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RESUMO

O objetivo deste estudo in vitro foi avaliar o desempenho do acido anacardico como
agente de limpeza cavitaria em restauracGes adesivas. Foram utilizados trés agentes de
limpeza: agua destilada (AD), solucdo de digluconato de clorexidina a 2% (CHX) e solucéo
de &cido anacérdico (AA). Cada agente de limpeza foi utilizado em duas estratégias adesivas:
apos o condicionamento com &cido fosforico, na técnica adesiva de condicionamento total, e
previamente a aplicacdo do primer na técnica adesiva autocondicionante. Realizou-se uma
analise através de microscopia eletronica de varredura (MEV), no intuito de avaliar a
morfologia do substrato quando exposto ao &cido fosférico ou ao AA, e quando exposto aos
agentes de limpeza, nas duas estratégias adesivas propostas. Adicionalmente, foi realizada
uma andlise através de espectrofotometria (FTIR) para se avaliar a ocorréncia de interagdes
quimicas entre os agentes de limpeza CHX e AA com a dentina. A resisténcia de unido a
dentina foi avaliada pelo teste de microtracdo, num total de seis grupos experimentais (duas
estratégias adesivas X trés agentes de limpeza). Superficies dentinarias planas foram
preparadas em dentes humanos extraidos e, apds o uso de cada agente e 0 respectivo
procedimento adesivo, o0s dentes foram restaurados com resina composta, de forma
incremental até atingir uma altura de material restaurador de 5 mm. Os espécimes foram
armazenados em agua destilada a 37°C por 24 h, e foram seccionados longitudinalmente em
sentidos perpendiculares entre si para que se obtivessem espécimes em forma de palitos com
area de sec¢do transversal de 1 mm?. Cada espécime foi tracionado a uma velocidade média
de 0,5 mm/min em uma maquina de ensaios universal. O modo de fratura foi observado sob
uso de lupa com 60x de aumento e 10% dos espécimes tiveram suas superficies recobertas
com ouro e avaliadas em MEV. Os valores de resisténcia de unido foram estatisticamente
avaliados pelo ANOVA dois critérios, com nivel de significancia de 5%. Na analise
morfologica, foi observado que o AA ndo é capaz de desmineralizar o substrato dentinario e
ndo altera sua morfologia superficial. Encontrou-se um padrdo morfoldgico resultante na
dentina diferente daquele provocado pelo acido fosférico. A analise por FTIR mostrou que
houve interacdo quimica entre 0 AA e a dentina, assim como foi encontrada interacéo entre
DG e o substrato dentinario. Em relacdo aos resultados de microtracdo, ndo houve diferenca
estatisticamente significante entre os grupos (p>0.05). O maior percentual de falhas foi de
fratura mista em cada grupo. O acido anacardico ndo afetou a resisténcia de unido apds 24 h
de armazenagem e as analises indicam que ele pode ser usado como agente de limpeza
cavitaria.

Palavras-chave: Acido anacardico; agente de limpeza cavitaria; resisténcia de unido;
sistemas adesivos.



ABSTRACT

The aim of this in vitro study was to evaluate the performance of anacardic acid as a
cavity-cleaning agent in adhesive restorations. Three cleaning agents were used: distilled
water (DW), chlorhexidine digluconate solution at 2% (CHX) and anacardic acid (AA). Each
cleaning agent was used in two strategies adhesive: after acid etching with phosphoric acid
with etch&rinse adhesive or prior to the primer application in self-etch adhesive. Scanning
electron microscopy (SEM) analysis was performed to evaluate the morphology of dentin
substrate when it was exposed to phosphoric acid or anacardic acid, and when exposed to
DW, CHX or AA with the two adhesive strategies. Additionally, spectrophotometry analysis
was performed (FTIR) to assess the occurrence of chemical interactions between AA and
CHX cleaning agents with dentine. The bond strength to dentin was evaluated by microtensile
test, in a total of six experimental groups (2 adhesive strategies x 3 cleaning agents). Flat
dentin surfaces were prepared in extracted human teeth. After the use of each cleaning agent
and the respective adhesive procedure, teeth were incrementally restored with resin composite
up to of 5 mm built-up. The specimens were stored in 37°C distilled water for 24 h, and were
sectioned longitudinally in either direction to obtain the specimens in the form of beams with
cross-section area of 1 mm? Each specimen was tensioned until fracture to with 0.5 mm/min
speed in a universal testing machine. The fracture mode was observed using a stereoscope at
60x and 10% of the specimens had their surfaces covered with gold and evaluated under
SEM. The bond strength values were statistically evaluated using two-way ANOVA with a
5% significance level. The morphological analysis showed that AA is not able to demineralize
dentin and does not alter the substrate surface morphology. The resulting dentin
morphological pattern was than that caused by phosphoric acid. FTIR analysis showed that
there was a chemical interaction between the AA and dentin as well as it was found an
interaction between DG and dentin. Concerning the microtensile bond strength results, there
was no statistically significant difference between groups (p> 0.05). The highest percentage of
failures was mixed fracture in each group. The anacardic acid did not affect the bond strength
after 24 h of storage and analysis showing that it can be used as cavity-cleaning agent.

Keywords: Anacardic acid; antibacterial agent; cavity cleaning; dentin bonding.
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1 INTRODUCAO GERAL

Anacardium occidentale ¢ uma planta conhecida popularmente por cajueiro,
pertence a familia Anacardiaceae e apresenta grande importancia econémica no Brasil. O
fruto do cajueiro é a castanha de caju, que é produzida em larga escala no Brasil e,
particularmente, no Ceard, maior produtor e exportador nacional (MAZZETTO;
LOMONACO; MELE, 2009). A partir da casca da castanha do caju, pode ser extraido um
liquido escuro, quase preto, denominado liquido da castanha do caju (LCC) (MAZZETTO;
LOMONACO; MELE, 2009). Quimicamente, o LCC é constituido de varios compostos
organicos, estreitamente relacionados (HEMSHEKHAR et al., 2011), nos quais, em maior
guantidade, apresentam-se 0s acidos anacardicos que compdem cerca de 70% do liquido e, em
menor quantidade, encontram-se os componentes fendlicos cardol e cardanol (AGOSTINI-
COSTA et al., 2003; AGOSTINI-COSTA et al., 2005). Os acidos anacardicos sao divididos
em quatro subtipos e, estruturalmente, esses elementos apresentam um anel fendlico com 15
carbonos em uma cadeia lateral, que podem conter zero, uma, duas ou trés duplas ligacoes
(TREVISAN et al., 2006).

As atividades bioldgicas dos acidos anacardicos vém sendo amplamente estudadas
na area da saude, entre elas, sua capacidade antioxidante (KUBO et al., 2006; TREVISAN et
al., 2006) e atividade antitumoral (HEMSHEKHAR et al., 2011; KUBO et al., 1993). Na
Odontologia, despertou interesse por suas caracteristicas antimicrobianas (SOUSA, 2014;
MUROI; KUBO, 1993; HIMEJIMA; KUBO, 1991). Os acidos anacardicos apresentaram boa
acdo contra bactérias gram-positivas como o Streptococcus mutans, principal bactéria
relacionada a doenca carie dentaria (SOUSA, 2014; GREEN et al., 2008; LIMA; PASTORE;
LIMA, 2000; MUROI; KUBO, 1993; HIMEJIMA; KUBO, 1991). A acédo antimicrobiana do
acido anacardico apresenta relagdo direta com o niumero de duplas ligacdes da cadeia lateral;

quanto mais duplas ligacdes, maior o potencial antimicrobiano (MUROI; KUBO, 1993;
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HIMEJIMA; KUBO, 1991). Os 4&cidos anacardicos tambeém apresentaram resultados
promissores na reducdo do processo de erosdo dentinaria, quando comparados ao controle
negativo e aos grupos tratados com epigalocatequina-3-galato (EGCG) e fluoreto de sddio
(NaF) (SILVEIRA et al., 2014) .

O LCC pode ser obtido por diferentes processos de extracdo. A extracdo feita em
grandes empresas por processos totalmente mecanizados alcanca temperaturas elevadas que
provocam uma reacdo de descarboxilacdo no &cido anacardico, convertendo-o em cardanol. A
extracdo a frio, por processo semi-mecanizado, faz com que o &cido anacardico permaneca
estavel, consequentemente, o LCC terd& uma grande quantidade de &cidos anacardicos
(MAZZETO; LOMONACO; MELE, 2009; AGOSTINI-COSTA et al., 2005).

Nesse contexto, os acidos anacardicos podem apresentar-se como uma alternativa
natural a outros agentes antimicrobianos, de uso na Odontologia, como o digluconato de
clorexidina. Apesar de as solucdes de clorexidina possuirem conhecida eficacia contra cepas
de Streptococcus mutans (WADE; ADDY, 1989), elas podem causar efeitos colaterais como
manchamento dentario, alteracdes de paladar e irritacdo da mucosa bucal (QUIRYNEN et al.,
2001;WATTS; ADDY, 2001).

A unido dos materiais restauradores aos tecidos dentarios duros ocorre por meio
de desmineralizacdo e consiste em um processo de troca dos minerais perdidos pelo sistema
restaurador adesivo (CARDOSO et al., 2011). Essa unido pode ser obtida através de sistemas
adesivos de condicionamento total ou autocondicionantes. A diferenca entre esses
mecanismos de unido pode ser observada por meio da caracterizacdo quimica e morfol6gica
das interagOes interfaciais do substrato dentinario com o material restaurador (VAN
MEERBEEK et al., 2003).

A técnica de condicionamento total é realizada com &cido fosforico em

concentracdes de 30 a 40%, seguindo-se pela aplicacdo do primer e do agente de unido
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(adesivo), apresentados em frascos separados ou no mesmo frasco. O condicionamento &cido
dentinario expde uma microporosa rede de fibras colagenas, na qual o adesivo vai difundir-se,
e a unido (substrato-adesivo) dependera da infiltracdo do adesivo dentro da camada de fibrilas
colagenas expostas (PASHLEY et al., 2011; VAN MEERBEEK et al., 2003;
NAKABAYASHI; ASHIZAWA; NAKAMURA, 1992).

Os sistemas adesivos autocondicionantes sdo aplicados diretamente na dentina
sem tratamento acido prévio, portanto, a smear layer permanece incorporada ao substrato
dentinario (TAY E PASHLEY, 2001). Podem apresentar-se em frasco Unico ou primer e
adesivo em frascos separados (VAN MEERBEEK et al., 2011). Esse tipo de sistema adesivo
apresenta uma menor sensibilidade técnica e dispende um menor tempo clinico (VAN
MEERBEEK et al., 2003).

Apesar de toda essa evolucao, a Odontologia estética restauradora ainda encontra
limitacGes no que se refere a um bom selamento marginal entre estrutura dentaria e material
restaurador (VAN MEERBEEK et al., 2010; VAN MEERBEEK et al., 2003; HASHIMOTO
et al., 2002). A busca por um material que promova selamento ideal é tema de diversas
pesquisas, pois 0 vedamento da interface adesiva é uma das caracteristicas que produzem
influéncia no sucesso clinico de uma restauracdo (VAN MEERBEEK et al., 2010; DE
MUNCK et al.,, 2005; PEUMANS et al., 2005). Estudos revelam a persisténcia de
remanescentes bacterianos nas paredes de preparos cavitarios, mesmo apos a remocdo total do
tecido cariado, que pode interferir na qualidade de unido entre materiais adesivos e a estrutura
dentéria e, também, pode aumentar a infiltracdo marginal (BENGTSON et al., 2008;
SOARES et al., 2008). Em funcdo dessa possibilidade, tem sido recomendado o uso de
agentes antimicrobianos na desinfeccao das cavidades contaminadas, no intuito de eliminar ou
minimizar os depoésitos microbianos aderidos ao preparo cavitario (CAMILOTTI et al., 2013;

BENGTSON et al., 2008; SAY et al., 2004).
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Torna-se, entdo, pertinente a busca por um agente de limpeza cavitaria oriundo de
produtos naturais da flora brasileira, que tenham caracteristicas antimicrobianas contra
bactérias relacionadas ao processo carioso e comparar com solugdes ja utilizadas para essa
finalidade como a de clorexidina. Ndo ha relatos na literatura sobre o emprego do acido
anacardico como agente de limpeza cavitaria, sendo necessarios estudos que caracterizem a
interacdo dos acidos anacardicos com o substrato dentinario. Dessa forma, o objetivo deste
estudo é avaliar o desempenho do &cido anacardico como agente de limpeza cavitaria em

restauracdes adesivas com resina composta.
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2 PROPOSICAO

2.1 Objetivo Geral:
- Avaliar o desempenho do 4&cido anacardico como agente de limpeza cavitaria em

restauragdes adesivas com resina composta.

2.2 Objetivos Especificos:

- Analisar e comparar a estrutura morfologica dentinaria apos a acdo dos acidos fosforico e
anacardico;

- Avaliar a interacdo quimica entre o acido anacardico e a dentina apds limpeza cavitaria com
solucdo de acido anacérdico;

- Avaliar a resisténcia de unido a dentina de um sistema adesivo ap6s condicionamento com
acido fosforico e limpeza cavitaria com solucdo de acido anacardico, de um sistema adesivo
autocondicionante quando houver aplicacdo de solucdo de &cido anacérdico prévia ao uso do

primer.
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3 CAPITULO

Esta dissertacdo esta baseada no Artigo 46 do Regimento Interno do Programa de
Pds-Graduacdo em Odontologia da Universidade Federal do Ceara, que regulamenta o
formato alternativo para dissertacdes de Mestrado e teses de Doutorado e permite a insercdo
de artigos cientificos de autoria ou coautoria do candidato. Por se tratar de um estudo
envolvendo dentes humanos, o projeto de pesquisa deste trabalho foi submetido a apreciacao
do Comité de Etica em pesquisa da Universidade Federal do Cear4, tendo sido aprovado
conforme o parecer consubstanciado n® 810.992, de 4 de Setembro de 2014 (ANEXO).

Assim sendo, esta dissertacdo € composta de um capitulo contendo um artigo
cientifico que sera submetido ao periddico Operative Dentistry conforme descrito na

sequéncia:

The use of anarcadic acid solution as cleaning agent prior to adhesive restorations

C M F Queiroz, F F O Sousa, N M P S Ricardo, S L Santiago, M Yamaulti.
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3.1 Capitulo 1

Title: The use of anarcadic acid solution as cleaning agent prior to adhesive restorations
Running Title: Anarcardic acid as cavity cleaning agent

Clinical significance:

Anacardic acid is a product of natural origin that has antibacterial action against
Streptococcus mutans and, based on the results of this study, it does not alter the morphology
of dentin, can chemically interact with dentin and presented no adverse effect on the bond

strength to dentin.
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SUMMARY

Aim: This study aimed to evaluate the ability of anacardic acid solution to interact and/ or
modify dentin morphology and to analyze the performance of anacardic acid solution as a
cavity-cleaning agent on bond strength of two adhesive strategies.

Methods and materials: The interaction between anacardic acid and chlorhexidine
digluconate solutions with dentin was analyzed using Fourier Transform Infrared
Spectrometry. The morphological analysis of dentin was performed using scanning electron
microscopy (SEM). The bond strength was evaluated by microtensile test with 6 experimental
groups (3 cavity-cleaning agents and 2 adhesive strategies). Distilled water was used as the
cavity-cleaning control agent. Flat dentin surfaces were prepared on extracted teeth and
adhesives systems were applied after the use of the cleaning agents. Teeth were incrementally
restored with resin composite, stored in distilled water at 37°C for 24 h and were
longitudinally sectioned to obtain sticks with a cross-sectional area of 1.0 mm2. Dentin-resin
sticks were submitted to tensile strength until failure occurred. The failure modes were
evaluated at 60X and ten percent of the specimens had their fracture mode examined by SEM.
The bond strength values were statistically evaluated using two-way ANOVA with a 5%
significance level.

Results: There was chemical interaction between chlorhexidine digluconate and anacardic
acid solutions with dentin. Morphological analysis showed anacardic acid solution did not
promote dentin demineralization. There was no statistically significant difference among the
bond strength values of all experimental groups (p>0.05).

Conclusion: The morphological, chemical and bond strength analyses demonstrated that the

anacardic acid did not affect dentin bonding, regardless the adhesive strategy.

Keywords: Anacardic acid, antibacterial agent, cavity cleaning, dentin bonding



19

INTRODUCTION

The success of adhesive restorations is related to the bonding stability between
composite resin and tooth structure.*® Studies show the persistence of bacterial remaining in
the cavity walls, even after the complete removal of caries.*® This contamination can affect
the quality of bonding between adhesive materials and the tooth, and can also increase the
microleakage of adhesive restorations.*® The progression rate of secondary caries is an
important factor that determines the restorations longevity.® So, it is recommended to use
antimicrobial agents to disinfect the contaminated walls and to eliminate or minimize
microbial deposits adhered to the cavity wall.*"®

Some antimicrobial agents have been used in Dentistry, such as chlorhexidine that has
efficacy against Streptococcus mutans.® However, this agent may cause side effects such as
tooth staining, taste disturbance and irritation of the oral tissues.’®** Thus it is relevant to
search for natural and less harmful antimicrobial agents. There are many medicinal plants
with analgesic, anti-inflammatory, antimicrobial, antiseptic effects to be explored. Brazil is a
territory rich in natural resources, which favors discoveries in the area of herbal medicines.*?
It is pertinent to search for a cavity-cleaning agents derived from natural Brazilian products
that present antimicrobial properties against bacterium related to dental diseases.

Cashew nut shell liquid (CNSL) of cashew apple has emerged as a promising
compound due to its variety of biological properties, and many of these have been attributed
to anacardic acid, active component extracted from CNSL."** It is a natural product easy to
obtain for being derived from the cashew nut that is produced on a large scale mainly in

1
.15

northeastern Brazil.” Among the biological properties of anacardic acids are their antioxidant

14,16 13,17

capacity,**® antitumour activity and antimicrobial characteristic.®*?° In dentistry, the

antimicrobial property has shown active against gram-positive bacteria such as Streptococcus
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mutans, the main bacteria related to dental caries.’*** The anacardic acid also has shown
promising results against the dentin erosion process.?®

In this context, there is the prospect use of the anacardic acid as a cavity-cleaning
agent. The anacardic acid could be used as cavity-cleaning agent prior to etch-and-rinse or
self-etch adhesive systems. Therefore, studies are needed to characterize the interaction of
anacardic acids with dentin. The purpose of this study was to evaluate the performance of
anacardic acid solution as a cavity-cleaning agent in resin composite restorations. The null
hypothesis tested was that there would be no significant difference between the bond strength
to dentin of two adhesive systems when anarcadic acid solution was used as cavity cleansing

compared to the use of distilled water.

MATERIALS AND METHODS
This is an in vitro qualitative-quantitative research. The materials and chemical used in

the study are described in Table 1.

Anacardic acid

The anacardic acid was obtained at the Laboratory of Polymer and Material Innovation
of Organic and Inorganic Chemistry Department, Federal University of Ceard. The anacardic
acid was produced from cashew nut shell liquid (CNSL) cold extraction. The shells of cashew
nuts were submitted to extraction with hexane solvent (95,0%, Fisher Scientific,
Loughborough, Leicestershire, UK). Then, the obtained crude extract was subjected to solvent
removal through rotoevaporation, resulting in the natural CNSL. The extracted CNSL was
employed to obtain the anacardic acid. CNSL was dissolved in aqueous methanol and
subjected to acid-base reaction with calcium hydroxide (Ca(OH),, 96,0%, Fluka, Sigma

Aldrich, St Louis, MO, USA), producing calcium anacardate. The obtained calcium
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anacardate was converted into the acidic form again, by acidifying the reaction medium in the
presence of HCI 11 M. Immediately, a liquid-liquid extraction with ethyl acetate (EtOAc,
99,8%, Sigma Aldrich, St Louis, MO, USA) was performed. The anacardic acid was
converted into the organic phase and concentrated by rotoevaporation. The final result was the
mixture of anacardic acid with different alkyl chains (triene, diene e monoene). The identity
of the mixture was confirmed by high performance liquid chromatography (HPLC).** From
that anacardic acid a solution of anacardic acids was prepared. A volume of 39 ml of
anacardic acid was mixed slowly with 145 ml of ethanol (99%, Sigma Aldrich, St Louis,MO,
USA ) under constant stirring for 60 s. Then, 25 ml of Tween was added, and finally 1041 ml
of distilled water was slowly poured under stirring. The final concentration of the anarcadic

acid solution was 1.324 ng/ml.

Teeth selection

Forty-four extracted non-carious human third molars were acquired after the patients’
informed consent was obtained under a protocol reviewed and approved by the local Research
and Ethics Committee. The selected teeth were cleaned with periodontal curettes (Hu-Friedy,
Rio de Janeiro, RJ Brazil), stored in 0.1% thymol solution and used within three months after

extraction.

Chemical interactions between anacardic acids and 2% chlorhexidine digluconate to
dentin powder

To determine whether there was any interaction between anacardic acid and 2 %
chlorhexidine digluconate with dentin, samples were prepared and analyzed using Fourier

Transform Infrared Spectrometry (Vertex 70 FT-IR Spectrometer, Billerica, MA, USA)
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equipped with a horizontal zinc selenide crystal (ZnSe) element of an Attenuated Total

Reflectance (ATR) attachment (Miracle ATR, PIKE Technologies, Madison, WI, EUA).”

Preparation of dentin powder

Six non-carious third molars were ground using diamond burs in a high-speed
handpiece with air-water spray to remove the enamel. The roots were removed at the cement-
enamel junction using a diamond disk (M1D13, Struers, Copenhagen, Denmark) mounted in
low-speed cutting machine (Minitom, Struers, Copenhagen, Denmark) under water-cooling.
The pulpal soft tissue was removed with an excavator and the predentin was removed with a
diamond bur. The resulting crown segments were cut into small fragments (4 x 4 x 3 mm) that
were placed in 10 ml stainless steel screw-top jars containing two 12 mm stainless steel
spheres, submerged in nitrogen for 10 min and triturated at 30 Hz for 9 min in a ball-mill
(MM 400, Retsch, Haan, Germany). This treatment turned the dentin fragments into a fine
powder (mean particle size < 50 pm).?

The samples of anacardic acid solution, dentin, anacardic acid solution mixed with
dentin, 2 % chlorhexidine digluconate solution and 2 % chlorhexidine digluconate solution
mixed with dentin were deposited directly into the crystal of ZnSe. Infrared spectra were
obtained over the range of 4000 - 600 cm-1, with resolution of 8 cm-1 and mirror
displacement speed of 2.8 mm/s. The analysis was performed at controlled room temperature

and relative humidity.

Analysis of etching pattern using Scanning Electron Microscopy (SEM)
Two non-carious extracted teeth were used. One dentin disc (2.0 mm thick) was
obtained from the mid-coronal portion of each tooth using a diamond disk (M1D13, Struers,

Denmark) mounted in a low-speed cutting machine (Minitom, Struers, Copenhagen,
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Denmark) under water-cooling. Polishing for 60 s with wet 600-grit SiC paper (silicon
carbide) mounted to an electric polishing machine (Aropol 2V — Arotec, Cotia, SP, Brazil)
under water-cooling to create a standardized smear layer. The dentin surfaces were verified
for the absence of pulp chamber exposition using a stereomicroscope (StereoZoom® Leica S8
APO, Leica Microsystems, Wetzlar, Hesse, Germany) with 60X magnification. Each dentin
disc was divided into four slices. The slices were distributed into 8 groups for morphological
analysis as follows:

a) Dentin surfaces from different slices treated either with distilled water for 60 s (Normal
mineralized dentin), 37% phosphoric acid gel for 15 s, Clearfil SE Bond primer was applied
for 20 s or anacardic acid solution for 60 s.

b) Two dentin surfaces were conditioned with 37% phosphoric acid gel for 15 s, rinsed for 30
s with distilled water, dried with oil-/water-free air for 10 s. Then, the etched dentin surfaces
were treated either with 2% chlorhexidine digluconate solution or anacardic acid solution for
60 s.

c) Two other dentin surfaces were treated either with 2% chlorhexidine digluconate solution
or anacardic acid solution for 60 s. Subsequently, the Clearfil SE Bond primer was applied for
20 s under agitation and the solvent was evaporated for 20 s.

The specimens were individually separated in eppendorf tubes, fixed for 24 h in
solution of 2.5% glutaraldehyde in 0.1 M of sodium cacodylate buffer and rinsed three times
in 0.1 M sodium cacodylate buffer. The specimens were then rinsed in distilled water and
dehydrated in an ascending ethanol series 30%, 50%, 70%, 80% (for 20 min each), 95% (two
times for 15 min) and 100% ethanol (two times for 30 min). Afterwards, the specimens were
dried with filter paper and then placed for 10 minutes in Hexamethyldisilazane (HMDS).
Subsequently HMDS was removed and the specimens were placed in contact with filter paper

at room temperature for 24 h. They were then positioned on metal stubs with carbon tape,
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sputter-coated with gold (Q 150T ES, Quorum Tchnologies Ltd, Ashford, Kent, England) and

analyzed in a SEM (INSPECT S50, FEI, Brno, Czech Republic).

Microtensile bond strength evaluation
Preparation of the dentin surfaces

Thirty-six teeth were sectioned transversely below the dentin—enamel junction using a
diamond disk (M1D13, Struers, Copenhagen, Denmark) mounted in low-speed cutting
machine (Minitom, Struers, Copenhagen, Denmark) under water-cooling to expose flat
dentin. Dentin surfaces were polished with wet 600-grit SiC paper (Carborundum, Saint-
Gobain Abrasivos LTDA, Guarulhos, SP, Brazil) for 60 s under water-cooling in an electric
polishing machine (Aropol 2V — Arotec, Cotia, Brazil) to create a standardized smear layer.
The dentin surfaces were verified for the absence of pulp chamber exposition using a
stereomicroscope (StereoZoom Leica S8 APO, Leica Microsystems, Wetzlar, Hesse
Germany) with 60X magnification.

Six groups were prepared for the microtensile bond strength test (Table 2) and each
group contained 6 teeth. After the bonding procedure, five 1-mm-thick increments of
composite resin were built-up (3M ESPE, Filtek, Z250 XT, Séo José do Rio Preto, SP, Brazil)
and each increment was light-cured for 20 s. Resin-bonded specimens were then stored in
deionized water at 37°C for 24 h.

After storage, the bonded teeth were longitudinally sectioned across the bonded
interface in both the “x” and “y” directions using a diamond disk (M1D13, Struers,
Copenhagen, Denmark) mounted in low-speed cutting machine (Minitom, Struers,
Copenhagen, Denmark) under water cooling in order to obtain bonded sticks with a cross-

sectional area of approximately 1.0 mmz2. The cross-sectional area of each stick was measured
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with a digital caliper (Mitutoyo Absolute, Mitutoyo Sul Americana Ltda, Sdo Paulo, SP,

Brazil) to the nearest 0.01 mm and recorded for subsequent calculation of the bond strength.

Microtensile test

Half of the sectioned sticks of each tooth were randomly selected and tested after 24 h
of storage. The remaining sticks were stored in distilled water at 37°C to be tested after six
months of storage.

To evaluate the bond strength between the groups tested, dentin-resin sticks were
individually fixed by the ends with a cyanoacrylate adhesive gel (Loctite Super Bonder gel
control Henkel Ltda., Itapevi, SP, Brazil) and activated by an activator of cyanoacrylate (Zip
Zicker, PT 50, Pacer Technology, Rancho Cucamonga, California, USA) to Geraldelli’s
device. The metallic device was adapted by the edges to the universal testing machine (EMIC
DL2000, Sdo José dos Pinhais, PR, Brazil) in order to position the adhesive interface in
perpendicular orientation to tensile strength, at a speed of 0.5 mm/min, using a 50 N load cell,

until failure occurred.

Evaluation of fracture modes

The failure modes were evaluated at 60X magnification (StereoZoom Leica S8 APO,
Leica Microsystems; Wetzlar, Germany) and categorized into four groups. The fracture
modes were classified as cohesive in dentin (CD) when they were located exclusively within
dentin, cohesive in resin (CR) when they were located exclusively within resin, adhesive (A)
when failure occurred at the dentin/adhesive interface, or mixed (M) when modes of failure
occurred simultaneously. Ten percent of the specimens had their fracture mode examined by

SEM (INSPECT S50, FEI, Brno, Czech Republic) as previously described.
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Statistical analyses

A Shapiro-Wilk test was applied to all groups to analyze the normal distribution of the
bond strength results. As normal distribution was confirmed, data were analyzed using a Two-
Way ANOVA (cleaning agents and adhesive systems factors). Statistical procedures were
performed with the STATA SE 9.1 for Windows statistical program software (Stata, College
Station, TX, USA). The level of significance was set at 5%. Tooth was used as the statistical
unit.

RESULTS
Spectrophotometer Fourier Transform Infrared (FTIR)

The FTIR absorbance spectra of dentin powder showed the highest absorbance at 1014
cm -1 (PQy), sharp amide bands 1650 cm-t (amide I, C=0 stretch), slight 1538 cm-! band
(amide 11, secondary N-H bend and C-N stretch) and broad peaks between 2700-3700 cm-1
(OH stretching mode of absorbed water).

The FTIR absorbance spectra of 2% chlorhexidine digluconate solution showed sharp
amide bands at 1650 cm-* (amide I, C=0 stretch) and at 1538 cm-* (amide Il, secondary N-H
bend and C-N stretch), and broad peaks between 2700-3700 cm-t (OH stretching mode of
absorbed water).

Concerning the absorbance spectra of dentin powder mixed with 2% chlorhexidine
digluconate it was observed that the peak 1014 cm-! decreased, this can be confirmed when
doing regulate the relation between the peaks al and a2 (phosphate) with peaks b1 and b2 (al
/ bl =1.85and a2 / b2 = 3.75) (Figure 1). In addition, an increasing absorbance in amides
bands of dentin powder incubated with 2% chlorhexidine digluconate was seen. Broad peaks
between 2700-3700 cm-! of CHX (OH stretching mode of absorbed water) had superimposed

those from dentin and increased absorbance was observed (Figure 1).
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In the absorbance spectra of anacardic acid, peaks of amide bands were seen at 1650
cm-t (amide I, C=0 stretch) and 1538 cm-t (amide Il, secondary N-H bend and C-N stretch),
and peaks of C=0 1698 cm-*. The absorbance spectra of dentin powder mixed with anacardic
acid depicted that the phosphate peak decreased considerably, and amide bands | and 11 were
superimposed on anacardic acid bands. The peaks of C=0 1698 cm-! of the anacardic acid

sharply decreased (Figure 2).

Analysis of etching pattern (Scanning Electron Microscopy)

In dentin specimens treated with distilled water it was observed the presence of smear
layer blocking the tubules (Figure 3-A). In the specimens where dentin was treated with
phosphoric acid there was a clear demineralization pattern, and opened tubules and exposed
collagen could be seen (Figure 3-B). In the specimens where dentin was treated with the
primer of Clearfil SE Bond there was a clear demineralization pattern, with opened dentin
tubules (Figure 3-C). In the dentin specimens treated with anacardic acid it was observed
presence of smear layer blocking the tubules, it was possible to note that the anacardic acid
solution did not promote dentin demineralization (Figure 3-D).

When the cavity-cleaning agents chlorhexidine digluconate 2% or anacardic acid were
applied after either the phosphoric acid etching or before the primer of Clearfil SE Bond,

dentin surfaces showed similar morphology for both treatments (Figure 4).

Microtensile test

The observed results were not influenced by adhesive systems (p=0.5949; F=0.2990)
or cavity cleaning solutions (p=0.5876; F=0.9191). Interactions among de factors were not
significant (p=0.7870; F=0.2450). After 24 h of storage, there was no statistically significant

difference among the bond strength values of all experimental groups (p > 0.05) (Table 3).
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Figure 5 summarizes the percentage failure modes of the debonded specimens
according to the adhesive type and cleaning agents used. Mixed fracture modes were
frequently identified in all tested groups, after 24 h of storage.

Scanning Electron Microscopy (SEM) analysis of the debonded dentin surfaces after
24 h of storage showed that Single Bond frequently failed at the bottom of the hybrid layer
(Figure 6), where exposed non-protected collagen can be noted. When the self-etching
adhesive system Clearfil SE Bond was used, dentin tubules remained sealed with restorative
material after fracture in groups where chlorhexidine digluconate 2% and anacardic acid

solutions were used (Figure 7).

DISCUSSION

The anacardic acids have attracted interest in the field of dentistry for its antimicrobial
characteristics against the main causative agent of caries, Streptococcus mutans.**% It could
be used to remove the bacterial remnants from dental cavities after caries removal.

The mixture of 2% chlorhexidine digluconate solution with dentin powder attenuated
the IR absorbance of the PO, band at 1014 cm—1 more than it did in the amide bands. This
result suggests that chlorhexidine digluconate could bind to mineralized dentin, especially to
the inorganic phase of dentin. Probably, the digluconate chlorhexidine binds electrostatically
to phosphate groups in hydroxyapatite crystallites. These results are in agreement with those
of Kim et al. (2010).

The FTIR absorbance spectra of dentin powder mixed with anacardic acid showed that
the peak of phosphate (1014 cm -1) was greatly reduced, indicating their interaction with
positively charged groups, possibly the H+ derivatives from carboxylic acid of the anacardic
acid. The peaks of C=0 (1698 cm -1) of the anacardic acid were reduced sharply, indicating

the formation of links between COO- from the acid and amine | groups from the dentin
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collagen chains. These amines | from collagen were superimposed by OH’, H,O and amides
(1650 and 1538 cm -1) from dentin. The interaction between the cavity cleaning agents and
dentin can be favorable bond strength in the long term, but more studies are needed especially
with the anacardic acid.

The SEM images showed that phosphoric acid treatment promoted dentin
demineralization as expected with open dentinal tubules and exposed collagen; these results
are in agreement with previous literature.’®?" It was observed that anacardic acid solution did
not promote dentin demineralization as smear layer can still be observed on the surface.
Therefore, anarcadic acid should not be used as an etchant agent but is suitable to be
employed as cavity-cleaning solution as it does not alter dentin surface. As it was also
observed a chemical interaction between anacardic acid and dentin, it is speculated that the
substantivity of this acid could be longer and more effective than that of presented by
chlorhexidine. Further studies are necessary to elucidate the substantivity of anacardic acid.

As no statistically significant differences were found in microtensile results among the
groups after 24 h storage, the use of either digluconate chlorhexidine or anacardic acid
solutions did not present any adverse effect on the imediate bond strength. These results are
positive because they allow the use of a cavity-cleaning agent of natural origin, the anacardic
acid solution, without interfering the adhesion with dentin. Regarding the use of
chlorhexidine, the bond strength results are in accordance with other studies.>?*?° In these
studies no differences were found in the bond strength results between the groups that
received pre-treatment with chlorhexidine and those that did not receive pre-treatment after 24
h. Furthermore, in other study, pre-treatment with different antioxidants, including
chlorhexidine, prevented bond strength loss of an etch-and rise adhesive over time and bond
strength of a self-etching adhesive was not significantly reduced with 9 months of storage.*

Additionally, it was also observed that in both adhesive systems there was an increase in the
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enzymatic degradation of the hybrid layer. The degradation of hybrid layer is attributed to the
action of the matrix metalloproteinases (MMPs).2>3! Studies suggest that anacardic acid might
be an inhibitor of MMP-2 e MMP-9.2>3? Nevertheless, anacardic acid could protect the
adhesive interface over time and further studies are necessary.

SEM analysis of debonded dentin surfaces showed similar failure pattern at the bottom
of the hybrid layer when both cleaning agents were used with Single Bond. This failure is
attributed to the incomplete monomer infiltration of collagen fibrils, regardless the cleaning
agent, indicating that the cleaning agents used not influenced the bonding to dentin. On the
other hand, SEM analysis of the debonded dentin surfaces from the groups of Clearfil SE
Bond showed that, when the cavity cleaning-agents were applied prior to the primer, dentinal
tubules remained more sealed with restorative material than the group using distilled water
only. It could be suggested a protective effect of the cleaning agents.

The findings from this study indicate a promising application for the anarcardic acid
solution as a cavity-cleaning agent and maybe as an antioxidant to prevent collagen
degradation due to the action of dentin proteases. Further studies regarding the longevity of

dentin bonds and the interaction between collagen and anacardic acid are necessary.

CONCLUSION
The anarcadic acid is suitable to be used as a cavity-cleaning agent. The
morphological, chemical and bond strength analyses demonstrated that the anacardic acid did

not affect dentin bonding, regardless the adhesive strategy.
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Table 1 - Materials and chemicals used in the study.

MATERIAL/ BASIC COMPOSITION MANUFACTURER’S
MANUFACTURER INSTRUCTIONS
Condac 37 (FGM, | Phosphoric Acid 37%, dye, | Apply the gel for 15 s in
Joinville, SC, Brazil - | thickener and deionized | dentin and rinse abundantly
FGM) water with water for 30 s.

Adper Single Bond 2
(3M ESPE, Séo Joseé do
Rio Preto, SP, Brazil)

Bis-GMA, GDMA, HEMA,
UDMA, nanofillers, water,
ethanol, methacrylate
functional copolymer of

polyacrylic and polytaconic

Apply two consecutive coats
of adhesive to etched humid
dentin, with the saturated
brush, gently stir on surface

for 15 s. Gently drying and

acids light cure for 10 s.
Clearfil SE  Bond | MDP, HEMA, Hydrophilic | Apply Primer for 20 s, dry
(Kuraray Noritake | dimethacrylate, water, | with mild air stream for 5 s.
Dental Inc., Kurashiki, | camphorquinone, Apply Bond for 15 s, gentle
Okayama, Japan) Bis-GMA. air stream, light cure for 10 s.
Composite resin (3M | Bis-GMA, Bis-EMA, | Place 3M Filtek Z250

ESPE, Filteck, Z250
XT, Sado José do Rio
Preto, SP, Brazil)

UDMA, TEGDMA, Zr-

silica.

restorative in increments less
than 2.5 mm and light cure

each increment for 20 s.

Anacardic acid
(Laboratory of
polymers and materials
innovation  of  the
Organic and inorganic
Chemistry Department

- UFC)

Anacardic acid

2%
digluconate
(FGM, Joinville,
Brazil)

chlorhexidine
solution
SC,

Chlorhexidine
to 2%,

volatile Surfactant

digluconate

deionized water,




Table 2 — Groups for the microtensile test.

GROUP | CAVITY CLEANING | ADHESIVE BONDING PROCEDURE
SOLUTION SYSTEM
DW/SB | Distilled Water Single Bond | Acid-etch dentin with
(3M  ESPE, | phosphoric acid, rinse and dry
St Louis, | without dehydrating. Apply the
CHX/ 2% chlorhexidine MO, USA) respective cleaning agent cavity
SB digluconate solution for 60 s under agitation, remove
_ i excess with absorbent paper and
AA/SB | Anacardic acid solution _
apply the adhesive.
DW/SE | Distilled Water Clearfil SE | Apply each cavity-cleaning
Bond agent for 60 s under stirring,
(Kuraray remove excess with absorbent
5 —
CHX/SE | 2% chlorhexidine Noritake paper and apply the adhesive
digluconate solution
Dental Inc., | system.
Kurashiki,
AA/SE | Anacardic acid solution
Okayama,

Japan)
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Table 3: Bond strength results of microtensile (MPa+SD) of all groups tested.

DW CHX AA
SB 51.0+8.6 56.1+6.6 55.4+5.5
SE 53.5+8.4 54.8+13.3 59.3+11.3
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Figure 6
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Figure 7
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Figure 1. FTIR spectrum for dentin powder, 2% chlorhexidine digluconate, and dentin

powder incubated with chlorhexidine.

Figure 2. FTIR spectrum for dentin powder, anacardic acid solution, and dentin powder

incubated with anacardic acid.

Figure 3. SEM micrographs of dentin. (A) Normal mineralized dentin; (B) Phosphoric-acid
etched dentin; (C) Dentin treated with primer of Clearfil SE Bond; (D) Dentin treated with

anarcadic acid solution.

Figure 4. SEM images of treated dentin. (A) Phosphoric acid-etched dentin + 2%
chlorhexidine digluconate; (B) Phosphoric acid-etched dentin + anacardic acid solution; (C)
2% chlorhexidine digluconate + dentin treated with primer of Clearfil SE Bond; (D)

Anacardic acid solution + dentin treated with primer of Clearfil SE Bond.

Figure 5. Graph shows the failure mode after microtensile test.

Figure 6. SEM images of the fractured surface along the dentin side of specimens treated with
cleaning agents DW, CHX or AA and bonded with Single Bond (24 h storage). Mixed failure
can be observed in all groups. (A) and (D) Dentin treated with DW; (B) and (E) Dentins
treated with CHX; (C) and (F) Dentin treated with AA. Images on top (A, B and C): 200x;

Images on bottom (D, E and F): 10.000x.

Figure 7. SEM micrographs of the fractured surface along the dentin side of specimens treated

with cleaning agents DW, CHX or AA and bonded with Clearfil SE Bond (24 h storage).
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Mixed failures were observed in all groups. (A) and (D) Dentin treated with DW — few dentin
tubules remained occluded by resin tags; (B) and (E) Dentin treated with CHX; (C) and (F)
Dentin treated with AA. Images on top (A, B and C): 200x; Images on bottom (D, E and F):

10.000x.
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4 CONCLUSAO GERAL

O é&cido anacardico mostrou-se viavel como agente de limpeza cavitaria em
restauracdes adesivas com resina composta.

O éacido fosforico removeu a smear layer e desmineralizou a dentina, expondo as
fibrilas colagenas, enquanto que o acido anacardico ndo desmineralizou o substrato
dentinério.

O é&cido anacardico interagiu quimicamente com a dentina mineralizada.

O uso da solucdo de acido anacardico como agente de limpeza cavitaria nédo
influenciou na resisténcia de unido do adesivo de condicionamento total e também néo
interferiu na resisténcia de unido do sistema adesivo autocondicionante apds 24 h de

armazenamento.
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APENDICE

TERMO DE DOACAO DE DENTES

Pelo presente instrumento que atende as exigéncias legais, 0 Sr(a)
, apos ter tomado
conhecimento do protocolo da pesquisa “ACIDO ANACARDICO COMO AGENTE DE
LIMPEZA CAVITARIA EM ODONTOLOGIA ADESIVA.” que tem como objetivo

avaliar o desempenho do acido anacardico como agente de limpeza cavitaria dentinaria em

restauracdes adesivas com resina composta, vem na melhor forma de direito DOAR a
Cirurgid Dentista Cristina Maria Fernandes de Queiroz __ dentes (terceiros molares),
declarando, sob as penas da lei, que os dentes objeto da presente doagdo foram extraidos por
indicacdo terapéutica, cujos historicos circunstanciados fazem parte dos prontudrios dos

pacientes de quem se originam.

Data: / /

Assinatura:

RG:
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PARECER CONSUBSTANCIADOD DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: POTENCIAL OE USC DO ACIDO ANACARDICO EM ODONTOLOGIA ADESIVA
Peaqulsador: CRISTINA MARIA FERNANDES DE GUEIROZ

Area Tematica:

Versio:

CAAE: 35067514.7.0000.5054

Ingtitulgde Proponsnts:

Patrocinador Princlpal: Financdamenta Proprio

DADOS DO PARECER

Homeno do Parecer: 310,232
Data da Relatoria: 04/08:2014

Apresantagio do Projato:

0 acido anacardico & um produto onundo do lliquido d3 casca da castanha de caju e vem sendo
amplamente estudado na area da sadde por

apresentar caracteristicas antloxdantes, antitumoral & antimicroblanas. Possue agio antibacteriana contra
Streptocaccus mutans, pringipal bactena

relacionada a care dentarla. O estudo possul como objetivo avallar o desempenho @0 acido anacardico
como condiclionador de subsiratos dentaros.

Para tanio sera utliizada o Espectofotdmetro Infravermelha por Transformada de Fowrder (FTIR) para avallar
a Interagdo d9o acko com o5 materials

adeslvos & cOM o6 SUbstratos dentanos, 3 Microscopa Eletrdnica de Varmedura para verficar a morfologla
da superficle dentarla apas o

condigionamento & wm teste fisico de microtragSo para avallar a resistgncia de unilio dos materiais adeshios
apts condiclonaments com ackio

anacardico. Trata-se de um esiude quantitativa, do tipo Investigagdo expermental em laboratorio. Os
procedimentos laboratorials serdo executados nos

laborataries da Faculdade de Farmacla, Cdantologla @ Enfermagem da Universidade Federal do Ceara —
UFC. 1. Obtengdo do acido anacardica:

Acidp anacardico serd obikdo no laborattdo de polimeros e Inovagdo de maberlals do departamentn

Emderego:  Rua Cel. Munes de Meio, 1127

Baimo: St Tesfo CEP: gp430-T70
UF: CE Munlolplo:  FORTALEZA,
Tedefone: (5533659344 Fac (B5)3223-2303 Email comepegrcr
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de quimica organica e Inorganica da

Universidage Federal do Ceard sendo produzido a partir de LCC exiraldo a frio. 2. Selegdo dos dentes:
Serdo utlllzados tercelns molares (com

Indicagdo de extracdo) extraldos higidos mediante autorizagdo Ivre & esclarecida dos paclenies, conforme
exigéncla do Comib2 g Etica em

Pesgulsa do Centro de Ciénclas da Saode da Universidade Federal do Ceara. Esses dentes serdo
coletados, Impos & armazenados em solugdo de

timol 0,1 % por ndo mals de 3 meses 08 dentes s2rdo [avados em Agua comenis para remover o Timol 3
0.1% & polidios com pedra pomes & escova

de Robson. 3. Inferagies quimicas dos acidos fosforicos, pollacriico @ anacardico a dentina & esmalte: Sera
utilizado o Especiofoidmetra

Infravermeiho por Transformada de Fourler (FT-IR PerkimEImer Spactrum 100, PerkimEImer, Shelton, TC,
ELA) Equipada com dispositive de

rafielancla total atenuada [Miracle ATR, PIKE Technologles, Madison, Wi, EUA), composio por um cristal
nortzontal g2 selensio de zinco, com

espelhos de anguiagdo de 457 As amostras de Acido anacardico Acldo fostorico Acido pollacriico, Dentina,
Acido anacardico + denting, Acldo

fosforico + dentina, Acido pollacrilico + dentina, Adesivo, Adesivo + acldo anacardico, Adeslvo + dcido
fosforico, Adesivo + acldo pollacrilicn,

esmalte, Acido anacardico + esmalte, Acldo fosfarico + esmalte, Acldo pollacriico + esmalte serdo
depositadas diretamente no cristal de ZnSe. Para

o monitoramenio de varedura serd ulllzado o software IRSolution, em uma falxa espectral entre 1750 &
1550 cm-1, com resolugdo de B cm-1 e

velocidade de deslocamento de espelho de 2,5mmis.4. Analise do padrda de condisionamento: Superficle
plana de dentind & esmalte serdo criadas

através da remogdo do esmalte e da dentina superficial por secclonamenio da cora pempendlcular a0 longo
2lxo do dente Wsando Bma maquina de

cortes serlados {Isomei; Buehler). A superficle de dentina exposia sera anallsada com lupa
esiereoscopicajLelca Microsystems®) com o Intulio de

garantir 3 pregenga exciusiva de dentina. Em sequida sara reallzado um s2gundo corte paralelo a0 primeino
corte, delxando uma fatia de 2 mm de

espessura.A falla dentarla sera dividida em quatro porgdes que serfo condiclonadas com: acldo fosfarico 30
segundas em esmalte e 15 em dentina;
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acido pollacrilco 20 segundos em esmalle & dentina; acldo anacardico 30 em esmalte & 15 em dentina;
Acido anacardico 60 sequndos em esmalte &

30 em dentina. O padrao de condiclonamento sera avallado por Microscopio de vamedura INSPECT 50 com
EDSEBSD & Mografa. 5.1. Avallagio

da resistencla de unido: Superlicles planas de dentina e esmalbe serdo criadas, nos dentes, como desciiin
no ltem anterior. 05 dentes serdo

distripuidos em 3 gnepos, cada grupo contendo s2is denies que passardo por dferentes processos de
condiclonamenio acido & restawagdo. O

denies restawrados serdo fixados com cera em um disposiive retanguiar que pemmite adaptagdo na maguina
de cortes serdados. Os espécimas

serdo cotados perpendicularments & Interface de unldo com um disco de dlamanie em balka velocldade &
500 refrigeragdo com o Intufto de obter

fatlas de 1 mm. 5.2. Tests de microtragdo: Para avallar a reslsi@ncia g2 unido entre of grupos testados, as
fatlas serdo Mxadas Individuaiments, ao

disposiive metalico que 52 adapta 3 maquina de microtragio. O dispositivo serd preso pelas extremidades &
maquina de ensalos universals (EMIC

DL2000) de modo a posiclonar a Interface adesiva em orentagdo perpendicular & fonga oe raglo que serd
aplicada, a uma veloddade de

0.Smmimin, wlizanso uma coiula de canga de SOM.

Objativo da Peaguisa:

Avallar 0 desempenho do ackdo anacardico comao agente de condiclonamenio dos subsiratos dentanos
{esmailte e dentina).

Avallagdo dos Rlscos & Bansficlos:

RISCOE:

Mo existem rscos com a utlizagdo o dcldo anacardico nesta pesquisa, visto gue serdo ullizados dentes
exiraldos por motivos ndo relacionados a

pesquisa.
Senaficios:

Descoonr que benefizios o referido acido pode trazer ao uso odoninltgico. Trata-se de um produta retirado
da castanha do caju, de facll obtengdo no
Brasll & que |a demonstou 2330 (EM OUirDE 5tU00S) contra bacteras orals carsadoras da cane.
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Comentarios & Conalderagies sobre a Pesquisa:

Pesquisa multo relevants na rea odontologica com metodologia extremaments detalhada objetivos bam
especilcados.

Conalderagies sobre o Termos de aprasantacie obrigataria:

Apresentou: Folha de rosio, Projeto de pesquisa, Dispensa o TCLE, Termo de doagdo de dentes,
deciaragdo de custelo da pesquisa, Curriculo laties, Caria de apreclagan ao COMEPE, Autorizagdo dos
locals onde sera realizada a pesquisa, Declaragdo de concordancla.

Recomandaghes:

Sem recomendagies.

Conclustes ou Pendénclas & Lista de Inadequagtes:

Mdo 52 aplica.

SHuagde do Parecar:

Aprovado

Mecesslta Apreciapdo da CONEP:
Hio

Conalderagles Finals a critério do CEP:

FORTALEZA, 20 de Setembro de 2014

Apalnade por:

FERMANDO ANTONIO FROTA BEZERRA
{Coordenador)
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