva, biofiime e
outros) e podem apresentar composi¢cdo quimica com potencial de promover
alteracdes no mesmo. Os medicamentos liquidos utilizados por criancas séo
normalmente adocicados, sendo a sacarose o carboidrato mais utilizado para
este fim (Tenuta, Del Bel Cury et al., 2006). Tal fato caracteriza estas
formulagbes como potencialmente cariogénicas, visto que a sacarose atua
como substrato para fermentagédo da microbiota bucal e, por conseguinte, tem
a capacidade de promover grande atividade acidogénica com a consequente
queda do pH da placa dental. A associagdo entre a utilizacdo desses farmacos
contendo sacarose com aumento da experiéncia de céarie dental € bem descrita
na literatura (Shaw e Glenwright, 1989; Pierro, Abdelnur et al., 2005; Maguire,
Bagqir et al., 2007).

A literatura relata que xaropes infantis com baixo pH se mostraram
capazes de provocar erosdo do esmalte bovino, embora alguns deles nédo
tenham influenciado significativamente na rugosidade do esmalte (Pierro,
Abdelnur et al., 2005). Apesar de serem amplamente exploradas as alteracfes
das estruturas dentais apdés o contato com o0s medicamentos, pouco €
estudado sobre as modificacbes causadas diretamente na saliva apés o
contato com componentes quimicos (Cury, Rebelo et al., 2000; Tenuta, Del Bel
Cury et al., 2006), como medicamentos.

A alergia alimentar e rinites estdo entre as patologias mais comuns na
infancia (Levy, Price et al.,, 2004). O composto loratadine (Claritin®) é
amplamente utilizado em criancas com quadros alérgicos e sabe-se que

pacientes com alergia apresentam reducao do fluxo salivar (Elad, Heisler et al.,



2006), além de alguns antistaminicos estarem associados a alta experiéncia de
carie (Thomson, Spencer et al., 2002).

Diversas metodologias sao capazes de identificar componentes salivares,
como a espectroscopia de massas, comumente utilizadas para deteccéo de
proteinas (Troxler, Offner et al., 1990; Hardt, Thomas et al., 2005) e os
métodos que identificam componentes distintos, como os diferentes tipos de
cromatografia: gas-liquida (GLC) (Lambert e Moss, 1972) de coluna (Vratsanos
e Mandel, 1982) e de alta performance (HPLC) (Linke e Moss, 1992). Porém,
esses métodos exigem amplo conhecimento sobre as biomoléculas a serem
analisadas, como um pré-requisito para a analise propriamente dita. Dentre os
métodos capazes de identificar detalhadamente componentes de menor peso
molecular, destaca-se a ressonancia magnética nuclear (RMN) (Silwood, Lynch
et al., 2002).

A RMN vem sendo utilizada na avaliacdo dos metabdlitos da urina
(Brindle, Antti et al., 2002; Walsh, Brennan et al., 2006), do sangue (Brindle,
Antti et al., 2002) e recentemente, da saliva (Silwood, Lynch et al., 2002). Mais
de 60 biomoléculas enddgenas e exdgenas da saliva podem ser analisadas,
dentre elas as provenientes do metabolismo glandular, do fluido gengival, da
dieta, de produtos relativos a saude oral, além de produtos farmacéuticos
(Silwood, Lynch et al.,, 2002). Entretanto, devido a dificuldade da andlise
estatistica dos dados, este método foi subutilizado, e recentemente, com o
avanco da estatistica vem sendo novamente empregado, especialmente com a
aplicacdo de meétodos que utilizam analise dos componentes principais

(Takeda, Stretch et al., 2009).



Desta forma, torna-se relevante a identificacdo do perfil salivar de
individuos saudaveis e das possiveis alteragdes no padrdao metabdlico salivar,
para a melhor compreensdo dos processos bioquimicos que ocorrem nesse
biofluido. O estabelecimento de um padréo-ouro podera auxiliar futuramente no
biodiagndstico por meio da saliva, visando detectar alteracdes que possam

causar patologias nos tecidos bucais.



2 PROPOSICAO

2.1 OBJETIVO GERAL
» |dentificar o perfil metabdlico de criancas saudaveis sem e com lesdes
cariosas e determinar o perfil metabolico salivar de adultos apdés interagéo in

Vvivo e in vitro com um anti-histaminico sob a forma de xarope.

2.2 OBJETIVOS ESPECIFICOS
= Avaliar o perfil metabdlico salivar de baixo peso molecular de criancas
saudaveis sem carie, em diferentes fases de denticdo, a saber, decidua,

mista e permanente;

= Avaliar os metabdlitos salivares de baixo peso molecular de criancas

saudaveis na denticdo mista com e sem lesdes cariosas;

= Avaliar metabdlitos salivares de baixo peso molecular de adultos
saudaveis apoés interagdo in vitro e in vivo com um anti-histaminico infantil

sob a forma de xarope.



3 DELINEAMENTO DA PESQUISA

O primeiro artigo deste estudo objetivou avaliar o perfil metabdlico
salivar de criancas saudaveis por meio de RMN. Este estudo se caracterizou
por uma pesquisa transversal do tipo experimental. A selecdo da amostra
adotou procedimentos intencionais de conveniéncia. Os critérios de inclusédo
foram criancas de 3 a 13 anos de idade sem alteracdes sistémicas e bucais,
como caries e doenca periodontal. Os participantes também nao deveriam
fazer uso de agentes antimicrobianos durante 6 meses prévios a coleta salivar
e sem alimentar-se 2 horas antes da coleta. As criancas do estudo eram da
creche-escola do Instituto de Puericultura e Pediatria Martagdo Gesteira
(IPPMG). Previamente a realizacdo do estudo, obteve-se aprovacdo do Comité
de Etica do IPPMG (protocolo 23/07; Anexo 1, péagina 83) e todos os
participantes assinaram o Termo de Consentimento Livre e Esclarecido (Anexo
2, pagina 84).

O segundo artigo deste estudo objetivou avaliar o perfil salivar
metabodlico de criangcas com e sem carie por meio da RMN. Para tanto se
coletou saliva total de criancas de 3 a 12 anos de idade, utilizando os mesmos
critérios de inclusdo do estudo 1. A amostra de criangas sem carie eram as
mesmas provenientes do estudo 1. Ja a amostra com carie era proveniente de
criancas atendidas na clinica de Odontopediatria do Departamento de

Odontopediatria e Ortodontia da FO-URFJ. Foi realizado avaliacdo dos



metabdlitos salivares em diferentes condi¢fes, tais como em estado de jejum e
apos a ingestdo de alimentos e das glandulas (parétida, sublingual e
submandibular) para avaliacdo de componentes enddgenos e exégenos
(Apéndice 1, pagina 92). Este estudo foi realizado apés a aprovacdo pelo
Comité de Etica do Instituto de Estudos em Saulde Coletiva (IESC; protocolo
66/09; Anexo 3, pagina 85) e todos os participantes assinaram o Termo de
Consentimento Livre e Esclarecido (Anexo 4, pagina 86).

O terceiro artigo consistiu em uma avaliacdo dos metabdlitos salivares in
vitro e in vivo de um anti-histaminico de uso pediatrico sob forma de xarope, o
Claritin® (Img/ml - Lote 701; Schering-Plough, Rio de Janeiro, Brasil) por meio
da RMN. Previamente as andlises por RMN, realizou-se interacao da saliva in
vitro com o medicamento, utilizando espectrofotometria (Apéndice 2, pagina
94). Ap6s a averiguacdo da alteracdo metabdlica por meio de
espectrofotometria (p=0,02; teste t pareado), procederam-se 0S experimentos
com RMN. O estudo in vitro contou com a participacao de 05 alunos voluntarios
do programa de pés-graduacdo em Odontologia da FO-UFRJ. Objetivando-se a
homogeneizacdo dos medicamentos com a saliva in vitro, adotou-se o0s
seguintes critérios de inclusédo: sem alteracdes sistémicas e bucais como caries
e doenca periodontal, sem fazer uso de medicamento no periodo de 6 meses
prévios a coleta salivar e sem alimentar-se 2 horas antes da coleta. O estudo in
vivo contou com os mesmos 05 alunos voluntarios do programa de pos-
graduacdo em Odontologia da FO-UFRJ para o bochecho com os
medicamentos. Este estudo foi realizado ap0s a aprovacdo pelo Comité de
Etica do IESC (protocolo 43/08 estudo in vitro; protocolo 42/08 estudo in vivo;

Anexo 5 e 6, paginas 88 e 89, respectivamente) e todos os participantes
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assinaram o Termo de Consentimento Livre e Esclarecido (Anexo 7 e 8
paginas 90 e 91, respectivamente).

Aos participantes dos estudos 1, 2 e 3 foi dispensado tratamento
odontoldgico, quando indicado, conforme as necessidades encontradas. Foram
realizados procedimentos preventivos como instru¢des sobre higiene bucal e
orientacdes dietéticas, além de medidas preventivas como fluorterapia. Aos
pais e funcionarios da creche-escola do IPPMG foram oferecidas palestras
educativas sobre medidas de promocao de saude bucal.

Todas as amostras (estudo 1, 2 e 3) foram centrifugadas (Centrifuge
5417C/5417R, Eppendorf, Hamburg-Germany) a 10.000g durante 60 minutos,
a 4° C. Esta etapa objetivou a remocdo de componentes ndo sollUveis da
amostra, além de grande parte dos microorganismos. O sobrenadante foi
transferido em aliquotas de 700uL para trés tubos (Ependorffs, Hamburg-
Germany) que, por fim foram armazenadas no congelador a -80 °C até o
momento da analise em RMN (Silwood, Lynch et al., 2002), temperatura
suficientemente baixa para que a degradacdo se mantenha desprezivel. Para
controle interno experimental, avaliou-se o tempo de degradacédo da amostra,
visto que experimentos bidimensionais duram longos periodos, assim torna-se
necessario o estudo da degradacdo de metabdlitos em funcdo do tempo
(Apéndice 3, pagina 95).

A amostra final era composta de 600uL, sendo 50uL de agua deuterada
(D2O; Cambridge Isotope Laboratories inc., USA) e 10uL de solucdo de 3-
Trimetilsilil propionato de sédio a 5mM. (TPS; Sigma-Aldrich, Milwaukee, USA)
ou para a interacdo com o medicamento, 10uL de solugcéo de Dodecil Sulfonato

de Sodio a 5mM (DSS; Sigma-Aldrich, Milwaukee, USA). D,O é a referéncia
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para o alinhamento do campo magnético com a amostra (lock). TSP ou DSS é
a referéncia para o deslocamento quimico de hidrogénio, & = 0 ppm. Os
espectros foram obtidos em um aparelho de RMN 400 MHz (Bruker Biospin,
Rheinstetten, Germany), a 25°C.

O presente estudo avaliou o perfil metabdlico salivar em diferentes
condic¢des utilizando como ferramenta a RMN. Nos experimentos de RMN de
alta resolucdo com ondas pulsadas, os sinais de decaimento livre de inducéo
(FID - Free Induction Decay) de varios pulsos podem ser somados (Scans), a
fim de obter-se uma melhor relacdo sinal/ruido e, consequiientemente, uma
melhor resolucdo do espectro de RMN. No presente estudo, padronizou-se
1024 scans para o hidrogénio. Utilizou-se ainda a sequéncia de pulso PRESAT
para a pressaturacao do sinal da agua (localizado a 4.7 ppm).

Preconizou-se o protocolo utilizado por Silwood et al. 2002, cujo
assinalamento foi utilizado como referéncia para o presente estudo associado
ao banco de dados Human Metabolome Database’. Os dados de intensidade
de cada pico de hidrogénio do espectro 1D-'*H CPMG (Carr—Purcell-Meiboom—
Gill) foram extraidos por meio de um programa computacional (AMIX, Bruker
Biospin, Rheinstetten, Germany) e processados estatisticamente. Algumas
amostras também foram submetidas & técnica *H-'H-TOCSY para visualizacdo
de ambigiidades.

A espectroscopia de ressonancia magnética nuclear baseia-se na

medida da absor¢cdo da radiacdo eletromagnética por um nucleo atdbmico, com

'Human Metabolome database (http://www.hmdb.ca/search/spectra?type=nmr_search) € um
banco de dados que contem informacdes detalhadas sobre mais de 7900 metabdlitos
encontrados no corpo humano. Destina-se a ser utilizado para aplicagbes em metabolémica,
guimica clinica, descoberta de biomarcadores e educagéo geral. O banco de dados contem link
ou dados como: 1- caracteristicas quimicas, 2- caracteristicas clinicas e 3- biologia molecular /
bioguimica de dados.
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spin diferente de zero, sob a influéncia de um campo magnético (Abrahan e
Loftus, 1978). A RMN é um fenémeno que pode ser observado em qualquer
is6topo que apresente nimeros quanticos de spin, como por exemplo o *H, *C
e o N que possuem numero de spin I=%, podendo assumir dois estados
quanticos magnéticos distintos, a saber +% ou -¥2 (Abrahan e Loftus, 1978; Gil
e Geraldes, 1987). As transicdes entre os estados de energia podem ocorrer
por emissdo, ou absorcdo de radiacdo eletromagnética de freqiéncia. Um
ndcleo interage com uma radiacdo eletromagnética na qual a frequéncia
depende efetivamente do campo aplicado e da natureza do nucleo.

Para que ocorra o fendbmeno de RMN é necessario perturbar o sistema
através da aplicacdo de um pulso de radiofrequiéncia, perpendicular ao campo
magnético estatico. Quando um nucleo, ou particula absorve uma energia de
radiofreqiéncia o vetor de magnetizacdo sera rotacionado, distante do seu
estado de equilibrio (Sanders e Hunter, 1994).

ApGs a excitagdo, a amostra voltara gradualmente ao seu estado de
equilibrio inicial, através de uma série de processos chamados de relaxacéo.
Durante o intervalo de tempo entre cada pulso, um sinal de radiofreqiéncia, no
dominio do tempo, chamado de sinal de FID é emitido pelos nucleos a medida
que eles relaxam e retornam ao seu estado de menor energia (m = + %)
(Abrahan e Loftus, 1978).

Ao avaliar uma molécula, os ndcleos de hidrogénio localizam-se em
regides de densidade eletrénica maior do que em outros, dessa forma alguns
prétons tendem a absorver energia em campos magnéticos de intensidades
ligeiramente diferentes, resultando em sinais de RMN em diferentes regifes do

espectro, resultando em diferentes deslocamentos quimicos (Gil e Geraldes,
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1987). Porém, a intensidade do campo em que a absorcdo ocorre depende
sensivelmente das ligacdes quimicas vizinhancas de cada préton, por
modificarem de forma diferente o campo magnético.

Para um determinado campo magnético externo, um préton que esti
fortemente protegido pelos elétrons ndo pode absorver a mesma energia que
um préton de baixa protecdo. Um préton protegido ou blindado absorvera
energia num campo externo de maior intensidade, frequiéncias mais elevadas.
Desta forma serda entdo necessario um campo externo mais intenso para
compensar o efeito do pequeno campo induzido (Sanders e Hunter, 1994).

O grau de protecdo do préton pelos elétrons adjacentes dependera da
densidade eletrdnica em torno desse préton e esta depende da presenca de
grupos vizinhos eletronegativos. A proximidade dos protons a esses grupos
influenciard diretamente no seu grau de blindagem (protecdo). Quanto mais
proximo destes grupos, menos blindado estard o préton. O préton do
hidrogénio € o mais desblindado, portanto este elemento é o que mais sofre
influéncia do campo magnético, sendo vantajosa a avaliacdo deste elemento,
além do fato de estar em abundéancia na natureza (99,98%).

Em um espectro de RMN, os sinais podem resultar em picos Unicos ou
singletos, mas podem resultam em dupletos, tripletos, quadripletos, etc. Esta
apresentacao dos picos esta relacionada com o chamado acoplamento escalar
ou spin-spin. Este fendbmeno ocorre quando nucleos de diferentes ambientes
eletrbnicos estdo proximos entre si. Os deslocamentos quimicos sao medidos
na escala horizontal do espectro, em Hertz (Hz), e normalmente exprimidos em
partes por milhdo (ppm), pois os deslocamentos associados s&o muito

pequenos quando comparados com a intensidade do campo magnético
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externo. Quanto mais para esquerda se localiza o sinal, menor é o campo

magnético sobre o nucleo (Gil e Geraldes, 1987; Sanders e Hunter, 1994).
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4 DESENVOLVIMENTO DA PESQUISA

4.1 ARTIGO 1. NMR metabolomic analysis of whole saliva from healthy
children.

4.2 ARTIGO 2: NMR salivary metabolites components analysis from children
with and without caries lesion.

4.3 ARTIGO 3: Local effect of an antihistaminic-containing syrup in salivary

metabolites. An in vitro and in vivo evaluation.
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ABSTRACT

In this work we evaluated the metabolites present in saliva of healthy children in
different dentition stages by NMR. Unstimulated whole saliva samples from 50
healthy children aged from 3 to 13 years and separated according to the
dentition stage, primary (n=15), mixed (n=18) and permanent (n=17) were
analyzed. 'H NMR spectra were acquired and processed on a Bruker 400 MHz
Advance spectrometer. Principal component analysis (PCA) was used for
statistical analysis of resonance intensities. The standard distance was used to
separate dentition groups. The metabolites gamma-aminobutyric acid, proline,
ethanol, propane-1,2-diol, propionate and valine presented differences among
dentitions (p<0.05; ANOVA, Tukey’s test). The present work identified
significant differences in the metabolite profiles among dentitions. These
changes may also be influenced by the pre-pubertal period. The knowledge of
the salivary metabolite profiles of healthy children is a standard data set for
future investigations of salivary biomarkers for oral and systemic disorders.

Key words: Whole saliva, Children, Magnetic Resonance Spectroscopy,

Metabolomic, Principal component analysis.
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INTRODUCTION

Salivary components come from salivary glands, cellular debris,
microorganisms and crevicular fluid from plasma filtration. Previous studies
have also shown that there is a direct relationship between saliva composition
and blood components (Englander et al., 1963; Yan et al., 2009). The salivary
components can be classified as high molecular weight, such as proteins and
proteoglycans and low molecular weight components or metabolites. Successful
strategies have been employed to study high molecular weight saliva showing
individual differences in protein composition (Helmerhorst and Oppenheim,
2007). These differences were also correlated to specific diseases, for instance,
Streckfus and collaborators identified increased levels of specific proteins in
breast cancer patients saliva (Streckfus et al., 2006). Therefore, saliva
components can be used as biomarkers for different oral and systemic
conditions (Helmerhorst and Oppenheim, 2007). Biodiagnostics based on
salivary biomarkers has several advantages; such as low costs, safety and is a
non-invasive method (Lindon et al., 2004).

High-resolution nuclear magnetic resonance (NMR) spectroscopy has
been employed to study complex biofluids such as plasma (Lenz et al., 2003),
urine (Keun et al., 2002) and recently human saliva (Silwood et al., 2002a;
Silwood et al., 2002b). The ability to evaluate differences without any prior
purification transformed NMR an interesting technique to search differences in
these biofluids in diverse physiological and pathological conditions.

For proper statistical analysis a robust method should be used and
Principal Component Analysis (PCA) has been successfully applied to this type

of study (Ramadan et al., 2006; Takeda et al., 2009). A useful method to
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analyze metabolomic data is the principal component analysis (PCA). PCA is a
statistical technique used to reduce dimensionality of a data set with a large
number of interrelated variables (Jolliffe, 2002). In plasmatic components, PCA
was able to separate subjects with severe atherosclerosis and with normal
coronary arteries (Brindle et al., 2002).

Only few studies have evaluated salivary metabolite profile in different
oral or systemic condition (Atkinson and Fox, 1993; Nagler et al., 2002; Siqueira
et al., 2007). Furthermore, the investigation of salivary metabolites from children
considering the stage of dentition has not been evaluated by any biochemical
method. In an attempt to investigate modifications that may occur especially
during the pre-pubertal period, and to create a gold standard for future
comparisons, we evaluated possible differences in the salivary NMR profile of

healthy children with primary, mixed and permanent dentition using PCA.

MATERIALS AND METHODS

Sample Collection and Preparation

Fifty healthy children attending the Pediatric Dentistry Clinic at the Federal
University of Rio de Janeiro for regular dental care were recruited. These
subjects ranged in age from 3 to 13 years old, none of them had any active
periodontal disease, dental caries (dmft/tDMFT=0), systemic disease and none
were taking systemic antibiotics or had used anti-bacterial toothpaste in the six
months before sample collection. The 3 mL of unstimulated whole saliva was
expectorated into a plastic universal tube in the morning period. The samples
were separated according to dentition stage, primary (n=15, mean age=4.27 +

1.27, 11 female and 4 male), mixed (n=18, mean age=7.94 + 2.09, 9 female
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and 9 male) and permanent (n=17, mean age=10.88 + 1.05, 9 female and 8
male) dentition. Each subject was also requested to refrain completely from oral
activities (i.e., eating, drinking, toothbrushing, oral rinsing, etc.) during the
period between awakening and sample collection (~2 hours) (Silwood et al.,
2002a). All samples were centrifuged at 10,000g and 4°C, and the supernatants
were stored at —80°C until NMR analysis.

The use of human materials according to an informed consent protocol
was approved by the Local Research and Ethics Committee. The legal
guardians of the children participating gave their consent.

NMR Measurements

NMR spectra were acquired using a Bruker 400 MHz Advance spectrometer
(Bruker Biospin, Rheinstetten, Germany) equipped with a Bruker 5 mm high-
resolution probe and operating at a frequency of 400.13 (*H) MHz.

Samples were prepared by mixing 0.45 mL of salivary supernatant, deuterium
oxide (0.05 mL, providing a field frequency lock) and a 500 uM solution of
sodium 3-trimethylsilyl [2,2,3,3-2H4] propionate (TSP) for chemical shift
reference of *H spectra, 5 = 0.00 ppm. A control investigation showed that the
samples of whole saliva were stable throughout the NMR acquisition period
(data not shown). High-resolution *H NMR spectra was obtained, and based on
'H-'H total correlation (TOCSY) experiments the major signals were
unambiguously assigned consistent with earlier studies (Bertram et al., 2009;
Silwood et al., 2002a).

NMR signals were determined over a defined range of frequency
resonances called chemical shifts, defined by the differences of resonances of a

specific substance and a defined standard substance, expressed in ppm. The
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fine adjustment was carried out, without water suppression, by inspection of the
free induction decay and the field-frequency was set by detecting the deuterium
oxide signal. Saliva was analyzed using NMR spectroscopy and identified
based on Silwood assignments (Silwood et al., 2002a) and Human Metabolome
Database. Each spectral dataset was normalized to the total sum of the
integrals to partially compensate for differences in concentrations.

Statistical analysis

The metabolite data were computed on the statistical program AMIX (Bruker
Biospin, Rheinstetten, Germany). Saliva data were analyzed according to
dentition stage: primary, mixed and permanent dentition. Each NMR spectrum
was analyzed using integrating regions of equal bucket size of 0.01 ppm. Based
on 2D experiments the major signals could be unambiguously assigned. The
water region was excluded to eliminate variation. The datasets were stored in a
matrix E with 50 rows (50 subjects) and 906 columns (906 chemical shifts). The
dataset was normalized by pareto scaling (Ramadan et al., 2006). In this scale,
the variable mean was subtracted from each variable (column of the data) and
then each variable was divided by square root of the standard deviation.
Principal component analysis (PCA) was applied to the covariance matrix S
(906x906) from E by the linear system (Jolliffe, 2002).

Sx=4%

where A is the eigenvalues of S ranked in decreasing order and x is the
corresponding normalized eigenvectors or principal components (PCs). These
PCs are independent waveform features, representing the loading factor
applied to the corresponding sample of the original waveforms. The first PCs

correspond to the largest sources of variation, being orthogonal to each other.
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The screen plot selected the relevant PCs for the analysis. Datasets of PC
vectors retained in the screen test were represented as data points in 2
dimensional loading plots. The PC scores of the permanent, mixed and primary
dentition individuals correspond to the product of the respective eigenvector and
the matrix E.

The standard distance proposed by Flury and Riedwyl (Flury and
Riedwyl, 1986) was calculated including the selected PC scores in matrix E.
This index represents the distance between each observation and the center of
the ellipsis in the space of the PC scores from control subjects (permanent
dentition), normalized by the variance of each parameter. To classify primary,
mixed and permanent dentition individuals, the cut-off point between standard
distance values from the permanent dentition subjects was obtained by logistic
regression. The permanent dentition was chosen as control group as the
primary and mixed dentitions constitute a transitory dentition. The classifier
performance was assessed by the leave-one-out cross-validation technique,
which provides a good indication of reliability in classification of small datasets.
Therefore, the points-out of cut-off is considered subjects in primary or mixed
dentition.

The ANOVA and Tukey’s tests were used to compare differences among
PC scores from primary, mixed and permanent dentition. The significance level
was set at p = 0.05. All signal processing procedures and statistical tests were

executed in Matlab 6.5 (The Mathworks, USA).
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RESULTS

Resonances that correspond to salivary components were assigned
based on chemical shift reports available by Silwood (Silwood et al., 2002a) and
the Human Metabolome database (http://www.hmdb.ca/).

Fig. 1 shows the 400 MHz 1D *H NMR spectra of human saliva samples.
There are clear differences in intensity of resonances that are related to
different concentration of components in each sample.

Fig. 2A illustrates the PCA, which quantifies the multivariable boundaries
that characterize metabolite profile that, in this case does not shown significant
group separation. The first two principal components in the PCA explained
17.9% and 11.5% of the data variation, respectively. A total of 13 PCs, which
explained 81.9% of the variation, were used. The PCA analysis showed that
saliva presented inter-individual variability that was higher in the primary
dentition.

Although PCA analysis showed that the data presented low metabolite
inter-relation, we could see that the level some components were clearly
different. Table 1 summarizes the information about the metabolites identified
that changed with the dentition. The main difference between primary, mixed
and permanent dentition occurs in valine, where primary dentition has more
variation than mixed dentition (p = 0.017) followed by the ones listed in Table 1.

Table 2 and Fig. 2B show the standard distance, which was used to
assess the classifier's performance, by computing the area under the receiver.
This index represents the distance between each observation and the center of
the ellipsis in the space of the PC scores from control subjects (permanent

dentition), normalized by the variance of each parameter (see Material and
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Methods for details). The operating characteristic curve (AUC) was set at 0.933,;
overall accuracy was set at 0.938; sensitivity (correct classification of
permanent dentition subjects) was set at 0.867 and specificity (correct
classification of permanent dentition subjects) was set at 1.000. The cut-off was
set at 4.48 for permanent dentition, the median primary dentition was 29.70 and
mixed was 16.64. Reflecting the higher variability in the primary dentition, the
standard distance show scattered and higher values, followed by the mixed and

the permanent dentition show the smallest inter-individual variability.

DISCUSSION

In the present study, metabolite data were determined by H NMR
spectroscopy and showed significant differences between dentitions. The saliva
assay is a growing area of research with implications for basic and clinical
settings. The proper evaluation starts with the construction of a data base in
which the profile of healthy individuals shows a pattern that can be identified as
normal. If differences in eating habits or oral hygiene interfere with the
methodology used the results would be inconclusive. But in this case, despite
the differences in age, dentitions stage, eating habits and oral hygiene the
results could be analyzed properly. In our opinion, since the difference in
dentitions was the feature able to select each group, all of them represent
“normal saliva” profile.

Furthermore, inter-individual variation was higher in primary dentition; it
was slight smaller in mixed and very small in permanent dentition. This small
variation in the permanent dentition can be related to a stabilization of oral

environment. Also, the NMR methodology alone may be not sensitive enough to
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identify the differences and therefore, other methods could be used combined to
permit the analysis of even more aspects of children saliva from different
dentitions.

The analysis of metabolites that are different between each group gave
interesting insights: 1- propano-1,2-diol, propionate and ethanol are considered
microorganism metabolites (Arp, 1999), appear in low levels in primary dentition
and in much higher levels in permanent dentition. This difference can be
associated to eruption of permanent teeth and increased contact surfaces and
therefore elevated bacterial sites associated (Gerardu et al., 2003); 2- Valine is
an essential amino acid and probably originates from food. 3- Proline is a non-
essential amino acid that is part of collagen that is an important component of
dentine (Kukkola et al., 2003). In the present study, mixed dentition showed
higher levels of proline than primary dentition, probably because in mixed
dentition primary teeth are being reabsorbed with collagen rearrangement
leading to the presence of high levels of proline in the oral cavity. 4- gamma-
aminobutyric acid (GABA) appeared more expressively in permanent than in
primary dentition. Silwood et al (Silwood et al., 2002a) reported GABA in adults
saliva from and, in the present work, GABA was also found children saliva.
GABA is an inhibitory neurotransmitter found in the nervous systems and is the
chief inhibitory neurotransmitter in the vertebrate central nervous system.
(Mauch et al., 1993).

The ultimate trends of systems biology must be the integration of data
acquired from living organisms at the genomic, protein, and metabolite levels
and integrate the oral with the systemic environment (Lindon et al., 2006).

Through the combination of sensitive and high-resolution approaches an
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improved understanding of an organism’s total biology will come along with a
better understanding of the causes and progression of human diseases. Hence
new and better targeted treatments can be developed giving improved

personalized healthcare.

CONCLUSION

In conclusion, differences among primary, mixed and permanent
dentition were identified. This study provides important information concerning
salivary metabolites of children in the pre-pubertal period and the differences
among healthy dentitions that could support future studies regarding oral and

systemic disorders.
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Fig. 1: Representative 'H NMR spectrum of child saliva samples in the 0—4.5ppm (A,B,C) and
5.5-10.0ppm regions (D,E,F). A, D- Primary dentition; B, E- Mixed dentition; C, F- Permanent
dentition. No statistical differences were found among dentitions in the 5.5-10.0ppm region.
Assignments: 1- propionate, 2- ethanol, 3- propane-1,2-diol, 4- gamma aminobutyric acid, 5-

proline, 6-valine.
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Table 1: Resonance assignments of unstimulated human saliva, its metabolites components (p<0.05;

ANOVA, Tukey’s test) detectable in 400 MHz. *H-NMR spectra comparison between primary, mixed and

permanent dentition.

Metabolites 64 (ppm) H Multiplicity* Dentitions p-value
Gamma 1.88 B-CH, m Mixed>Primary 0.033
aminobutyric acid 2.29 a-CHy t Primary>Permanent  0.032
3.02 v-CHa t '
2.07 a-CH; m
2.07 B-CH> m
Proline 2.35 B-CH. m Mixed >Primary 0.033
3.40 0-CH, m
4.16 a -CH; m
Ethanol 1.21 CHs- t Permanent>Primary  0.024
3.66 CH,OH q Permanent>Mixed 0.028
1.18 CCI:-%H d Permanent>Primary
Propane-1,2-diol ggg CH,OH 21 Permanent>Mixed 0.036
' CHOH
. 1.04 B-CH; t .
Propionate 517 a -CH, q Permanent>Primary  0.037
0.97 CHs d
. 1.02 B-CH> m : :
Valine 508 B-CH m Primary>Mixed 0.017
3.64 a -CH d

*Multiplicity indicates peaks quantity in "H-NMR spectra (d-duplet, t- triplet, g- quartet and m- multiplet). &,,—

Chemical shift.



Table 2: Standard distance for classify primary, mixed and

permanent dentition.

Primary Mixed Permanent
dentition dentition dentition
4,97 7,96 3,86
6,55 5,39 2,68
11,61 3,81* 3,25
9,70 9,16 2,87
6,33 7,76 3,56
23,93 16,93 2,80
111,37 7,48 2,51
6,93 7,87 3,68
7,24 7,35 3,88
6,17 11,95 3,60
3,06* 7,83 3,71
9,89 4,22* 3,88
4,59 18,50 3,82
181,86 14,83 3,86
51,36 10,63 3,85
6,49 3,87
5,83 3,27

145,60

29,70 +50,75** 16,64 + 32,44** 3,47 £ 0,48**

Standard distance= difference between dentitions. Cut-off point =
4.48. *Indicates subjects out of cut-off; ** Media + Standard

deviation.
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ABSTRACT

We tested the hypothesis that the Principal Component Analysis (PCA) and
standard distance (SD) distinguish salivary biomolecules of caries lesion-free
from caries-lesion subjects. Unstimulated whole saliva samples from children
(3-12 years old) were collected and separated according to presence (n=18)
and absence of caries lesion (n=15; dmft/DMFT index=0). 'H NMR spectra
were acquired on a Brucker 400 MHz spectrometer. PCA was applied and SD
was calculated and correlated with dmft/DMFT index; and F test to assess the
metabolite differences between the groups (p<0.05). PCA was able to
distinguish both groups and SD was smaller in caries lesion-free subjects.
Lactate, lysine, glucose, glutamate, glutamine, propionate, ornithine and
saturated fatty acid were higher in the caries lesion group (p<0.05). Choline and
4-hydroxyproline were higher in the caries lesion-free group (p<0.05). It was
possible to distinguish the specific biomolecules from each group and to
separate it using classificatory methods.

Key words: Whole saliva, Magnetic Resonance Spectroscopy, Principal

component analysis, Metabolomic, Dental caries.
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INTRODUCTION

Whole saliva and its composition has an important biological function in
maintaining oral health (Zehetbauer et al., 2009). Physiological, pathological,
and environmental factor changes in salivary composition could be correlated to
disease susceptibility. Hence, human saliva represents a potential source of
novel diagnostic markers for oral diseases such as dental caries (de Almeida
Pdel et al.,, 2008; Dodds et al., 2005; Hardt et al., 2005; Helmerhorst and
Oppenheim, 2007). In the proteomic era most of the studies that correlate
salivary composition with dental caries etiology and other oral diseases have
used protein associations. Particularly in the cariology area, the presence or
absence of these inherited markers have potential value to evaluate dental
caries susceptibility in each human group (Hardt et al., 2005). However, saliva
is a complex biofluid that is not only composed of proteins, therefore it is
necessary to explore the other low molecular weight metabolite profiles
(Grootveld and Silwood, 2005; Silwood et al., 2002a).

Low molecular weight organic metabolites, such as glucose, amino acids,
lipids like fatty acids have been largely overlooked when using gas-liquid
chromatography, column chromatography, and high performance liquid
chromatography (Kaufman and Lamster, 2002; Tomita et al., 2008). Also these
methods need specific information of the fluid under study. However, Nuclear
Magnetic Resonance (NMR) spectroscopy besides being a non-invasive
method is able to identify many metabolites at the same time and constitutes a
reproducible method (Kaufman and Lamster, 2002; Silwood et al., 2002a;

Silwood et al., 2002b; Tomita et al., 2008).
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A useful method to analyze metabolomic data is the principal component
analysis (PCA). PCA is a multivariate statistical technique used to reduce the
dimensionality of a data set with a large number of interrelated variables
(Jolliffe, 2002). It is used to group metabolites from different conditions and
classifies subjects (Holmes and Antti, 2002). In a previous work, we used
successfully NMR and PCA to analyze healthy children with different dentitions
(Fidalgo et al., 2010). As far as we know, salivary metabolites from caries
individuals have not been studied using NMR spectroscopy and PCA. Here, we
tested the hypothesis that Principal Component Analysis and Standard distance
distinguish *H NMR salivary biomolecules of caries lesion-free from caries-

lesion individuals.

MATERIALS AND METHODS

Sample Collection and Preparation

Thirty three children with mixed dentition attending the Pediatric Dentistry Clinic
at the Federal University of Rio de Janeiro were recruited. These subjects
ranged in age from 3 to 12 years old, none of them had any periodontal disease
or systemic disease and had not taken any systemic antibiotics or had been
using anti-bacterial toothpaste in the six months prior to sample collection. A
visual-tactile examination of each subject was performed by a single examiner.
A primary and permanent Decayed Missing and Filled Surfaces (dmft/DMFT)
index was calculated for each subject and they were separated according to the
presence (n=18) or absence of caries lesion with dmft/DMFT index as 0 (n=15).
A 3 mL of unstimulated whole saliva was expectorated (~5 minutes) into a

plastic universal tube in the morning. Each subject was also requested to refrain
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from oral activities (i.e., eating, drinking, toothbrushing, oral rinsing) during the
period between awakening and sample collection, about 2 hours (Silwood et al.,
2002a). All samples were centrifuged at 10,000g and 4°C, and the supernatants
were stored at —80°C until NMR analysis. The use of human materials was
approved by the proper Research Ethics Committee of Community Health
Studies.

NMR Measurements

NMR spectra were acquired using a Bruker 400 MHz Advance spectrometer
(Bruker Biospin, Rheinstetten, Germany) equipped with a Bruker 5 mm high-
resolution probe and operating at a frequency of 400.13 (*H) MHz and a probe
temperature of 25°C.

Samples were prepared by mixing 0.45 mL of salivary supernatant, deuterium
oxide (0.05 mL, providing a field frequency lock) and a 500 uM solution of
sodium 3-trimethylsilyl [2,2,3,3-2H4] propionate (TSP) for chemical shift
reference of *H spectra, 5 = 0.00 ppm. A control investigation showed that the
samples of whole saliva were stable throughout the NMR acquisitional period
(data not shown). High-resolution *H NMR spectra could be obtained, and
based on *H-H total correlation (TOCSY) experiments the major signals could
be unambiguously assigned consistent with earlier studies (Bertram et al., 2009;
Silwood et al., 2002a).

NMR signals were determined over a defined range of frequency
resonances called chemical shifts expressed in ppm. Saliva was analyzed using
NMR spectroscopy and assignments were identified based on Silwood et al
(Silwood et al, 2002a) and Human Metabolome database

(http://www.hmdb.ca/).
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Each spectral dataset was normalized to the total sum of the integrals to
partially compensate for differences in concentrations.
Statistical analysis
The metabolite data were computed on the statistical program AMIX (Bruker
Biospin, Rheinstetten, Germany). Each NMR spectrum was reduced to a
smaller number of variables, calculated by integrating regions of equal bucket
size of 0.01 ppm. The water region was excluded. The datasets were stored in
a matrix E with 33 rows (33 subjects) and 906 columns (906 chemical shifts).
The matrix was normalized by pareto scaling (accuracy= 0.94, sensibility= 0.93,
specificity= 0.94) (Ramadan et al., 2006). Principal component analysis (PCA)
was applied to the covariance matrices S (906x906) from each E, by linear
system (Jolliffe, 2002):
Sx =4
where A is the eigenvalues of S ranked in decreasing order and x is the
corresponding normalized eigenvectors or principal components (PCs). These
PCs are independent waveform features, representing the loading factor
applied to the corresponding sample of the original waveforms. The first PCs
correspond to the largest sources of variation, being orthogonal to each other.
The screen plot selected the relevant PCs for the analysis. Datasets of PC
vectors retained in the screen test were represented as data points in 2
dimensional loading plots. The PC scores of the permanent, mixed and primary
dentition individuals correspond to the product of the respective eigenvector and
the matrix E.

The standard distance (SD) proposed by Flury and Riedwyl (Flury and

Riedwyl, 1986) was calculated including the selected PC scores in matrix E.
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This index represents the distance between each observation and the center of
the ellipsis in the space of the PC scores from caries lesion-free subjects. To
classify caries lesion-free and caries lesion subjects, the cut-off point between
SD values from the caries lesion-free and caries lesion subjects was obtained
by logistic regression. The classifier performance was assessed by the leave-
one-out cross-validation technique (Breiman et al., 1998). Therefore, the points-
out of this cut-off is considered subjects in primary or mixed dentition.

The Wilcoxon rank-sum test was used to compare standard values from
caries lesion-free and caries lesion subjects. The F test was performed to
compare the chemical shifts that contributed to separation between groups. The
significance level was set at 5%. All signal processing procedures and statistical

tests were executed in Matlab 6.5 (The Mathworks, USA).

RESULTS

The caries lesion-free group was made up of 18 children (mean age=7.94 +
2.09, 9 female and 9 male) The caries lesion group was made up of 15 children
(n=15, 7.23 £ 2.01, 6 female and 9 male). All children had mixed dentition.

The *H NMR spectra of caries lesion and caries lesion-free saliva with
several resonances identified is shown in Fig. 1. Each different chemical shift
corresponds to a salivary component. There are differences in intensity of
resonances between caries lesion-free and caries lesion subjects.

The screen test retained 10 PCs in the analysis, which explained 86.13%
of the total variation. The first third and fourth PC scores presented statistical
difference between groups. The scatter plot formed by the third PC score

versus the fourth PC score, revealed differences caries lesion-free and caries-
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lesion samples areas (Fig. 2A). The classification was mainly carried out by the
third PC score plane when the most caries-lesion subjects were placed in the
left side of the graphic.

Ten PCs scores were used to calculate the SD. The cut-off point
calculated by logistic regression was 3.98. The caries-lesion free subjects
presented the SD mean statistically lower than caries-lesion subjects (Fig. 2B;
Table 1). Only one subject from caries-lesion group presented SD lower than
cut-off point. In the other hand, caries lesion-free subjects presented only one
subject sample upper than 3.98. In both cases, it was not found any particularity
of these individuals. Additionally, it was not found statistical correlation neither
from SD and dmft/DMFT (p=0.45) nor number of teeth with caries-lesion
(p=1.10).

The loadings of the 10 PCs which most influenced the separation of the

groups are summarized in Table 2.

DISCUSSION

To the best of our knowledge this is the first time that caries lesion and
caries lesion-free saliva samples have been evaluated using NMR based
metabolomics. High-resolution *H NMR spectra were obtained, and based on
2D experiments, the major signals could be unambiguously assigned (Silwood
et al., 2002a). Several differences in some regions of *H NMR spectra between
caries lesion and caries lesion-free subjects were found. The study of salivary
metabolites is growing. There is a particular interest in establishing biomarkers
related to health, which can then be used as diagnostic tools (Bertram et al.,
2009). For this reason it is important to establish the salivary metabolites of

caries lesion-free subjects.
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The high-resolution *H NMR spectroscopy datasets are represented as
complex matrices with hundreds of proton signals originating from the various
metabolites. These complexities can be untangled using chemometric methods
that are used to reduce the size of the *H NMR data for visualization purposes
and to identify inherent patterns among sets of spectral measurements
(Ramadan et al., 2006). Principal components (PCs) are new variables created
from linear combinations of the starting spectra descriptors with appropriate
weighting coefficients. In the present study PC3 and PC4 contributed most to
the separation of the two groups and were able to separate caries lesion-free
subjects demonstrating a satisfactory model.

SD is a multivariate statistical method to quantify the extent by which an
experimental condition deviates from that of an unimpaired control (Schutte et
al., 2000). In our study, SD is computed using PCA as standard multivariate
statistical technique. The classifier model, calculated by the leave-one-out
approach, showed a good accuracy. Although a direct relationship between SD
and dmft/DMFT or number of teeth with caries lesion was not found. However it
is possible that the SD of the groups not only verified the presence or absence
of caries, but also determined an individual’s susceptibility to caries lesion,
when combined with other factors.

Metabolites such as propionate lactate, n-butyrate and n-caproate are
probably metabolites from oral microorganisms and for that reason caries lesion
subjects have an increase of these metabolites. On the other hand, choline and
ornithine are probably endogen metabolites. Thus, the presence or absence of
endogen biomarkers will be of great value for evaluating susceptibility of dental

caries. Sucrose has been considered the most cariogenic carbohydrate due to
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the increased porosity of dental plaque matrix formed in its presence (van
Houte, 1994). This disaccharide is composed of glucose and fructose; several
oral microorganisms low the pH of dental plague in presence of glucose
(Fejerskov et al., 1992; Vadeboncoeur and Pelletier, 1997). In the current study,
lower amounts of sucrose but higher amounts of a—glucose were found in the
caries lesion than the caries lesion-free subjects, indicating that sucrose was
decomposed by oral microorganisms in individuals that presented more caries
susceptibility into a—glucose for energetic metabolism (Vadeboncoeur and
Pelletier, 1997).

Hexogen metabolites were identified in saliva from both caries lesion and
caries lesion-free subjects. Although, individuals were requested to refrain from
oral activities before sample collection, sodium dodecyl sulfate was identified.
Lauryl sulfates help clean the teeth, and provide foam that helps to carry away
debris (Petersen et al., 2006). It is an ionic surfactant component that is widely
used in toothpaste (Rantanen et al., 2003). It was found in caries lesion
subjects in higher amounts, probably due to adsorption in dental biofilm and
irregular surfaces of the caries lesions.

Different salivary protein profiles between caries lesion and caries lesion-
free subjects have been described (Anderson and Mandel, 1982; Bergandi et
al., 2007). According to Ayad et al (Ayad et al., 2000), proteolytic processing of
parotid salivary proteins differs between individuals who have always been
caries lesion-free and those who have experienced dental decay. These
differences could be explained by differential expression of proteases, protease
inhibitors or polymorphisms at potential proteolytic cleavage sites. Furthermore,

Cowman et al (Cowman et al., 1979) reported that saliva from caries lesion-free
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individuals differs both in the number and sensitivity of proteins susceptible to
bacterial degradation, compared with saliva from caries active patients. We
suggest that the same can occur with low-weight metabolites, as was seen in
the present study. On the other hand, the literature shows a relationship
between amino acids in plasma and saliva after a protein-rich test meal intake,
did not observe a significant relation between the increase in concentration of
these amino acids in venous plasma and whole saliva (Brand et al., 1997).
There is also evidence that several salivary aminoacids do not originate from
food or microorganism metabolites (Nagata et al., 2006).

According to Tomita et al (Tomita et al., 2008), lipid concentrations in
parotid saliva from caries susceptible subjects were higher than those from
caries resistant ones, and a difference in fatty acid composition was detected
between them, corroborating our data. Although the current study analyzed
whole saliva, saturated fatty acid was highest in caries lesion individuals. The
variations in the lipid levels and fatty acid composition may be associated with
those in caries development. It was put forward that fatty acid had been
demonstrated in salivary mucous glycoprotein and covalently bound. The
presence of the lipids on salivary pellicle on teeth surface increases the effect
the caries development by inhibition of acid diffusion (Slomiany et al., 1989).

Much attention has been recently dedicated to methods able to detect
small tooth lesions (Nyvad, 2004). The present study evaluated differences
between salivary metabolites from caries lesion-free and caries lesion subjects.
Caries susceptibility is an important addition to the delivery of non-surgical
preventive care such as topical fluorides, and therefore should be studied.

Further information is necessary to support the use of this methodology as a
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susceptible, diagnostic and disease progress tool in dental caries and other oral

health disorders.
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FIGURES
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Fig. 1: Representative 'H NMR spectra of whole saliva from caries-lesion free (A) and caries-
lesion (B) child subjects demonstrating differences in metabolites (1- propionate, 2-lactate, 3-
acetate, 4- ornithine, 5- 4-hydroxyproline, 6- sucrose, 7- a-glucose and 8- 3-D-

hydroxybutyrate).
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Fig. 2: A- Scores plot of a two-component PCA model of *H NMR spectra showing sample
clustering according to presence or absence of caries-lesion. The percentage of variance
captured by PC3 was 7.84% and PC4 was 10.93%. B- Standard distance showing that caries

lesion-free subjects presented lower SD values than caries-lesion ones.



TABLES

Table 1: The standard distance and the distances classifying caries-free lesion and

caries-lesion individuals with respectives dmft/DMFT and number of teeth with

caries-lesinn

Caries-lesion | caries-lesion dmft/DMFT Number of teeth
free with caries-lesion
3.99* 57.97 3 3
3.91 51.80 9 9
3.85 49.54 5 5
3.77 44.37 5 4
3.77 25.67 7 7
3.68 10.24 5 2
3.40 8.90 1 1
3.36 7.58 5 4
3.31 7.43 6 5
3.11 5.37 5 4
2.94 4.86 4 3
2.61 4.31 5 5
2.20 4.21 2 2
2.24 4.10 7 2
2.10 3.86** 5 4
1.98
1.78
1.30

2.96+0.85° 19.35+20.58° 4.92+2.148 4.00 + 2.248

Cut-off=3.98; *Upper than cut-off ; **Lower than cut-off. *Media + Standard deviation
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Table 2: Resonance assignments of unstimulated human saliva, its metabolites components (p<0.05) detectable

in 400 MHz 'H-NMR spectra comparison between caries-lesion and caries-lesion free children subjects.

Caries-

1 : .
. H Chemical S ) . Caries
Metabolites Shift Multiplicity Assignment lesion lesion p-value
free
Acetate 1.92 S CHs 1 1 0.020
3.70, 3.82, m, m, He, He,
a -galactose 3.82, 3.87, dd, t, Hz, Hs, ! 1
3.97 dd Ha p<0.001
3%
a -glucose o m, t, He', Has, ! T
3.53,3.41 dd. t o He p<0.001
Choline 3.21 s -N+(CHs)3 0 ! 0.008
. 3.81,2.47 t,m, a-CH, v -CHz,
Glutamine 514 m B -CH; ! 1 p<0.001
2.10, 2.37, m, m, B-CHz, v-CHz,
Glutamate 379 ¢ a-CH 0.004
3.55, 3.63, dd, dd, -C-CH>0OH, -C-CH,0H,
Glycerol 378 m CHOH 1 1 0.033
Lactate 1.33,4.13 d,q CH3, CH ! 1 p<0.001
1.49,1.73, m, m, v -CHz, 8-CHa,
Lysine 1.90, 3.01, m, t, B-CHaz, -CHz, ! 1 0.002
3.76 t a-CH
. 3.67, 3.75, dd, m, CH20H (C1/C6), H2 and H5,
Mannitol 379 d H-3 and H-4 l 1 p<0.001
Propionate 1.04,2.17 t, q B-CHs, a-CH: ! 1 p<0.001
CHs, CH>CH>OH
0.93, 1.78, s, m, PR
Provitamin B5 3.34, 3.49, ts, CHzNH, -C(CHs),-CH,OH, | 1 0.003
3.68, 4.01 ts CH:OH, -C(CHs),-
e : CHOH(CONH)
0.83, 1.35, t, m, -CHs, v,0-CHZ2’s,
N-caproate 158, 2.15 m, t B-CH,, a-CH; l ! 0.001
0.85, 1.40, t, m, 0 -CH3, v -CHy,
N-valerate 158, 2.15 m, t B-CH,, a-CH, l 1 p<0.001
. 2.23,2.47, m, m, v -CHOH, B-CHj,
4-hydroxyproline 3.47, 4.46 m, m 5-CHy-NH, a-CH t ! 0.001
0.86, 1.28, tm CHj3, CH3CH2/CH3CH;-
Saturated fatty acid 1.53,2.18 m t (CH3)n-, CH2CH2CO2R, l 1 p<0.001
’ CH,CH>CO2R
0.92, t, CHs,
Sodium dodecyl 1.34, m, CH3CH2/CH3CH2-(CH2)n-, | 1 <0.001
sulphate 1.71,1.71 m, m CHCH>CH,0SO0s, p<L.
4.00 t CH,CH,0S03’



3.47,3.56,
3.68, 3.76,
3.76, 3.76,
3.83, 3.83,
3.86, 3.89,
4.05, 4.22,
541

Sucrose

1.25, 2.18,
Thymol 3.18, 6.61,
6.66, 6.99

4.13, 2.45,

3-D-hydroxybutyrate 234 1.24

1.81, 1.95,
3.05, 3.80

3.64, 3.64,
Xylitol 3.72, 3.80,
3.86

Ornithine

L 3

3.3~

3330

K
o

2
»

m, dd, dd, m,
dd

Ha, Hz,
Hq, Hs,
Hs, He',
He", Hs,
Hs, Hs,
Ha, Ha,
Hi

(CH3)2CH, CH3-Ar,
(CH3)2CH, Hs,
Hz, Hs

CHs, CHa,
CHa, CH

v -CH2 B-CH2,
5-CH2, a-CH

Has, CH20H (C1/C5), CH,OH
(C1/C5), Hz and Ha, CHOH
(C1/C6)

!

1

52

0.006

p<0.001

p<0.001

p<0.001

p<0.001

*Multiplicity indicates peaks quantity in "H-NMR spectra (s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet).

Were used 10 PCs that explained 86.13% of variation to find out precisely which regions of the NMR spectra have

caused the separation between groups. The respectives metabolites that presented statistical differences (p<0.05;

F test) are indicated. The metabolite a-galactose was identified in all 10 PCs.
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ABSTRACT

The effect of medicines-containing syrup on the tooth surface is largely studied
in literature. On the other hand, few studies evaluate salivary metabolites
changes. Therefore, the aim of this study was to evaluate in vitro and in vivo
local effect of an antihistaminic-containing syrup in salivary metabolites using
high-resolution *H NMR spectroscopy. For in vitro interaction, unstimulated
whole saliva from 5 healthy volunteers was collected and was in vitro mixture
with an antihistaminic-containing syrup (Claritin®). For in vivo study, before
sample collection, the same volunteers were instructed to rinse the mouth with
Claritin® for 20 seconds. The in vitro and in vivo mixture were studied in *H
NMR spectra were acquired and processed on a Bruker 400 MHz Advance
spectrometer. For statistical analysis was used principal analysis component
(PCA) and paired t test (p<0.05). The metabolites acetate, histidine, v -
aminobutyrate, glutamate, isoleucine, phenylalanine, propionate, trimethylamine
and valine presented lower concentration after antihistaminic interaction. The
differences in salivary metabolites were found both in vitro and in vivo
antihistaminic interaction. In addition, it was demonstrated that in vitro assays
could be an alternative method for medicines and salivary interaction studies.

Key words: Saliva, Magnetic Resonance Spectroscopy, Chemistry,

Pharmaceutical, allergy.
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INTRODUCTION
The human saliva is a complex mixture that carry out many important
and well-recognized functions involved in oral health and the homeostasis of
oral environment.'? Changes in salivary composition and others local factors
such as tooth anatomy, microbiology and adsorption on enamel topography is
associated with disease susceptibility and it progression.®
The administration of liquid medicines is an additional factor that could

influence oral homeostasis, promoting biochemistry alterations in salivary
components and affecting tooth surface.*® In addition, it continuous use may
play a role in the cause of hiposalivation.® Pediatric medicines, generally, are
prescribed in liquid formulation which includes sucrose to turn it more attractive.
Although, the association between medicines-containing syrups and the caries
experience are well described in literature.>’ In chronic diseases, the high
frequency of medicines-containing syrups increases caries susceptibility.®

Nuclear Magnetic Resonance (NMR) spectroscopy is able to identify low
molecular weight salivary metabolites. It analytical techniques are largely
employed for metabolomic studies.® NMR is a nondestructive technique, widely
used in chemistry, that provides detailed information on molecular structure,
both for pure compounds and in complex mixtures, such as salivary fluid.****

Alterations in tooth surface are largely explored in literature,**? although
for the best of our knowledge the interaction between salivary metabolites and
medicines was not studied. Thus, the aim of this study was to assess the in vitro
and in vivo the influence of an antihistaminic-containing syrup in salivary

metabolites using high-resolution *H NMR spectroscopy.
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MATERIALS and METHODS
Subjects of study
For in vitro and in vivo evaluation, 5 volunteers from Dental School that were
not medically compromised were recruited. These subjects ranged in age from
24 to 30 years (mean age 26.6 + 2.2), none of them had not taking any
systemic antibiotics or had not used anti-bacterial toothpaste six months before
sample collection. After visual-tactile examination of each by a single examiner,
was certified that none of them had any active periodontal disease or dental
caries lesion.
In vitro sample collection

We asked the patients to collect whole saliva expectorated from the
mouth (5 mL), into a plastic universal tube in the morning. Each patient was
also requested to refrain from oral activities during the short period of 2 hours
before sample collection (~ 5 min). Specimens were centrifuged at 10,000g and
4°C for 60 minutes immediately on their arrival to remove cells and debris, and
the supernatants were then stored at —80°C until NMR analysis.*® For In vitro
interaction, previous NMR tests with antihistaminic-containing syrup (Claritin®;
Schering-Plough, Rio de Janeiro, Brazil) were performed for establish ideal
concentration of antihistaminic in saliva samples. Therefore, was used 5% of
antihistaminic in a total of 0.45mL of mixture.
In vivo sample collection

Volunteers rinsed the mouth with 10ml of the antihistaminic-containing
syrup (Claritin®; Schering-Plough, Rio de Janeiro, Brazil) for 20 seconds and
then it was discarded. Immediately after it, whole saliva was expectorated from

the mouth (5 mL), into another plastic universal tube. Specimens were
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centrifuged at 10,000g and 4°C for 60 minutes and the supernatants were
analyzed immediately.
NMR analysis

All samples of were prepared by taking 0.45 mL salivary samples, to 0.05
mL deuterium oxide (D,O; Cambridge Isotope Laboratories inc., USA) that
provides a field frequency lock and 0.01 mL of Sodium2,2-Dimethyl-2-
Silspentane-5-Sulfonate solution 5.00 mM (DSS; Sigma-Aldrich, Milwaukee,
USA) that is the chemical shift reference for *H spectra, 3 = 0.00 ppm.

NMR spectra were acquired using a Bruker 400 MHz Advance
spectrometer (Bruker Biospin, Rheinstetten, Germany) equipped with a Bruker
5 mm high-resolution probe and operating at a frequency of 400.13 (*H) MHz
and a probe temperature of 25°C. NMR signals were determined over a defined
range of resonance of frequencies called chemical shifts, defined by the
differences of resonances of a specific substance and a defined standard
substance, expressed in ppm. The fine adjustment was done with water
suppression. Saliva was analyzed using NMR spectroscopy and assignment
were identified based on Silwood et al.*®

The use of human materials according to an informed consent protocol
was approved by the Research Ethics Committee of Community Health Studies
Institute from Federal University of Rio de Janeiro.

Statistical analysis

The metabolites data were analyzed on the statistical program AMIX
(Bruker Biospin, Rheinstetten, Germany). Salivary data were compared before
and after antihistaminic-containing syrup interaction. Each spectral dataset was

normalized to the total sum of the integrals to partially compensate for
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differences in concentrations and the matrix was normalized scaling dataset by
pareto scaling.’* Each NMR spectrum was reduced to smaller number of
variables, calculated by integrating regions of equal bucket size of 0.05 ppm.
The water region was excluded to eliminate variation. The datasets were stored
in a matrix with 15 rows (15 of samples; 5 before antihistaminic interaction, 5
after in vitro and 5 after in vivo antihistaminic interaction) and 179 columns (179
chemical shifts). Principal component analysis (PCA) was applied with a
confidence interval of 95%. The firsts PCs correspond to the largest sources of
variation, being orthogonal to each other.

The paired t test was applied to compare differences among PC scores
before and after in vitro and in vivo syrup interaction. The significance level was
set to p = 0.05. All signal processing procedures and statistical tests were

implemented in statistical program SPSS 16.0 (SPSS Inc, Chicago, USA).

RESULTS
A sample *H NMR spectrum before and after in vitro and in vivo interaction with
antihistaminic-containing syrup with several resonances identified is shown in
Fig. 1. There are differences in intensity of resonances between after and
before antihistaminic-containing syrup interaction, in demarked region. The in
vitro and in vivo interaction demonstrated few differences, as shown in Fig.1B
and Fig.1C.

PCA of H NMR spectra of saliva subjects before and after
antihistaminic-containing syrup interaction is presented in Fig. 2. For in vitro
and in vivo study, was used four PCs that expressed more representative

difference between groups and explained 95.13% of variation. The points are
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mapped in the space spanned by PC1 versus PC2. The percentage of variance
captures by PC1 was 80.46% and PC2 was 8.64%. PCA revealed the existence
of differences in salivary metabolites when compared it before and after in vitro
and in vivo antihistaminic interaction.

The metabolites that presented statistical difference (p<0.05; paired t
test) were represented in Table 1. The matabolites acetate, histidine, v -
aminobutyrate, glutamate, isoleucine, propionate and valine presented in lower
concentration after antihistaminic interaction. Just 4-hydroxyproline not
presented statistical difference between after anti-histaminic containing syrup

and in vitro (p=0.13).

DISCUSSION

Medicines are considered local factors that could change oral
homeostasis, which could result in alteration of tooth surface. The continuous
use of some medicines increase caries susceptibility.® Antihistamines are
commonly used in treatment of respiratory allergies, especially in chronic
allergies.*>*® Accordingly, is important to study its interaction with salivary
metabolites. In the present study, high-resolution H NMR spectra
demonstrated metabolites’ alterations when it interacts with antihistaminic-
containing syrup both in vitro and in vivo evaluation.

PCA was able to separate spatially subjects with different conditions.
Supervised models can reduce data dimensionality as PCs.!’ This statistical
model is useful to classify samples correctly. In the current study, PCA plotting
was able to separate metabolites before and after in vitro and in vivo

antihistaminic interaction. NMR is a sensible and reproducible technique,®*
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even though the present study evaluated few numbers of sample, PCA was
able to classify the different conditions.

In the present study, acetate, histidine, v-aminobutyrate, glutamate,
isoleucine, propionate and valine were statistically higher before antihistaminic
in vitro and in vivo interaction. Some liquids medicines are chemically stable in
low pH, as antihistaminic-containing syrup evaluated in the current study and
generally citric acid is used for this propose.” Citric acid commonly acts as
salivary stimulating agent, increasing salivary flow, and consequently
metabolites could be diluted in saliva.’® Even though, our study demonstrated
that also in vitro evaluation there is a decreasing in concentration of metabolites
above mentioned. For that reason, we speculate that the antihistaminic-
containing syrup may interact with those metabolites, reducing its concentration
in saliva.

Medicines for children patients are commonly prescribed in liquid
formulation. It is generally sweetened and sucrose is the carbohydrate widely
used for this purpose.”'® This fact characterizes these formulations as
potentially cariogenic, once oral microorganisms ferment preferentially sucrose
resulting in high acidogenic activity and consequently decrease dental plaque
pH.>"?%2% Fyrthermore, sucrose has been considered the most cariogenic
carbohydrate due to the increased porosity of dental plaque matrix formed in its
presence. %* Our study demonstrated that a—galactose, a—glucose, f—glucose,
mannitol and sucrose were statistically higher after antihistaminic-containing
syrup interaction. All those sugar are fermented by microorganisms, although

mannitol, a sugar alcohol, is slowly fermented to acid by oral bacterial.*
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An alternative to minimize tooth damage in children that frequently use
antihistaminic-containing syrups, oral hygiene should be done after medicine
administration.”® This procedure will remove sugar from syrup and prevent
development of dental caries. In addition, the use of topical fluoride agents are
recomended.?®*?” Medicines-containing syrup administration during nocturnal
period should be avoid, once salivary flow is naturally lower and it protective
capacity is reduced.™?®

In vitro studies present a difficult to reproduce the clinical environment,
due to the presence of teeth and other oral tissues that makes this environment
complex.! In the current study, the in vitro and in vivo interaction between
human salivary components and antihistaminic-containing syrup demonstrated

to be similar. Therefore, in vitro studies could be an alternative method to study

medicines and salivary metabolites interaction.

CONCLUSION
This study demonstrated that in vitro and in vivo salivary metabolites
interaction with antihistaminic-containing syrup promotes similar changes in

salivary metabolite profile.
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Fig. 1: Representative 'H NMR spectra of salivary metabolites components before and after
syrup mouthwash subjects, demonstrating differences in regions of spectra. A,E — Spectra
before syrup mouthwash; B,F — Spectra after in vitro antihistaminic interaction; C,G - Spectra
after in vivo antihistaminic interaction; D,H — Spectra of antihistaminic. In the 0-4.5ppm (A,B,C,
and D) could be identified metabolites that differed before and after antihistaminic interaction (1-
propionate, 2-acetate, 3- v -aminobutyrate, 4-glumatate, 5- isoleucine, 6-sucrose, 7- a-galactose
and 8- a-glucose); and 5.5-10.0ppm (E,F,G and H) were indicated metabolites that differed

before and after antihistaminic interaction (9-histidine and 10-phenylalanine).



66

PCZ
L
j :
! -0.25]
® /
o !
L

K ] ]

J ® -0.50]]

-2.00 ! -1.00 0.00 1.00 2.00 1

[ 1 ! I 1 - I 1 laloey

Fig. 2: Scores plot of a two-component PCA model of '"H NMR spectra showing sample
clustering before ( ®) and in vitro (®) and in vivo (®) antihistaminic interaction. The percentage

of variance captures by PC1 was 80.46% and PC2 was 8.64%.
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Table 1: Resonance assignments of salivary metabolites components (p<0.05) before and after syrup mouthwash

subjects.
T i
Metabolites H Che_mlcal Multiplicity* Assignment Control SV“JP p-value
Shift interaction

Acetate 1.92 s -CH3 1 ! p<0.01°
p <0.01°

3.70, 3.82, m, m, H6', HB,
a -galactose 3.82,3.87, dd, t, H2, H3, ! 1 p<0.01*
3.97 dd H4 p <0.01°

3.84,3.82 m, m, H6, H5,

a -glucose 3.74,3.71 m, t, H6’, H3, ! ) p<0.01?%
3.53,3.41 dd, t H2, H4 p<0.01"
3.24,3.40, dd, t, H2, H4,

B -glucose 3.47, 3.49, m, t, H5, H3, ! 1 p<0.01?%
3.72,3.91, dd, dd, H6', HB, p<0.01"

4.65 d H1
3.15, 3.28, dd, dd, B-CHa, B-CHz,
Histidine 3.98, 7.07, dd, s, a-CH, H4, 7 I 0.01°
7.80 s H2 0.02°
. 1.88, 2.29, m, t, B-CH,, a-CH, p<0.01%
v -aminobutyrate 3.0 t v-CH, ! ! p<0.01°
2.10, 2.37, m, m, B-CHa, v-CHy, p<0.01°

Glutamate 3.79 t a-CH ! ! p<0.01°
0.94,1.01, t, d, CH3, B-CH;, p<0.01°

Isoleucine 1.47, 1.99, m, m, v-CHy, B-CH, ) ! p<0.01°

3.68 d a-CH
Mannitol 3.67, 3.75, dd, m, CH20H (C1/C6), H2 and H5, T p<0.01*
3.79, 3.86 d, dd H-3 and H-4, CH20H (C1/C6) p<0.01°
a
Propionate 1.04, 2.17 t, q B-CHs a-CH> 1 1 p<0-01b
p<0.01
, 2.23,2.47, m, m, v -CHOH, B-CH,, 0.13%
4-hydroxyproline 3.47, 4.46 m, m 5-CH2-NH, a-CH f ! 0.02°
3.47,3.56, t,m, H4, H2,
3.68, 3.76, s, t, H1’, H3,
3.76, 3.76, m, m, H6, HE’, p<0.01°
Sucrose 3.83, 3.83, m, t, H6”, H3, ! 1 0<0.01°
3.86, 3.89, m, m, H5, H5,
4.05, 4.22, t, d, H4, H3’,
5.41 d H1
, 0.97, 1.03, d, d, CHs, CHs, p<0.01?
Valine 2.28, 3.64 .d B-CH, a-CH ! ! p<0.01°

*Multiplicity indicates peaks quantity in "H-NMR spectra (s, singlet; d, doublet; t, triplet; m, multiplet). Were used 3

PCs that explained 95.75% of variation. The respectives metabolites that presented statistical differences (p<0.05;

t test) are indicated. The arrows indicate if metabolites are presented in lower (}) or in higher (1) proportion. The

letters indicate paired t test between before and after in vitro (%) and in vivo (b) interaction.
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5 DISCUSSAO

Atualmente, apesar do crescente interesse, a caracterizacdo de
metabdlitos para doencas ainda é pequena se comparado aos estudos sobre
marcadores, principalmente tratando-se da saliva (Yan, Apweiler et al., 2009).
A criacdo de métodos nao invasivos que possibilitem o diagnéstico e a
avaliagdo de tratamentos € considerada, atualmente, uma meta relevante para
a manutencéo do sistema de salde em varios niveis (Takeda, Stretch et al.,
2009; Yan, Apweiler et al., 2009). A idéia da utilizacao da saliva como matriz de
analise para métodos diagndsticos existe ha longo tempo e a criacdo de novas
metodologias pode ser pertinente e viavel, devido a facilidade da coleta do
fluido e a quantidade de informacfes obtidas a partir dele (Silwood, Lynch et
al., 2002).

A saliva ja foi estudada tanto por espectroscopia de massa para deteccao
de proteinas (Cabras, Castagnola et al., 2008; Lillsunde, 2008) quanto pela
Ressonancia Magnética Nuclear (Dan, Kawano et al.,, 1989; Antonyraj,
Karunakaran et al., 1998; Grootveld e Silwood, 2005; Walsh, Brennan et al.,
2006; Bertram, Eggers et al., 2009). A Espectrometria por RMN é uma das
técnicas mais completas para a investigagdo em nivel molecular, permitindo
obter informacéo estrutural e dindmica para qualquer estado da matéria, tanto

de compostos puros como misturas complexas (Lindon, Holmes et al., 2006).
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Nos ultimos anos a espectroscopia por RMN tem sido amplamente
empregada na identificacdo de diferentes biofluidos e dentre suas vantagens,
destaca-se a distincdo em alta resolucdo dos sinais de cada molécula, sendo
um método reprodutivo, uma técnica rdpida e n&o-destrutiva, podendo,
portanto, propiciar a utilizacdo da amostra diversas vezes, desde que esta n&o
sofra degradacao (Brindle, Antti et al., 2002; Silwood, Lynch et al., 2002). Pode-
se ainda associar a RMN 1-D, em uma dimensao, (Silwood, Lynch et al., 2002)
e 2-D, a RMN 2-D, em duas dimensdes, (Durand, Fernandez et al., 2008; Sato,
Fukae et al., 2008) para reproducdo de resultados mais fiéis, removendo
ambiguidades e sobreposicdo de sinais (Brindle, Antti et al., 2002; Silwood,
Lynch et al., 2002). O estudo de degradacdo de metabdlitos em funcédo do
tempo demonstrou haver pequena perda apés a permanéncia da amostra em
um periodo de 48 horas a 25°C, demonstrando que em experimentos
bidimensionais, geralmente longos devido ao grande numero de scans, ha
pouca degradacdo (Apéndice 3, pagina 95).

A presenca de determinadas moléculas em determinado nivel de
concentracdo depende, em muitos casos, de sua producao e de seu transporte
até a cavidade oral. Contudo, tanto o transporte quanto a producéo podem ser
comprometidos com alteracdes no metabolismo, tornando o monitoramento
desses metabdlitos potenciais biomarcadores para indicar ndo apenas
desordens bucais, mas também sistémicas (Chiappin, Antonelli et al., 2007).
No presente estudo, o perfil salivar de criangcas saudaveis com auséncia de
doencas bucais apresentou poucas diferencas entre os metabolitos quando
avaliado as diferentes denticfes. Fato que ja era esperado, visto que todos os

individuos eram isentos de alteracdes sistémicas.
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A denticdo decidua, ou seja, individuos mais jovens apresentou maior
quantidade de Gamma-aminobutirato (GABA) e valina comparando-se a
criancas de idade mais avancada. O GABA é um neurotransmissor, com
funcdo inibitéria de sinapses, encontrado no sistema nervoso de diferentes
espécies. Baixas concentracdes plasmaticas de GABA podem gerar sintomas
depressivos e ainda doenca de Alzheimer e quadros de epilepsia (Rating,
Siemes et al.,, 1983; Fonteh, Harrington et al., 2007). Ja a valina € um
amonodcido ditto essencial e sua deficiéncia esta relacionada a alteracdes
cerebrais e desordens musculares (Binek-Singer e Johnson, 1981; Fonteh,
Harrington et al., 2007).

J4 a denticdo permanente, ou seja, individuos mais préximos a
adolescéncia, apresentou maior quantidade de etanol, 1,2-propanodiol e de
propionato. Tais metabdlitos podem ser resultantes do metabolismo de
microorganismos (Scheie, Fejerskov et al., 1998). Sugere-se que a denticdo
permanente possua maior superficie de contato devido ao maior nimero de
elementos dentais e uma flora bacteriana mais complexa, desta forma,
justificando-se a presenca de dos metabdlitos em maior quantidade nesta fase
da denticdo (Hannig e Hannig, 2009).

Em criancas com lesdes cariosas, observou-se maior quantidade de
lactato, n-butirato e n-caproato quando comparado ao grupo sem a presenca
de lesdes cariosas. Os experimentos realizados para verificacdo dos
metabolitos salivares em diferentes condicdes demonstraram reducdo dos
metabalitos acetato (1,92ppm) e propionato (1,04 e 2,17ppm). Provavelmente
oriundos do metabolismo de microorganismos, justificando sua maior presenca

em individuos com lesbGes cariosas. Entretanto a ornitina € um componente
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enddgenos e, portanto, pode ser um importante biomarcador do metabolismo
para a carie dental, entretanto essa possivel relagdo deve ser mais explorada.

A sacarose é considerada o carboidrato mais cariogénico devido a sua
utilizacado pelos Streptococcus mutans na formacdo de dextrana e mutana
(Banas e Vickerman, 2003). Estas promovem a colonizagcdo bacteriana no
esmalte, fator de extrema importancia na formacdo da carie, formando a
pelicula adquirida em conjunto com proteinas salivares, responsavel pela
fixacdo e selecdo dos microorganismos (Gibbons e Van Houte, 1973). A
sintese de dextrana e mutana resultam na formacdo de &acido lactico. Com a
producéo de acido lactico ha uma reducao no pH da placa, o que faz com que
a hidroxiapatita se fragmente transformando-se em fosfato tricalcico e em
seguida em moléculas de fosfato monoéacido de célcio, ocorrendo a cérie dental
(Ingram, 1990; Robinson, Shore et al., 2000). No presente estudo, a sacarose
foi encontrada em menor quantidade em individuos com lesfes cariosas e a a—
glucose em maior quantidade, demonstrando uma intensa atividade
microbiana, ao quebrar a sacarose para gerar energia (Banas e Vickerman,
2003).

Metabdlitos exdgenos também foram identificados tanto em amostras de
saliva de individuos com carie quanto em individuos sem caries. Apesar dos
voluntarios terem sido instruidos a abster-se de atividades orais, foi identificado
Lauril Sulfato de Sdédio. Compostos fluoretados atuam melhor com agentes
sulfactantes, que auxiliam no processo de remineralizacdo e na remocéao fisica
de microorganismos e quimico na desorganizacao de lipideos (Petersen, Assev
et al., 2006). O Lauril Sulfato de Sodio é o surfactante idnico mais comumente

empregado na composicao de pastas dentais (Rantanen, Jutila et al., 2003).
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Provavelmente, este composto foi encontrado em maior propor¢do em
individuos com carie devido a maior adsorcdo desse composto as
irregularidades da superficie dental. Ademais, ndo se observou diferenca deste
composto entre as denticbes, quando criancas sem lesdes cariosas das
diferentes denti¢bes foram avaliadas.

A literatura relata que héa distingdo do perfil protéico de individuos sem a
presenca de carie e com a presenca de carie (Bergandi, Defabianis et al.,
2007). Esta diferenca pode ser explicada pela diferente atividade proteolitica
entre esses individuos, quer seja pela diferenca na expressdo de proteases,
inibidores de protease ou poliforfismo nos sitios proteoliticos de clivagem
(Ayad, Van Wuyckhuyse et al., 2000). O perfil salivar de individuos isentos de
lesbes cariosas diverge tanto no numero de proteinas quanto na
susceptibilidade destas a serem degradas por proteases bacterianas,
comparando-se com pacientes com lesdes cariosas ativas (Cowman, Schaefer
et al., 1979). Sugere-se que essas diferencas também ocorram com
metabdlitos de baixo peso molecular, como os do presente estudo.

De acordo com Tomita et al (Tomita, Miyake et al., 2008), a
concentracdo de lipideos proveniente das glandulas pardtidas foi maior em
criangas suscetiveis, corroborando com o presente estudo, apesar de ser
analisada saliva total. A variacdo de lipideos pode estar associada ao
desenvolvimento da céarie, uma vez que os lipideos se ligam covalentemente as
lesGes cariosas e inibem a difuséo dos acidos bacterianos, potencializando sua
acdo local (Slomiany, Murty et al., 1989) além de facilitar a adsor¢cdo de
bactérias gram positivas, como 0 Streptococus mutans, no substrato dental

(Ciardi, Rolla et al., 1977).
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No estudo das etiologias das alteracbes da cavidade bucal, destacam-se
a ingestdo de bebidas e medicamentos. Alteragbes na composi¢ao salivar
podem ser a resposta para microalteracdes dos tecidos dentais, devido as
modificacdes bioquimicas no fluido salivar podendo propiciar o aumento do
risco a cérie (Dale, Tao et al., 2006). Neste contexto, cita-se os medicamentos
que sao utilizados cronicamente, especialmente em quadros de alergia
respiratorias (Chipps e Harder, 2009; Ferrer, Morais-Almeida et al., 2010).

Para tornar os medicamentos liquidos infantis mais agradaveis, sendo a
sacarose € comumente incorporada as formula¢des quimicas destes farmacos
(Pierro, Abdelnur et al., 2005). No presente estudo foi observado alteracdo da
quantidade de acUcares tais como sacarose, glicose e galactose apds a
interacdo in vitro e in vivo com o anti-histaminico estudado. A literatura revela
que apos bochechos com solucdo de sacarose, ha uma subsaturacdo de
dihidrato fosfato dicalcio na saliva o que favorece o risco a cérie dental (Van
Steijn, Amerongen et al., 2002). Além disso, a sacarose € o carboidrato mais
utilizado. Por esta razéo, deve-se evitar a administracdo destes medicamentos
sob a forma de xarope no periodo noturno, quando o fluxo salivar é reduzido,
portanto sua capacidade de limpeza estara reduzida (Dawes, 2008). Ademais,
ressalta-se a importancia da higienizacdo bucal apdés administracdo destes
medicamentos (Mcdonald e Stookey, 1973; Sorvari, Meurman et al., 1994).

Por outro lado, metabdlitos tal qual o acetato, histidina, v -aminobutirato,
glutamato, isoleucina, propionato e valina apresentaram-se em menor
quantidade apés a interagdo medicamentosa, tanto no estudo in vivo como no
in vitro. Somente a 4-hydroxiproline apresentou-se em menor concentracao

apenas no estudo in vivo. Apesar do medicamento utilizado no presente
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estudo possuir acido citrico para a estabilizacdo do pH acido, que atua como
agente estimulante do fluxo salivar a redugéo da concentragdo dos metabdlitos
nao se deve a diluicdo dos mesmos devido ao aumento do fluxo salivar (Pierro,
Abdelnur et al., 2005; Da Mata, Da Silva Marques et al., 2009). Esta afirmacao
pdde ser comprovada no estudo in vitro, em que a interacdo medicamentosa foi
realizada com amostra de saliva ndo estimulada. A reducdo da concentracao
do propionato é vantajosa, visto ser um acido organico proveniente do
metabolismo bacteriano, sendo um dos responsaveis pela dissolucdo da
hidroxiapatita (Liu, Yue et al.,, 1998). Entretanto, outros fatores devem ser
considerados, como o fato de medicamentos possuirem baixo pH a alta acidez

titulavel, além dos niveis de sacarose apresentarem-se altos, caracterizando

tais formulac6es como cariogénicas .

Diante da inexisténcia de trabalhos que avaliassem a interacéo
medicamentosa com metabdlitos salivares, optou-se por simular o que ocorre
in vivo no modelo in vitro. Cabe ressaltar, que os resultados de estudos in vitro
devem ser cautelosamente avaliados antes de sua extrapolacdo para a
realidade clinica. Entretanto, o presente estudo demonstrou haver grande
semelhanca entre os resultados provenientes do ensaio in vitro e in vivo,
demonstrando que experimentos in vitro podem ser modelos interessantes para

estudo da interagdo de medicamentos com componentes salivares.
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6 CONCLUSAO

Diante da metodologia empregada e das condicOes avaliadas, a Ressonancia
Magnética Nuclear em conjunto com a Analise dos Componentes Principais foi

capaz de distinguir metabdlitos salivares.

A partir das proposicdes e dos resultados obtidos no presente estudo, pode-se
concluir que:

» Houve diferencas entre os metabdlitos salivares nas dentic6es decidua,
mista e permanente de criancas saudaveis e isentas de lesdes cariosas;

» Houve diferenca entre os metabdlitos quando avaliada a saliva de
criancas com e sem lesdes cariosas, sendo possivel a separacao destes
grupos por meio do PCA;

» Tanto a interacdo in vitro quanto a in vivo de metabdlitos salivares com o
anti-histaminico sob a forma de xarope resultaram em alteracdo dos
componentes salivares quando comparado ao momento anterior a

interacao
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ANEXO 2

FACULDADE DE ODONTOLOGIA
DEPARTAMENTO DE ODONTOPEDIATRIA E ORTODONTIA
DISCIPLINA DE ODONTOPEDIATRIA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Prezado responsével,

Ser4 realizado um estudo na Odontopediatria da Faculdade de
Odontologia da UFRJ, com o objetivo de analisar a saliva de seu filho através
de Ressonancia Nuclear Magnética. Nesta pesquisa sera pedido ao seu filho(a)
que cuspa em um “potinho de plastico”, o que n&o causara nenhum
desconforto a ele(a).

Sua participacdo e voluntaria e, caso ndo queira participar, sua recusa
ndo causara nenhum prejuizo ao tratamento odontolégico da crianca nesta
instituicdo. O pesquisador responsavel (Raquel dos Santos Pinheiro) podera
ser acessado para esclarecimento de eventuais duvidas, a qualquer momento,
pelos telefones 2562-2100 ou 2562-2098. O responsavel podera solicitar a
saida do paciente deste estudo em qualquer momento, assim como a prépria
crianca e, neste caso, 0s responsaveis pelo projeto se comprometem a nao
utilizar as informagdes obtidas. Os dados individuais dos participantes serao
mantidos sob sigilo, sendo manipulados apenas pelos responsaveis pela
pesquisa e arquivados por um periodo de 5 anos. Entretanto os resultados, em
sua totalidade, serdo publicados em literatura cientifica especializada, estando
também disponiveis para consulta na Biblioteca da Disciplina de
Odontopediatria da FO/UFRJ localizada no anexo da Disciplina no 3° andar do
Hospital Universitario Clementino Fraga Filho ou na Biblioteca Central do
Centro de Ciéncias da Saude (CCS/UFRJ).

Atenciosamente,

Eu, , identidade n.° ,
certifico que lendo as informac8es acima concordo com o que foi exposto, e autorizo a
utilizacdo dos resultados do meu filho(a) para o

presente estudo.

Rio de Janeiro, de de 2008.

Assinatura do responsavel

Assinatura Testemunha (1) Assinatura Testemunha(2)



ANEXO 3

PARECER N°130/2009
PROCESSO N°66/2009

Projeto de Pesquisa: Analise IN Vitro dos metabolicos salivares de criancas com lesdes

cariosas.

Pesquisador: Tatiana Kelly da Silva Fidalgo

O Comité de Etica em Pesquisa, tendo em vista o que dispde a Resolugdo 196/96
do Conselho Nacional de Salde, resolve APROVAR o presente projeto.

Informamos que o CEP estd a disposicdo do pesquisador para quaisquer
esclarecimento ou orientagdo que se fagam necessarios no decorrer da pesquisa.

Lembramos que o pesquisador deverd apresentar relatorio da pesquisa no prazo

de um ano a partir desta data.

Cidade Universitaria, 03 de dezembro de 2009.
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ANEXO 4

FACULDADE DE ODONTOLOGIA
DEPARTAMENTO DE ODONTOPEDIATRIA E ORTODONTIA
DISCIPLINA DE ODONTOPEDIATRIA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Prezado responsével,

Serd realizado um estudo na Odontopediatria da Faculdade de Odontologia da
UFRJ, com o objetivo de analisar a saliva de seu filho através de Ressonancia Nuclear
Magnética e por eletroforese. Nesta pesquisa serd pedido ao seu filho(a) que cuspa
em um “potinho de plastico”, e sera realizado exame clinico bucal, o que ndo causara
nenhum desconforto a ele (a).

Sua participacdo € voluntaria e, caso nao queira participar, sua recusa ndo
causara nenhum prejuizo ao tratamento odontologico da crianca nesta instituicdo. O
pesquisador responsavel (Prof® Dr* Ivete Pomarico Ribeiro de Souza) poderd ser
acessado para esclarecimento de eventuais duvidas, a qualqguer momento, pelos
telefones (21) 2562-2101, ramal 6. O responsavel podera solicitar a saida do paciente
deste estudo em qualquer momento, assim como a prépria crianga e, neste caso, 0s
responsaveis pelo projeto se comprometem a néo utilizar as informacdes obtidas. Os
dados individuais dos patrticipantes serdo mantidos sob sigilo, sendo manipulados
apenas pelos responsaveis pela pesquisa e arquivados por um periodo de 5 anos.
Entretanto os resultados, em sua totalidade, serdo publicados em literatura cientifica
especializada, estando também disponiveis para consulta na Biblioteca da Disciplina
de Odontopediatria da FO/UFRJ localizada no anexo da Disciplina no 3° andar do
Hospital Universitario Clementino Fraga Filho ou na Biblioteca Central do Centro de
Ciéncias da Saude (CCS/UFRJ). Caso vocé tenha dificuldade em entrar em contato
com o pesquisador responsavel, comunique o fato & Comisséo de Etica em Pesquisa
do Instituto de Estudos em Saude Coletiva pelo telefone (21) 2598-9293 ou pelo e-mail
cep@nesc.ufrj.br.

Atenciosamente,

Prof® Dr® Ivete Pomarico Ribeiro de Souza
Professora Titular da Disciplina de Odontopediatria — FO/UFRJ
Professora Orientadora da pesquisa

Eu, , identidade n.° ,
responsavel pelo menor , certifico
que lendo as informacdes acima concordo com o que foi exposto, e autorizo a doagéo da saliva
para este estudo. Nome

RJ, de de 2009.

Assinatura do responsavel
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FICHA DE EXAME EPIDEMIOLOGICO DE CARIE DENTARIA

Nome: Data: [/ |
Nascimento: . Idade: anos Sexo:

55 54 53 52 51 61 62 63 64 65
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28

Diagndstico

Diagnostico

48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38
85 84 83 82 81 71 72 73 74 75

C E Ei |O CPOD | NE | HIG | ¢ e ei 0 ceo | hig | TOTAL

CONDI(;AO DENTAL PERMANENTE: O=Higido; 1=Cariado; 2=Restaurado com
carie; 3=Restaurado sem carie; 4=Perdido por céarie; 5=Perdido por outras razbes;
6=Selante; 7= Apoio de ponte ou coroa; 8=N&o erupcionado; 9=Dente excluido;
T=Trauma(fratura).

CONDI(;AO DENTAL DECIDUO: A=Higido; B=Cariado; C=Restaurado com carie;
D=Restaurado sem carie; E=Perdido por carie; F=Perdido por outras razdes;
G=Selante; H= Apoio de ponte ou coroa; K=Nado erupcionado; L=Dente excluido;
T=Trauma(fratura).




ANEXO 5

PARECER N*® &4 /2009
PROCESSO N=242/2008

Projeto de Pesguisa: Analise IN vitro da influencia da sacarose e de medicamentos sobre

metabdlicos salivares,

Pesquisador: Ivete Pomarico Ribeiro de Souza

O Comité de Etica em Pesquisa, tends em vista o gue dispde a Resolucdo 196/96
do Conselha Macional de Saode, resolve APROVAR o presente projeta,

Informamos que o CEP estd a disposicdo do pesquisador para quaisquer
esclarecimento ou orientacdo que se facam necessaros no decorrer da peSquisa.

Lembramas que o pesquisador deverd apresentar relatario da pesguisa no prazo

de um ano a partir desta data.

Cidade Universitdria, 08 de abrl de 2008,
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ANEXO 6

PARECER N® 65 /2009
PROCESSO N°43/2008

Projeto de Pesquisa: Influencia da sacarose e de medicamentos sobre metabélicos

salivares estudo [N vivo,

Pesquisador: Ivete Pomarico Ribeiro de Souza

O Comité de Etica em Pesquisa, tendo em vista o que dispie a Resolucdo 196/95
do Conselho Nacional de Sadde, resalve APROVAR o presente projeto.

Infarmamaos que o CEP estd & disposicdo do pesquisador para  quaisguer
esclareciments ou orientaglo gue se fagam necessarios no decorrer da pesquisa,

Lembramaos que o pesquisador devera apresentar relatdrio da pesquisa ng prazo
de um ano a partir desta data.

Cidade Universitaria, 08 de 2bril de 2009.

/
Maria faldcios
Coordenadora CEP/NESC

nstitule de Estiados de Salde Crieliw
Pracga Jo chaca Marera
liha do F: 0
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ANEXO 7

FACULDADE DE ODONTOLOGIA
DEPARTAMENTO DE ODONTOPEDIATRIA E ORTODONTIA
DISCIPLINA DE ODONTOPEDIATRIA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Prezado responsével,

Sera realizado um estudo na Odontopediatria da Faculdade de
Odontologia da UFRJ, com o objetivo de analisar a saliva de seu filho através
de Ressonancia Nuclear Magnética e por eletroforese de proteinas antes e
apds a mistura in vitro com a sacarose, Dimetapp® e Claritin®. Nesta pesquisa
sera pedido ao seu filho(a) que cuspa em um “potinho de plastico”, o que nao
causara nenhum desconforto a ela.

Sua participacdo é voluntaria e, caso ndo queira participar, sua recusa
ndo causara nenhum prejuizo ao tratamento odontolégico da crianca nesta
instituicdo. O pesquisador responsavel (Prof® Dr® Ivete Pomarico Ribeiro de
Souza) podera ser acessado para esclarecimento de eventuais duvidas, a
qualquer momento, pelos telefones (21) 2562-2101, ramal 6. O responsavel
podera solicitar a saida do paciente deste estudo em qualquer momento, assim
como a propria crianca e, neste caso, 0S responsaveis pelo projeto se
comprometem a nao utilizar as informagdes obtidas. Os dados individuais dos
participantes serdo mantidos sob sigilo, sendo manipulados apenas pelos
responsaveis pela pesquisa e arquivados por um periodo de 5 anos. Entretanto
os resultados, em sua totalidade, serdo publicados em literatura cientifica
especializada, estando também disponiveis para consulta na Biblioteca da
Disciplina de Odontopediatria da FO/UFRJ localizada no anexo da Disciplina no
3° andar do Hospital Universitario Clementino Fraga Filho ou na Biblioteca
Central do Centro de Ciéncias da Saude (CCS/UFRJ). Caso vocé tenha
dificuldade em entrar em contato com o pesquisador responsavel, comunique o
fato & Comissdo de Etica em Pesquisa do Instituto de Estudos em Salde
Coletiva pelo telefone (21) 2598-9293 ou pelo e-mail cep@nesc.ufrj.br.

Atenciosamente,

Prof® Dr® Ivete Pomarico Ribeiro de Souza
Professora Titular da Disciplina de Odontopediatria — FO/UFRJ
Professora Orientadora da pesquisa

Eu, , identidade n.° .
responsavel pelo menor , certifico
que lendo as informacdes acima concordo com o que foi exposto, e autorizo a doa¢do da saliva
para este estudo.

RJ, de de 2008.

Assinatura do responsavel
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ANEXO 8

FACULDADE DE ODONTOLOGIA
DEPARTAMENTO DE ODONTOPEDIATRIA E ORTODONTIA
DISCIPLINA DE ODONTOPEDIATRIA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Prezado responsavel,

Sera realizado um estudo na Odontopediatria da Faculdade de
Odontologia da UFRJ, com o objetivo de analisar a saliva do voluntario por
meio de Ressonancia Nuclear Magnética e por eletroforese de proteinas antes
e apos antes bochecho com sacarose, Claritin® e Dimetapp®, sendo minimo os
riscos de ocorrer alergia, visto que trata-se de um anti-alérgico e antitussigeno.
Nesta pesquisa o voluntario devera cuspir em um “potinho de plastico”, o que
ndo causara nenhum desconforto.

Sua participacao € voluntaria e, caso ndo queira participar, sua recusa
nao causara nenhum prejuizo ao tratamento odontolégico da crianca nesta
instituicdo. O pesquisador responsavel (Prof* Dr* Ivete Pomarico Ribeiro de
Souza) poderd ser acessado para esclarecimento de eventuais duvidas, a
qualquer momento, pelos telefones 2562-2101 ou 2562-2098. O participante
poderd solicitar a saida do deste estudo em qualquer momento e, neste caso,
0S responsaveis pelo projeto se comprometem a nao utilizar as informacdes
obtidas. Os dados individuais dos participantes serdo mantidos sob sigilo,
sendo manipulados apenas pelos responsaveis pela pesquisa e arquivados por
um periodo de 5 anos. Entretanto os resultados, em sua totalidade, serdo
publicados em literatura cientifica especializada, estando também disponiveis
para consulta na Biblioteca da Disciplina de Odontopediatria da FO/UFRJ
localizada no anexo da Disciplina no 3° andar do Hospital Universitério
Clementino Fraga Filho ou na Biblioteca Central do Centro de Ciéncias da
Saude (CCS/UFRJ). Caso vocé tenha dificuldade em entrar em contato com o
pesquisador responsavel, comunique o fato & Comissdo de Etica em Pesquisa
do Instituto de Estudos em Saude Coletiva pelo telefone 21 2598-9293 ou pelo
e-mail cep@iesc.ufrj.br.

Atenciosamente,

Prof® Dr® Ivete Pomarico Ribeiro de Souza
Professora Titular da Disciplina de Odontopediatria — FO/UFRJ
Professora Orientadora da pesquisa

Eu, , identidade n.° ,
lendo as informacdes acima concordo com o que foi exposto, e faco a doagéo da saliva para
este estudo.

RJ, de de 2008.

Assinatura do responsavel
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9. APENDICE

APENDICE 1

Andlise da saliva em diferentes condicfes: coleta do voluntario em jejum, apos
o desjejum, da glandula parotica de das glandulas sublingual e submandibular.

e 0Oad4.5ppm:
MWMMMUM Amosts e ium
r-————7 7T 70T T T T T T
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
Amostra ap6s o desjejum
T T T T T T T T T T
4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
Amostra da parotida
I I I I T T I I I I
4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

Amostra da submandibular
e sublingual

4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm
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e 55al10ppm:

Amostra em jejum

.
Y et

r—————rr 77T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 ppm

Amostra apés o desjejum

sttt s N PN P SR—

o

—r [ —
10.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 ppm

Amostra da parétida

ety s S N Pt PPN drersrarn i,

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 ppm
Amostra da submandibular
e sublingual
v ey W Y —-—w
I T T I T T I | I
10.0 9.5 9.0 8.5 8.0 1.5 7.0 6.5 6.0 ppm




APENDICE 2

Avaliacdo da interacdo protéica in vitro com o anti-histaminico sob a
forma de xarope (Claritin®; Schering-Plough, Rio de Janeiro, Brazil).

Amostras Antes (Abs) Depois (Abs) Antes - Depois (Abs)

1 0,339 1,207 0,342
2 0,308 1,261 0,396
3 0,163 1,092 0,227
4 0,244 2,710 1,845
5 0,356 1,505 0,640
6 0,157 1,219 0,354
7 0,325 2,476 1,611
8 0,262 1,613 0,748
9 0,296 1,315 0,408
10 0,278 1,292 1,014
Média (+DP) 0,2728 (+0,07) 1,569 (+0,56) 0,759 (+0,56)

A =214nm (leitura relativa a ligacao peptidica);

Abs do medicamento = 0,865. P=0,02 (Teste t pareado, p<0,05);
Avaliacdo as Abs do medicamento: 10ul de medicamento + 990ul de
agua,

Avaliacdo as Abs da saliva (Antes): 10ul de saliva + 990ul de agua,;
Avaliacdo as Abs ap0s a interacdo (Depois): 10yl de medicamento +
10pl de saliva + 990ul de agua.
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APENDICE 3

Detalhe dos espectros (0 a 10ppm) de uma amostra de saliva ao longo do
tempo. Os espectros foram extraidos de uma amostra imediatamente apés
descongelada, apos 12 horas a 25°C e apds 48 horas a 25°C.

Andlise imediata

0.5 ppm

Anélise apds 12 horas

Anélise apds 48 horas

4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm

Sobreposicdo dos espectros de analise da degradacdo da amostra da regido
de 0 a 5ppm ampliada.

W Anélise imediata
W Andlise ap6s 12 horas

W Anélise apos 48 horas

4.0 3.5 3.0 25 2.0 L5 1.0 0.5 ppm



Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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