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RESUMO

Objetivo: Avaliar a citotoxicidade da furanona C-30 e das lactamas U11, U12 e U26
e seu efeito inibitorio na formagéo de biofilme oral mono e multi-espécies.

Materiais e métodos: O efeito da furanona C-30 e lactamas na viabilidade celular
de queratindcitos orais humanos (HOK-18A), células da polpa dental humana
(HDPC's) e fibroblastos L929 foi avaliado por XTT e MTS. O efeito da furanona C-30
na formacéo de biofilme mono-espécie foi analisado por cristal violeta, enquanto o
efeito da furanona C-30 e das lactamas solubilizadas em meio liquido ou
incorporadas em discos de sPEEK na formacdo do biofiime multi-espécies foi
avaliado por PCR quantitativo. Analise estatistica foi realizada por comparacdes
entre as condigbes de crescimento e o grupo controle pelo teste de hipoteses
multiplas (Sidak).

Resultados: 100% de viabilidade de HOK-18A foi observada quando expostas a
concentragdes de 0.5 a 10 yg/mL de furanona C-30, 90% de HDPC's a 10 ug/mL em
contraste a concentragdo de 128 pg/mL que apresentou um efeito citotoxico.
Somente o grupo sP3LF128 apdés 7 dias de exposicdo demonstrou um efeito
citotoxico em fibroblastos L929 resultando em 55% de células viaveis. O crescimento
bacteriano plancténico e a formacdo do biofiime pelos periodontopatégenos
Aggregatibacter actinomycetemcomitans, Prevotella intermedia e Porphyromonas
gingivalis foram inibidos em >20% e >50%, respectivamente pela furanona nas
concentragbes de 8 a 128 pg/mL nos experimentos mono-espécie. Nos
experimentos multi-espécie a furanona C-30 solubilizada em meio liquido nas
concentragdes de 10 e 128 ug/mL alterou a composigao do biofilme em comparagéao
ao controle reduzindo a concentragao bacteriana de A. actinomycetemcomitans e P.
intermedia e de P. gingivalis na concentracdo de 128 pg/mL. A associagao da
furanona C-30 com lactamas na concentragao de 128 pug/mL inibiu significativamente
a formacao do biofiime de F. nucleatum, P. gingivalis e P. intermedia alterando a
composi¢cao da comunidade multi-espécies para uma condicdo mais benéfica e
menos patogénica. Quando os compostos antibiofiime foram incorporados em
sPEEK a sua atividade inibitéria diminuiu consistentemente, apresentando um
estimulo na formagao do biofilme de S. sobrinus e S. gordonii.

Conclusao: O efeito da furanona C-30 e das lactamas na viabilidade celular de
HOK-18A, HDPC's e L929, assim como na formagao do biofime mono e multi-
espécie foi dose dependente, inibindo principalmente periodontopatégenos Gram-
negativos, enquanto a maioria das bactérias benéficas praticamente nao foram
afetadas pelos compostos. Quando os compostos antibiofilme foram incorporados
nos discos de sPEEK o seu efeito inibidor na formagao de biofilme multi-espécies foi
perdido.

Palavras-chave: Biofilme, Periodontopatégenos, Furanona C-30, Lactama



ABSTRACT

Aim: To evaluate the cytotoxic effect of furanone C-30 and lactams U11, U12 and
U26 and the inhibitory activity on single and multi-species oral biofilm formation.
Material and methods: The effect of furanone C-30 and lactams on cell viability of
Human Oral Keratinocytes (HOK-18A), Human Dental Pulp Cells (HDPC's) and L929
fibroblasts was evaluated by XTT and MTS assays. The effect of furanone C-30 on
single-species biofilm formation was analysed by crystal violet assay, while the effect
of furanone C-30 and lactams solubilized in liquid medium or incorporated in sSPEEK
discs on multi-species biofilms formation was evaluated by quantitative PCR.
Statistical analysis were conducted by comparisons between growing conditions and
the control group by multiple hypothesis testing (Sidak).

Results: 100% viability of HOK-18A was observed when were exposed to 0.5 to 10
pg/mL of furanone C-30, 90% of HDPC's to 10 ug/mL in contrast to 128 ug/mL in
which a cytotoxic effect was found. Only group sP/3LF128 at the 7th day of exposure
showed a cytotoxic effect on L929 fibroblasts resulting in 55% of viable cells.
Planktonic bacterial growth and biofilm formation of the periodontopathogens
Aggregatibacter actinomycetemcomitans, Prevotella intermedia and Porphyromonas
gingivalis was inhibited by >20% and >50%, respectively at furanone C-30
concentrations of 8 to 128 ug/mL in single-species experiments. In multi-species
experiments at 10 pg/mL and 128 ug/mL furanone C-30 solubilized in liquid medium
changed the biofilm composition in comparison to the control by reducing the
bacterial concentration of A. actinomycetemcomitans and P. intermedia and of P.
gingivalis at 128 ug/mL. The association of furanone C-30 and lactams at 128 pg/mL
significantly inhibited biofilm formation of F. nucleatum, P. gingivalis and P.
intermedia shifting the multi-species community composition to a more beneficial and
less pathogenic state. When incorporated in sPEEK discs the inhibitory activity of
antibiofilm agents on multi-species biofilms formation decreased consistently,
showing an increase in the biofilm formation of S. sobrinus and of S. gordonii.
Conclusion: The effect of furanone C-30 and lactams on cell viability of HOK-18A,
HDPC's and L929, as well as on single e multi-species biofilm formation was dose
dependent, inhibiting mainly Gram-negative periodontopathogens, while most
beneficial bacteria were relatively unaffected by the compounds. When antibiofilm
compounds were incorporated in sPEEK their inhibitory activity on multi-species
biofilm formation has been lost.

Keywords: Biofilm inhibition, Periodontopathogens, Furanone C-30, Lactam
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1.1 Introdugéo e Reviséo de Literatura

Diferentes espécies bacterianas agregadas em micro colonias interagem com a
pelicula adquirida formada sobre os tecidos duros e moles da boca e sobre outras
bactérias originando o biofilme (Marsh, 1992). Biofime € uma comunidade
microbiolégica complexa embebida em uma matriz extracelular composta por
exopolissacarideos, proteinas, sais e agua (Costerton et al., 1999; Marsh and Martin,
1999; Hogan & Kolter, 2002). Inicialmente, colonizadores iniciais s&o transportados
para a superficie sobre a qual se aderem, multiplicam e formam microcolbénias. A
medida que as condigbes do meio mudam no biofiime imaturo e a superficie fica
coberta por bactérias, colonizadores secundarios podem entdo aderir aos
colonizadores iniciais, assim o biofime comeca a desenvolver uma comunidade
multi-espécies. Estas espécies se multiplicam promovendo a estruturagcdo e
maturagao do biofilme. A nutricido dessa comunidade se da por meio de canais de
agua que permitem a passagem de nutrientes ao longo do biofilme, assim como a
remocgao de restos de produtos metabdlicos (Costerton et al., 1999; Marsh & Martin,
1999; Davies, 2003; Socransky & Haffajee, 2002).

A comunicagao célula-célula se da por meio de um sistema conhecido como
Quorum sensing (QS). Processo quimico que controla a expressao génica de fatores
de viruléncia por meio do acumulo de moléculas sinalizadoras, chamadas auto
indutoras (Al) (Kalaiarasan et al., 2017; Prosser et al., 1999; Pereira et al., 2014). O
mesmo possibilita que as bactérias mudem de comportamento em resposta a
alteragcbes na densidade celular e composicdo das espécies microbianas da
comunidade (Papenfort & Bassler, 2016), por meio de atividades como
bioluminescéncia, producao de fatores de viruléncia e de proteinas, assim como pela
formacao de biofilme (Schuster et al., 2013; Ren et al., 2004). Diferentes espécies
usam moléculas sinalizadoras diferentes, a exemplo da homoserina lactona acilada
(AHLs ou Al-1), regulada pelos sistemas Luxl/LuxR e secretada pelas bactérias
Gram-negativas e Al-2, regulada pelo sitema LuxS e secretada tanto por bactérias
Gram-negativas quanto por Gram-positivas (Ren et al., 2004).

As células microbianas, quando organizadas em biofilmes, demonstram um fenétipo
completamente diferente daquele encontrado quando isoladas em estado
plancténico (Liu et al., 2011; Yoshida et al., 2005; Merritt et al., 2005). Tornam-se
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mais dificeis de serem eliminadas, sendo capazes de resistir a determinados
antibidticos em concentragdes até 1000 vezes maiores do que as utilizadas para
eliminar as mesmas espécies em estado plancténico (Costerton, 1999; Olson et al.,
2002; Davies, 2003).

Biofilmes sdo conhecidos como responsaveis por infecgdes bacterianas,
contaminacao de dispositivos médicos e doencgas periodontais e periimplantares
(Donlan & Costerton, 2002). As doengas periodontais e periimplantares se iniciam
com um processo inflamatério nos tecidos moles (gengiva e mucosa periimplantar)
devido ao acumulo de biofilme oral nas superficies dos dentes e dos implantes
dentais. Quando ndo ha controle e remogédo do biofilme oral; as condi¢des locais
favorecem a colonizagao por espécies patogénicas que cronificam a inflamacgéo dos
tecidos moles, respectivamente denominadas gengivite e mucosite. Em individuos
susceptiveis, a evolugao desta inflamacéao leva a perdas progressivas dos tecidos de
sustentacdo, denominadas periodontite e periimplantite, respectivamente (Tonetti et
al., 2015). Mais de 50% da populagéo adulta é afetada pela periodontite, sendo 43%
a prevaléncia de mucosite e 22% de periimplantite (Derks & Tomasi, 2015).
Periimplantite, assim como a periodontite, € uma doenga multifatorial que esta
associada com o pobre controle de placa e com histérico de doenca periodontal. A
microbiota em dentes e implantes comprometidos periodontalmente é composta em
sua maioria por bactérias anaerdbicas. Bactérias patogénicas associadas a
periodontite foram isoladas de sitios saudaveis ao redor de implantes assim como de
sitios com doencga periimplantar (Renvert & Quirynen, 2015), porém em quantidades
maiores (Schwartz et al., 2018).

Uma das alternativas de tratamento nao cirurgico das doengas periodontais e
periimplantares é a associacdo do debridamento mecanico do biofilme subgengival
com o uso concomitante de terapia antibiética, reduzindo a profundidade de
sondagem e aumentando o nivel clinico de insercao (Sanz et al., 2008; Graziani et
al., 2017).

O uso indiscriminado de antibidticos devido ao facil acesso, prescricoes
desnecessarias, uso incorreto levou ao surgimento do que chamamos de resisténcia
bacteriana (Hwang & Gums, 2016). Por este motivo o uso de antibioticos no
tratamento de doencas periodontais deve ser restrito a condicdes mais agressivas e
severas (Sanz et al., 2008). Uma nova estratégia de tratamento se faz necessaria

com o desenvolvimento de drogas antimicrobianas que controlem as etapas inicias
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da formacdo do biofilme, interferindo na comunicagdo intercelular, o Quorum
Sensing (Davies, 2003). A aplicagéo de inibidores do Quorum Sensing (QSIs) € uma
das técnicas possiveis.

O primeiro exemplo de QSIs é a furanona bromada produzida pela alga marinha
vermelha Delisea pulchra (Manefield et al. 2002; He et al. 2012). Esta alga
identificada na Australia chamou a atencdo de pesquisadores por ndo apresentar
colonizacdo de sua superficie por bactérias e epifitas como nas demais espécies
existentes no mesmo meio ambiente (Pettus et al., 1977; Nys et al., 1993; Hentzer &
Givskov, 2003). A mesma € capaz de produzir mais de 30 metabdlitos secundarios
(furanona halogenada) bioativos unicos, porém com estruturas semelhantes,
(Hentzer & Givskov, 2003; Nys et al. 1993; Maximilien, R. et al., 1998) capazes de
inibir o crescimento bacteriano de Escherichia coli, Bacillus subtilis, Pseudomonas
aeruginosa (Pettus et al., 1977; Nys et al., 1993; Nys et al., 1995; Ren et al. 2001;
Ren et al. 2002; Hentzer et al. 2002). Desta gama de compostos, 4 constituem a
maioria (95%), sendo os compostos 3 e 4 os mais abundantes (Figura 1) (Nys et al.,
2006).

B
Br/ V Br B ) Br
/
2 (0]
U 2
H
#Br \A#Br
I/
OAc OH
3 4

Figura 1. Estrutura das 4 furanonas naturais mais abundantes (removido de Nys et al., 2006)

As furanonas sao compostos que nao matam as bactérias diretamente, mas
atrapalham a populacdo bacteriana resistente interferindo na organizacdo do
biofilme, evitando o desenvolvimento de resisténcia bacteriana (Pereira et al., 2014).
Sao substancias que mimetizam as atividades das moléculas sinalizadoras AHL e
competem pelo receptor LuxR afetando o quorum-sensing das bactérias associadas

a este sistema de regulacao (Hentzer & Givskov, 2003).
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A partir desta descoberta, uma série de compostos com estruturas similares a
furanona halogenada foram sintetizados, dentre eles, a furanona C-30 (Z-)-4-Bromo-
5-(bromometileno)-2(5H)-furanona e as lactamas (Figura 2) (Manefield et al., 2002;
He et al., 2012) .

ui2 uz6

Figura 2. A) Estrutura da furanona C-30 sintética (Sigma Aldrich); B) Estruturas quimicas das
lactamas U11, U12 e U26.

A furanona C-30 em concentragbes de 2 e 4 pg/ml diminuiu significativamente a
quantidade de biofilme formado in vitro por S. mutans, sem afetar a proliferacao
celular (He et al., 2012). J4 em uma concentragcédo de 60 pg/ml inibiu a formagao do
biofilme de E. coli e diminuiu a espessura do biofilme em 55%, reduziu o numero de
canais de agua e o percentual de células vivas em 87% (Ren et al., 2001).

Os rubrolideos apresentam algumas caracteristicas estruturais parecidas as do
composto produzido pela alga marinha Delisea pulchra e da furanona sintética C-30
e todos correspondem com y-alkilidine-y-lactonas. Entdo y-alkilidine-y-lactonas
quando convertidas nas lactamas correspondentes y-hidroxi-y-lactamas e vy-
alkilidine-y-lactamas foram capazes de inibir o biofilme formado por Enterococcus
faecalis (Pereira et al., 2014a), Staphylococcus epidermidis e P. aeruginosa em
concentragao de 0.6 ug/mL (Pereira et al., 2014b).

Com o intuito de ampliar o efeito inibitério dos compostos, levando esse efeito
diretamente no local desejado, compostos antimicrobianos vem sendo incorporados

em materiais de uso na odontologia. Furanona incorporada em resina composta
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demonstrou atividade antibacteriana significante sobre S. mutans sem diminuir a
forga mecéanica do material (Weng et al., 2012a). O mesmo grupo de pesquisadores
incorporou novamente 0.5 mol de furanona em cimento ionédmero de vidro e mostrou
a atividade antibacteriana do composto sobre S. mutans e Lactobacillus sp, assim
como a biocompatibilidade do cimento modificado com furanona sobre células da
polpa dental (Weng et al., 2012b). A lactama U27 em uma concentragdo de 87.5
pg/mL foi capaz de reduzir a formagéao do biofilme produzido por S. mutans sobre
superficies funcionalizadas de titanio (Ti6Al4V) (Xavier et al., 2016).

Apesar de o titdnio e suas ligas, por suas excelentes propriedades mecanicas, ser o
material de eleicdo para os sistemas de implantes, este material, quando em contato
com substancias corrosivas (fluor, agentes clareadores), ou quando submetido a
desgaste, perde o fino filme protetor constituido basicamente de TiO2 liberando
particulas metalicas que apresentam potencial toxico para os tecidos,
consequentemente podendo induzir inflamagdes crénicas dos tecidos peri-
implantares, perda 6ssea e até perda do implante (Souza et al., 2015; Juanito et al.,
2015). Para superar estas limitagcbes e minimizar estas reagdes biolégicas negativas
outros materiais estdo sendo pesquisados. Uma alternativa é a poli-éter-éter-cetona
(PEEK), um polimero que apresenta baixo moédulo de elasticidade, boa resisténcia
quimica, € bioinerte, biocompativel e nao reabsorvivel. Pode ser repetidamente
esterilizavel e conformado por usinagem e aquecimento (Zhao et al., 2013). Além de
poder ser utilizado para a incorporagao de compostos com capacidade de inibir a
formacao do biofilme. Como demonstrado no trabalho de Montero et al., 2016 onde
a lactama U27 foi incorporada em filme de poli-éter-éter-cetona sulfonada (sPEEK)
em uma concentracdo de 87.5 pg/ml e a sua capacidade de inibir a formacgédo do
biofilme mono-espécie produzido por S. mutans foi novamente evidenciada.

Estudos relacionados com a formacgao do biofilme focam em biofilmes constituidos
por uma ou poucas especies bacterianas como o conduzido por de Almeida e
colaboradores que avaliaram o efeito de 3 y-alkilidine-y-lactamas na formagao de
biofiime multi-espécies de S. mutans, E. faecalis e Candida glabrata e obtiveram
resultados que mostram a inibicdo da formacgao do biofilme multi-espécies pelas 3
lactamas testadas devido a habilidade de reduzir a quantidade de proteina e
exopolissacarideos (de Almeida et al., 2018). Como a placa dental € um biofilme
complexo no qual mais de 700 espécies microbianas diferentes podem residir (Aas
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et al., 2005), neste estudo foi desenvolvido em laboratério um modelo de biofilme
multi-espécies se assemelhando mais com a realidade do meio bucal.
1.2 Objetivos

Objetivo principal: estudar os efeitos de compostos sintéticos na formagao de

biofilme bacteriano sobre superficies poliméricas (PEEK) e discos de hidroxiapatita.
Objetivos especificos:

a) Avaliar o efeito da Furanona C-30 sobre a viabilidade celular de queratinécitos

orais humanos (HOK-18A) e células da polpa dental humana (HDPC's).

b) Avaliar o efeito da Furanona C-30 na formagdo de biofilme mono-espécie

envolvendo 14 espécies de bactérias orais.

c) Avaliar o efeito de compostos anti-biofilme incorporados em discos de poli-éter-

éter-cetona (sPEEK) sobre a viabilidade celular de fibroblastos (L929).

d) Avaliar o efeito de compostos anti-biofilme solubilizados em meio liquido sobre
discos de hidroxiapatita e incorporados em discos de sPEEK na formagdo de

biofilme multi-espécies.
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Abstract

Aim: To evaluate the effect of furanone C-30 on cell viability of Human Oral
Keratinocytes (HOK-18A) and Human Dental Pulp Cells (HDPC's) and on single and
multi-species oral biofilm formation.

Material and methods: The effect of furanone C-30 on cell viability was evaluated
by XTT cell proliferation assay. Single-species biofilm experiments were analysed by
crystal violet assay, while the effect of furanone C-30 on multi-species biofilms was
evaluated by quantitative PCR.

Results: 100% viability of HOK-18A was observed when were exposed to 0.5 to 10
pMg/mL of furanone C-30, 90% of HDPC's to 10 pg/mL in contrast to 128 ug/mL in
which a cytotoxic effect was found. Planktonic bacterial growth and biofilm formation
of the periodontopathogens Aggregatibacter actinomycetemcomitans, Prevotella
intermedia and Porphyromonas gingivalis was inhibited by >20% and >50%,
respectively at furanone C-30 concentrations from 8 to 128 pg/mL in single-species
experiments. In multi-species experiments at 10 uyg/mL and 128 pg/mL furanone C-
30 changed the biofilm composition in comparison to the control by reducing the
bacterial concentration of A. actinomycetemcomitans with 0.73 log (£0.72) and 0.78
log (x0.83) and P. intermedia with 1.52 log (£1.28) and 2.41 log (+ 0.59), respectively
and of P. gingivalis with 1.49 log (£ 0.78) at 128 ug/mL, while changes in the
concentrations of the other species were not statistically significant.

Conclusion: The effect of furanone C-30 on cell viability of HOK-18A and HDPC's,
as well as on single and multi-species biofilm formation was dose dependent,
inhibiting mainly Gram-negative periodontopathogens, while most beneficial bacteria

were relatively unaffected by the compound.

Keywords: Biofilm inhibition, Periodontopathogens, Furanone C-30
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1. INTRODUCTION

The oral cavity is a habitat of multiple bacterial species organized in complex
communities called biofilms. These organized microbial communities are surrounded
by an extracellular matrix composed of polysaccharides, nucleic acids and proteins,
forming an intricate network of water channels that allows the penetration of nutrients
and the release of metabolites [1,2,3]. When organized in biofilms, bacteria
demonstrate a radically different phenotype from those in the planktonic state [4,5,6].
As such, they are able to resist antibiotics at concentrations up to a thousand times
higher than concentrations that show to kill these species in planktonic state [7,8].
Biofilm formation is mediated by an intercellular communication system known as
quorum sensing (QS). QS involves the regulation of virulence-related gene
expression through the accumulation of signaling molecules called autoinducers (Al),
when the bacterial population reaches a certain density [9,10].
The development of a new generation of antimicrobials that control the early steps of
biofilm formation by disrupting the bacterial QS has been proposed as a new
antibiofilm strategy as the easy access and misuse of antimicrobials drugs led to the
increment of bacterial resistance [10]. The application of quorum sensing inhibitors
(QSls) is one of the promising techniques for disrupting QS. The prime example of
such QSIs are the bromated furanones produced by the marine red algae Delisea
pulchra [11,12], which were shown to inhibit biofilm formation of Escherichia coli,
Bacillus subtilis and Pseudomonas aeruginosa [13,14,15,16]. These finding lead to
the development of a series of synthetic halogeno-furanone compounds whose
structure were similar to those found in D. pulchra such as furanone C-30 ((Z-00)-4-
Bromo-5-(bromomethylene)-2(5H)-furanone) and lactams [11,12]. Such compounds

do not kill the pathogens directly but disrupt the biofilm formation avoiding the
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development of bacterial resistance [10]. To be suitable for clinical use in the oral
cavity, these compounds must interfere on biofilm formation without having a
cytotoxic effect on eukaryotic cells.

This study aimed to evaluate the cytotoxic effect of furanone C-30 on cell viability of
Human Oral Keratinocytes and Human Dental Pulp Cells and its inhibitory effect on

single and multi-species oral biofilm formation.

2. MATERIALS AND METHODS

Furanone C-30

The synthetic furanone C-30 (Fig. 1), was purchased from Sigma-Aldrich (St. Louis,
MO, USA). A stock solution was made by dissolving 10 mg of furanone C-30 in 1 mL
of ethanol 95% and stored at -20°C. The final working concentrations were reached
by diluting it in keratinocyte growth medium (KSFM, Gibco®, Life Technologies Ltd.,
Paisley, Scotland) and Dulbecco's Modified Eagle Medium (DMEM, Gibco) to
perform the cell viability assay. To test single-species biofilm inhibition it was diluted
in brain heart infusion broth (BHI) (Difco Laboratories, Detroit, USA), while the multi-
species in modified BHI (BHI2) [17].

The effect of the ethanol on bacterial and cell cultures was also tested, by making the
same dilution as for the highest final concentration of furanone C-30, but without the
compound.

Br

/O O
Br

Figure 1. Structure of furanone C-30 ((Z-)-4-Bromo-5-(bromomethylene)-2(5H)-furanone)
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Cell culture: Immortalized Human Oral Keratinocytes (HOK-18A) were seeded in
cell culture flasks (Costar, Cambridge, MA, USA) with KSFM, supplemented
according to the manufacturer's instructions. Fibroblast human dental pulp cells
(HDPC's) were cultured from human third molars, which were extracted for
orthodontic reasons [18,19]. HDPC's were grown in DMEM, supplemented with 10%
fetal bovine serum (FBS, Gibco, Life Technologies Ltd., Paisley, Scotland). The
culture medium were refreshed 3 times a week and cells were incubated at 37°C and
5% CO2. When HOK-18A and HDPC’'s reached 80% confluence, cells were
harvested with 0.25% Trypsin/EDTA (Life Technologies, Paisley, UK), centrifuged at

1100 rpm for 5 min at room temperature and resuspended in growth medium.

Bacterial strains and culture conditions

Six oral pathogenic strains (Streptococcus mutans (ATCC 20523), Prevotella
intermedia (ATCC 25611), Porphyromonas gingivalis (ATCC 33277), Fusobacterium
nucleatum (ATCC 20482), Aggregatibacter actinomycetemcomitans (ATCC 43718),
Streptococcus sobrinus (ATCC 20742)) and eight commensal, potentially beneficial
species (Streptococcus gordonii (ATCC 49818), Actinomyces naeslundii (ATCC
51655), Streptococcus mitis (DSM 12643), Streptococcus salivarius (TOVE-R),
Streptococcus oralis (DSM 20627), Streptococcus sanguinis (LMG 14657),
Actinomyces viscosus (ATCC 43327) and Veilonella parvula (DSM 2008)) were
included in this study.

All bacterial strains were maintained on blood agar plates (Oxoid, Basingstoke, UK)
supplemented with 5 pg/mL hemin (Sigma, St. Louis, USA), 1 ug/mL menadione
(Calbiochem-Novabiochem, La Jolla, USA) and 5% sterile horse blood (E&O
Laboratories, Bonnybridge, Scotland). A. actinomycetemcomitans, S. gordonii, S.

mitis, S. mutans, S. salivarius, S. sanguinis and S. sobrinus were incubated at 37°C
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in 5% COa2. A. naeslundii, A. viscosus, F. nucleatum, P. gingivalis, P. intermedia and
V. parvula were incubated at 37°C under anaerobic conditions (10% Co2, 10% Ho,
80% N32). Overnight liquid cultures were prepared in 10 mL BHI and incubated at the

same conditions.

Bioreactor derived multi-species community

To establish the multi-species biofilm, all strains were cultivated individually as
described above. Before inoculating the bioreactor, the turbidity of each bacterial
suspension was adjusted to an optical density (OD) at 600 nm (GeneQuant 100, GE
Healthcare, Buckinghamshire, UK) of 1.4 with BHI-.

For the establishment of a multi-species community, 750 mL of BHI> supplemented
with 5 mg/mL hemin, 1 mg/mL menadione, were added to a Biostat B Twin 1L
bioreactor (Sartorius Stedim Biotech GmbH, Goettingen, Germany). The bioreactor
conditions were 37°C, 0% O2, 5% CO2, pH 6.7 £ 0.1, stirring at 300 rpm and 200 pl/L
of Antifoam Y-30 (Sigma, St. Louis, USA). Bacterial inoculation of the bioreactor
started with 750 yl of S. mitis at ODeoo 1.4; which grew until late exponential phase,
after which the remaining 13 microbial species were added at ODeoo 1.4. The
chemostat culture was left to stabilize for 48h, after that the medium was replaced at

a rate of 200 mL/24h and kept for 5 days [20].

2.1 Cell Viability assay

Cells were seeded in 96-well plates (Greiner Bio-One, Wemmel, Belgium) at a
concentration of 20.000 cell/well. After 24h culture medium was refreshed and HOK-
18A cells were exposed to furanone C-30 at 128, 64, 32, 30, 25, 20, 16, 15, 10, 8, 4,
2,1, and 0.5 pg/mL. HDPC's were exposed to the compound at 128 and 10 ug/mL.
After 20 hours of exposure, the supernatant was removed and 50 ul of XTT dissolved

in RPMI 1640 medium (Life Technologies, Gent, Belgium) at a concentration of 1



28

mg/mL and 1yl of Phenazine methyl sulphate (PMS) (AppliChem, Darmstadt,
Germany) dissolved in phosphate buffered saline (PBS) at a concentration of 0.383
mg/mL were added to each well. Plates were incubated at the same conditions
mentioned before for 4h. The supernatant was used for quantification of formazan
release photospectrometrically at 450 nm using a microplate reader (Multiskan
Ascent; Thermo Scientific, Waltham, MA, USA). Experiments were conducted in
triplicate and repeated on 3 different days.

Cell viability is expressed as percentage in comparition to the control cells, which

were not exposed to the compound.

2.2 Biofilm inhibition

2.2.1 Single-species biofilm

To examine the effect of furanone C-30 on single-species biofilm formation, 100 yL of
BHI were added at each well of polystyrene 96-well microtiter plates (Grenier Bio-
One, Frickenhausen, Germany). Furanone C-30 from the stock solution was diluted
in BHI to reach a concentration of 512 pg/mL, 100 uL were dispensed at the first well
and diluted in a serial two-fold dilutions to reach a final concentration of 1 pg/mL.
Overnight bacterial cultures were diluted to adjust the bacterial concentration to an
ODeoo 0.5 (GeneQuant 100, GE Healthcare, Buckinghamshire, UK) and 100 yL were
inoculated on each well. Final concentrations of furanone C-30 were 128, 64, 32, 16,
8,4, 2,1 and 0.5 yg/mL. ODe3onm Was measured at baseline (Thermo Scientific,
Eletron Corporation, Multiskan Ascent, Ascent Software Version 2.6) and plates were
then incubated at 37°C for 24h in either aerobic or anaerobic conditions. After 24h of
incubation, planktonic bacterial growth was measured at ODe3onnm. After discarding
the supernatants wells were washed twice with sterilized PBS and the formed biofilm

at the bottom of the wells was stained with 0.1% crystal violet (Sigma, St. Louis, Mo,
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USA) for 15 min, washed five times with distilled water, dried, and solubilized with 5%
acetic acid for 45 min and ODs3onm Was measured. Experiments were performed in
triplicate and repeated on 3 different days. The inhibitory effect of furanone C-30 was
determined by the percent reduction in the OD in relation to the control in the

absence of the compound.

2.2.2 Multi species biofilm

Samples were taken from the chemostat culture, diluted 1:10 in fresh BHI> medium
and 100 yL were added to each well of a 24-well plate containing a Calcium Deficient
Hydroxyapatite disc (Hitemco Medical, Old Bethpage, NY, USA). Furanone C-30
from the stock solution was diluted in BHI> added to reach final concentrations of 10
Mg/mL and 128 pg/mL (concentrations choosen based on the cell viability assay
results) at a final volume of 1 mL. Plates were incubated for 24h at 37°C, under
anaerobic conditions (10% CO2, 10% H2, 80% N>) stirring at 170 rpm.

Discs were washed three times in PBS after which, the biofilms were detached by the
addition of 0.05% Trypsin-EDTA. After incubation for 45 min at 37°C and stirring at
230 rpm, bacterial cells were harvested by centrifugation for 5 minutes at 8.000 rpm

and resuspended in 500 ul of PBS.

Quantification by q-PCR

DNA extraction was performed using the QlAamp DNA Mini kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions. A quantitative PCR (gqPCR)
assay was performed to detect and quantify bacterial DNA with a CFX96 Real-Time
System (Biorad, Hercules, USA) using the Tagman 5’ nuclease assay PCR method.
The Tagman reaction contained 12.5 yl Mastermix (Eurogentec, Seraing, Belgium),
4.5 ul sterile distilled water, 1 yl of species-specific primer and probe and 5 ul

template DNA [21]. Assay conditions for all primer/probe sets consisted of an initial 2
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min at 50°C, followed by a denaturation step for 10 min at 95°C, followed by 45
cycles of 95°C for 15 sec and 60°C for 60 sec. Quantification was based on a
plasmid standard curve [20]. Experiments were performed in triplicate and repeated

on three different days.

2.3 Scanning Electron Microscopy

Multi-species biofilms grown on the hydroxyapatite discs were carefully rinsed 3
times with PBS, biofilm was fixed in 2.5% glutaraldehyde with 0.1 M sodium
cacodylate buffer, pH 7.4 at RT for 2h. Discs were rinsed 3 times in 0.1 M sodium
cacodylate buffer for 10 minutes, postfixed in the dark with 1% osmiumtetroxide at
4°C for 2h and washed 2 times with distilled water for 10 min. Samples were
dehydrated through a series of 50, 70, 90 and 100% ethanol solutions and dried with
hexamethyldisilazan (Acros Organics, Geel, Belgium). Discs were then mounted in
support stubs, sputter coated with gold and analyzed with SEM (JSM-6610LV, JEOL,

Tokyo, Japan).

2.4 Statistical analysis

Linear mixed models using compound concentrations as fixed factor and experiment
runs as random factor were separately conducted for the cell viability assay and for
each species on the planktonic bacterial growth, single and multi-species competition
assays. The restricted maximum likelihood (REML) estimation approach was used.
Fitted models were evaluated according to the assumptions of homoscedasticity and
residuals normality. Outcome variables were logarithmic or squared transformed
when residuals were skewed distributed. The multi-species biofilm formation data
were Logio-transformed from CFU/mL. Due to the presence of outliers among
specific species, a bootstrapping procedure was conducted to obtain corrected

standard errors (1.500 resamples). Comparisons between growing conditions and
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the control group were adjusted for multiple hypothesis testing (Sidak). Cell viability
and biofilm formation results were presented, respectively, as percentage relative to

control group and percentage of inhibition.

3. RESULTS

3.1 Cell Viability

In order to achieve the optimal furanone C-30 concentration to obtain 100% of cell
viability, the tested concentration range was extended to 14 concentrations including
the 9 serial two-fold dilutions described before.

As shown in Fig. 2A, the highest furanone C-30 concentration showing 100% cell
viability was 10 ug/mL. Higher concentrations of furanone C-30 (30 pg/mL to 128
pug/mL) significantly decreased cell viability of HOK-18A of more than 30% when
compared to control. The cytotoxicity of furanone C-30 on HDPC's was tested in two
concentrations, 10 pg/mL as the highest concentration that provided 100% of cell
viability in the cell viability assay with HOK-18A and 128 ug/mL (the highest
concentration tested). Similar effects were observed. More than 90% cell viability was
retained at 10 uyg/mL and a cytotoxic effect was observed at 128 pg/mL, (Fig 2B).
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Figure 2. Percentage of cell viability A) for HOK-18A cell line and B) for HDPC's cell line in
comparison to the control according to furanone C-30 concentrations. *Significant statistical difference
in comparison to control group [%] (p<0.05); dashed lines denotes cytotoxicity threshold (30%
inhibition).

3.2 Biofilm quantification

3.2.1 Planktonic Growth

The inhibitory effect of furanone C-30 on planktonic growth of selected bacteria is
shown in table 1. Ten species presented above 20% inhibition when compared to the
control and this inhibition was concentration dependent. Four of the 14 species
tested (S. sobrinus, S. sanguinis, F. nucleatum and V. parvula), furanone C-30 inhibit

planktonic bacterial growth less than 20%.

Please insert Table 1 here

3.2.2 Single-species biofilms

As shown in table 2, furanone C-30 at concentrations of 8 ug/mL to 128 ug/mL
significantly reduced the biofilm formation of the periodontopathogens A.
actinomycetemcomitans, P. gingivalis and P. intermedia. At 64 ug/mL and 128 ug/mL
single-species biofilm formation of S. mutans and at 128 ug/mL of F. nucleatum was
significantly inhibited (>50%) compared to the control. In regards to the six
pathogenic oral strains tested, only the formation of the single-species biofilm of S.
sobrinus was not significantly inhibited. Biofiim formation of the commensal,
potentially beneficial bacteria was significantly inhibited in the case of A. naeslundii at
concentrations from 8 pg/mL to 128 ug/mL, A. viscosus from 32 pug/mL to 128 ug/mL,

S. gordonii from 4, 16 to 128 ug/mL, S. oralis from 4 pyg/mL up to 128 pyg/mL and V.
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parvula at 64 yg/mL and 128 pg/mL for at least 20%. Results from the other species

were not statistically significant.

Please insert Table 2 here

3.2.3 Multi-species biofilms

On multi-species biofilms, furanone C-30 was able to modulate the microbial
community composition. Overall Gram-negative periodontopathogens were the most
affected by furanone, while no significant change in the proportion of most health
associated commensal bacteria could be observed. Furanone C-30 significantly
inhibited at 10 ug/mL and 128 pg/mL A. actinomycetemcomitans with 0.73 Log1o
CFU/mL (£0.72) and 0.78 Logio CFU/mL (£0.83) and P. intermedia with 1.52 Log1o
CFU/mL (%1.28) and 2.41 Logio CFU/mL (£ 0.59), respectively. Whereas, P.
gingivalis biofilm formation was significantly inhibited at 128 pg/mL with 1.49 Log1o
CFU/mL (x 0.78), as shown in table 3. No significant quantitative differences were
found for the other bacterial species. In terms of community composition, the control
biofilms consisted of 72.5% (+ 20.7%) of commensal bacteria, and 27.5% (+ 20.7%)
of pathogens. At 128 pg/mL, furanone C-30 shifted significantly the biofilm
composition to 95.6% (x 3.3%) of commensals and 4.4% (+ 3.3%) of pathogenic

bacteria, as shown in figure 3.
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Figure 3. Effect of furanone C-30 at concentrations of 10 and 128 ug/mL on multi-species biofilm
composition (CFU/mL) in comparison to control group. Note: *Significant statistical difference in

comparison to control group [%)] (p<0.05).

Please insert Table 3 here

3.2.4 Scanning Electron Microscopy

Quantitative inhibition of biofilm biomass could not be confirmed on the SEM images,
however qualitatively changing in the multi-species biofilm composition could be
observed in the images, specially in the group where the furanone C-30 was applied

at 128 pg/mL as shown in Fig. 4. These images corroborate the results of the gPCR

technique.
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Figure 4. SEM images of multi-species biofilms on hydroxyapatite discs after 24h of growth without
furanone C-30 (control: A, B, C), with the compound at 10 ug/mL (F10: D, E, F) and at 128 pg/mL

(F128: G, H, I).

4. DISCUSSION

In this in vitro study the effect of the synthetic furanone C-30 on 14 oral bacterial
species was tested. None of the 9 concentrations of furanone C-30 tested in these
assays caused more than 20% inhibition of planktonic bacterial growth of S.
sobrinus, S. sanguinis, F. nucleatum and V. parvula. An effect only on biofilm
formation can be observed when less than 20% inhibition on planktonic bacterial
growth is induced. This was limit established on the study of Pereira UA et al., 2014
[22]. These results indicate that the activity of the compound is primarily inhibition of
biofilm for these 4 bacterial species, while for the other species the effect of furanone
C-30 on planktonic growth was concentration-dependent, suggesting a possible

antimicrobial activity of this compound.
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The single-species planktonic bacterial growth of S. mutans was not significantly
inhibited in more than 20% by furanone at 0.5 pyg/mL to 16 pg/mL similarly to He et
al., 2012, whom observed the same effect at 2 yg/mL and 4 ug/mL [12]. At these
concentrations, the single-species biofilm formation was significantly inhibited with
furanone C-30 [12], another similar synthetic furanone also showed to inhibit biofilm
formation of S. mutans [23]. However, in the present study single-species biofilm
inhibition was only observed at concentrations of 64 ug/mL and 128 ug/mL.

Furanone C-30, inhibited planktonic bacterial growth by more than 20% and single-
species biofilm formation by more than 50% of A. actinomycetemcomitans, P.
gingivalis and P. intermedia at concentrations ranging from 8 ug/mL to 128 pyg/mL. In
multi-species experiments, colonization of A. actinomycetemcomitans and P.
intermedia was significantly inhibited at both concentrations, while P. gingivalis only
at 128 ug/mL. The topical inoculation of a similar synthetic furanone [(5Z)-4-bromo-5-
(bromomethylene)-2(5H)-furanone] significantly interfere with the biofilm growth of P.
gingivalis in mice infection model showing a reduction of bone destruction and a
decrease in the number of bacteria in vivo, suggesting that QSIs can be a new
approach to prevention and treatment of periodontitis [24].

Biofilm formation of S. mitis, S. salivarius and S. sanguinis was not significantly
inhibited in single-species experiments, while in those 3 species and also A.
naeslundii, A. viscosus, S. gordonii, S. oralis and V. parvula inhibition activity was not
observed in the multi-species assays ether.

In this study, toxicity tests were conducted on immortalized human gingival epithelial
cells (HOK 18-A), which are the first line of defense against oral bacterial infections
[25]. Additionally, human fibroblasts (HDPC's) were used since they are the most

common kind of cells on the connective tissue and are responsible for the healing
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process. The viability of the HOK-18A cells was fully maintained at furanone C-30
concentrations between 0.5 pg/mL and 10 pg/mL, and for 90% for HDPC's at 10
pug/mL. On the other hand, furanone C-30 at the highest concentration (128 pg/mL)
showed to be cytotoxic to both cells types. Furanones in general are described in the
literature as too reactive, which make them presumably toxic for therapeutic use [26-
28]. However, results from the study of Park et al., 2017 showed that (5Z)-4-bromo-5-
(bromomethylene)-2(5H)-furanone, which is similar to furanone C-30, maintained
100% of viable cells of human gingival fibroblasts (HGFs) and more than 90% of
HOK-16B at 2 uM [29]. Yang YJ et al.,, 2013 showed that 0.04, 0.4 and 4 mM
compound did not stimulate proinflammatory cytokines and did not affect the viability
of human monocytic cell line and human gingival fibroblasts (HGFs) when the
dehydrogenase activity of living cells was analyzed [30]. Also, no irritative or
genotoxic effects in mice after 3 or 21 days of exposure were seen [31]. In contrast to
that, the antimicrobial agent chlorhexidine, which is considered a gold standard in the
treatment of oral diseases, is cytotoxic to human fibroblasts and keratinocytes [32],
and also showed significantly less metabolic activity of fibroblasts, after 24h of
incubation when compared to treatment with lactams [33].

In general, furanone C-30 shifted the biofilm community composition to a more
beneficial and less pathogenic state. The reduction of pathogenic bacteria
consequently enriched the amount of health-associated bacteria suggesting a
selective effect of the compound.

Furanone C-30 showed to be suitable for the development of new antibiofilm drugs
for therapeutic purposes. Although promising results, the oral environment is much
more complex than those created in the present study, therefore the compound

needs to be tested in vivo.
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5. CONCLUSION

The effect of furanone C-30 on cell viability of HOK-18A and HDPC's as well as on
single e multi-species biofilm formation was concentration dependent. Furanone C-
30 inhibited mainly Gram-negative bacteria, associated with periodontal diseases,

without affecting the commensal, potentially beneficial bacteria.
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Tables

Table 1. Percentage of planktonic bacterial growth

in comparison to control group according to furanone C-30 concentrations.
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Furanone C-30 concentrations

Variables Control 0.5 pg/mL 1 pg/mL 2 pg/mL 4 yg/mL 8 pg/mL 16 pg/mL 32 pg/mL 64 pg/mL 128 pg/mL
% (xsd) % (xsd) % (+sd) % (+sd) % (+sd) Y% (+sd) Y% (+sd) Y% (+sd) Y% (+sd) Y% (+sd)

Pathogenic
A. actinomycetemcomitans 100.0 (10.4) -1.8(1.2) -6.4(5.0)0 -16.0(7.9) -33.6(19.0)* -53.4(21.8)* -66.9(1.7)* -66.5(1.8)* -66.2(1.4)* -65.8(1.3)*
F. nucleatum 100.0 (11.7) -1.7 (6.5) -3.7(5.6) -7.3(2.0) -7.4 (1.0) -4.5 (2.6) -2.5(6.9) 6.0 (10.6) -0.3 (12.5) 7.4 (66.8)
P. gingivalis 100.0 (1.4) 2.1(6.4) 20(129) -5.7(9.6) -38.0(6.9)* -59.5(0.1)* -59.7(2.1)* -57.9(1.9)* -55.6(2.0)* -52.9(1.8)*
P. intermedia 100.0 (29.8) -6.8(29.0) -9.9(33.1) -1.7(28.7) -16.1(41.6) -30.3(38.2) -38.4(48.7) -79.0(15.2)* -77.2(17.6)* -75.0 (19.9)*
S. mutans 100.0 (12.2) -1.9(12.0) -22(10.3) -57(8.8) -10.7(84) -14.7(7.0) -22.8(10.8) -31.8(13.9)* -46.9 (21.8)* -60.1 (14.5)*
S. sobrinus 100.0 (9.4) -3.1(10.3) -8.4(6.7) -125(64) -8.2(5.3) -4.7 (9.3) -6.3 (6.5) -6.6 (14.1) -5.5(28.0) -3.1(29.5)

Commensal
A. naeslundii 100.0 (17.8) -4.7(17.3) -9.9(17.5) -14.8(25.4) -26.7 (27.9)* -46.9 (25.1)* -58.1 (22.5)* -65.9 (7.6)* -65.3 (8.2)* -61.0(7.9)*
A. viscosus 100.0 (7.7) -3.2(29.2) -10.1(18.5) -28.7 (11.7) -45.0(8.8)* -41.0 (21.4)* -55.1 (12.1)* -59.5(10.0)* -59.1 (16.5)* -54.4 (25.6)*
S. gordonii 100.0 (2.1) 1.7(3.4) -41(3.00 -7.6(3.4) -18.8(3.8)" -7.9 (6.4) 8.5(4.2) -9.8(34.2) -33.1(28.0) -62.4(0.6)*
S. mitis 100.0 (6.7) -7.0(6.0) -8.3(5.2) 4.4 (6.6) -6.9 (4.2) -10.7 (4.2) -4.2 (5.8) -24.4 (6.3)* -34.3(6.2)* -40.1 (14.1)*
S. oralis 100.0 (56.2) 2.2(8.7) 5.7(7.2) -49(79) -21.2(10.1)* -37.4(18.1)* -73.0(3.6)* -77.5(0.9)* -77.4(2.0)* -76.9 (2.7)*
S. salivarius 100.0 (19.3) -15.3(17.2) -8.0(13.6) -8.9(17.8) -13.0(11.3) -25.1(11.9) -26.6(16.1) -36.9 (13.7)* -39.3 (7.7)* -37.2(16.1)*
S. sanguinis 100.0 (5.3) 1.1 (11.2) 2.6 (8.5) 4.2 (6.0) -3.6(13.7) -7.4(196) -6.0(17.0) 0.2(15.5) -10.7(29.2) -10.7 (56.0)
V. parvula 100.0 (6.9) -2.9(6.2) -1.2(75) -11(11.7) -54(131) -74(139) -8.9(15.0) -10.6(13.4) -11.0(16.7) 6.0(30.5)

Note: *Significant statistical difference in comparison to control group [%] (p<0.05); negative values denotes planktonic inhibition; bold values
highlight 20% mean inhibition.
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Furanone C-30 concentrations

Variables Control 0.5ug/mL 1 pg/mL 2 pg/mL 4 ug/mL 8 pg/mL 16 pg/mL 32 pg/mL 64 ug/mL 128 ug/mL
%o(£sd) %(xsd) %(+sd) %(+sd) %(+sd) %(+sd) %(xsd) %(xsd) % (xsd) Y%(xsd)

Pathogenic
A. actinomycetemcomitans 100.0 (12.1) -18.7 (43.6) -37.6 (35.7) -39.9 (20.8) -50.7 (26.5)* -70.1(29.4)* -87.6(4.5)* -88.6(3.1)* -86.9(1.2)* -86.0(1.3)"
F. nucleatum 100.0 (32.2) -0.8(324) -8.2(7.4) 0.6(10.2) 9.2 (36.6) 4.3 (43.8) 12.9(38.4) 25.3(21.2) 1.9(21.3) -53.7 (26.7)
P. gingivalis 100.0 (14.3) 19.3(27.9) -12.6(9.6) -7.4(30.2) -215(24.4) -63.4(5.1)* -62.8(8.0)* -65.6(2.5)* -61.6(2.5)* -57.5(6.4)
P. intermedia 100.0 (34.0) -125(6.4) -19.1(8.5) -24.4(17.3) -23.1(24.3) -50.8 (23.5)* -60.8 (21.8)* -84.6 (12.3) -86.9(9.4)* -88.8(6.1)"
S. mutans 100.0 (35.2) -23.3(21.0) -9.4(38.8) -20.8(16.6) -10.0(53.8) -16.0(21.4) -445(129) -43.6(9.3) -61.6(22.1)* -61.4 (20.7)
S. sobrinus 100.0 (14.3) -184(59) -9.3(17.6) -20.3(6.6) -23.7(4.9) -123(17.6) -26.9(6.0) -20.8(43.8) 10.7(37.2) 28.2(24.8)

Commensal
A. naeslundii 100.0 (38.0) -8.5(29.0) -14.7 (33.8) -14.3(42.0) -29.2(40.2) -55.3(29.8)* -79.6 (23.4)* -91.1(6.2)* -93.6(3.3)* -93.9(2.2)
A. viscosus 100.0 (7.9) -8.3(17.5) -11.7(14.0) -242(58) -143(9.5) -27.2(54) -25.3(184) -39.8(9.3)* -63.5(23.0) -78.8 (15.7)*
S. gordonii 100.0 4.7) -123(11.7) -3.3(14.2) -12.8(11.3) -28.6 (13.1)* -225(24) -33.0(5.6)* -54.1(20.4)* -54.9(20.1)* -78.0 (1.5)*
S. mitis 100.0 (12.5) 53.0(31.3) 48.0(60.0) 76.8(69.1) 32.9(63.7) 23.3(29.8) -2.6(154) -10.4(31.5) -26.3(24.0) -22.7(31.9)
S. oralis 100.0 (14.7) -3.5(20.4) -15.1(13.8) -19.1(11.5) -33.1(7.2)* -39.0 (21.4)* -67.5(11.2)* -78.7 (4.7)* -82.1(6.7)* -82.8(3.6)
S. salivarius 100.0 (18.1) -6.0(36.9) -0.7(51.9) -13.1(39.1) -145(34.9) -32.1(14.2) -39.1(14.1) -43.6(12.8) -60.8(8.3) -55.7(29.7)
S. sanguinis 100.0 (6.9) 2.0(32.6) 1.0(26.4) 24.2(55.0) 3.4(32.3) -11.8 (3.7) 9.0 (4.9) -8.5(44.6) -18.7 (44.4) -25.0(18.1)
V. parvula 100.0 (24.9) -10.0(18.2) 5.3(25.9) -3.8(28.8) -10.3(28.1) -13.1(33.8) -12.3(37.3) -21.6(36.9) -35.5(34.3)* -35.1(35.7)*

Note: *Significant statistical difference in comparison to control group [%] (p<0.05); negative values denotes biofilm inhibition.
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Table 3. Multi-species biofilm formation (Log10 (CFU/mL) in comparison to control group

according to Furanone C-30 concentrations.

Furanone C-30 concentrations

Variables 10 ug/mL 128 pg/mL
mean (+sd) mean (+sd)
Pathogenic
A. actinomycetemcomitans -0.73 (0.72)* -0.78 (0.83)*
F. nucleatum -0.56 (1.17) -1.19 (1.15)
P. gingivalis -0.59 (0.52) -1.49 (0.78)*
P. intermedia -1.52 (1.28)* -2.41 (0.59)*
S. mutans -0.34 (0.68) 0.13 (1.08)
S. sobrinus 0.03 (0.73) -0.24 (1.37)
Commensal
A. naeslundii -0.15 (0.77) -0.06 (1.01)
A. viscosus -0.18 (0.90) -0.01 (1.12)
S. gordonii -0.41 (0.93) -0.06 (1.15)
S. mitis 0.32 (0.35) 0.53 (0.62)
S. oralis 0.75 (2.02) 1.32 (1.64)
S. salivarius 0.19 (2.14) 1.16 (1.90)
S. sanguinis -0.24 (0.65) 0.03 (0.97)
V. parvula -0.39 (0.95) -0.03 (0.98)
Summary of Species
Pathogenic -0.47 (0.78) -1.15 (0.92)*
Commensal -0.39 (0.95) -0.03 (0.99)

Note: *Significant statistical difference in comparison to control group (p<0.05), @ prevalence

relative to total biofilm growth.
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Abstract

Aim: To evaluate the effect of furanone C-30 and lactams U11, U12 and U26
solubilized in liquid medium and incorporated to sPEEK discs on multi-species biofilm
formation and the cytotoxicity of modified sSPEEK discs on L929 murine fibroblasts.
Material and methods: PEEK was modified through sulfonation process (sPEEK)
and functionalized to incorporate furanone C-30 and lactams. The effect of antibiofilm
compounds solubilized in liquid medium and incorporated to sPEEK discs on multi-
species biofilm formation was evaluated by quantitative PCR, while the cytotoxicity of
sPEEK containing antibiofilm agents was evaluated by MTS assay.

Results: The association of lactams and furanone C-30 at 128 pg/mL significantly
inhibited biofilm formation of F. nucleatum, P. gingivalis and P. intermedia shifting the
multi-species community composition to a more beneficial and less pathogenic state.
When incorporated to sPEEK discs the inhibitory activity of antibiofilm agents on
multi-species biofilms formation decreased consistently, showing rather then
inhibition an increase in the biofilm formation of S. sobrinus and of S. gordonii. Only
group sP/3LF128 after 7 days of exposure showed a cytotoxic effect on L929
fibroblasts resulting in 55% of viable cells.

Conclusion: The association of furanone C-30 and lactams solubilized in liquid
medium is more active against periodontopathogens than commensal potentially
beneficial bacteria. When incorporated to sPEEK their inhibitory activity on multi-
species biofilm formation was lost. A cytotoxic effect on L929 murine fibroblasts was

observed only at the longer period of exposure to the group sP/3LF128.

Keywords: Biofilm inhibition, Periodontopathogens, Furanone C-30, Lactams
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1. INTRODUCTION

Biofilms are a complex microbial communites embedded in an extracellular polymeric
matrix that are present on intra-oral surfaces attached to hard and soft tissues [1,2].
These well-organized three-dimensional structures have been recognized as
responsible for the development of many diseases. In the oral cavity, biofilms have a
role in the development of dental caries and periodontal diseases. Both are among
the most prevalent diseases in humans [3].

When grown in biofilms bacteria change their phenotypic behavior. They become
less susceptible to antimicrobials, by wjich they are able to resist concentrations up
to a thousand times higher than concentrations that show to eradicate the same
species in a planktonic state [4,5]. Microorganisms can communicate by using
chemical signals and cooperate for the biofilm formation by an intercellular
communication system called quorum sensing (QS) [6]. QS coordinates gene
expression, which regulates virulence, adhesion and biofilm formation, through the
accumulation of signaling molecules, referred to as autoinducers (Al) [7].

The development of a new generation of antimicrobials with substances that interfere
with the QS, and by thus inhibit the biofilm formation has been proposed as a
promising strategy [8,9]. Among the QS inhibitors (QSI) halogeno-furanones and
lactams, analogous to rubrolides, were produced synthetically. They have a similar
structure as the bromated furanone produced by the marine algae Delisea pulchra
[10,11] that show to inhibit biofilm formation of Escherichia coli, Bacillus subtilis and
Pseudomonas aeruginosa [12,13,14,15]. Furanones and lactams are able to
modulate biofilm formation of a range of Gram-positive and Gram-negative bacteria,
inhibiting single and multi-species biofilm formation of Staphylococcus epidermidis,
Pseudomonas aeruginosa, Staphylococcus aureus, Porphyromonas gingivalis,
Streptococcus  mutans,  Enterococcus faecalis and Candida  glabrata
[8,9,11,16,17,18].

In order to increase the inhibitory effect of the antibiofilm compounds by inducing this
effect directly on the intended place of action, QSI have been incorporated in
biomaterials applied in dentistry. Furanone incorporated to dental glass ionomer
cement showed an antibacterial effect against S. mutans and Lactobacillus sp,
without interfering with the viability of human dental pulp cells [19]. The same effect
of a furanone incorporated in a modified resin composite against biofilm formation of
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S. mutans was noticed, without substantially decreasing the mechanical strengths of
the composite [20].

To overcome inflammatory reactions, such as mucositis and periimplantitis, induced
by biofilm accumulation on implant surfaces, furanone C-30 ((Z-)-4-bromo-5-
(bromomethylene)-2(5H)-furanone) was loaded on poly (L-lactic acid) (PLLA) coating
titanium surfaces. This showed a relatively long lasting antibactericidal effect against
S. aureus and an excellent biological performance on osteoblasts in vitro [21]. Also,
synthetic lactams proved to be useful to reduce biofilm formation of S. mutans on
titanium surfaces [22]. These novel lactam-based antibiofilm compounds were also
incorporated in poly-ether-ether-ketone (PEEK), a biocompatible polymer that is
being used in implantology to produce implants, abutments and healing abutments,
by a sulfonation process (sPEEK). The antibiofilm activity of those compounds was
maintained after incorporation into sSPEEK. They inhibited the biofilm formation of S.
mutans, without interfering in the planktonic growth [23]. Therefore, the aim of the
present study was to evaluate the effect of furanone C-30 and lactams U11, U12 and
U26 on multi-species biofilm formation on hydroxyapatite discs or on incorporated

PEEK discs and on cell viability of L929 murine fibroblasts.

2. MATERIALS AND METHODS
Antibiofilm Compounds

Synthetic furanone C-30 ((Z-)-4-Bromo-5-(bromomethylene)-2(5H)-furanone) was
acquired from Sigma-Aldrich (St. Louis, MO, USA). Stock solution was prepared by
diluting 10 mg in 1 mL 95% ethanol and stored at -20°C. Lactams U11, U12 and U26
were prepared by a synthetic route starting from mucobromic acid (Sigma-Aldrich,
Milwaukee, Wisconsin, USA) reduction with sodium borohydride. The product was
submitted to a Suzuki cross-coupling reaction. Alkylidenation reaction allowed
preparation of compounds used in this study, as previously described (fig 1) [8].
Lactams were diluted in dimethyl sulphoxide (DMSO; Sigma-Aldrich) to prepare a
stock solution. Furanone was tested at final concentrations of 10 and 128 pg/mL,
while lactams at 128 ug/mL. For the experiments where antibiofilm compounds were
solubilized in liquid medium, compounds were diluted to reach the final
concentrations in modified brain heart infusion broth (BHI2) (Difco Laboratories,
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Detroit, USA) [24]. For the experiments where the compounds were incorporated in

the sPEEK, the final concentrations were reached during the sulfonation process.

Furanone C-30

ui2 U2e

Figure 1. Chemical structures of antibiofilm compounds

PEEK functionalization and incorporation of antibiofilm compounds

Functionalization of PEEK (D0602/Optima 381G, grain shape, Victrex; England) was
performed by sulfonation as previously described with minor modifications [23].
Granulated PEEK was solubilized in 98% sulfuric acid (Synth®, Brazil) under constant
agitation at room temperature for 18 h. The mixture was heated up and kept at 50°C
under mechanical stirring for 1h. Afterwards it was gradually trickled in 400 mL ice-
cold distilled water under constant stirring, for the precipitation of the sPEEK. This
preciptate was then filtered, washed with phosphate-buffered saline (PBS) until reach
pH 7 and dried at 70°C for 24 h. After functionalization, the polymer was dissolved in
DMSO, the antibiofilm compounds were added to the mixture and were left stirring for
1h at room temperature. Furanone C-30 and lactams from the stock solution were
incorporated to sPEEK to reach final concentrations mentioned before obtaining the
following groups: sP, sP/U11, sP/U12, sP/U26, sP/3L (U11, U12 and U26), sP/F10,
sP/F128, sP/3LF10 (U11, U12, U26 and F10) and sP/3LF128 (U11, U12, U26 and
F128).

Polystyrene discs [14mm diameter and 2mm thickness (for biofilm formation) and
5mm x 2mm (for cell viability assay)] were coated with a thin film of sSPEEK with the
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compounds incorporated by dip coating technique as described before [23]. Samples

were then sterilized with ethylene oxide at 38°C.

Bacterial Growth conditions

Both, pathogens and commensal bacteria were used in this study. As representative
pathogens: Streptococcus mutans (ATCC 20523), Prevotella intermedia (ATCC
25611), Porphyromonas gingivalis (ATCC 33277), Fusobacterium nucleatum (ATCC
20482), Aggregatibacter actinomycetemcomitans (ATCC 43718), Streptococcus
sobrinus (ATCC 20742). Commensal potentially beneficial species were:
Streptococcus gordonii (ATCC 49818), Actinomyces naeslundii (ATCC 51655),
Streptococcus mitis (DSM  12643), Streptococcus salivarius (TOVE-R),
Streptococcus oralis (DSM 20627), Streptococcus sanguinis (LMG 14657),
Actinomyces viscosus (ATCC 43327) and Veilonella parvula (DSM 2008). Bacterial
strains were grown on blood agar plates (Oxoid, Basingstoke, UK) supplemented
with 5 pg/mL hemin (Sigma-Aldrich Co, St. Louis, USA), 1 ug/mL menadione
(Calbiochem-Novabiochem, La Jolla, USA) and 5% sterile horse blood (E&O
Laboratories, Bonnybridge, Scotland). A. actinomycetemcomitans, S. gordonii, S.
mitis, S. mutans, S. oralis S. salivarius, S. sanguinis and S. sobrinus were incubated
at 37°C under aerobic conditions (5% CO2) while A. naeslundii, A. viscosus, F.
nucleatum, P. gingivalis, P. intermedia and V. parvula under anaerobic conditions
(10% Co2, 10% H2 and 80% N2). Overnight liquid cultures were prepared in 10 mL
BHI and incubated under the same conditions. The turbidity of each bacterial
suspension was adjusted to an optical density (OD) at 600nm (GeneQuant 100, GE
Healthcare, Buckinghamshire, UK) of 1.4 with fresh BHI..

Bioreactor derived multi-species community

The establishment of a multi-species community was set as previously described
which include the use of 750 mL of BHI> supplemented with 5 mg/mL hemin, 1
mg/mL menadione, were added to a Biostat B Twin 1L bioreactor (Sartorius Stedim
Biotech GmbH, Goettingen, Germany) and sterilized in an autoclave [25]. The
bioreactor growth conditions were stabilized (37°C, 0% O2, 5% CO2, pH 6.7 + 0.1,
stirring at 300rpm) and 200 pl/L of Antifoam Y-30 (Sigma, St. Louis, USA) were
added. Bacterial inoculation started with 750 ul of S. mitis at ODeoo 1.4; which were
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let grow until late exponential phase (as determined photospectrometrically) before
the remaining 13 microbial suspensions were added at ODeoo 1.4. The chemostat
culture was left to stabilize for 48h, before the medium was replaced at a rate of 200
mL/24h and kept for 5 days.

Cell Culture Protocol

L929 immortalized murine fibroblasts were grown in Dulbecco's Modified Eagle
Medium (DMEM, Gibco, Brazil) supplemented with 10% fetal bovine serum (FBS,
Gibco, USA) and 1% penicilin/streptomycin (Gibco, USA). Culture medium were

refreshed 3 times a week and cells were incubated at 37°C and 5% CO..

2.1 Multi-species Biofilm inhibition

Multi-species biofilms were grown on hydroxyapatite discs with compounds
solubilized in liquid medium as following groups U11, U12, U26, 3L, 3LF10 and
3LF128 and also over sPEEK discs with compounds incorporated, as previously
mentioned.

Hydroxyapatite and sPEEK discs were placed into 24-well plates (Grenier Bio-One,
Frickenhausen, Germany). Samples were taken from the chemostat culture, diluted
1:10 in modified BHI medium and added to each well together with the compounds.
The plates were incubated for 24h at 37°C, under anaerobic conditions (10% CO2,
10% H2, 80% N2) stirring at 170 rpm. Discs were carefully washed with PBS to
detach non-adherent cells and the remaining biofilms were disrupted by addition of
0.05% Trypsin-EDTA for 45 min under anaerobic conditions at 37°C, at 230 rpm.
Bacterial cells were harvested by centrifugation for 5 minutes at 8.000 rpm and
resuspended in 500 pl of PBS.

Quantification by q-PCR

DNA extraction was performed using the QlAamp DNA Mini kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions. A quantitative PCR (qPCR)
assay was performed with CFX96 Real-Time System (Biorad, Hercules, USA) using
the Tagman 5 nuclease assay PCR method for detection and quantification of
bacterial DNA. Tagman reaction contained 12.5 pl Mastermix (Eurogentec, Seraing,
Belgium), 4.5 pl sterile distilled water, 1 pl of species-specific primer and probe and 5
Ml template DNA [26]. Assay conditions for all primer/probe sets consisted of an initial

2 min at 50°C, followed by a denaturation step for 10 min at 95°C, followed by 45
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cycles of 95°C for 15 sec and 60°C for 60 sec. Quantification was based on a
plasmid standard curves. Experiments were performed in triplicate and repeated in

three different days.
2.2 Cell Viability assay

Fibroblasts were seeded at a density of 4x10* cell/cm? in 24-well plates. After 24h,
the culture medium was refreshed and sPEEK discs with antibiofilm compounds or
not (control group) were added to each well. The discs were in direct contact with
cells for 1, 3 and 7 days. For metabolic activity evaluation, after each time point, the
discs and medium were removed. The wells were rinsed carefully with PBS and 300
ML of culture medium and 60 uL of MTS reagent were added to each well. Plates
were then incubated under the same conditions mentioned before for 2h and 30min.
Contents were then homogenized and 100 uL were transfered to 96-well plates. The
optical density was measured spectrophotometrically at 490 nm in a microplate
reader (Molecular, Leica, EUA). Experiments were performed in technical replication

triplicate.
2.3 Scanning Electron Microscopy

Hydroxyapatite and sPEEK discs with attached multi-species biofilm were rinsed
carefully 3 times with PBS and fixed in 2,5% glutaraldehyde with 0,1 M sodium
cacodylate buffer. Discs were rinsed 3 times in 0,1 M sodium cacodylate buffer,
postfixed with 1% osmiumtetroxide and washed 2 times with distilled water. Samples
were dehydrated through a series of 50, 70, 90 and 100% ethanol solutions and dried
with hexamethyldisilazane (Acros Organics, Geel, Belgium). Discs were then
mounted on support stubs, sputter-coated with gold and analyzed by SEM (JSM-
6610LV, JEOL, Tokyo, Japan).

2.4 Statistical analysis

A two-level mixed model was separately conducted for the first, third and seventh
day of the cell viability assay, and for each species on the multi-species competition
assays. The models included compound and run as fixed and random factors,
respectively. The restricted maximum likelihood (REML) estimation approach was
used. Fitted models were evaluated according to the assumptions of

homoscedasticity and residuals normality. Cell viability data were logarithmic or
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squared transformed when residuals were skewed distributed. The multi-species
biofilm formation data were Log1o-transformed from CFU/mL. Due to the presence of
outliers among specific species, a bootstrapping procedure was conducted to obtain
corrected standard errors (1.500 resamples). Comparisons between growing
conditions and the control group were adjusted for multiple hypothesis testing
(Sidak). Cell viability and biofilm results were presented, respectively, as percentage

relative to the control group and Log1o mean difference.
3.RESULTS

3.1 Multi-species Biofilm inhibition

3.1.1 Multi-species biofilm formation on hydroxyapatite discs - antibiofilm compounds
solubilized in liquid medium

As shown in figure 2, the community composition of the control group resulted in
22.9% (£1.7) of pathogens and 77.1% (+£1.7) of commensal bacteria. The association
of the 3 lactams and furanone C-30 at a concentration of 128 ug/mL (3LF128)
significantly lowered the percentage of the sum of the six pathogenic species tested
with 77.6% (x£18.3), shifting the biofilm composition to 3.6% (+2.3) of pathogens and
96.4% (+2.3) of commensal bacteria. The concentration of F. nucleatum was reduced
with 0.88 Log1o CFU/mL (+0.82) and of P. gingivalis with 0.75 Log1o CFU/mL (+0.16),
as shown in table 1. Groups 3LF10 and 3LF128 inhibited the biofilm concentration of
P. intermedia with 2.18 Logio CFU/mL (£0.81) and with 2.62 Log1o CFU/mL (£0.49),
respectively. In group 3LF128 S. salivarius was also inhibited with 1.39 Logio
CFU/mL (£0.16). Lactam U12 significantly inhibited S. mitis with 0.86 Logio CFU/mL
(20.42), while lactam U26 inhibited S. sanguinis with 0.52 Logio CFU/mL (£0.15). No

significant quantitative differences were found for the other bacterial species.
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Figure 2. Effect of antibiofilm compounds on multi-species biofilm composition on hydroxyapatite (HA)
and sPEEK discs (CFU/mL) in comparison to control group. Note: *Significant statistical difference in
comparison to control group [%] (p<0.05).

Please insert table 1 here

3.1.2 Multi-species biofilm formation on SPEEK discs - antibiofiilm compounds
incorporated

The community composition of the control group resulted in 17.2% (£9.9) of
pathogens and 82.8% (+9.9) of commensal bacteria, as shown in figure 2. No
significant changes in the community composition were observed for all groups when
compared to the control. As shown in table 2, only the group sP/3LF128 significantly
interfered in the multi-species biofilm formation, increasing the concentration of S.
sobrinus with 0.65 Log1o CFU/mL (£0.43) and of S. gordonii with 0.38 Log1o CFU/mL
(£0.29).

Please insert table 2 here

3.2 Cell Viability assay

The metabolic activity of L929 fibroblasts after 1, 3 and 7 days of cell growth on
sPEEK incorporated with the antibiofilm compounds compared to control sPEEK, is
summarized in figure 3. An increase in the metabolic activity of the different groups
after the 7 days period was observed, except for sP/3LF128 that showed a decrease
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at the 7th day with 55% compared to the control (p<0.05). All the other tested groups
did not show a statistically significant difference compared to the control over this
incubation period. More than 70% of viable cells were observed among the evaluated
time intervals in all the other groups. The group sP/U11 increased the metabolic
activity of L929 after 24h of culture (p<0.05), while at the 3rd and 7th day the

difference to the control group was not statistically significant.
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Figure 3. Metabolic activity of L929 fibroblasts after 1 (A), 3 (B) and 7 (C) days.
Note: *Significant statistical difference in comparison to control group [sPEEK] (p<0.05); dashed lines
denotes cytotoxicity threshold (30% inhibition).

3.3 Scanning Electron Microscopy

The multi-species biofilm inhibition was not sufficient to be observable qualitatively on
the SEM images from the hydroxyapatite and sPEEK discs, as shown in Fig. 4 and
Fig. 5, respectively.
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Figure 4. SEM images of multi-species biofilms on hydroxyapatite discs after 24h of growth without
antibiofilm compounds (control: A, B, C); with compounds solubilized in liquid medium: U12 (D, E, F);

U26 (G, H, I); 3LF10 (J, K, L) and 3LF128 (M, N, O).
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Figure 5. SEM images of multi-species biofilms on sPEEK discs after 24h of growth without antibiofilm
compounds (control: A, B, C) and with the 3 lactams and furanone C-30 incorporated at a

concentration of 128 pg/mL (sP/3LF128: D, E, F).

4. DISCUSSION

The development of periodontal diseases is multifactorial and biofilms are known as
an essential component involved in the process. The dental biofilm community
composition is complex and variable. Gram-negative species including P. gingivalis,
Treponema denticola, Tannerella forsythia and A. actinomycetemcomitans are
related with these diseases [2]. The present study evaluated the effect of antibiofilm
compounds on biofilm formation of 14 oral bacterial species. When solubilized in
liquid medium, the groups with the associations of lactams U11, U12 and U26 and
furanone C-30 were the most effective, mainly against Gram-negative
periodontopathogens. The group 3LF128 significantly reduced the sum of the six
pathogenic species witheir the biofilms when compared to the control. By this 3LF128
shifted the biofilm composition to a more beneficial and less pathogenic state. In
previous study, furanone C-30 at concentration of 128 ug/mL presented the same
effect. [27].

Multi-species biofilm formation of F. nucleatum, a bridging specie that link early and
late colonizers [28], and of P. gingivalis, a keystone bacterial species able to
manipulate the overall bacterial population structure [2] was significantly inhibited by
3LF128 in the present study, as well as of P. intermedia. Similar results were
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observed by Passoni (2018), which observed the same effect of lactams on single-
species biofilm formation of those species at the same concentration [29] and from
Morsch (2019) that showed that furanone C-30 at concentration of 128 pg/mL
inhibited single and multi-species biofilm formation of P. gingivalis and P. intermedia,
corroborating results from the present study [27]. In contrast to our data, single and
multi-species biofilm formation of S. mutans was significantly inhibited by lactams in
previous studies [29, 17, 18].

Lactam U12 significantly S. mitis, while U26 inhibited S. sanguinis in the multi-
species biofilm. In contrast, previous study from our group did not observed
significant inhibition of single-species biofilm formation of these species [29].

A previous study from Montero et al., 2017 evaluated the effect of the sulfonation
process of PEEK on single-species biofilm formation of S. mutans and Enterococcus
faecalis, concluding that the sulfonation process optimized the mechanical properties
of the final material and its antibiofilm activity [30]. The same group of authors
showed that the incorporation of antibiofilm compounds into the sPEEK structure
does not influence the physichochemical characteristics of the modified polymers,
and also confirmed the presence of the antibiofim compounds in the sPEEK
structure inhibiting single-species biofilm formation of S. mutans without interfering
with the planktonic bacterial growth [23, 31]. In contrast to that, the effect of lactams
and furanone C-30 when incorporated in sPEEK discs on multi-species biofilms
formation decreased considerably in the present study, showing rather then inhibition
an increase in the amount of S. sobrinus and of S. gordonii. The reduction in the
antibiofilm activity in a multi-species community is reasonable and related to more
complex interspecies interactions.

The effect of antibiofilm compounds incorporated to sPEEK on cell viability of L929
fibroblasts was evaluated by MTS assay. Results indicates that only the group
sP/3LF128 showed a cytotoxic effect at day 7 according to the ISO 10993-5:2009(E).
Consistent with our findings, the modified sPEEK containing lactam U11 at a
concentration of 128 pg/mL and furanone C-30 at concentrations of 10 and 40 ug/mL
was not cytotoxic against L929 fibroblasts after a exposure period of 1, 3 and 7 days
[31]. Lactams U11, U12 and U26, at the same concentration tested in the present
study, showed more than 70% of viable cells of Human Oral Keratinocytes (HOK-
18A) after 24h of exposure, which confirms that they are not cytotoxic [29]. The effect
of furanone C-30 on HOK-18A and Human Dental Pulp Cells (HDPC's) viability was
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also tested in a previous study. Furanone C-30 at concentration of 10 pg/mL
maintained 100% of HOK-18A cells viability and 90% of HDPC's, while at 128 pg/mL,
furanone showed a cytotoxic effect against both cell types with 36,16% and 7,76% of
viable cells, respectively [27]. To be suitable for clinical use antibiofilm agents should
not induce a cytotoxic effect on eukaryotic cells. However, chlorhexidine digluconate
(CHX), the antimicrobial agent set as gold standard in the treatment of oral diseases,
has a cytotoxic effect on human fibroblasts and keratinocytes [32]. In the present
study, the effect of group sP/3LF128 after 7 days of exposure resulted in 55% of
viable cells. A previous study from de Almeida et al., 2018 observed that the
metabolic activity of human fibroblasts from the periodontal ligament (PDL) after
treatment with lactams was significantly higher when compared to results obtained
after treatment with 0.2% CHX, that showed less then 5% of metabolic activity after
24h of incubation [18].

The present data indicate that lactams and furanone C-30 are able to inhibit multi-
species biofilm formation of 14 oral species in vitro and have potential as adjunctive
to classical periodontal therapies for the treatment of periodontal diseases. Further
studies should test their inhibitory activity in vivo, as the oral environment has even

more complex bacterial interactions than the ones simulated in the present study.

5. CONCLUSION

In conclusion, the association of furanone C-30 and lactams solubilized in liquid
medium is active mainly against periodontopathogens, while when antibiofilm
compounds are incorporated in sPEEK structure their inhibitory activity on multi-
species biofilm formation has been lost, also a cytotoxic effect on L929 murine

fibroblasts was observed only after 7 days of exposure to the group sP/3LF128.
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Compounds
Variables u1t1 Uiz uz26 3L 3LF10 3LF128
mean(xsd) mean(tsd) mean(xsd) mean(xsd) mean(xsd) mean(xsd)
Pathogenic
A. actinomycetemcomitans -0.06 (0.13) -0.05 (0.40) -0.06 (0.35) -0.15 (0.49) -0.13 (0.22) -0.40 (0.08)
F. nucleatum -0.31 (0.67) -0.27 (0.33) -0.02 (0.34) 0.09 (0.30) -0.32 (0.63) -0.88 (0.82)*
P. gingivalis -0.19 (0.39) -0.37 (0.40) -0.22 (0.29) -0.81 (0.66) -0.41 (0.52) -0.75 (0.16)*
P. intermedia -0.42 (0.90) -0.61 (0.26) -0.70 (0.64) -1.70 (1.94) -2.18 (0.81)* -2.62 (0.49)*
S. mutans -0.05 (0.65) -0.04 (0.13) -0.12 (0.28) -0.04 (0.55) 0.37 (0.58) 0.17 (0.12)
S. sobrinus 0.01 (0.64) -0.20 (0.50) -0.29 (0.40) 0.06 (0.09) -0.04 (0.46) -0.44 (0.07)
Commensal
A. naeslundii -0.49 (0.77) -0.41 (0.31) -0.61 (0.38) 0.15 (0.20) -0.10 (0.64) -0.37 (0.29)
A. viscosus -0.41 (0.65) -0.34 (0.43) -0.23 (0.45) 0.02 (0.45) 0.42 (0.79) 0.05 (0.57)
S. gordonii -0.29 (0.60) 0.03 (0.75) 0.01 (0.75) -0.62 (0.82) -0.10 (0.51) -0.49 (0.21)
S. mitis -0.63 (0.35) -0.86 (0.42)* -0.64 (0.15) -0.59 (0.42) -0.32 (0.15) -0.52 (0.35)
S. oralis -0.15 (0.61) -0.07 (0.25) -0.43 (0.38) -0.07 (0.34) -0.27 (0.56) -0.74 (0.56)
S. salivarius -0.02 (0.39) 0.06 (1.00) -0.46 (0.14) -0.50 (1.02) -0.72 (0.94) -1.39 (0.16)*
S. sanguinis -0.29 (0.64) -0.22 (0.26) -0.52 (0.15)* -0.69 (0.61) -0.13 (0.73) 0.13 (0.24)
V. parvula -0.21 (0.77) 0.07 (0.14) 0.08 (0.70) 0.20 (0.46) -0.12 (0.97) 0.08 (0.51)
Summary of Species
Pathogenic -0.31 (0.68) -0.28 (0.33) -0.04 (0.34) 0.07 (0.30) -0.33 (0.63) -0.89 (0.81)*
Commensal -0.21 (0.77) 0.07 (0.14) 0.08 (0.70) 0.20 (0.46) -0.12 (0.97) 0.08 (0.51)

Table 1. Multi-species biofilm formation (log10 CFU/mL) with antibiofilm compounds solubilized in liquid medium in comparison to

control. Experiments on hydroxyapatite discs. Note: *Significant statistical difference in comparison to control group (p<0.05).
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Compounds
Variables U1 u12 u26 3L F10 F128 3LF10 3LF128
mean(tsd) mean(tsd) mean(tsd) mean(zsd) mean(xsd) mean(zsd) mean(zsd) mean(tsd)
Pathogenic
A. actinomycetemcomitans 0.19 (0.82) 0.24 (0.59) -0.05(0.59) -0.05(0.43) -0.27 (0.40) -0.24 (0.37) 0.26 (0.71) 0.21(0.47)
F. nucleatum -0.33 (1.14) -0.46 (1.35) -0.34 (0.69) -0.34 (0.15) -0.47 (0.32) -0.11(0.18) -0.25(0.47) 0.03 (0.27)
P. gingivalis -0.16 (0.75) -0.20(0.80) -0.31(0.52) -0.43(0.39) -0.46 (0.40) -0.23(0.42) -0.37(0.68) -0.18 (0.65)
P. intermedia -0.63 (1.22) 0.09 (0.26) -0.43(0.48) -0.25(0.08) -0.43(0.05) -0.07 (0.14) -0.09 (0.43) 0.08 (0.21)
S. mutans 0.02 (0.09) 0.13(0.39) -0.11(0.15) 0.05(0.16) -0.20(0.18) -0.02(0.13) 0.12(0.30) 0.13(0.20)
S. sobrinus 0.28 (0.35) 0.17(0.61) 0.19(0.28) 0.21(0.23) 0.03(0.08) 0.22(0.19) 0.37(0.54) 0.65(0.43)*
Commensal
A. naeslundii 0.20 (0.33) -0.00(0.73) -0.14 (0.37) 0.03(0.37) -0.18(0.16) 0.11(0.25) 0.14(0.42) 0.46 (0.28)
A. viscosus 0.31(0.17) -0.33(0.68) -0.24 (0.44) -0.32(0.35) -0.21(0.36) -0.19(0.10) -0.19(0.54) 0.24 (0.11)
S. gordonii 0.17 (0.44) 0.09 (0.60) 0.03 (0.42) -0.04 (0.35) 0.08(0.31) -0.01(0.37) -0.01(0.50) 0.38(0.29)*
S. mitis 0.32(0.37) 0.41(0.39) 0.23(0.06) 0.31(0.32) -0.01(0.18) 0.18(0.33) 0.38(0.40) 0.21(0.14)
S. oralis 0.24 (0.12) 0.03(0.36) -0.12(0.26) 0.01(0.39) -0.26 (0.26) 0.04 (0.18) 0.06 (0.27) 0.20 (0.30)
S. salivarius 0.21(0.48) 0.13(0.71) 0.10(0.32) 0.23(0.38) 0.09 (0.34) 0.07(0.32) 0.20(0.42) 0.04 (0.47)
S. sanguinis 0.02 (0.13) 0.22(0.39) -0.39(0.25) -0.12(0.07) -0.22(0.25) -0.11(0.11) 0.04 (0.46) 0.04 (0.10)
V. parvula 0.13(0.18) 0.07 (0.18) 0.01(0.06) -0.01(0.27) -0.24 (0.06) 0.08 (0.21) -0.06 (0.38) 0.19(0.18)
Summary of Species
Pathogenic -0.34 (1.14) -0.30 (1.06) -0.34 (0.68) -0.34 (0.14) -0.47 (0.31) -0.11(0.18) -0.25(0.47) 0.03 (0.27)
Commensal 0.13(0.18) 0.07 (0.18) 0.01(0.07) -0.01(0.27) -0.24 (0.07) 0.08 (0.21) -0.06 (0.38) 0.19(0.18)

Table 2. Multi-species biofilm formation [(og10 CFU/mL) with antibiofilm compounds incorporated in the discs in comparison to

control. Experiments on sPEEK discs. Note: *Significant statistical difference in comparison to control group (p<0.05).



CAPITULO Il

67



68

3.1 REFERENCIAS

AY. Hwang, J.G. Gums,
The emergence and evolution of antimicrobial resistance: Impact on a global scale,
Bioorg Med Chem. 24 (2016) 6440-6445. doi: 10.1016/j.bmc.2016.04.027. Epub
2016 Apr 13.

A. Yoshida, T. Ansai, T. Takehara, H.K. Kuramitsu, LuxS-based signaling affects
Streptococcus mutans biofilm formation, Appl Environ Microbiol. 71 (2005) 2372—-
2380.

B.B. Passoni. Compostos anti-biofilme: estudo in vitro em biofiimes mono e multi-
espécies. 2017. 159f. Tese (doutorado) - Universidade Federal de Santa Catarina,
Florianopolis.

C.S. Morsch. Effect of antibiofiilm compounds on cell viability, single and multi-
species biofilm formation on hydroxyapatite and PEEK discs. 2019. XXf. Tese
(doutorado) - Universidade Federal de Santa Catarina, Floriandpolis.

D.A. Hogan, R. Kolter, Pseudomonas-candida interactions: an ecological role for
virulence factors, Science. 296 (2002) 2229-2232.

D. Davies, Understanding biofilm resistance to antibacterial Agents, Nat Rev Drug
Discov. 2 (2003) 114-122.

D. Ren, J.J. Sims, T.K. Wood,
Inhibition of biofilm formation and swarming of Escherichia coli by  (5Z)-4-bromo-5-
(bromomethylene)-3-butyl-2(5H)-furanone, Environ Microbiol. 3 (2001) 731-736.

D. Ren, J.J. Sims, T.K. Wood, Inhibition of biofilm formation and swarming of Bacillus
subtilis by (5Z)-4-bromo-5-(bromomethylene)-3-butyl-2(5H)-furanone, Lett Appl
Microbiol. 34 (2002) 293-299. https://doi:10.1099/00221287-148-1-87.

D. Ren, L.A. Bedzyk, RW. Ye, S.M. Thomas, T.K. Wood, Differential gene
expression shows natural brominated furanones interfere with the autoinducer-2
bacterial signaling system of Escherichia coli, Biotechnol Bioeng. 88 (2004) 630-642.

E. Kalairasan, K. Thirumalaswamy, B.N. Harish, V. Gnanasambandam, V.K. Sali, J.
John, Inhibition of quorum  sensing-controlled biofilm formation in Pseudomonas
aeruginosa by quorum-sensing inhibitors, Microb Pathog. 111 (2017) 99-107. doi:
10.1016/j.micpath.2017.08.017.

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

F. Schwartz, J. Derks, A. Monje, H. Wang, Peri-implantitis, J Periodontol. 89 (2018)
S267-S290.

G. Alvarez, M. Gonzalez, S. Isabal, V. Blanc, R. Leon, Method to quantify live and
dead cells in multi-species oral biofilm by real-time PCR with propidium monoazide,
AMB Express 3 (2013) 1. doi: 10.1186/2191-0855-3-1. https://d0i:10.1186/2191-
0855-3-1.


https://doi.org/10.1099/00221287-148-1-87

69

G.J. Seymour, P.J. Ford, M.P. Cullinan, S. Leishman, K. Yamazaki, Relationship
between periodontal infections and systemic disease, Clin Microbiol Infect. 13 (2007)
3-10.

G.M.P. Juanito, C.S. Morsch, C.A.M. Benfatti, M.C. Fredel, R.S. Magini, et al, Effect
of Fluoride and Bleaching Agents on the Degradation of Titanium: Literature Review,
Dentistry. 5 (2015) 273. doi:10.4172/2161-1122.1000273.

J.A. Aas, B.J. Paster, L.N. Stokes, I. Olsen, F.E. Dewhirst, Defining the normal
bacterial flora of the oral cavity, J. Clin. Microbiol. 43 (2005) 5721-5732.

J.A. Pettus, R.M. Wing, J.J. Sims, Marine Natural Products XIlI Isolation of a Family
of Multihalogenated Gamma-Methylene Lactones from the Red Seaweed Delisea
fimbriata, Tetrahedron Letters. 1 (1977) 41- 44.

J.C.M Souza, H.A. Tajiri, C.S. Morsch, M. Buciumeanu, M.T. Mathew, F.S. Silva, B.
Henriques, Tribocorrosion Behavior of Ti6Al4V Coated with a Bio-absorbable
Polymer for Biomedical Applications, J Bio Tribo Corros. 1 (2015) 1-6. DOI
10.1007/s40735-015-0029-5.

J. de Almeida, A.L. Pimenta, U.A. Pereira, L.C.A. Barbosa, M.A. Hoogenkamp, S.V.
van der Waal, W. Crielaard, W.T. Felippe, Effects of three c-alkylidene-c-lactams on
the formation of multispecies biofilms, Eur J Oral Sci. 126 (2018) 214-221.

J. Derks, C. Tomasi, Peri-implant health and disease. A systematic review of current
epidemiology, J Clin Periodontol. 42 (2015) 158-171.

J.F.D. Montero. Estudo do comportamento celular e bacteriano sobre PEEK
sulfonado (sPEEK) com agentes antibiofiime. 2018. 106f. Tese (doutorado) -
Universidade Federal de Santa Catarina, Floriandpolis.

J.F.D. Montero, H.A. Tajiri, G.M.O. Barra, M.C. Fredel, C.A.M. Benfatti, R.S. Magini,
A.L. Pimenta, J.C.M. Souza, Biofilm behavior on sulfonated poly(ether-ether-ketone)
(sPEEK), Mater. Sci. Eng. C 70 (2017) 456-460.
https://doi.org/10.1016/j.msec.2016.09.017.

J.F.D. Montero, L.C.A. Barbosa, U.A. Pereira, G.M. Barra, M.C. Fredel, C.A.M.
Benfatti, R.S. Magini, A.L. Pimenta, J.C.M. Souza, Chemical, microscopic, and
microbiological analysis of a functionalized poly(ether-ether-ketone) embedding
antibiofiilm compounds, J. Biomed. Mater. Res. A. 104 (2016) 3015-3020.
https://doi.org/10.1002/jbm.a.35842.

J.G. Xavier, T.C. Geremias, J.F.D. Montero, B.R. Vahey, C.A.M. Benfatti, J.C.M.
Souza, R.S. Magini, A.L. Pimenta, Lactam inhibiting Streptococcus mutans growth on
titanium, Mater Sci Eng C. 68 (2016) 837-841.
https://doi.org/10.1016/j.msec.2016.07.013.

J.I. Prosser, Quorum sensing in biofiims. In: Newman HN, Wilson M, ed. Dental
plaque revisited. Cardiff: Bioline, 1999: 79-88.

J. Lonn-Stensrud, F.C. Petersen, T. Benneche, A. Aamdal Scheie, Synthetic
bromated furanone inhibits autoinducer-2-mediated communication and biofilm
formation in oral streptococci, Oral Microbiol Immunol. 22 (2007) 340—-346.



70

J. Lonn-Stensrud, M.A. Landin, T. Benneche, F.C. Petersen, A.A. Scheie,
Furanones, potential agents for preventing Staphylococcus epidermidis biofilm
infections?, J Antimicrob Chemother. 63 (2009) 309-316.

J. Merritt, J. Kreth, F. Qi, R. Sullivan, W. Shi, Non-disruptive, real-time analyses of
the metabolic status and viability of Streptococcus mutans cells in response to
antimicrobial treatments, J Microbiol Methods. 61 (2005) 161-170.

J.S. Park, E.J. Ryu, L. Li, B.K. Choi, B.M. Kim, New bicyclic brominated furanones as
potent autoinducer-2 quorum-sensing inhibitors against bacterial biofilm formation.
Eur J Med Chem. 8 (2017) 76-87. https://doi: 10.1016/j.ejmech.2017.05.037. Epub
2017 May 17.

J.W. Costerton, Introduction to biofilm, Int J Antimicrob 11(1999) 217-221.

K. Papenfort, B.L. Bassler, Quorum sensing signal-response systems in Gram-
negative  bacteria, Nat Rev  Microbiol. 14  (2016)  576-588. doi:
10.1038/nrmicro.2016.89.

M.E. Olson, H. Ceri, D.W. Morck, A.G. Buret, R.R. Read, Biofilm bacteria: Formation
and comparative susceptibility to antibiotics, Can J Vet Res. 66 (2002) 86—-92.

M. Hentzer, M. Givskov, Pharmacological inhibition of quorum sensing for
the treatment of chronic bacterial infections, J Clin Invest. 112 (2003) 1300-1307.

M. Hentzer, K. Riedel, T.B. Rasmussen, A. Heydorn, J.B. Andersen, M.R. Parsek,
S.A. Rice, L. Eberl, S. Molin, N. Hgiby, S. Kjelleberg, M. Givskov, Inhibition of
quorum sensing in Pseudomonas aeruginosa biofilm bacteria by a halogenated
furanone compound, Microbiology. 148 (2002) 87—-102. https://doi10.1099/00221287-
148-1-87.

M. Manefield, T.B. Rasmussen, M. Henzter, J.B. Anderson, P. Steinberg, S.
Kjelleberg, M. Givskov, Halogenated furanones inhibit quorum sensing through
accelerated LuxR turnover, Microbiol. 148 (2002) 1119-1127.

M. Sanz, D. Beighton, M.A. Curtis, J. Cury, |. Dige, H. Dommisch, R. Ellwood, R.
Giacaman, D. Herrera, M.C. Herzberg, E. Kénénen, P.D. Marsh, J. Meyle, A. Mira, A.
Molina, A. Mombelli, M. Quirynen, E. Reynolds, L. Shapira, E. Zaura, Role of
microbial biofilms in the maintenance of oral health and in the development of dental
caries and periodontal diseases. Consensus report of group 1 of the Joint
EFP/ORCA workshop on the boundaries between caries and periodontal disease, J
Clin Periodontol. 44 (2017) S5-S11. doi: 10.1111/jcpe.12682.

M. Sanz, W. Teughels, Innovations in non-surgical periodontal therapy: Consensus
Report of the Sixth European Workshop on Periodontology, J Clin Periodontol. 35
(2008) 3—7. doi: 10.1111/j.1600-051X.2008.01256.x.

M. Schuster, D.J. Sexton, S.P. Diggle, E.P. Greenberg, (2013). Acyl-
homoserine lactone quorum sensing: from evolution to application, Annu Rev
Microbiol. 67 (2013) 43-63. doi: 10.1146/annurev-micro-092412-155635. Epub 2013
May 15.


https://doi.org/10.1099/00221287-148-1-87
https://doi.org/10.1099/00221287-148-1-87

71

M.B. Sordi, T.A. Moreira, J.F.D. Montero, L.C. Barbosa, C.A.M. Benfatti, R.S. Magini,
A.L. Pimenta, J.C.M. Souza, Effect of y-lactones and Y-
lactams compounds on Streptococcus mutans biofilms, J Appl Oral Sci. 26 (2018) 1-
8. doi: 10.1590/1678-7757-2017-0065. Epub 2018 Feb 22.

M.S. Tonetti, I.L. Chapple, S. Jepsen, M. Sanz, Primary and secondary prevention of
periodontal and peri-implant diseases: Introduction to, and objectives of the 11th
European Workshop on Periodontology consensus conference, J Clin Periodontol.
42 (2015) 1-4.

O. Damour, S.Z. Hua, F. Lasne, M. Villain, p. Roussell, C. Collombel, Cytotoxicity
evaluation of antiseptics and antibiotics on cultured human fibroblasts and
keratinocytes, Burns. 18 (1992) 479-485.

P.D. Marsh, Microbiological aspects of the chemical control of plaque and gingivitis, J
Dent Res. 71 (1992) 1431-1438.

P.D Marsh, M.V. Martin (1999). Oral microbiology. 4th ed. London, UK: Butterworth-
Heinemann.

P. Hilkens, P. Gervois, Y. Fanton, J. Vanormelingen, W. Martens, T. Struys, C.
Politis, I. Lambrichts, A. Bronckaers, Effect of isolation methodology on stem cell
properties and multilineage differentiation potential of human dental pulp stem cells,
Cell Tissue Res. 353 (2013) 65-78. https://doi:10.1007/s00441-013-1630-x.

R. Maximilien, R. Ny, C. Holmstrém, L. Gram, M. Givskov, K. Crass, S. Kjelleberg, P.
Steinberg, Chemical mediation of bacterial surface colonisation by secondary
metabolites from the red alga Delisea pulchra, Aquat Microb Ecol. 15 (1998) 233-
246.

R.M. Donlan, J.W. Costerton, Biofilms: survival mechanisms of clinically relevant
microorganisms, Clin Microbiol. 15 (2002) 167—193. doi:10.1128/CMR.15.2.167.

R. Nys, A.D. Wright, G.M. Kbnig, O. Sticher, New Halogenated Furanones from the
Marine Alga Delisea pulchra (cf. fimbriata), Tetrahedron. 49 (1993) 11213-11220.

R. Nys, M. Givskov, N. Kumar, S. Kjelleberg, P.D. Steinberg, Furanones, Prog Mol
Subcell Biol 42 (2006) 55-86.

R. Nys, P.D. Steinberg, P. Willemsen, S.A. Dworjanyn, C.L. Gabelish, R.J. King,
Broad spectrum effects of secondary metabolites from the red alga delisea pulchra in
antifouling assays, Biofouling. 4 (1995) 259-271. DOI: 10.1080/08927019509378279.

S. Groger, J. Michel, J. Meyle, Establishment and characterization of immortalized
human gingival keratinocyte cell lines, J Periodont Res. 43 (2008) 604-614.
https://d0i:10.1111/j.1600-765.2007.01019.x

S. Renvert, M. Quirynen, Risk indicators for peri-implantitis. A narrative review, Clin
Oral Impl Res. 26 (2015) 15—44. doi: 10.1111/clr.12636.

S.S. Socransky, A.D. Haffajee, Dental biofilms: difficult therapeutic targets,
Periodontol 2000. 28 (2002) 12-55.


https://doi.org/10.1111/j.1600-0765.2007.01019.x

72

T. Bjarnsholt, M. Givskov, Quorum-sensing blockade as
a strategy for enhancing host defences against bacterial pathogens, Philos Trans R
Soc Lond B Biol Sci. 362 (2007) 1213-1222. https:// doi:10.1098/rstb.2007.2046.

U.A. Pereira, L.C. Barbosa, C.R. Maltha, A.J. Demuner, M.A. Masood, A.L. Pimenta,
Inhibition of Enterococcus faecalis biofilm formation by highly active lactones and
lactams analogues of rubrolides, Eur J Med Chem. 82 (2014) 127-138.
https://d0i10.1016/j.ejmech.2014.05.035. Epub 2014 May 16.

U.A. Pereira, L.C. Barbosa, C.R. Maltha, A.J. Demuner, M.A. Masood, A.L. Pimenta,
y-Alkylidene-y-lactones and isobutylpyrrol-2(5H)-ones analogues to rubrolides as
inhibitors of biofilm formation by gram-positive and gram-negative bacteria, Bioorg
Med Chem Lett. 24(2014) 1052-1056.

V. Slomka, E.R. Herrero, N. Boon, K. Bernaerts, H.M. Trivedi, C. Daep, M. Quirynen,
W. Teughels, Oral prebiotics and the influence of environmental conditions in vitro, J
Periodontol. 89 (2018) 708-717. doi: 10.1002/JPER.17-0437.

V. Slomka, E. Hernandez-Sanabria, E.R. Herrero, L. Zaidel, K. Bernaerts, N. Boon,
M. Quirynen, W. Teughels, Nutritional stimulation of commensal oral bacteria
suppresses pathogens: the prebiotic concept, J Clin Periodontol. 44 (2017) 344—-352.
https://doi:10.1111/jcpe.12700.

X. Li, K. Yoshihara, J. De Munck, S. Cokic, P. Pongprueksa, E. Putzeys, M. Pedano,
Z. Chen, K. Van Landuyt, B. Van Meerbeek, Modified tricalcium silicate cement
formulations with added zirconium oxide, Clin. Oral Investig. 21 (2017) 895-905.
https://doi:10.1007/s00784-016-1843-y. Epub 2016 May 7.

Y. Cheng, X. Zhao, X. Liu, W. Sun, H. Ren, B. Gao, J. Wu, Antibacterial activity and
biological performance of a novel antibacterial coating containing a halogenated
furanone compound loaded poly (L-lactic acid) nanoparticles on microarc-oxidized
titanium, Int. J. Nanomedicine. 10 (2015) 727-737. doi: 10.2147/IJN.S75706.

Y.J. Cho, H. Y. Song, H. B. Amara, B. K. Choi, R. Eunju, Y. A. Cho, Y. Seol, Y. Lee,
Y. Ku, I. C. Rhyu, K. T. Koo, In Vivo Inhibition of Porphyromonas Gingivalis Growth
and Prevention of Periodontitis With Quorum-Sensing Inhibitors, J Periodontol. 87
(2016) 1075-82. https://doi: 10.1902/jop.2016.160070. Epub 2016 May 13.

Y. J. Jang, Y.J. Choi, S.H. Lee, H.K. Jun, B.K. Choi, Autoinducer 2 of Fusobacterium
nucleatum as a target molecule to inhibit biofilm formation of periodontopathogens,
Arch Oral Biol. 58 (2013) 17-27. https://doi: 10.1016/j.archoralbio.2012.04.016. Epub
2012 May 26.

Y. Liu, L. Wang, X. Zhou, S. Hu, S. Zhang, H. Wu, Effect of the antimicrobial
decapeptide KSL on the growth of oral pathogens and Streptococcus mutans biofilm,
Int J Antimicrob Agents. 37 (2011) 33-38.

Y. Zhao, M.H. Wong, W. Wang, P. Li, Z. Xu, E.Y.W Chong, C.H. Yan, KW.K.
Yeung, P.K. Chu, Cytocompatibility, osseointegration, and bioactivity of three-
dimensional porous and nanostructured network on polyetheretherketone,
Biomaterials. 34 (2013) 9264-9277. doi: 10.1016/j.biomaterials.2013.08.071. Epub
2013 Sep 14.


https://dx.doi.org/10.2147%2FIJN.S75706
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jang%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=22633049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=22633049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jun%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=22633049
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=22633049

73

Y. Weng, L. Howard, X. Guo, V.J. Chong, R.L. Gregory, D. Xie, A novel antibacterial
resin composite for improved dental restoratives, J Mater Sci: Mater Med. 23 (2012)
1553-1561. doi:10.1007/s10856-012-4629-z.

Y. Weng, L. Howard, V.J. Chong, J. Sun, R.L. Gregory, D. Xie, A novel furanone-
modified antibacterial dental glass ionomer cement, Acta Biomater. 8 (2012) 3153-
3160. doi: 10.1016/j.actbio.2012.04.038.

Z. He, Q. Wang, Y. Hu, J. Liang, Y. Jiang, R. Ma, Z. Tang, Z. Huang, Use of the
quorum sensing inhibitor furanone C-30 to interfere with biofilm formation by
Streptococcus mutans and its luxS mutant strain, Int J Antimicrob Agents. 40 (2012)
30-35.



CAPITULO |

74



75

4.1 Producao Cientifica (2015-2019)
Artigos publicados

PEREIRA, J.; MORSCH, C. S.; HENRIQUES, B.; NASCIMENTO, R. M.; BENFATTI,
C. A. M;; SILVA, F. S.; LOPEZ-LOPEZ, J.; SOUSA, J. C. M. Removal Torque and
Biofilm Accumulation at Two Dental Implant-Abutment Joints After Fatigue. The
International Journal of Oral and Maxillofacial Implants. v.31, p.813 - 819, 2016.

RAFAEL, C. F.; MAGRIN, G.; MORSCH, C. S.; BENFATTI, C. A. M.; VOLPATTO, C.
A. M.; BIANCHINI, MARCO AURELIO Nasal Floor Elevation with Simultaneous

Implant Placement: A Case Report. Journal of the International Academy of
Periodontology. v.18, p.94 - 100, 2016.

MORSCH, CAROLINA SCHAFFER; RAFAEL, CAROLINE FREITAS; DUMES, JUAN
FELIPE MONTERO; JUANITO, GABRIELLA MERCEDEZ PENARRIETA; SOUZA,
JOAO GUSTAVO OLIVEIRA DE; BIANCHINI, MARCO AURELIO Failure of
prosthetic screws on 971 implants. Brazilian Journal of Oral Sciences (Online). v.14,
p.195 - 198, 2015.

JUANITO GMP, MORSCH CS, BENFATTI CA, FREDEL MC, MAGINI RS, Effect of
Fluoride and Bleaching Agents on the Degradation of Titanium: Literature Review.
Dentistry. v.05, p.1 /1000273 - 4, 2015.

SOUZA, JULIO C. M. TAJIRI, HENRIQUE A.; MORSCH, CAROLINA S
BUCIUMEANU, MIHAELA; MATHEW, MATHEW T.; SILVA, FILIPE S,
HENRIQUES, BRUNO Tribocorrosion Behavior of Ti6Al4V Coated with a Bio-
absorbable Polymer for Biomedical Applications. Journal of Bio- and Tribo-Corrosion.
v.1, p.1 -6, 2015.

RAFAEL, CAROLINE FREITAS; QUINELATO, VALQUIRIA; MORSCH, CAROLINA
SCHAFFER; DEDEUS, GUSTAVO; REIS, CLAUDIA MENDONCA Morphological
Analysis of Dentin Surface after Conditioning with Two Different methods: Chemical
and Mechanical. The Journal of Contemporary Dental Practice. v.17, p.58 - 62, 2016.

MONTERO, J. F. D.; JUANITO, G. M. P.; MORSCH, C. S.; RAFAEL, C. F.; MAGINI,
R. S.; CARDOSO, A. C. Protese cimentada-parafusada. Uma proposta em
reabilitacdo implantossuportada. Full Dentistry in Science. v.6, p.506 - 512, 2015.

GEREMIAS, T. C.; MONTERO, J. F. D.; PENARRIETA, G. M. J.; MORSCH, C. S
RAFAEL, C. F.; MAGINI, R. S. Regeneracdao da parede vestibular em implante
anterior com uso de Bio-Oss - relato de caso. Full Dentistry in Science. v.6, p.486 -
491, 2015.

MAGRIN, G.; RAFAEL, C. F.; MORSCH, C. S.; SCHULDT FILHO, G.; BENFATTI, C.
A. M.; BIANCHINI, M. A. Tratamento cirurgico de peri-implantite - relato de caso com
3 anos de acompanhamento. Full Dentistry in Science. v.6, p.479 - 485, 2015.



76

MORSCH, C. S.; CARDOSO, M.; CARDOSO, A. C.; FERREIRA, C. F. Clinical
Assessment of Two Modified Implant Impression Copings by means of Visual Analog
Scale. International Journal of Dentistry and Oral Health. v.2, p.1 -, 2016.

PINTO, N. P. J.; MORSCH C.S.; BEZ, L. V.; BENFATTI, C. A. M.; CECATO, R. C;;
MAGINI, R. S. Instalagdo de implante imediato cone morse friccional e reabilitagdo
proTética com pilar anulavel: relato de caso. REVISTA CATARINENSE DE
IMPLANTODONTIA. v.17, p.36 - 40, 2016.

SORDI, M. B.; MORSCH, C. S.; MAGRIN, G.; PAPALEO, C. V.; BENFATTI, C. A.
M.; MAGINI, R. S. Resolucdo de caso estético complexo por meio de expansao
O0ssea, manipulacdo tecidual e reabilitacdo protética com componente protético
angulavel em tempo real. Implant News Perio. v.1, p.1357 - 1367, 2016.

Capitulos de livros publicados

RAFAEL, C. F.; MORSCH, C. S.; MAGINI, R. S. Momento da aplicagdo da carga In:
Nogdes de Implantodontia Cirdrgica.1 ed.Sdo Paulo - SP: Artes Médicas LTDA,
2016, v.1, p. 105-113.

Trabalhos publicados em anais de eventos

MORSCH, CAROLINA S.; LISBOA, M. C.; SILVA, J.; RAFAEL, C. F.; CECATO, R.
C.; MAGINI, R. S.; BENFATTI, C. A. M. Clinical performance of 168 screw free
implants: Prosthetic complications In: ADM Conference, 2018, Porto de Galinhas.
Dental Materials. , 2018. v.34. p.e82 - e82.

DIAS, S.; PINTO, N. P. J.; MORSCH, C. S.; VOLPATTO, C. A. M.; MAGINI, R. S;;
BENFATTI, C. A. M. Estética anterior por meio de manipulagdo tecidual e
cimentacdo de facetas sobre dente e infraestrutura em zircénia In: 30° Congresso
Odontolégico de Bauru FOB-USP, 2017, Bauru. Journal of Applied Oral Science. ,
2017.v.25. p.145 - 145.

MORSCH, C. S.; BENFATTI, C. A. M.; TEUGHELS, W.; MAGINI, R. S.; PIMENTA,
A.; SOUSA, J. C. M.; HERRERO, E. R.; PASSONI, B. B. Influence of furanone C- 30
on cell viability of human oral keratinocytes In: 26th Annual Scientific Meeting of the
European Association for Osseointegration, 2017, Madrid. 26th Annual Scientific
Meeting of the European Association for Osseointegration, 5—7 October 2017. Wiley
Online Library, 2017. v.28. p.53 - 53.

MORSCH, C. S.; PIMENTA, A.; SOUSA, J. C. M.; MAGINI, R. S.; HERRERO, E. R;;
TEUGHELS, W.; BENFATTI, C. A. M. Influéncia da Furanona C-30 na formacao do
bioflme de 14 espécies bacterianas In: Sociedade Brasileira de Pesquisa
Odontolégica, 2017, Campinas. Proceedings of the 34th SBPqO Annual Meeting.
Sao Paulo: Brazilian oral research, 2017. v.31. p.245 - 245.



77

JUANITO, G. M. P.; RAFAEL, C. F.; MORSCH, C. S.; ELY, L. B.; MAGINI, R. S;;
BENFATTI, C. A. M. Reabilitagdo implantosuportada em area estética associada a
técnica inovadora para regeneragao o0ssea guiada In: 30° Congresso Odontolégico
de Bauru FOB-USP, 2017, Bauru. Journal of Applied Oral Science. , 2017. v.25.
p.154 - 154,

MORSCH, C. S.; SCHULDT FILHO, G.; BIANCHINI, MARCO AURELIO;
RODRIGUES, M.; GALARRAGA, M. E. Association relating the extent of implant-
supported prostheses and the modified sulcus bleeding index: a retrospective study
In: 25th Annual Scientific Meeting of the European Association for Osseointegration -
EAO Congress, 2016, Paris. Clinical Oral Implants Research (Suppl 13). Nova
Jersey, USA: John Wiley & Sons A/S, 2016. v.27. p.454 - 454.

MORSCH, C. S.; CARDOSO, A. C.; CARDOSO, M.; FERREIRA, C. F.; RAFAEL, C.
F. Clinical assessment of two modified impression copings by means of visual
analogue scale In: 25th Annual Scientific Meeting of the European Association for
Osseointegration - EAO Congress, 2016, Paris. Clinical Oral Implants Research
(Suppl 13). Nova Jersey, USA: John Wiley & Sons A/S, 2016. v.27. p.372 - 372.

RAFAEL, C. F.; JUANITO, G. M. P.; MORSCH, C. S.; MAGINI, R. S.; BENFATTI, C.
A. M.; VOLPATTO, C. A. M. Avaliagao de propriedades Opticas da zircbnia apds
imersao prévia em liquido fluorescente - estudo piloto In: Sbpgo - Sociedade
Brasileira de Pesquisa Odontoldgica, 2015, Campinas. Proceedings of the 32nd
SBPqO Annual Meeting. , 2015. v.29. p.420 - 420.

MORSCH CS; RAFAEL, C. F.; JUANITO, G. M. P.; MONTERGO, J. F. D.; CARDOSO,
M.; CARDOSO, A. C. Avaliagdao dos estudantes no uso de um transferente
modificado por meio de escala visual analégica In: Sbpqgo - Sociedade Brasileira de
Pesquisa Odontoldgica, 2015, Campinas. 2015. v.29. p.534 - 534.

MAGRIN, G.; RAFAEL, C. F.; MORSCH, C. S.; BENFATTI, C. A. M.; BIANCHINI, M.
A. Desafios no tratamento da periimplantite: op¢des terapéuticas para um caso de
severa intensidade In: | International Congress of Oral Rehabilitation — ES, 2015,
Vitéria. Anais Eletronicos do | International Congress of Oral Rehabilitation — ES.
Vitoria: , 2015. v.1. p.16 - 16.

JUANITO, G. M. P.; MORSCH, C. S.; MONTERO, J. F. D.; RAFAEL, C. F;
HENRIQUES, B.; MAGINI, R. S.; SOUSA, J. C. M.; DOTTO, M. E. R. Effect of two
therapeutic substances on the surface of dental implants and abutments In: EAO
Congress, 2015, Estocolmo. Clinical Oral Implants Research (Suppl 12). , 2015.
v.26. p.133 - 133.

APAZA, K.; MONTERO, J. F. D.; MORSCH, C. S.; RAFAEL, C. F.; BENFATTI, C. A.
M.; MAGINI, R. S. Esvaziamento do canal incisivo e instalacdo imediata de
implantes CM In: 28° Congresso Odontolégico de Bauru, 2015, Bauru. Anais 28°
Congresso Odontoldgico de Bauru. , 2015. p.112 - 112.



78

ARAUJO, P. M.; MONTERGO, J. F. D.; MORSCH, C. S.; RAFAEL, C. F.; MAGINI, R.
S. Esvaziamento do forame incisivo simultdneo a colocagdo de implante cm na
maxila anterior In: | International Congress of Oral Rehabilitation — ES, 2015, Vitoria.

Anais Eletrénicos do | International Congress of Oral Rehabilitation — ES. Vitoria: ,
2015.v.1. p.7 - 8.

JUANITO, G. M. P.; MORSCH, C. S.; MONTERO, J. F. D.; RAFAEL, C. F;
HENRIQUES, B.; DOTTO, M.; MAGINI, R. S.; SOUSA, J. C. M. lons release on the
surface of implants systems after immersion in fluoride and peroxide solutions In:
EAO Congress, 2015, Estocolmo. Clinical Oral Implants Research (Suppl 12). , 2015.
v.26. p.138 - 138.

MAGRIN, G.; RAFAEL, C. F.; MORSCH, C. S.; BENFATTI, C. A. M.; MAGINI, R. S.
Manejo cirurgico de periimplantite em area estética: relato de caso com 3 anos de
acompanhamento In: | International Congress of Oral Rehabilitation — ES, 2015,

Vitéria. Anais Eletronicos do | International Congress of Oral Rehabilitation — ES.
Vitéria: 2015.v.1. p.8 - 9.

RIVA, A. R.;; MONTERO, J. F. D.; PENARRIETA, G. M. J.; MORSCH, C. S
RAFAEL, C. F.; CARDOSO, A. C.; MAGINI, R. S. Prétese hibrida aparafusada-
cimentada: combinagcdo de métodos de retencgao In: 28° Congresso Odontoldgico de
Bauru8° Congresso Odontolégico de Bauru, 2015, Bauru. Anais 28° Congresso
Odontolégico de Bauru. , 2015. p.509 - 5009.

APAZA, K.; SCHIOCHETT, C.; RAFAEL, C. F.; MORSCH, C. S.; PENARRIETA, G.
M. J.; BENFATTI, C. A. M.; CARDOSO, A. C. Reabilitagdo com protese
implantossuportada em regido de espago mésio-distal reduzidodo In: 28° Congresso

Odontolégico de Bauru, 2015, Bauru. Anais 28° Congresso Odontoldgico de Bauru.
2015. p.511 - 511.

SALAZAR, G. J.; PENARRIETA, G. M. J.; RIBEIRO, D. A.; MORSCH, C. S;
CARDOSO, A. C.; MAGINI, R. S. Reabilitagao da regido anterior com prétese hibrida
parcial fixa implantossuportada In: | International Congress of Oral Rehabilitation —

ES, 2015, Vitéria. Anais Eletrénicos do | International Congress of Oral Rehabilitation
— ES. Vitéria: 2015. v.1. p.6 - 6.

SUAREZ, J. D.; PENARRIETA, G. M. J.; MORSCH, C. S.; MONTERO, J. F. D;;
HENRIQUES, B.; DOTTO, M.; BENFATTI, C. A. M.; SOUSA, J. C. M. Surface
changes of dental implant systems in hydrogen peroxide In: Europerio, 2015,
Londres. Poster. , 2015. p.433.

OLIVEIRA, M. A. P. P. N.; PENARRIETA, G. M. J.; MORSCH, C. S.; MONTERO, J.
F. D.; HENRIQUES, B.; DOTTO, M.; MAGINI, R. S.; SOUSA, J. C. M. Surface
changes of dental implant systems in sodium fluoride: an in vitro study In: Europerio,
2015, Londres. Poster. , 2015. p.341 - 341.



79

GALARRAGA, M. E.; MORSCH, C. S.; SOUSA, J. C. M.; HENRIQUES, B.; MAGINI,
R. S.; PEREIRA, J.; NASCIMENTO, R. M.; SILVA, F. S. Torque loss and Biofilm
penetration at dental implant joints after fatigue tests In: 5th IADR Latin American
Region Meeting, 2015, Bogota. Journal of Dental Research. 2015.



		2019-10-10T13:55:17-0300
	Cesar Augusto Magalhaes Benfatti:27819733861


		2019-10-10T17:28:56-0300
	Elena Riet Correa Rivero:69108390053




