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RESUMO

A colonizagdo de diferentes substratos presentes na cavidade oral por micro-
organismos e o desenvolvimento de biofilme sao fatores etiolégicos da maioria das
doencas orais. Além dos dentes, materiais como titanio e polimetilmetacrilato séo
comumente encontradas neste ambiente e o0 papel que estes substratos
desempenham na prevaléncia de populacdes bacteriana e fungica em biofilmes
orais sao pouco compreendidas. Além disso, o comportamento da populacéao
microbiana de biofilmes orais multiespécies na presenca de antimicrobianos
liberados na saliva permanece desconhecido. Assim, o objetivo deste estudo foi (i)
avaliar o efeito de diferentes substratos na prevaléncia de micro-organismos em
biofilmes orais multiespécies e (ii) o efeito de antimicrobianos liberados na saliva
na populacdo microbiana de biofilmes multiespécies. Para o primeiro estudo,
discos de hidroxiapatita, titdnio e polimetiimetacrilato (PMMA) foram utilizados
como substrato para o desenvolvimento do biofilme mimetizando esmalte dental,
implantes dentarios e base de prétese, respectivamente. O modelo de biofilme
multiespécies foi composto por cinco bactérias (Streptococcus oralis,
Streptococcus mutans, Actinomyces naeslundii, Veillonella dispar e Fusobacterium
nucleatum) e um fungo (Candida albicans). Biofiimes maduros (64,5 h de
desenvolvimento) foram removidos por ondas ultrassénicas, plaqueados em meio
agar e as contagens de UFC de cada micro-organismo foram calculadas. A
microscopia eletrénica de varredura foi utilizada para visualizar a superficie dos
materiais. Os dados foram analisados por ANOVA um critério. Para o segundo
estudo o mesmo modelo de biofilme multiespécies foi utilizado. Dois antibibticos,
azitromicina e metronidazol, e um antifangico, fluconazol, foram avaliados.
Biofilmes maduros (64,5 h de desenvolvimento) foram expostos a azitromicina,
metronidazol ou fluconazol em concentragées encontrada na saliva de 2,12 ug/mL,
15,15 pg/mL e 2,56 pg/mL, respectivamente, por 24h. Apo6s este periodo, o
biofilme foi removido por ondas ultrassénicas, plaqueados em meio agar e as
contagens de UFC de cada micro-organismo foram calculadas. Microscépio

eletrdnico de varredura e microscopio a laser de varredura confocal com células

Xii



coradas por hibridizagcao in situ por fluorescéncia (FISH) foram utilizados para
avaliar a estrutura do biofilme. Os dados foram analisados por teste t para
amostras independentes e testes ndo paramétricos de Mann-Whitney. O primeiro
estudo ndo mostrou diferenca na populagdo para cada micro-organismo no
biofilme entre os entre trés materiais avaliados (p>0,05). No segundo estudo,
todos os antimicrobianos avaliados foram capazes de alterar a populagéao
microbiana (p<0,05), no entanto nenhum dos agentes antimicrobianos foi capaz de
eliminar completamente um micro-organismo especifico do biofilme. Azitromicina
reduziu as populacées de A. naeslundii e V. dispar enquanto aumentou C.
albicans (p<0,05). Metronidazol reduziu todos os micro-organismos avaliados, com
uma grande reducao para V. dispar e F. nucleatum (p<0,001). Fluconazol reduziu
populagdes de C. albicans e F. nucleatum e aumentou as contagens de S. oralis e
V. dispar (p<0,05). Pode concluir-se que os substratos ndo foram capazes de
interferir na formacao dos biofilmes multiespécies e que os antimicrobianos em
concentragbes semelhantes as liberadas na saliva alteraram a populacao

microbiana.

Palavras-chave: Biofilme, Hidroxiapatita, Titanio, Polimetilmetacrilato,

Azitromicina, Metronidazol, Fluconazol.
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ABSTRACT

The colonization of different substrata present in the oral cavity by microorganisms
and the biofilm development are the etiological factors of the majority of oral
diseases. Besides the teeth, materials such as titanium and polymethylmetacrylate
are commonly found in this environment and the role these substrata play on the
prevalence of bacterial and fungal population in oral biofilms are poorly understood.
In addition, the behavior of microbial population of multispecies oral biofilms in the
presence of antimicrobials released in saliva remains unknown. Thus, the aim of
this study was (i) to evaluate the effect of different substrata on the prevalence of
microorganisms in an oral multispecies biofilms and (ii) the effect of antimicrobials
released in saliva on the microbial population of a multispecies biofilms. For the
first study hydroxyapatite, titanium and polymethylmetacrylate (PMMA) discs were
used as substrata for biofilm development mimicking tooth enamel, dental implant
and denture base, respectively. The multispecies biofilm model was composed by
five bacteria (Streptococcus oralis, Streptococcus mutans, Actinomyces naeslundii,
Veillonella dispar and Fusobacterium nucleatum) and one yeast (Candida albicans).
Mature biofilms (64.5 h of development) were removed by ultrasonic waves, plated
on agar media and CFU counts of each microorganism were calculated. Scanning
electron microscopy was used to visualize the materials’ surface. Data were
analysed by one-way ANOVA. For the second study the same multispecies biofilm
model was used. Two antibiotics, azithromycin and metronidazole, and one
antifungal, fluconazole, were evaluated. Mature biofilms (64.5 h development) were
exposed to azithromycin, metronidazole or fluconazole at concentrations found in
saliva of 2.12 ug/mL, 15.15 pg/mL and 2.56 ug/ml, respectively, for 24h. After this
period, the biofilm was removed by ultrasonic waves, plated on agar media and
CFU counts of each microorganism were calculated. Scanning electron microscopy
and confocal scanning laser microscopy with cells stained by fluorescent in situ
hybridization (FISH) technique were used to assess the biofilm structure. Data
were analysed by independent-samples t-test and Mann-Whitney nonparametric
test. The first study showed no difference in the biofilm population for each
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microorganism among the three materials evaluated (p>0.05). In the second study,
all antimicrobials evaluated were able to change microbial population (p<0.05),
however none of the antimicrobials was able to completely eliminate a specific
microorganism from the biofilm. Azithromycin reduced A. naeslundii and V. dispar
population while increased C. albicans (p<0.05). Metronidazole reduced all the
microorganisms evaluated, with a great reduction for V. dispar and F. nucleatum
(p<0.001). Fluconazole reduced C. albicans and F. nucleatum population and
increased S. oralis and V. dispar counts (p<0.05). It can be concluded that the
substrata were not able to interfere with the formation of multispecies biofilms and
antimicrobials in concentrations similar to those released in the saliva changed

microbial population, however they were not able to eliminate microorganisms.

Key Words: Biofilm, Hydroxyapatite, Titanium, Polymethylmetacrylate,

Azithromycin, Metronidazole, Fluconazole.
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INTRODUCAO GERAL

O desenvolvimento de biofiime na cavidade oral em superficies nao
descamativas é o principal responsavel pelas doencas orais. Dentes, implantes
osseointegrados e préteses removiveis sdo substratos passiveis de colonizacao
por bactérias e fungos e, portanto, sdo superficies susceptiveis ao acumulo de
biofilme (Marsh et al., 2011; Samaranayake et al., 2009; Teughels et al., 2006). Os
micro-organismos organizados em biofilme e os metabdlitos produzidos por estes
podem ocasionar danos no substrato ao qual estdo aderidos e também podem
causar danos aos tecidos adjacentes (Diaz, 2012; Marsh et al., 2011; Williams et
al., 2011).

A cérie dental € um exemplo de doenca que resulta em danos ao
substrato dental. Na presenca de carboidratos fermentaveis, bactérias presentes
no biofilme produzem acidos, os quais causam a desmineralizagdo do tecido
dental (Marsh, 2003). Diferentemente, na periodontite e peri-implantite, a presenga
dos metabdlitos microbianos na regidao do sulco gengival e peri-implantar,
respectivamente, desencadeiam reagcdo imune inflamatéria e destruicdo
progressiva dos tecidos de suporte, podendo ocasionar na perda do elemento
dental ou do implante osseointegrado (Diaz, 2012; Marsh et al., 2011). De maneira
semelhante, nos casos de estomatite protética a agressdao ocorre no tecido
mucoso em intimo contato com a base da prétese na presenca do biofilme
(Samaranayake et al., 2009; Williams et al., 2011).

Embora estas doencas estejam associadas a biofilmes formados em
um ambiente com condicbes fisico-quimicas semelhantes, a composicao
microbioldgica difere nos distintos sitios orais acometidos. As diferentes
composicbées dos materiais e suas caracteristicas de superficies tém sido
apontadas como fatores que facilitariam a colonizacdo dos materiais por
determinadas espécies, a exemplo das bases de préteses removiveis, as quais
seriam mais facilmente colonizadas pelo fungo Candida albicans (Busscher et al.,
2010; Verran and Maryan, 1997; Williams et al., 2011).



Dentre os fatores relatados que poderiam interferir na adesdo dos
micro-organismos nos diferentes substratos estao a energia livre de superficie do
material e a rugosidade de superficie. A energia livre de superficie esta
relacionada com a adesao dos micro-organismos aos diferentes substratos por
interacdes inespecificas como ligacdes idnicas e pontes de hidrogénio (Teughels
et al., 2006). Entretanto tem se observado que a formacdo da pelicula adquirida
sobre a superficie dos substratos tende a equalizar as forgas eletrostaticas dos
materiais (Hannig and Hannig, 2009; van der Mei et al., 2012), ndo atuando como
um forte fator na selecdo microbiana. Entretanto ainda pouco se sabe sobre o
papel do material na composicdo microbiolégica em biofilmes orais.

Na cavidade oral os diferentes substratos sdo banhados por saliva e
sobre eles ha a formacao de uma pelicula de glicoproteinas salivares, a qual
favorece a adesdo de colonizadores iniciais (Hannig and Hannig, 2009; Marsh et
al., 2011). O acumulo de micro-organismos, caso nao seja interrompido, determina
a formagédo de biofilme e as condigcbes do microambiente em cada sitio oral
influéncia a prevaléncia de determinadas espécies, constituindo o biofilme uma
organizacao dinamica de células (Aas et al., 2007; Aas et al., 2008; Busscher et al.,
2010; Diaz, 2012; Marsh et al, 2011). Apesar de Streptococcus oralis,
Streptococcus mutans, Actinomyces naeslundii, Fusobacterium nucleatum,
Veillonella dispar e Candida albicans (Guggenheim et al., 2001; Marsh et al., 2011;
Samaranayake et al., 2009; Williams et al., 2011) serem micro-organismos
comensais na cavidade oral, a prevaléncia de cada uma dessas espécies pode
diferir nos biofilmes relacionados as patologias em diferentes sitios orais
(Guggenheim et al., 2001; Fejerskov, 2004; Aas et al., 2005; Teughels et al., 2006;
Baelum et al., 2007; Busscher et al., 2010; Marsh et al., 2011).

A literatura é rica em estudos com biofilmes mono espécie avaliando
resposta da espécie mais prevalente em biofilmes patogénicos, entretanto a
interacdo entre as espécies ndo é contemplada (Ccahuana-Vasquez and Cury,
2010; Jang et al., 2012; Koo et al., 2003; Pereira-Cenci et al., 2008). Bactérias e
fungos interagem entre si no processo de formacdo de um biofiime. Os



metabdlitos secretados e os sistemas de comunicacao via moléculas sinalizadoras
contribuem na colonizacdo e formagdo de biofilme (De Sordi and Muhlschlegel,
2009; Jakubovics, 2010; Jang et al., 2012; Jarosz et al., 2009; Mashburn-Warren
et al., 2010; Senadheera and Cvitkovitch, 2008). Dessa maneira, estudos com
modelos de biofilmes multiespécies sdao necessarios, visto a complexidade desses
biofilmes nas diferentes patologias (Aas et al., 2005; Aas et al., 2007; Aas et al.,
2008; Guggenheim et al., 2001; Marsh et al., 2011).

Embora algumas espécies ndo estejam associadas a biofilmes
patogénicos, elas sdo importantes para a formagdo do biofilme, a exemplo dos
Streptococcus oralis, que sao bactérias importantes na colonizagéo inicial e atuam
como fatores adjuvantes para adesao de outros micro-organismos (Kolenbrander,
2011; Marsh et al., 2011). Entretanto, outros micro-organismos sao prevalentes
em determinadas doengas, como por exemplo, Streptococcus mutans, que esta
relacionado a carie dental (Burne, 1998; Marsh et al., 2011); Actinomyces
naeslundii, a cérie radicular (Brailsford et al., 1999); Fusobacterium nucleatum, a
doenca periodontal (Aas et al., 2007; Diaz, 2012; Zijnge et al., 2012); e Candida
albicans, a casos de estomatite protética (Pereira-Cenci et al, 2008;
Samaranayake et al., 2009). Além dessas espécies patogénicas, outras podem
estar presentes em grande quantidade em biofiimes orais e devem ser
consideradas em estudos envolvendo biofilmes multiespécies, como a Veillonella
dispar (Aas et al., 2005; Arif et al., 2008). Além da existéncia de diversos micro-
organismos durante o processo de colonizacdo e maturacado do biofilme ser um
fator relevante na estruturacdo do mesmo, outros fatores podem interferir na
composicao microbioldgica do biofilme.

A presenca de antimicrobianos liberados na saliva poderia alterar o
microambiente do biofilme e modificar a organizagdo dos biofilmes, bem como
alterar a prevaléncia de determinadas espécies (Soriano and Rodriguez-Cerrato,
2002). Nos tratamentos de infeccbes bacterianas, alguns antibiéticos
administrados por via oral apresentam-se em elevadas concentracbes salivares,

como a azitromicina e o metronidazol com valores de 2,12 yg/mL e 15,15 pg/mL,



respectivamente (Van Oosten et al.,, 1986; Blandizzi et al., 1999; Pahkla et al.,
2005;). Entretanto a acdo desses antibiéticos liberados na saliva e a alteracdo que
poderia ocorrer na organizagao e populacao das espécies presentes no biofilme
sédo desconhecidas. Devido ao medicamento ser antibacteriano, poderia favorecer
a proliferacdo de espécies fungicas no biofilme. Diferentemente, a utilizacdo de
fluconazol via oral, o qual atinge concentracées salivares de 2,56 ug/mL (Force
and Nahata, 1995), poderia favorecer a proliferacdo de espécies bacterianas,
entretanto n&o ha conhecimento dessas hipoteses em estudos que mimetizam
biofilmes formados em condi¢cées semelhantes ao ambiente oral.

Tendo em vista 0 escasso conhecimento sobre a colonizacdo e
organizagdo das espécies de micro-organismos constituintes do biofilme em
diferentes substratos presentes na cavidade oral e também da auséncia de
estudos sobre as possiveis alteragdes que possam ocorrer no biofilme quando
exposto a concentracdes de antimicrobianos frequentemente utilizados o presente
estudo se faz necesséario. Dessa maneira, 0 objetivo do estudo foi avaliar o efeito
de diferentes substratos na prevaléncia de micro-organismos em biofilmes orais
multiespécies e também a acado de antimicrobianos em concentracdes salivares na

populacao microbiana de biofilmes multiespécies.



CAPITULO 1

Microbial population of oral multispecies biofilm formed on hydroxyapatite,
titanium and polymethylmetacrylate

Short communication

Antonio Pedro Ricomini-Filho, Altair Antoninha Del Bel Cury*

Department of Prosthodontics and Periodontology, Piracicaba Dental School,
University of Campinas, Piracicaba, Sdo Paulo, Brazil.

*Corresponding author

Department of Prosthodontics and Periodontology
Piracicaba Dental School, University of Campinas
Avenida Limeira, 901

Zip Code: 13414-903

Piracicaba, Sao Paulo, Brazil

Phone: +55 19 21065294; Fax +55 19 2106-5211

e-mail: altcury@fop.unicamp.br



mailto:altcury@fop.unicamp.br

ABSTRACT

This study evaluated the effect of substrata on the prevalence of
microorganisms in a multispecies Dbiofilm. Hydroxyapatite, titanium and
polymethylmetacrylate were used as substrata for the development of multispecies
biofilm (Streptococcus oralis, Streptococcus mutans, Actinomyces naeslundli,
Veillonella dispar, Fusobacterium nucleatum and Candida albicans). Mature
biofilms (64.5 h) were collected, plated on agar media and CFU counts of each
microorganism were calculated. Materials’ surfaces were visualised by SEM before
biofilm formation. The materials presented distinct surface irregularities observed in
the SEM images and no difference in the biofilm population for each
microorganism was found among the three materials evaluated (p>0.05). In
conclusion, the substrata only were not able to interfere in the prevalence of

microorganisms in biofilm.

INTRODUCTION

In the oral cavity hard surfaces other than teeth are present such as
titanium, in oral implants and prosthetic components, and polymethylmetacrylate
(PMMA), in denture bases. All these substrata are subjected to colonization by
bacteria and fungi present in the mouth and consequently, biofilm accumulation (1).

In biofilms, the prevalence of different microbial species depends on the
oral site where they are formed. The frequent isolation of Streptococcus mutans in
dental caries-associated biofilms (2), gram-negative anaerobes in periodontitis and
peri-implantitis (3), and Candida albicans in denture stomatitis (4), have been
reported linking higher predominance of some species to specific-pathogens
pathogenic biofilms (1).

Teeth, titanium and polymethylmetacrylate present different composition
and they are associated with different biofilm diseases (1, 3, 5). It has been stated
that the substratum is an important factor for microbial colonization (1, 4-6).
Polymethylmetacrylate, used as denture base material, has shown to favour
Candida spp. colonization (1, 4), however the role that different materials play on



microbial prevalence is poorly understood in oral biofilms in similar condition as
found in the mouth.
The purpose of this study was to investigate the effect of different

substrata on the prevalence of microorganisms in an oral multispecies biofilm.

MATERIAL AND METHODS
Preparation of hydroxyapatite, titanium and PMMA discs

Hydroxyapatite discs were purchased from Clarkson Chromatography
Products Inc. (South Williamsport, PA). Titanium discs were fabricated from a
cylindrical bar of titanium grade IV (10 mm diameter; Sandinox, Sdo Paulo, Brazil)
sliced by electrical discharge machining. Polymethylmetacrylate (PMMA) discs
were prepared using acrylic resin polymerized by hot water bath (QC-20 PMMA,
Dentsply Ltd., Weybridge, England). The acrylic resin was placed inside a stainless
steel matrix and the polymerization cycle was performed according to the
manufacturer’s instructions. The disks of all the three substrata (10 mm diameter
and 2 mm thickness) had the surface roughness standardized by grinding both
sides with progressively smoother aluminium oxide papers (320, 400 and 600 grit)
in a horizontal polisher (APL-4; Arotec, Sao Paulo, Brazil). Next, they were washed
twice with sterile distilled water and then ultrasonicated for 20 min to remove any
residues from the surface.
Surface roughness

The surface roughness was measured using a profilometer (Surfcorder
SE 1700; Kosaka Laboratory Ltd, Kosaka, Japan) with a 0.01mm resolution,
calibrated with a cut-off value of 0.8 mm, 2.4-mm percussion of measure, and 0.5
mm/s. Three readings were made for each side of the specimen, and a mean value
was calculated (7). Previously to the biofilm assay, the discs were placed in disc
holders and sterilized by ethylene oxide.



Multispecies biofilm assay

The multispecies biofilm assay was performed as described by
Guggenheim et al. (2001) with slight modifications (8-10). The microorganisms
used in this study were Streptococcus oralis OMZ 607, Streptococcus mutans
OMZ 918, Actinomyces naeslundii OMZ 745, Veillonella dispar OMZ 493,
Fusobacterium nucleatum OMZ 596 and Candida albicans OMZ 110 (8). First of all,
the sterilized discs were placed in 24-well tissue culture plate in vertical position
using disc holders, covered with 2.0 mL of saliva, and incubated for 4 h at 37 °C to
form the salivary pellicle (9). Each disc was removed and placed in another well
containing 1.8 mL of a medium mixture composed of 70% saliva + 30% mFUM 0.3%
glucose (fluid universal medium supplemented with 67 mmol/L Sorensen's buffer,
pH 7.2) and 225 pyL of the 6-species, which were prepared by mixing equal
volumes of each density-adjusted culture at 1.0 £ 0.05 (OD500) (10). The culture
plate was incubated anaerobically at 37°C for 16.5 h. After that, the discs were
washed by three consecutive dips in 0.9% NaCl solution and inserted in fresh
medium mixture composed of 70% saliva + 30% mFUM with 0.15% glucose and
0.15% sucrose. This change to fresh medium mixture was performed at each 24 h
(16.5 h, 40.5 h and 64.5 h). In addition to this step, the discs were dipped twice a
day (4 h and 8 h after the change of the medium mixture) in 2 mL of 0.9% NaCl
solution. At the last medium change (64.5 h), the biofilm formed on the discs were
collected and evaluated. The multispecies biofilm assay was performed in triplicate
in three independent experiments on different days (n = 9).

Biofilm analyses

After the biofilm development (64.5 h), each disc was washed three
times in 2 mL of 0.9% NaCl solution and aseptically inserted into a cryogenic tube
containing 3 mL of 0.9% NaCl solution. Biofilm was removed from the disc by
ultrasonic waves at 7 W for 30 s (2) and this suspension was serially diluted (10
to 10®) in 0.9% NaCl solution. Aliquots of 50 pL were plated on Columbia blood
agar (Difco, Sparks, MD, USA) supplemented with 5% defibrinated sheep blood



(CBA), Mitis Salivarius Agar (MSA; Difco, Sparks, MD, USA), CBA supplemented
with erythromycin (1 mg/L; Sigma-Aldrich), norfloxacin (1 mg/L; Sigma-Aldrich),
and vancomycin (4 mg/L; Sigma-Aldrich) (CBA+), and Biggy Agar (BBL, BD,
Franklin Lakes, NJ, USA). CBA and CBA+ plates were incubated anaerobically at
37 °C for 72 h. MSA plates were incubated at 37 °C and 10% CO, for 48 h and
Biggy Agar plates incubated aerobically at 37 °C for 24 h. Colony-forming units
(CFU) were counted using a stereomicroscope. CBA plates were used to count
total microorganisms, Actinomyces naeslundii and Veillonella dispar, MSA, S.
oralis and S. mutans; CBA+, F. nucleatum; and Biggy Agar, C. albicans. Biofilm dry
weight was also estimated with 400 ul of the biofilm suspension (2). The results

were expressed in CFU per mg of dry weight of biofilm.

Scanning electron microscopy

Scanning electron microscopy (SEM) was performed to visualize the
surface of the three different materials before biofilm formation. The discs were
mounted on stubs, sputter-coated with gold and examined with a scanning electron
microscope (JEOL JSM-5600LV; Peabody, MA, USA) at an accelerating voltage of
15 kV.

Statistical analysis

The statistical analyses were done using SAS software (SAS Institute
Inc., version 8.01, Cary, N.C., USA) employing a significance level fixed at 5%. The
null hypothesis assumed no difference among the three materials evaluated for
microorganism counts. Data that violated the assumptions of equality of variances
and normal distribution of errors were transformed to logio before they were

analyzed by one-way ANOVA.

RESULTS
Assessment of the various materials with SEM revealed microporosities
on the hydroxyapatite discs, while titanium and PMMA presented a smooth surface



with grooves due to the grinding process (Fig. 1). Despite the differences of
surface irregularities, all materials showed similar surface roughness of 0.32 (+
0.01), 0.32 (+ 0.01) and 0.34 £ (0.02) um obtained for hydroxyapatite, titanium and
PMMA discs, respectively. No difference was found for the counts of each
microorganism and total microorganisms in biofilms collected from the three

materials evaluated (p>0.05) (Table 1).

T 1000x

X Y

Figure 1. SEM images showing the materials’ surfaces: H- hydroxyapatite, T-
titanium and R- PMMA.
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Table 1. Counts (CFU/dry weight) of each microorganism and total
microorganisms in the biofilms formed on hydroxyapatite, titanium and PMMA

(mean = SD).

S.oralis S. mutans A. naeslundii V. dispar F. nucleatum  C. albicans Total Microorganisms

(x10%) (x107) (x10%) (x107) (x10°) (x10%) (x10°)
Hydroxyapatite 2.8+1.0 3.6+25 32422  05+06 1.0+0.4 14406 5.8 +3.1
Titanium 27420 22%20 24+12  1.0£21 1.1+0.7 1.1+0.7 48+29
PMMA 39+1.3 39+28 40£1.0 07%15 13405 11207 6.3+2.3

No significant differences were found for microbial counts among the different substrata.

DISCUSSION

Our study has shown that the substrata were not able to interfere in the
prevalence of microorganisms in an established biofilm. This finding help us to
better understand the role that materials play on the biofilms formed in the oral
cavity. Although the various substrata in mouth possess peculiar surface properties,
which are implied to be an important factor in the colonization process (1, 5), they
did not affect the bacterial and fungal population in the mature biofilms.

Surface roughness is a surface property well known to favour microbial
adhesion and, consequently, the amount of biofilm formed (1, 4, 11). The surface
irregularities and porosities contribute as sites for microbial colonization, protecting
the microorganisms from removal by shear forces. In this study we submit each
substratum to a double-side grinding process in order to provide surfaces with
similar smoothness to avoid bias among the three materials.

Another surface property that could interfere in microbial colonization is
related to the surface physicochemical characteristic, such as surface free energy,
which is inherent to material composition. It has been reported that
polymethylmetacrylate, used as denture base material, could favour higher
colonization by Candida albicans due the hydrophobicity of the substratum (1, 4).
The higher prevalence of yeasts in the biofilm would let denture wearers more

prone to develop denture stomatitis. However this role was not observed in our
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study, since the prevalence of C. albicans was similar among the substrata.
Likewise, there was no difference on counts of bacterial species in the biofilms
formed on the different materials.

The lack of difference in microbial prevalence can be explained by two
factors. The first one is related to the stage when the biofilm was collected. Our
aim was to assess the microorganisms organized as biofilm on the materials. A
great number of studies evaluate only adherent cells on the surface (1, 7, 12), and
not microorganisms organized in biofilms as it occurs in the disease process in the
mouth (5). The second factor is concerned to the presence of the acquired pellicle
that probably levelled off the different properties of the substrata (1, 6). The
glycoproteins adsorbed on the substratum surface favour a similar condition for
colonization by microorganisms and biofilm growth (6).

The multispecies biofilm model was used to mimic the oral environment
during biofilm formation. Besides is composed of different species commonly found
in oral biofilms, the model relies on the constant presence of high amount of saliva
as in the mouth (8, 9). However, the oral microenvironment in dental caries,
periodontitis, peri-implantitis and denture stomatitis are very distinct. In an attempt
to extrapolate our data to the clinical reality we could infer that the different
microenvironments present in the mouth are the main responsibles for species
selection in the biofilm. Oxygen tension, pH, inflammatory exudates, host-derived
macromolecules and presence of fermentable carbohydrates are examples of
factors that contribute to the shift in prevalence of species in oral biofilms (2, 3).
Further studies with other restorative materials are needed to further increase our
understanding on the role of substrata on oral biofilms. In addition, studies with
multispecies biofilms growing in environments that mimic the different oral disease
sites would be helpful to explain the process of different microbial species
prevalence.
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CONCLUSION
Based on the results, it can be concluded that different substrata
present in the oral cavity are not able to interfere in the prevalence of species in

mature biofilms.
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ABSTRACT

Oral biofilms are responsible for the majority of oral diseases and the
effect of antimicrobials released in saliva on bacterial and fungal population is
poorly understood. The aim of this study was to investigate the effect of salivary
concentration of antimicrobials on microbial population of a multispecies biofilm.
Two antibiotics, azithromycin and metronidazole, and one antifungal were
evaluated. Hydroxyapatite, titanium and polymethylmetacrylate (PMMA) discs were
used as substrata for biofilm development mimicking tooth enamel, dental implant
and denture base, respectively. The multispecies biofilm model were composed by
five bacteria (Streptococcus oralis, Streptococcus mutans, Actinomyces naeslundii,
Veillonella dispar and Fusobacterium nucleatum) and one yeast (Candida albicans).
Mature biofilms (64.5 h of development) were exposed to one of each antimicrobial
(azithromycin, metronidazole or fluconazole) at salivary concentrations for 24 h.
After this period, the biofilm was removed by ultrasonic waves, plated on agar
media and CFU counts of each microorganism were calculated. Scanning electron
microscopy and confocal scanning laser microscopy with cells stained by
fluorescent in situ hybridization (FISH) technique were used to assess the biofilm
structure. All antimicrobials evaluated were able to change microbial population in
biofilms (p<0.05), however none of them were able to completely eliminate a
specific microorganism from the biofilm. Azithromycin reduced A. naeslundii and V.
dispar population while increased C. albicans (p<0.05). Metronidazole reduced all
the microorganisms evaluated, with a great reduction for V. dispar and F.
nucleatum (p<0.001). Fluconazole reduced C. albicans and F. nucleatum
population and increased S. oralis and V. dispar counts (p<0.05). It was possible to
conclude that antimicrobials at concentrations released in saliva alter the biofilm
microbial population.

INTRODUCTION
Biofilms on hard and soft tissues are the main cause of diseases in the
oral cavity (1-3). Teeth, dental implants and dentures are substrata amenable to
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colonization by bacteria and fungi present in the mouth, and therefore, they are
prone to biofilm accumulation. The microorganisms organized in biofilms and the
metabolites produced by them can cause damage on the substratum to which they
are attached to, as in dental caries (2, 4), or in the surrounding tissues, as in
periodontitis, peri-implantitis (1, 5) and denture stomatitis (3, 6).

The biofilms are formed by early colonisers, mainly streptococci and
actinomyces (2), which bind to acquired pellicle-coated surfaces, and then other
species bind to the already-adhered cells (7). Biofilm development is a dynamic
temporal process and its structure and microbial composition are affected by
environmental factors (1-3). In different oral sites, higher prevalence of some
microorganisms in pathogenic biofilms has been reported, such as Streptococcus
mutans, in dental caries (2, 8); Actinomyces naeslundii, in root caries (9); gram-
negative anaerobes, in periodontitis and peri-implantitis (1, 5, 10), and Candida
albicans, in cases of denture stomatitis (3, 6).

A common feature for oral biofilms is that all of them are surrounded by
saliva. Besides being a nutritional source and providing glycoproteins to form the
acquired pellicle (7), saliva can deliver high concentration of drugs in the oral cavity
(11-14), which could affect structure and population of oral biofiims. Some
antimicrobials used to treat bacterial and fungal infection via systemic therapy
reach high concentrations in saliva, due the chemical properties of the drug in the
absorption and distribution pharmacokinetic steps (14). The bioavailability of
antimicrobial in saliva can be steady for a long period of time in orally administered
drugs, either in short- or long-term treatments.

Azithromycin, metronidazole and fluconazole are drugs commonly used
not only in the treatment of oral infections, but also in the treatment of a wide range
of infections in non-oral sites. Azithromycin has a wide spectrum of action towards
aerobic and facultative gram-positive microorganisms, mainly staphylococci and
streptococci, and some anaerobic bacteria as well (11, 15). Metronidazole, which
also has a wide spectrum of action, is used to treat obligate anaerobes (13, 16, 17).
Fluconazole, a fungistatic drug, is used to treat Candida spp. infections (12, 18).
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These antimicrobials are bioavailable in high concentration in saliva,
which could lead to changes in oral biofilms (14). Azithromycin and metronidazole
provide high concentration of antibiotics in saliva with values of 2.12 yg/mL and
15.15 pg/mL, respectively (11, 13, 17). However their action in saliva to change the
organization and population of the species present in the biofilm are poorly
understood. As antibacterial drugs, they also could favour the proliferation of fungal
species in the biofilm. In contrast, the use of fluconazole, which reaches salivary
concentrations of 2.56 pg/ mL (12), could favour the proliferation of bacterial
species; however these hypotheses in controlled studies of biofilms formed on
conditions similar to the oral environment remain to be tested.

Biofilms have been extensively studied mainly as mono and duo-species
(19-21), however few studies have evaluated more complex biofilms regarding
bacterial and fungal interactions in multispecies models mimicking the oral cavity
(22-24). Since oral biofilms accumulated on different substrata serve as a reservoir
of bacterial and fungal species and the effect of antibacterial and antifungal agents
present in saliva on biofilms are poorly understood, the purpose in our study was to
evaluate the effect of antimicrobials released in saliva on microbial population of a

multispecies biofilm model.

MATERIAL AND METHODS

Experimental design

This in vitro study had a completely randomised and blinded design
(regarding CFU counts) with antimicrobials (azithromycin, metronidazole or
fluconazole) as factors. CFU counts of the microorganisms in the multispecies
biofilm (Streptococcus oralis OMZ 607, Streptococcus mutans OMZ 918,
Actinomyces naeslundii OMZ 745, Veillonella dispar OMZ 493, Fusobacterium
nucleatum OMZ 596, Candida albicans OMZ 110 and total microorganisms) were
dependent variables. Hydroxyapatite, titanium and polymethylmetacrylate (PMMA)
discs were used as substrata for biofilm development mimicking tooth enamel,
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dental implant and denture base, respectively. Biofilms grown on hydroxyapatite
were exposed to azithromycin, on titanium to metronidazole and on PMMA to
fluconazole. Biofilms formed on the different substrata without drug exposure was
used as control for each treatment. Discs were placed in vertical position by disc
holders in 24-well tissue culture plates. Mature multispecies biofilms (64.5 h of
development) were exposed to antimicrobial (azithromycin, metronidazole or
fluconazole) at salivary concentrations for 24 h. After this period, the biofilm was
removed from the discs by ultrasonic waves, plated on agar media and CFU
counts of each microorganism were calculated. Scanning electron microscopy
(SEM) was used to visualise the biofilm structure and confocal scanning laser
microscopy (CLSM) was used to assess the spatial arrangement of the cells
stained by fluorescent in situ hybridization (FISH) technique.

Preparation of hydroxyapatite, titanium and PMMA discs

Hydroxyapatite discs were purchased from Clarkson Chromatography
Products Inc. (South Williamsport, PA). Titanium discs were fabricated from a
cylindrical bar of titanium grade IV (10 mm diameter; Sandinox, Sado Paulo, Brazil)
sliced by electrical discharge machining. Polymethylmetacrylate (PMMA) discs
were prepared using acrylic resin polymerized by hot water bath (QC-20 PMMA,
Dentsply Ltd., Weybridge, England). The acrylic resin was placed inside a stainless
steel matrix and the polymerization cycle was performed according to the
manufacturer’s instructions. The PMMA discs were immersed in distilled water at
37 °C for 12 h for residual monomer release (25). The disks of all the three
substrata (10 mm diameter and 2 mm thickness) had the surface roughness
standardized by grinding both sides with progressively smoother aluminium oxide
papers (320, 400 and 600 grit) in a horizontal polisher (model APL-4; Arotec, Sao
Paulo, Brazil). Next, they were washed twice with sterile distilled water and then
ultrasonicated for 20 min to remove any residues from the surface. The surface
roughness was measured using a profilometer (Surfcorder SE 1700; Kosaka
Laboratory Ltd, Kosaka, Japan) (26). The average surface roughness obtained for
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hydroxyapatite, titanium and PMMA discs were 0.32 (+ 0.02), 0.33 (+ 0.01) and
0.34 + (0.02) um, respectively. Previously to the biofilm assay, the discs were

placed in disc holders and sterilized by ethylene oxide (27).

Inoculum and media

The microorganisms used in this study were Streptococcus oralis OMZ
607, Streptococcus mutans OMZ 918, Actinomyces naeslundii OMZ 745,
Veillonella dispar OMZ 493, Fusobacterium nucleatum OMZ 596 and Candida
albicans OMZ 110 (22, 28). The microorganisms were first grown on Columbia
blood agar (Difco, Sparks, MD, USA) supplemented with 5% defibrinated sheep
blood (CBA), and then in fluid universal medium (29) supplemented with 67 mmol/L
Sorensen's buffer, pH 7.2 (modified fluid universal medium, mFUM). V. dispar was
cultivated in mFUM containing 0.10% (w/v) Na lactate. The five bacteria were
incubated in anaerobic atmosphere at 37 °C, while the yeast was incubated in
aerobic atmosphere at 37 °C. The cultures were adjusted independently to an
optical density of 1.0 + 0.05 (ODsg) by dilution with fresh mFUM or by
centrifugation of the cells and resuspension with fresh mFUM. The inoculum was
composed of aliquots of 1 mL of each density-adjusted culture that were mixed and
stored on ice until the onset of the biofilm assay.

Human saliva collection

Human whole unstimulated saliva was collected from healthy volunteers
who had not used antimicrobials, mouth rinses or any other medication known to
affect salivary composition and flow in the past 3 months and who provided written
informed consent previously approved by the local Ethics Committee. Unstimulated
saliva was collected in the morning before any meal for 1 h using 50 mL
polypropylene tubes immersed in ice and frozen at -20 °C. After several days of
collection, the total amount was pooled and centrifuged (10,000x rpm, 30 min, 4
°C). The supernatant was pasteurized (30 min, 60 °C) and centrifuged again in
sterile bottles. The supernatant saliva was stored in 50 mL polypropylene tubes at -
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20 °C. To verify contamination, samples of the processed saliva were plated on
CBA and incubated aerobically and anaerobically for 72 h (22). Saliva was used to
form the salivary pellicle on the discs and with the medium mFUM during the

biofilm cultivation.

Antimicrobial drugs

Two antibacterial drugs, azithromycin (C3gH72N20O12; MW 748.98) and
metronidazole (CgHyN3O3; MW 171.15), and one antifungal drug, fluconazole
(C13H12F2N6O; MW 306.27), were evaluated. The antimicrobials were purchased
from Sigma-Aldrich (St. Louis, MO, USA) and used to prepare stock solutions at a
final concentration of 1,000 pg/mL. Metronidazole and fluconazole were
ressuspended in distilled water, while azithromycin was ressuspended in ethanol.
The stock solutions were sterilized by filtration (0.22 ym pore size membrane filter)

and stored in freezer at -20 °C until the onset of the biofilm assay.

Multispecies biofilm assay

The multispecies biofilm assay was performed as described by
Guggenheim et al. (2001) with slight modifications (22, 30, 31). First of all, the
sterilized discs were placed in 24-well tissue culture plate in vertical position using
disc holders, covered with 2.0 mL of processed whole unstimulated saliva, and
incubated for 4 h at 37 °C to form the salivary pellicle. Each disc was removed and
placed in another well containing 1.8 mL of a medium mixture composed of 70%
saliva + 30% mFUM with 0.3% glucose and 225 pL of the inoculum previously
described. The culture plate was incubated anaerobically at 37°C for 16.5 h. After
that, the discs were washed by three consecutive dips in 0.9% NaCl solution and
inserted in fresh medium mixture composed of 70% saliva + 30% mFUM with 0.15%
glucose and 0.15% sucrose. This change to fresh medium mixture was performed
at each 24 h (16.5 h, 40.5 h and 64.5 h). In addition to this step, the discs were
dipped twice a day (4 h and 8 h after the change of the medium mixture) in 2 mL of
0.9% NaCl solution. At the last medium change (64.5 h), the biofilm formed on the
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discs were exposed to one of each antimicrobial evaluated for 24 h. Biofilms used
as control were immersed only in the medium mixture without drug exposure. It
was used the concentration of the antimicrobial reported in saliva as a normal
release of drug. The biofiilm formed on hydroxyapatite were exposed to
azithromycin concentration of 2.12 pg/mL (11), on titanium to metronidazole
concentration of 15.15 ug/mL (13), and on PMMA to fluconazole concentration of
2.56 pg/mL (12). The multispecies biofilm assay for each antimicrobial was
performed in triplicate in three independent experiments on different days (n = 9).

Biofilm analyses

After the biofilm development phase and drug exposure (88.5 h), each
disc was washed three times in 2 mL of 0.9% NaCl solution and aseptically
inserted into a cryogenic tube containing 3 mL of 0.9% NaCl solution. Biofilm was
removed from the disc by ultrasonic waves at 7 W for 30 s (32) and this
suspension was serially diluted (10" to 10) in 0.9% NaCl solution. Aliquots of 50
uL were plated on Columbia blood agar (Difco, Sparks, MD, USA) supplemented
with 5% defibrinated sheep blood (CBA), Mitis Salivarius Agar (MSA; Difco, Sparks,
MD, USA), Cadmium Sulfate Fluoride Acridine Trypticase Agar (CFAT) (33),
Veillonella Agar (34), CBA supplemented with erythromycin (1 mg/L; Sigma-
Aldrich), norfloxacin (1 mg/L; Sigma-Aldrich), and vancomycin (4 mg/L; Sigma-
Aldrich) (CBA+), and Biggy Agar (BBL, BD, Franklin Lakes, NJ, USA) (35). CBA,
Veillonella agar, CFAT and CBA+ plates were incubated anaerobically at 37 °C for
72 h. MSA plates were incubated at 37 °C and 10% CO; for 48 h and Biggy Agar
plates incubated aerobically at 37 °C for 24 h. Colony-forming units (CFU) were
counted using a stereomicroscope. CBA plates were used to count total
microorganisms; MSA, S. oralis and S. mutans; CFAT, A. naeslundii; Veillonella
Agar, V. dispar, CBA+ F. nucleatum; and Biggy Agar, C. albicans. Biofilm dry
weight was also estimated with 400 pL of the biofilm suspension (36). The results
were expressed in CFU per mg of dry weight of biofilm.
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Scanning electron microscopy and confocal scanning laser microscopy

Scanning electron microscopy (SEM) was performed to examine the
surface of the biofilm formed after exposure to antimicrobial. After biofilm
development phase and drug exposure (88.5 h) all discs were washed three times
in 0.9% NaCl solution and fixed in 2% glutaraldehyde for 2 h. The discs with the
biofilm was dehydrated by rinsing in ethanol, air-dried, mounted on stubs, sputter-
coated with gold and examined with a scanning electron microscope (JEOL JSM-
5600LV; Peabody, MA, USA) at an accelerating voltage of 15 kV.

Confocal scanning laser microscopy (CSLM) was used to visualize C.
albicans in the biofilm formed on PMMA discs exposed to fluconazole. The
oligonucleotide probes to specific 16S rRNA and 18S rRNA sequences labelled
with different fluorophore at the 5’-end were purchased from Invitrogen (Eugene,
OR, USA). The eubacteria probe EUB 388 (5°- Alexa Fluor 488 - GCT GCC TCC
CGT AGG AGT-3") (37) was used to stain all bacteria and the eukaryotic probe
EUK 516 (5- Alexa Fluor 647 - ACC AGA CTT GCC CTC C-3") (38) to stain C.
albicans. The biofilm cells were stained by fluorescent in situ hybridization (FISH)
as described by Thurnheer et al. (2004) with slight modifications. Briefly, the discs
with biofilm (control and experimental) were fixed in 4% paraformaldehyde/PBS for
1 h, permeabilized by treatment with lysozyme (70,000 U/mL in Tris-HCI pH 7.5;
Sigma-Aldrich) for 10 min at 37 °C, and washed in 0.9% NaCl solution. The discs
were removed from the disc holders and the biofilms were pre-incubated in
hybridization buffer (0.9 M NaCl, 20 mM Tris-HCI, 30% formamide and 0.01% SDS)
at 46 °C for 15 min. After that, the discs were immersed in hybridization buffer
containing the probes (5 pg/mL) and incubated at 46 °C for 3 h. The discs were
transferred to washing buffer (20 mM Tris-HCI pH 7.5, 5 mM EDTA, 112 mM NaCl
and 0.01% SDS) and were incubated for 15 min at 48 °C. The excess of saline was
removed and the discs were embedded upside-down in 10 pl of Mowiol (39). Discs
were stored protected from the light at room temperature for 6 h before
examination. Biofilms were evaluated using DMI 6000 CS inverted microscope
(Leica Microsystems CMS, Mannheim, Germany) coupled to TCS SP5 computer-
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operated confocal laser scanning system (Leica Microsystems CMS, Mannheim,
Germany). Ar-ion laser tuned at 488 nm and a He-Ne laser at 633 nm were used
for excitation of EUB 388 (Alexa Fluor 488) and EUK 516 (Alexa Fluor 647),
respectively. Filters were set to 500 - 540 nm for detection of “Alexa Fluor 488” and
660 - 710 nm for “Alexa Fluor 647”. To assess the structure of the biofilms, a series
of optical sections was taken throughout the full depth of the biofilm by acquisition
with Z-step. Confocal images were obtained using 40x oil immersion objective
(numeric aperture 1.25). Each biofilm was scanned at randomly selected positions.

Image acquisition was done in 8x line average mode.

Statistical analysis

The statistical analyses were done using SAS software (SAS Institute
Inc., version 8.01, Cary, N.C., USA) employing a significance level fixed at 5%. The
null hypothesis assumed no difference for microorganisms counts in the biofilms
exposed to antimicrobials. Data that violated the assumptions of equality of
variances and normal distribution of errors were transformed to logo (40) before
they were analyzed by independent-samples t test. When no transformation was
adequate to normalize data (V. dispar and F. nucleatum counts in the biofilm
exposed to metronidazole; and V. dispar counts in the biofiim exposed to
fluconazole), they were analyzed by the Wilcoxon-Mann-Whitney nonparametric
test.

RESULTS

All evaluated antimicrobials were able to change microbial population in
biofilms (p<0.05), however none of the antimicrobials were able to completely
eradicate a specific microorganism from the biofilm. The exposure to azithromycin
reduced A. naeslundii and V. dispar population while increased C. albicans in the
biofilm, as shown in Fig. 1. Although changes were observed in microbial
population, no difference was found for total microorganism counts. The exposure

to metronidazole reduced significantly the counts of all microorganisms evaluated,
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which reflected reduction for total microorganism counts (p<0.05), as shown in Fig.
2. A great reduction was observed mainly for the two anaerobic gram-negative
bacteria, V. dispar (3-log decrease) and F. nucleatum (5-log decrease) (p<0.001).
The microbial counts for the biofilms exposed to fluconazole are shown in Fig. 3.
Fluconazole reduced C. albicans population, however it was not enough to
eliminate the yeast. A reduction was also found for F. nucleatum. Microbial
population increases were observed for S. oralis, but mainly for V. dispar. No

difference was found for total microorganism counts.
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Figure 1. Multispecies biofilm formed on hydroxyapatite and exposed to
salivary concentration of azithromycin (2.12 pg/mL) for 24h. Asterisk
represents statistically significant difference between control (white bar)
and experimental (grey bar) groups for each microorganism (p<0.05).
Data are presented in a log4, scale.
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Figure 2. Multispecies biofilm formed on titanium and exposed to salivary
concentration of metronidazole (15.15 pg/mL) for 24h. Asterisk represents
statistically significant difference between control (white bar) and
experimental (grey bar) groups for each microorganism (p<0.05). Data are
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Figure 3. Multispecies biofilm formed on PMMA and exposed to salivary
concentration of fluconazole (2.56 ug/mL) for 24h. Asterisk represents
statistically significant difference between control (white bar) and
experimental (grey bar) groups for each microorganism (p<0.05). Data
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Scanning electron microscopy (SEM) images showed that the
antimicrobials in salivary concentration were able to alter the multispecies biofilm
structural organization (Fig. 4). In the biofilms evaluated, C. albicans was often
seen not on the superficial layers, the yeast was localized mainly on the deepest
layers, close to the substratum. However, in the biofilm exposed to azithromycin it
was possible to see C. albicans even on the superficial layers, probably due the
decrease of some bacteria and increase of C. albicans population. It was also
observed the growth of F. nucleatum on yeast surface. The biofilm exposed to
metronidazole showed high amounts of empty spaces, probably due to the
considerable loss of F. nucleatum, and it was possible to see mainly streptococci
and actinomyces. The SEM images of the biofilm exposed to fluconazole showed
to be very similar to the control group, however, when visualized by FISH, it was
possible to see the presence of pseudohyphae and hyphae cells in the
experimental group (Fig. 5).

27



1S5kV X1, 5080

1S5kV X3, 000 1S5kV X3, 000 X3, 000 Srm

Figure 4. SEM images showing the multispecies biofilm organization. Multispecies biofiims were grown for 64.5 h and then were exposed to
salivary concentration of antimicrobials for more 24 h or not (control). C — control group (no antimicrobial exposure; biofilm formed on
PMMA); A - exposure to azithromycin (2.12 pg/mL); M - exposure to metronidazole (15.15 pg/mL); and F - exposure to fluconazole (2.56
pg/mL).
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Figure 5. CSLM images showing C. albicans in the multispecies biofilm. Multispecies

biofiims were grown for 64.5 h and then were exposed to salivary concentration of
fluconazole (2.12 pg/mL) for more 24 h or not (control). The microorganisms were
stained by FISH technique: total bacteria in green (probe EUB 388 coupled to Alexa
Fluor 488) and C. albicans in purple (EUK 516 coupled to Alexa Fluor 647). Control
group (A) presented C. albicans as yeast cells, while the experimental group (B) showed
predominance of C. albicans as pseudohyphal and hyphal forms. (40x oil immersion

objective; zoom 3x).

DISCUSSION

In our study we evaluated how antimicrobials present in saliva can affect
the microbial population of a mature oral biofilm. Considering that oral biofilms act
as a reservoir of microorganisms that can cause disease in oral and non-oral sites,
compromising even the systemic health, it is important to investigate if microbial
population can be affected by antimicrobials. We evaluated three antimicrobials,
two antibiotics and one antifungal agent, which are highly bioavailable in saliva and
are prescribed for the treatment of a wide range of infections via systemic drug
administration. In view of our results, we could observe that the antimicrobials not
only altered bacteria and yeast population, but also affected the biofilm structural

organization.
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Oral biofiims are complex and dynamic communities composed by
different species of microorganisms which interact themselves since the initial
adhesion step on substratum until growth and maturation. Although studies use
mainly single-species (19, 36) or even duo- or three-species biofilm models (20),
they point out the need for studies in multispecies biofilms that could represent in a
most faithful way the oral cavity. In this study we used a validated multispecies
biofilm model (22), which has been used and refined throughout the last eleven
years (23, 24, 28, 30, 31, 41, 42). This model was composed by five bacteria that
represent the main population in supragingival biofiims and one yeast, a
microorganism also found in this environment. The advantage of using an in vitro
model was the possibility to standardize species and amount of microorganisms,
which are very difficult in studies with clinical samples, in view of the great
variability of the microbial composition of oral biofilms. However, the great
advantage of using this model was the possibility to evaluate the exposure of oral
biofilms to antimicrobials without the need to use animals or humans for research
purposes.

The antimicrobials evaluated are used for the treatment of bacterial or
fungal infections and the reason for their choice was based on their high
bioavailability, being well distributed into most body tissues and fluids, including
saliva. These drugs are naturally released in saliva, which also favours the drug
redistribution by saliva swallowing. The reported bioavailability after oral
administration of azithromycin, metronidazole and fluconazole is around 37%, 80%
and 90%, respectively (11, 13, 15-18), which can be high when compared with
other antimicrobials (14, 43). Our aim was not to assess the antimicrobials for
biofilm control, but to evaluate if microbial population could be affected by the
concentration of antimicrobials commonly released in saliva.

Azithromycin was one of the antibiotics evaluated. It is a semi-synthetic
macrolide that penetrates the cell wall and binds to the 50S ribosomal subunit of
the 70S ribosome of susceptible organisms, thereby inhibiting RNA-dependent
protein synthesis. Azithromycin is as a bacteriostatic antibiotic, however it can be
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bactericidal depending on antibiotic concentration and bacterial sensitivity. The
biofilm exposed to azithromycin showed reduced levels of A. naeslundii, a
facultative gram-positive bacterium, and V. dispar, an anaerobic gram-negative
bacterium. The reduction of these microorganisms is in agreement of the drug
spectrum of action, which includes action towards aerobic and facultative gram-
positive microorganisms and some anaerobic bacteria as well. Though this drug is
widely used for treatment of streptococci infections, such as S. pyogenes and S.
pneumonia (44), no significant reduction was observed in the counts of the two
streptococci used in this model, S. oralis and S. mutans. There was a decrease
tendency in the counts, but they were not statically significant.

The lack of drug action in S. oralis and S. mutans could be due to
distinct factors. First, it depends on how these streptococci are susceptible to this
drug. Second, the supplied azithromycin concentration of 2.12 pg/mL, similar as
found in mouth, could not be sufficient to affect these bacteria. An interesting
observation was the increase of C. albicans levels, probably due to the reduction of
bacteria on the biofilm. In addition, only the biofilm exposed to azithromycin
showed C. albicans cells on its surface, the yeast was not visualized on the surface
of the other biofilms, control and treated with other antimicrobials (Fig. 4). It has
been reported that the use of wide spectrum antibiotics prone denture wearers to
develop Candida-associate diseases (6), this is the first study to show this relation
in a multispecies biofilm. The higher counts and the yeast presence on the biofilm
surface could favour C. albicans to penetrate the mucosa through the fitting
denture surface.

Multispecies biofilm exposed to metronidazole showed reduced
population for all microorganisms, but mainly for the anaerobes F. nucleatum and
V. dispar. Metronidazole is a selective drug for anaerobic bacteria, because
although it is able to penetrate all cells, only sensitive anaerobes have the electron
transport proteins necessary to reduce the drug and produce metabolites that are
responsible to cause DNA damage, and consequently cell death, being a
bactericidal drug (16). F. nucleatum is one of the most prevalent microorganisms in
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this multispecies biofilm model, and its reduction, affected the tridimensional
structure of the biofilm. It was possible to observe by the SEM images (Fig. 4; 3a to
3c) that the exposure to metronidazole left a scaffold of cells, composed mainly by
actinomyces and streptococci, with empty spaces through the biofilm. Considering
that a mature biofilm was used, probably a great number of F. nucleatum and V.
dispar cells was killed and they detached from the biofilm taking together other
microbial cells, which would explain the reduction for all of the other
microorganisms (Fig 2). Despite the great reduction in anaerobes caused by
metronidazole, it was not able to completely eliminate these microorganisms.
Removal of the antibiotic probably would favour the growth of the anaerobes to
initial levels.

Fluconazole was the only antifungal evaluated. The drug is mainly
fungistatic and acts inhibiting the cytochrome P450 enzyme Erg11, which is
required for ergosterol synthesis, the main sterol in the fungal cell membrane. The
replacement of ergosterol by methylated sterols affects membrane packing, which
alters membrane permeability and functions (18, 45). The biofilm exposed to
fluconazole showed reduced counts for C. albicans, probably due the antifungal
presence. The decrease observed for F. nucleatum could be associated with C.
albicans reduction. It was observed in SEM images of the group exposed to
azithromycin (Fig. 4; 2c) that F. nucleatum was present on C. albicans surface.
Interactions between facultative/anaerobe bacteria and C. albicans have been
reported. The yeast acts reducing the oxygen tension, which provides a better
micro environment for F. nucleatum growth (46). The higher counts of V. dispar
and the slight increase for S. oralis are probably due the reduction of the other
microorganisms.

The biofilm exposed to fluconazole presented similar structural
organization when compared with the control, as seen by SEM images (Fig 4),
however it was not possible to visualize C. albicans, the main target of the
antifungal used. Therefore we used FISH technique and CLSM to gain
understanding of the yeast localization. It was interesting to visualize the
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morphological differentiation for C. albicans, with the presence of pseudohyphae
and hyphae cells in the biofilm exposed to fluconazole. Although the drug could act
inhibiting hyphal differentiation (18), it was reported that the exposure to lower
concentrations of the drug favoured the cells to stay in the hyphal form (45). It is
important to emphasize that hyphae is considered as a virulence factor for C.
albicans and probably acts as a dormant state for the yeast during drug exposure
in low concentration.

Despite the fact that the antimicrobials can be released in high
concentration in the oral environment, they are not able to completely eliminate
microbial species. Probably the drug concentration is not sufficient to kill the
sensitive microorganisms, and in addition, the intercellular material among the
microorganisms, which is composed mainly by extracellular polysaccharides, can
also provide protection for cells in the lowest layers against antimicrobial agents.
The aim of using antimicrobials is to aid the immunological system to control
infection, however in the oral cavity the immune response is restricted. The oral
biofilms are mostly present in non-vascularized areas, bathed mainly by saliva, and
the action of immune system cells is very limited. Therefore, the mechanical
disturbance and removal of biofilms remain important in order to control oral
infectious diseases.

Our null hypothesis tested was rejected since the results showed that
antimicrobials were able to change microbial population of oral biofiims. The
clinical importance of our study is that antimicrobials released in saliva can
modulate bacterial and fungal population in biofilms. The use of antibiotics can
favour C. albicans growth and, on the other hand, the use of antifungals can alter
bacterial population. In our study we evaluated a six multi-species model, however
the oral biofilms are composed by larger amount of microorganisms, which has to
be evaluated in more complex biofilms. Moreover, the evaluation of other
antimicrobials is needed in order to assess the role of different agents on oral
biofilms. Further studies on how virulently the microorganisms behave during and

after the antimicrobial exposure and the relationship with immune system control
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has also to be evaluated. Oral biofilms, exposure to drugs and immune system is a

wide field of study to be investigated.

CONCLUSION
It was possible to conclude that multispecies biofilms exposed to
antimicrobials in concentration commonly released in saliva alter the bacterial and

fungal population, and also affect the biofilm structural organization.
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CONCLUSAO GERAL

Os resultados do presente trabalho demonstraram que os diferentes
substratos presentes na cavidade oral ndo favorecem a prevaléncia de espécies
de micro-organismos no biofilme e também que antimicrobianos de uso sistémico
em concentragdes encontradas na saliva s&o capazes de promover alteracdes nas

populacdes de bactérias e fungos dos biofilmes orais.
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APENDICE 1 - llustracdes de Materiais e Métodos

Figura 1: Confeccao de espécimes de resina acrilica (PMMA) nas mesmas dimensoes
dos espécimes de hidroxiapatita e titanio. A - Insercao da resina dentro da matriz metdlica,
B - fechamento da matriz para posterior polimerizacdo da resina e C - espécimes de

hidroxiapatita, titanio e resina acrilica nas dimensdes de @ 10 mm x 2 mm.

Figura 2: A - Polimento dos espécimes em politriz horizontal (APL-4; Arotec, Sao Paulo,
Brazil) e B - mensuragdo da rugosidade de superficie dos espécimes por meio de
rugosimetro (Surfcorder SE 1700 Kozaka Industry, Kozaja, Japao).
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Figura 3: Reativacdao dos micro-organismos para preparo do biofilme multiespécies. A -
culturas de estoque de cada micro-organismo armazenadas a -80 °C, B - semeadura de
cada micro-organismo em meio agar sangue Columbia (CBA) para reativacao inicial, C -
coleta de colbnias crescidas no meio CBA, D - transferéncias das coldnias para meio FUM
0,3% glicose e E - mistura dos micro-organismos crescidos em meio FUM (OD500=1.0 +
0.05) para formar o inéculo .

Figura 4: Formacgdo do biofilme multiespécies. A - acoplamento dos espécimes a
suportes metalicos, B - posicionamento dos espécimes dentro dos pog¢os da placa de
cultura de 24 pocos e C - in6culo adicionado aos pogos para inicio da formagcao do

biofilme.
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Figura 5: Coleta do biofilme para posterior plaqueamento e contagem. A - tubo criogénico
contendo 3 mL de solugédo salina, B - sonicador utilizado (Sonifier 150™, Branson
Ultrasonics Corporation, Danbury, CT, USA) e C - tubo criogénico com o espécime em
seu interior para remogao do biofilme aderido ao substrato e separagdo das células

aderidas entre si.
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APENDICE 2 - Estrutura quimica dos antimicrobianos

Azitromicina (C55H75N5045)
Peso molecular: 748,98 g/mol

N
ya PN Metronidazol (CgHgN5O5)
OsN N 3 .
Peso molecular: 171,15 g/mol
(_OH
F

Fluconazol (C43H5F>NgO)

=N F/=N Peso molecular: 306,27 g/mol
NQ/N N‘ 7
OH
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