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ABSTRACT

Evaluation of the effect of different commercial mouthrinses on the viability

and activity of microcosm biofilm and on enamel demineralization

The aim of this study was to evaluate the antimicrobial and anticaries effects of
different commercial mouthrinses. The first chapter is about a review of literature
whose the aim was to discuss the antimicrobial potential of different mouthrinses in
respect to the control of dental caries and periodontal disease. The search of papers
was conducted using PubMed and the keywords: "antimicrobial agent" or "antiplaque
agent," "dental biofilm" and "dental caries" or "periodontal disease" or "gingivitis". We
found a total of 22 papers (2011-2015). The main active agents tested were: CHX-
Chlorhexidine, CPC-cetylpyridinium chloride and EO-Essential oils (alcohol/or
alcohol-free). CHX was compared to EO in 6 studies, showing superiority in 3
studies, similarity in 1 study and inferiority in 2 studies. CPC has shown lower effect
in plaque reduction compared to CHX and EO. More clinical studies are needed for
better understanding the mechanism of action and the differences in performance
among the antiplaque agents. The second chapter has as aim to compare the
antimicrobial and anticaries effects of six commercial mouthrinses (PerioGard®,
Noplak® Max, Oral-B® Complete, Listerine® Zero, Malvatricin® Plus and Cepacol®
Plus Advanced) under a microcosm biofilm model formed on enamel. A microcosm
biofilm was produced on bovine enamel, using inoculum from pooled human saliva
mixture with McBain saliva (with 0.2% sucrose), for 14 days. The biofilm was treated
with the mouthrinses daily (1 min). The bacterial viability (% death), lactic acid
production (mmol/l), the colony-forming unit (CFU) counting for total microorganisms,
lactobacilli, total streptococci and mutans streptococci (logi1o CFU/mL) and the
extracellular polysaccharides production (EPS, mg/g) were quantified in the biofilm.
The degree of enamel demineralization was analyzed using transverse
microradiography-TMR (%min vol. um). Oral-B® Complete, Listerine® Zero and
Malvatricin® Plus had the greatest effect on the reduction of biofilm viability (69-75%
dead cells vs. 13% in the control, p<0.0001). On the other hand, the lactic acid
production was significantly reduced by PerioGard®, Noplak® Max and Listerine®







Zero compared to control (69% reduction, p<0.0001). There were no significant
differences among the mouthrinses in respect to the CFU counting and EPS
production. The enamel demineralization was significantly reduced by PerioGard®,
Noplak® Max and Malvatricin® Plus compared to control (74% reduction, p<0.0001).
Therefore, the commercial mouthrinses have different antimicrobial and anticaries
effects. The mouthrinses containing chlorexidine or Malva sylvestris (with F, triclosan

and xylitol) had the best anticaries effect under this model.

Keywords: Antimicrobial agents; dental biofilm; enamel caries; microcosm biofilm;

oral disease







RESUMO

Avaliacao do efeito de diferentes enxaguatérios bucais comerciais sobre a
viabilidade e atividade de biofilme microcosmo e a desmineralizagdao do

esmalte

O objetivo deste estudo foi avaliar os efeitos antimicrobiano e anticarie de diferentes
enxaguatorios bucais comerciais. O primeiro capitulo se refere a uma revisdo da
literatura cujo objetivo foi discutir o potencial antimicrobiano de diferentes
enxaguatorios em relagdo ao controle de carie dentaria e doenga periodontal. A
pesquisa dos artigos foi realizada usando o PubMed e as palavras-chave: "agente
antimicrobiano" ou "agente antiplaca", "biofilme dental" e "carie dentaria" ou "doenca
periodontal" ou "gengivite". Encontramos um total de 22 artigos (2011-2015). Os
principais agentes ativos testados foram: Clorexidina-CHX, cloreto de cetilpiridinio-
CPC e dleos essenciais OE (alcool / ou sem alcool). A CHX foi comparada ao OE
em 6 estudos, mostrando superioridade em 3 estudos, similaridade em 1 estudo e
inferioridade em 2 estudos. CPC mostrou menor efeito na redugcdo da placa em
comparagdo com CHX e OE. Mais estudos clinicos sdo necessarios para uma
melhor compreensdo do mecanismo de acao e as diferengas no desempenho entre
os agentes antiplaca. O segundo capitulo teve como objetivo avaliar os efeitos
antimicrobiano e anticarie de seis enxaguatérios comerciais (PerioGard®, Noplak®
Max, Oral-B® Complete, Listerine® Zero, Malvatricin® Plus e Cepacol® Plus
Advanced) sobre um modelo de biofiime de microcosmo formado no esmalte. O
biofilme de microcosmo foi produzido em esmalte bovino, utilizando o inéculo da
mistura de saliva humana com saliva de McBain (com 0,2% de sacarose), durante
14 dias. O biofilme foi tratado com enxaguatérios diariamente (1 min). A viabilidade
bacteriana (% de morte), a produgdo de acido lactico (mmol/l), as unidades
formadoras de colénias (UFC) foram contadas para microrganismos totais,
lactobacilos, estreptococos totais e Streptococcus mutans (logio UFC/mL) e a
producao de polissacarideos extracelulares (PEC, mg/g) foram quantificados no
biofime. O grau de desmineralizagdo do esmalte foi analisado utilizando a
microrradiografia transversal-TMR (%min vol. um). Oral-B® Complete, Listerine® Zero

e Malvatricin® Plus tiveram o maior efeito na redugéo da viabilidade do biofilme (69-







75% de morte celular vs 13% no controle, p<0,0001). Por outro lado, a producgéo de
acido latico foi significativamente reduzida por PerioGard®, Noplak® Max e Listerine®
Zero comparado ao controle (reducdo de 69%, p<0,0001). N&do houve diferencas
significativas entre os enxaguatérios em relagdo a contagem de UFC e a produgéo
de PEC. A desmineralizagdo do esmalte foi significativamente reduzida pelo
PerioGard®, Noplak® Max e Malvatricin® Plus em comparag&o ao controle (redugéo
de 74%, p<0,0001). Portanto, os enxaguatorios bucais comerciais tém diferentes
efeitos antimicrobiano e anticarie. Os enxaguatérios contendo clorexidina ou Malva

sylvestris (com F, triclosan e xilitol) tiveram o melhor efeito anticarie neste modelo.

Palavras-chave: Agentes antimicrobianos; Biofilme dental; Biofilme microcosmo;

Carie no esmalte; Doencas orais.
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1 INTRODUCTION

Dental caries is one of the most important chronic oral diseases caused by
different acidogenic and aciduric microorganisms species organized in a dental
biofilm under frequent exposure to sugar. These microorganisms metabolize sugar,
especially sucrose from the diet, producing extracellular polysaccharides (EPS) and
acids that alter the biofilm pH, inducing tooth demineralization (KEYES, 1960;
MARSH; MOTER; DEVINE, 2011; PITTS et al., 2017). The main known cariogenic
microorganisms are Streptococcus mutans, lactobacilli, bifidobacteria and fungi. In
particular, S. mutans produce insoluble EPS from the sucrose in the functional
matrix, increasing metabolic efficiency and protection against the host defense
mechanisms (MARSH, 2004; KLEIN et al., 2010; KOO; FALSETTA; KLEIN, 2013).

White-spot lesions are the first sign involving the caries development in
enamel, which may progress to cavitation and reach dentin according to the severity
of the acid challenges (CAVALCANTI et al., 2014; FERNANDEZ; TENUTA; CURY,
2016). The epidemiological surveys have shown a decrease in the prevalence of
dental caries due to the widespread use of fluoride and the oral health education
programs (PETERSEN, 2005; BOWEN, 2016). The last epidemiological survey done
in Brazil, (2010) has shown an increase of the percentage of caries-free, which
varied according to the age (46.6% 5-years old, 43.5% 12-years old, 23.9% 15-years
old and 0.9% 35-44-years old) (MINISTRY OF HEATH BRAZIL, 2011). On the other
hand, the polarization phenomena has been evident, in which the worst oral
conditions are seen in small populations under social and economic disadvantage
(COLAK et al., 2013). When caries reach dentin, it can cause significant negative
impact in quality of life, causing pain, lack of appetite, weight loss and high cost for
treatment (ABANTO et al., 2011; RAMOS-JORGE et al., 2015;).

The rationale sugar consume and the mechanical disorganization of the
biofilm in the presence of fluoride are associated with the control of the disease
(RUGG-GUNN, 2013). However, in some situations, as for example xerostomic
patients (FURNESS et al.,, 2011; ZERO et al.,, 2016), the classical preventive

strategies may be failed, seeking for alternative approaches.
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There are several commercial mouthrinses containing antiplaque agents as
chlorhexidine digluconate, cetylpyridinium chloride, triclosan, essential oils or natural
agents (CARVALHO et al., 2004). These antiplaque agents have been used by the
patients mainly for the control of halitosis (FEDOROWICZ et al., 2008; TOLENTINO;
CHINELLATO; TARZIA, 2011). A recent review pointed out that few studies have
been done to elucidate the antiplaque effect of these agents (BRAGA; PIRES;
MAGALHAES, 2017). In general, the studies have shown that the essential oil has
comparable effect than chlorexidine and both are better than cetylpyridinium chloride
on the cariogenic biofilm (GUGGENHEIM; MEIER, 2011; MARCHETTI et al., 2011;
OYANAGI; TAGAMI; MATIN, 2012; SREENIVASAN; HARASZTHY; ZAMBON, 2013;
WAKAMATSU et al., 2013; SUN et al, 2014; FREIRES et al., 2015; QUINTAS et al.,
2015). However, most studies have been done in vitro, using monospecies or
multispecies biofilm models, whose the main response variable was the antimicrobial
effect and not the anticaries effect. There is a consensus that the antimicrobial effect
may not reflect the anticaries potential (BRAGA; PIRES; MAGALHAES, 2017).
Therefore, there is a need of further studies on this field to better elucidate the
differences among the antiplaque mouthrinses using more realist models and
incluing as response variable the effect on the tooth as well. The use of a microcosm
biofilm model, produced from microorganisms present in human saliva, can bring
advantages over studies with monospecies or multispecies biofilms, allowing the
presence of high number of microorganisms and the interactions between them in
the presence of the antimicrobial agents (TANG et al., 2003).

Accordingly, this study was divided in two parts. The first chapter is reffered to
a review of literature whose the aim was to discuss the antimicrobial potential of
different mouthrinses in respect to the control of dental caries and periodontal
disease. The second chapter has as aim to compare the antimicrobial and anticaries
effects of six commercial mouthrinses (PerioGard®, Noplak® Max, Oral-B® Complete,
Listerine® Zero, Malvatricin® Plus and Cepacol® Plus Advanced) under a microcosm

biofilm model formed on enamel.
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ABSTRACT

This review aims to discuss the antimicrobial potential of different mouthrinses in
respect to the control of dental caries and periodontal disease. The survey was
conducted using PubMed and the following keywords: "antimicrobial agent" or
"antiplaque agent", "dental biofilm" and "dental caries" or "periodontal disease" or
"gingivitis". Only studies published in English, from 2011 to 2015, in journals with
impact factor greater than 0.8, were selected. We found a total of 22 papers, 13
related to dental caries and 9 related to periodontal disease. Among the 13 studies
involving cariogenic bacteria and/or biofilm, 6 were conducted in vitro, 3 in situ and 4
in vivo. Among 9 studies involving periodontal disease, 2 were in vitro and 7 in vivo.
The main active agents tested were: CHX-Chlorhexidine, CPC-cetylpyridinium
chloride and EO-Essential oils (alcohol/or alcohol-free). CHX was compared to EO in
6 studies, showing superiority in 3 studies, similarity in 1 study and inferiority in 2
studies. CPC has shown lower effect in plaque reduction compared to CHX and EO.
There is still controversy about the effect of alcohol, but some studies have shown
superiority for EO and CHX with alcohol on cariogenic and periodontopathogenic
biofilms, respectively, when compared to alcohol-free version; for CPC, no difference
was found. More clinical studies are needed for better understanding the mechanism
of action and the differences in performance among the antiplaque agents.

Keywords: Antimicrobial agents; Dental biofilm; Dental caries; Oral diseases;

Periodontitis.
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Enxaguatdérios comerciais antimicrobianos sobre o controle do biofilme

relacionado a carie dentaria e a doeng¢a periodontal- uma revisao de literatura

Esta revisdo tem como objetivo discutir o potencial antimicrobiano de diferentes
enxaguatorios bucais em relagado ao controle da carie dentaria e doenga periodontal.
A pesquisa foi realizada usando PubMed e as seguintes palavras-chave: "agente
antimicrobiano" ou "agente antiplaca", "biofilme dental" e "carie dentaria" ou "doenca
periodontal" ou "gengivite". Foram selecionados os estudos publicados em inglés, de
2011 a 2015, em revistas com fator de impacto maior que 0,8. Foram encontrados
no total 22 artigos, 13 relacionados a carie dentaria e 9 relacionados a doenga
periodontal. Entre os 13 estudos envolvendo bactérias e/ou biofilme cariogénicos, 6
foram realizados in vitro, 3 in situ e 4 in vivo. Entre os 9 estudos envolvendo doencga
periodontal, 2 foram in vitro e 7 in vivo. Os principais agentes ativos testados foram:
CHX-Clorexidina, CPC-cloreto de cetilpiridinio e OE-6leos essenciais (com alcool ou
sem alcool). A CHX foi comparada ao OE em 6 estudos, mostrando superioridade
em 3 estudos, similaridade em 1 estudo e inferioridade em 2 estudos. CPC mostrou
menor efeito na redugdo da placa em comparacdo a CHX e ao OE. Ainda ha
controvérsias sobre o efeito do alcool, mas alguns estudos tém mostrado
superioridade no caso de OE e CHX com alcool sobre biofiimes cariogénicos e
periodontopatogénicos, respectivamente, quando comparados a versdao sem alcool;
para o CPC, ndo foi encontrada diferenca. Mais estudos clinicos s&o necessarios
para melhor compreensdao sobre mecanismo de acdo e as diferencas de
desempenho entre os agentes antiplaca.

Palavras-chave: Agentes antimicrobianos; Biofilme dental; Carie dentaria; Doengas
orais; Periodontite.
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INTRODUCTION

The oral cavity is directly in contact with microorganisms [1]. Saliva, gingival
fluid and our diet supply nutrients for them, making the environment propitious to
microbiota development [2,3]. Microbiota can be organized as biofilm that potentially

can cause oral diseases as dental caries and periodontitis [4].

Dental caries is one of the most relevant oral chronic diseases caused by
microorganisms from different species organized in a supragingival biofilm. The
cariogenic microorganisms metabolize sugar, especially sucrose derived from the
diet, producing acids that reduce the biofilm pH and cause tooth decay [4,5]. The
main cariogenic microorganisms present in biofilm are S. mutans, Lactobacillus,
bifidobacteria and fungi. S. mutans, in particular, produce insoluble extracellular
polysaccharides from sucrose in the biofilm matrix, increasing metabolic efficiency
and protecting themselves against host defenses mechanisms [4,6].

On the other hand, subgingival biofilm rich in anaerobic and gram-negative
bacteria (A. actinomycetemcomitans, T. forsythia, @ Campylobacter spp.,
Capnocytophaga spp., E. corrodens, F. nucleatum, P. gingivalis, P. intermedia) is
related to periodontal disease, a common cause of tooth loss in adults [7].

The mechanical disorganization of dental biofilm by toothbrushing is extremely
important to prevent dental caries [8] and gingivitis [9], but sometimes insufficient for
patients who have unfavorable conditions as, for example, xerostomia [10] and using
fixed orthodontic appliances. The use of antimicrobials agents may be an alternative
for those patients at high risk of dental caries [10] and periodontal disease [11,12].

Among the active agents, chlorhexidine digluconate (CHX), Cetylpyridinium
Chloride (CPC) and essential oils (EO) [13] are the most used by the population, who

applied them for halitosis control [14]. CHX is considered a gold-standard
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antimicrobial agent applied in patients with periodontal diseases. It has been
indicated as a temporary coadjutant to regular oral hygiene procedures, as a
preoperative and/or postoperative rinse either [15].

Despite the popularity of the antimicrobial agents often found in supermarkets,
there is sparse information about their efficacy on the control of oral diseases.
Therefore, the aim of this review was to compile information about the efficacy of the
main commercial antimicrobial agents applied to prevent tooth decay and periodontal

disease.

REVIEW OF LITERATURE

The survey was conducted using PubMed and the following keywords:
"antimicrobial agent" or "antiplaque agent", "dental biofilm" and "dental caries" or
"periodontal disease" or "gingivitis". Only studies published in English, from 2011 to
2015, in journals with impact factor greater than 0.8, were selected. We found a total
of 22 papers, 13 related to dental caries and 9 related to periodontal disease,

involving in vitro, in situ and in vivo models.

Commercial Agents and Biofilm/Dental Caries

Chlorhexidine (CHX) is considered a gold standard antimicrobial agent applied
in dentistry. Accordingly, most studies testing new antimicrobial agents have included
CHX as a positive control. Cetylpyridinium chloride (CPC), also a cationic agent as
chlorhexidine, is indicated to combat dental plaque and halitosis [16]. Essential oil
(EO: eucalyptol, thymol, salicylate and menthol), a non-ionic agent, is other agent
popularly applied to control dental plaque [17]. The agents are mostly available as

mouthrinses.
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Different commercial mouthrinses containing CHX, in concentrations ranged
from 0.05 to 0.2%, were compared to EO (formulae with alcohol) and water (negative
control) using multispecies biofilms (A. naeslundii, V. dispar, F. nucleatum, S.
mutans, S. oralis and C. albicans). The total CFU were determined using Columbia
blood agar, and the S. mutans and S. oralis CFUs were counted using Mitis-
Salivarius agar. The treatments were done after 16.5, 24.5, 40.5, and 48.5 h of
biofilm formation. After a total time of 64.5 h, CFUs were determined for total
microorganisms (A. naeslundii, V. dispar, F. nucleatum, S. mutans, S. oralis and C.
albicans), S. mutans and S. oralis. The total CFU numbers were not significant
different among the mouthrinses. Biofilm formation was reduced in 7 log'® steps by
0.2% CHX (formulae with alcohol), and in 3 log'® steps by EO, 0.05% CHX (formulae
with alcohol), and 0.12 and 0.2% CHX (without alcohol) solutions compared to water
[18].

The effect of three commercial mouthrinses (1- 0.12% CHX plus 0.05% CPC;
2- 0.12% CHX; 3- 0.2% zinc chloride with 1.5% hydrogen peroxide-Zn), on bacteria
adherence (S. mutans, S. faecalis, S. gordonii, A. viscosus and Mixed culture) to
hydroxyapatite surfaces was evaluated. The % of viable bacteria adhered to
hydroxyapatite ranged from 8-19% for CHX plus CPC; 11-17% for CHX and 79-89%
for Zn. Therefore, both CHX and CHX plus CPC were effective against the tested
bacteria, while Zn was not [19].

Wakamatsu et al. [20] compared the penetration kinetics of four mouthrinses
(CHX, EO, CPC and isopropylmethylphenol- IPMP) into S. mutans biofilm. The
penetration velocities were determined by monitoring fluorescence loss between 30 s

and 5 min exposure. EO showed the best penetration, but within 30 s no mouthrinse
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had any antiplaque effect. After 30 s, EO induced the highest reduction in CFU
number, but not in bacteria detachment compared to the other mouthrinses.

Nanoemulsions prepared with 25% soybean oil, 1% CPC and 10% Triton X-
100-TRI (NE) were applied on S. mutans, L. casei, C. albicans and A. viscosus both
isolated and in a mixed-culture. S. mutans and L. casei biofilms were stained using a
live/dead kit. MIC and MBC were determined for all microorganisms isolated and in a
mixed-culture. The time kinetics was also analyzed for all microorganisms (1, 5, 15,
30 and 60 min) using optical density. The adherence of microorganism on glass
plates (24h) and the growth of biofilm (72h) were analyzed after fixing and staining,
using optical density. NE has shown reduced in 83% the viability of S. mutans and L.
casei biofilm compared to negative control. MIC and MBC of NE were 9- to 27- fold
smaller than those from CHX (positive control). In respect to killing curves, NE had a
faster and powerful effect compared to CHX. The level of adhesion on glass surface
was reduced by 94.2 to 99.5% in NE treated groups compared to positive (CHX) and
negative controls. The anti-adherence and anti-biofilm effects of NE suggest a
promising anticaries action [21].

Commercial rinses containing 0.05% CPC, alcohol or free-alcohol, were
compared with 0.05% fluoride mouthwash (F) and 0.12% chlorhexidine (positive
control-CHX). MIC was firstly determined for each mouthrinse considering 25
microorganism species associated with oral diseases. The second part of the study
evaluated the antimicrobial activity using supragingival biofilm collected from 15
subjects, which was exposed ex vivo to the mouthrinses for 5-7 days in anaerobic
environment. MIC values were significantly lower for both CPC rinses compared to
fluoride rinse especially against gram-negative bacteria (most involved in halitosis

etiology), showing a broad-spectrum activity. CHX had the greatest antimicrobial
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effect. This ex vivo model showed no difference between CPC rinses formulated with
alcohol or without alcohol. Both CPC (>90% killing) and CHX (98% killing) showed
higher antimicrobial activity compared to F [22].

The effect of antimicrobial mouthrinses was also studied in adult patients
under orthodontic treatment. The patients were treated with 0.1% CHX alcohol-free,
essential oil (alcohol/alcohol-free) or negative control (1% hydroalcoholic solution) for
4 days (1x30s/day). Supragingival biofilm and microorganism on tongue were
collected and analyzed for UFC counting (S. mutans). All mouthrinses were similarly
able to significantly reduce the number of S. mutans colonies compared to control for
both samples (tongue and biofilm) [23].

The antiplaque effect of EO with or without alcohol was compared in vivo.
Thirty subjects were divided into two groups (EO with and without alcohol). They
rinsed twice a day for 3 days. EO with alcohol showed better plaque inhibitory effect
(plaque index of 2.18 in whole mouth) than alcohol-free solution (plaque index of
2.46) [24].

Oyanagi [25] compared 0.05% CHX, 0.2% benzethonium chloride, EO (0.09%
1.8-cineol, 0.06% thymol, 0.05% Methyl salicylate, 0.04% I|-Menthol and 27%
Ethanol), 7% povidone iodine (PVP-I) and PBS (negative control) using planktonic
cariogenic bacteria (S. mutans/ S. sobrinus) and biofilm models. Additionally, two
mouthrinses (CHX and EO) were evaluated using biofilm-induced caries and a
secondary caries model. EO and PVP-I were the best treatments in reducing the
cells viability and CFU counts in planktonic culture and biofilm (especially in top and
middle layer). EO further had the best inhibitory effect on the progression of

demineralization, showing potential to prevent dental caries.
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Albertsson et al. [26] evaluated the antimicrobial effect of EO and CHX

alcohol-free mouthrinses on S. mutans and Lactobacillus in saliva. Twenty healthy
volunteers applied the mouthrinses twice times during 16 days after the regular
mechanical oral hygiene. Saliva was collected and analyzed for CFU/mL. Only CHX
rinse showed a significant reduction in S. mutans and Lactobacillus counting, while
EO did not have antimicrobial effect.

Two mouthrinses, EO (0.092% of eucalyptol, 0.042% menthol, 0 .060% of
methyl salicylate and 0.064% of thymol) and 0.2% CHX, were tested on biofilm in
situ. Bacterial viability, thickness and covering grade were evaluated after 4 days of
applying each of the mouthrinses (2 times x 30s/day). CHX showed 13.2% and EO
14.7% of live bacteria. CHX was better in reducing biofilm thickness compared to EO
(CHX 6.5 pm vs. EO 10.0 ym) and covering grade (CHX 20.0% vs. EO 54.3%). CHX
showed better antiplaque effect compared to EO [27].

The effect of CPC (concentrations of 0, 0.025%, 0.05%, 0.075%, and 0.1%),
applied twice day for 1 minute, during early (Oh to 50h) and mature (48h to 98h) S.
mutans biofilm formation, was determined. All CPC concentrations showed complete
anti-biofilm activity during early biofilm formation. For old biofilm, the highest CPC
concentrations had effect on dry weight, viability and acidogenicity, but they had no
effect on water-insoluble extracellular polysaccharides production. Therefore, CPC
has inhibitory effect on young S. mutans biofilm only [28].

Hannig et al. [29] compared the effect of fluoride solution (100 ppm F as AmF
and 150 ppm F as NaF) to 0.2% CHX (positive control) on biofilm adherence to
enamel and dentin in situ after 8 h of 1 min-rinse. The bacterial viability and CFU for
total microorganism were determined. In the control group, significantly higher

amounts of adherent bacteria were detected on dentin (4.8 x 10® + 5.4 x 108
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bacteria/cm?) than on enamel (1.2 x 10° + 1.5 x 10® bacteria/cm?). Chlorhexidine
significantly reduced the amount of adherent bacteria (dentin: 2.8 x 10° + 3.4 x 10°
bacteria/cm?; enamel: 4.2 x10% + 8.7 x 10° bacteria/cm?). Rinses with the fluoride
solution also significantly reduced bacterial adherence to dentin (8.1 x 105 + 1.5 x 108
bacteria/cm?). The viability was reduced by both chlorhexidine and fluoride. While a
significant reduction of bacterial adherence on enamel and dentin was seen for
chlorhexidine, F reduced the bacterial adherence on dentin only.

Rabe et al. [30] compared the antimicrobial effect of 0.1% CHX with 0.2%
NaF. Enamel discs were mounted on healing abutments in the pre-molar region of
three subjects for 7 days. After this period, the treatment was done for 1 min. Then,
the architecture, bacterial viability and total biomass of the biofilm were evaluated
using fluorescence methods. The biofilm architecture was similar for both groups,
however CHX had effect on the biofilm surface, while F caused cell damage in the
middle and deep biofilm layers. Both rinses were able to significantly reduce the
bacterial vitality (63% vs. 95% in control) and the total biomass (6.5 x 108 arbitrary
units/mm? for control, 0.82 x 108 arbitrary units/mm? for CHX and 0.87 x 10° arbitrary
units/mm? for F). Rinse with CHX has antimicrobial effect in the cell/liquid interface at
the top of biofilm. NaF, however, is able to penetrate and exert effect in the middle
and deep levels of the biofilm.

Some in vitro studies have shown that fluoride reduces the production of
lactate and the biomass of S. mutans biofilm when applied in high concentrations
[31,32], however, other studies have shown no differences in lactate production, CFU
number and pH drop by the application of fluoride compared to control in S. mutans
biofilm [33,34]. The antimicrobial effect of fluoride is still not a consensus. Table |

summarizes the results found in the above-cited studies. Generally, CHX and EO
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seem to be the best antimicrobial agents against cariogenic bacteria. Both CHX and
EO showed better antimicrobial effect than CPC, while F has limited antimicrobial
effect. Few studies have analyzed the impact of these mouthrinses on the prevention

of tooth demineralization, which should be the most relevant question to be

answered.



36 Article |

Table I- Effect of commercial antimicrobial mouthrinses on dental caries or bacteria caries-related

Authors Active component Type of microorganism Results

and model/ treatment

Response variable

Guggenheim | 1. 0.1% CHX | Multispecies biofilm/ | Total microorganisms (A. | The total CFU numbers did not differ among the
& Meier (alcohol) treatment of 1 min each 12h, | naeslundii, V. dispar, F. | mouthrinses.
[18] 2. 0.2% CHX | during 64.5-h in vitro nucleatum, S. mutans, S. oralis

(alcohol) and C. albicans), S. mutans and | 0.12% CHX (alcohol-free), 0.2% CHX (alcohol),
3. 0.12% CHX S. oralis CFU numbers. 0.05% CHX (alcohol) and Listerine reduced the
(alcohol-free) number of CFU of S. mutans in 7 log'" steps
4. 0.2% CHX compared to control (water).
(alcohol-free)
5. 0.05 CHX 0.1% CHX (alcohol), 0.2% CHX (alcohol), 0.15%
(alcohol) CHX (alcohol-free) reduced the number of CFU of
6. EO (alcohol) S. orallis in 3 log'" steps compared to control
7. 0.15% CHX (water).

(alcohol-free)

Marchetti et

1. EO (alcohol-free)

Cariogenic biofilm/ treatment

Plaque index-Pl in whole mouth

EO (alcohol) showed better inhibitory effect

al. 2. EO (alcohol) twice a day during 3 days in compared EO (alcohol-free)
[24] vivo
Sreenivasan | 1.0.05% CPC+ (A) 25 Species associated | MIC (1) and CFU (2) of S. | The cariogenic bacteria were inhibited by <6%
etal. (alcohol) with  dental caries in | gordonii, S. mutans, C. | CPC+ solution, <3% CPC- solution and <50% F
[22] 2. 0.05% CPC- planktonic phase. albicans, A. meyeri, A. Viscous. | solution. Both CPCs had similar effect and were
(alcohol-free) (B) Supragingival biofilm better than F.
3. 0.05% Sodium collected from 15 subjects For CFU, CPC mouthrinses (>90% killing) and the
Fluoride (alcohol) and treated with agar media chlorhexidine rinse (>98% Kkilling) were better
4.0.12% CHX containing 1% of each compared to F.
(alcohol) mouthrinse during 5-7 days
Ramalingam | 1. 1% CPC and | S. mutans, L. casei, A.|Level of microorganisms | MIC and MBC of NE were 9- to 27- fold smaller than
et al. 10% Triton X-100- | viscosus, C. albicans and | adhesion on glass surface and | those from CHX (positive control). NE has shown
[21] TRI (NE) mixed culture biofilm (72h). MIC/MBC values reduced in 83% the viability of S. mutans and L.
2. 012% CHX casei biofilm compared to negative control. The
(alcohol-free) level of adhesion on glass surface was reduced by
94.2 to 99.5% in NE treated groups compared to
positive (CHX) and negative controls, respectively.
Oyanagietal. | 1. 0.05% CHX|(A) S. mutans and S. | CFU counting of -cariogenic | EO and PVP-I killed more planktonic cariogenic
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[25]

(alcohol-free)

sobrinus in planktonic phase

bacteria and enamel lesions

bacteria and bacteria embedded in biofilms

2. 0.2% | (48-hour incubation). analysis. compared to PBS, CHX and benzethonium.
benzethonium (B) Multispecies Biofilm (S. EO presented the smallest lesions among the three
chloride mutans, S. sobrinus and S. groups (PBS, CHX and PVP-I)
3. EO (alcohol) gordonii)l treatment (1x60s)
4. 7% povidone | for 7 days in vitro
iodine (PVP-I)

Albertssonet | 1. EO and F Inhibition on S. mutans and | CFU counting CHX (alcohol-free) showed significant reduction in

al. [26] 2.0.12% CHX Lactobacillus  in saliva/ S. mutans and Lactobacillus, while the EO rinse did
(alcohol-free) treatment twice a day for 16 not.
days in vivo
Hannig etal. | 1. 0.2% CHX Biofilm formation (8h) on | Viability and Biofilm adherence | The viability was reduced by both solutions, while
[29] (alcohol-free) enamel and dentin/ CHX was the only one showing inhibition of bacterial
2. 100 ppm AmF treatment for 1 min in situ adherence on both enamel and dentin.
and 150 ppm NaF
Ulkur et al. 1. EO (alcohol) Treatment for 4 days in vivo. | CFUs counting for S. mutans on | All mouthrinses were similarly able to significantly
[23] 2. EO (alcohol-free) | Groups 1 and 3 rinsed | the teeth and tongue surfaces reduce the number of S. mutans.
3.0.1% CHX 2x30s/day, while Group 2
(alcoholfree) rinsed 3x30s/day
Babu and 1.0.12% CHX plus | S. mutans, S. faecalis, Bacterial adhesion, viability and | Both CHX and CHX plus CPC were effective against

Garcia-Godoy
[19]

0.05% CPC
(alcohol-free)
2.0.12% CHX
(alcohol-free)
3.0.2% zinc
chloride plus 1.5%
hydrogen peroxide
(alcohol-free)

S.gordonii, A. viscosus in a
mixed culture biofilm (48h)/
treatment during 1 min In
vitro

CFU counts

the tested bacteria in all assay, while Zn was not.
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Wakamatsu | 1. 0.12 % CHX | S. mutans biofilm/ treatment | Penetration  velocities and | EO showed the best penetration in biofilm. None of
et al. [20] (alcohol-free) during 30s in vitro antimicrobial effect by | the mouthrinses have antimicrobial effect on S.
2. EO (alcohol) monitoring fluorescence loss of | mutans.
3. CPC (alcohol- calcein AM-stained biofilms with
free) time-lapse confocal laser
4. Isopropyl methyl scanning microscopy.
phenol
(alcohol-free)
Panditetal. | 1.0.025% CPC S. mutans biofilm/ treatment | Weight, viability and | In early biofilm all concentrations had antimicrobial
[28] 2.0.05% CPC each 12h, during 98 h in vitro | acidogenicity on Early (Oh to | effect. In mature biofilm, only the highest
3.0.075% CPC 50h) and mature (48h to 98h) S. | concentrations of CPC had effect on dry weight,
4.0.1% CPC mutans biofilm. viability and acidogenicity.
5. Negative control
(water).
Quintas et al. | 1. EO (alcohol) Antiplaque effect in situ/ Bacterial viability, thickness and | CHX and EO presented 13.2% and 14.7% of live
[27] 2. 0.2% CHX | treatment twice a day during | covering grade of dental plaque | bacteria (ns).
(alcohol) 4 days CHX was more efficient in reducing plaque
thickness and covering grade compared to EO.
Rabe et al. 1. 0.1% CHX | Cariogenic biofilm in situ/ Architecture, bacterial viability | CHX and NaF caused a similar effect.
[30] (alcohol-free) treatment for 1 min a day and total biofilm biomass
2. 0.2% NaF | during 7 days

(alcohol-free)

Abbreviations: CHX — chlorhexidine; CFU — colony forming units; EO — essential oil; Pl — plaque index; CPC - cetylpyridinium chloride; MIC — minimum
inhibitory concentration; MBC - minimum bactericidal concentration; NE — Nanoemulsion; PVP-I — Povidone iodine; PBS — Phosphate Buffered Saline; ppm —
parts per million; Zn — Zinc chloride; PCA — Pyrrolidone Carboxylic Acid; AM — Acetoxymethyl; NaF — Sodium fluoride.
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Commercial Agents and Biofilm/Periodontal Disease

CHX, as previously shown, has been widely tested as antiplaque agent. In this
in vivo study, the authors tested two formulations. The volunteers rinsed twice a day
0.12% CHX (alcohol) or 0.1% CHX (alcohol-free) with 0.1% of Formaldehyde (CHX-
F) during 7 days. After the treatment, plaque indexes were recorded. The mean
plaque of first group (0.76+0.38) was significantly lower compared to the second
group (1.43 £ 0.56), showing that alcohol might have some influence on the
antiplaque effect of CHX [35].

A crossover study was done with ten volunteers using an experimental
gingivitis model. The volunteers applied 0.2% chlorhexidine mouthrinses with alcohol
(CHXa) or alcohol-free (CHXna) for 21 days (2x1min/day). The plaque index (Pl),
gingival inflammation (Gl) and discoloration teeth (DI) were evaluated. Both solutions
presented similar Pl (CHXa initial 0.55 + 0.23 and final 0.69 +0.23 vs. CHXna initial
0.52 £ 0.15 and final 0.75 £ 0.19), Gl (CHXa initial 0.64+0.32 and final 0.73 £ 0.11 vs.
CHXna initial 0.61+0.24 and final 0.77+0.33), and DI (CHX a initial 0.0 £ 0.0 and final
0.20 £ 0.30 vs. CHXna initial 0.0 £ 0.0 and final 0.06 + 0.06). Therefore, both
formulations presented comparable levels of action [36].

Three mouthrinses (0.12% chlorhexidine plus 0.05% CPC; 0.12% CHX pure
and 0.12% CHX plus NaF) were tested for the inhibition of oral bacteria related with
periodontal diseases (S. oralis, A. naeslundii, V. parvula, F. nucleatum, A.
actinomycetemcomitans, P. gingivalis) and on biofilm formed in vitro. The effect of
the mouthrinses was analyzed in bacteria under planktonic phase, which were
treated for 1 min using the short interval-killing test. The antimicrobial effect was
measured as CFU/mL and no difference was found among the rinses. For biofilm

formation, the bacteria were grown on sterile ceramic calcium hydroxyapatite (HAP)
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discs for 12h at 37°C using a bioreactor. The discs were immersed in the mouthwash
for 2 min and the biofilm cultivated for 5 days. The viable cells were analyzed using
culture methods, scanning electron microscopy (SEM), Live/Dead staining and
fluorescence in-situ hybridization (CLSM). SEM showed a typical biofilm structure.
The fluorescence in situ hybridization technique confirmed the presence of the six
bacterial species in biofilms older than 3 days. The live/dead ratio revealed that the
majority of cells were alive in 3-, 4- and 5-d biofilms. Cells in biofilms showed more
tolerance compared with planktonic cells. In 4-d biofilm, CHX+CPC showed more
antimicrobial effect than CHX+NaF and CHX [37].

Both CPC and EO were also compared in an in vivo study, in which 142
subjects wore the mouthrinses for 2 weeks (2x30s/day). The Modified Gingival Index
(MGI), Plaque Index (PI) and bleeding Index (Bl) were analyzed. EO demonstrated
significant reduction in MGl (9.4%), Pl (6.6%) and Bl (29%) compared to CPC. EO
presented clinical superiority compared to CPC in the short-term management of
plaque and gingivitis [38].

Cortelli et al. [11] compared the antiplaque/antigingivitis effect of EO (0.092%
eucalyptol, 0.042% menthol, 0.060% methyl salicylate and 0.064% thymol), 0.07%
CPC and 5% hydroalcohol solution (control) in 354 healthy volunteers. They were
instructed to rinse twice daily (30s each) for 6 consecutive months. The Modified
Gingival Index (MGl), Plaque Index (Pl) and bleeding Index (BIl) were quantified at
baseline, after 1, 3 and 6 months. After six months, EO (42.0%) and CPC (13.9%)
demonstrated significant reduction in Pl compared to negative control. EO (42.6%)
and CPC (17.1%) also demonstrated significant reduction in MGI compared to

negative control. EO (74.5%) and CPC (22.8%) demonstrated significant reduction in
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Bl compared to negative control either. EO presented clinical superiority compared to
CPC in the long-term management of plaque and gingivitis.

EO (with ZnCl2 and NaF) was compared to 0.05% CPC (NaF) solutions. The
subjects applied mouthrinses twice a day (30s) for 6 months. The Pl and MGI were
analyzed at baseline, after 3 and 6 months. EO mouthrinse showed significant
superiority in reducing Pl (23.6%) and MIG (19.5%) compared to CPC (4.2% and
1.7%) mouthrinses after 6 months. In respect to gingivitis, CPC was not different from
control after 6 months. EO presented clinical superiority compared to CPC in the
long-term management of plaque and gingivitis [39].

Sanchez et al. [40] evaluated the antimicrobial effect of three commercial
mouthrinses (0.12% CHX plus 0.05% CPC, EO, and fluoride/stannous fluoride -
AFSF) on mixed periodontopathogenic biofilm (S. oralis, V. parvula, A. naeslundii, F.
nucleatum, A. actinomycetemcomitans and P. gingivalis) in vitro using ATP
bioluminescence and CFU methods. 72h-biofilm was exposed to mouthrinses or
control for 1 min. ATP bioluminescence showed antibacterial effect for all
mouthrinses compared to PBS control. The lowest cell viability values were found for
CHX plus CPC (1.38x108 + 8.54x107 CFU/mL), followed by AFSF (1.42x108 + 9.03
x107 CFU/mL), EO (1.67x108 + 1.17x108 CFU/mL) and the negative control (2.55x108
+ 1.63x108 CFU/mL). Both CHX/CPC and F were similarly and more effective against
biofilm compared to EO.

Commercial mouthrinse with 0.075% CPC (fluoride-free/alcohol-free) was
compared with EO (fluoride-free/alcohol) in respect to antiplaque and antigingivitis
effects in vivo. Fluoride-free/alcohol-free mouthwash was used as negative control.
After 6 weeks, the subjects from CPC, EO and NC groups exhibited reductions in Gl

of 28.6%, 22.6% and 1.70%, respectively; while Pl was reduced in 31%, 28% and
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1.4% for CPC, EO and NC, respectively. Both mouthrinses provide a significant
reduction in dental plaque and gingivitis [41].

A new rinse with CPC (alcohol-free) was tested to control plaque and gingivitis
in 67 adults with moderate gingivitis during 6 months (3x30s/day). PI, bleeding on
marginal probing (BOMP) and stain (S) indexes were applied. The presence of A.
actinomycetemcomitans, P. gingivalis, P. intermedia/nigrescens, T. forsythia, P.
micra, Capnocytophaga spp., E. corrodens, Eubacterium spp. and F. nucleatum were
determined in the biofilm. Significant reduction of the clinical parameters was
observed for the tested CPC solution compared to placebo. Among the
periodontopathogenic bacteria, P. intermedia showed a clear reduction after 3 and 6
months of CPC treatment. CPC shows ability to reduce biofilm accumulation after 3
and 6 months of use [12].

Based mainly on clinical trials as shown in Table Il, EO has a superior
antiplaque and antigingivitis effects compared to CPC, while EO has a similar
efficacy compared to CHX. On the other hand, CHX has often been responsible for

inducing undesired effects as tooth discoloration.
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Table Il - Effect of commercial antimicrobial mouthrinses on periodontitis/gingivitis or bacteria perio-related.

Authors

Active component

Type of microorganism and
model/ treatment

Response variable

Results

Charles et al. [38]

1. EO (alcohol)

Antiplaque and antigingivitis effects

Gingival Index-Gl, Plaque Index-PI

EO demonstrated significant

2. 0.07% CPC | in vivo. The subjects rinsed with 20 | and bleeding Index-BI reduction in Gl, Pl and Bl compared
(alcohol) mL for 30 s twice daily during 2 to CPC.
weeks
Cortelli et al. 1. EO with zinc Antiplaque and antigingivitis effects | Gingival and Plaque Index EO presented clinical superiority
[39] chloride and 0.02% | in vivo. The subjects rinsed with 20 compared to CPC.
sodium fluoride mL for 30 s twice daily during 6
(alcohol) months
2.0.05% CPC + F
Costa et al. 1. 0.07% CPC | Treatment was done three times a | Pl, Bl and CFU counts (A. | Significant reduction of the clinical
[12] (alcohol-free) day, for 6 months in vivo. actinomycetemcomitans, P. | parameters was observed for the
2.Saline-based gingivalis, P.intermedia/nigrescens, | tested CPC solution.
solution (alcohol- T. forsythia, P. micra, P. intermedia CFU showed a clear
free) Capnocytophaga spp., E. reduction after 3 and 6 months of
corrodens, Eubacterium spp. and F. | CPC treatment compared to control.
nucleatum)
Ennibi et al. 1. 0.12% CHX Antiplaque and antigingivitis effect | Plaque Indexes CHX with alcohol showed better
[35] (alcohol) for 7 days in vivo/ The treatment inhibition of plaque growth than CHX
2.0.1 % CHX was done twice daily with formaldehyde.

(alcohol-free)
containing 0.1%
formaldehyde

Sanchez et al.
[40]

1. 0.12% CHX and
0.05% CPC
(alcohol-free)

2. EO (alcohol)

3. 125 ppm of
Amine fluoride and
125 ppm of
stannous fluoride
(alcohol-free) -
AFSF

S. oralis, V. parvula, A. naeslundii,
F. nucleatum, A.
actinomycetemcomitans in a mixed
biofilm (72 hours)/ treatment was
done for 1 min

CFU counting

CHX/CPC and AFSF containing
mouthrinses demonstrated superior
antimicrobial activity compared to
EO rinse.
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Blanc et al. 1. 0.12% CHX plus | Bacteria related with periodontal | CFU counting for periodontal | In planktonic phase (S. oralis F.
[37] 0.05% CPC; disease in planktonic phase and | bacteria nucleatum, P. gingivalis and A.
2.0.12% CHX multispecies  Biofilm in  vitro/ actinomycetemcomitans) no
3. 0.12% CHX plus | treatment was done during 1 min differences between the tested
NaF (planktonic) and 2 min during 7 mouthrinses were found. For biofilm,
days (biofilm) CHX+CPC showed more inhibition
of viable cells compared CHX and
CHX+NaF.
Cortelli et al. 1. EO (alcohol) Antiplaque and antigingivitis effect | The MGI, Pl and Bl were quantified EO presented clinical superiority
[11] 2. 0.07% CPC | in vivo for 6 months/ treatment was | after 1, 3 and 6 months. compared to CPC.
(alcohol) done twice daily
Elias-Boneta et 1. 0.075% CPC | The antiplaque and antigingivitis | Pl and Gl Both  mouthrinses proved a
al., (alcohol-free and | effect in vivo after 6 weeks/ significant reduction in dental plaque
[41] fluoride-free) treatment was done twice daily and gingivitis.

2. EO (alcohol)

Papaionnou et al.

(36]

1. 0.2% CHX
(alcohol-free)
2.0.2% CHX
(alcohol)

The antiplaque and antigingivitis
effect in vivo after 21 days/
treatment was done daily during 1
min

PI, Gl and Discoloration Index

Both formulations presented
comparable levels of action.

Abbreviations: CHX — chlorhexidine; EO — essential oil; CPC - cetylpyridinium chloride; Gl — gingival index; Pl — plaque index; Bl — bleeding index; F — fluoride;
CFU — colony forming units; ppm — parts per million; AFSF - amine fluoride/stannous fluoride; NaF — Sodium fluoride; MGl — Modified Gingival Index.



Article | 45

CONCLUSION

There are important differences in the antimicrobial performance among the
commercial mouthrinses especially considering the bacteria specie (cariogenic vs.
periodontopatogenic bacteria). More clinical studies are needed for better
understanding the differences in their performance and side effects in short- and

long-term studies.
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Abstract

This study evaluated the antimicrobial and anticaries effects of six commercial
mouthrinses. Microcosm biofilm was produced on bovine enamel, using inoculum
from pooled human saliva mixture with McBain saliva, under 0.2% sucrose exposure
for 14 days. The biofilm was treated with the mouthrinses 1 min/day. Oral-B®
Complete, Listerine® Zero and Malvatricin® Plus had the greatest effect on the
reduction of biofilm viability (69-75% dead cells vs. 13% for control, p<0.0001). On
the other hand, the lactic acid production was significantly reduced by PerioGard®,
Noplak® Max and Listerine® Zero compared to control (69% reduction, p<0.0001).
There were no significant differences among the mouthrinses in respect to the CFU
counting and EPS production. Enamel demineralization was significantly reduced by
PerioGard®, Noplak® Max and Malvatricin® Plus compared to control (74% reduction,
p<0.0001). The mouthrinses containing chlorexidine or Malva sylvestris (with F,

triclosan and xylitol) had the best anticaries effect under this model.

Key words: Antimicrobial agents; dental caries; microcosm biofilm.

Introduction

Dental caries is one of the most important chronic oral diseases caused by
different acidogenic and aciduric microorganisms species organized in a dental
biofilm. These microorganisms metabolize sugar, especially sucrose from the diet,
producing acids that alter the biofilm pH, inducing tooth demineralization (Marsh et al.
2011). The main known cariogenic microorganisms are Streptococcus mutans,
lactobacilli, Veillonella, Actinomyces, bifidobacteria and fungi. In particular, S. mutans

produce insoluble extracellular polysaccharides (EPS) from the sucrose in the
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functional matrix, protection the biofilm against the host defense mechanisms as
saliva neutralization and antimicrobial proteins action (Koo et al. 2013).

White-spot lesions, microscopically known as subsurface lesion, are the first
sign involving caries development in enamel, which may progress to cavitation and
reach dentin according to the severity of the acid challenges. When caries reach
dentin, it can cause significant negative impact in quality of life (Ramos-Jorge et al.
2015), leading to pain, lack of appetite, weight loss and high cost for treatment.

The reduction in sugar consume and the mechanical disorganization of the
biofilm by toothbrushing with fluoride toothpaste are good strategies to control the
disease (Rugg-Gunn 2013). However, in some situations, as for example xerostomic
patients (Vozza et al. 2015), these preventive strategies may be not enough, seeking
for complementary approaches.

There are several commercial mouthrinses containing antiplaque agents as
chlorhexidine digluconate, cetylpyridinium chloride, triclosan, essential oils or natural
agents (Carvalho et al. 2004). The antiplaque agents have been used by the patients
primarily for the control of halitosis (Fedorowicz et al. 2008). Few studies have been
done to elucidate the antiplaque performance of these agents (Braga et al. 2017). In
general, the studies have shown that the essential oil has comparable effect to
chlorexidine and both are better than cetylpyridinium chloride on the cariogenic
biofilm (Oyanagi et al. 2012, Sreenivasan et al. 2013, Pandit et al. 2015). However,
most studies have been done in vitro, using monospecies or multispecies biofilm
models, whose the main response variable was the antimicrobial and not the
anticaries effect.

There is a consensus that the antimicrobial effect may not reflect the anticaries

potential (Braga et al. 2017). Therefore, there is a need of further studies on this field
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to better elucidate the differences among the antiplaque mouthrinses using more
realist models as microcosm biofilm (Tang et al. 2003, Azevedo et al. 2014; Maske et
al. 2016) and including the analysis of the tooth as well. Accordingly, this study
compared the antimicrobial and anticaries effects of six commercial mouthrinses
(PerioGard®, Noplak® Max, Oral-B® Complete, Listerine® Zero, Malvatricin® Plus and

Cepacol® Plus Advanced) under a microcosm biofilm model formed on enamel.

Material and methods
Saliva collection

This study was firstly approved by the local Ethical Committee (CEEA
48100315.3.0000.5417). After sign the informed consent, saliva was collected from 2
healthy donors, who have followed the inclusion criteria: 1) normal salivary flow
(stimulated saliva flow > 1 ml/min and non-stimulated saliva flow > 0.3 ml/min), 2)
with previous history of caries, but no caries active (no active white spot and/or
cavitated lesions), 3) without gingivitis/periodontitis (gum bleeding or tooth mobility)
and, 4) without ingestion of antibiotics 3 months prior the experiment. Prior to the day
of collection, the donors did not brush their teeth. Furthermore, they were not allowed
to ingest food or drinks in the last 2 h before saliva collection. The saliva was
collected under stimulation by chewing a rubber material for 10 min during the
morning. After collection, saliva was diluted in glycerol (70% saliva and 30%
glycerol). Aliquots of 1 ml were stored at -80° C (Pratten et al. 2003).
Tooth sample preparation and treatment groups

A hundred sixty eight enamel samples (4 mm x 4 mm) were prepared from
bovine teeth, using a semi-precision cutting machine (Buehler, Enfield, USA). The

samples were fixed in acrylic discs with wax and polished in a metallographic
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polishing machine (Arotec, Cotia, Brazil) using water-cooled silicon-carbide discs
(600-grade papers ANSI grit; Buehler, Enfield, USA) to remove grooves and to
standardize the surface roughness of approximately 0.153 + 0.037 ym. The average
surface roughness (Ra) was assessed using a contact profilometer and Mahr Surf
XCR 20 software (Mahr, Goéttingen, Germany). Two thirds of the enamel surfaces
were protected with nail polish to obtain control areas for the TMR analysis. The
samples were sterilized with ethylene oxide [Gas exposure time (30% ETO/70%COz2)
for 4 h under a pressure of 0.5 + 0.1 kgF/cm?].

From one hundred sixty eight samples, sixty-three were applied for viability
analysis, forty-two for lactic acid production analysis and sixty-three for colony-
forming unit counting and quantification of extracellular polysaccharides. Enamel
samples were randomly divided in the treatments according to the Ra values: A) PBS
— Negative control; B) PerioGard® (Colgate, Sdo Bernardo do Campo, Brazil); C)
Noplak® Max (Daudt, Rio de Janeiro, Brazil); D) Oral-B® Complete (Procter &
Gamble, Rio de Janeiro, Brazil); E) Listerine® Zero (Johnson & Johnson, S&o José
dos Campos, Brazil); F) Malvatricin® Plus (Daudt, Rio de Janeiro, Brazil); G)
Cepacol® Plus Advanced (Sanofi, Suzano, Brazil). All mouthrinses were alcohol-free
and their compositions are displayed in Table 1.

Microcosm biofilm formation and treatments

The human saliva was defrosted and mixture with McBain artificial saliva
(McBain 2009) in a proportion of 1:50. The McBain saliva contained 2.5 g/l mucin
from porcine stomach (type Il), 2.0 g/l bacteriological peptone, 2.0 g/l tryptone, 1.0 g/l
yeast extract, 0.35 g/l NaCl, 0.2 g/l KCI, 0.2 g/l CaClz, 0.1 g/l cysteine hydrochloride,
0.001 g/l hemin, 0.0002 g/l vitamin K1, at pH 7.0. All reagents were from Sigma-

Aldrich. The solution of human saliva and McBain saliva was added to each well
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containing an enamel sample (v=1.5 ml/well) in a 24-well plate, which was incubated
at 5% COz and 37°C. After 8h, the medium was removed, the enamel samples were
washed using phosphate-buffered saline (PBS, 5 s) and fresh McBain saliva
containing now 0.2% sucrose was added into the wells (v=1.5 ml/well). The
microplates were incubated at 5% CO2 and 37°C for further 16h, completing the first
day. From the 2™ to the 14" day, the samples were treated once a day for 1 min with
the mouthrinses (1 ml/well). The treatment was removed, the samples washed using
PBS (56 s) and fresh McBain saliva containing 0.2% sucrose was added. The
microplates were incubated at the same conditions described above (Zhang et al.
2013). Figure 1 summarizes the experimental protocol. The analysis were done 24 h
after the last treatment.
Bacterial viability analysis

The biofilm was stained using the nucleic acid markers diluted in PBS (1ml
PBS + 1ul SYTO9 + 1ul propidium iodide, 10 pl/well) (Kit Live & Dead® cells viability
assay, Thermo Fisher Scientific, Waltham, USA) for 15 min in a dark environment.
Live bacteria were stained with SYTO9 producing a green fluorescence and dead
lysed bacteria were stained with propidium iodide/SYTO9 producing a red
fluorescence (Hannig et al. 2013). The biofilm was examined using confocal laser
scanning microscope-CLSM (Leica TCS SPE, Mannheim, Germany) and Leica
Application Suite-Advanced Fluorescence software (LAS AF, Mannheim, Germany).
Three images (275 um?) were captured from each sample surface and analyzed
using Biolmage L 2.0 software, to quantify the live and dead bacteria (%).
Lactic acid production analysis

Biofilm samples were incubated in buffered peptone water (BPW) (Synth,

Diadema, Brazil) supplemented with 0.2% sucrose (v = 1 ml/sample) for 3 h,
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anaerobically, to allow the biofilm produces lactic acid. The anaerobic conditions
were obtained using the Whitley A35 Anaerobic Workstation (Don Whitley Scientific,
Shipley, UK), maintaining the environment at 80% N2, 10% CO2 and 10% H2 and
37°C.

Lactate concentrations were evidenced by enzymatic method (lactic
dehydrogenase method, Boehringer Mannheim, Germany) in the BPW solution
according to the manufacture instruction. The absorbance was measured at 340 nm
using a microplate reader (Fluorstar Optima- BMG Labtech, Ortenberg, Germany).
The values were expressed as mmol lactate/ L (BPW).

Quantification of extracellular polysaccharides -EPS

The samples were transferred to microtubes previously weighted containing 1
ml of saline solution (0.89% NaCl) and sonicated for 30 s at 20W (Unique,
Indaiatuba, Brazil). The cleaned tooth was removed, the tubes were weighted again
and the biofilm weight was calculated from the weight differences.

For soluble EPS, 500 pl of the saline solution obtained above were centrifuged
at 10.000 g and 4 °C for 5 min. The supernatants were transferred to other
microtube. The microtubes with the sediments were stored for the insoluble EPS
analysis. Three volumes of 95% ice-cold ethanol were added into the microtube
containing supernatant and stored at -20 °C for 30 min. After precipitation, the
microtubes were centrifuged at 10.000 g and 4°C for 10 min and the supernatant was
completely removed. The pellets were resuspended in 1 M NaOH (v = 200 pl) and
the total carbohydrate was measured using the phenol-sulphuric acid colorimetric
assay and glucose (mg) curve was done. The absorbance was measured at 490 nm

using a microplate reader (Fluorstar Optima- BMG Labtech, Ortenberg, Germany).
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For the insoluble EPS analysis, the sediments were resuspended in 400 ul of
1 M NaOH, vortexed for 15 s and agitated using a shaker table for 15 min at
environment temperature. The samples were then centrifuged at 10.000 g and 4 °C,
for 5 min. The supernatants were transferred to new microtubes and 3 volumes of
95% ice-cold ethanol were added. The microtubes were stored at -20 °C for 30 min.
After precipitation, the microtubes were centrifuged at 10.000g and 4 °C for 10 min
and the supernatant was completely removed. The remaining pellet in the microtube
was resuspended in 1 M NaOH (v = 200 ul) and the total carbohydrate was
measured using the phenol-sulphuric acid colorimetric assay and glucose (mg) curve
was done. The absorbance was measured at 490 nm using a microplate reader
(Fluorstar Optima- BMG Labtech, Ortenberg, Germany) (Aires et al. 2008). The
values were expressed as mg EPS/g (biofilm).
Colony-forming unit (CFU) counting

For CFU counting, 100 pl of the bacterial suspension obtained for EPS
analysis was then diluted to 10 and spread on petri dishes (25 pl/dish) containing
four different types of agar for CFU counting: 1) Brain Heart Infusion agar (BHI, Difco,
Detroit, USA) for total microorganisms and 2) Mitis Salivarius Agar (MSA, Neogen,
Indaiatuba, Brazil) containing 20% sucrose and 1% potassium tellurite for total
streptococci (Lima et al. 2009); 3) SB-20M (Saravia et al. 2011) containing 15 g
bacto-casitone (Difco, Detroit, USA); 5 g yeast extract (Kasvi, Curitiba, Brazil); 0.2 g
L-Cysteine hydro-chloride (Sigma, Steinheim, Germany); 0.1 g sodium sulfite (Sigma,
Steinheim, Germany); 20.0 g sodium acetate (Synth, Diadema, Brazil); 200.0 g
coarse granular cane sugar; 15.0 g agar (Kasvi, Curitiba, Brazil); and 1 | distilled
water. After autoclaving for 20 min at 120° C, 0.2 U/ml bacitracin (Sigma, Steinheim,

Germany) was added for determination of mutans streptococci (S. mutans and S.
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sobrinus); and 4) Rogosa (Kasvi, Curitiba, Brazil) supplemented with 0.13% glacial
acetic acid to assess the number of lactobacilli (Lima et al. 2009).

The plates were then incubated at 5% CO2 and 37 °C, except the plate for
total microorganisms that was incubated in an oven at 37°C. After 48h (all except
lactobacilli) and 60h (lactobacilli), the CFU numbers were counted and transformed in
log1o CFU/mI (Cheng et al. 2012).

Transverse microradiography (TMR)

After cleaning, all enamel samples (except those from lactic acid assay) were
transversally sectioned and polished to obtain slices with 80-100 um of thickness.
The enamel slices were fixed in a sample-holder together with an aluminum
calibration step wedge with 14 steps. A microradiograph was taken using an x-ray
generator (Softex, Tokyo, Japan) on the glass plate at 20 kV and 20 mA (at a
distance of 42 cm) for 13 min. The glass plates were developed for 7 min, rinsed in
deionized water, fixed for 7 min in a dark environment, and then rinsed in running
water for 10 min and air-dried (all procedures were done at 20°C). The developed
plate was analyzed using a transmitted light microscope fitted with a 20x objective
(Zeiss, Oberkochen, Germany), a CCD camera (Canon, Tokyo, Japan), and a
computer. Two images per sample were taken using data-acquisition (version 2012)
and interpreted using calculation (version 2006) softwares from Inspektor Research
System bv (Amsterdam, The Netherlands). The mineral content was calculated
based on the work of Angmar et al. (1963), assuming the density of the mineral to be
3.15 kg I and 87 vol% of mineral content for the sound enamel. The lesion depth
(LD, pm), the integrated mineral loss (AZ, %vol. ym) and the average mineral loss
over the lesion depth (R, %vol) were calculated.

Statistical Analysis
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All experiments were performed in triplicate (except the lactate assay, in
duplicate) with three data points for each replicate. Data were statistically analyzed
using software Graph Pad Instat for Windows (GraphPad Software, San Diego,
USA). The normal distribution and homogeneity were checked using Kolmogorov &
Smirnov and Bartlett’s tests, respectively. The % live and dead microorganisms and
CFU counting (total microorganism and mutans streptococci) from the different
mouthrinses groups were compared using ANOVA and Tukey-Kramer test. For the
other analysis (lactic acid and EPS production, CFU counting for total streptococci
and lactobacilli and TMR data), we applied Kruskall-Wallis followed by Dunn test. The

level of significance was set at 5%.

Results

In respect to the biofilm viability, all mouthrinses were able to increase the
number of dead microorganisms. Oral-B® Complete, Listerine® Zero and Malvatricin®
Plus had the greatest effect on the reduction of biofilm viability, differing from
PerioGard® significantly either (p<0.0001, Table 2 and Figure 2). On the other hand,
the lactic acid production was significantly reduced by PerioGard®, Noplak® Max and
Listerine® Zero compared to control (69% reduction, p<0.0001). The other
mouthrinses were not significantly different from the control. Furthermore, Listerine®
Zero was also able to significantly reduce lactic acid production compared to
Malvatricin® Plus and Cepacol® Plus Advanced (Table 3).

There were no significant differences among the mouthrinses in respect to the
CFU counting (Table 4) and EPS production (Table 5). The integrated mineral loss
was significantly reduced by PerioGard®, Noplak® Max and Malvatricin® Plus

compared to control (74% reduction, p<0.0001). Furthermore, these three
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mouthrinses significantly reduced the integrated mineral loss compared to Oral-B®
Complete.

PerioGard®, Noplak® Max and Malvatricin® Plus were able to significantly
reduce the average mineral loss and the lesion depth compared to control
(p<0.0001); however, no treatment significantly differed from each other. Table 6
shows the TMR data and Figure 3 shows a representative image of the enamel

lesion produced in each group.

Discussion

The short-term use of antimicrobial mouthrinses has been considered an
additional approach to control dental caries in patient with poor oral hygiene or a
systemic condition that compromise the oral health (Vozza et al. 2015). To compare
the mouthrinses, we chose microcosm biofilm model, since it is an appropriate in vitro
model to induce biofilm formation using inoculum from pooled human saliva or in vivo
biofilm mixture with nutrients. It is able to mimic the heterogeneity and variability of
the supragingival biofilms (Tang et al. 2003, Azevedo et al. 2014; Maske et al. 2016).

Some of the tested mouthrinses presented the antimicrobial agent combined
with fluoride (Oral-B® Complete, Malvatricin Plus® and Cepacol® Plus Advanced).
Latimer et al. (2015) showed that the presence of fluoride did not influence the
antimicrobial effect of CPC, as well as Zhang et al. (2004) showed that fluoride did
not have any further antimicrobial effect when combined with EO. However, none of
the studies evaluated the anticaries effect by analyzing tooth demineralization.

Our results showed that all mouthrinses were able to reduce bacteria viability
in accordance with Hannig et al. (2013), Babu and Garcia-Godoy (2014) and Pandit

et al. (2015). However, the lactic acid production was reduced by PerioGard®,
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Noplak® Max and Listerine® Zero only. Furthermore, the enamel demineralization
was reduced by PerioGard®, Noplak® Max and Malvatricin® Plus only. Therefore, the
antimicrobial and anticaries performance of the tested mouthrinses are different.

In the present study, Cepacol® Plus Advanced, which contains CPC and
fluoride, presented the least beneficial effect. Also a limited effect was seen for Oral-
B® Complete (CPC and fluoride), which reduced the bacteria viability, but not the
development of dental caries. It is likely that CPC acts mostly against non-cariogenic
bacteria. This result is in agreement with previous works that compared 0.05% CPC
with 0.12% CHX and/or 0.042% menthol, 0.092% eucalyptol, 0.064% thymol, 0.06%
methyl salicylate (EO) against cariogenic bacteria (planktonic phase and
supragingival biofilm) (Babu and Garcia-Godoy 2014, Oyanagi et al. 2012).

On the other hand, Listerine® Zero (containing EO) has antimicrobial effect
similar or higher than PerioGard® (containing CHX), in agreement with other studies
(Marchetti et al. 2011, Oyanagi et al. 2012, Wakamatsu et al. 2013). Listerine® Zero
was able to reduce both viability and lactic acid production in the present study,
which might be explained by the presence of essential oil and its low pH. Zhang et al.
(2004) observed 36% less lactate, 36% less acetate and 44% less propynoate in
supragingival biofilm from patients who rinsed Listerine® compared to control.
However, the previous studies did not evaluate the incidence of caries lesion over
time.

An intriguing result was seen for Listerine® Zero in our study, its protection
against demineralization was not as good as its effect on the lactic acid production.
We suppose that other types of acid could have been produced by the Listerine-
treated biofilm or that lactate consumer species (as Veillonella spp.) (Janus et al.

2016) might be absent in this biofilm. The hypothesis need to be further tested. Other
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reason could be its low pH, however, we would not expect any relevant
demineralization due to this fact, as the time of application per day was low. It is
necessary to check if the daily application of Listerine® Zero would induce any
relevant surface hardness loss in sound enamel after 14 days of experiment. There is
only one study that observed anticaries effect of EO (Oyanagi et al. 2012); however,
the authors tested a version containing alcohol and compared it with a low
concentrated CHX solution (0.05%).

Among the tested mouthrinses, Malvatricin® Plus was the only one containing
a natural agent (Malva sylvestris) combined with fluoride and xylitol. Malva sylvestris
is native from Europe, North Africa, and South-west Asia especially Iran (Elsagh et al.
2015). It is worldwide applied as an alternative antiseptic, antifungal and anti-
inflammatory agent. Malva sylvestris also has antimicrobial effect against S. aureus,
S. agalactiae, E. faecalis and C. albicans (Razavi et al. 2011). It contains malvone
and different known monoterpenes, aromatic compounds, and a tetrahydroxylated
acyclic diterpense (Veshkurova et al. 2006). Malvone has been associated with the
antimicrobial effect of Malva sylvestris (Razavi et al. 2011), which has been tested
only on strains of S. mutans, S. salivarius, S. oralis and L. casei (Da Silva et al.
2012).

In the present study, Malvatricin® Plus reduced the bacteria viability, but not
the acid production. As found in case of Oral B, it is likely that Malvatricin® Plus acts
against non-cariogenic bacteria, which are mostly the first colonizers. With this
hypothesis, it would be very interesting to analyze the biofilm development overtime,
to understand if this effect would retard biofilm formation. Based on this finding, we
would expect no anticaries effect by using this mouthrinse. Surprisingly, Malvatricin®

Plus was able to reduce enamel caries lesion development.
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We justified the anticaries effect of Malvatricin® Plus by the presence of
fluoride, which has negligible antimicrobial effect, but it is known to be able to reduce
demineralization (Buzalaf et al. 2011). Furthermore, the presence of xylitol could also
have contributed to the protective effect. Xylitol is known to have antimicrobial effect
on S. mutans biofilm (Decker et al. 2008) as well as positive effect on enamel
remineralization under abiotic models (Cardoso et al. 2014). This is the first time that
the antimicrobial effect on biofilm and the anticaries effect on enamel of Malvatricin®
Plus have been demonstrated.

Finally, both Periogard® and Noplak® Max (containing CHX) reduced the
bacteria viability and lactic acid production, as well as they reduced the enamel
caries lesion development. CHX is one of the most tested antimicrobial agents and
the present result is in agreement with the literature (Shapiro et al. 2002; Haerian-
Ardakani et al. 2015). Interesting that the effect of CHX compared to other agents is
more pronounced in vitro than in vivo (Haerian-Ardakani et al. 2015). Furthermore,
no benefits of the application of chlorexidine varnish in the prevention of caries in
children and adolescents have been stated in systematic reviews (Twetman, 2004;
James et al. 2010,). CHX is also known to induce some side effects as tooth
discoloration and astringent taste under uninterrupted use (Santos et al. 2017).

Our model was unable to show differences among the mouthrinses and the
control in respect to CFU counting and EPS production. Despite that we applied
sucrose to change the bacterial virulent properties and favor mutans and
lactobacillus species (Diaz-Garrido et al. 2016), it might be expected other types of
bacteria in the biofilm, which were not taken into account in the CFU analysis and

could have influenced the EPS production. Microbial species such as Scardovia
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wiggsiae and Bifidobacterium spp. have been correlated with caries etiology (Henne
et al. 2016).

To overcome this issue, further studies shall be done to analysis the
microbiome profile of the microcosm biofilm and to correlate it with the microbiome
profile of the donors (saliva and biofilm). Furthermore, it would be interesting to apply
monospecies biofilm to better understanding the specific action of the mouthrinses on
isolated microorganism.

In  conclusion, the commercial mouthrinses containing chlorexidine
(PerioGard® and Noplak® Max) or Malva sylvestris (with F, triclosan and xylitol,
Malvatricin® Plus) had the best anticaries effect under this model. Considering the
known side effects of CHX, it would be very interesting to further study the effect of
Malvatricin® Plus using in situ and in vivo models, since it presents natural agents
with low cytotoxic potential (Benso et al. 2015).

Funding: This work was supported by FAPESP (process number 2015/11635-2).
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Figure 1. Experimental protocol

Figure 2. Percentage of dead bacteria (%) in the biofilm formed on enamel after
applying the tested treatments. A) Negative control, B) PerioGard®, C) Noplak® Max,
D) Oral-B® Complete, E) Listerine® Zero, F) Malvatricin® Plus, G) Cepacol® Plus
Advanced

Figure 3. Mean £ SD of the percentage (%) of live and dead microorganisms (viability
assay using CLSM)
Different letters show significant differences among the groups (ANOVA/Tukey-
Kramer, p<0.0001).

Figure 4. Boxplot of the lactic acid production (mmol/l BPW) using lactic
dehydrogenase method

Different letters show significant differences among the groups (Kruskal-Wallis/Dunn,
p<0.0001).

Figure 5. Representative TMR pictures (20x) of the artificial enamel lesions created
using microcosm biofilm after applying the tested treatments. A) Negative control, B)
PerioGard®, C) Noplak® Max, D) Oral-B® Complete, E) Listerine® Zero, F)
Malvatricin® Plus, G) Cepacol® Plus Advanced
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Table 1. Mouthrinses tested in the study

Mouthrinse

Producer

Ingredients

PerioGard®

Colgate-
Palmolive

0.12% chlorhexidine digluconate, water,
glycerin, propylene glycol, sorbitol, PEG-40
hydrogenated castor oil, cetylpyridinium
chloride, aroma and citric acid. (pH 4.9)

Noplak® Max

Daudt

0.12% chlorhexidine digluconate,
cetylpyridinium chloride, EDTA disodium,
Echinacea angustifolia extract, glycerin,
Hamamelis extract (Hamamelis), PEG-40
castor oil, propolis extract, propylene glycol,
sodium cyclamate, sodium fluoride (226
ppm F), sodium hydroxide, sodium
saccharin, sorbitol, zinc acetate. (pH 5.5)

Oral-B®
Complete

Procter &
Gamble

0.053% cetylpyridinium chloride
monohydrate; 0.05% sodium fluoride (226
ppm F), water, glycerin, PEG-40
hydrogenated castor oil, methylparaben,
aroma, sodium saccharin, sodium benzoate
and propylparaben. (pH 5.4)

Listerine® Zero

Johnson &
Johnson

0.09% eucalyptol, 0.06% thymol, 0.05%
methyl salicylate, 0.04% menthol, water,
sorbitol, poloxamer 407, benzoic acid,
sodium saccharin, aroma and sodium
benzoate. (pH 4.1)

Malvatricin®
Plus

Daudt

EDTA disodium, Malva sylvestris extract
(Mallow), menthol, PEG-40 castor oil,
propylene glycol, Copolymer PVM/MA,
sodium benzoate, sodium fluoride (225 ppm
F), sodium hydroxide, sodium dodecyl
sulfate, sodium  saccharin, sorbitol,
triclosan, xylitol, zinc chloride and water.
(pH 6.0)

Cepacol®Plus
Advanced

Sanofi

0.05% cetylpyridinium chloride; sodium
fluoride (226.2 ppm F), water, sorbitol,
glycerin, sodium  benzoate, sodium
saccharin, sodium cyclamate, poloxamer
407, hydrogenated ricinium oil, sodium
monofluorophosphate, methylparaben,
aroma (D-Limonene), citric acid and
propylene glycol. (pH 6.0)
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Table 2. CFU counting (logio CFU/mI) for total microorganism, lactobacilli, total
streptococci and mutans streptococci

Treatment Total lactobacilli Total mutans
microorganism streptococci streptococci
PBS (negative control) 7.3310.28 7.46(0.71)  5.69(0.35) 6.45+1.31
PerioGard® 7.031£0.18 7.51(0.87)  5.58(0.28) 6.01+0.82
Noplak® Max 7.1540.29 7.30(0.41)  5.60(0.80) 6.40+0.99
Oral-B® Complete 7.27+0.18 7.15(0.26)  5.20(0.29) 5.98+1.21
Listerine® Zero 7.33+0.28 7.76(0.37)  5.21(0.84) 6.25+1.10
Malvatricin® Plus 7.23+0.27 7.02(0.24) 5.60(0.67) 6.25+1.07
Cepacol® Plus 7.16+0.09 7.14(0.47)  5.64(0.53) 6.07+1.27

Advanced

Mean £ SD of total microorganism and mutans streptococci CFU (ANOVA/Tukey-
Kramer, p=0.0906 and p=0.9651, respectively). Median (interquartile interval) of
lactobacilli and total streptococci CFU (Kruskal-Wallis/Dunn, p=0.0756 and p=0.8473,
respectively).
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Table 3. Median (interquartile interval) of soluble and insoluble EPS (mg/g biofilm)

Treatment Soluble EPS (mg/g) Insoluble EPS (mg/g)
PBS (negative control) 0.18(0.11) 0.25(0.08)abe
PerioGard® 0.12(0.30) 0.13(0.05)2
Noplak® Max 0.30(0.22) 0.41(0.14)°
Oral-B Complete® 0.09(0.14) 0.22(0.06)abe
Listerine® Zero 0.18(0.19) 0.29(0.35)Pc
Malvatricin® Plus 0.18(0.17) 0.12(0.05)2
Cepacol® Plus Advanced 0.66(0.60) 0.10(0.13)2

Different letters in the same column show significant differences among the groups.
Soluble EPS (Kruskal-Wallis/Dunn, p=0.0763) and Insoluble EPS (Kruskal-
Wallis/Dunn, p<0.0001).
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Table 4. Median (interquartile interval) of the integrated mineral loss (AZ, %vol.um),
the average mineral loss (R, % vol) and lesion depth (LD, um)

Treatment AZ (%vol. pm) R (%vol) LD (pum)
PBS (negative control)  11555.0(1804.7)° 49.5(7.85)° 215.4(25.0)°
PerioGard® 2948.0(940.0)2 21.3(2.45)2 134.2(40.6)2
Noplak® Max 2900.0(1320.0)2  19.9(10.1)2  138.5(70.0)2
Oral-B Complete® 6500.0(2567.3)> 26.1(10.65)% 208.5(45.5)%
Listerine® Zero 4530.0(1459.0)2c  32.2(6.3)2® 131.3(56.8)2°
Malvatricin® Plus 3170.0(320.0)2 22.7(3.7) 141.4(6.2)?

Cepacol® Plus Advanced 4160.0(740.0)°¢  27.8(1.9)°  155.3(15.9)%

Different letters in the same column show significant differences among the groups.
All parameters were compared using Kruskal-Wallis/Dunn: AZ and R (p<0.0001) and
LD (p=0.0014).




76 Article Il

1000,
000,
O6
0BG
1 OOO6
: 0066

m
=

namel + 1.5 ml of inocu
plus McBain saliva

ﬂ 8h incubation

OOOOOLY
OOG®OWOWW
WOOOLOW®
OOO®OOO

Enamel + 1.5 ml of McBain
saliva with sucrose

16h incubation

Figure 1

From day 2, the biofilm was treated
with the commercial mouthrinses
(1x/60s)

‘ | After 14 days

> Bacterial viability
@ Lactic acid production
[——) CFU couting

L:b EPS quantification

— TMR




Article Il 77

Figure 2
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Figure 5
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4 DISCUSSION

The daily use of mouthrinses has been considered an alternative for the
control of dental caries in patient who presents a poor oral hygiene or a systemic
condition that compromise the oral health (VOZZA et al., 2015). According to Vozza
et al., (2015), individual additional strategies for a preventive care should be applied
for these patients at high risk for dental caries. Therefore, the present study
compared the most known commercial mouthrinses containing different antimicrobial
agents against enamel caries under a microcosm biofilm model. Microcosm biofilm is
the most realistic in vitro model to induce biofilm formation using inoculum from
pooled human saliva or in vivo biofilm mixture with nutrients. It is able to mimic the
heterogeneity and variability of the supragingival biofiims (RUDNEY et al., 2012;
AZEVEDO et al., 2014).

In our study, the saliva was collected from 2 donors, once we got the required
volume for all experiments in one appointment. However, we have found a great
variation in the number of donors (from 1 to 10) in the literature (LI et al., 2014;
MASKE et al., 2016). We applied McBain saliva supplemented with 0.2% sucrose to
induce the formation of a cariogenic biofilm as done previously (PRATTEN; WILSON;
SPRATT, 2003). In the literature we have found differences in the sucrose
concentration and the frequency of exposition (E.g: 1% for 6 h; 50 mM 8x15 min)
(AZEVEDO et al., 2014; OWENS et al., 2017).

We had chosen six mouthrinses, considering their active agents and their
availability in pharmacies and supermarkets. No previous study has compared this
number of agents using a microcosm biofilm model. In general, the in vitro studies
mostly apply monospecies or multispecies biofilm (mixed strains) and compare two or
three agents in maximum (GUGGENHEIM; MEIER, 2011; RAMALINGAM et al.,
2012; PANDIT et al., 2015).

All mouthrinses were alcohol-free. In general, the studies have shown no
differences in the performance of mouthrinses with or without alcohol against
cariogenic bacteria (GUGGENHEIM; MEIER, 2011; SREENIVASAN; HARASZTHY;
ZAMBON, 2013; ULKUR; ARUN; OZDEMIR, 2013; SANTOS et al., 2017). There was
only one study showing better anti-plaque effect of EO with alcohol compared to the
free-alcohol version (MARCHETTI et al., 2011).
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Commercial rinses containing 0.05% CPC, alcohol or free-alcohol, were
compared with 0.05% fluoride mouthwash (F) and 0.12% chlorhexidine (positive
control-CHX). MIC was firstly determined for each mouthrinse considering 25
microorganism species associated with oral diseases. The second part of the study
evaluated the antimicrobial activity using supragingival biofilm collected from 15
subjects, which was exposed ex vivo to the mouthrinses for 5-7 days in anaerobic
environment. MIC values were significantly lower for both CPC rinses compared to
fluoride rinse especially against gram-negative bacteria (most involved in halitosis
etiology), showing a broad-spectrum activity. CHX had the greatest antimicrobial
effect. This ex vivo model showed no difference between CPC rinses formulated with
alcohol or without alcohol. Both CPC (>90% killing) and CHX (98% killing) showed
higher antimicrobial activity compared to F (SREENIVASAN; HARASZTHY;
ZAMBON, 2013).

Some of the tested mouthrinses presented the antimicrobial agent combined
with fluoride (Oral-B® Complete, Malvatricin Plus® and Cepacol® Plus Advanced).
Latimer et al., (2015), showed that the presence of fluoride did not have influence on
the antimicrobial effect of CPC, as well as Zhang et al., (2004), showed that fluoride
did not have antimicrobial effect when combined with EO.

Zhang et al., (2004), evaluated the effect of EO with (100 ppm) or without
fluoride (30 s, twice daily for 16 days) on the acid production and pH response after
applying sucrose (10% sucrose solution for 1 min) in vivo. The results showed that
after EO rinsing (with or without F) the production of lactate, acetate and propionate
decreased in 36, 36 and 44%, respectively, compared to negative control. The dental
plague also exhibited a pH 0.42 unit higher after EO, rinsing with or without F)
compared to negative control. EO, with or without fluoride, is effective in the

reduction of plaque acidogenicity after a sucrose challenge.

Our results showed that all mouthrinses were able to reduce bacteria viability
in accordance with Hannig et al., (2013), Babu; Garcia-Godoy, (2014), and Pandit et
al., (2015). However, the lactic acid production was reduced by PerioGard®, Noplak®
Max and Listerine® Zero only. Furthermore, the enamel demineralization was
reduced by PerioGard®, Noplak® Max and Malvatricin® Plus only. Therefore, the

antimicrobial and anticaries performance of the tested mouthrinses are different.
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In the present study, the worst effect was found for Cepacol® Plus Advanced
that contains CPC and fluoride. Also a limited effect was seen for Oral-B® Complete
(CPC and fluoride), which reduced the bacteria viability, but not the development of
dental caries. It is likely that CPC acts mostly against non-cariogenic bacteria. This
result is in agreement with previous works that compared 0.05% CPC with other
agents as 0.12% CHX and/or 0.042% menthol, 0.092% eucalyptol, 0.064% thymol,
0.06% methyl salicylate (EO) against cariogenic bacteria (planktonic phase and
supragingival biofilm) (BABU; GARCIA-GODOY, 2014; VLACHOJANNIS et al.,
2016). CPC has shown inhibitory effect on young S. mutans biofilm only, but not on
the old-one (PANDIT et al., 2015).

On the other hand, Listerine® Zero (containing EQO) has antimicrobial effect
similar or higher than PerioGard® (containing CHX), in agreement with other studies
(MARCHETTI et al., 2011; OYANAGI; TAGAMI; MATIN, 2012; WAKAMATSU et al.,
2013). Listerine® Zero was able to reduce both viability and lactic acid production in
the present study in accordance with Zhang et al., (2004). However, the previous

studies did not evaluate the incidence of caries lesions along the time.

Different commercial mouthrinses containing CHX, in concentrations ranged
from 0.05 to 0.2%, were compared to EO (formulae with alcohol) and water (negative
control) using multispecies biofilms. The treatments were done after 16.5, 24.5, 40.5,
and 48.5h of biofilm formation. After a total time of 64.5 h, CFUs were determined for
total microorganisms (A. naeslundii, V. dispar, F. nucleatum, S. mutans, S. oralis and
C. albicans), S. mutans and S. oralis. The total CFU numbers were not significant
different among the mouthrinses. Biofilm formation was reduced in 7 log1o steps by
0.2% CHX (formulae with alcohol), and in 3 log1o steps by EO, 0.05% CHX (formulae
with alcohol), and 0.12% and 0.2% CHX (without alcohol) solutions compared to
water (GUGGENHEIM; MEIER, 2011).

An intriguing result was seen for Listerine® Zero in our study, its protection
against demineralization was not as good as its effect on the lactic acid production.
We suppose that other types of acid could have been produced by the Listerine-
treated biofilm or that lactate consumer species (as Veillonella spp.) (DISTLER;
KRONCKE, 1981; JANUS et al.,, 2016) might be absent in this biofiim. The

hypothesis need to be further tested. There is only one study that observed anticaries




86 Discussion

effect of EO (OYANAGI; TAGAMI, MATIN, 2012); however, the authors tested a
version containing alcohol and compared it with a low concentrated CHX solution
(0.05%).

Among the tested mouthrinses, Malvatricin® Plus was the only one containing
a natural agent (Malva sylvestris) combined with fluoride and xylitol. Malva sylvestris
is native from Europe, North Africa, and South-west Asia especially Iran (ELSAGH et
al.,, 2015). It is worldwide applied as an alternative antiseptic, antifungal, anti-
inflammatory agent and it also has antimicrobial effect against Staphylococcus
aureus, Streptococcus agalactiae, Entrococcus faecalis and Candida albicans
(RAZAVI et al., 2011). Malva sylvestris contains malvone and different known
monoterpenes, aromatic compounds, and tetrahydroxylated acyclic diterpense
(VESHKOROVA et al., 2006). Malvone has been associated with the antimicrobial
effect of Malva sylvestris (RAZAVI et al., 2011), which has been tested only on
isolates cariogenic bacteria, S. mutans, S. salivarius, S. oralis and L. casei strains
(DA SILVA et al., 2012).

Benso et al.,, (2015), investigated the anti-inflammatory activity of Malva
sylvestris Extract (MSE) and its fractions. Co-culture of fibroblasts and keratinocytes
was infected by Aggregatibacter actinomycetemcomitans (~1x10® CFU/ml) and
treated with MSE or its fractions at concentrations of 0.1; 1; 10; 100 and 1000 pg/ml.
A. Malva sylvestris and fractions lower than 100 pg/ml did not significantly reduce cell

viability.

In the present study, Malvatricin® Plus reduced the bacteria viability, but not
the acid production. As found in case of Oral-B® Complete, it is likely that Malvatricin®
Plus acts mostly against non-cariogenic bacteria. Based on this statement, we would
expect no anticaries effect by using this mouthrinse. Surprisingly, Malvatricin® Plus
was able to reduce enamel caries lesion development. We justified this finding by the
presence of fluoride, which has negligible antimicrobial effect, but it is known to be
able to reduce demineralization (BUZALAF et al., 2011). Furthermore, the presence
of xylitol could also have contributed to the protective effect. Xylitol is known to have
antimicrobial effect on S. mutans biofilm (DECKER et al., 2008).

Decker et al., (2008), evaluated the antimicrobial effect of xylitol solution or

xylitol plus CHX on Streptococcus sanguis and Streptococcus mutans during the
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initial steps of biofilm formation on enamel samples. The bacterial vitality of the
suspended and attached microrganisms to enamel was monitored using 2
fluorescent DNA stains and epifluorescence microscopy. Total bacterial cell counts
on enamel slides and the suspended streptococci were quantified. S. mutans were
sensible to pure CHX or combined with xylitol. The combination of xylitol/CHX
showed a significant antimicrobial effect on S. sanguis compared to pure xylitol or
chlorhexidine. The bacterial cell density on enamel and the bacterial reproduction on
agar plates were similarly affected by the combination of xylitol/CHX or the isolated
agents. Xylitol may have antimicrobial effect compatible to CHX depending on the

target bacteria.

Previous study from our group has also shown positive effect of xylitol on
enamel remineralization under abiotic models (CARDOSO et al., 2014). This is the
first time that the antimicrobial effect of Malvatricin® Plus on biofilm and its anticaries

effect on enamel have been demonstrated.

Finally, both Periogard® and Noplak® Max (containing CHX) reduced the
bacteria viability and lactic acid production, as well as they reduced the enamel
caries lesion development. CHX is known as the best antimicrobial agent and the
present result is in agreement with the literature (SHAPIRO et al., 2002; HAERIAN-
ARDAKANI et al., 2015; QUINTAS et al., 2015). Interesting that the effect of CHX
compared to other agents is more pronounced in vitro than in vivo (HAERIAN-
ARDAKANI et al., 2015).

Furthermore, no benefits of the application of chlorexidine varnish in the
prevention of caries in children and adolescents have been discussed in systematic
reviews (JAMES; PARNELL; WHELTON H, 2010; TWETMAN, 2004). CHX also is
known to induce some side effects as tooth discoloration and astringent taste under
uninterrupted use (BALAGOPAL; ARJUNKUMAR, 2013).

Our model was unable to show differences among the mouthrinses and the
control in respect to CFU counting and EPS production. The microcosm biofilm
presents the heterogeneity and variability of in vivo oral biofilms. Despite we applied
sucrose to change the bacterial virulent properties and favor mutans (EPS producer)
and lactobacillus species (DIAZ-GARRIDO et al., 2016), it might be expected other

types of bacteria in the biofilm, which were not taken into account in the CFU
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analysis and could have influenced the EPS production. Microbial species such as
Scardovia wiggsiae and Bifidobacterium spp. have been correlated with caries
etiology (HENNE et al., 2016). To overcome this issue, further studies shall be done
to analysis the microbiome profile and metabolome of the microcosm biofilm and to

correlate it with the microbiome profile of the donors (saliva and biofilm).

In conclusion, the mouthrinses containing chlorexidine or Malva sylvestris
(with F, triclosan and xylitol) had the best anticaries effect under this model.
Considering the anticaries properties rather than the antimicrobial effect, it would be
very interesting to further study the effect of Malvatricin® Plus deeply using in situ and
in vivo models, since it presents natural agents with low cytotoxic potential (BENSO

et al., 2015), while CHX is known to induce local side-effects.
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Termo de Consentimento Livre e Esclarecido

Caro aluno de pés-graduagdo da Faculdade de Odontologia de Bauru, através deste termo, Ihe
convidamos para participar da pesquisa “Avaliacdo do efeito de diferentes enxaguatérios bucais
comerciais sobre a viabilidade e atividade de biofilme microcosmo e na desmineralizacdo do esmalte”.

A nossa pesquisa tem como objetivo testar o efeito de seis enxaguatérios comerciais: Oral-B Complete,
Listerine, Cepacol, PerioGard, Noplak Max e Malvatricin Plus, sobre a viabilidade, contagem de UFC,
produgdo de acido por um biofilme microcosmo (placa rica em bactérias e fungos) submetido ao desafio
cariogénico (exposicéo ao aglcar para simular a cérie) e o consequente efeito na desmineralizagéo (perda
mineral) do esmalte. Para isso, gostariamos de pedir autorizagdo ao senhor (a) para o uso da saliva. Esta
pesquisa sera feita pela Aline Silva Braga (eu) e pela Profa. Dra. Ana Carolina Magalhées (FOB — USP). E
importante destacar que de acordo com o item IV.6.b da resolugdo 466/12 os sr(as) terdo garantida a
liberdade do consentimento para a participagdo ou ndo na pesquisa, sem qualquer represalia. Portanto
garantimos que n&o serdo coagidos e nem sofrerdo restrigbes de suas atividades usuais.

Assim, se o(a) Sr.(a) concordar, terd que mastigar uma parafina plastica- Parafilm (que é uma pelicula
plastica, sem cheiro, sem cor, resistente & dgua) com o objetivo de aumentar a quantidade de saliva para
que entdo seja realizada a coleta que n&o é invasiva. Durante a coleta vocé cuspira toda a saliva em um
recipiente plastico. A saliva sera coletada no periodo da manha. Para a coleta vocé nao podera escovar
os dentes, nem fazer uso de nenhum tipo de bochecho com fluoreto/agente antimicrobiano por um periodo
de 24h, sendo que 2h antes da coleta, vocé ndo podera fazer a ingestdo de nenhum tipo de alimento.
Ap6s a utilizagdo da sua saliva para este estudo, esta sera descartada em local apropriado. A sua saliva
seré utilizada apenas para a formagao do biofilme microcosmo no Laboratério.

O(a) sr(a) ndo precisardo passar por nenhum outro tipo de procedimento adicional. Isso quer dizer que
iremos utilizar apenas a saliva. Queremos deixar claro que ndo existe a menor obrigagéo do(a) sr.(a)
aceitar doar parte da saliva retirada para a pesquisa. Isso é totalmente voluntario. .

Esta pesquisa gera o beneficio do aumento do conhecimento sobre o funcionamento dos enxaguatérios
bucais comerciais sobre as bactérias presente na boca e na formagdo da carie, podendo, futuramente,
auxiliar no tratamento desta doenga. Nao ha beneficios imediatos para os participantes da pesquisa.

A sua participagao neste trabalho acarretard em risco-minimo, que acontecera no caso de voce ter alergia
ao plastico utilizado para mastigagdo ou se vocé apresentar enjoos na hora da coleta. Nestes casos, o(a)
senhor(a) devera comunicar o responsavel pela pesquisa, que estara presente no momento da coleta, o
qual o(a) liberara da participag@o na pesquisa, sem penalizagéo alguma. Os gastos que forem gerados por
este trabalho ficara a cargo da responsavel pelo projeto. Importante ressaltar que ndo estd sendo
considerado nenhum pagamento ou recompensa material pela sua participagdo neste estudo. O Senhor
(a) tera garantido o direito a indenizagdo compensatéria caso fique comprovado que a sua participagédo
acarretou algum problema ao Senhor (a). Apds a coleta, o sr(a) recebera uma profilaxia profissional. A
saliva remanescente sera descartada no lixo contaminado do laboratério de Bioquimica.

O sr(a) aluno de pés-graduagéo pode recusar-se em assinar este termo para a n&o participagéo na
pesquisa e mesmo apos assinar este termo, caso o senhor(a) mude de idéia e queira retirar seu
consentimento em qualquer fase da pesquisa, podera fazé-lo sem nenhuma represalia. Todo o trabalho
sera feito sem a sua identificagdo, preservando completamente sua identidade. Ao concordar em participar
desta pesquisa, o senhor(a) recebera uma via, igualmente valida deste termo. O direito & indenizagéo Ihe
sera permitido, caso ocorra algum dano decorrente da sua participagdo nesta pesquisa. Caso senhor (a)
necessite de ajuda financeira de transporte para participar desta pesquisa ela podera ser ressarcida pelo
pesquisador.

Rubrica do Participante da Pesquisa

AT | [ Rubrica do Pe%m;‘sdldr Responsavel
Al. Dr. Octavio Pinheiro Brisolla, 9-75 — Bauru-SP — CEP 17012-901 - C.P. 73
e-mail: danie]é@fqb.usp.br— Fone (0xx14) 3235-8226- FAX (0xx14) 3223-4679

http://www.fob.usp.br
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Qualquer davida ou maiores esclarecimentos o sujeito da pesquisa podera recorrer a qualquer um dos
membros da equipe do projeto (Laboratdrio de Bloqunmlca 14-3235-8247) ou a pesquisadora responsavel
Aline Silva Braga (telefone 14 / 99766-9650, e-mail a@ br). Caso possua preocupagdes quanto
aos seus direitos como participante deste estudo, ou quelra fazer denlncias quanto a condugéo do
mesmo, sinta-se a vontade para procurar o Comité de Etica em Pesquisa, da Faculdade de Odontologia
de Bauru/USP, Alameda Dr. Octavio Pinheiro Brisolla, 9-75, telefone (14)3235-8356 ou e-mail:
cep@fob.usp.br e a forma de contato com CONEP - Enderego Esplanada dos Ministérios, Bloco G,
Anexo B. Sala 104B, telefone: (61) 3315-5878, e-mail: d

[ Rubrica do Participante da Pesquisa i:ﬁyij T Rubrica do Pesquisador erl

v

Al Dr. Octavio Pinheiro Brisolla, 9-75 — Bauru-SP — CEP 17012-901 — C.P. 73
e-mail: daniela@fob.usp.br — Fone (0xx14) 3235-8226- FAX (0xx14) 3223-4679
http://www.fob.usp.br




102 Annex

Pégina 3de 3
Universidade de Sao Paulo
Faculdade de Odontologia de Bauru
Departamento de Ciéncias Bioldgicas
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Pelo . presente instrumento que atende as exigéncias legais, o Sr. (a)
, portador

da cédula & identidade _ 46303 <432 0< X, apds leitura minuciosa das informagdes constantes
neste TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO, devidamente explicada pelos
profissionais em seus minimos detalhes, ciente dos servicos e procedimentos aos quais sera submetido,
ndo restando quaisquer duvidas a respeito do lido e explicado, DECLARA e FIRMA seu
CONSENTIMENTO LIVRE E ESCLARECIDO concordando em participar da pesquisa proposta. Fica claro
que o participante da pesquisa, pode a qualquer momento retirar seu CONSENTIMENTO LIVRE E
ESCLARECIDO e deixar de participar desta pesquisa e ciente de que todas as informagdes prestadas
tornar-se-30 confidenciais e guardadas por forgca de sigilo profissional (Art. 9° do Cédigo de Etica
Odontoldgica).

Por fim, como pesquisador(a) responsavel pela pesquisa, DECLARO o cumprimento do disposto na
Resolugdo CNS n° 466 de 2012, contidos nos itens IV.3, item IV.5.a e na integra com a resolugdo CNS n°
466 de dezembro de 2012.

Por estarmos de acordo com o presente termo o firmamos em duas vias igualmente validas (uma via para
o participante da pesquisa e outra para o pesquisador) que serdo rubricadas em todas as suas paginas e
assinadas ao seu término, conforme o disposto pela Resolugdo CNS n° 466 de 2012, itens IV.3.fe IV.5.d.

Bauru, SP, ,\?§ de OOUNLU‘! © de <20(p
Assinatura do Parti¢fpante da Pesquisa Nome/Assinatura doPesquisadar(a)

O Comité de Etica em Pesquisa — CEP, organizado e criado pela FOB-USP, em 29/06/98 (Portaria
GD/0698/FOB), previsto no item VIl da Resolugéo n° 466/12 do Conselho Nacional de Salde do
Ministério da Satde (publicada no DOU de 13/06/2013), & um Colegiado interdisciplinar e independente,
de relevancia publica, de carater consultivo, deliberativo e educativo, criado para defender os interesses
dos participantes da pesquisa em sua integridade e dignidade e para contribuir no desenvolvimento da
pesquisa dentro de padrdes éticos.

Qualquer dentncia e/ou reclamagao sobre sua participagdo na pesquisa podera ser reportada a este CEP:

Horario e local de funcionamento:

Comité de Etica em Pesquisa

Faculdade de Odontologia de Bauru-USP - Prédio da Pés-Graduagao (bloco E - pavimento superior), de
segunda & sexta-feira; no horério das 13h30 as 17 horas, em dias Uteis.

Alameda Dr. Octavio Pinheiro Brisolla, 9-75

Vila Universitaria — Bauru — SP — CEP 17012-901 Telefone/FAX(14)3235-8356 e-mail: cep@fob.usp.br

Al Dr. Octavio Pinheiro Brisolla, 9-75 — Bauru-SP — CEP 17012-901 - C.P. 73
e-mail: daniela@fob.usp.br — Fone (0xx14) 3235-8226- FAX (0xx14) 3223-4679
http:/Mmww.fob.usp.br




Annex 103

Pagina1de3

Universidade de Sao Paulo
Faculdade de Odontologia de Bauru

Departamento de Ciéncias Bioldgicas

Termo de Consentimento Livre e Esclarecido

Caro aluno de pdés-graduagdo da Faculdade de Odontologia de Bauru, através deste termo, lhe
convidamos para participar da pesquisa ‘Avaliacdo do efeito de diferentes enxaguatérios bucais
comerciais sobre a viabilidade e atividade de biofilme microcosmo e na desmineralizacdo do esmalte”.

A nossa pesquisa tem como objetivo testar o efeito de seis enxaguatérios comerciais: Oral-B Complete,
Listerine, Cepacol, PerioGard, Noplak Max e Malvatricin Plus, sobre a viabilidade, contagem de UFC,
produgdo de acido por um biofilme microcosmo (placa rica em bactérias e fungos) submetido ao desafio
cariogénico (exposi¢édo ao agucar para simular a carie) e o consequente efeito na desmineralizagéo (perda
mineral) do esmalte. Para isso, gostariamos de pedir autorizagdo ao senhor (a) para o uso da saliva. Esta
pesquisa seré feita pela Aline Silva Braga (eu) e pela Profa. Dra. Ana Carolina Magalhzes (FOB — USP). E
importante destacar que de acordo com o item IV.6.b da resolugdo 466/12 os sr(as) terdo garantida a
liberdade do consentimento para a participagdo ou ndo na pesquisa, sem qualquer represadlia. Portanto
garantimos que néo serdo coagidos e nem sofrerao restrigdes de suas atividades usuais.

Assim, se o(a) Sr.(a) concordar, tera que mastigar uma parafina plastica- Parafilm (que é uma pelicula
plastica, sem cheiro, sem cor, resistente a dgua) com o objetivo de aumentar a quantidade de saliva para
que entdo seja realizada a coleta que nado é invasiva. Durante a coleta vocé cuspira toda a saliva em um
recipiente plastico. A saliva sera coletada no periodo da manha. Para a coleta vocé ndo podera escovar
os dentes, nem fazer uso de nenhum tipo de bochecho com fluoreto/agente antimicrobiano por um periodo
de 24h, sendo que 2h antes da coleta, vocé ndo podera fazer a ingestdo de nenhum tipo de alimento.
Apos a utilizagdo da sua saliva para este estudo, esta sera descartada em local apropriado. A sua saliva
sera utilizada apenas para a formacgéo do biofilme microcosmo no Laboratério.

O(a) sr(a) ndo precisardo passar por nenhum outro tipo de procedimento adicional. Isso quer dizer que
iremos utilizar apenas a saliva. Queremos deixar claro que ndo existe a menor obrigagdo do(a) sr.(a)
aceitar doar parte da saliva retirada para a pesquisa. Isso é totalmente voluntario.

Esta pesquisa gera o beneficio do aumento do conhecimento sobre o funcionamento dos enxaguatérios
bucais comerciais sobre as bactérias presente na boca e na formagéo da cérie, podendo, futuramente,
auxiliar no tratamento desta doenca. Nao ha beneficios imediatos para os participantes da pesquisa.

A sua participagéo neste trabalho acarretara em risco minimo, que acontecera no caso de vocé ter alergia
ao plastico utilizado para mastigagéo ou se vocé apresentar enjoos na hora da coleta. Nestes casos, o(a)
senhor(a) devera comunicar o responsavel pela pesquisa, que estara presente no momento da coleta, o
qual o(a) liberara da participagao na pesquisa, sem penalizagéo alguma. Os gastos que forem gerados por
este trabalho ficara a cargo da responsavel pelo projeto. Importante ressaltar que ndo estd sendo
considerado nenhum pagamento ou recompensa material pela sua participagao neste estudo. O Senhor
(a) tera garantido o direito a indenizagdo compensatdria caso fique comprovado que a sua participagdo
acarretou algum problema ao Senhor (a). Apds a coleta, o sr(a) recebera uma profilaxia profissional. A
saliva remanescente sera descartada no lixo contaminado do laboratério de Bioquimica.

O sr(a) aluno de pés-graduagdo pode recusar-se em assinar este termo para a ndo participagdo na
pesquisa e mesmo apds assinar este termo, caso o senhor(a) mude:de idéia e queira retirar seu
consentimento em qualquer fase da pesquisa, podera fazé-lo sem nenhuma represalia. Todo o trabalho
sera feito sem a sua identificagdo, preservando completamente sua identidade. Ao concordar em participar
desta pesquisa, o senhor(a) recebera uma via, igualmente valida deste termo. O direito a indenizagao lhe
sera permitido, caso ocorra algum dano decorrente da sua participagdo nesta pesquisa. Caso senhor (a)
necessite de ajuda financeira de transporte para participar desta pesquisa ela podera ser ressarcida pelo
pesquisador.

/)
Rubrica do Participante da Pesquisa W - | Rubrica do Pesqﬁ(s%p\f\&@ﬂponsével
Al. Dr. Octavio Pinheiro Brisolla, 9-75 — Bauru-SP — CEP 17012-901 - C.P. 73
e-mail: daniela@fob.usp.br — Fone (0xx14) 3235-8226- FAX (0xx14) 3223-4679
http:/iwww.fob.usp.br
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Qualquer davida ou maiores esclarecimentos o sujeito da pesquisa podera recorrer a qualquer um dos
membros da equipe do projeto (Laboratério de Bioquimica 14-3235-8247) ou a pesquisadora responséavel
Aline Silva Braga (telefone 14 / 99766-9650, e-mail asbraca@usp.br). Caso possua preccupagdes quanto
aos seus direitos como participante deste estudo, ou queira fazer deniincias quanto & condugdo do
mesmo, sinta-se a vontade para procurar o Comité de Etica em Pesquisa, da Faculdade de Odontologia
de Bauru/USP, Alameda Dr. Octavio Pinheiro Brisolla, 9-75, telefone (14)3235-8356 ou e-mail:
cep@fob.usp.br e a forma de contato com CONEP — Endereco: Esplanada dos Ministérios, Bloco G,
Anexo B. Sala 104B, telefone: (61) 3315-5878, e-mail: cns@

l

i e | 7%
Rubrica do Participante da Pesquisg]&@ | Rubrica do Pé&%@sqd/or Responsavel
it -

Al Dr. Octavio Pinheiro Brisolla, 9-75 — Bauru-SP — CEP 17012-901 — C.P. 73
e-mail: daniela@fob.usp.br — Fone (0xx14) 3235-8226- FAX (0xx14) 3223-4679
http://www.fob.usp.br
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Pelo presente instrumento .  que atende as exigéncias legais, o Sr. (a)
-_ . , portador
da cédula de identidade USGei L3 , apés leitura minuciosa das informagdes constantes

neste TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO, devidamente explicada pelos
profissionais em seus minimos detalhes, ciente dos servigos e procedimentos aos quais sera submetido,
ndo restando quaisquer duvidas a respeito do lido e explicado, DECLARA e FIRMA seu
CONSENTIMENTO LIVRE E ESCLARECIDO concordando em participar da pesquisa proposta. Fica claro
que o participante da pesquisa, pode a qualquer momento retirar seu CONSENTIMENTO LIVRE E
ESCLARECIDO e deixar de participar desta pesquisa e ciente de que todas as informagbes prestadas
tornar-se-ao confidenciais e guardadas por forga de sigilo profissional (Art. 9° do Cédigo de Etica
Odontoldgica).

Por fim, como pesquisador(a) responsavel pela pesquisa, DECLARO o cumprimento do disposto na
Resolugdo CNS n° 466 de 2012, contidos nos itens IV.3, item 1V.5.a e na integra com a resolugdo CNS n°
466 de dezembro de 2012.

Por estarmos de acordo com o presente termo o firmamos em duas vias igualmente validas (uma via para
o participante da pesquisa e outra para o pesquisador) que serdo rubricadas em todas as suas pdginas e
assinadas ao seu término, conforme o disposto pela Resolugdo CNS n° 466 de 2012, itens IV.3.f e IV.5.d.

Bauru, SP, &'g de 'TOQA\QJ(‘OD de .’)ZC’ 6.
;  Qu[f i, ﬁ’@ i
Assinatyra do Paeripante da Pesquisa . Nome! éin‘a\t)ra do Pesquisador(a)

O Comité de Etica em Pesquisa — CEP, organizado e criado pela FOB-USP, em 29/06/98 (Portaria
GD/0698/FOB), previsto no item VII da Resolugdo n°® 466/12 do Conselho Nacional de Salde do
Ministério da Saude (publicada no DOU de 13/06/2013), € um Colegiado interdisciplinar e independente,
de relevancia publica, de carater consultivo, deliberativo e educativo, criado para defender os interesses
dos participantes da pesquisa em sua integridade e dignidade e para contribuir no desenvolvimento da
pesquisa dentro de padrdes éticos.

Qualquer dentncia e/ou reclamagéo sobre sua participagédo na pesquisa podera ser reportada a este CEP:

Horario e local de funcionamento:

Comité de Etica em Pesquisa

Faculdade de Odontologia de Bauru-USP - Prédio da Pés-Graduagéo (bloco E - pavimento superior), de
segunda & sexta-feira, no horario das 13h30 as 17 horas, em dias Uteis.

Alameda Dr. Octavio Pinheiro Brisolla, 9-75

Vila Universitaria — Bauru — SP — CEP 17012-901 Telefone/FAX(14)3235-8356 e-mail: cep@fob.usp.br

Al. Dr. Octavio Pinheiro Brisolla, 9-75 — Bauru-SP — CEP 17012-901 - C.P. 73
e-mail: danieié@fqb.usp.br — Fone (0xx14) 3235-8226- FAX (0xx14) 3223-4679
http://www.fob.usp.br
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USP - Faculdade de Odontolos ¥ \

Voo

> Validar Protocolo de Pasquisa

VALIDAR PROJETO DE PESQUISA

- DADOS DA VERSAO DA EMENDA

Titulo da Pesquisa: AVALIAGAO DO EFEITO DE DIFERENTES ENXAGUATORIOS BUCAIS COMERCIAIS SOBRE A VIABILIDADE E ATIVIDADE DE BIOFILME MICROCOSMO E
NA DESMINERAL IZAGAO DO ESMALTE

Pesquisador Responsavel: Aline Silva Braga

Area Tematica:

Versao: 4

CAAE: 48100315.3.0000.5417

Submetido em: 23/06/2017

Instituigado Proponente: Faculdade de Odontologia de Bauru

Situagao da Versdo do Projeto: Em Recepgao e Validagao Documental

Localizagao atual da Versao do Projeto: USP - Faculdade de Odontologia de Bauru da USP
Patrocinador Principal:  FUNDAG, L AMPARC DO ESTADO DE SAC PAULO

~ DOCUMENTOS DO PROJETO DE PESQUISA

Tipo de Documento Situagao Arquivo Postagem Agbes

Recepgac - Submi

@/ L%‘\

m \e(\“c‘ 55065
‘;de com™ 3052

LORT”
. use -
v
»
- DOCUMENTGS POSTADOS
Tipo Documento Situagao Arquive Autor Perfit Agao

Ageity PB_INFORMAGOES_BASIC =

Outros Post.:yo0 v Fel

Outros Postado v pel

Outros Aceito v §ol

Outros Aceito v el

Proje 1wra tnvestigador Aceito v pel

Qutrog Aceito v o

i sy
Qutros it v

Cutr ceit) maodeAquies iologicas paf i

timento / Justificativa Acei > v ALK o)

O Aceito v DrermoteAquie cia.pafl £

& Qeorréncia 1 a 10 de 13 registro{s} » »»
~ HISTORICO DE TRAMITES
Apreciacio DatalHora Tipo Tramite Versao Autor Perfil Origem Destino informagdes
)
Aline Siva  Pesquisador casepite Uf:P- Faculdade de Odo
4 Bric | PESQUISADOR g0 © (=00
e
http:/aplicacao.saude.gov.br/plataformabrasil/visao/pesquisador/gerir Pesquisa/gerir PesquisaAgrupador.jsf 12
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LEGENDA:

('} Apreciagio

PG = Projeta Originat de Centro Coordenador POp = Projeto Original de Centro Participante
E = Emenda de Centro Coordenador

= Emenda de Centro Participants

N = Notificagdo de Centro Coerdenador Np = Notificacde de Centro Participante

("}Formagdo do CAAE

Codigo de Y 13 t
analisan: 1
T
ERERENE
Ssguenciai para todes os Projetes Sequencial, cuando ’
submetides para apreciacao estudo possui Centro(s)
ipanteis} efou Coparticipante(s) }
Voltar|  Pendéncia Documen
t
+
e
http://aplicacao.saude.gov.br/plataformabrasil/visao/pesquisador/gerirPesquisa/gerirPesquisaAgrupador.Jsf 2/2
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