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RESUMO

A utilizacdo de produtos naturais e fitoterapicos para cura de doencas € milel O
interesse no desenvolvimento desses produtos € muito significativo e isso ...i0 seria
diferente na odontologia. Quando se avalia a etiologia das principais doencas da cavidade
bucal, carie e doenca periodontal, pode-se fazer uma analogia de uma “batalha” frente a
um microbioma complexo e, por vezes, muito agressivo. Como sao doengas de origem
infecciosa a utilizacdo de mecanismos que impec¢am ou estabilizem o processo patoldgico
€ de suma importancia. A presente tese teve como objetivo principal, avaliar a utilizacédo
do Oleo de copaiba frente ao microbioma bucal. Nese sentido a tese se divide em 3
capitulos cientificos, sendo uma revisao de literatura, uma revisao sistematica e um ensaio
clinico randomizado. O primeiro capitulo de revisdo de literatura procurou demostrar o
potencial do 6leo de copaiba e suas aplica¢cdes na odontologia. O segundo capitulo, de
revisdo sistematica da literatura, elucidou a lacuna existente da acao do 6leo de copaiba
frente a patdgenos orais. Esta revisdo sistematica constatou que nenhum estudo clinico
havia sido realizado utilizando 6leo de copaiba frente as bactérias orais propostas no
estudo. Assim, resultados promissores mostraram que o mesmo poderia ser utilizado na
cavidade bucal, como forma de prevencéao e tratamento da carie e doenca periodontal. No
terceiro capitulo realizou-se um estudo clinico randomizado, avaliando o efeito imediato
de enxaguatério contendo 6leo de copaiba a 5% e 10%. Foram realizadas analises
microbioldgicas para caracterizacdo das comunidades microbianas presentes em saliva e
Andlise Intergénica de Espacadores Ribossomais (RISA) além da andlise da percepc¢éo
gustativa (Escala Hedbnica e gustativa). Os resultados mostraram que ndo houve uma
diminuicdo significativa na contagem total de bactérias ap6s a utilizacdo dos
enxaguatorios. Os resultados da analise de percepcao gustativa mostraram que sensacao
do sabor doce foi o resultado predominante. A partir dos resultados obtidos nos artigos
constituintes da presente tese e frente consideracdes realizadas, pode-se concluir que a
utilizacao do 6leo de copaiba frente a bactérias orais é comprovada nos estudos in vitro,
mas recomenda-se estudos clinicos capazes de confirmar sua efetividade in vivo.

Palavras-chave: Oleo de Copaiba, Fitoterapicos, Saliva, Revis&o Sistematica, Unidade
Formadora de Coldnia, Bactéria, Reacdo em Cadeia de Polimerase, Ecologia Microbiana,
Diversidade, Escala Hedonica.



ABSTRACT

The use of natural and herbal products for diseases cure is millenarian. The interest in the
development of this products is very significant and this would not be different in  :ntistry.
When evaluating the etiology of the main diseases of the oral cavity, caries and periodontal
disease, we can make an analogy of a "battle" against a complex and sometimes very
virulent microbiome. As diseases of infectious origin are the use of mechanisms that
prevent or stabilize the disease process is of paramount importance. The main objective
of this thesis was to evaluate the use of copaiba oil against the oral microbiome.In this
sense were produced 3 scientific articles, being a literature review, a systematic review
and a randomized clinical trial. The first chapter of literature review sought to demonstrate
the potential of copaiba oil and its applications in dentistry. The second chapter, a
systematic review of the literature, elucidated the existing gap in the action of copaiba oil
against oral pathogens. The systematic review found that no clinical study had been
conducted using copaiba oil against the bacteria proposed in the study. Even so, promising
results showed that could be used in the oral cavity as a form of prevention and treatment
of caries and periodontal disease. In the third chapter, a randomized clinical study was
executed, evaluating the immediate effect of 5% and 10% copaiba oil. Microbiological
analyzes were performed to characterize the microbial communities present in saliva and
Intergenic Ribosomal Spacer Analysis (RISA) in addition to the analysis of gustatory
perception (Hedonic and gustatory scale). The results showed that there was no significant
decrease in total bacterial counts after the use of mouthwashes. The results of the
gustatory perception analysis showed that sweet taste sensation was the predominant
result. From the results obtained in the articles of this thesis and the considerations made,
it can be concluded that the use of copaiba oil against oral bacteria is proven in vitro
studies, but clinical studies are recommended to confirm its effectiveness in vivo.

Key-words: Copaiba Oil, Herbal Medicine, Saliva, Systematic Review, Colony Forming
Unit, Bacteria, Polymerase Chain Reaction, Microbial Ecology, Diversity, Hedonic Scale.
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APRESENTACAO

Esta tese € parte dos requisitos para obtencao do grau de Doutora em Odontologia, com
area de concentracdo em Clinica Odontolégica/Periodontia pelo Programa de POs-
Graduacao em Odontologia da Universidade Federal do Rio Grande do Sul.

Os objetivos académicos desta tese vinculados a producéao intelectual incluem producéo
cientifica e técnica em revistas de circulagdo nacional e internacional. Trata-se de uma
tese composta por 3 artigos principais que tém por objetivo a apresentacdo de
possibilidades de utilizacdo do 6leo de copaiba pela Odontologia. Abaixo sdo citados os

trés artigos que compdem esta tese:

Capitulo 1: Rosing, C.K & Diefenbach, A.L. (2018). Fitoterapicos Brasileiros: H4 Espaco
Para Uso Na Odontologia? - O Exemplo do Oleo de Copaiba. International Journal of
Brasilian Dentistry, Florianépolis, v.14, n.2, p.108-110, abr-/jun. Esse artigo teve por
objetivo a divulgac&o do conhecimento obtido a partir das revisdes da literatura realizadas.
Foi publicado em periddico de divulgacdo nacional, com penetracdo na comunidade
Odontoldgica. Trata-se de um produto técnico procurando divulgar o conhecimento sobre

0 uso da copaiba na Odontologia.

Capitulo 2: Diefenbach, A.L., Muniz, F.W.M.G., Oballe, H.J.R., Résing, C.K.(2017)
Antimicrobial Activity of Copaiba Oil (Copaifera Ssp.) On Oral Pathogens: Systematic
Review. Phytotherapy Research: ;1-11. Esse artigo foi publicado em um periédico de
circulacao internacional e teve por objetivo preencher uma lacuna na literatura a respeito
dos efeitos do Oleo de copaiba sobre a microbiota bucal, através de uma revisdo

sistematica da literatura.

Capitulo 3: Diefenbach, A.L., Negrini, T.C., Montagner, F., Borges, A.G., Sarmento, N.,
Veiga Jr., V.F., Rosing, C.K. Efeito Imediato do Oleo De Copaiba (Copaifera Multijuga
Hayne) Usado Como Enxaguatério Frente o Microbioma Bucal — Ensaio Clinico
Randomizado. Esse artigo encontra-se em sua versao manuscrita final e ap6s a defesa
da tese sera submetido ao periédico Phytotherapy Research. Trata-se de um ensaio

clinico randomizado realizado em seres humanos, duplo-cego e controlado por placebo e
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tratamento padrdao, com o objetivo de avaliar o efeito imediato do bochecho com duas
solucdes de 6leo de copaiba sobre o microbioma bucal.

Ao final da tese, sdo realizadas consideracdes finais, com o objetivo de fazer uma reflexao
contextualizada das informacdes nela contidas.
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INTRODUCAO

A utilizacdo de fitoterapicos, que sdo medicamentos obtidos a partir de plantas
medicinais (Ministério da Saude, 2016), e suas propriedades farmacolédgicas esta cada vez
mais em voga, por conta de cepas resistentes a antibidticos (Roberts, 2002; Breyers &
Ratner 2004; Zaura et al.,2015). Sendo assim, o desenvolvimento cientifico a partir de
plantas, 6leos, extratos, tinturas esté cada vez mais consolidado, tendo em vista que o seu
uso associado ao tratamento preventivo poderia ajudar a reduzir e ou prevenir uma série

de doencas.

Os Oleos essenciais, como o 6leo de copaiba, sdo elementos volateis contidos em
muitos 6Orgdos vegetais e estdo relacionados com muitas funcbes necesséarias a
sobrevivéncia vegetal e possuem papel fundamental na defesa contra a acdo microbiana

nas plantas (Gayoso et al., 2004; Rigamonte Azevedo et al., 2004).

Dos microrganismos colonizadores do biofilme dental o Streptococcus mutans, um
dos agentes etiologicos da cérie dental, facilita a colonizacdo de outros microrganismos,
inclusive de anaerébios (Takahash & Nyvad 2011, Ito et al.,2012). Assim, o controle do
crescimento do S. mutans também leva a prevencdo das doencas periodontais. Desta
forma, substancias capazes de inibir sua colonizacdo estariam colaborando na
manutenc¢ao da saude bucal (Juiz et al., 2010). Estudos como o de Drumond et al., (2004),
Vasconcelos, et al., (2008), Valdevite (2007), Pieri et al.,(2012), Simbes et al., (2016)
mostraram, em estudos in vitro, atividade antibacteriana do 6leo copaiba frente a esse
microrganismo. A atividade do 6leo de copaiba, frente s bactérias orais, é atribuida devido
a sua composicao de terpenos e sesquiterpenos que danificam a integridade da parede

celular bacteriana (Santos et al., 2008; dos Santos et al.,2013)

A manutencdo da saude bucal se da, principalmente, através da remocéo
mecanica do biofilme (Oppermann et al.,2010). Porém, tém sido cada vez mais usual a
orientacdo para o uso de enxaguatoérios bucais apés a aplicacdo de métodos mecanicos
de controle do biofilme dentario. A utilizacdo do controle quimico dos diferentes biofilmes
presentes no ambiente bucal é plenamente justificavel face a facilidade de uso e sua

comprovada eficiéncia (Bernimoulin 2003; Teles & Teles, 2009; Zanatta et al., 2007).
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Desta forma, que quando se pensa em saude bucal o grande desafio € de manter a salde
dos tecidos periodontais e dentarios, porém a recoloniza¢do resulta de uma terapia
preventiva de manutencéo falha e pode acarretar em uma doenca recorrente (Arweiler et
al., 2018). Produtos naturais poderiam auxiliar no controle do crescimento do biofilme

dental supra e subgingival (Pedrazzi 2009; Juiz et al.,2010).

O uso de substancias antimicrobianas poderia tentar compensar a desmotivacao
para uma boa limpeza mecanica dos dentes (Cury, 1997). SolucGes colutérias a base de
clorexidina e 0leos essenciais possuem ampla documentacdo e resultados positivos
quanto a controle de biofilme e desfechos inflamatorios das gengivas (Van Leeuwen, Slot
e Van der Weijden, 2011; Stoeken, Paraskevas e Van der Weijden, 2007) O efeito da
clorexidina e a sua propriedade de substantividade torna-a o padrdo ouro em eficécia,
gquando comparado com outros antissépticos. A clorexidina €& antisséptica para
microrganismos gram-positivos e gram-negativos e para algumas leveduras (Axelsson,
1981; Saleem, Seers, Sabri, & Reynolds, 2016). Porém, efeitos adversos associados ao
uso da clorexidina, como: inativacdo na presenca de sulfatos e calcio (Van Grunsven &
Cardoso, 1995), manchamento extrinseco no esmalte dentario, hiperplasia de papilas
linguais e perda do sentido da gustacdo sao condicbes que restringem seu uso,
principalmente, no uso prolongado da substéancia (Ros-Llor & Lopez-Jornet, 2014).

Houve muitos avancos na terapia antimicrobiana, porém a resisténcia em relacao
aos patdgenos continua a representar um problema clinico sério e crescente. Esse
aumento da resisténcia leva a necessidade de novas pesquisas sobre agentes
antimicrobianos (Silveira et al.,2006; D’Costa et al.,2006; Sommer et al.,2009). Embora
estudos prévios da literatura descrevam a eficacia antimicrobiana do 6leo de copaiba
frente a bactérias orais, estudos, principalmente in vivo, devem ampliar e criar uma nova
perspectiva para o desenvolvimento de substancias fitoterapicas, que possam auxiliar na

prevencao e tratamento da doenca carie e periodontal.
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FITOTERAPICOS BRASILEIROS: HA ESPACO PARA USO NA
ODONTOLOGIA? - O EXEMPLO DO OLEO DE COPAIBA

Brazilian herbal medicinesz: is there space for their use in dentistry? — The example of copaiba oil

Cassiano Kuc
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RESUMO

O uso de colutdrios e de cutras medidas coadjuvantes
a0 contrale mecanico dos biofiimes dentanos faz parte da cul-
tura popular. Sabe-se gue o conhecimento de diferentes agru-
pamentos humanaos incorparou especialmente fitoterapicos ao
arsenal preventvo-terapéutico. para diferentes doengas., No
que se refere & odontologia, o uso da malva foi por muito tem-
po parte da rotina como agente anti-inflamatorio. Mais contem-
porangamente, as descobertas sobre os efeitos da camamila
no dmbita do processo inflamatério tém a colocado como tma
alternativa especialmente em lestes inflamatdrias de tecidos
moles. O oleo da copaiba lem sido ‘estudado mais recente-
mente, e suas aplicagdes na odontologia ampliaram-se, & um
dleo essencial retiradgo de arvores nativas /da regido frogecal
da América Latina & também da Africa Ocidental que aprasen-
ta progriedades interessantes para a sadde bucal. Apresenta
efeito antibacteriana, o que permité gue seja sugerido como
coadjuvante aos recursos mecanicos de higiene bucal. O ob-
jetivo desta coluna & apresentar parte das evidéncias que su-
portam a possibiidade de utilizagao do dleo de copaiba na
odontolagia.
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ABSTRACT

The use of rinsing solutions as well as other adjuvant
measurements for mechanical control of dental biofilms is
part of folk culture. It is known that knowledge from different
human groups incorporated especially herbal medicines to the
preventive-therapeutic armamentanum for different diseases, In
Dentistry, the use of mauve was, for ages, part of the routine due
to s anti-nflammatory effects. Contemporarily, the discoveries
about tha effects of chamomile on inflammatory process has
posed |t as an alternative especially in inflammatory lesions of
soft tissues. Copaiba oil has baen studied more recently and its

lapplications m Dentisiry increased. It is an essential il extracted

from natwe treas from tropical regions of Latin America and West
Alfrica that present interesting properties related to oral heatth. It
has antibacterial'effect, that allows lor its use as an adjuvant 1o
machanical oral hygiene proceduraes. The aim of this text is o
present pan of the scentific evidence supporting the possibility
of using copaiba oil in Dentistry.



Fitoterapicos s&o medicamentos obtidos a partir de
plantas medicinais empregandc-se exclusivamente drogas de-
rivadas de vegetal (extrato, tintura, &leo, cera, exsudato. suco e
outros).' O Brasil € um pais privilegiado em relagac ao emprego
da fitoterapia, pois possui 25% da fiora mundial @ um patrimdnio
genético de grande potencial para © desenvolvimento de novos
medicamentos, 0 que corresponde a mais de cem mil espécies,
das quais menos de 1% tiveram suas propriedades avaliadas
cientificamente para determinar uma possivel agao medicinal *

Ha uma grande biodiversidade de plantas medicinais
utilizadas de maneira empinca, porém com indicagées consoli-
dadas por séculos de interagao cultural ® Através do desenvolvi-
mento cientifico e tecnologico das pesquisas, essas indicagbes
wem sendo evidenciadas, na fentativa de abrir novos horizontes
terapéuticos e possibilitar seu uso didrio na pratica ambulato-
rial * Mais de 60% dos agentes anticarcinogénicos e anti-infec-
ciosos aprovados pela Food and Drug Administration (FDA), nos
Estados Unidos, sao de origem natural * Existem relatos do uso
de substancias naturais na cdontologia, entretanta em namero
limitado, principalmente no que diz respeito & agao clinica des-
sas substancias sobre a microbiota da cavidade oral.

QO Brasil reconheceu a importancia dos fitoterapicos e
decidiu incluir seu uso no Sistema Unico de Sadde (SUS), per-
mitindo que diversos profissionais pudessem prescrever tanto
fitoterdpicos quanto plantas medicinais como parte do trata-
manta de um paciente. A im de padronizar a utilizacdo, varios
fitoterapicos foram incluidos na Relacdo Nacional de Medica-
mentas, um avango significative do pais em politicas pdblicas,
colocando o Brasil & frente de diversos paises do mundo no uso
de plantas medicinais reconhecidamente eficazes em suas in-
dicagdes clinicas. Além disso, o Brasil estabeleceu uma politica
nacional que inclul, em seu escopa de atividades, o estimulo A
pesquisa, inclusive com fontes de financiamento préprias.’

No caso espacifico da odontologia. dois exemplos sao
dignes de nota. Historicamente, a malva tem sido utilizada apés
procedimentos edontoldgicos e até mesmo, de forma empirica.
para tratamentos ® Mais modemamente, estudes 1&m colecado
a camomila como um importante agente no tratamento e le-
sbes de tecidos moles.” Esse potencial dos fitoterdpicos deve
estar no olhar da profissao para que possa usufruir de seus be-
neficios.

Nesta coluna damos destaque a copaiba. A copalba é
uma planta medicinal muito importante entre os povos da Ama-
zonia por produzir um oleo-resina que € produto do metabo-
lismo secundario do organismo vegetal. Os dleos essenciais
compdem-se de elementos volateis contidos em muitos érgaos
vegetais. estac relacionados com mwitas fungdes necessarias
& sobrevivéncia vegetal e possuem papel fundamental na de-
fesa confra & agao microbiana nas plantas. Tem sido estabe-
lecido cientificamente que cerca de 60% dos dleos essenciais
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tém propriedadas antifingicas e que 35% axibam propriedades
antibacterianas.®

Na Amazdnia, o dlec de copalba & muito utilizado por
suas propriecades anti-inflamaténas, anticacterianas e cica-
trizantes. Além disso, outras agdes etnofarmacolégicas desse
dlec tém sido relatadas na leratura, como antiblencrragico,
antigonorreico, antisséptico, no tratamento da sifilis e cistite
{aparelho urinario), antiasmatico, expectorante, no tratamento
da bronquite e de inflamacdes de garganta, pneumonia e sinu-
site (vias respiratorias), no tratamento da pele e mucosas como
eczemas, psoriase e ferimentos, além de antitetanico, antitumo-
ral (préstata) e no tratamenio da leishmaniose e de dores de
cabeqa."'

A copaiba pertence ao género Copaifera L., e ha 28 es-
pécies catalogadas nas regides tropicais da América do Sul,
das quais 16 sao endémicas do Brasil, tende sua maior distri-
buigdo na terra firme da Amazdnia."

Entre as espécies de copaifera mais abundantes desta-
cam-se: C. officinalis (norte do Amazonas, Roraima, Coldmbia,
Venazuela e El Salvador), C. guianensis Desf. {(Guianas), C. re-
ticwiata Ducke, C. multiuga Hayne (Amazbnia), C. confertifiora
Bth (Piaui), C. langsdorfi Desi. (Brasil, Argentina e Paraguai), C.
coracea Marl (Bahia) e C. cearensis Huber ex Ducke (Ceard).
As espécies desse género podem produzir dleo-resina em gran-
des quantidades. "

Estudos fitoquimecos mastraram que o olea de C. multi-
Juga possul em sua compasiGao acidos graxes (acido paimitico,
acido oleico, &cido linclkeico, dcido araquidico e acido bednico)
e também & composlo assencialmente de misturas de sasqui-
terpenos e diterpanos. O acido copdlico, os sasquilerpenos
p-cariofilanc e 0 e-copaeno SA0 05 principais componentes,
sendo o dcido copabico o componente mais comum, considara-
do um biomarcador para sua autenticidade.'*

Varios dos compostos [ isolados ou datecladoes nos Gle-
os de copalba tiveram propriedades farmacoldgicas descrtas
na lteratura. Entre os sesquiterpencs, algumas propriedades.,
como antidicera,’* antiviral e antirrinavirus,'® sao descritas para
0 ar-curcumeno e o B-bisabolenc, este Ultimo também descrito
como abortive.'” O B-elemeno é descrito como anticancer (Cér-
vico), e canofileno e dcadineno como anticarcinogénicos, sendo
este ditimo também bactericida (CMI 800 ug/mi).'®

O dleo-resina de Copaiba multijuga apresenta em sua
COMPosiGao varios sesquiterpenos, principalmente p-cariofileno,
a-humuleno, cedreno, cadineno e bisaboleno.™ Estudos de-
monstraram atividade antibacterana do dlec-resina de Copaife-
ra muitjuga Hayne ante Strepfococcus mutans e Streplococcus
sanguis.>#

Nesse sentido, publicamos uma revisao sistematica da
literatura™ sobre a utifizagdo do dlec de copalba como agente
antimicrobiano contra bactérias bucais. Os resultados mostra-
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ram, em sua maioria, um bom efeito antibacteriano, entretanto
inferior & clorexidina. Isso colocaria a copaiba comao um agente
adicional a ser usado em colutérios cu até mesmo dentifricios
para compensar as dificuldades reconhecidas no coentrole me-
canico dos biofilimes.

Deve-se salientar que © uso de plantas medicinais e seus
constituintes pode gerar efetos adversos, caractenzando, as-
sim, um problema sério de salde. ' Esses efeitos e as possivels
adulteracdes nos produtos e sua toxicidade, bem como a agao
sinérgica com outras drogas, ocorrem comumente. J& com re-
lagac & copaiba, estudo recente demonstrou gue a utilizagao
oleo-resina de Copaifera multijuga por via oral possui baixissima
toxicidade aguda em ratos Wistar, Durante essa pesquisa nao
foram observados sinais externos de toxicidade, como pilcere-
cao, alteracao de comportamento, da atividade locomotora &
morte durante o experimento. Houve apenas alteragdes pontu-
ais em alguns indicadores hematoligicos e bioquimicos, © que.
de forma geral, nao lrlterfew na morfqlog:a mMacro & microsco-
pica dos tecidos. ™ ==

Nesse sentido, entende-se que 0 Olea de copaiba tem
grande potencial como fitoterpico. Ressalta-se que existe uma
crescente demanda por produtos de origem natural que tragam
beneficios. Asssm a copanba coloca-se como um potencial can-
didato a ocupar espacos nesse nicho, tendo em vista suas pro- -
priedades biclégicas @ sua seguranga. '
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Copaifera ssp. produces an oil-resin that presents antiinflammatory, antitumor, antiseptic, germi-
cidal, antifungal, and antibacterial activity. This systematic review aimed to analyze the antimicro-
bial action of Copaiba oil against oral pathogens, when compared to that of control substances. A
search on Medline/PubMed, LILACS, SAELO, EMBASE, and 5COPUS databases were performed
up to March 2017. To be included, the studies needed to perform any antimicrobial activity essay,
using copaiba oill and a control substance. The antimicrobial effect of each substance, in each
study, was extracted. Eleven studies were included, and several copaiba species were used. All
studies showed that copaiba oil, regardless of its species, presented a bactericidal and/or bacte-
riostatic effect in in vitro analyzes. Only one study showed that the antimicrobial effect of the
Copaifera officinalis was similar to the one found in chlorhexidine. A higher risk of bias was
detected in most of the included studies. The studies demonstrated that the antimicrobial activity
of copaiba oil, in most cases, is lower than chlorhexidine, which is considered the gold standard.
However, there is great potential against oral bacteria. Further high quality studies are warranted

KEYWORDS

1 | INTRODUCTION

The most prevalent oral diseases—caries and periodontal disease—
have bacterial plague (dental biofilm) as their primary cause. Caries is
characterized by the loss of mineral from the dental surface due to
the acids produced by oral bacteria when they come into contact with
fermentable carbohydrates (Makinen & Philosophy, 1972). Periodontal
disease is characterized by local infection and inflammation in tooth-
bearing tissues (Chapple, 2009). Both caries and periodontal disease
can lead to tooth loss. Thus, dental biofilm plays a fundamental role
in the pathogenic process of oral diseases (Chenicheri, R,
Ramachandran, Thomas, & Wood, 2017, Wolff, Frese, Maier-Kraus,
Krueger, & Wolff, 2013). This way. the prevention and treatment of
caries and periodontal disease benefit from antimicrobial strategies
|Mazar Majeed, Philip, Alabsi, Pushparajan, & Swaminathan, 2014; Ser-
rano, Escribano, Roldin, Martin, & Herrera, 2015; Wang et al, 2017).

Several treatments are proposed to treat both caries and peri-
odontal disease (Bjerndal et al, 2010; Claffey, Polyzois, & Ziaka,
2004; Cobb, 2002; Graziani, Karapetsa, Alonso, & Herrera, 2017,

in order to assess the efficacy of copaiba oil on oral pathogens.

copaiba balsam, microbiology, oral cavity, phototherapy

Simghal, Acharya, & Thakur, 2016). However, the search for new ther-
apies, especially those that used natural products with large efficacy
and low cost, are warranted.

Essential oils are constituted by volatile and resinous elements
that are present in many plant organs and are related to many
functions specific to plant survival and play a fundamental role in the
defense against microbial action (lslam et al, 2014; Siqui, Sampaio,
Sousa, Henrigues, & Ramos, 2000). About 40% of the oil-resin has
antifungal properties and 35% exhibits antibacterial properties
(Bakkali, Averbeck, Averbeck, & Idaomar, 2008).

The antimicrobial properties of oil-resin, such as copaiba oil, are
due to their lipophilic properties (Bakkali et al., 2008). The hydropho-
bicity of the oil-resin allows an interaction between the oil and the
lipids of the cell membrane, interfering in its permeability and causing
changes in its structure [Costa et al, 2011). Diseases such as ofitis,
pharyngitis, and skin wounds have been treated empirically for
millennia using this herbal component, mainly by the inhabitants of
the Amazon Region (Souza-Jinior, Damous, & Lamardo, 2000; Veiga
Junior, Zunino, Calixto, Patitucci, & Pinto, 2001). Studies have shown
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that copaiba oil has potential against several bacteria (Pacheco, Barata,
& Duarte, 2006; Santos et al, 2008a; Ziech et al.. 2013).

The growing demand for new bioactive compounds is based on
the knowledge that some medicinal plants often have antimicrobial
activity (Cirmi, Bisignano, Mandalari, & Mavarra, 2016; Ghuman et al,
2014; Palombo, 2011; Sharifi-Rad et al, 2017; Smith-Hall, Larsen, &
Pouliot, 2012). Therefore, experimental studies are essential to con-
firm the possible antibiotic properties of a large number of these plants
and their derivatives.

The copaiba oil-resin is obtained from the trunk of several
Copaifera species. These trees are native to the tropical regions of
Latin American and Western Africa. In Brazil, there is more the twenty
species of Copaifera, and the most abundant are C. officinalis L.
C. guignensis Desf, C. reticulata Ducke, C. multiluga Hayne,
C. confertiflora Bth., C. langsdorffii Desf.. C. coriacea Mart., and
C. cearensis Huber ex Ducke (Rigamonte-Azevedo, Wadt, & Wadt,
2004). The oil-resin of copaiba is composed of a solid part, a nonvola-
tile resinous, and diterpene acids (Cascon & Gilbert, 2000; Rigamonte-
Azevedo et al, 2004). The pure oil compaosition is composed by diter-
penes and sesquiterpenes. Their concentrations may vary substan-
tially, according to species wvariations and other biclogical factors,
such as presence of fungi and insects (Cascon & Gilbert, 2000; Veiga
Jinior, Pinto, & Maciel, 2005).

In Brazil, several phytotherapic products are used with no scientific
evidence of their efficacy. On the other hand, copaiba oil-resin is a veg-
etal exudate composed of resin acids in diterpenes and sesquiterpenes
with some interesting biological properties, such as antiinflammatory,
antimicrobial, antitumor, antileishmanial, increased wound healing,
and antiseptic (da Silva, Geris, Rodrigues Filho, Rocha, & da Silva,
2007; Leandro et al, 2012; Paiva, Gurgel, Campos, Silveira, & Rao,
2004; Pieri, Mussi, Fiorini, & Schneedorf, 2010; Santos et al, 2008b;
Veiga Junior, Rosas, Carvalho, Henrigues, & Pinto, 2007). Copaiba ol
is an oil-resin, as it is an exudate composed of resinous acid and volatile
compounds. In the literature, copaiba oil is also wrongly called as
balsam, as it contains no derivatives of benzoic or cinnamic acid (Veiga
Janior, Patitucci, & Pinto, 1997 Veiga Junior & Pinto, 2002).

To date, there have been no systematic reviews of the literature
focusing on the action of copaiba oil in relation to oral pathogens.
The objective of the present systematic review was to analyze whether
Copaiba oil (Copaifera ssp.) is capable of leading to a bactericidal or
bacteriostatic action against oral microorganisms, in comparison to
other antimicrobial agents or control sclutions, generating a new
possibility of prevention/treatment of caries and periodontal diseases.

2 | MATERIAL AND METHODS

2.1 | Focused question

This systemnatic review followed the PRISMA-P 2015 checklist
(Moher et al, 2015). The present study is based on the following
guestion: "Is there a real antimicrobial action in the use of copaiba
ol against oral pathogens when compared to other chemical agents,
herbal medicines or placebo? In this way, PICO question involved
the following aspects:

» Problem: oral microbiota bacteria;
= Intervention: copaiba action;

» Comparison: other solutions (phytotherapics, chlorhexidine and/
or chlorampheniceol) and placebo solutions;

» Outcome: Any analysis of antimicrobial action for the following
bacteria:
o Porphyromaonas gingivalis
o Aggregatibacter actinomycetemcomitans
o Tannarella forsythia
o Fusobacterium nucleatum
o Treponema denticola
o Streptococcus mutans
o Streptococus sobrinus
o Streptococcus sanguinis

2.2 | Search strategy and selection of studies

All articles were selected from the following electronic databases:
Medline/PubMed, LILACS, SciELO, EMBASE, and SCOPUS. Sensitivity
analysis strategies were developed for each database using a combina-
tion of free terms and MeSH terms/terms specific to each database.

Studies that performed in vitro microbiological analysis that used
saliva or biofilm collection from humans were selected. In addition,
microbiological culture assays were also considered. The exclusion
criteria were review articles, case reports, letters to the editor,
observational studies, and animal studies.

Two investigators independently performed (ALD and FWMGM)
the studies selection according to the aforementioned criteria. Regard-
ing study selection, the kappa coefficient between the two researchers
was 0.98. A third reviewer was involved in this process only in case of
discrepancy (CKR).

The following search strategy was performed on PubMed-
MEDLIMNE database:

#1 - copaiba oleoresin [MeSH Terms] OR *Plant Extracts” [Text
Word] OR copaiba [Text word] OR Copaifera [Mesh Term] OR
“copaiba oil” [Text Waord] OR Copaifera [Text Word)

#2 - Bacteria[MeshTerms] OR Bacteria[Text Waord] OR Streptococcus
mutans [Text word] OR Porphyromonas gingivalis[Text word] OR
Aggregatibacter actinomycetemcomitans| Text Word] OR Tannerella
forsythia[Text word] OR Fusobacterium nucleaturn[Text Word] OR
Treponema denticola[Text Word] OR streptococcus sobrinus[Text
word] OR Streptococcus  sanguis[Text word] OR “Oral
pathogens”[Text word] OR "oral microorganisms®[Text word] OR
antimicrobial[Text word] OR antibacterial[ Text word) OR *minimal
inhibitary concentration| Text Word] OR MIC[Text word)]

#3 - dental plague[Mesh Term] OR Saliva|Mesh Term] OR saliva[Text
word] OR biofilms[Mesh Term] OR biofilms[Text Weord] OR oral
cavity[Mesh Term] OR “oral cavity"[Text word] OR “dental
biofilm*[Text Word] OR periodontal diseases[MeSH Terms] OR
“periodontal  disease®[Title/Abstract] OR  periodontitis[Title/
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Abstract] OR Dental Caries[Mesh Terms] OR “Dental Caries"[Text
Word] OR ATCC[Text Word] OR Type Culture Collection[Text
word] OR "bacterial strain”[Text Word]

#4 - #1 AND #2 AND #3

In other databases, an adaptation of this search strategy was used.
The search was carried out in March 2017. The lists of references of
related review articles and all included studies were checked for eligi-
bility. No restriction about the language or date of publication was
applied. Additionally, a hand search was performed in the following
Journals: Revista Brasileira de Plantas Medicinais and Revista Brasileira

de Farmacognosia.

2.3 | Data extraction

The data extraction for the present study was done in an Excel
spreadsheet developed specifically for this systematic review.
Two researchers performed this process independently (ALD and
HJRQ). A third reviewer was involved only in case of discrepancy
(CKR).

The primary outcome was the antimicrobial activity of copaiba oil.
The other outcomes, such as antiinflammatory action, were considered
as secondary outcomes. In addition, other information was extracted
as follows: author's name, year of publication, and country of origin
of the study, which Copaifera oil was used, which oral pathogens were
evaluated for antimicrobial action, which control group and which type

of substance was used and additional observations.

2.4 | Analysis of risk of bias

The risk of bias of included studies was assessed independently by two
researchers (ALD and FWMGM), following the criteria proposed by the
Joanne Briggs Institute (Joanna Briggs Institute, 2014). A third
reviewer was involved in this case in case of discrepancy (CKR). The
scale has 10 questions, two of which were not considered for the pres-
ent study, because they do not agree with bias analyzes for in vitro

studies. Therefore, the following questions were evaluated:

Was the assignment to treatment groups truly random?
Was allocation to treatment groups concealed from the
allocator?

Were those assessing the outcomes blind to the
treatment allocation?

Were control and treatment groups comparable at entry?
Were groups treated identically other than for the named
interventions?

Were outcomes measured in the same way for all groups?
Were outcomes measured in a reliable way?

Was appropriate statistical analysis used?

Each question was answered and when enough information was
available, a “Yes" answer was given, which is equivalent to a low risk
of bias. In case of non-existent information, the “No” answer was given
for this criterion, the equivalent of high risk of bias. The “not clear”
response was attributed when high or low risk of bias could not be

classified.

2.5 | Dealing with missing data

Authors were contacted, by electronic mail or telephone, when missing

data were essential for developing the review.

2.6 | Search for heterogeneity

Heterogeneity was ascertained by the types of copaiba oil, interven-
tions, and outcomes used in each study. In this way, a meta-analysis
could not be performed, because the studies showed high heterogene-
ity, making it impossible to make similar comparisons for measuring the

outcomes.

3 | RESULTS AND DISCUSSION

Four thousand five hundred and thirty-five titles/abstracts were
retrieved from the search strategy, of which 2,474 were excluded for
being duplicated. Based on the previously described criteria, 84 full
titles were evaluated, of which 11 were selected (Bardaji et al., 2016;
Bari et al., 2016; Conde et al., 2015; da Silva Moraes et al., 2016; Dias
et al, 2015; Pieri et al., 2010; Pieri, Mussi, Fiorini, Moreira, &
Schneedorf, 2012; Simées et al, 2016; Souza et al., 2011; Souza
et al., 2011; Vasconcelos, Veiga Junior, Rocha, & Bandeira, 2008).
The reasons for the exclusion are expressed in Figure 1. The main
characteristics of the selected studies and the main results are
presented in Table 1.

Different species of copaiba were used, as follows: Copaifera retic-
ulate (Bardaiji et al., 2016), C. multijuga (Bari et al., 2016; Conde et al.,
2015; Simdes et al., 2016; Vasconcelos et al., 2008), C. langsdorffii (Dias
et al, 2015; Souza et al., 2011; Souza et al., 2011), C. oblongifolia (da
Silva Moraes et al., 2016), C. officinalis (Pieri et al., 2010; Pieri et al.,
2012). The studies were essentially in vitro, and the main test was min-
imum inhibitory concentration (Bardaji et al., 2016; Bari et al., 2016; da
Silva Moraes et al., 2016; Dias et al., 2015; Pieri et al., 2012; Souza
et al, 2011; Souza et al., 2011), followed by colony-forming units (Pieri
et al., 2010; Simaes et al., 2016; Vasconcelos et al., 2008). Minimum
bactericidal concentration (da Silva Moraes et al., 2016), and minor
inhibitory concentration of adhesion (Conde et al., 2015) were less
used methodologies. All studies, except one (Vasconcelos et al.,
2008), used chlorhexidine as a positive control group.

Copaiba oil, regardless of its genus, presented results of bacteri-
cidal and/or bacteriostatic effect. The most studied microorganisms
against copaiba in this systematic review were Streptococcus mutans
(Bardaji et al., 2016; Bari et al,, 2016; Conde et al., 2015; da Silva
Moraes et al., 2016; Dias et al., 2015; Pieri et al., 2010; Pieri et al.,
2012; Simdes et al., 2016; Souza et al., 2011; Vasconcelos et al.,
2008) followed by Streptococcus sanguinis (Bardaji et al., 2016; da Silva
Moraes et al., 2016; Simdes et al, 2016; Souza et al, 2011;
Vasconcelos et al., 2008), Streptococcus sobrinus (Bardaji et al., 2016;
Conde et al,, 2015; da Silva Moraes et al., 2016; Souza et al., 2011),
Fusobacterium nucleatum (Bardaji et al., 2016; Souza et al, 2011),
Porphyromonas gingivalis (Bardaji et al., 2016; da Silva Moraes et al.,
2016; Dias et al, 2015; Souza et al., 2011), and Aggregatibacter
actinomycetemcomitans (da Silva Moraes et al, 2016; Dias et al.,

2015). Only one study demonstrated that copaiba oil presented
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FIGURE 1 Flowchart of the included studies

antimicrobial effect similar or superior to the positive control used
(Pieri et al., 2010). It was verified that the results of copaiba oil are
superior to the negative control groups in terms of antimicrobial action
in all studies. To most of the included studies, no statistical analysis
was performed comparing copaiba and control groups (Conde et al.,
2015; da Silva Moraes et al., 2016; Pieri et al., 2012; Souza et al.,
2011; Souza et al., 2011; Vasconcelos et al., 2008).

The risk of bias in the studies was assessed according to the
criteria described by the Joanna Briggs Institute. Figure 2 shows the
risk of bias found in the studies included in this review. It was observed
in this analysis that all studies presented an unclear risk of bias for ran-
domization, allocation concealment, and blinding of the evaluators.
Hence, appropriate statistical analysis was performed only in five of
the 11 featured items (Bardaji et al., 2016; Bari et al, 2016; Dias
et al, 2015; Pieri et al., 2010: Simbes et al.,, 2016). In addition, in two
other articles, the statistical analysis is not clear (Souza et al., 2011;
Souza et al, 2011). The other characteristics of the studies, which
include the groups' comparability at baseline, identical treatments,
and outcome measures carried out in a comparable and reliable man-
ner showed no risk of bias in all studies.

In the present systematic review, generally, it was showed that
copaiba presents antimicrobial activity against Gram-positive and
Gram-negative oral cavity pathogens, which gives it promising possibil-
ities for various formulations in oral care. Diterpenes are an important
class of plant metabolites for the search of new antibacterial agents,
which is present in the copaiba oils. However, the main mechanism
responsible for this property has not yet been very well elucidated in
the literature (Urzda, Rezende, Mascayano, & Vasquez, 2008). It has
been suggested that diterpenoids derive their activity from their ability

B < used = 39

Inappropriate
experimental design = 3
Inappropriate control
group=1

* Review=1

to overpass or damage bacterial cell membranes (Matsingou et al.,
2005).

In one of the included studies, C. reticulata antibacterial action was
attributed to the presence of diterpenes, such as ent-copalic acid, ent-
agathic-15-methyl ester, and ent-polyalthic acid (Bardaji et al., 2016).
Moreover, other studies evaluated diterpenes and terpenoides from
C. langsdorffii and concluded that copalic acid did not demonstrate
higher antimicrobial activity in comparison to chlorhexidine (Souza
et al,, 2011; Souza et al, 2011). On the other hand, these chemical
products showed bactericidal and bacteriostatic actions, which make
it an important metabolite in the search for an effective antimicrobial
agent. Most of the copaiba species showed a lower antibacterial activ-
ity when compared to chlorhexidine (Bardaji et al., 2016; Conde et al.,
2015; da Silva Moraes et al., 2016; Dias et al., 2015; Pieri et al., 2012;
Siméoes et al., 2016).

C. officinalis was the only copaiba species to demonstrate higher
antimicrobial activity when compared to chlorhexidine, showing a sig-
nificantly higher inhibition halo (Pieri et al., 2010). Several studies
reported other important effect of the C. officinalis, including antimi-
crobial effect on non-oral bacterial species (Santos et al, 2008a),
gastroprotective effect on induced gastric ulcers (Arroyo et al., 2009),
and antiinflammatory effect on gynecological inflammation (Francisco,
2005). On the other hand, in another study, using the same copaiba
species, demonstrated that MIC of copaiba was higher in comparison
to chlorhexidine MIC (Pieri et al., 2012). Therefore, it may be hypoth-
esized that copaiba species rather than the components may be the
main responsible for the higher antimicrobial activity. Moreover,
different antimicrobial tests must be used to assess properly copaiba

oil efficacy.
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TABLE 1 Main characteristic and main results of the included studies
Author/ Significant difference
year/ Copaiba Bacterial species evaluated and main between copaiba and
country used Control group results for copaiba and control groups control? (p-value)
Bardaji et al, Copaifera reticulata Chlorhexidine?% Streptococcus mutans ATCC—  Streptococcus sanguinis ? (to all analyses)
2016 BR MIC/MBC/MICB/time kill: clinical isolated—MIC/
50 pg/ml (copaiba) and MBC: 25 pg/ml (copaiba)
0.922 pg/ml (control). and 7.375 pg/ml (control).
Streptococcus mutans ATCC—  Parphyromonas gingivalis
TCDC: 50 pg/ml (copaiba) ATCC—time kill: 12.5 pg/ml
and 29.5 pg/ml (control). (copaiba) and 3.688 mg /ml
(control).
Streptococcus sobrinus ATCC  Fusobacterium nucleatum ATCC—
~MIC/MBC: 50 pg/ml time kill: 50 pg/ml
(copaiba) and 1.844 pg/ml (copaiba) and 3.688 mg /ml
(control). (control).
Streptococcus sanguinis ATCC
—MIC/MBC: 50 pg/ml
(copaiba) and 1.844 pg/ml
(control).
Bari et al., Copaifera multijuga Chlorhexidine 2% Streptococcus mutans ATCC—  Streptococcus mutans ATCC— ? (to all analyses)
2016 BR Hayne MIC: 125 pg/ml (for 10% MBC: 175 pg/ml (for 10%
and 30% copaiba) and ? copaiba), 125 pg/ml (for 30%
(control). copaiba) and? (control).
(emulsions at 10% The control group presented
or 30%) bactericidal activity.
da Silva Copaifera Chlorhexidine from  Streptococcus mutans ATCC—  Porphyromonas gingivalis ? (to all analyses)
Moraes oblongifolia 0.115 to 59 pg/ml MIC:100 pg/ml (copaiba) ATCC—MIC/MBC: 50 pg/ml
et al, and 0.92 pg/ml (control). (copaiba) and 3.688 pg/ml (control).
2016 BR Streptococcus mutans ATCC—  Parphyromonas gingivalis
MBC: 200 pg/ml (copaiba) ATCC—MICBsq: 100 pg/ml
and 0.92 pg/ml (control). (copaiba) and 14.75 pg/ml (control).
Streptococcus mutans ATCC— Porphyromonas gingivalis ATCC
MICBso: 200 pg/ml —time kill: 50 pg/ml (copai
, : ug/ml (copaiba)
(copaiba) and 3.688 ug/ml and 3.688 pg/ml (control).
(control).
Streptococcus mutans ATCC—  Aggregatibacter
time kill: 200 pg/ml actinomycetemcomitans ATCC
(copaiba) and 0.922 pg/ml —=MIC/MBC: 100 pg/ml
(control). (copaiba) and 3.688 pg/ml (control).
. Aggregatibacter
Stre%ﬁgﬁﬁcs%us b actinomycetemcomitans ATCC
- pg/ml N
(copaiba) and 1.84 pg/ml —MICBsg: 200 pg/ml (copaiba)
{control). and 14.75 pg/ml (control).
- Aggregatibacter
Streﬁﬁgﬁlgga:g%mis ATCC actinomycetemcomitans ATCC
- : pg/ml - . "
{copaiba) and 1.84 pig/ml —time kill: 100 pg/ml (copaiba)
{control). and 3.688 pg/ml (control).
Streptococcus sanguinis
clinical isolated—MIC/
MBC 100 and 3.688 pg/ml
(control).
Conde et al., Copaifera multijuga Chlorhexidine Streptococcus sobrinus ATCC  Streptococcus mutans ATCC— ? (to all analyses)
2015 BR 0.12% —MIC (1000 mg/ml): MICA: 1.95 pg/ml (copaiba)
20 mm inhibition halo and 4.1 mg/mil (control).
(copaiba) and (0.15 mg/ml): Streptococcus sanguis ATCC—
12 mm inhibition halo MIC (1000 mg/ml): 19 mm
(control). inhibition halo (copaiba) and
S S AT (0.15 mg/ml): 13 mm inhibition
—MICA: 1.95 pg/ml halo (control).
(copaiba) and 4.1 mg/ml
(control).
Streptococcus mutans ATCC—  Streptococcus sanguis ATCC—
MIC (1000 mg/ml): 20 mm MICA: 1.95 ug/ml (copaiba)
inhibition halo (copaiba) and 4.1 pg/ml (control).
and (0.15 mg/ml): 12 mm
inhibition halo (control).
Dias et al., Copaifera Chlorhexidine Streptococcus mutans ATCC—  Porphyromonas gingivalis ATCC— ? (to all analyses)
2015 BR langsdorffii 0.12% MIC: Susceptibility of MIC: Susceptibility of
Desfon inhibition of 2% (copaiba) inhibition of <0.5% (copaiba

and <0.5% (contral).

and control).

(Continues)
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TABLE 1 (Continued)
Author/ Significant difference
year/ Copaiba Bacterial species evaluated and main between copaiba and
country used Control group results for copaiba and control groups control? (p-value)
Streptococcus sanguis ATCC—  Aggregatibacter
MIC: Susceptibility of actinomycetemcomitans
inhibition of 1% and <0.5%  ATCC—MIC: Susceptibility of
(contral). inhibition of <0.5% (copaiba
and control).
Pieri et al., Copaifera officinalis Chlorhexidine Streptococcus mutans ATCC— Yes, the inhibition
2010 BR 0,12% plus 30 ml inhibition halo (average): 30.5 mm halos of the
of alcohol 96%, (copaiba), 27.1 mm (chlorhexidine) copaiba solution
20 ml of and no bactericidal effect was were higher than
propylene glycol, found for the negative control those of
20 ml of solution. chlorhexidine
Prolyethylene (p < .05).
glycol, 20 ml de
glycerin and
10 ml of distilled
water.
The same solution,
without
chlorhexidine,
was used for the
negative control
group.
Pieri et al., Copaifera officinalis Negative control: Streptococcus mutans ATCC—  Streptococcus mutans ATCC—MBC: ? (to all analyses)
2012 BR (10%) 30 ml of alcohol MIC: 0.78 pL/ml (copaiba) Inhibition of bacterial growth after
96°, 20 ml propylene and 6.25 puL/ml (positive 24 hr (copaiba and positive control).
glycol, 20 ml 20 ml control). The negative control group did not
of Prolyethylene demonstrate bactericidal activity.
glycol, 20 ml de
glycerin and 10 ml
of distilled
water.
Positive control:
Substances used
in the control
solution plus
chlorhexidine
0.12%
Simbes et al., Copaifera multijuga Chlorhexidine: Gel Streptacoccus mutans (clinical isolated)—inhibition halo (12 hr):
2016 BR 1% Resistant (copaiba) and 25.286 mm (control).
Negative control: Streptococcus mutans (clinical isolated)—inhibition halo (24 hr): <.05
Gel without 9.500 mm (copaiba) and 26.000 mm (control).
chlorhexidine Streptococcus mutans (clinical isolated)—inhibition halo (48 hr):
Resistant (copaiba) and 25.428 mm (control).
Streptococcus mutans ATCC—inhibition halo (12 hr): .0001
14.85 mm (copaiba) and 20.18 mm (control).
Streptococcus mutans ATCC—inhibition halo (24 hr): .0001
13.42 mm (copaiba) and 21.28 mm (control).
Streptacoccus sanguinis ATCC—inhibition halo (12 hr): .0001
15.86 mm (copaiba) and 13.57 mm (control).
Streptacoccus sanguinis ATCC—inhibition halo (24 hr): 0.0001
20.86 mm (copaiba) and 22.43 mm (control).
In the negative control group, there was no inhibition of halo.
Souza et al. Copal acid coming Chlorhexidine?% and Streptococcus mutans ATCC—  Streptococcus sobrinus ATCC— ? (to all analyses)
(2011) BR from Copaifera DMSO 5% MIC: 3.0 pug/ml (copaiba) MIC/MBC: 3 pg/ml (copaiba)

langsdorffii

and 0.9 pg/ml
(chlorhexidine).
Streptococcus mutans ATCC—
MBC: 7 pg/ml (copaiba)
and 4 pg/ml
(chlorhexidine).

Streptococcus mutans ATCC—
time kill: All concentrations
from 7, 14 to 21 pg/ml was
bactericide after 24 hr of
incubation and
bacteriostatic after 12 hr
(copaiba). The time kill for
chlorhexidine was 4 pg/ml.

and 0.9 pg/ml (control).

Streptococcus sobrinus ATCC—
MBC: 3 pg/ml (copaiba)
and? (control).

Streptococcus sanguinis ATCC—
MIC: 6.0 pg/ml (copaiba) and
3.6 pg/ml (control).

Streptococcus sanguinis ATCC—
MBC: 15 pg/ml (copaiba)
and? (control).

DMSO: Did not inhibit the
growth of microorganisms

(Continues)
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TABLE1 (Continued)
Author/ Significant difference
year/ Copaiba Bacterial species evaluated and main between copaiba and
country used Control group results for copaiba and control groups control? (p-value)
Souza etal. Copal acid coming Chlorhexidine?% and Porphyromonas gingivalis Fusobacterium nucleatum ? (to all analyses)
(2011) BR from Copaifera DMSO 5% ATCC—MIC/time kill: ATCC—MIC: 200 pg/ml

langsdorffi

3.1 pg/ml (copaiba) and
0.9 pg/ml (chlorhexidine).

(copaiba) and 1.8 pg/ml
(control).

Copaiba was bacteriostatic DMSO: Did not inhibit the

the first 12 hr and

growth of microorganisms.

bactericide in 24 hr.

Vasconcelos Copaifera multijuga Positive control:

etal, Hayne Solution 9.95 ml

2008 BR of culture medium oil resin from
and 0.05 ml of
bacterial not reported.
inoculum.

Negative control:
10 ml of culture
medium.

Streptococcus sanguinis ATCC and Streptococcus mutans
ATCC—CIM: Concentrations of 118/59/29/14/7/3 pg/ml

C. multijuga Hayne presented antibacterial

action in 24 and 48 hr. The results of control group were

Note. MIC = minimum inhibitory concentration, MBC = minimum bactericidal concentration, MICA = minor inhibitory concentration of adhesion,
MICBs50 = minimum concentration of biofilm inhibition, TCDC = total concentration of cell death, DMSO = dimethyl sulfoxide or dimethyl sulfoxide, BR = Bra-

zil, ATCC = American type culture collection, ? = not reported.

Bardaji, 2016 ? i ? + 00 | + ‘ + + Yes
Bari, 2016 ? 20?2 o+ o+ o+ 4+ o+ - No
Conde, 2015 ? ? ? + + o+ + -
. ? Unclear
Dias, 2015 ? ?0?  + o+ o+ o+ o+
Moraes, 2016 ? ? P * + | + + -
Pieri, 2010 7 ? 2 0+ |+ o+ o+ o+
|
Pieri, 2012 ? ? ? + + + A -
; |
Simdes, 2016 ? ? ? + o+ + o+ 4
Souza, 2011a ? ? ? + |+ |+ |+ 7
Souza, 2011b ? ? ? + + o+ + ?
Vasconcelos, 2008 ? ? ? op + o+ + -
o o o <& o & ey @
& " o o o o <«
R ‘&‘\\J‘ R o \‘(‘.A‘ ’ o g\\“\t \*?\so
S > & o> . A o* R
x é“‘\ \&\(0 ‘a\ °¢Q o’dz& e & P ‘\S\\‘
o é.e‘-'" b‘o“g o PO 4 o
S
o °°Q§ s“‘“ S P o (&\Q \@6\‘- Q(oQ
> € O o S o o
& o o R @é“ o 3
e o o C N & <«
o o R & & o
-‘*&‘ o> S s““\ \5‘Q e“"
<« \\p‘,\\° ’sg.t" & ‘c‘\e‘ o
>
& ~ <
& oF
&

FIGURE 2 Risk of bias of the included studies [Colour figure can be viewed at wileyonlinelibrary.com]

The most prevalent oral diseases are dental caries and periodontal
disease. Both have a common etiological factor, the accumulation of
dental biofilm (Chapple, 2009; Maniji & Fejerskov, 1990). For this rea-
son, substances capable of inhibiting or reducing oral microorganisms'
growth should be studied in order to generate new preventive/thera-
peutic possibilities. It is known that the mechanical control of biofilm
is the first preventive and therapeutic strategy for these diseases
(Santos, 2003); however, in the way it is carried out by the population,
it presents important limitations. In this context, the use of supporting

chemical agents for mechanical control is interesting (Haas et al., 2016;
Muniz et al., 2015).

Copaiba oil has been used for hundreds of years, mainly by
indigenous communities, as an agent capable of performing
antiinflammatory, healing, and antimicrobial activities (Dias et al.,
2014; Veiga Junior et al., 2001). Nowadays, it is still considered a balm
capable of curing various diseases. In the last decades, studies using
this phytotherapic substance showed the activity of its active

principles against different pathologies, including its antibacterial
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action against oral pathogens (Pacheco et al., 2006; Santos et al.,
2008a; Scudeller, Rosa, & Barbosa, 2007; Veiga Junior et al., 2007;
Veiga Junior & Pinto, 2002).

Isolated studies performed with oral cavity bacteria suggest the
antimicrobial action of copaiba oil (Vasconcelos et al., 2008). However,
in order to have an idea of the panorama of this oil-resin's action on
oral cavity pathogens, a systematic review of the literature was
performed.

Systematic reviews of the literature allow a more thorough notion
of the published literature on a topic, evaluating the quality of this lit-
erature, so that the best quality of the available evidence can be attrib-
uted. Systematic reviews of in vitro studies are not the most frequent
one (Jadad, Cook, & Browman, 1997; Linde & Willich, 2003). However,
for the present question, in vitro studies are needed. This review
followed very strict norms of methodological quality. First, it is empha-
sized that the search strategy included different databases, not only
those traditionally used, but also covering bases that transcend the
area of health and the English language. Because copaiba is a plant
of Amazonian origin (de de Albuquergue et al., 2017), there is potential
to find articles published in local journals. The noninclusion of several
databases would constitute a limiter. Likewise, the entire review was
performed in duplicate, with a third evaluator discussing disagree-
ments. This was done for both studies inclusion and risk of bias analy-
sis. This evaluation was adapted according to the needs of the present
study. Thus, it is suggested that the present review contains, within its
proposal, most of the qualified literature on the subject.

The main endpoint used in this review was the antimicrobial action
of copaiba oil on oral bacteria. It should be emphasized that both bac-
teria related to caries and gingivitis and others present in the
supragingival biofilm were included, as well as bacteria related to peri-
odontitis present in the subgingival biofilm (Socransky & Haffajee,
2005). It was chosen to evaluate antimicrobial action specifically
because it is peculiar in the oral cavity and in its bacteria (Souza
et al, 2011). Other therapeutic properties such as antiinflammatory
action do not require specificities of the oral cavity and can be
extracted from other experimental models common to the whole
organism.

The studies included in the present review presented, in a broad
sense, a high risk of bias, especially because they did not follow some
contemporary research principles such as randomization, blinding, and
allocation concealment. However, these characteristics are common in
microbiological studies. The other characteristics, except for the statis-
tical analysis, were adequately expressed in the included studies, which
would suggest that the results obtained in the present review have the
potential of generating evidence.

The results obtained by the present study point to an interesting
antimicrobial effect of copaiba oil on oral bacteria (Pieri et al., 2010;
Simdes et al., 2016). Obviously, these results require clinical tests,
especially because the simple antimicrobial action does not confer
the clinical ability to function in the mouth, especially with regard to
substantivity, that is, the ability of the agent to be retained in the oral
cavity. Thus, clinical studies should be performed, in view of the anti-
microbial potential presented.

Essential oils have been used in the oral cavity for decades, with

excellent results as agents that aid mechanical control (Haas et al.,

2016). Most are used in mouthwash solutions (Kulkarni, Singh, Jalaluddin,
& Mandal, 2017; Thomas, Thakur, & Mhambrey, 2015). However,
coadjuvant chemical control has also been used in other forms such as
dentifrices and subgingivally positioned slow-release devices (Ower,
Ciantar, Newman, Wilson, & Bulman, 1995; Pessan, Al-lbrahim, Buzalaf,
& Toumba, 2008). The results of this review suggest tests for both supra
and subgingival applications. There is clearly an antimicrobial effect
against Gram-positve, Gram-negative bacteria, related to both caries
and periodontal disease. It is also important to note that studies have
been carried out regarding the safety of copaiba oil and demonstrate that
it is safe for use in humans (Gongalves et al.,, 2014).

The limitations related to this review lie in the fact that it focuses
on laboratory studies. However, before there is clinical application, this
is a fundamental step. The results cannot be transposed here for direct
clinical application. However, the broad effect compared to negative
controls and comparability to positive controls suggests a great poten-
tial for copaiba oil in the oral cavity. It is also interesting to note that
patients' preferences and beliefs are important in generating evidence
(Cantarelli et al., 2016). There is, in this sense, an appeal to be a natural
substance, preferred by many.

The results obtained are challenging and thought provoking.
Considering the antimicrobial action of copaiba oil presented, it is
concluded that it has potential for use in the oral cavity, as a form of
prevention and treatment of caries and periodontal diseases, contribut-
ing to a balance of the oral microbiota, keeping it compatible with health.
Clinical tests on solutions for mouthwash, toothpaste, slow release
devices, and others are recommended. The poor designed studies
included in the present systematic review limit the direct application of
the copaiba oil in the treatment of oral diseases. Therefore, it is suggested

that better designed studies, with lower risk of bias are warranted.

ACKNOWLEDGEMENT

This study was self-funded.

CONFLICT OF INTEREST

The authors report no conflict of interest related to this study.

ORCID

Francisco Wilker Mustafa Gomes Muniz
3945-1752

http://orcid.org/0000-0002-

REFERENCES

Arroyo, J., Almora, Y., Martinez, J., Quino, M., Bonilla, P, Flores, M., &
Condorhuaman, M. (2009). Copaifera officinalis oil cytoprotector and
antisecretory effects in induced gastric lesions in rats. Anales de la
Facultad de Medicina, 70(2), 89-%96 Retrieved from Journal URL:
http://www.scielo.org.pe/pdf/afm/v70n2/a02v70n2. pdf.

Bakkali, F., Averbeck, S., Averbeck, D., & Idaomar, M. (2008). Biological
effects of essential oils - a review. Food and Chemical Toxicology,
46(2), 446-475. https://doi.org/10.1016/j.fct.2007.09.106.

Bardaji, D. K., da Silva, J. J., Bianchi, T. C., de Souza Eugénio, D., de Qliveira,
P. F., Leandro, L. F., ... Martins, C. H. (2016). Copaifera reticulata oleo-
resin: Chemical characterization and antibacterial properties against
oral pathogens. Anaerobe, 40, 18-27. https://doi.org/10.1016/].
anaerobe.2016.04.017.

Bari, C., Sampaio, F., Conde, N., Moura, L., Veiga Junior, V., Barbosa, G,, ...
Bandeira, M. F. (2016). Amazon emulsions as cavity cleansers:



DIEFENBACH T AL

Antibacterial activity, cytotoxicity and changes in human tooth color.
Brazilian Journal of Pharmacognosy, 26(4), 497-501. https://doi.org/
10.1016/j.bjp.2016.03.010.

Bjerndal, L., Reit, C., Bruun, G., Markvart, M., Kjaeldgaard, M., Ndsman, P, ...
Gluud, C. (2010). Treatment of deep caries lesions in adults:
Randomized clinical trials comparing stepwise vs. direct complete exca-
vation, and direct pulp capping vs. partial pulpotomy. European Journal
of Oral Science, 118(3), 290-297. https://doi.org/10.1111/j.1600-
0722.2010.00731.x.

Cantarelli, R., Negrini, T. C., Muniz, F. W., Oballe, H. J.,, Arthur, R. A, &
Résing, C. K. (2014). Antimicrobial potential and gustatory perception
of chlorhexidine gluconate mouthwashes with or without alcohol after
a single rinse - a randomized controlled crossover clinical trial. Interna-
tional Journal of Dental Hygiene, [Epub ahead of print]. DOI: https://
doi.org/10.1111/idh.12255.

Cascon, V., & Gilbert, B. (2000). Characterization of the chemical composi-
tion of oleoresins of Copaifera guianensis Desf., Copaifera duckei
Dwyer and Copaifera multijuga Hayne. Phytochemistry, 55(7), 773-
778. https://doi.org/10.1016/50031-9422(00)00284-3.

Chapple, I. L. (2009). Periodontal diagnosis and treatment - where does the
future lie? Periodontology 2000, 51, 9-24. https://doi.org/10.1111/
j.1600-0757.2009.00319.x.

Chenicheri, 5., R, U., Ramachandran, R., Thomas, V., & Wood, A. (2017).
Insight into oral biofilm: Primary, secondary and residual caries and
Phyto-challenged solutions. Open Dentistry Journal, 11, 312-333.
https://doi.org/10.2174/1874210601711010312.

Cirmi, S., Bisignano, C., Mandalari, G., & Navarra, M. (2016). Anti-infective
potential of Citrus bergamia Risso et Poiteau (bergamot) derivatives:
A systematic review. Phytotherapy Research, 30(9), 1404-1411.
https://doi.org/10.1002/ptr.5646.

Claffey, N., Polyzois, |., & Ziaka, P. (2004). An overview of nonsurgical and
surgical therapy. Periodontology 2000, 36, 35-44. https://doi.org/
10.1111/j.1600-0757.2004.00073.x.

Cobb, C. M. (2002). Clinical significance of non-surgical periodontal ther-
apy: An evidence-based perspective of scaling and root planing.
Journal of Clinical Periodontology, 29(Suppl. 2), 6-16. https://doi.org/
10.1034/j.1600-051X.29.52.4.x.

Conde, N. C. O., Pereira, M. S. V., Bandeira, M. F. C. L, Venancio, G. N.,
Oliveira, G. P, & Sampaio, F. C. (2015). In vitro antimicrobial activity
of plants of the Amazon on oral biofilm micro-organisms. Journal of
Dental Science, 30(4), 179-183. https://doi.org/10.15448/1980-
6523.2015.4.17794.

Costa, A. R. T., Amaral, M. F. Z. J., Martins, P. M., Paula, J. A. M., Fiuza, T.S.,
Tresvenzol, L. M. F., ... Bara, M. T. F. (2011). Action of Syzygium
aromaticum (L.) Merr. & L.M. Perry essential oil on the hyphae of some
phytopathogenic fungi. Revista Brasileira de Plantas Medicinais, 13(2),
240-245. https://doi.org/10.1590/51516-05722011000200018.

da Silva, H. H. G., Geris, R., Rodrigues Filho, E., Rocha, C., & da Silva, I. G.
(2007). Larvicidal activity of oil-resin fractions from the Brazilian medic-
inal plant Copaifera reticulata Ducke (LeguminosaeCaesalpinoideae)
against Aedes aegypti (Diptera, Culicidae). Revista da Sociedade
Brasileira de Medicina Tropical, 40(3), 264-267. https://doi.org/
10.1590/S0037-86822007000300002.

da Silva Moraes, T., Leandro, L. F., de O Silva, L., Santiago, M. B., Souza, A.
B., & Furtado, R. A. (2016). In vitro evaluation of Copaifera oblongifolia
oleoresin against bacteria causing oral infections and assessment of its
cytotoxic potential. Current Pharmaceutical Biotechnology, 17(10), 894-
904. https://doi.org/10.2174/1389201017666160415155359.

de Albuquerque, K. C., da Veiga, A. D., Silva, J. V., Brigido, H. P, Ferreira, E.
P, Costa, E. V,, ... Dolabela, M. F. (2017). Brazilian Amazon traditional
medicine and the treatment of difficult to heal Leishmaniasis wounds
with Copaifera. Evidence-Based Complementary Alternative Medice.,
2017, 8350320. DOL: https://doi.org/10.1155/2017/8350320.

Dias, D. S., Fontes, L. B., Crotti, A. E., Aarestrup, B. J., Aarestrup, F. M., da
Silva Filho, A. A., & Corréa, J. O. (2014). Copaiba oil suppresses inflam-
matory cytokines in splenocytes of C57BI/6 mice induced with

WILEY——2

experimental autoimmune encephalomyelitis (EAE). Molecules, 19(8),
12814-12826. https://doi.org/10.3390/molecules190812814.

Dias, F. G. G., Casemiro, L. A., Martins, C. H. G., Dias, L. G. G. G., Pereira, L.
F., Nishimura, L. T., ... Honsho, C. S. (2015). Endodontics pastes formu-
lated with copaiba oil: Action on oral microbiota and dentin bridge
formation in dogs. Ciéncia Rural, 45(6), 1073-1078. https://doi.org/
10.1590/0103-8478cr20141284.

Francisco, S. G. (2005). Use of copaiba oil resin (Copaifera officinalis L) in
gynecological infllmmation. Femina, 33(2), 89-93.

Ghuman, S., Ncube, B., Finnie, J. F., McGaw, L. J., Coopoosamy, R. M., &
Van Staden, J. (2016). Antimicrobial activity, phenclic content, and
cytotoxicity of medicinal plant extracts used for treating dermatological
diseases and wound healing in KwaZulu-Natal, South Africa. Frontiers in
Pharmacology, 7, 320. https://doi.org/10.3389/fphar.2016.00320.

Gongalves, E. S., Silva, J. R., Gomes, C. L., Nery, M. B. L., Navarro, D. M. A,
F., Santos, G. K. N., ... Wanderley, A. G. (2014). Effects of the oral treat-
ment with Copaifera multijuga oil on reproductive performance of male
Wistar rats. Revista Brasileira de Farmacognosia, 24(3), 355-362.
https://doi.org/10.1016/j.bjp.2014.07.014.

Graziani, F., Karapetsa, D., Alonso, B., & Herrera, D. (2017). Nonsurgical and
surgical treatment of periodontitis: How many options for one disease?
Periodontology 2000, 75, 152-188. https://doi.org/10.1111/
prd.12201.

Haas, A. N., Wagner, T. P., Muniz, F. W., Fiorini, T., Cavagni, J., & Celeste, R.
K. (2016). Essential oils-containing mouthwashes for gingivitis and
plaque: Meta-analyses and meta-regression. Journal of Dentistry, 55,
7-15. https://doi.org/10.1016/j.jdent.2016.09.001.

Islam, M. T., da Mata, A. M., de Aguiar, R. P., Paz, M. F., de Alencar, M. V.,
Ferreira, P. M., & de Carvalho Melo-Cavalcante, A. A. (2016). Therapeu-
tic potential of essential oils focusing on diterpenes. Phytotherapy
Research, 30(9), 1420-1444. https://doi.org/10.1002/ptr.5652.

Jadad, A. R., Cook, D. J., & Browman, G. P. (1997). A guide to interpreting
discordant systematic reviews. Canadian Medical Association Journal,
156(10), 1411-1416 Retrieved from Journal URL: https://www.ncbi.
nim.nih.gov/pmc/articles/PMC1227410.

Joanna Briggs Institute (2014). Joanna Briggs Institute reviewers' manual:
2014 edition. Retrieved from https://joannabriggs.org/assets/docs/
sumari/ReviewersManual-2014.pdf. Accessed on April 20th, 2017.

Kulkarni, P., Singh, D. K., Jalaluddin, M., & Mandal, A. (2017). Comparative
evaluation of antiplaque efficacy between essential oils with alcohol-
based and chlorhexidine with nonalcohol-based mouthrinses. Journal
of International Society of Preventive & Community Dentistry, 7(suppl 1),
536-541. https://doi.org/10.4103/jispcd JISPCD_131_17.

Leandro, L. M., Vargas, F.d. S., Barbosa, P. C., Neves, J. K, da Silva, J. A, &
da Veiga-Junior, V. F. (2012). Chemistry and biological activities of ter-
penoids from copaiba (Copaifera spp.) oleoresins. Molecules, 17(4),
3866-3889. https://doi.org/10.3390/molecules17043866.

Linde, K., & Willich, S. N. (2003). How objective are systematic reviews?
Differences between reviews on complementary medicine. Journal of
the Royal Society of Medice, 96(1), 17-22 Retrieved from Journal URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC539366.

Mikinen, K. K., & Philosophy, L. (1972). The role of sucrose and other
sugars in the development of dental caries; a review. International Den-
tal Journal, 22(3), 363-386.

Manji, F., & Fejerskov, O. (1990). Dental caries in developing countries
in relation to the appropriate use of fluoride. Journal of Dental
Research, 69, (Spec No):733-741. DOI: https://doi.org/10.1177/
002203459006905143.

Matsingou, C., Hatziantoniou, S., Georgopoulos, A., Dimas, K., Terzis, A, &
Demetzos, C. (2005). Labdane-type diterpenes: Themal effects on
phospholipid bilayers, incorporation into lipsomes and biological activ-
ity. Chemistry and Physics of Lipids, 138(1-2), 1-11. https://doi.org/
10.1016/j.chemphyslip.2005.07.006.

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., ...
Stewart, L. A. (2015). Preferred reporting items for systematic review



DIEFENBACH ET AL

© | wiLEY

and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic
Review, 4(1). https://doi.org/10.1186/2046-4053-4-1.

Muniz, F. W., Sena, K. S., de Oliveira, C. C., Verissimo, D. M., Carvalho, R. S.,
& Martins, R. S. (2015). Efficacy of dental floss impregnated with chlor-
hexidine on reduction of supragingival biofilm: A randomized controlled
trial. International Journal of Dental Hygiene, 13(2), 117-124. https://
doi.org/10.1111/idh.12112.

Nazar Majeed, Z., Philip, K., Alabsi, A. M., Pushparajan, S., & Swaminathan,
D. (2016). Identification of gingival crevicular fluid sampling, analytical
methods, and oral biomarkers for the diagnosis and monitoring of peri-
odontal diseases: A systematic review. Disease Markers, 2016,
1804727. DOl:https://doi.org/10.1155/2016/1804727.

Ower, P.C., Ciantar, M., Newman, H. N., Wilson, M., & Bulman, J. 5. (1995).
The effects on chronic periodontitis of a subgingivally-placed redox
agent in a slow release device. Journal of Clinical Periodontology, 22(6),
494-500. https://doi.org/10.1111/j.1600-051X.1995.tb00184.x.

Pacheco, T., Barata, L., & Duarte, M. (2006). Antimicrobial activity
ofcopaiba (Copaifera spp) balsams. Revista Brasileira de Plantas
Medicinais, 8, 123-124.

Paiva, L. A, Gurgel, L. A., Campos, A. R, Silveira, E. R., & Rao, V. S. (2004).
Attenuation of ischemia/reperfusion-induced intestinal injury by
oleo-resin from Copaifera langsdorffii in rats. Life Science, 75(16),
1979-1987. https://doi.org/10.1016/].Ifs.2004.05.011.

Palombo, E. (2011). Traditional medicinal plant extracts and natural prod-
ucts with activity against oral bacteria: Potential application in the
prevention and treatment of oral diseases. Evidence-Based Complemen-
tary and Alternative Medicine, 2011, 680354. https://doi.org/10.1093/
ecam/nep067.

Pessan, J. P, Al-lbrahim, N. S., Buzalaf, M. A, & Toumba, K. J. (2008).
Slow-release fluoride devices: A literature review. Journal of Applied
Oral Science, 16(4), 238-246. https://doi.org/10.1590/51678-
77572008000400003.

Pieri, F., Mussi, M., Fiorini, J., & Schneedorf, J. (2010). Clinical and microbi-
ological effects of copaiba oil (Copaifera officinalis) on dental plaque
forming bacteria in dogs. Arquivos Brasileiros de Medicina Veterindria e
Zootecnia,  62(3), 578-585.  https://doi.org/10.1590/50102-
09352010000300012.

Pieri, F. A., Mussi, M. C., Fiorini, J. E., Moreira, M. A., & Schneedorf, J. M.
(2012). Bacteriostatic effect of copaiba oil (Copaifera officinalis) against
Streptococcus mutans. Brazilian Dental Journal, 23(1), 36-38. https://
doi.org/10.1590/50103-64402012000100006.

Rigamonte-Azevedo, O. C., Wadt, P. G. S., Wadt, L. H. O. (2004). Copaiba:
ecologia e producao de dleo-resina.Rio Branco: Embrapa Acre. 28 p. il.
color. (Embrapa Acre. Documentos, 91). Biblioteca: Embrapa Acre.

Santos, A. (2003). Evidence-based control of plaque and gingivitis. Journal
of Clinical Periodontology, 30(Suppl 5), S13-516. https://doi.org/
10.1034/}.1600-051X.30.55.5.x.

Santos, A. O., Ueda-Nakamura, T., Dias Filho, B. P., Veiga Janior, V. F., Pinto,
A. C., & Nakamura, C. V. (2008a). Antimicrobial activity of Brazilian
copaiba oils obtained from different species of the Copaifera genus.
Memérias do Instituto Oswaldo Cruz, 103(3), 277-281. https://doi.org/
10.1590/50074-02762008005000015.

Santos, A. O., Ueda-Nakamura, T., Dias Filho, B. P., Veiga Junior, V. F., Pinto,
A. C., & Nakamura, C. V. (2008b). Effect of Brazilian copaiba oils on
Leishmania amazonensis. Jounal of Ethnopharmacology, 120(2), 204-
208. https://doi.org/10.1016/].jep.2008.08.007.

Scudeller, V., Rosa, A., & Barbosa, K. (2007). Viabilidade Econémica da
Extracio do Oleo-Resina de Copaifera multijuga Hayne na Amazénia
Central. Revista Brasileira de Biociéncias, 5(Suppl 1), 753-755.

Serrano, J., Escribano, M., Roldan, S., Martin, C., & Herrera, D. (2015).
Efficacy of adjunctive anti-plaque chemical agents in managing gingivi-
tis: A systematicreview and meta-analysis. Journal of Clinical
Periodontology, 42(Suppl 16), $106-5138. https://doi.org/10.1111/
jcpe.12331.

Sharifi-Rad, J., Salehi, B., Varoni, E. M., Sharopov, F. Yousaf, Z., &
Ayatollahi, S.A. ... Iriti, M. (2017). Plants of the melaleuca genus as

antimicrobial agents: From farm to pharmacy. Phytotherapy Research,
31(10), 1475-1494. https://doi.org/10.1002/ptr.5880.

Simbes, C. A, Conde, N. C., Venancio, G. N., Milério, P. S., Bandeira, M. F., &
da Veiga Junior, V. F. (2016). Antibacterial activity of copaiba oil gel on
dental biofilm. Open Dentistry Journal, 10, 188-195. https://doi.org/
10.2174/1874210601610010188.

Singhal, D. K., Acharya, S., & Thakur, A. S. (2016). Microbiological analysis
after complete or partial removal of carious dentin using two different
techniques in primary teeth: A randomized clinical trial. Dental Research
Journal, 13(1), 30-37. https://doi.org/10.4103/1735-3327.174695.

Siqui, A., Sampaio, A., Sousa, M., Henriques, M., & Ramos, M. (2000).
Essential oil - antiinflammatory potential. Biotecnologia, Cienciéncia e
Desenvalvimento, 16, 38-43.

Smith-Hall, C., Larsen, H. O., & Pouliot, M. (2012). People, plants and
health: A conceptual framework for assessing changes in medicinal
plant consumption. Journal of Ethnobiology and Ethnomedicine, 8, 43.
https://doi.org/10.1186/1746-4269-8-43.

Socransky, S. S., & Haffajee, A. D. (2005). Periodontal microbial ecology.
Periodontology 2000, 38, 135-187. https://doi.org/10.1111/].1600-
0757.2005.00107 x.

Souza, A. B., de Souza, M. G., Moreira, M. A, Moreira, M. R, Furtado, N. A.
J. C., Martins, C. H. G, ... Veneziani, R. C. S. (2011). Antimicrobial
evaluation of diterpenes from Copaifera langsdorffii oleoresin against
periodontal anaerobic bacteria. Molecules, 16(11), 9611-9619.
https://doi.org/10.3390/molecules16119611.

Souza, A. B., Martins, C. H., Souza, M. G,, Furtado, N. A. J. C, Heleno, V. C.
G, Sousa, J. P. B, ... Ambrésio, S. R. (2011). Antimicrobial activity of
terpenoids from Copaifera langsdorffii Desf. Against cariogenic bacte-
ria. Phytotherapy Research, 25(2), 215-220. https://doi.org/10.1002/
ptr.3244,

Souza-Junior, O. G., Damous, S. H. B., & Lamarado, L. G. (2000). Critical
review about the medical use of copaiba oil. Revista Paraense de
Medicina, 14(1), 71-76.

Thomas, A., Thakur, S., & Mhambrey, S. (2015). Comparison of the antimi-
crobial efficacy of chlorhexidine, sodium fluoride, fluoride with
essential oils, alum, green tea, and garlic with lime mouth rinses on car-
iogenic microbes. Journal of International Society & Preventive
Community Dentistry, 5(4), 302-308. https://doi.org/10.4103/2231-
0762.161759.

Urzua, A., Rezende, M. C., Mascayano, C., & Vasquez, L. (2008). A structure-
activity study of antibacterial diterpenoids. Molecules, 13(4), 882-891.
https://doi.org/10.3390/molecules13040822.

Vasconcelos, K. R. F., Veiga Junior, V. F., Rocha, W. C., & Bandeira, M. F. C.
L. (2008). Avaliacao in vitro da atividade antibacteriana de um cimento
odontoldgico a base de odleo-resina de Copaifera multijuga Hayne In
vitro assessment of antibacterial activity of a dental cement constituted
of a Copaifera multijuga Hayne oil-resin. Revista Brasileira de
Farmacognosia, 18(suppl 0), 733-738. https://doi.org/10.1590/
50102-695X2008000500017.

Veiga Junior, V., & Pinto, A. (2002). O GENERO Copaifera L. Quimica Nova,
25(2), 273-286. https://doi.org/10.1590/50100-40422002000200016.

Veiga Junior, V. F., Patitucci, M. L, & Pinto, A. C. (1997). Authenticity
control of commercial copaiba oils by high resolution gas chromatogra-
phy. Quimica Nova, 20(6), 612-615. https://doi.org/10.1590/S0100-
40421997000600007.

Veiga Janior, V. F., Pinto, A. C., & Maciel, M. A. M. (2005). Plantas
medicinais: Cura segura? Quimica Nova, 28(3), 519-528. https://doi.
org/10.1590/50100-40422005000300026.

Veiga Junior, V. F., Rosas, E. C., Carvalho, M. V., Henriques, M. G., & Pinto,
A. C. (2007). Chemical composition and anti-inflammatory activity of
copaiba oils from Copaifera cearensis Huber ex Ducke, Copaifera
reticulata Ducke and Copaifera multijuga Hayne - a comparative study.
Journal of Ethnopharmacology, 112(2), 248-254. https://doi.org/
10.1016/j.jep.2007.03.005.

Veiga Junior, V. F., Zunino, L., Calixto, J. B., Patitucci, M. L., & Pinto, A. C.
(2001). Phytochemical and antioedematogenic studies of commercial



DIEFENBACH et AL

WILEY——2

copaiba oils available in Brazil. Phytotherapy Research, 15(6), 476-480.
https://doi.org/10.1590/50100-40421997000600007.

Wang, Y., Li, J.,, Sun, W., Li, H., Cannon, R. D., & Mei, L. (2017). Effect of
non-fluoride agents on the prevention of dental caries in primary denti-
tion: A systematic review. PLoS One, 12(8), €0182221. https://doi.org/
10.1371/journal.pone.0182221.

Wolff, D., Frese, C., Maier-Kraus, T., Krueger, T., & Wolff, B. (2013). Bacte-
rial biofilm composition in caries and caries-free subjects. Caries
Research, 47(1), 69-77. https://doi.org/10.1159/000344022.

Ziech, R. E., Farias, L. D., Balzan, C., Ziech, M. F., Heinzmann, B. M., Lameira,
O. A, & Vargas, A. C. (2013). Atividade antimicrobiana do oleorresina

de copaiba (Copaifera reticulata) frente a Staphylococcus coagulase
positiva isolados de casos de otite em caes. Pesquisa Veterindria
Brasileira,  33(7),  909-913. https://doi.org/10.1590/S0100-
736X2013000700011.

How to cite this article: Diefenbach AL, Muniz FWMG, Oballe
HJR, Résing CK. Antimicrobial activity of copaiba oil (Copaifera
ssp.) on oral pathogens: Systematic review. Phytotherapy
Research. 2017;1-11. https://doi.org/10.1002/ptr.5992




CONSIDERACOES FINAIS

A presente tese objetivou realizar a descri¢cdo da acdo antimicrobiana do 6leo de copaiba

frente a bactérias orais.

No Capitulo 1 apresentou-se através de revisao de literatura Diefenbach e Résing (2018)
onde uma busca realizada nas bases de dados disponiveis, especialmente no Pubmed,
no intuito de construir um panorama da literatura disponivel. Nessa etapa, o foco de
interesse residiu em contextualizar sobre o uso de fitoterapicos e avaliar estudos que
utilizaram o 6leo de copaiba na odontologia. Os resultados desse levantamento
mostraram que o Oleo de copaiba poderia ser uma alternativa como um agente adicional
a ser usado em colutérios ou até mesmo dentifricios. Assim, construiu-se um panorama
da literatura disponivel para contextualizar as propostas seguintes, como uma revisao

sistematica e pesquisa clinica envolvendo 6leo de copaiba frente a bactérias orais.

No Capitulo 2 apresentou-se uma revisao sistemética da literatura Diefenbach et al.,
(2017), que foi conduzida com o objetivo obter informagdes mais detalhadas quanto uma
real acdo antimicrobiana no uso do 6leo de copaiba frente a patégenos orais quando
comparado a outros fitoterapicos ou a placebo. Os resultados mostraram limitacdes
metodoldgicas nos estudos, como a ndo apresentacdo de dados claros quanto a
aleatorizacéo, sigilo de alocacdo e cegamento dos avaliadores e a andlise estatistica ndo
fica clara em alguns deles. Salienta-se que todos os estudos publicados em relagéo a
proposta tematica sdo in vitro. As demais caracteristicas foram adequadamente
consideradas, 0 que sugeriria que os resultados obtidos geram novas proposicoes de
estudos. Observou-se entdo a necessidade da realizacdo de estudo que empregasse
métodos que permitissem avaliar através de testes clinicos a possivel acdo do 6leo de

30
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copaiba frente a bactérias da cavidade oral, como forma de prevencédo e tratamento da

carie e doenca periodontal.
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ANEXO 1 — IDENTIFICACAO DO PARTICIPANTE/ PERCEPCAO GUSTATIVA

Participante n2

Idade

Data Nasc. Género

DatadaColetal: / /

Como vocé classificaria a sensacdo do enxaguatdrio que vocé utilizou hoje, em relagdo ao
gosto?

() amargo () azedo () salgado () doce

Data da coleta 2: /[ J_

Como vocé classificaria a sensacdo do enxaguatorio que vocé utilizou hoje, em relagdo ao
gosto?

() amargo () azedo () salgado () doce

DatadaColeta3: __ / /

Como vocé classificaria a sensag¢ao do enxaguatdrio que vocé utilizou hoje, em relagdo ao
gosto?

() amargo () azedo () salgado () doce

Data da Coleta 4: /[ /

Como vocé classificaria a sensacdo do enxaguatdrio que vocé utilizou hoje, em relagdo ao
gosto?

()amargo () azedo () salgado () doce
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ANEXO 2— IDENTIFICACAO DO PARTICIPANTE/ ESCALA HEDONICA

Data: .../.../ ...

Participante: n?

Por favor, avalie o colutdrio que acabou de bochechar utilizando a escala abaixo para descrever o
guanto vocé gostou ou desgostou do produto. Marque a posicao da escala que melhor reflita sua
opinido.

Cédigo da amostra:

() Gostei extremamente

() Gostei muito

() Gostei moderadamente

() Gostei ligeiramente

() Indiferente

() Desgostei ligeiramente

() Desgostei moderadamente
() Desgostei muito

() Desgostei extremamente

Comentarios:
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