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RESUMO

O objetivo deste estudo foi formular uma resina adesiva experimental utilizando 6leo
de copaiba com concentracdo inibitéria minima (CIM) e caracterizacdo quimica
determinadas e avaliar suas propriedades fisicas, mecanicas, bioldgicas e quimicas.
Doze 6leos comerciais foram avaliados quanto a CIM e as amostras com menor valor
foram caracterizadas por cromatografia gasosa. O 6leo de Copaifera multijuga foi
utilizado na formulacdo de resinas adesivas. Na resina base foi incorporado o 6leo
nas concentracdes de 5%, 10% e 15%, em massa, além do grupo controle sem adi¢éao
do 6leo. As resinas foram submetidas aos ensaios de grau de converséo (GC), angulo
de contato (8), energia livre de superficie (ELS), amolecimento em solvente (KHN
inicial, KHN final e AKHN%), atividade antimicrobiana frente a Streptococcus mutans,
resisténcia coesiva e resisténcia de unido a microtracdo. Nao houve alteracdo do GC
apos a incorporacao do 6leo (p=0,073), bem como o 6leo nao influenciou 8 com agua
(p=0,859) e resisténcia de unido imediata (p=0,182). Os grupos experimentais
apresentaram diminuicdo de KHN1 (p<0,001), resisténcia coesiva (p=0,009) e
apresentaram maior AKHN% (p<0,001). Todos o0s grupos apresentaram
amolecimento em solvente (p<0,001). O 8 com a-bromonaftaleno diminuiu (p<0,001)
e a ELS aumentou (p=0,002) apds incorporar 10 e 15% de 6leo. O grupo com 15% de
6leo apresentou reducéo na formacéao de biofilme (p<0,001) e viabilidade de bactérias
planctonicas (p = 0,004). Portanto, a incorporacdo de 15% de 6leo de copaiba
proporcionou atividade antibacteriana na resina adesiva experimental sem
comprometer GC e resisténcia de unidao imediata, indicando que a utilizacdo de

produtos naturais na formulacdo de sistemas adesivos resin0sos € promissor.



Palavras-chave: Fitoterapia; Agentes antibacterianos; Adesivos dentinarios;

Fendmenos mecanicos; Propriedades fisicas e quimicas.



ABSTRACT

The aim of this study was to formulate an experimental adhesive resin using copaiba
oil with minimum inhibitory concentration (MIC) and determined chemical
characterization and to evaluate its physical, mechanical, biological and chemical
properties. Twelve commercial oils were evaluated for MIC and the samples with lower
value were characterized by gas chromatography. Copaifera multijuga oil was added
in adhesive resins at 5, 10 and 15 wt.%, besides the control group without oil addition.
Degree of conversion (DC), softening in solvent (KHN initial, KHN final and AKHN%),
ultimate tensile strength (UTS), contact angle (0), surface free energy (SFE),
antibacterial activity and microtensile bond strength (u-TBS) were evaluated. No
changes in DC were observed after incorporating copaiba oil (p = 0.073). The addition
of oil did not influence the 8 with water (p = 0.859) and u-TBS (p = 0.182). The
experimental groups decreased KHN1 (p < 0.001), UTS (p = 0.009), and showed
highest AKHN% (p < 0.001). All groups softened in solvent (p < 0.001). The 6 with a-
bromonaphthalene decreased (p < 0.001) and the SFE increased (p = 0.002) after
incorporating 10 and 15 wt.% of copaiba oil. The group with 15 wt.% of copaiba oil
presented a reduction in biofilm formation (p < 0.001) and planktonic bacteria viability
(p = 0.004). Therefore, The incorporation of 15 wt.% of copaiba oil provided
antibacterial activity when added to an experimental adhesive resin without
compromising DC and immediately p-TBS, which may be promising for the use of
natural products in the formulation of dental adhesive systems.

Keywords: Phytotherapy; Antibacterial agents; Dentin-bonding agents; Mechanical

phenomena; Physical and chemical properties.
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1. ANTECEDENTES E JUSTIFICATIVA

A longevidade dos tratamentos restauradores estd relacionada a diversos
fatores, contudo, a carie secundaria permanece a razao mais comum para a
necessidade de substituicdo das restauracdes (ELTAHLAH et al., 2018). O
desempenho dos materiais odontolégicos aplicados sobre um substrato organico
depende da manutencdo do equilibrio dos tecidos dentais, sujeitos a acdo da
microbiota presente na cavidade oral (ASKAR et al., 2017). A presenca de biofilme
bacteriano organizado é uma das causas do inicio do processo de carie, levando a
destruicdo de tecido sadio e consequente falha no tratamento odontolégico, quer seja
preventivo ou restaurador (GONZALEZ-CABEZAS, 2010). A carie secundaria é
definida como uma lesdo progressiva e ativa nas margens de restauracdes que
(NEDELJKOVIC et al., 2015) desenvolve-se rapidamente no esmalte, proximo ao
angulo cavosupercial, quando as condic¢des locais variam para um ambiente &cido
(JOKSTAD, 2016). Desta forma, o processo de desmineralizacdo-remineralizagao,
igualmente a carie primaria, é influenciada por diversos fatores como habitos de
higiene dentéria, dieta do individuo, presenca de fluor, susceptibilidade do
hospedeiro, composigéo e fluxo salivar (CHENICHERI et al., 2016). No processo, o
mecanismo de reducdo do pH do meio ocorre mediante producédo de acidos pelas
bactérias cariogénicas especificas, que formam o biofilme localizado na superficie
restaurada ou no esmalte adjacente & margem da restauracdo (STRUZYCKA, 2014).

A composi¢cdo do biofilme cariogénico nas caries primaria e secundaria sdo
semelhantes, consistindo principalmente de Streptococcus mutans (S. mutans) e
Lactobacilli (MO et al., 1985), localizadas predominantemente nas superficies

proximais e cervicais, regides de facil deposito de biofilme e dificil higienizacéo
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(MJOR, 1985). S. mutans sao bactérias gram-positivas, acidogénicas, com
capacidade de adesdo a superficie dentaria. Estas cepas possuem rapido
metabolismo de monossacarideos e sobrevivem em condi¢des acidas (STRUZYCKA,
2014), sendo as mais avaliadas e utilizadas nos estudos in vitro, in situ e in vivo.
Apesar da causalidade multifatorial da doenca cérie (HURLBUTT; YOUNG, 2014), o
aperfeicoamento de técnicas e materiais odontoldgicos, com a formulacdo de
polimeros anti-cariogénicos tem sido objeto de estudos atuais relacionados ao tema
(HUANG et al, 2016; COCCO et al, 2015). Idealmente, os materiais odontol6gicos
deveriam possuir uma caracteristica antimicrobiana, seja para colaborar na
prevencdo da cérie primaria ou impedir a recidiva na superficie j& restaurada
(NEDELJKOVIC et al., 2015; SAMPATH; HEGDE; HEGDE, 2011; PENMETSA et al,
2014).

Materiais antimicrobianos somariam aos tratamentos minimamente invasivos
preconizados atualmente (ERICSONA et al., 2003). Os conceitos modernos da
cariologia e odontologia restauradora enfatizam a reducao de riscos aliada a praticas
conservadoras, como tratamentos que visam a inativagcdo de lesdes ativas,
remineralizacdo de lesbGes cavitadas e execucao de preparos ultraconservadores
(PETERS; MCLEAN, 2001). Materiais poliméricos como adesivo, selante, infiltrante e
composito resinoso séo 0s mais utilizados neste cenario, aplicados diretamente sobre
esmalte ou dentina, com adesdo mecanica e quimica a esses tecidos
(NEDELJKOVIC et al., 2015). Como agravante, as situacdes clinicas de fratura de
restauracdes podem ocorrer, com a formacédo de fendas marginais que se tornam
retentoras de biofilme e facilitam o desenvolvimento da doenca carie (JOKSTAD,

2016). Logo, resinas antimicrobianas que consigam inibir a formacéo do biofilme e a
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consequente desmineralizacdo dos tecidos dentarios adjacentes a restauracao,
seriam uma estratégia pertinente (IMAZATO, 2003; COCCO et al, 2015).

Sistemas adesivos antimicrobianos podem proporcionar um duplo efeito.
Inicialmente podem desinfetar a cavidade, antes da inser¢cdo do material restaurador,
para posteriormente causar um efeito bactericida e bacteriostatico sobre o biofilme
(NEDELJKOVIC et al., 2015). As estratégias sdo baseadas na incorporacdo de
particulas de carga e no desenvolvimento de monémeros antimicrobianos (WANG;
SHEN; HAAPASALO, 2014). Fluoretos (VERCRUYSSE; DE MAEYER; VERBEECK,
2001), vidro bioativo (KORKUT; TORLAK; ALTUNSOY, 2016), 6xido de zinco
(GARCIA et al., 2018), particulas carreadoras contendo prata (DEGRAZIA et al.,
2016), clorexidina (BOUTSIOUKI et al., 2019), triclosan (RATHKE et al., 2010),
compostos quaternérios de aménia (COLLARES et al., 2017), quitosana (RAJABNIA
et al., 2016) e antibidticos, como vancomicina e metronidazol (KUDOU et al., 2000)
sdo algumas das possibilidades ja estudadas. O sistema adesivo Clearfil SE Protect
€ a Unica opc¢do comercial de agente adesivo antimicrobiano. Ele possui no primer
um mondmero funcional MDPB contendo em sua composicdo amobnia quaternaria
com um grupo metacriloxil (IMAZATO et al., 2003).

A utilizagdo de plantas, Oleos e extratos naturais com finalidade terapéutica é
uma préatica comum e documentada desde os primordios da civilizagdo (AMORIM et
al, 2003). A fitoterapia oferece alternativas viaveis e importantes as populacées dos
paises em desenvolvimento, ja que seu custo € diminuido. Baseada em influéncias
culturais de populacdes indigenas, africanas e europeias, € uma ciéncia que
proporciona op¢des acessiveis ao tratamento e prevencao de diversas doengas, com
impacto cultural, social e econdmico (CARVALHO et al., 2018). Nas ultimas décadas

0 interesse pela fitoterapia aumentou expressivamente e, no Brasil, com a
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implementacéo da Politica Nacional de Plantas Medicinais e Fitoterapicos (BRASIL,
2006), houve um incentivo ao desenvolvimento de medicamentos e produtos naturais
terapéuticos. Em virtude do conhecimento cientifico gerado por estudos a respeito
das espécies botanicas e suas propriedades, materiais biotecnolégicos vém sendo
desenvolvidos (GROPPO et al., 2008). Agdo antibacteriana, antifingica, antiviral,
anti-inflamatéria, antioxidante, anticarcinogénica, antinociceptiva, saliva estimulante
e anticarie estdo entre as principais atividades desempenhadas pelos fitoterapicos
(FREIRES; ROSALEN, 2016). Na odontologia muitas espécies botanicas podem
proporcionar alternativas de tratamentos e materiais para afec¢cdes odontoldgicas
(FENNER et al., 2006). Estudos in vitro tém produzido evidéncias cientificas que
extratos e 6leos naturais possuem atividade antimicrobiana frente a microrganismos
patogénicos presentes na cavidade oral (CHANDRA SHEKAR et al, 2015).

As copaibas s&o arvores nativas da regiéo tropical da América Latina e Africa,
de onde, a partir de uma inciséo feita no tronco, pode-se extrair um 6leo transparente,
cuja coloracdo pode variar do amarelo ao marrom (VEIGA JUNIOR; PINTO, 2002).
Esse 6leo é facilmente encontrado e muito empregado na regido amazonica, com
grande representacdo social e econdmica, possuindo propriedades antimicrobiana
(SANTOS et al, 2008), e anti-inflamatoria (VEIGA JUNIOR et al, 2007). O éleo de
copaiba é constituido de sesquiterpenos, sendo os mais comuns B-cariofileno, 6xido
de cariofileno, a-humuleno, &-cadineno, a-cadinol, a-cubebeno, a- e (B-selineno, [3-
elemeno, a-copaeno; e diterpenos, como os acidos copalico, colavénico, hardwickico,
caurenoico e cauranoico (LEANDRO et al., 2012). O género Copaifera compreende
72 espécies, sendo 16 exclusivamente encontradas no Brasil (VEIGA JUNIOR;
PINTO, 2002). Em razédo desta diversidade, os Oleos apresentam composicoes

guimicas diferentes e variam de acordo com a espécie da arvore. Essas diferencas
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também ocorrem em funcdo da maturacdo da arvore, sazonalidade em uma mesma
arvore, numa mesma espécie e entre espécies. Os métodos de isolamento e
identificacdo mais frequentes sdo a cromatografia liquida de alta eficiéncia,
cromatografia com fluido supercritico com detector de infravermelho e cromatografia
gasosa acoplada a espectrometria de massas (CGAR). A CGAR permite a
identificacdo dos componentes do 6leo quase na totalidade, € um método sensivel,
de alta precisdo, sendo o mais indicado para amostras volateis (VEIGA JUNIOR;
PATITUCCI; PINTO, 1997), como o 6leo de copaiba.

Estudos realizados com o 6leo puro mostram sua eficicia contra S. mutans
(BARDAJI et al., 2016; BARI et al., 2016; CONDE et al., 2015; DIAS et al., 2015;
PIERI et al, 2012, PIERI et al, 2010; SIMOES et al., 2016; SOUZA et al. 2011),
Streptococcus sanguinis (BARDAJI et al.,2016; CONDE et al., 2015; DIAS et al.,
2015; SIMOES et al., 2016), Porphyromonas gingivalis (MORAES et al., 2016; DIAS
et al., 2015; SOUZA et al., 2011) e Streptococcus sobrinus (CONDE et al., 2015;
SOUZA et al. 2011). Alguns componentes isolados também apresentam resultados
positivos como o B-cariofileno no S. mutans (PIERI et al., 2016) e acido copalico no
S. mutans e S. sobrinus (SOUZA et al.,, 2011). O mecanismo de a¢cdo ndo €
completamente elucidado, porém sabe-se que a parede celular sofre efeitos diretos
(BAKKALI et al., 2008). Ao avaliar as caracteristicas morfolégicas das células
bacterianas, (SANTOS et al., 2008) nota-se uma interagdo com o 6leo de copaiba, o
gue pode explicar o efeito na parede celular que se apresenta rompida e com
diminuigc&o do volume.

Sabe-se que o 0leo de copaiba pode ser formulado em emulsdo (BARI et al.,
2016), gel de limpeza de cavidade (SIMOES et al, 2016), cimento odontoldgico

(VASCONCELOS et al., 2008) e cimento endodontico experimental (GARRIDO et al.,
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2010). As emulsdes contendo diferentes concentracdes de 6leo de C. multijjuga foram
avaliadas quanto a atividade antimicrobiana (S. mutans, S. oralis, S. salivarius e L.
casei) e citotoxicidade utilizando fibroblastos, com resultados positivos nestes
ensaios. A atividade antimicrobiana do gel a base de 6leo de C. multijuga apresentou
resultados favoraveis frente ao S. mitis e S. salivarius. O cimento odontolégico
utilizando 6leo de C. multijuga associado ao 6xido de zinco e hidroxido de calcio
apresentou atividade antibacteriana frente a S. mutans e S. sanguinis, indicando ser
um material promissor. O cimento endoddntico contendo 6leo de C. multijuga foi
submetido aos ensaios de tempo de presa, viscosidade, espessura de pelicula,
estabilidade dimensional, radiopacidade e solubilidade, apresentando resultados
satisfatorios nestes testes (GARRIDO et al., 2010). Uma caracteristica em comum
dos materiais odontolégicos citados é a auséncia de estrutura polimérica, pois espera-
se que a adicdo de um éleo em materiais com base em metacrilato atue como um
plastificante.

Apesar de serem reportados diversos valores para concentracdo inibitoria
minima (CIM) e bactericida minima frente a diferentes microrganismos cariogénicos,
0 uso de um 6leo padronizado é fundamental para permitir a validacéo do fitoterapico
com uso seguro, eficaz e de qualidade. Além da identificacdo botanica, o estudo
fitoquimico é necessario, pois muitos dados sobre a composicéo quimica e atividade
farmacoldgica dos 6leos sao contraditérios (CASCON; GILBERT, 2000).

Considerando o0 exposto, o0 desenvolvimento de materiais dentarios
antimicrobianos com incorporacao de 6leo de copaiba pode ser uma alternativa aos
agentes tradicionais, sendo necessario a formulacdo experimental de materiais
poliméricos como estratégia ainda ndo estudada. Para tanto é necessario identificar

um Oleo que apresente baixa CIM, com suas caracteristicas fitoquimicas
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identificadas, para minimizar a concentragdo do Oleo nos materiais a serem
desenvolvidos e entdo avaliar sua influéncia sobre as propriedades mecanicas, fisicas

e quimicas do material obtido.
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2. OBJETIVO

Avaliar a concentracéo inibitéria minima (CIM) de éleos de copaiba de diferentes
espécies e desenvolver uma resina adesiva experimental com a incorporacao de 6leo
de copaiba com menor CIM, em diferentes concentra¢des, bem como caracterizar as

propriedades dos materiais resultantes.
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3. MANUSCRITOS

Esta tese de doutorado, cujo tema é inédito, se apresenta na forma de artigos,
escritos na lingua inglesa e que seguem as normas referentes aos periddicos
Phytotherapy Research, para qual o manuscrito 1 foi submetido, e Clinical Oral

Investigations, para qual o manuscrito 2 sera submetido.
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Abstract

The aim of this study was to investigate the minimum inhibitory concentration (MIC) of
commercial copaiba oils against Streptococcus mutans and to characterize and
guantify the chemical composition of Copaiba oils with the lowest MIC. Crude copaiba
oils from four copaifera species were evaluated. Essential oil was obtained by
hydrodistillation and the residue was also used. MIC was performed by the
microdilution technique. The oils were dissolved in serial dilutions in concentrations
ranging between 200 and 1.95 pg/mL. MIC was determined based on color change,
indicating cell viability. The chromatographic analyses of copaiba oils that presented
the lowest MIC were performed in a gas chromatograph coupled to a mass
spectrometer, and the chemical constituents of copaiba oils were identified by
comparison of retention rates, mass spectra with spectrum and data available in the
literature. Two oils of C. multijuga (samples 5 and 8) and one of C. reticulata (sample
4) presented the lowest values of MIC against S. mutans (6.25 pg/mL). The
characterization of oils demonstrated that the major component was Bisabolene-f3
(17.98%) caryophyllene-B (51.51%) and kolavenic acid methyl ester (17.73%),
respectively. Two of the evaluated species showed better antimicrobial activity, where
it is possible to observe varied and distinct compositions, indicating that the combined

effect among the constituents are involved at action mechanisms.

Keywords: Phytotherapy; Fabaceae; Antimicrobial agents; Dental caries;

Streptococcus mutans.
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1. Introduction

Dental caries is a multifunctional disease that depends on diet, time, individual
susceptibility and microorganisms, beginning with the demineralization of enamel
components and may compromise all dental tissues, leading to tooth loss (Kutsch,
2014). The presence of gram-positive bacteria, especially Streptococcus mutans, is
an important factor for the development of caries (Struzycka, 2014), with which it is
positively correlated (Kirstila, Hakkinen, Jentsch, Vilja, & Tenovuo, 1998). The
bacterial metabolism results in the formation of acids, responsible for the initiation of
the dissolution of the enamel (Esberg et al., 2017). The use of antimicrobial agents is
a strategy to prevent this disease, such as chlorhexidine in gels, toothpastes,
varnishes or mouthwash (Walsh, Oliveira-Neto, & Moore, 2015).

The use of natural oils and extracts from plants has presented promising results
against bacterial activities (Chandra Shekar, Nagarajappa, Suma, & Thakur, 2015).
This may be an alternative therapy, with historical and cultural representation in South
America of the traditional practice of using antimicrobial agents. Copaiba oil is widely
used to treat bacteria, fungal and inflammatory infections (Diefenbach, Muniz, Oballe,
& Rosing, 2018; Vargas et al., 2015; Veiga Junior & Pinto, 2002), and it also presents
healing properties. Its action against gram-positive microorganisms has already been
shown. However, there is a dependence between copaiba oil’'s composition and its
antimicrobial effect (Santos et al., 2008).

Copaiba oil has a complex composition, involving terpenes and sesquiterpenes
(Leandro et al., 2012). B-caryophyllene is the main component responsible for the
antimicrobial activity of this material (Yoo & Jwa, 2018; Pieri et al., 2016; Lucca et al.,

2015). The effectiveness of herbal medicines is based on the synergy of all its
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constituents. Oils from the same species may have different compositions, depending
on the region where the trees were planted, the extraction period and the method of
collection (Barbosa et al., 2012; Barbosa, Wiedemann, Medeiros, Sampaio, & Veiga
Junior, 2013). Therefore, the antimicrobial activity varies according to the oil (Santos
et al., 2008).

The aim of this study was to investigate the minimum inhibitory concentration
(MIC) of commercial copaiba oils against S. mutans and to characterize and quantify

the chemical composition of Copaiba oils with the lowest MIC.

2. Materials and methods

2.1 Obtaining copaiba oil

Copaiba oils from Copaifera multijuga (samples 1, 5, 6, 7, 8 and 9), Copaifera
langsdorffii (sample 2), Copaifera guianensis (sample 3) and Copaifera reticulata
(sample 4) species were obtained from tree trunks, as previously published (Santos
et al., 2008). Copaiba essential oil was obtained by hydrodistillation (samples 10 and

11) (Pereira et al., 2008) and the residue was also evaluated (sample 12).

2.2 Minimum inhibitory concentration (MIC)

The in vitro assay was performed by the microdilution technique, performed in
96-well microtiter plates, according to (Cockerill et al., 2012). Each hole received
bacterial inoculum of standard strains of S. mutans (NCTC 10449, INCQS 00446,

Oswaldo Cruz Foundation, National Institute of Health Quality Control, Rio de Janeiro,
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Brazil) incorporated within standardized brain heart infusion (Aldrich Chemical
Company, St. Louis, Missouri, USA); the oils dissolved in dimethyl sulfoxide (DMSO)
at 1 mg/mL in serial dilutions in concentrations ranging between 200 and 1.95 pg/mL;
and 20 uL resazurin solution at 0.01% as a colorimetric indicator of oxireduction to
characterize cell viability, totaling a volume of 100 uL. As positive control, imipenem
and cilastatin sodium (TIENAM) was used at the same concentrations as the test
samples. As negative control, only DMSO was used. The assay was prepared in
triplicate for each isolate. The plates were incubated for 24 h at 37°C. MIC was defined
as an oil concentration where the dye remained blue, because when there is a

conversion to rose, this indicated there was bacterial growth.

2.3 Chromatographic analysis

The chromatographic analyses of copaiba oils that presented the lowest MIC
were performed in a gas chromatograph coupled to the mass spectrometer (DSQ 11,
Thermo Scientific, Austin, Texas, USA) with a simple quadrupole and auto-injector
analyzer (Al 3000, Thermo Scientific, Austin, Texas, USA). The mass spectra were
obtained by electron impact, in the range between 40 and 400 pm, using 70 eV. The
oven temperature programming used was initially from 90°C to 160°C with a rate of
change of 2.5° C/min, and from 160°C to 290°C with a rate of change of 10°C/min up
to 290°C with a final isotherm of 5 minutes. The injection module with split ratio of
1:40, flow rate of 2 mL.mint and an apolar column, SE-30, coated with 100%
dimethylpolysiloxane (25 m x 0.25 mm x 0.25 pm). The injector and detector
temperatures were 270°C and 300°C, respectively. Copaiba oils (2 mg) was previously

derivatized by an in situ reaction using the trimethylsilyldiazomethane reagent (TMSD)
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(Aldrich Chemical Company, St. Louis, Missouri, USA), converting diterpene acids into
their respective methyl esters (Migowska, Stepnowski, Paszkiewicz, Golebiowski, &

Kumirska, 2010).

2.4 ldentification of chemical components

The chemical constituents of copaiba oils were identified by comparison of
retention rates (RR), mass spectra with spectrum and data available in the literature.
For the sesquiterpene identification, homologous hydrocarbons series were used for
the confirmation of RR. Similarly, previously isolated diterpene acid patterns were

used for comparison of mass spectra.

3. Results

The antimicrobial screening performed by the microdilution technique is shown
in Table 1. Oils of Copaifera multijuga (samples 5 and 8) and Copaifera reticulata
(sample 4) presented the lowest values of MIC against S. mutans (6.25 pg/mL).

The characterization of oils, by the identification of chemical compounds, is
presented in detail in Table 2. The chromatograph of samples 4, 5 and 8 are shown in
Figures 1, 2 and 3 respectively, where the similarity between C. multijuga oils and
difference of C. reticulata may be seen. Sample 4 has 45.23% sesquiterpenes, 0.83%
oxygenated sesquiterpenes and 50.09% diterpenes. Sample 5 has 69.02%
sesquiterpenes, 3.10% oxygenated sesquiterpenes and 23.55% diterpenes. Sample
8 has 79.11% sesquiterpenes, 5.60% oxygenated sesquiterpenes and 12.60%

diterpenes.
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4. Discussion and conclusion

In the present study, the antimicrobial activities of twelve samples of copaiba oil
were analyzed against S. mutans, which is the major etiologic agent involved in dental
caries (Struzycka, 2014). The antimicrobial activity of copaiba oil is the object of
several studies (Diefenbach, Muniz, Oballe, & Rosing, 2018; Zimmermam-Franco et
al., 2013; Souza et al., 2011; Santos et al., 2008), however as the Copaifera genus
has a wide diversity of species, there is a divergence of findings. In the present study,
C. multijuga (samples 5 and 8) and C. reticulata (sample 4), collected near the
municipalities of Labrea / AM, Parintins / AM and the state of Para, respectively,
presented the lowest MIC (6.25 ug/mL). In Brazil, multijuga is the most commonly
found species within the genus (Veiga Junior & Pinto, 2002) so most studies used this.
Besides the species, the biological properties of the oils are influenced by the planting
site of the tree and the time of year collected.

Regardless of this variability, some components of the oils have greater
involvement in the process of bacterial cell death than others (Leandro et al., 2012;
Correia et al., 2008; Pacheco, Barata, & Duarte, 2006). S. mutans is a gram-positive
microorganism, where it is necessary for a chemical substance to inhibit the growth
and alter the cell membrane, leading to lysis, to guarantee antibacterial activity
(Zacchino et al., 2017). Although several studies point out that the synergism of the
chemical components is responsible for the antibacterial activity, 3-caryophyllene
(Yoo & Jwa, 2018; Alencar et al., 2015) and copalic acid (Leandro et al., 2012; Souza
et al., 2011) are highlighted as the agents mainly responsible for the cell lysis,

decreasing biofilm formation.
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Copaiba oil extracted from the multijuga species has a high concentration of 3-
caryophyllene. As shown in Table 2, samples 5 and 8, respectively, of multijuga have
11.58% and 51.51% of this component. On the other hand, oil extracted from the
reticulata species presented only 1.29%. In this sample, the sesquiterpene in greater
concentration was the [(-Bisabolene (18.33%). There is a great variation of
composition between species, as observed in this study. Copaiba oils are composed
of sesquiterpenes and diterpenes, their concentrations are differentiated between
species and the chemical interaction between them is responsible for the biological
properties of the oils (Silva et al., 2012; Barreto-Junior et al., 2005).

In the present study, 39 sesquiterpenes were identified in the three samples,
corroborating the data previously reported (Veiga Junior & Pinto, 2002).
Sesquiterpenes, which are the volatile portion of the oils, are still classified as
hydrocarbons and oxygenates. In the three oils tested, the minor components were
the oxygenated sesquiterpenes, represented mainly by the caryophyllene oxide, [3-
sesquiphellandrene and 7-epi-a-selinene.

The production of terpenes by adult species is related to the need for protection
against some aggression to the tree, such as from animals, fungi and bacteria
(Dudareva et al., 2004). Changes in concentration may be observed during the year,
however the differences in the percentages of these substances occurred
independently of the season. The oil of the reticulata species is composed of 50.1%
terpene acids and the highest concentration was of kolavenic acid (17.7%). All these
active components have been studied in isolation, with controversial results (Leandro
et al., 2012).

The role of each chemical constituent in the antimicrobial effect of the oils is

difficult to determine precisely (Vargas et al., 2015; Silva et al., 2012). It was noted in
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this study that there was a large variation among species, and even in multijuga oll,
the main sesquiterpenes found varied. Although there are several studies that
describe the composition and variation of copaiba oils of different species,
ethnopharmacological studies have not yet reached consensus. It could be observed
that of all the samples evaluated, three had better antimicrobial activity and the
chromatographic analysis showed distinct compositions and concentrations, where
the combined effect among them is attributed to be responsible for the results found.
Therefore, when aiming to develop materials with antimicrobial potential, a scan is
necessary to identify the best compound, since the mechanism of action of
sesquiterpenes and terpene acids in isolation is divergent.

In conclusion, two of the evaluated species showed better antimicrobial activity,
C. multijuga and C. reticulata, where it is possible to observe varied and distinct
compositions, both between sesquiterpenes and terpene acids, indicating that the

combined effect among the constituents are fundamental for the action.
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Figures

Figure 1

Chromatogram with the main retention times of Copaifera reticulata (sample 4) oll
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Figure 2

Chromatogram with the main retention times of Copaifera multijuga (sample 5) oil
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Figure 3

Chromatogram with the main retention times of Copaifera multijuga (sample 8) oil
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Tables

Table 1

MIC of different samples of copaiba oil

Samples MIC (ug/mL)

C. multijuga 1 25
C. langsdorffii 2 -
C. guianensis 3 12

C. reticulata 4 6.25

C. multijuga 5 6.25

C. multijuga 6 25

C. multijuga 7 100

C. multijuga 8 6.25

C. multijuga 9 25
Essential oil 10 200

Essential oil 11 -
Residue 12 200
TIENAM 15

Notes: (—) Exhibited no activity.

Table 2

Chemical composition of oleoresins obtained by gas chromatography

. C.reticulata C. multijuga C. multijuga
Constituents (%)
(sample 4) (sample 5) (sample 8)

Cubebene - a - - 0.33
Copaene - a 0.27 0.53 3.63
Elemene - 3 - - 0.90

Cyperene 0.21 0.15 0.33

Cyclosativene 1.00 0.49 -

Caryophyllene - (E) 1.29 11.58 51.51



Bergamotene - a - trans
Farnesene - 3 - (2)
Santalene — epi -

Humulene - a
Farnesene - B - (E)
Aromadendrene - allo
Muurolene -y
Germacrene - D
Himachalene -y
Muurolene - a
Bisabolene -
Selinene - a
Selinene - B
Guaiene - B - cis
Cadinene - &
Farnesene - a - (E, E)
Bisabolene - a - (2)
Caryophyllenyl alcohol
Caryophyllene oxide
Muurolol - a - epi
Cubenol - epi
Humulene epoxide II
Muurolol - a
Cadinol - a

Sesquiphellandrene -

6-methyl - a - lonone
7-epi- a -selinene
Bisabolene -y - (E)
Guaiol
Junenol
Bulnesol
Bisabolol - epi - a

Copal acid methyl ester

14.59

0.14
0.20
0.93

17.23
0.35
0.16
1.46
0.85

2.60

7.68
0.12
17.98
3.67

1.44

0.24
0.17

0.12

0.37
1.49
0.10
0.17
0.13
0.19
0.12

5.43
0.11

8.63

0.29
141
1.62
0.90
0.32
1.66

0.44
1.46

0.14
4.51

0.11
0.29
0.43
0.12

7.88
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Kaurenoic acid methyl ester
Caur-16-ene acid methyl ester
Clerod-3-en-15-oic acid methyl

ester

Kolavenic acid methyl ester
Hardwickico acid methyl ester

Mixture of methyl esters of labda-
7,13-dien-15-oic acid and daniellic
acid
Cativic acid methyl ester

Cauranoic acid methyl ester

Dimethyl ester of pinifolic acid
Dimethyl ester of ent-aghatic acid
11-acetoxy-copalic acid dimethyl

ester
Mixture of methyl esters of labda-
7,13-dien-15-oic acid and daniellic

acid

13.03
0.61

11.71

17.73

1.96
4.42
0.63

3.05 0.27
0.16 -
4.26 0.21

- 0.68
1.68 -
0.46 -
0.19 -

- 3.56
13.75 -
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Notes: (-) Is not present.
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Abstract

Objectives The purpose of this study was to formulate an experimental adhesive resin
with copaiba oil (Copaifera multijuga) in different concentrations and evaluate its
physical, mechanical, biological and chemical properties.

Materials and methods The adhesive resin was formulated with methacrylate
monomers and photoinitiators. Copaiba oil was added at 5, 10 and 15 wt.%, besides
the control group. Degree of conversion (DC) (n = 5), softening in solvent (KHN initial,
KHN final and AKHN%) (n = 5), ultimate tensile strength (UTS) (n = 12), contact angle
(0) (n = 10), surface free energy (SFE) (n = 10), antibacterial activity (n = 5) and
microtensile bond strength (u-TBS) (n = 20) were evaluated.

Results No changes in DC were observed after incorporating copaiba oil (p = 0.073).
The addition of oil did not influence the 8 with water (p = 0.859) and y-TBS (p = 0.182).
The experimental groups decreased KHN1 (p < 0.001), UTS (p = 0.009), and showed
highest AKHN% (p < 0.001). All groups softened in solvent (p < 0.001). The 8 with a-
bromonaphthalene decreased (p < 0.001) and the SFE increased (p = 0.002) after
incorporating 10 and 15 wt.% of copaiba oil. The group with 15 wt.% of copaiba oll
presented a reduction in biofilm formation (p < 0.001) and planktonic bacteria viability
(p = 0.004).

Conclusions The incorporation of 15 wt.% of copaiba oil provided antibacterial activity
when added to an experimental adhesive resin without compromising DC and
immediately pu-TBS, which may be promising for the use of natural products in the

formulation of dental adhesive systems.
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Introduction

Recurrent caries is the main reason for restoration replacement in the long term,
followed by marginal defects, such as discoloration, poor anatomic form and fracture
of the restoration [1]. The site where demineralization begins is adjacent to the
restoration margins, where adhesion of cariogenic biofilms, allied to low quality
restorations, may result in the development of the disease [2]. Modifications to
adhesive resins, such as the incorporation of antibacterial agents, have been proposed
to overcome this issue [3].

To avoid bacterial adhesion on resin surfaces or to reduce biofilm formation,
chlorhexidine [4], zinc oxide [5], silver particles [6] and quaternary ammonium
methacrylate [7] have been incorporated into polymers, however its incorporation ends
up altering some properties of the materials. Alternative materials that have effective,
safe and economical features, such as natural products, are emerging as viable
options, considering that they are widely used in folk medicine [8, 9]. An additional
consideration is that the use of herbal medicine generates a social, cultural and
economic impact, particularly in the regions where they are collected [10]. Laboratory
[11, 12] and clinical [13, 14] studies have demonstrated their actions in many areas
and showed promising results. Thus, extracts or oils with antimicrobial action could be
an alternative therapeutic addition to be tested in dental materials [15].

Copaiba oil is a product extracted from several Copaifera species, which is highly
biocompatible [16] and has desirable characteristics, such as anti-inflammatory [17],
antifungal [18] and antimicrobial action [19]. The sesquiterpenes and diterpenes
present in its composition are responsible for its characteristics [9], with the

concentration and type varying according to the Copaifera species [11, 17]. Copaifera
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multijuga usually presents a high concentration of B-caryophyllene and copalic acid,
with bactericidal and bacteriostatic action against Streptococcus mutans [18, 19].
Since copaiba oil (Copaifera ssp.) has been used against oral pathogens [20],
formulating dental materials with therapeutic improvement may be a useful strategy.
Copaiba oil has already been incorporated into experimental endodontic sealers [21]
and cavity cleansers [22] in order to formulate antibacterial materials, using
phytotherapy as an alternative to conventional materials. The purpose of this study
was to formulate an experimental adhesive resin with copaiba oil (Copaifera multijuga)
in different concentrations and evaluate its physical, mechanical, biological and

chemical properties.

Materials and methods

Copaiba oil from Copaifera multijuga species, collected in Parintins, in the state
of Amazonas, whose minimum inhibitory concentration (6.25 ug/mL) and chemical
characterizations have been previously described in the literature [11], was used. All
reagents used in this study were purchased from Aldrich Chemical Company (St.
Louis, Missouri, USA). To perform monomer photoactivation, a light-emitting diode unit
(Radii Cal, SDI, Victoria, Australia) was used with an irradiation of 1200 mW/cm?,

confirmed with a digital power meter (Ophir Optronics, North Andover, MA, USA).

Experimental adhesive resin formulation
The experimental adhesive resin was formulated mixing 66.66 wt.% bisphenol-
A-glycidyl methacrylate (Bis-GMA) and 33.33 wt.% 2-hydroxyethyl methacrylate

(HEMA). As photoinitiator system, camphorquinone (CQ) and ethyl 4-
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dimethylaminobenzoate (EDAB) were added at 1 mol% to all groups, according to
monomer moles and 0.01 wt.% butylated hydroxytoluene (BHT). Copaiba oil was
added at three different concentrations — 5, 10 and 15 wt.% — to the adhesive resin,
and one group remained without oil as the control group. All components were weighed

using an analytical balance (AUW220D, Shimadzu, Kyoto, Japan).

Degree of conversion (DC)

Fourier-transformed infrared spectroscopy was used to evaluate the DC with a
spectrometer (Vertex 70, Bruker Optics, Ettlingen, Germany) coupled to a horizontal
attenuated total reflectance (ATR) device with a diamond crystal (Platinum ATR-QL,
Bruker Optics, Ettlingen, Germany). The adhesive resin (3 pyL) was directly dispensed
onto the ATR crystal in a polyvinylsiloxane matrix with 1.0 mm thickness and 4.0 mm
diameter and photoactivated for 20 s (n = 5). The software (OPUS v6.5; Bruker Optics,
Ettlingen, Germany) in monitoring scan mode was used with Blackman-Harris 3-term
apodization in the range 400 to 4000 cm™, a resolution of 4 cm™, and a mirror speed
of 2.8 mm/s. The DC was calculated based on the intensity of the peak at 1640 cm™,
related to the aliphatic carbon-carbon double bond, and the intensity of the peak at

1610 cm, related to the aromatic carbon-carbon double bond [23].

Ultimate tensile strength (UTS)

The specimens (n = 12) were prepared in a metallic matrix with an hourglass
design: 8 mm long, 2 mm wide, 1 mm thickness and with a cross-sectional area of 1
mm?. They were covered with polyester matrix on both sides before light activation,
which occurred for 20 s on each side. After polymerization, they were measured with

a digital caliper, fixed in a metallic device with cyanoacrylate resin and loaded under
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tension. The test was realized with a universal testing machine (EZ-SX Series,
Shimadzu, Kyoto, Japan) with a load speed of 1.0 mm/min until failure. The UTS of
each specimen was obtained in Newtons and divided by the constriction area of each

specimen, to be expressed in megapascals (MPa).

Softening in solvent

For softening in solvent, specimens (n = 5) with 1.0 mm thickness and 4.0 mm
diameter were obtained after 20 s of photoactivation on each side. They were
embedded in a self-curing polymethylmethacrylate resin using a metallic cylinder-
shaped matrix and wet polished (Model 3v, Arotec, Cotia, SP, Brazil) with abrasive
paper (600, 1200, and 2000 grit). Final polishing was carried out with a felt disk
saturated with alumina suspension (0.5 um, Alumina, Arotec, Cotia, SP, Brazil). The
embedded specimens were washed in distilled water in a sonicator. After 24 hours,
three indentations (10 g/5 s) 100 ym apart were made in each specimen with a digital
hardness Knoop tester (HMV 2; Shimadzu, Tokyo, Japan). The specimens were
immersed in ethanol and distilled water (70:30) at 37°C for 2 hours. Before and after
the immersion period, the specimens were submitted to the hardness test (KHN1 and

KHN2), and the percentage of hardness reduction (AKHN%) was recorded.

Contact angle (8) and surface free energy (SFE)

The specimens (n = 10) were prepared as described above in the softening in
solvent section except for measures 1.0 mm thickness, 5.0 mm diameter. After 24
hours, the specimens were analyzed with an optical tensiometer Theta (Biolin
Scientific, Stockholm, Sweden) using the sessile drop method, where one drop (3 pL)

of distilled water (as the polar liquid) or a-bromonaphthalene (as the non-polar liquid)
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was dripped over the surface of each specimen. The drop out size was 3.0 uL, drop
rate 2.0 uL/s, displacement rate 20.0 pL/s, and speed dispersion of liquids 50 mm/min.
The test was performed for 20 s, and the 8 measured at 10 s were recorded and used
to evaluate the SFE, following the Owens-Wendt-Rabel-Kaelble (OWRK) method with

OneAttension software (Biolin Scientific, Stockholm, Sweden) [24].

Microtensile bond strength (U-TBS)

The buccal surface of 80 bovine teeth (n = 20) were polished with an abrasive
paper for 30 s. The dentin surface of each tooth was etched for 15 s with a 37%
phosphoric acid gel (Acid Gel, Villevie, Joinville, SC, Brazil), rinsed and dried. Primer
(Scotchbond multi-purpose, 3M ESPE, St. Paul, MN, USA) was applied actively for 20
s, and the solvent was evaporated for the same time. The adhesive resins were applied
and photoactivated for 20 s. The restoration was performed (2350, 3M ESPE, St. Paul,
USA) in two increments of 2 mm, photoactivated for 20 s each, and stored in distilled
water at 37°C for 24 hours. The teeth were sectioned in four beams (area of 0.5 mm?
approximately) with a slow-speed saw and fixed in a metallic jig with cyanoacrylate
resin. u-TBS tests were performed at a crosshead speed of 1 mm/min using a universal
testing machine (EZ-SX Series, Shimadzu, Kyoto, Japan). To calculate the bond
strength in MPa, the maximum force required for restoration debonding was recorded
in Newtons and divided by the adhesive area. The failure pattern was analyzed with a
stereomicroscope (HMV 2, Shimadzu, Tokyo, Japan) at 10x magnification and
classified as adhesive, mixed or cohesive in dentin or composite resin. The values

obtained in the cohesive failures were removed from the statistical analysis.
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Antibacterial activity evaluation

A direct contact inhibition evaluation was performed against Streptococcus
mutans (NCTC 10449, INCQS 00446, Oswaldo Cruz Foundation, National Institute of
Health Quality Control, Rio de Janeiro, Brazil) using specimens of experimental
adhesive resins (n = 5) prepared as described in the softening in solvent section. The
specimens were attached to the lid of a test plate containing 48 wells and sterilized by
hydrogen peroxide plasma 58% for 48 min at 56°C. On a sterile plate with brain—heart
infusion (BHI) broth with agar, 300 pL of frozen S. mutans in skim milk were cultured
for 48 hours at 37°C, in a microaerophilic environment. The colonies on the plate were
transferred to 5 mL of BHI broth with 1 wt.% of sucrose and kept at 37°C for 24 hours,
in a microaerophilic environment. After this period, 100 uL of the suspension of the
overnight S. mutans broth culture was added to each well of a sterile 48-well plate with
900 uL of BHI broth with 1 wt.% of sucrose. The specimens placed on the sterile 48-
well plate were exposed to the culture broth of bacteria at 37°C for 24 hours in a
microaerophilic environment. To access the initial inoculum added to each well, 100
HL was removed from the initial 5 mL of BHI broth with S. mutans and sucrose at 1
wt.% and added to 900 pL of a sterile saline solution. This mixture was vortexed, diluted
until 108, plated in a BHI agar and kept at 37°C for 48 hours under a microaerophilic
environment. It was performed in triplicate. After 48 hours, the colonies were counted
and transformed to CFU/mL, indicating an inoculum at 2.5 x 108 CFU/mL. After 24
hours of contact between the specimens’ surfaces and the broth, they were removed
and vortexed for 1 min in 1 mL of a saline solution and diluted until 10 dilution. Two
25 pL drops of each dilution were plated on a BHI agar and incubated for 48 hours in

a microaerophilic environment. Before dilution and plating, the mixture in each
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Eppendorf tube was homogenized in a vortex for 5 s. The number of colonies was
visually counted, and the CFU/mL was calculated.

Antibacterial activity against planktonic bacteria was performed using the same
specimens and broth cited above. After the specimens had contact with the BHI broth
with sucrose at 1 wt.% and 2.5 x 10% CFU/mL of S. mutans for 24 hours, 100 yL was
removed from each well to collect the planktonic bacteria that was in contact with the
specimens’ surfaces. The 100 uL from each well was diluted in 900 yL of a saline
solution until 106. The plating and counting of the number of colonies were performed

as described above.

Statistical analysis

The normality of the data was evaluated using the Shapiro—Wilk test. Statistical
analysis were performed with one-way ANOVA and the Tukey post hoc test for DC,
UTS, KHN, AKHN%, 8, SFE, u-TBS and antibacterial activity. For comparison between
initial and final microhardness (KHN1 and KHN2), a paired Student’s t-test was used.

For all tests a significance level of 5% was considered.

Results

The DC and UTS values are presented in Table 1. The values of DC ranged from
51.09 (£ 1.53)% to 54.40 (3 .27)% with no statistical difference (p = 0.073). The UTS
values decrease with incorporation of copaiba oil (p = 0.009), where the experimental
groups presented less than 44.33 (+ 3.35) MPa. The KHN1, KHN2 and AKHN% of the
experimental adhesive resins are shown in Table 2. The groups with copaiba oil

presented a decrease of KHN1 (p < 0.001). After solvent immersion, all groups
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decreased in hardness (p < 0.001), with the control group showing less softening
(AKHN%, p < 0.001). Table 3 shows the 8 and SFE results. There was no statistically
significant difference in 8 with water (p = 0.859); the groups with 10 and 15 wt.%
presented lower 6 with a-bromonaphtalene (p < 0.001), which consequently increased
the SFE (p = 0.002). The pu-TBS and antibacterial activity are shown in Table 4. Data
of u-TBS ranged from 51.24 (+ 5.26) MPa to 54.95 (+ 5.83) MPa and showed no
statistically significant difference among groups (p = 0.182). The group with 15 wt.% of
copaiba oil decreased biofilm formation (p < 0.001) and planktonic bacteria viability (p
=0.004). The fractures presented in the control group were 11.25% cohesive in dentin,
37.5% adhesive, 45.0% mixed and 6.25% cohesive in resin. In the group containing 5
wt.% of copaiba oil, 5.0% were cohesive fractures in dentin, 56.25% adhesive, 31.25%
mixed and 7.5% cohesive resin. In the group containing 10 wt.% of oil, 10.0% were
cohesive fractures in dentin, 63.75% adhesive, 23.75% mixed and 2.5% cohesive
resin. In the group containing the highest concentration of copaiba oil, 8.7% of the
fractures were cohesive in dentin, 60.0% adhesive, 22.5% mixed and 8.75% cohesive

in resin.

Discussion

Phytotherapy is used for several health issues with reliable results. The wide
variety of plant species that present antimicrobial activity [8, 15] leads to a search for
an ideal species for application in the formulation of dental materials. Polymers with
antimicrobial activity could be an alternative therapeutic agent to decrease recurrent
caries lesions adjacent to dental restorations. The copaiba oil used, of the multijuga

species, has had the details of its composition described in a previous study,
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presenting a minimum inhibitory concentration against S. mutans of 6.25 ug/mL [11].
The adhesive resin containing 15 wt.% of copaiba oil formulated in this study presented
antimicrobial activity without influencing the DC, 6 with water and p-TBS.

The addition of an oil to photocured resins may affect the DC and its reduction
could lead to poor mechanical properties and reduced stability of the polymer [25]. The
addition of copaiba oil did not influence the DC (p = 0.073), where all groups showed
at least 51.09% of carbon-carbon double bond conversion. The complex composition
of the oil, which has 28 constituents identified [11], has B-caryophyllene (51.51%) and
copalic acid (7.88%) as its major components, as shown in Figure 1. Different
molecular structures may have influenced this result. Among these organic
components, there are molecules with no carbon double bond, therefore the
incorporation of a material with lower concentrations of polymerizable groups (lower
degree of functionality) reduces DC [26]. In contrast, the oil used probably did not
decrease the light transmission through the material compared with the inorganic filler
addition [27], in which the differences in the refractive index and opacity jeopardize the
DC [28]. Copaiba oil is colorless [9] and even with 15 wt.%, the DC was above 50%,
which is in accordance with commercial adhesives found in the literature [28].

Although there was no difference among the DC, the UTS (p = 0.009), KHN (p <
0.001) and AKHN% (p < 0.001) results showed a statistically significant difference,
indicating that the final structure of the polymers obtained in the different groups was
not the same [29]. In this study, the oil may act as a plasticizer, influencing the crosslink
density and pattern of formed polymer. When this plasticization effect occurs, the
unconverted monomers tend to leach, leading to a swelling of the material, decreasing

the frictional forces among chains [30]. This plasticizer effect on the polymer led to less
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hardness and greater softening, as result of the separation of the polymer chains by a
molecule that does not form primary chemical bonds with the chain [31].

The incorporation of a hydrophobic oil into the resin could increase the 8 and a
high 8 of an adhesive resin leads to poor wetting [24]. For the determination of SFE,
two dispersive liquids were used, with different polarities [32]. Regardless of the oil
concentration, the 6 with water did not change (p = 0.859); however, the incorporation
of 10 and 15 wt.% of copaiba oil decreased the 6 with the a-bromonaphtalene liquid (p
< 0.001). This apolar liquid has more dispersive forces than water [33], so a decrease
in © indicates that the incorporation of the oil produced a material with low polarity. In
this scenario the SFE consequently increases and higher values of SFE indicate
greater interaction between the solid and the liquid, promoting greater wettability [6].
The 10 and 15 wt.% groups had higher SFE (p = 0.002), so there probably was a higher
dipole—dipole interaction or even hydrogen bonds, which are stronger bonds. From this
result it may also be inferred that the softening occurred in the groups with oil, since
materials with low polarity are prone to be soluble in organic solvent [33].

The mechanical and physical properties evaluated in this study, which presented
alteration in the polymer structure and surface characteristics after the incorporation of
the oil, could directly influence the bond strength, mainly to the dentin substrate [27,
33]. The bond strength was immediately evaluated by the p-TBS test and no
differences were observed among groups (p = 0.182). An adhesive type of fracture
was the most prevalent in the groups with oil incorporation, while in the control group,
the most frequent fracture was mixed, as shown in Figure 2. These results could be
explained by the higher SFE presented in the test groups, where a better wetting of
the adhesive resin on the dentin may have occurred; however, its lower UTS favored

the type of failure presented. The increase of SFE and solvent softening is related to
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the inclusion of an oil to the polymer structure; however, it did not interfere in the
outcome of the bond strength.

The antibacterial activity of copaiba oil in nature against S. mutans is evidenced
in the literature [20]; however, when integrated with a polymeric structure its effect
could be reduced. In the present study, the adhesive resins containing copaiba oil were
tested in direct contact with a bacterial medium, with the purpose of evaluating biofilm
formation and cell viability of planktonic bacteria. The group containing 15 wt.%
presented lower film formation (p < 0.001) and cell viability of S. mutans (p = 0.004),
indicating that the components responsible for the antibacterial effect of the oil, even
trapped or copolymerized in the polymer network, acted on these microorganisms. The
activities of copaiba oil are possible thanks to the synergisms of its components [9]. B-
caryophyllene and copalic acid are the most cited molecules in the literature as the
main responsible for antibacterial activity [12, 34]. The mechanism involves destruction
of the cell wall with release of the cytoplasmic content [15]. This action was reported
when the bactericidal activity and reduction of biofilm formation with gram-positive
microorganisms were evaluated [20]. By scanning electron microscopy, it is observed
that the interaction of oil components with the cell membrane leads to destruction and
alteration of volume [18]. The wetting characteristics also evidenced in the results of
this study, with a decrease of the 6 with a-bromonaphtalene and increase of SFE, could
indicate the interaction between the oil and the components of the cell wall, leading to
its rupture [15]. Furthermore, the effect against planktonic bacteria may have occurred
by leaching of the oil in the group with the highest concentration.

The copaiba oil used in this study is a natural product of the Amazon region with
antibacterial activity and biocompatibility [9, 16, 21, 22]. In polymeric structures in

dental materials, its guaranteed antibacterial activity has never been tested in adhesive
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resin. One way to overcome some issues observed in this study may be via the
incorporation of oil carriers, such as nanotubules, microspheres or nanocapsules [35,
36], so as not to interfere with the mechanical-physical properties of the polymer,
maintaining its antimicrobial activity, as evidenced here. Therefore, a biotechnological
product using this phytotherapic may be a feasible alternative to the formulation of

polymer-based materials.

Conclusion

The incorporation of 15 wt.% of copaiba oil provided antibacterial activity when
added to an experimental adhesive resin without compromising DC and immediately
u-TBS, which may be promising for the use of natural products in the formulation of

dental adhesive systems.
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Figures

Figure 1. Scheme of major compounds of copaiba oil: B-caryophyllene (A) and copalic

acid (B).

Figure 2. Failure pattern analysis of immediate - SBS test of experimental adhesive

resins.
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Tables

Table 1. Mean and standard deviation values of degree of conversion (DC) after 20 s
of photoactivation and ultimate tensile strength (UTS) of the experimental adhesive

resins.

Groups DC (%) UTS (MPa)

Gow  54.40 (£3.27)A  49.73 (+ 4.90) A
Gsw  52.03(+0.25)A 44.01 (+ 6.86) B
Giow  52.26 (+0.90)A 43.23 (+ 3.83) B

Gise  51.09 (x1.53)A 44.33(x3.35)8
Different capital letters indicate statistically significant difference in the same column

(p <0.05).

p-value for DC = 0.073; p-value for UTS = 0.009.
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Table 2. Mean and standard deviation values of initial Knoop hardness number

(KHN1), final Knoop hardness number (KHN2) and Knoop hardness variation

(AKHN%) of the experimental adhesive resins.

Groups

KHN1

KHN2

AKHN (%)

Gow
Gs%
G1o%

Gis%

15.18 (+ 0.79)Aa
12.17 (+ 1.01) BCa
11.05 (+ 1.15) CPa

9.76 (+ 0.98) Pa

4.61 (+0.83)
2.56 (+ 0.48) "
1.91 (+ 0.74) P

1.58 (+ 0.34) "

69.76 (+ 4.06) B
79.05 (+ 3.07)A
83.11 (£ 5.16) A

83.88 (+ 2.72)A

Different capital letters indicate statistically significant difference in the same column

(p <0.05).

Different small letters indicate statistically significant difference in the same line (p <

0.05).

p-value for KHN1 < 0.001; p-value for KHN2-KHN1 < 0.001; p-value for AKHN < 0.001.
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Table 3. Mean and standard deviation values of contact angle (8) and surface free

energy (SFE) of experimental adhesive resins.

Contact angle

Groups SFE (mN/M)
Water a-bromonaphtalene
Gow 80.12 (+ 3.06) A 28.27 (+ 7.25)A 43.17 (£1.91) €
Gso% 81.41 (+ 6.94)A 23.27 (+ 3.56)~ 43.85 (+ 1.46) BC
Giow  79.67 (£ 6.32)A 12.84 (+ 3.63) B 46.41 (+ 2.00) A
Gisw  80.14 (+5.13)A 16.43 (+ 5.00) B 45.56 (+ 2.15) AB

Different capital letters indicate statistically significant difference in the same column
(p <0.05).
p-value for 8 with water = 0.859; p-value for 8 with a-bromonaphtalene < 0.001; p-

value for SFE = 0.002.
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Table 4. Mean and standard deviation values of immediate microtensile bond strength
(L-TBS) and direct contact inhibition assay against biofilm formation, planktonic
bacteria in CFU/mL after logarithmic transformation of experimental adhesive resins.

Different capital letters indicate statistically significant difference in the same column

(p < 0.05).
Groups u-TBS (MPa) fol?;lrgziirgn bacF‘:Iearri]all(t/?QlI)Cility
Gow 5270 (+ 6.88)A  6.08 (£0.11)A  7.00 ( 0.54) A
Gsw 54.95 (+5.83)A 592 (x045)A  7.10 (+0.10)A
Giow 51.24 (+5.26)A  570(£0.49)A  6.93 (+0.39)A
Gisw 54.66 (+ 7.35)A  4.89 (£0.16)B  6.16 (+0.41)®
Gregative - - 7.02 (+ 0.26) A

p-value for u-TBS = 0.182; p-value for biofilm formation <0.001; p-value for planktonic

bacteria viability = 0.004.
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4. CONSIDERACOES FINAIS

As técnicas e materiais adesivos estdo em constante aperfeicoamento
permitindo tratamentos restauradores com altas taxas de sucesso (ELTAHLAH et al.,
2018). Com o intuito de aumentar a longevidade das restauracfes diretas e indiretas,
0s estudos concentram-se no desenvolvimento e/ou identificacdo de novos
mondmeros, particulas de carga e sistema iniciador-ativador. Uma caracteristica
considerada ideal para as resinas adesivas, sendo ainda um desafio, € possuir
atividade antibacteriana (HUANG et al., 2016). E necessario identificar um material
gue nao interfira nas propriedades mecanicas, fisicas, quimicas e biolégicas da resina
e gue mesmo apos a polimerizacao o efeito antimicrobiano continue atuando.

No presente estudo, 6leo de copaiba (Copaifera multijuga) foi adicionado a uma
resina adesiva experimental contendo os monémeros Bis-GMA e HEMA. A proposta
de utilizar este fitoterapico como alternativa aos agentes tradicionais deve-se a vasta
literatura existente sobre os efeitos antimicrobianos deste 6leo, particularmente da
espécie multijuga frente a microrganismos cariogénicos. O primeiro estudo especifico
a relatar essa atividade foi em 1999, onde BANDEIRA et al. avaliaram a atividade
antimicrobiana do 6leo de copaiba associado ao hidroxido de célcio ou 6xido de zinco
frente a Streptococcus mutans e Pseudomonas aeruginosa. As propriedades
medicinais do 6leo de copaiba, especialmente no Brasil e regido Amazodnica, sao
datadas a época do descobrimento, no século XVI, pois os indios o utilizavam como
cicatrizante e anti-inflamatorio (VEIGA JUNIOR; PINTO, 2002). A identificacdo e
descricdo de seus componentes quimicos permitiu sua aplicacdo comercial na
industria farmacéutica, consolidando sua atuacdo como fitoterapico. A composicao

fitoquimica dos 6leos inclui mais de 60 sesquiterpenos e 30 acidos terpénicos, cujas
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concentracbes variam de acordo com a espécie, sazonalidade, além de fatores
bioldgicos externos (VEIGA JUNIOR; PINTO, 2002; CASCON; GILBERT, 2000). As
propriedades do 6leo ndo séo atribuidas a um Unico constituinte e sim ao sinergismo
entre as moléculas presentes nele (BARBOSA et al., 2013).

A primeira etapa deste estudo foi identificar um 6leo que apresentasse alta acao
antibacteriana frente a S. mutans, pois a literatura apresenta dados controversos com
relacdo a espécie, concentracdo bactericida e inibitéria minima. Foram avaliadas doze
amostras, de quatro espécies (C. multijuga, C. langsdorffii, C. guianensis e C.
reticulata), sendo 9 Oleos, 2 0Oleos essenciais e 1 residuo da destilagdo. Com a
determinacdo da CIM, a composicdo quimica dos 6leos com menores valores foi
determinada, cujo resultado foi compativel com estudos prévios de analise fitoquimica
das espécies multijjuga e reticulata (VEIGA JUNIOR et al., 2007). A amostra 8, por
apresentar, dentre as trés avaliadas a maior concentragao de B-cariofileno e acido
copalico, foi escolhida para formulacdo das resinas adesivas.

Nas condi¢es descritas neste trabalho, a incorporacéo do 6leo de copaiba nao
resultou em alteracéo no grau de conversao, angulo de contato com agua e resisténcia
de unido a microtracdo imediata. A resina adesiva contendo 15% de 6leo de copaiba
apresentou diminuicdo na formacao de biofilme e reducéo da viabilidade celular de S.
mutans. Portanto a incorporacao de um material de carater untuoso e hidr6fobo a uma
mistura monomérica foi possivel e mesmo apés a polimerizagdo apresentou atividade
antibacteriana.

A incorporagdo do Oleo influenciou as propriedades de resisténcia coesiva,
dureza e amolecimento do polimero obtido apds imerséo em solvente. Apesar do grau
de converséao néo ter sido alterado, a estrutura polimérica obtida nos diferentes grupos

nao foi a mesma. O 6leo atuou como um plastificante e influenciou a densidade das
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ligacdes cruzadas. Quanto maior a concentracao do 6leo, menor a dureza do material,
entretanto ndo houve diferenca no amolecimento entre 0s grupos experimentais. Os
componentes quimicos do 6leo, cujo principais sao o B-cariofileno e acido copalico,
podem ter favorecido a separacéo das cadeias por ndo terem participado das ligacoes
guimicas no processo de polimerizacdo. Nao ha na literatura dados sobre a utilizacdo
do Oleo em estruturas poliméricas, apenas em cimentos odontolégicos
(VASCONCELOS et al. 2008; GARRIDO et al., 2010), onde propriedades como tempo
de presa, viscosidade, espessura de pelicula, estabilidade dimensional, radiopacidade
e solubilidade n&o foram alteradas.

Uma resina adesiva ideal deve possuir, além de boas propriedades mecéanicas
e fisicas, uma alta capacidade de molhamento do substrato, favorecendo a formacao
de uma interface adesiva de qualidade (DAHL; STENHAGEN, 2018). O angulo de
contato entre um liquido e uma superficie € um dos métodos para verificar a
capacidade de um material molhar um substrato. Por meio deste ensaio, utilizando
agua e a-bromonaftaleno foi possivel determinar a energia de superficie (IMAI et al.,
2017). No presente estudo o angulo de contato com a-bromonaftaleno diminuiu nos
grupos contendo 10 e 15% de 6leo, 0 que consequentemente resultou num aumento
da energia de superficie. Esta carateristica de melhor molhamento dos grupos com
maior concentracdo de 6leo de copaiba repercutiu positivamente no ensaio de
resisténcia de unido a microtracdo. Por outro lado, esta propriedade poderia ter
prejudicado os resultados da atividade antimicrobiana, entretanto, tanto na avaliacéo
de biofilme quanto de células plancténicas o grupo com 15% de 6leo foi eficaz.
Quando ha um aumento da energia de superficie espera-se um acumulo maior de
biofilme, apesar desta relacdo ndo ser totalmente estabelecida (CHEN et al., 2013).

Todavia, os compostos quimicos do 6leo responsaveis pelo efeito antibacteriano
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foram capazes de agir sobre o biofilme e as bactérias plancténicas, permitindo assim
obter um polimero antimicrobiano. Portanto, a resina adesiva experimental obtida
apos incorporacdao de 15% de Oleo de copaiba apresentou grau de converséo e
resisténcia de unido a dentina semelhante ao grupo controle, apresentando atividade
antibacteriana frente S. mutans.

Como perspectiva, além do uso do 6leo de copaiba em resina adesiva como
proposto neste estudo, a forma de apresentacdo pode ser modificada e incorporada
em outros materiais poliméricos. Sistemas de liberacdo controladas de farmacos,
como o encapsulamento em uma membrana de polimero natural ou sintético pode
permitir o aumento da disponibilidade e estabilidade do 6leo (EL ASBAHANI et al.,
2015). Existem diversas particulas carreadoras, como tubos, esferas e capsulas, as
quais podem ser em escala micro e nanométrica. Além disto diferentes técnicas de
obtencdo de nanoemulsdes podem ser utilizadas (DIAS et al.; 2014; LUCCA et al.,
2015; LUCCA et al., 2018). ALENCAR et al. (2015) produziram um sistema de
emulsdo nano estruturada baseada no 6leo de copaiba (C. langsdorffii) que
apresentou atividade antimicrobiana frente a Staphylococcus, Pseudomonas e
Candida. BONAN et al., (2015) desenvolveram nanofibras contendo 6leo de copaiba
(Copaifera sp.) avaliando angulo de contato, perfil de liberacdo e atividade
antimicrobiana, com resultados positivos frente a Staphylococcus aureus. Portanto, o
desenvolvimento de particulas carreadoras contendo 6leo de copaiba que possam
integrar a estrutura polimérica poderdo ser adicionadas em diversos materiais
dentarios, inclusive em outros tipos de adesivos resinosos, como 0S
autocondicionantes.

Com base nos resultados apresentados neste estudo e considerando as

limitacbes do mesmo, o0 6leo de copaiba apresenta-se como alternativa viavel para
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adicdo como agente antimicrobiano em materiais dentarios de estrutura polimérica. O
trabalho apresentado € pioneiro em polimeros e um precursor para estudos que
podem utilizar outras apresentacdes do 6leo para formulacdo de adesivos, infiltrantes,

selantes e resinas compostas antimicrobianas.
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