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RESUMO

O fluido crevicular gengival (FCG) possui grande potencial para evidenciar
mudancas quimicas em diferentes estados fisiopatolégicos. A hipersensibilidade
dentinaria (HD) € uma alteracéo estrutural e sintomética no tecido dentinario
cervical gerada por uma etiologia multifatorial. No entanto, alteracdes quimicas
deste fluido na HD permanecem indeterminadas. Portanto, o objetivo deste
estudo foi avaliar a composi¢éo quimica do FCG em dentes com HD comparados
a dentes controle através da espectroscopia de infravermelho com transformada
de Fourier (ATR-FTIR) e da espectroscopia Raman. Foram coletadas 40
amostras de FGC em dentes com HD (n=20) e dentes controle (n=20), utilizando
papel absorvente e submetidas a andlise de espectroscopia ATR-FTIR e Raman.
A andlise ATR-FTIR apresentou dez modos vibratérios distintos. Os modos de
vibracdo 1745 cm™ e 3020 cm identificaram os componentes pectina e lipidio,
respectivamente. Esses apresentaram concentracdes mais baixas (p<0,05) nos
dentes com HD em comparacao aos dentes controle. Através da espectroscopia
Raman, foram identificados oito modos vibracionais. Destes, 0s picos a 597 cm-
L (amida VI) e a 622 cm™ (fenilalanina) foram reduzidos (p<0,05) nos dentes com
HD quando comparados ao controle. Desta forma fica evidenciado que a HD
apresenta alteracdes quimicas na composicdo do FGC. Considerando-se as
potenciais fungbes dos componentes alterados no FGC, podemos sugerir uma
reducdo do mecanismo de protecéo biolégica do fluido durante a degradacéo
biocorrosiva. Assim, a concentracdo dos componentes identificados pode ser

uma potencial ferramenta para o controle biolégico da HD.

Palavras-chave: Fluido Crevicular Gengival, Espectroscopia Infravermelho com

Transformada de Fourier, Analise Espectral Raman, Sensibilidade da Dentina.
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ABSTRACT

Gingival crevicular fluid (GCF) has great potential to evidence chemical changes
in different pathophysiological states. Dentin hypersensitivity (DH) is a structural
and symptomatic alteration in the cervical dentinal tissue generated by a
multifactorial etiology. However, chemical changes of this fluid in the DH remain
undetermined. Therefore, the objective of this study was to evaluate chemical
composition of GCF in DH teeth compared to with control teeth through
Attenuated total reflectance Fourier transform infrared (ATR-FTIR) and Raman
spectroscopy. 40 samples of GCF from DH (n = 20) and control teeth (n= 20),
were collected using absorbent paper and submitted to the ATR-FTIR and
Raman spectroscopy analysis. ATR-FTIR analysis presented ten distinct
vibrational modes. The vibration modes 1745 cm and 3020 cm identified the
pectin and lipid components, respectively. These presented lower concentrations
(p <0.05) in the teeth with DH compared to the control. Through Raman
spectroscopy were identified eight vibrational modes. The peaks at 597 cm
(amide V1) and 622 cm (phenylalanine) were reduced (p <0.05) in the teeth with
DH when compared to the control. This evidenced that DH presented chemical
changes in the composition of FGC. Considering the potential functions of the
altered components in the FGC, we can suggest a reduction of the mechanism
of biological protection of the fluid during biocorrosive degradation. Thus, the
concentration of the identified components may be a potential tool for the

biological control of DH.

Key words: Gingival Crevicular Fluid, Spectroscopy, Fourier Transform Infrared,

Spectrum Analysis, Raman, Dentin Sensitivity.
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1. INTRODUCAO E REFERENCIAL TEORICO

A hipersensibilidade dentinaria (HD) € um quadro doloroso de carater
agudo, provocado, localizado e de curta duracdo, associado a exposi¢cao de
tecido dentinario cervical e desencadeado por estimulos mecéanicos, térmicos,
quimicos, elétricos ou osméticos (Davari et al., 2013; Splietch et al., 2013;
Moraschini et al., 2018). O impacto da HD na qualidade de vida da populacao diz
respeito especialmente a selecdo dietética, dificuldade na manutencdo da
higiene dental e impactos estéticos e sociais. Sua prevaléncia varia de 8 a 74%
devido a diferencas nos habitos alimentares, frequéncia de higienizacdo e
métodos de investigacdo sujeito a variacdes (Miglani et al., 2010; Que et al.,
2013; Douglas-de-Oliveira et al., 2017), apresentando maior incidéncia nos
individuos com idade entre 20 a 40 anos (McGrath et al., 2005; Kenefck et al.,
2012). A compreensao molecular do mecanismo doloroso da HD é baseada na
“Teoria Hidrodindmica”. De acordo com essa teoria, os mecanorreceptores na
interface polpa-dentina estimulam a condugé&o de estimulos nervosos através de
nervos mielinizados para produzir uma resposta dolorosa decorrente de um
estimulo prévio (Anderson et al., 1970; Brannstrom et al., 1981; Bartold et al.,
2006). A dor sera, portanto, o resultado dos fluxos internos e externos do fluido

tubular dentinario.

A HD possui uma etiologia multifatorial baseada na associacdo de uma
triade de fatores. O primeiro deles é o fator tensional, que constitui-se pelo
estresse mecanico resultante das forcas aplicadas sobre as superficies oclusais,
desencadeando o acumulo de tensdo na regido cervical (proveniente do
desajuste oclusal, trauma ou parafunc¢des) (Kornfeld et al., 1932; Benazzi et al.,
2014; Soares et al., 2015). Ja o fator friccional é a perda de substrato induzida
por um fluxo de solidos, liquidos ou gazes em constante contato com a estrutura
dental; ou mesmo estimulada pela associacédo da ingestao de alimentos acidos
e posterior escovacdo com o uso de dentifricios abrasivos (Cunha-Cruz et al.,
2013; Lussi et al., 2014; Patil et al., 2015). E por fim, o fator biocorrosivo o qual
caracteriza-se pelas degradacdes quimica, bioquimica e eletroquimica da
estrutura dentinaria, que permitem a perda da camada superficial de
esmalte/cemento e a exposicdo de superficies dentarias também sujeitas a

degradacéao (Grippo et al., 2004; Grippo 2012; Herpertz-Dahlmann et
14



al.,, 2015). Devido a esta etiologia multifatorial, o diagndstico, controle e
tratamento da HD s&o muito discutidos e representam um desafio para o
dentista, o que requer o desenvolvimento de estratégias para sua melhor
compreensao (Su et al., 2003; Rosing et al., 2009).

O fator etiologico biocorrosdo, como mencionado, refere-se a degradacao
quimica da estrutura dental, proveniente da acdo de acidos enddgenos
(proteases, distlrbios gastroesoféagicos) (Michael et al., 2009; Stefanski et al.,
2014) e acidos exoégenos (habitos alimentares, exercicios fisicos, higiene bucal,
estilo de vida), além de poder ser ocasionada por efeitos proteoliticos e
piezoelétricos (Lussi et al., 2008; Schlueter et al., 2012; Soares et al., 2014).
Durante um desafio biocorrosivo, os prétons do agente acido atacam os
componentes da hidroxiapatita- como os ions carbonato, fosfato e hidroxila-
resultando na degradacao dos cristais dessa estrutura com liberacdo de ions
calcio (Wiegand et al., 2007). Essa ac¢do continua dos acidos remove a camada
de superficial de dentina, expondo os tubulos dentinarios ao ambiente oral e

aumentando o risco de desenvolvimento da HD (Featherstone et al., 2006).

Diante de um processo de degradacdao corrosiva biolégica, os fluidos orais
podem apresentar um papel protetor, permitindo a diluicdo por meio de uma
espessa pelicula adquirida, tamponamento de agentes acidos e supersaturacao
de componentes neutralizadores (Mandel et al., 1987). Podendo também, em
contrapartida, funcionar como modificador no desgaste dentario, relacionado a
reducdo da concentracdo de seus componentes neutros, diminuicdo de sua
capacidade tamponante e a formacao de uma pelicula adquirida mais delgada
em contato direto com o dente (Grippo et al., 1991; Young et al; 2002). Sendo
portanto, a avaliacdo destes fluidos na presenca dos processos de degradacédo
quimica uma ferramenta de mister importancia na caracterizacao de quadros de

anormalidades resultantes.

O fluido crevicular gengival (FCG), por tratar-se de um fluido oral bioldgico
intersticial presente no sulco gengival e em intimo contato a juncéo

amelocementaria (Kamodyova et al., 2011), também pode correlacionar-se a
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estes papéis protetores e modificadores. A constituicdo desse fluido é resultante
da interagcdo entre o biofilme bacteriano aderido a superficie dental e as células
do tecido periodontal, derivando-se de uma complexa mistura de substancias do
soro sanguineo, leucécitos, células estruturais e microrganismos bucais
(Chibebe et al., 2008). O FCG apresenta um grande potencial para o
monitoramento de estados fisiopatoldgicos por ser facilmente acessivel, sua
forma de coleta pode variar desde o uso de pipetas volumétricas microcapilares
calibradas, cones de papel, até a aplicacado de tiras de papel absorvente estéreis
(Shivaprasad & Pradeep, 2013; Jung et al., 2014; Perinetti et al., 2015). As tiras
de papel absorvente sdo consideradas hoje o padréo ouro de sua obtencao, no
entanto, sua utilizacdo de maneira direta nos métodos de espectroscopia nunca
foi testada (Barros et al., 2016; Smuthkochorn et al.,2017).

Esse método de aquisicdo ndo-invasivo, simples, seguro e indolor (Rody
et al., 2016) permite que o FCG atue como evidenciador de anormalidades em
casos de desequilibrio ou alteracdo metabdlica. Diante da variagdo do volume
secretado ou mesmo a presenca de metabolitos especificos em sua composicao
(Selvarajan et al., 2015; Barros et al., 2016). Como exemplo, alguns analitos,
proteinas e peptideos foram evidenciados pela literatura na investigacdo de
doencas periodontais (Baesa et al., 2016), remodelacdo é6ssea (Jung et al.,
2014), reabsorcdo dental (Rody et al., 2016) e na caracterizacdo do perfil
microbiano em quadros de peri-implantites (Wang et al., 2016). Contudo, a
composi¢do do FCG nunca foi avaliada na HD, constituindo uma investigagao

inédita e conferindo embasamento a novos estudos.

Dado o0s constantes avancos das ciéncias Omicas (proteémica,
metabolémica, genémica e transcriptdbmica) associadas as técnicas quantitativas
na biologia de sistemas, tem-se configurado plataformas importantes para a
descoberta de componentes quimicos presentes em biofluidos orais que possam
indicar anormalidades. Considerando esse contexto, uma alternativa de
destaque seriam as técnicas espectroscopicas, as quais destacam-se a
Espectroscopia de Reflexdo Total Atenuada no Infravermelho com Transformada

de Fourier (ATR-FTIR) e a Espectroscopia
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Raman. Essas técnicas espectroscopicas sao o conjunto de meétodos de analise
que utilizam a interacdo da radiagdo eletromagnética com a matéria, objetivando
a obtencdo de informacgdes fisicas e quimicas de uma determinada amostra

bioldgica ou ndo bioldgica (Barth et al., 2007).

A espectroscopia ATR-FTIR € notavel por permitir a identificacdo de
grupos funcionais quimicos com alta precisdo através da absorcdo dessa
radiacdo infravermelha e a variagdo do estado vibratorio e rotacional dos
constituintes de determinada amostra (Khaustova et al., 2010; Camerlingo et al.,
2014). De forma mais detalhada, esse processo ocorre diante da interacao e
espalhamento elastico ou inelastico de um féton com as moléculas da matéria.
Esse foton podera ganhar ou perder uma quantidade de energia relacionada ao
espacamento da energia vibracional da molécula, que sera detectada pelo
espectroscopio. A absorcdo de luz na regido infravermelho do espectro
eletromagnético proporciona um espectro correspondente aos modos
vibracionais especificos que s&o exclusivos de cada estrutura molecular
(Bunaciu et al., 2017). A vibracdo dos &tomos no interior da molécula apresenta
energia compativel com a regido do espectro eletromagnético correspondente,
ou seja, cada componente apresenta uma assinatura especifica no espectro
(Severcan et al., 2010). Dessa forma, essa avaliagdo permite a mensuracao do
comprimento de onda e da intensidade da aquisicdo de luz infravermelha por
uma dada amostra, sendo a luz infravermelha energética suficiente para excitar

vibracBes moleculares a niveis de energia mais elevados (Cui et al., 2012).

O espectrometro de absorcéo no infravermelho contém em sua éptica o
interferdbmetro de Michelson, no qual um divisor separa o feixe de radiacdo
infravermelha emitido em dois, metade desse feixe € direcionado a um espelho
fixo e o outro a um espelho movel. Apos a reflexdo nos espelhos, ambos os feixes
voltam a se combinar e atingem a amostra (Al-Saeed & Khalil, 2009). A radiacéo
nao absorvida pela amostra incide em um detector e gera um interferograma que
mostra a intensidade da radiagdo detectada em funcdo do deslocamento do
espelho moével. Logo apés, os dados sdo processados relacionando a
intensidade da banda a sua concentracdo (Khaustova et al., 2010; Al-Saeed &

Khalil, 2012). A aquisicéo dos espectros gerados pode ser
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realizada de variados modos, e dentre esses, por reflexdo total atenuada (ATR).
As andlises espectrais por reflexdo sdo as mais utilizadas, uma vez que 0s
espectros obtidos no ATR nado requerem substratos especiais e nenhuma ou
pouca preparacdo da amostra. Necessita-se apenas que o material estudado
seja colocado em contato direto com o elemento de reflexao interna, tornando o
processo de analise mais rapido e simples (Tatulian et al., 2003). Dessa forma,
os modos de vibrag&o gerados por amostras biolégicas, como o fluido crevicular
gengival, podem ser considerados impressdes bioquimicas que podem
correlacionar-se com a presenca ou auséncia de determinado quadro ou

condicdo (Khaustova et al., 2010; Caetano Junior et al., 2015).

A radiacdo espalhada pelas moléculas de uma amostra contém fétons
com a mesma frequéncia da radiacao incidente, no entanto pode conter também
um pequeno numero de fétons com a frequéncia alterada ou deslocada. O
processo espectroscépico da medida desses fétons deslocados € chamado de
espectroscopia Raman (Sala et al., 1995). Na espectroscopia Raman, quando
um espécime ¢€ irradiado por uma fonte de luz monocromatica, uma pequena
fracdo da luz incidente seré difundida com um comprimento de onda maior ou
menor aquele comprimento do laser original. Esse deslocamento do
comprimento de onda dependerd da estrutura quimica das moléculas

responsaveis pela dispersédo (Skoog et al., 2002).

Sendo assim, a espectroscopia Raman caracteriza-se por ser uma
espectroscopia de dispersdo ou espalhamento da radiacdo monocromatica, ou
seja, essa determina a quantidade de energia a ser disseminada por uma dada
amostra e sua capacidade de difusao (Horsnell et al., 2010; Lin et al., 2012).
Informacdo essa que também pode ser utilizada para detectar mudancas na
composicgéo do fluido em nivel molecular. O espectro Raman é obtido através da
incidéncia de um laser sobre a amostra biolégica e a difusdo dessa por
monocromadores do espectrémetro, que separam os diversos comprimentos de
onda através de suas interferéncias. O sinal Raman é entéo coletado por um
filtro de rejeicdo que segrega os sinais baseando-se nas suas diferencas de
frequéncia. Esse sinal é transferido para o espectrografo e seus componentes

recolhidos por um detector que converte a intensidade da luz em sinais
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elétricos, os quais sao interpretados em um computador na forma de um

espectro Raman (Souza et al., 2003).

Esse processo de espalhamento da espectroscopia Raman pode ser
descrito como sendo a transicdo de uma molécula do estado fundamental para
o estado vibracional excitado. Fornecendo, desse modo a composi¢ao quimica
das amostras através das vibracdes moleculares e os niveis de energia de suas
estruturas atbmicas e ligacdes quimicas (Fenn et al.,, 2011). Assim sendo,
enquanto a espectroscopia de infravermelho é baseada em efeitos de absorgéo
de luz, a espectroscopia Raman é governada por processos de disseminacao da
luz pela matéria (Zieba-Palus et al., 2006; Qing et al., 2016). Ou seja, a realizacdo
de ambas metodologias constitui-se uma alternativa efetiva e integral para
deteccdo de mudancas na composicdo do FCG, jA que sao técnicas
complementares e abrangem diferentes comprimentos de onda do espectro
eletromagnético, que englobam os modos vibracionais associados a importantes

componentes bioquimicos.

Portanto, parece oportuno estudar a hipotese de uma expressao
diferenciada nos componentes espectrais especificos do FCG em dentes com
HD quando comparado a dentes saudaveis. Podendo contribuir para a
identificacdo de componentes do FCG relacionados a inibicdo de processos
corrosivos na estrutura dentaria e colaborar para o desenvolvimento de futuros
mecanismos de protecdo, na manutencao do nivel desses compostos no FCG e

a consequente reducao do dano estrutural no tecido dentinario.
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2. PROPOSICAO

Este estudo teve como objetivo avaliar a composi¢cado quimica do fluido
crevicular gengival em dentes com hipersensibilidade dentinaria comparando-a

com a de dentes controle através da espectroscopia ATR-FTIR e Raman.
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Spectral analysis for the characterization of crevicular fluid in dentin

hypersensitivity

Abstract

Gingival crevicular fluid (GCF) has great potential to evidence chemical changes
in different pathophysiological states. Dentin hypersensitivity (DH) is a structural
and symptomatic alteration in the cervical dentinal tissue generated by a
multifactorial etiology. However, chemical changes of this fluid in the DH remain
undetermined.

OBJECTIVE: Therefore, the objective of this study was to evaluate chemical
composition of GCF in DH compared with control teeth through Attenuated total
reflectance Fourier transform infrared (ATR-FTIR) and Raman spectroscopy.
METHODS: 40 samples of GCF from DH and control teeth were collected using
absorbent paper and submitted to the ATR-FTIR and Raman spectroscopy
analysis.

RESULTS: ATR-FTIR analysis presented ten distinct vibrational modes, the
vibration modes 1745 cm™* and 3020 cm™ identified the pectin and lipid
components, respectively. These presented lower concentrations (p <0.05) in the
teeth with DH compared to the control. Eight vibrational modes were identified by
Raman spectroscopy. The peaks at 597 cm™? (amide VI) and 622 cm
(phenylalanine) were reduced (p <0.05) in the teeth with DH when compared to
the control.

CONCLUSION: In conclusion, the chemical changes in GCF of DH teeth
suggests a reduction in the mechanism of biological protection of this fluid during

biocorrosive degradation.
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INTRODUCTION

Dentin hypersensitivity (DH) is a painful disease characteristically acute,
provoked, localized and short-lived, associated with exposure of cervical dentinal
tissue and triggered by tactile, thermal, chemical, electrical or osmotic stimuli.®?
DH has impact on people's quality of life especially on their dietary selection,
difficulty in maintaining maintenance of dental hygiene and aesthetic and social
impacts. Its prevalence varies from 8 to 74% due to differences in eating habits,
frequency of hygiene and methods of research which may vary.34 The DH has a
multifactorial etiology based on the association of a triad of factors: the
accumulation of tension (wear caused by malocclusions, occlusal trauma or
parafunctions), the attrition (abrasive wear stimulated by the friction of
substances to the dental structure) and the biocorrosive processes (chemical,
biochemical and electrochemical degradation of the dentin structure).>® Because
of this multifactorial etiology, its diagnosis, control and management are much
discussed and represent a challenge to the dentist, requiring the development of

strategies for its better comprehension.”:8

The biocorrosive etiological factor, refers to the chemical degradation of
the dental structure from the action of endogenous and exogenous acids, and
caused by proteolytic and piezoelectric effects.? As mentioned, the pathogenesis
of biocorrosion is related to endogenous (proteases, gastroesophageal disorders)
and exogenous (dietary habits, physical exercise, oral hygiene, lifestyle)
factors.1%1412 |n face of a process of biocorrosive degradation, oral fluids can
present a protective or modifying role in tooth wear related to the formation of a
film acquired in close contact with the tooth, alterations in the concentration of its

components and its buffering capacity.'314

The gingival crevicular fluid (GCF), an interstitial biological fluid present
within the gingival sulcus, which is located in close contact with the
cementoenamel junction!® has great potential for monitoring pathophysiological
states because it is easily accessible through non-invasive, simple, safe and

painless methods.1® In the case of imbalance or metabolic alteration, this fluid

25



acts as an evidence of abnormality due to variation of its volume secretion or
even the presence of specific metabolites in its composition.”18 However, the
composition of GCF has never been evaluated in DH. Attenuated total reflectance
by Fourier transform infrared (ATR-FTIR) spectroscopy analysis is notable for
enabling the identification of chemical functional groups with high precision,
through the absorption of infrared radiation and variation of the vibrational and
rotational state of these constituents.®2° The Raman spectroscopy also can be
used to detect changes in fluid composition at molecular level, through the
scattering of the monochromatic radiation on the sample and its dispersion
capacity.??2 Thus, these spectral analysis are an alternative to detect changes

in GCF composition.

In the present study, was tested the hypothesis that specific spectral
components of GCF are differentially expressed in DH compared to healthy teeth.
It can contribute to the identification of GCF components related to inhibition of
corrosive processes in the dental structure. Thus, the aim of this study was to
evaluate chemical composition of GCF in DH comparing with control teeth

through ATR-FTIR and Raman spectroscopy.

MATERIALS & METHODS

Selection of samples

After approval by the Human Research Ethics Committee of the Federal
University of Uberlandia (Reference # 2.001.493), 20 patients were selected
according to the following inclusion criteria: age group of 20 to 50 years old,
complete dentition, similar gingival profile, without periodontitis and good oral
hygiene condition. And the exclusion criteria: presence of systemic impairment,
to take medication, patients submitted to radiation, pregnant, smokers and
alcoholics, due to the changes induced by these conditions in the GCF
composition. Two posterior teeth of the same arch of each patient were elected
with the following characteristics, respectively: Control tooth (n = 20): teeth
without cervical dentin exposure, wear and symptoms and Tooth with DH (n =
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20): teeth with signs of dentin exposure (<0,5mm of thickness) and symptoms of
short-lived localized acute pain. Totaling the sample of 40 teeth for fluid collection.
The diagnosis of DH was performed through stimulation by the air-jet test for 2
seconds in the cervical region and measurement of pain by the visual analog

scale.®
Collection of gingival crevicular fluid (GCF)

The GCF samples were collected exclusively in the morning (fasted patient
without previous hygiene) using sterile absorbent paper strips (Periopaper,
Oraflow Inc., Plainview, NY). That were inserted 0.5mm into the gingival sulcus
on the buccal surface and kept in position for a period of 3 minutes (elapsed time
for absorption of the fluid over the entire length of the absorbent paper). Without
bleeding, saliva or bacterial plague contamination with the use of relative
insulation (Adapted Protocol).?* After collection, these samples were stored in

eppendorfs and frozen at -80 °C.
Chemical profile by ATR-FTIR Spectroscopy

The samples of absorbent paper containing crevicular fluid were submitted
to the Attenuated total reflectance Fourier transform infrared spectrometer (ATR-
FTIR Vertex 70, Bruker Optics, Reinstetten, Germany), which evaluated the
interaction of electromagnetic radiation with the different chemical constituents of
the GCF, allowing the determination of the present vibrational modes. The crystal
material in micro-attenuated total reflectance (ATR) unit was a diamond disc as
internal-reflection element. The absorbent paper, without crevicular fluid,
spectrum was used as a background in ATR- FTIR analysis. The samples were
analyzed in a region of 4000-1000 cm™ recorded with 32 scans per analysis, 4

cmresolution and their spectrum recorded.®

Raman spectroscopy measurements

The specimens were subsequently subjected to Raman Spectrometer
(LabRAM, HR Evolution, HORIBA, France). This method determines the
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radiation re-emitted by the samples, vibrational modes found and their chemical
assignments. The papers were attached to a pre-fabricated carrier and irradiated
by a diode laser source of 785 nm (100 mW before objective). The 100 x air
objective (MPLN N.A. 0.9, Olympus), which produced a laser spot of 1 um,
subsequently used to collect Raman signals. The spectra was calculated by the
mean of ten measurements at arbitrary locations on the paper strips. The basal
correction was performed by the multiple point correction, which was used to
stretch the endpoints of the spectrum. All Raman measurements were recorded

with 10 minutes, accumulation time in the range of 500-1500 cm™.
ATR-FTIR and Raman spectral data analysis

The spectra were normalized by the vector method and adjusted to the elastic
correction of the baseline. The original data of both analysis were distributed
Opus 6.5 software (Bruker Optics, Reinstetten, Germany) to perform the second
derivative analysis. The second derivative was obtained through the application
of Savitzky-Golay algorithm with polynomial order 5 and 20 window points. In
ATR-FTIR spectral analysis, the second derivatives was used and obtained by
mean and the levels were calculated by band intensity.?®> The intensity of
vibrational modes were obtained using in the Origin Pro 9.0 program (OriginLab,
Northampton, MA, USA) and the band areas values generated were used for

Raman spectrum calculations.
Statistical analysis

Normality and distribution of the data were analyzed using the Shapiro-Wilk,
D'Agostino-Pearson and Kolmogorov-Smirnov tests. Followed by Student's t- test
(p>0.05), performed on GraphPad Prism software (GraphPad Prism version
7.00 for Windows, GraphPad Software, San Diego, CA, USA). Only values of
p<0,05 were considered significant. The components of the fluid were expressed
as mean = standard deviation (SD).
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RESULTS

The ATR-FTIR spectra of GCF from DH and control teeth were represented
in Fig. 1 with a superposition of spectral components. ATR-FTIR analysis of GCF
presented ten vibrational modes in original spectra. Vibrational modes
assignments of GCF are described in Table 1.2627-3 The vibrational mode in
original spectra may detected two, or more, analytes with very similar
wavenumber. Thus, we performed the second derivative ATR-FTIR analysis to
isolate each vibrational mode. The 3337 cm?, 3293 cm, 2918 cm™, 1538 cm™,
1456 cm™, 1385 cm?, 1316 cm™ e 1034 cmvibrational modes were similar (p
>0.05) in control and DH teeth (Fig. 2a-2h). However, the vibrational modes at
3020 cm™ and 1745 cm* were decreased (p<0.05) in DH compared to control
teeth (Fig 3a-3b). The 1745 cm™ (1761 cm™ to 1700 cm?) vibrational mode
indicated the stretch C=0 (pectin). The vibrational mode with wavelength at 3020
cm? (3296 cm? to 2993 cm™) indicated the presence of the elongation
=C-H (lipids).

Raman spectra was obtained from the same GCF samples in the
complementary wavelength range of 500 to 1500 cm™ to determinate the main
vibrational modes identified. In this spectrum, it was possible to highlight several
vibrational modes due to the various components of the GCF (Fig. 4). Among the
bands range from 650 cm™ to 500 cm?, eight main peaks were identified, as
shown in Fig. 5. The Raman spectra peaks and the identification of the respective
components are described in Table 2.32-%6 Peaks at 622 cm™ (Fig. 5a) and at 597
cm? (Fig. 5b) are reduced (p<0.05) in DH teeth as compared with control teeth.
These peaks are identified as alpha-amine terminal binding (NH2; phenylalanine)

and C=0 group (amide VI), respectively.

DISCUSSION

This research represents an innovation to characterize the composition of
GCF in DH teeth. Besides that, according our knowledge, this is the first study to
demonstrate a direct analysis of GCF in absorbent paper by ATR-FTIR and
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Raman analysis. In ATR-FTIR spectra, were showed that 3020 cm™* and 1745
cm ! vibrational modes of GCF reduced in in DH teeth. These vibrational modes
at 3020 cmtand 1745 cm* were indicated as pectin and lipids, respectively.26:3
Moreover, the peaks at 622 cm™ and 597 cm™ in Raman spectra of GCF
decreases in DH teeth. Taken together, the reduction in these vibrational modes
suggests that these components can be related to inhibition of corrosive
processes in the dental structure. Considering that specific spectral components
of GCF were differentially expressed in DH compared to healthy teeth, the results
founded in the present study proved the hypothesis tested.

It was considered that chemical degradation of the dentin tissue properties is
due to the attack of protons, present in the acidic agents, over the hydroxyapatite
components (carbonate, phosphate and hydroxyl ions), which results in the
degradation of the hydroxyapatite crystals with the release of calcium ions.38
Pectin is considered an inhibitor of the biocorrosive potential of acid solutions. In
the tooth structure due to its interaction with the hydroxyapatite of the dental
surface forming a protective layer capable of reducing the ionic exchanges
between the acid solution and the dental substrate.3?4° When the GCF of DH
teeth were compared to control teeth, it was demonstrated that DH teeth reduced
pectin as demonstrated by 3020 cm vibrational mode.?® This data suggests the
relation between the reduction of its protective capacity to the ionic exchanges

and the presence of a biocorrosive mechanism.

In this way, the GCF could be considered as a modifying factor of DH. In the
face of the indication of biocorrosive degradation, changes in its chemical
composition, buffering capacity and formation of its acquired pellicle, can
contribute to the origin and progression of dentin degradation.**4? This acquired
pellicle is an amorphous, colorless, homogeneous and acellular membranous
salivary layer, with a thickness of 2 to 10 ym in close contact with the dental
structure, free of microorganisms, composed of organic (lipids) and inorganic
content.*344 This layer provides an inherent and intrinsic protection against the
action of acids derived from feeding or regurgitation of the gastric content, that is,

from the degradation of the dental structure.*>46 In light of the results of this
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study, it is noted that the amount of lipid content in fluid of DH teeth was lower
than that observed in GCF the control teeth. This result suggests that a reduced
thickness of acquired pellicle and, consequently, the lower concentration of its
components contribute to generate a predisposition to the biocorrosive

degradation.4’

As with infrared spectroscopy, it has been possible to prove that Raman
spectroscopy can also provide information on vibrational energy levels and
molecular structure in samples of the GCF by light scattering by matter.#®4° Thus,
both methodologies become fundamental and make themselves complementary
techniques, allowing the evaluation in different vibrational modes and additional
peak readings.3?3 Raman spectroscopy of GCF in DH teeth indicated reduction
in the peaks at 622 cm ™t and at 597 cm™. These regions correspond respectively

to the compounds Phenylalanine3* and Amide VI3°.

In the understanding of the relationship between the determined compounds,
it is again noted a strong relation of the protection mechanism provided by this
fluid to biological corrosive processes in the dental structure. Phenylalanine is
one of the main amino acids that constitute proteins that are structurally resistant
and stable to changes in conformation.®® The main physiological role of the
proteins, which phenylalanine and proline constitute, is its collaboration in the
formation of the acquired pellicle, previously mentioned, contributing to the

protection of mucosal surfaces and of teeth.

Because these proteins constituted of phenylalanine e proline present high-
density molecules, it is easy to adhere to dental surfaces, so higher the
proportion, especially in healthy teeth, greater the probability of structural integrity

of dental tissues.5%:5253

The theory that best elucidates the cellular and molecular mechanisms of
dentin hypersensitivity is the "hydrodynamic theory", which postulates that
nociceptive responses may result from the activation of nerve endings in the

dentin tubules, due to an increase in osmotic pressure caused by fluid
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movements.>*> The odontoblasts themselves also has mechanosensitive
receptors and voltage-dependent Na* channels, and absorb the mechanical
stress caused by these movements of the dentinal fluids. It is therefore involved
in the mechanisms of nociceptive signal transduction and acting as sensors of
the receiver cells in the hypersensibility.>%°” In the present study, through
spectroscopy analyzes, it was noticed that DH teeth had lower levels of Amide VI
when compared to control teeth. Considering the hydrodynamic theory and the
fact that this compound is related to the blockage of the transmission of pain
sensation in different regions of the body, especially in voltage-dependent Na*
channels, this reduction is totally plausible and contributes to the characterization
of this painful process.*®4%58 Thus, it is noted that the compounds found have a
strong relationship with the protection mechanism of dentin degradation and,
therefore, the symptoms and control of DH and the identification of these
compounds can contribute to future mechanisms of protection and reduction of

dentinal structural damage.

CONCLUSION

In conclusion, this study highlighted four vibratory modes in the composition
of GCF (1745 cm™ and 3020 cm™ by the ATR-FTIR spectrum and 622 cm™* and
597 cm! using the Raman spectrum), which proved the presence of chemical
modifications in the fluid of tooth with DH when compared to the control group.
The identified functional groups related with these vibrational modes (Pectin,
Lipid, Phenylalanine and Amide VI) suggest a relationship with the mechanism of
protection of dentin degradation and its symptomatology. In addition, the data
show that the GCF has a great potential to identify structural changes such as
DH, which also emphasizes that the ATR-FTIR and Raman spectra can
potentially be reliable tools for investigating the characterization of this biological
fluid through its direct analysis on absorbent paper, distinguishing between teeth

control and DH teeth.
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TABLES

Table 1. ATR-FTIR vibrational modes and chemical assignmets of components
of the GCF.26:27-31

Vibrational modes Assignments

3337 cmt Stretching N-H asymmetric

3293 cmt? OH stretching (associated)

3020 cm? Stretching vibration =CH of lipids

2918 cm* Stretching C-H

1745 cm* Stretching vibration (C=0) (pectin)

1538 cm* Stretching C=N, C=C

1455 cm* Asymmetric CH3 bending modes of the

methyl groups of proteins

1385 cm Stretching C-O, deformation C-H,
deformation N-H

1316 cm* Amide Ill band components of proteins

1034 cm* Collagen
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Table 2. Raman spectra peaks and the identification of respective components
of the GCF.32-36

Raman spectra Components
peaks
Phenylalanine
643 cm?
Tyrosine
635 cm*
Acetatos
632 cm?
Phenylalanine
622 cm?
Phenylalanine
621 cm?
Amide-VI
597 cm?
C-C3 bending
544 cm?
Lysozymes
523 cm?
Exocyclic vibrations
521 cm?
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4. CONSIDERACOES FINAIS

Diante das limitacdes metodoldgicas impostas pelo delineamento deste

estudo, as seguintes consideracdes podem ser estabelecidas:

e O fluido crevicular gengival mostrou um grande potencial para identificar
mudancgas estruturais como a hipersensibilidade dentinaria. Ademais, os
espectros ATR-FTIR e Raman demonstraram ser uma combinacao
eficiente e importante na investigagdo da caracterizacdo deste fluido
biologico através de sua andlise direta sobre papel absorvente, enfoque
e modo de analise, nunca antes relatados na literatura.

e Comprovou-se a presenca de modificacBes quimicas no fluido crevicular
gengival de dentes com hipersensibilidade dentinaria quando comparado
ao fluido de dentes controle, através da identificacdo de quatro modos
vibratorios na composicdo do FCG (nos comprimentos de ondas a 1745
cm? e 3020 cm™ pelo espectro ATR-FTIR e 622 cm™ e 597 cm* usando
0 espectro Raman).

e Os grupos funcionais identificados (Pectina, Lipidio, Fenilalanina e Amida
VI) sugerem uma relagdo com o mecanismo de protecao da degradacgao
dentindria e sua sintomatologia. Colaborando, assim, para o
desenvolvimento de futuros mecanismos de protecdo, ha manutencéo do
nivel desses compostos no FCG e a consequente reducdo do dano
estrutural dentinario.

e Estudos longitudinais subsequentes fazem-se necessérios para 0
estabelecimento da relagdo de causa e efeito entre 0os mecanismos
protetores relacionados aos componentes dos FCG evidenciados e a
condicéo de HD.

e Sendo assim, esse estudo trata-se de um ponto de partida de suma
importdncia no embasamento da identificacdo de componentes que
possam ser usados no controle ou mesmo tratamento da

hipersensibilidade dentinéria.
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UNIVERSIDADE FEDERAL DE g~ q.mum.p
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FPARECER CONSUBSTANMCIADD DO CEP

DaADDS DO PROJETD DE PESGINSA

Tiulo da Pesquisa; Caracterizagdo oo flulde crevicular em dentes com hipersensibllldade dentinarna
aspociados ou ndo aos processos de recessdo genghval & lesda cendcal nao canosa.

Peaquisador: Paule Vinkclis Zoars

Arga Tematica:

Versdo: 2

CAAFE: 80776916.7.0000 5152

Institulg3e Proponents: FACULDADE DE OOONTOLCGEIA
Patrecinador Principal: Franclamenta Proprio

Dands 0D PARECER

Momere oo Parecar. 2.001.453

Apresentagao oo Projsto:

Conforme apresenta o protacio: A hipersensibllidate dentara @ conskderada wm Importante probiema de
sallde gue afeta a gualdade de vida dos padientes @ por vezes S&td ass00iada 30 comprometimenta gos
COMponEntss perodonias elou 35 leslies cenicals ndo canosas (LCHC) O grande desafio da odonioiogia
modema & 3 reallzagdo de uma forma de diagnasiico Indolor & ndo-invasivo dessas allerapdes cenvicals,
BEM promover desconforio e dor a0 paclents devolvendo bem-estar soclal 308 Indlviduos portadores Oas
mesmas. Sendo assim, este estudo objetiva caracterzar o perlll bioidgico & bloquimico do fuldo cravicular
genglval em denies com HD ou a5s00ada Isoladamenie ou de forma conjunta as condicles de recessdo
genglval (RG) e LCMC. Apés aprovagao no Comltd de Ebdca em Pesgulsa com Seres Humanos, 52rdd
selecionados 60 sujeiios com dentigda completa, cadasirasoes no programa de extensdo LCNC-HD-UFU,
esies serao dvididos em inds gupos para avallagdo do fluldo crevicular genglval (M=20)

Graps 01- Dentes Higidas, Gnupa 02- Dentes com HD, Grupo 03 Dentas com HD, RiG e LCWNE.

Desses grupos Sera0 coletados o Muldo crevicular gengival, com mensuracio de seu valume e posteriar
analise por especirdmetro infravermelhs de transformada de Fourler e espactroscopla por Raman,
complementada pela avallacao dinica e presnchimenio de questionano com falores de vanagdo gus podem
intervir na composicap deste fluldo.

Endursgs: Ay, Jobs Maves o Avila 7121 Boeo 147 sala T34 - Campos Sia. Wb

Baliie: Sarla Wi CEP: 30 408144
L MO Musicpls: UEERLANDLA
Tihslond: | 34)38304131 Fae: [38)3235-4335 E-maill: ceporope i br
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Objativo da Pasgqulass;
Objetvo Primario: Caracienzar o peril biologico e bloquimico do fulds crevicular gengival em dentes com
hipersansibilldade dentinara ou assoclada isoladaments ou de forma conjunia a5 condigles de recessdo

genglval 2 les3o carvical ndo canosa,

Objetivo Secundaro;
- Avallagdo da composkedo do flulso crevicular {grupamentos quimlcos, lons, hormanlos, proteinas 2
enzimas);

- Anallsar 3 ateracdo no volume de fuldo crevicular nos diferentes nivels do fator em eshuda avallado;

- Anallar a presenca da 3430 de dcidos Intrinsicos por melo da identificacdo de doengas gastno Intestinals na
oflgem 2 progressda das alteraples canvicals ndo carosas e suUa consequents Infludncla no po 2 fluldo,
por mela e um quesiionano de sintomas;

- Avallar os nivels g2 comelagdo entre o padrdo allmentar, perante um registra alimentar semanal
gvldenclando os almentos de Ingestio mals freguente, ao qual o5 elemenios dentarlos dos grupos
anallsados 530 submetldos & possivel Interferéncla no blofluldo;

- lgentificar a Intensidade de forga provenlents da escovagdo a qual os elementos dentarios com
compromelimento cervical s3o0 suomelidos 2 sua comelagdo as caracterisiicas do fluldo crevicular;
- Anallsar presenga de fratamento ortodontico previo e histarkco de cirurgla penodontal que possam alerar o
padraa de Nudo evidendaso;

- Diferenclar o perfll do bofulde em pacientes portadorse de hipersansibllidade dentinaria assocdada 3
recessad genghval provenlentss de processos de reabsorgda Homecanica ou Processos 02 Inflamagad
tecidual estagnados.

4vallagio dos Riscos & Benaficlos:
Segundo 05 pesquisadonss:

Riscos: Por 52 tratar de procedimentos rodinginos da pratica odontoidgica, o Onico rsco apresentado guanto
a Inciusdo na pesquisa @ a quebra de siglio guanto & idenifcagdo dos pariicipanies, que serd minimizado
pela coOfcacio das proniusEras.

Beneficios: O bensficlo dreto da pesquisa @ o desenvolvimento de uma forma altemativa, nds-invasiva 2
Indodor g2 diagnastics dessas aleragles cervicals, minimizando o desconforin da foma de diagnastico abs
entdo precontzada por estimulagdo da sensacdo dolorEs @ SUE MEensuracin.

Endafee: Ay, Jols Maves o8 Svila 2121- Biooo 1A%, sala 724 - Campus S Mbnica

Badree:  Sania Mo CEP: zp.408 148
UiF: M Musdspla: LBERLANDIA
Tadalond: | 24)30304131 Fa:  [3£)3F55-4335 E-mail: ceponens i v
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Aliém do beneflclo Indreto, em que todos os padenies que particlpardo das coletas repeberdo o posteriar
tratamento gessensiolizants e controle 0os compromelimenios cervicals, sanando a necessidade dos
pacientzs envolvidos.

Comentarios o Conslderagies sobre a Peaqulsac

A redacdo 90 projeto de pesquisa permits uma adequada Intempretasdo pars 3 elaboracdo 00 parecer oo
desbe comie.

Conalderaghes sobre o Termos da apressntag3o obrigataria:

Todos 0F 2Mmos obdigatoncs foram aprasentados.

Recomandaiag:

Mao ha.

Conclusdes ou Penddnclzs & Lista de Inadsquagtes:

As pendénclas apontadas no parecer consubstandado ndmero 1.854.5335, de 05 de Dezembro de 20ME,
foram atendidos.

D& acordo com & atibuigles definkdas na Resolugdo CHES 465712, o CEP manifesta-se pela aprovagdo @o
protocolo e pesquisa proposio.

O profocolo ndo apresenta prodlemas de &tica nas conduias de pesquisa com seres humManos, mos Imites
da redagdo & da metodologla apresentadas.

Conalderaghes Finals a critérlo do CEP:
Cata para entrega de Relabdrio Final ao CER/UFL: Feversin de 2013.

OBES. O CEPMUFY LEMBERA QUE QUALGUER MUDANCA MO PROTOCOLO DEVE SER INFORMADA
IMEDIATAMENTE AQ CEP PARA FINS DE ANALISE E APROVACAD DA MESMA.

O CERPAUFU lembra que:

& segundo 3 Resolegdo 266/12, o pesquisador deverd arguivar por 5§ anos o relatéro da pesquisa e os
Termos de Consentimento Livre & Esclareddo, assinados pelo sujefio de pesgulsa.

b~ podera, por escolhia aleatarla, wisitar o pesquisador para confergéncla do relatbio & documentagdao
pertinente ap projeto.

C- @ 3provagao do profocolko de pesquisa pelo CEPAUFU d&-52 em decomeéncla do atendimenio 3 Resoiugda
CME 46512, ndo mplicando na qualidade clentea do mesmo.

Enddfegs: A Jobs Maves o Sk 27127- Bioon 147, Sala 234 - Canpi S M

Balife Saria Wiem CEF: 38 405144
LF: MG Musisiphs: UBESRLARNDLE
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Crizntagles a0 pesquisador

« O gu|elto 43 pesquisa tem a lberdads de recusar-se 3 pariiclpar ou de retirar s=u conssntimenio em
gualquer fase da pesquisa, sem penallzagdo alguma & 5em pe|uzD 30 52U culdado (Res. CHNS 465/12 ) e
dave recener uma via orginal do Termma de Consentimento Livre & Esclarecido, na Infegra, por ele assinado.
« O pasquisador deve desenvolvar 3 pesquisa conforme dellneada no protoeoio aprovado & descontinuar o
estdo somente 3p0E analise das razfies da descontinuidade pelo CEP que o aprovou [Res. CNS 466/12),
aguardando seu pareces, exceio quando perceber rsco ou @ano n3o previsto @0 sulelto pariicipants ou
guando consiatar a superiondade de regime ofefeciso 3 WM 008 QIUpos da pesquisa que requelram ag3o
Imediata.

= O CEP deve ser Informado de tdos os efelios adversas ou fatos relevantss que alteram o curso nomnal 4o
estuto [Res. CNS 465/12). E papel de o pesquisador assegurar medidas Imediatas adeguadas frente a
evento 3dversa grave ocormdo (Mesmo que fenha sido em oufre ceniro) & enviar notficagdo ao CEP e &
Agéncia Nacional de Vigliancla Sanitara — ANVISA — junbo com seu posicionamentn.

= Eventuals modificagies ou emendas ap protocole devem ser apresentadas a0 CEP de fema dara e
sucinia, identificando a parie do probocol @ ser modificada & sUas [ustfcativas. Em caso de projetos do
Grupo | ou |l apresentados anteromente 3 ANVISA, 0 pesquisador ou patroanador deve emia-ias tambem
& mesma, |unts com o parecer aprobiatoris do CEP, para serem juniadas ao probocols Inkdal (Res.251/97,
them 11.2.2).

Ests parscer fol slaborade bassado nos decumentos abaloe relaclonados:

Tipo Documenta Arquivo Fastagem ALior ShuEga0
Informaghies Dasicas | P0_INFORMALDES_BASICAS DO_F | 16012017 Acelo
42 Projeto ROJETO ToTEss. pdf 000007
Foiha de Rosto Folna_Rosiopd? 1TAA201T | Paulo Vinlclus Acaito
23:39:43 | Spares

Cutros Cana_Resposta_Parecer.pdr 172017 | Fauk Winicus Boaln
23:12:55 | Sparnes

Projelo De@ihata ! | Projeio_Pesquisa.pdt 172017 | Pauk Viniclus Ao

Bmochura 231128 |Spames

TCLE |i iEﬂTﬂE de |TCLE.pof 17012017 |Paulo Vinlcus Aceito

Assantimenia ! 231107 | Soares

Justificafiva de

| AusEncls

Endarege: A, Jols Haves de Ayila 7121- Boco 187, sala 234 - Carmpus Sta. Mbnica

Badide Sarla Whiesm CEF 38 405144

UF: M3 Musdcipis:  UISERLANDIA

Telslone: (3433304931 Fas: [3£]3235-4335 E-mail: cecaereps v b
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§lfuagao do Parecer:

Aprovac

Hecesslia Apraciagio da COMEP:
Hao

UEERLANDIA, 05 de Abnl de 2017
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