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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: CHXChlorhexidine, 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 (log10 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. µm). 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
Avaliação do efeito de diferentes enxaguatórios bucais comerciais sobre a
viabilidade e atividade de biofilme microcosmo e a desmineralização do
esmalte

O objetivo deste estudo foi avaliar os efeitos antimicrobiano e anticárie de diferentes
enxaguatórios bucais comerciais. O primeiro capítulo se refere a uma revisão da
literatura cujo objetivo foi discutir o potencial antimicrobiano de diferentes
enxaguatórios em relação ao controle de cárie dentária e doença periodontal. A
pesquisa dos artigos foi realizada usando o PubMed e as palavras-chave: "agente
antimicrobiano" ou "agente antiplaca", "biofilme dental" e "cárie dentária" ou "doença
periodontal" ou "gengivite". Encontramos um total de 22 artigos (2011-2015). Os
principais agentes ativos testados foram: Clorexidina-CHX, cloreto de cetilpiridínioCPC e óleos essenciais OE (álcool / ou sem álcool). 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 redução da placa em
comparação com CHX e OE. Mais estudos clínicos são necessários para uma
melhor compreensão do mecanismo de ação e as diferenças no desempenho entre
os agentes antiplaca. O segundo capítulo teve como objetivo avaliar os efeitos
antimicrobiano e anticárie de seis enxaguatórios comerciais (PerioGard®, Noplak®
Max, Oral-B® Complete, Listerine® Zero, Malvatricin® Plus e Cepacol® Plus
Advanced) sobre um modelo de biofilme de microcosmo formado no esmalte. O
biofilme de microcosmo foi produzido em esmalte bovino, utilizando o inóculo da
mistura de saliva humana com saliva de McBain (com 0,2% de sacarose), durante
14 dias. O biofilme foi tratado com enxaguatórios diariamente (1 min). A viabilidade
bacteriana (% de morte), a produção de ácido láctico (mmol/l), as unidades
formadoras de colônias (UFC) foram contadas para microrganismos totais,
lactobacilos, estreptococos totais e Streptococcus mutans (log10 UFC/mL) e a
produção de polissacarídeos extracelulares (PEC, mg/g) foram quantificados no
biofilme. O grau de desmineralização do esmalte foi analisado utilizando a
microrradiografia transversal-TMR (%min vol. µm). Oral-B® Complete, Listerine® Zero
e Malvatricin® Plus tiveram o maior efeito na redução da viabilidade do biofilme (69-

75% de morte celular vs 13% no controle, p<0,0001). Por outro lado, a produção de
ácido lático foi significativamente reduzida por PerioGard®, Noplak® Max e Listerine®
Zero comparado ao controle (redução de 69%, p<0,0001). Não houve diferenças
significativas entre os enxaguatórios em relação à contagem de UFC e à produção
de PEC. A desmineralização do esmalte foi significativamente reduzida pelo
PerioGard®, Noplak® Max e Malvatricin® Plus em comparação ao controle (redução
de 74%, p<0,0001). Portanto, os enxaguatórios bucais comerciais têm diferentes
efeitos antimicrobiano e anticárie. Os enxaguatórios contendo clorexidina ou Malva
sylvestris (com F, triclosan e xilitol) tiveram o melhor efeito anticárie neste modelo.

Palavras-chave: Agentes antimicrobianos; Biofilme dental; Biofilme microcosmo;
Cárie no esmalte; Doenças 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;
MAGALHÃES, 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; MAGALHÃES, 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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Enxaguatórios comerciais antimicrobianos sobre o controle do biofilme
relacionado à cárie dentária e à doença periodontal– uma revisão de literatura

Esta revisão tem como objetivo discutir o potencial antimicrobiano de diferentes
enxaguatórios bucais em relação ao controle da cárie dentária e doença periodontal.
A pesquisa foi realizada usando PubMed e as seguintes palavras-chave: "agente
antimicrobiano" ou "agente antiplaca", "biofilme dental" e "cárie dentária" ou "doença
periodontal" ou "gengivite". Foram selecionados os estudos publicados em inglês, de
2011 a 2015, em revistas com fator de impacto maior que 0,8. Foram encontrados
no total 22 artigos, 13 relacionados à cárie dentária e 9 relacionados à doença
periodontal. Entre os 13 estudos envolvendo bactérias e/ou biofilme cariogênicos, 6
foram realizados in vitro, 3 in situ e 4 in vivo. Entre os 9 estudos envolvendo doença
periodontal, 2 foram in vitro e 7 in vivo. Os principais agentes ativos testados foram:
CHX-Clorexidina, CPC-cloreto de cetilpiridínio e OE-óleos essenciais (com álcool ou
sem álcool). 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 redução da placa em comparação à CHX e ao OE. Ainda há
controvérsias sobre o efeito do álcool, mas alguns estudos têm mostrado
superioridade no caso de OE e CHX com álcool sobre biofilmes cariogênicos e
periodontopatogênicos, respectivamente, quando comparados à versão sem álcool;
para o CPC, não foi encontrada diferença. Mais estudos clínicos são necessários
para melhor compreensão sobre mecanismo de ação e as diferenças de
desempenho entre os agentes antiplaca.
Palavras-chave: Agentes antimicrobianos; Biofilme dental; Cárie dentária; Doenças
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 MitisSalivarius 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 log10 steps by
0.2% CHX (formulae with alcohol), and in 3 log10 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 X100-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% l-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 µm vs. EO 10.0 µm) 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 (0h 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 106 ± 5.4 x 106
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bacteria/cm2) than on enamel (1.2 x 106 ± 1.5 x 106 bacteria/cm2). Chlorhexidine
significantly reduced the amount of adherent bacteria (dentin: 2.8 x 105 ± 3.4 x 105
bacteria/cm2; enamel: 4.2 x105 ± 8.7 x 105 bacteria/cm2). Rinses with the fluoride
solution also significantly reduced bacterial adherence to dentin (8.1 x 105 ± 1.5 x 106
bacteria/cm2). 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 106 arbitrary
units/mm2 for control, 0.82 x 106 arbitrary units/mm2 for CHX and 0.87 x 106 arbitrary
units/mm2 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 I
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.
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Table I- Effect of commercial antimicrobial mouthrinses on dental caries or bacteria caries-related
Authors

Active component

Guggenheim
& Meier
[18]

1.
0.1%
CHX
(alcohol)
2.
0.2%
CHX
(alcohol)
3.
0.12%
CHX
(alcohol-free)
4.
0.2%
CHX
(alcohol-free)
5.
0.05
CHX
(alcohol)
6. EO (alcohol)
7.
0.15%
CHX
(alcohol-free)
1. EO (alcohol-free)
2. EO (alcohol)

Marchetti et
al.
[24]
Sreenivasan
et al.
[22]

Ramalingam
et al.
[21]

Oyanagi et al.

1. 0.05% CPC+
(alcohol)
2. 0.05% CPC(alcohol-free)
3. 0.05% Sodium
Fluoride (alcohol)
4. 0.12% CHX
(alcohol)
1. 1% CPC and
10% Triton X-100TRI (NE)
2.
0.12%
CHX
(alcohol-free)

1.

0.05%

CHX

Type of microorganism
and model/ treatment
Multispecies
biofilm/
treatment of 1 min each 12h,
during 64.5-h in vitro

Response variable

Results

Total
microorganisms
(A.
naeslundii,
V.
dispar,
F.
nucleatum, S. mutans, S. oralis
and C. albicans), S. mutans and
S. oralis CFU numbers.

The total CFU numbers did not differ among the
mouthrinses.
0.12% CHX (alcohol-free), 0.2% CHX (alcohol),
0.05% CHX (alcohol) and Listerine reduced the
number of CFU of S. mutans in 7 log10 steps
compared to control (water).
0.1% CHX (alcohol), 0.2% CHX (alcohol), 0.15%
CHX (alcohol-free) reduced the number of CFU of
S. orallis in 3 log10 steps compared to control
(water).

Cariogenic biofilm/ treatment
twice a day during 3 days in
vivo
(A) 25 Species associated
with
dental
caries
in
planktonic phase.
(B) Supragingival biofilm
collected from 15 subjects
and treated with agar media
containing 1% of each
mouthrinse during 5–7 days
S. mutans, L. casei, A.
viscosus, C. albicans and
mixed culture biofilm (72h).

(A)

S.

mutans

and

S.

Plaque index-PI in whole mouth

EO (alcohol) showed better
compared EO (alcohol-free)

MIC (1) and CFU (2) of S.
gordonii,
S.
mutans,
C.
albicans, A. meyeri, A. Viscous.

The cariogenic bacteria were inhibited by <6%
CPC+ solution, <3% CPC- solution and <50% F
solution. Both CPCs had similar effect and were
better than F.
For CFU, CPC mouthrinses (>90% killing) and the
chlorhexidine rinse (>98% killing) were better
compared to F.

Level of
microorganisms
adhesion on glass surface and
MIC/MBC values

MIC and MBC of NE were 9- to 27- fold smaller than
those from CHX (positive control). NE has shown
reduced in 83% the viability of S. mutans and L.
casei biofilm compared to negative control. 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, respectively.

CFU

EO and PVP-I killed more planktonic cariogenic

counting

of

cariogenic

inhibitory

effect
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(alcohol-free)
2.
0.2%
benzethonium
chloride
3. EO (alcohol)
4. 7% povidone
iodine (PVP-I)

sobrinus in planktonic phase
(48-hour incubation).
(B) Multispecies Biofilm (S.
mutans, S. sobrinus and S.
gordonii)/ treatment (1x60s)
for 7 days in vitro

bacteria and enamel lesions
analysis.

bacteria and bacteria embedded in biofilms
compared to PBS, CHX and benzethonium.
EO presented the smallest lesions among the three
groups (PBS, CHX and PVP-I)

Albertsson et
al. [26]

1. EO and F
2. 0.12% CHX
(alcohol-free)

Inhibition on S. mutans and
Lactobacillus
in
saliva/
treatment twice a day for 16
days in vivo

CFU counting

CHX (alcohol-free) showed significant reduction in
S. mutans and Lactobacillus, while the EO rinse did
not.

Hannig et al.
[29]

1. 0.2% CHX
(alcohol-free)
2. 100 ppm AmF
and 150 ppm NaF

Biofilm formation (8h) on
enamel
and
dentin/
treatment for 1 min in situ

Viability and Biofilm adherence

The viability was reduced by both solutions, while
CHX was the only one showing inhibition of bacterial
adherence on both enamel and dentin.

Ulkur et al.
[23]

1. EO (alcohol)
2. EO (alcohol-free)
3. 0.1% CHX
(alcohol‑free)

Treatment for 4 days in vivo.
Groups 1 and 3 rinsed
2x30s/day, while Group 2
rinsed 3x30s/day

CFUs counting for S. mutans on
the teeth and tongue surfaces

All mouthrinses were similarly able to significantly
reduce the number of S. mutans.

Babu and
Garcia-Godoy
[19]

1. 0.12% CHX plus
0.05% CPC
(alcohol-free)
2. 0.12% CHX
(alcohol-free)
3. 0.2% zinc
chloride plus 1.5%
hydrogen peroxide
(alcohol-free)

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

Bacterial adhesion, viability and
CFU counts

Both CHX and CHX plus CPC were effective against
the tested bacteria in all assay, while Zn was not.

[25]
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Wakamatsu
et al. [20]

Pandit et al.
[28]

Quintas et al.
[27]

Rabe et al.
[30]

1. 0.12 % CHX
(alcohol-free)
2. EO (alcohol)
3. CPC (alcoholfree)
4. Isopropyl methyl
phenol
(alcohol-free)
1. 0.025% CPC
2. 0.05% CPC
3. 0.075% CPC
4. 0.1% CPC
5. Negative control
(water).
1. EO (alcohol)
2.
0.2%
CHX
(alcohol)

S. mutans biofilm/ treatment
during 30s in vitro

Penetration
velocities
and
antimicrobial
effect
by
monitoring fluorescence loss of
calcein AM-stained biofilms with
time-lapse
confocal
laser
scanning microscopy.

EO showed the best penetration in biofilm. None of
the mouthrinses have antimicrobial effect on S.
mutans.

S. mutans biofilm/ treatment
each 12h, during 98 h in vitro

Weight,
viability
and
acidogenicity on Early (0h to
50h) and mature (48h to 98h) S.
mutans biofilm.

In early biofilm all concentrations had antimicrobial
effect. In mature biofilm, only the highest
concentrations of CPC had effect on dry weight,
viability and acidogenicity.

Antiplaque effect in situ/
treatment twice a day during
4 days

Bacterial viability, thickness and
covering grade of dental plaque

CHX and EO presented 13.2% and 14.7% of live
bacteria (ns).
CHX was more efficient in reducing plaque
thickness and covering grade compared to EO.
CHX and NaF caused a similar effect.

1.
0.1%
CHX Cariogenic biofilm in situ/
Architecture, bacterial viability
(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; PI – 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 (CHXF) 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 (PI),
gingival inflammation (GI) and discoloration teeth (DI) were evaluated. Both solutions
presented similar PI (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), GI (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 37ºC 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 (BI) were analyzed. EO demonstrated
significant reduction in MGI (9.4%), PI (6.6%) and BI (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 (MGI), Plaque Index (PI) and bleeding Index (BI) were quantified at
baseline, after 1, 3 and 6 months. After six months, EO (42.0%) and CPC (13.9%)
demonstrated significant reduction in PI 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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BI 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 PI and MGI were
analyzed at baseline, after 3 and 6 months. EO mouthrinse showed significant
superiority in reducing PI (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].
Sánchez 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 GI
of 28.6%, 22.6% and 1.70%, respectively; while PI 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 II, 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.

Article I 43

Table II - Effect of commercial antimicrobial mouthrinses on periodontitis/gingivitis or bacteria perio-related.
Authors
Charles et al. [38]

Cortelli et al.
[39]

Costa et al.
[12]

Ennibi et al.
[35]

Sánchez et al.
[40]

Active component
1. EO (alcohol)
2.
0.07%
CPC
(alcohol)

Type of microorganism and
model/ treatment
Antiplaque and antigingivitis effects
in vivo. The subjects rinsed with 20
mL for 30 s twice daily during 2
weeks

Response variable

Results

Gingival Index-GI, Plaque Index-PI
and bleeding Index-BI

EO
demonstrated
significant
reduction in GI, PI and BI compared
to CPC.

1. EO with zinc
chloride and 0.02%
sodium fluoride
(alcohol)
2. 0.05% CPC + F
1.
0.07%
CPC
(alcohol-free)
2.Saline-based
solution
(alcoholfree)

Antiplaque and antigingivitis effects
in vivo. The subjects rinsed with 20
mL for 30 s twice daily during 6
months

Gingival and Plaque Index

EO presented clinical superiority
compared to CPC.

Treatment was done three times a
day, for 6 months in vivo.

Significant reduction of the clinical
parameters was observed for the
tested CPC solution.
P. intermedia CFU showed a clear
reduction after 3 and 6 months of
CPC treatment compared to control.

1. 0.12% CHX
(alcohol)
2. 0.1 % CHX
(alcohol-free)
containing 0.1%
formaldehyde
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

Antiplaque and antigingivitis effect
for 7 days in vivo/ The treatment
was done twice daily

PI, BI and CFU counts (A.
actinomycetemcomitans,
P.
gingivalis, P.intermedia/nigrescens,
T. forsythia, P. micra,
Capnocytophaga spp., E.
corrodens, Eubacterium spp. and F.
nucleatum)
Plaque Indexes

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 with alcohol showed better
inhibition of plaque growth than CHX
with formaldehyde.

CHX/CPC and AFSF containing
mouthrinses demonstrated superior
antimicrobial activity compared to
EO rinse.
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Blanc et al.
[37]

1. 0.12% CHX plus
0.05% CPC;
2. 0.12% CHX
3. 0.12% CHX plus
NaF

Bacteria related with periodontal
disease in planktonic phase and
multispecies Biofilm in vitro/
treatment was done during 1 min
(planktonic) and 2 min during 7
days (biofilm)

CFU counting
bacteria

Cortelli et al.
[11]

1. EO (alcohol)
2.
0.07%
CPC
(alcohol)
1. 0.075% CPC
(alcohol-free
and
fluoride-free)
2. EO (alcohol)
1. 0.2% CHX
(alcohol-free)
2. 0.2% CHX
(alcohol)

Antiplaque and antigingivitis effect
in vivo for 6 months/ treatment was
done twice daily
The antiplaque and antigingivitis
effect in vivo after 6 weeks/
treatment was done twice daily

The MGI, PI and BI were quantified
after 1, 3 and 6 months.
PI and GI

Both
mouthrinses
proved
a
significant reduction in dental plaque
and gingivitis.

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

PI, GI and Discoloration Index

Both
formulations
presented
comparable levels of action.

Elias-Boneta et
al.,
[41]
Papaionnou et al.
[36]

for

periodontal

In planktonic phase (S. oralis F.
nucleatum, P. gingivalis and A.
actinomycetemcomitans)
no
differences between the tested
mouthrinses were found. For biofilm,
CHX+CPC showed more inhibition
of viable cells compared CHX and
CHX+NaF.
EO presented clinical superiority
compared to CPC.

Abbreviations: CHX – chlorhexidine; EO – essential oil; CPC - cetylpyridinium chloride; GI – gingival index; PI – plaque index; BI – bleeding index; F – fluoride;
CFU – colony forming units; ppm – parts per million; AFSF - amine fluoride/stannous fluoride; NaF – Sodium fluoride; MGI – Modified Gingival Index.
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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 µm. The average
surface roughness (Ra) was assessed using a contact profilometer and Mahr Surf
XCR 20 software (Mahr, Göttingen, 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%CO2)
for 4 h under a pressure of 0.5 ± 0.1 kgF/cm2].
From one hundred sixty eight samples, sixty-three were applied for viability
analysis, forty-two for lactic acid production analysis and sixty-three for colonyforming 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, São 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, São 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 II), 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 KCl, 0.2 g/l CaCl2, 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 SigmaAldrich. 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% CO2 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 2nd to the 14th 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 (5 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 + 1µl SYTO9 + 1µl propidium iodide, 10 µl/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 µm2) were captured from each sample surface and analyzed
using BioImage 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 µl 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 ºC for 30 min. After precipitation, the
microtubes were centrifuged at 10.000 g and 4ºC for 10 min and the supernatant was
completely removed. The pellets were resuspended in 1 M NaOH (v = 200 µl) 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 µl 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 ºC,
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 ºC for 10 min
and the supernatant was completely removed. The remaining pellet in the microtube
was resuspended in 1 M NaOH (v = 200 µl) 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 µl of the bacterial suspension obtained for EPS
analysis was then diluted to 10-4 and spread on petri dishes (25 µl/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 l distilled
water. After autoclaving for 20 min at 120º 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 ºC, except the plate for
total microorganisms that was incubated in an oven at 37ºC. After 48h (all except
lactobacilli) and 60h (lactobacilli), the CFU numbers were counted and transformed in
log10 CFU/ml (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 µm 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 l-1 and 87 vol% of mineral content for the sound enamel. The lesion depth
(LD, µm), the integrated mineral loss (∆Z, %vol. µm) 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 OralB® 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 Listerinetreated 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 antiinflammatory 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; HaerianArdakani 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

Article II 67

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).

References
Aires CP, Del Bel Cury AA, Tenuta LM, Klein MI, Koo H, Duarte S, Cury JA. 2008.
Effect of starch and sucrose on dental biofilm formation and on root dentine
demineralization. Caries Res. 42:380-386.
Angmar B, Carlstrom D, Glas JE. 1963. Studies on the ultrastructure of dental
enamel. IV. The mineralization of normal human enamel. J Ultrastruct Res. 8:12-23.
Azevedo MS, van de Sande FH, Maske TT, Signori C, Romano AR, Cenci MS. 2014.
Correlation between the cariogenic response in biofilms generated from saliva of
mother/child pairs. Biofouling. 30:903-909.
Babu JP, Garcia-Godoy F. 2014. In vitro comparison of commercial oral rinses on
bacterial adhesion and their detachment from biofilm formed on hydroxyapatite disks.
Oral Health Prev Dent. 12:365-371.
Benso B, Rosalen PL, Alencar SM, Murata RM. 2015. Malva sylvestris Inhibits
Inflammatory response in oral human cells. An in vitro infection model. PLoS One.
10:e0140331.
Braga AS, Pires JG, Magalhães AC. Following 2017. Commercial antimicrobials
mouthrinses on caries and periodontitis-related biofilm control - a review of literature.
Braz Dent Sci.

68 Article II

Buzalaf MA, Pessan JP, Honorio HM, ten Cate JM. 2011. Mechanisms of action of
fluoride for caries control. Monogr Oral Sci. 22:97-114.
Cardoso CA, de Castilho AR, Salomao PM, Costa EN, Magalhaes AC, Buzalaf MA.
2014. Effect of xylitol varnishes on remineralization of artificial enamel caries lesions
in vitro. J Dent. 42:1495-1501.
Carvalho MD, Tabchoury CM, Cury JA, Toledo S, Nogueira-Filho GR. 2004. Impact
of mouthrinses on morning bad breath in healthy subjects. J Clin Periodontol. 31:8590.
Cheng L, Weir MD, Zhang K, Wu EJ, Xu SM, Zhou X, Xu HH. 2012. Dental plaque
microcosm biofilm behavior on calcium phosphate nanocomposite with quaternary
ammonium. Dent Mater. 28:853-862.
Da Silva NB, Alexandria AK, De Lima AL, Claudino LV, De Oliveira Carneiro TF, Da
Costa AC, Valenca AM, Cavalcanti AL. 2012. In vitro antimicrobial activity of mouth
washes and herbal products against dental biofilm-forming bacteria. Contemp Clin
Dent. 3:302-305.
Decker EM, Maier G, Axmann D, Brecx M, von Ohle C. 2008. Effect of
xylitol/chlorhexidine versus xylitol or chlorhexidine as single rinses on initial biofilm
formation of cariogenic streptococci. Quintessence Int. 39:17-22.
Diaz‑Garrido N, Lozano C, Giacaman RA. 2016. Frequency of sucrose exposure on
the cariogenicity of a biofilm‑caries model. Eur J Dent, 10(3):345-50.
Elsagh M, Fartookzadeh MR, Kamalinejad M, Anushiravani M, Feizi A, Behbahani
FA, Rafiei R, Arjmandpour A, Adibi P. 2015. Efficacy of the Malva sylvestris L.
flowers aqueous extract for functional constipation: A placebo-controlled trial.
Complement Ther Clin Pract. 21:105-111.
Fedorowicz Z, Aljufairi H, Nasser M, Outhouse TL, Pedrazzi V. 2008. Mouthrinses for
the treatment of halitosis. Cochrane Database Syst Rev. 5:1-24.
Haerian-Ardakani A, Rezaei M, Talebi-Ardakani M, Keshavarz Vallian N, Amid R,
Meimandi M, Esmailnejad A, Ariankia A. 2015. Comparison of antimicrobial effects of
three different mouthwashes. Iran J Public Health. 44(7):997-1003.
Hannig C, Gaeding A, Basche S, Richter G, Helbig R, Hannig M. 2013. Effect of
conventional mouthrinses on initial bioadhesion to enamel and dentin in situ. Caries
Res. 47:150-161.
Henne K, Gunesch AP, Walther C, Meyer-Lueckel H, Conrads G, Esteves-Oliveira M.
2016. Analysis of bacterial activity in sound and cariogenic biofilm: a pilot in vivo
study. Caries Res, 50:480-488.
James P, Parnell C, Whelton H. 2010. The caries-preventive effect of chlorhexidine
varnish in children and adolescents: a systematic review. Caries Res. 44 (4): 333340.
Janus MM, Crielaard W, Zaura E, Keijser BJ, Brandt BW, Krom BP. 2016. A novel
compound to maintain a healthy oral plaque ecology in vitro. J Oral Microbiol.
8:32513.
Koo H, Falsetta ML, Klein MI. 2013. The exopolysaccharide matrix: a virulence
determinant of cariogenic biofilm. J Dent Res. 92:1065-1073.
Latimer J, Munday JL, Buzza KM, Forbes S, Sreenivasan PK, McBain AJ. 2015.
Antibacterial and anti-biofilm activity of mouthrinses containing cetylpyridinium
chloride and sodium fluoride. BMC Microbiol. 15:169-177.
Lima JP, Sampaio de Melo MA, Borges FM, Teixeira AH, Steiner-Oliveira C, Nobre
Dos Santos M, Rodrigues LK, Zanin IC. 2009. Evaluation of the antimicrobial effect of
photodynamic antimicrobial therapy in an in situ model of dentine caries. Eur J Oral
Sci. 117:568-574.

Article II 69

Marchetti E, Mummolo S, Di Mattia J, Casalena F, Di Martino S, Mattei A, Marzo G.
2011. Efficacy of essential oil mouthwash with and without alcohol: a 3-day plaque
accumulation model. Trials. 12:262-268.
Marsh PD, Moter A, Devine DA. 2011. Dental plaque biofilms: communities, conflict
and control. Periodontol 2000. 55:16-35.
Maske TT, Brauner KV, Nakanishi L, Arthur RA, van de Sande FH, Cenci MS. 2016.
An in vitro dynamic microcosm biofilm model for caries lesion development and
antimicrobial dose-response studies. Biofouling. 32:339-348.
McBain AJ. 2009. Chapter 4: In vitro biofilm models: an overview. Adv Appl Microbiol.
69:99-132.
Oyanagi T, Tagami J, Matin K. 2012. Potentials of mouthwashes in disinfecting
cariogenic bacteria and biofilms leading to inhibition of caries. Open Dent J. 6:23-30.
Pandit S, Cai JN, Jung JE, Lee YS, Jeon JG. 2015. Effect of brief cetylpyridinium
chloride treatments during early and mature cariogenic biofilm formation. Oral Dis.
21:565-571.
Pratten J, Wilson M, Spratt DA. 2003. Characterization of in vitro oral bacterial
biofilms by traditional and molecular methods. Oral Microbiol Immunol. 18:45-49.
Ramos-Jorge J, Alencar BM, Pordeus IA, Soares MEC, Marques LS, Ramos-Jorge
ML, Paiva SM. 2015. Impact of dental caries on quality of life among preschool
children: emphasis on the type of tooth and stages of progression. Eur J Oral Sci.
123:8.
Razavi SM, Zarrini G, Molavi G, Ghasemi G. 2011. Bioactivity of malva sylvestris L.,
a medicinal plant from iran. Iran J Basic Med Sci. 14:574-579.
Rugg-Gunn A. 2013. Dental caries: strategies to control this preventable disease.
Acta Med Acad. 42:117-130.
Santos GOD, Milanesi FC, Greggianin BF, Fernandes MI, Oppermann RV, Weidlich
P. 2017. Chlorhexidine with or without alcohol against biofilm formation: efficacy,
adverse events and taste preference. Braz Oral Res. 31:e32.
Saravia ME, Nelson-Filho P, Ito IY, da Silva LA, da Silva RA, Emilson CG. 2011.
Morphological differentiation between S. mutans and S. sobrinus on modified SB-20
culture medium. Microbiol Res. 166:63-67.
Shapiro S, Giertsen E, Guggenheim B. 2002. An in vitro oral biofilm model for
comparing the efficacy of antimicrobial mouthrinses. Caries Res. 36:93-100.
Sreenivasan PK, Haraszthy VI, Zambon JJ. 2013. Antimicrobial efficacy of 0.05%
cetylpyridinium chloride mouthrinses. Lett Appl Microbiol. 56:14-20.
Tang G, Yip HK, Cutress TW, Samaranayake LP. 2003. Artificial mouth model
systems and their contribution to caries research: a review. J Dent. 31:161-171.
Twetman S. 2004. Antimicrobials in future caries control? A review with special
reference to chlorhexidine treatment. Caries Res. 38(2): 223-239.
Veshkurova O, Golubenko Z, Pshenichnov E, Arzanova I, Uzbekov V, Sultanova E,
Salikhov S, Williams HJ, Reibenspies JH, Puckhaber LS, et al. 2006. Malvone A, a
phytoalexin found in Malva sylvestris (family Malvaceae). Phytochemistry. 67:23762379.
Vozza I, Cavalle E, Corridore D, Ripari F, Spota A, Brugnoletti O, Guerra F. 2015.
Preventive strategies in oral health for special needs patients. Ann Stomatol (Roma).
6:96-99.
Wakamatsu R, Takenaka S, Ohsumi T, Terao Y, Ohshima H, Okiji T. 2013.
Penetration kinetics of four mouthrinses into Streptococcus mutans biofilms analyzed
by direct time-lapse visualization. Clin Oral Investig. 18:625-634.

70 Article II

Zhang JZ, Harper DS, Vogel GL, Schumacher G. 2004. Effect of an essential oil
mouthrinse, with and without fluoride, on plaque metabolic acid production and pH
after a sucrose challenge. Caries Res. 38:537–541.
Zhang K, Cheng L, Imazato S, Antonucci JM, Lin NJ, Lin-Gibson S, Bai Y, Xu HH.
2013. Effects of dual antibacterial agents MDPB and nano-silver in primer on
microcosm biofilm, cytotoxicity and dentin e bond properties. J Dent. 41:464-474.

Article II 71

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/TukeyKramer, 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

PerioGard®

ColgatePalmolive

Noplak® Max

Daudt

Oral-B®
Complete

Procter &
Gamble

Listerine® Zero

Johnson &
Johnson

Malvatricin®
Plus

Daudt

Cepacol® Plus
Advanced

Sanofi

Ingredients

0.12% chlorhexidine digluconate, water,
glycerin, propylene glycol, sorbitol, PEG-40
hydrogenated castor oil, cetylpyridinium
chloride, aroma and citric acid. (pH 4.9)
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)
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)
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)
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)
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 (log10 CFU/ml) for total microorganism, lactobacilli, total
streptococci and mutans streptococci
Treatment

Total

lactobacilli

microorganism

Total

mutans

streptococci

streptococci

PBS (negative control)

7.33±0.28

7.46(0.71)

5.69(0.35)

6.45±1.31

PerioGard®

7.03±0.18

7.51(0.87)

5.58(0.28)

6.01±0.82

Noplak® Max

7.15±0.29

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/TukeyKramer, 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)abc

PerioGard®

0.12(0.30)

0.13(0.05)a

Noplak® Max

0.30(0.22)

0.41(0.14)c

Oral-B Complete®

0.09(0.14)

0.22(0.06)abc

Listerine® Zero

0.18(0.19)

0.29(0.35)bc

Malvatricin® Plus

0.18(0.17)

0.12(0.05)a

Cepacol® Plus Advanced

0.66(0.60)

0.10(0.13)a

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

11555.0(1804.7)c

49.5(7.85)b

215.4(25.0)b

PerioGard®

2948.0(940.0)a

21.3(2.45)a

134.2(40.6)a

Noplak® Max

2900.0(1320.0)a

19.9(10.1)a

138.5(70.0)a

Oral-B Complete®

6500.0(2567.3)bc

Listerine® Zero

4530.0(1459.0)abc

32.2(6.3)ab

131.3(56.8)ab

Malvatricin® Plus

3170.0(320.0)a

22.7(3.7)a

141.4(6.2)a

Cepacol® Plus Advanced

4160.0(740.0)abc

27.8(1.9)b

155.3(15.9)ab

26.1(10.65)ab 208.5(45.5)ab

Different letters in the same column show significant differences among the groups.
All parameters were compared using Kruskal-Wallis/Dunn: ∆Z and R (p<0.0001) and
LD (p=0.0014).
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Figure 5

4- Discussion

Discussion 83

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 biofilms (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
plaque 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 EO) 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 log10 steps by
0.2% CHX (formulae with alcohol), and in 3 log10 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 Listerinetreated biofilm or that lactate consumer species (as Veillonella spp.) (DISTLER;
KRONCKE, 1981; JANUS et al., 2016) might be absent in this biofilm. The
hypothesis need to be further tested. There is only one study that observed anticaries
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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, antiinflammatory 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 (~1x106 CFU/ml) and
treated with MSE or its fractions at concentrations of 0.1; 1; 10; 100 and 1000 µg/ml.
A. Malva sylvestris and fractions lower than 100 µg/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; HAERIANARDAKANI 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 (HAERIANARDAKANI 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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