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RESUMO

Objetivo: avaliar o efeito antibacteriano de antissépticos bucais sobre S. mutans, E.
faecalis e P. aeruginosa, por meio de testes de difusdo em agar e teste por exposicao
direta.Metodologia:Cepas de S. mutans (ATCC 25175), E. faecalis (ATCC 29212)e P.
aeruginosa (ATCC 27853) foram inoculadas em 7 mL de BHI e incubadas a 37°C por
24 horas. Para o teste de difusdo em agar, 13 placas de Petri com 20 mL de BHIA
foram inoculadas com 0,1 mL das suspensdes microbianas, com auxilio de swab
esterilizados, de modo a se obter um crescimento confluente. Trinta e seis discos de
papel com 9 mm de diametro foram imersos nas solu¢des experimentais de cloreto de
cetilpiridinio 0,07%, cloreto de cetilpiridinio 0,075%, gluconato de clorexidina 0,12% e
cloreto de benzalcénio 0,13% mg durante um minuto. A seguir, trés discos de papel
contendo uma das solu¢des antissépticas foram colocados sobre a superficie do BHIA.
As placas foram mantidas por uma hora em temperatura ambiente e incubadas a 37°C
por 48 horas. Os diametros dos halos de inibicdo microbiana foram medidos valendo-se
de duas medidas de forma perpendicular entre si, sendo obtida a média de seus
comprimentos. Para o teste de exposicdo direta, 576 cones de papel absorventes
esterilizados n°50 foram imersos na suspenséo de micro-organismos por 5 minutos, e a
seguir foram colocados em placas de Petri e cobertos com 10 mL de uma das solugdes
testes. Em intervalos de 1,5, 10 e 30 minutos, 3 cones de papel absorventes foram
retirados do contato com as substancias, transportados individualmente e imersos em 7
mL de Letheen Broth, e incubados a 37°C por 48 horas. O crescimento microbiano foi
avaliado pela turbidade do meio de cultura. Um in6culo de 0,1 mL obtido do Letheen

Broth foi transferido para 7 mL de BHI, e incubado nas mesmas condi¢cdes descritas. O



crescimento microbiano foi novamente avaliado pela turbidade do meio de cultura.
Resultados: Os halos de inibicdo foram maiores que 10 mm para todas as substancias
e em todos os micro-organismos. A solucdo de cloreto de benzalcénio apresentou efeito
antibacteriano contra os indicadores biolégicos apds 5 minutos em teste por exposicao
direta, enquanto que o cloreto de cetilpiridinio e o gluconato de clorexidina
apresentaram efeito antibacteriano somente ap6s 10 minutos. Concluséo: As solucdes
antissépticas estudadas apresentaram efeito antibacteriano por contato direto frente S.

mutans, E. faecalis e P. aeruginosa.
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ABSTRACT

Purpose:to evaluate the antibacterial effect of oral antiseptics (cetylpyridinium chloride,
chlorhexidine gluconate and benzalkonium chloride) on S. mutans, E. faecalis andP.
aeruginosa, determined by agar diffusion test and direct exposition test. Methods:The
strains were inoculated in 7 mL BHI and incubated at 37°C for 24 hours. For agar
diffusion test, 13 Petri plates with 20 mL BHIA were inoculated with 0.1 mL of microbial
suspensions, aided by sterilized swabs, obtaining a confluent growth. Thirty six paper
discs with 9 mm diameter were immersed in experimental solutions (cetylpyridinium
chloride 0.07%, cetylpyridinium chloride 0.075%, chlorhexidine gluconate 0.12% and
benzalkonium chloride 1.30 mg)for 1 minute. Following, at each plate, 3 paper discs
containing irrigant solutions were put on BHIA surface. The plates were kept for 1 hour
at environmental temperature and incubated at 37°C for 48 hours. Inhibition zones were
measured over the paper discs containing the solutions, using two perpendicular
measurements and obtaining the mean value. For direct exposition test, 516 sterilized
paper points #50 were immersed on microorganisms suspension for 5 minutes, put in
Petri plates and covered with 10 mL of irrigant solution. At 1, 5, 10 and 30 minutes
intervals, 3 paper points were removed from substances contact, transported individually
and immersed in 7 mL Letheen Broth, and incubated at 37°C for 48 hours. Bacterial
growth was evaluated by medium turbidity. An inoculum of 0.1 mL Letheen Broth was
transferred to 7 mL BHI, and incubated at the same conditions previously described.
Bacterial growth was again evaluated by medium turbidity. Results: Inhibition zones
were greater than 10 mm for all substances and in microorganisms tested.

Benzalkonium chloride presented antibacterial effect against the biological markers after
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5 minutes in direct exposition, while cetylpyridinium chloride and chlorhexidine gluconate
presented antibacterial effect against all the microorganisms after 10 minutes.
Conclusion:Theantiseptic solutions presented antibacterial effect against S. mutans, E.

faecalis e P. aeruginosa.

12



INTRODUCAO

Os micro-organismos da cavidade bucal comumente se organizam em biofilmes
na forma de placa dentaria aderida aos tecidos duros e moles da boca. O biofilme
bacteriano é considerado um fator de extrema importancia na etiologia das doencas
carie dentéria e periodontal, bem como em infec¢Bes poés-cirdrgicas (TIMMERMAN &
VAN DER WEIJDEN, 2006).

A boca abriga diferentes espécies microbianas que podem estar distribuidas em
varios ecossistemas. O contato da saliva com os tecidos bucais possibilita a presenca
destas células oriundas de diferentes regides (SHEARER, 1996; SPRATT,2004).A
saliva é um fluido corporal que mantém contato com toda a superficie bucal. Suas
caracteristicas influenciam a microbiota a medida que aumentam ou reduzem sua
capacidade de sobrevivéncia. Na saliva, verifica-se a presenca de proteinas que podem
funcionar como receptores de ligacdo, favorecendo a adesdo de micro-organismos a
superficie dentaria. Além disso,esta se apresenta como fonte primaria de nutrientes
para um numero de aproximadamente 108-10°micro-organismos viaveis/mL
(SCHONFELD, 1992; MARSH, 2000).

Os dentes apresentam uma superficie mineralizada, ndo descamativa, que
favorece o desenvolvimento de grandes depdésitos microbianos. Apesar de mais de 700
espécies bacterianas terem sido isoladas e caracterizadas na placa dentéaria, ainda néao
foi possivel identificar todas elas (SOCRANSKY & HAFFAJEE, 2002, 2005).

As doencas infecciosas bucais contribuem como um dos principais fatores de
risco para as alteracfes sistémicas. A carie dentaria € uma doenca infecciosa da boca,

multifatorial, com fatores genéticos, ambientais, dietéticos e bacterianos. Um
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consideravel nimero de estudos evidenciou uma associacdo significante entre o
Streptococcus mutans e o inicio de lesbes cariosas (CURTISS, 1985; LOESCHE, 1986,
1993; CAUFIELD & WALKER, 1989; MATSUMOTO et al., 2006).

O S. mutans é uma bactéria Gram-positiva que apresenta elevada capacidade de
fermentacdo, acumulando, portanto, grande quantidade de &acidos e promovendo
reducdo de pH. E um micro-organismo facultativo capaz de produzir polissacarideos
extracelulares e intracelulares que favorecem a aderéncia microbiana (LOESCHE,
1993).0 E. faecalis constitui-se também em uma bactéria de importancia na boca,
relacionada com as infeccbes endodonticas e hospitalares que tem sido objeto de
varios estudos (MOLANDER et al., 1998; SUNDQVIST et al., 1998; PORTENIER et al.,
2003). Esta caracteriza-se como bactéria Gram-positiva, facultativa, que apresenta
como fatores de viruléncia a producao da substancia de agregacédo e de agentes de
adeséao superficial que favorecem sua aderéncia as células do hospedeiro e matrizes
extracelulares, facilitando a invaséo tecidual (PORTENIER et al., 2003). Além destes
aspectos que destacam esta bactéria como importante nas infeccbes endodénticas,
deve-se ressaltar a sua capacidade de sobreviver em condi¢cbes adversas, como em
ambientes de elevado pH e elevadas concentracfes de cloreto de sodio (SLOTS &
TAUBMAN, 1992; MOLANDER et al., 1998).A Pseudomonas aeruginosa é uma bactéria
Gram-negativa, aeroObia facultativa. Esta bactéria € um patdgeno oportunista, que
raramente causa doencas em um sistema imunologico saudavel, mas explora eventuais
fraquezas do organismo para estabelecer um quadro de infec¢cdo. Essa caracteristica,
associada a sua resisténcia natural a um elevado nimero de antibioticos e antissépticos
justificam sua alta frequéncia em ambiente hospitalar. Uma das hipoteses levantadas €

0 uso incorreto desses desinfetantes (SLOTS & TAUBMAN, 1992).

14


http://pt.wikipedia.org/wiki/Bact%C3%A9ria
http://pt.wikipedia.org/wiki/T%C3%A9cnica_de_Gram
http://pt.wikipedia.org/wiki/Sistema_imunol%C3%B3gico
http://pt.wikipedia.org/wiki/Antibi%C3%B3ticos
http://pt.wikipedia.org/wiki/Antis%C3%A9ptico

Socransky & Haffajee (1992) classificaram os micro-organismos como patégenos
em potencial ou ndo. Assim, para que um micro-organismo possa ser considerado
patdgeno, este deve estar associado a uma doenca; ser evidenciado em numero
elevado nos sitios doentes; estar ausente ou reduzido nos sitios que demonstrem
resolucao clinica; induzir resposta do hospedeiro na forma de uma alterac&o celular ou
resposta imune humoral; ser capaz de causar doenca em modelos de animais
experimentais; demonstrar fatores de viruléncia responsaveis por permitir ao micro-
organismo causar destruicao dos tecidos do hospedeiro.

Outro aspecto de relevancia a microbiota bucal relaciona-se a presenca de
bactérias no sangue (bacteremia), que constitui um meio pelo qual as infec¢des locais
se espalham para érgéos distantes. Normalmente é transitéria, devido a uma resposta
vigorosa do sistema imune quando a bactéria é detectada no sangue. A endocardite
infecciosarepresenta uma infeccao rara, porém séria, envolvendo as valvulas cardiacas
ou as superficies endoteliais do coracdo (VILLORIA& COSTINHA, 2013). Outro fator
critico associado ao risco da microbiota bucal € o manejo dos tecidos bucais, que
podem favorecer a invasao de bactérias na corrente sanguinea.

Desta forma, um dos recursos para o controle da microbiota bucal é o emprego
de colutérios (enxaguatérios) bucais, que tém sido utilizados como agentes
antibacterianos antes, durante e ap0s 0 manejo cirargico, prevenindo sua
disseminacéo. Neste sentido, varias substancias tém sido preconizadas para realizacéo
desta antissepsia. Dentre estas, a clorexidina é uma substancia cujo efeito
antibacteriano foi amplamente estudado, sendo, portanto, indicada para este fim.
Outras substancias também indicadas para a antissepsia bucal sdo os amoénios

quaternarios, que também se mostraram substancias antibacterianas eficientes (SLOTS
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& TAUBMAN, 1992; LOESCHE, 1993).

Considerando a importancia do papel das bactérias em frequentes doencas que
ocorrem na boca e as possiveis influéncias em outras infeccbes, a analise das
atividades antibacterianas das solucdes antissépticas disponibilizadas no mercado

representam aspectos de elevada importancia clinica.
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OBJETIVO

O presente estudo objetiva avaliar o efeito antibacteriano dos antissépticos
bucais sobre S. mutans, E. faecalis e P. aeruginosa, por meio de teste de difusdo em

agar e teste por exposicao direta.
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METODOLOGIA

Indicadores biologicos
Para o presente estudo foram utilizados trés amostras de micro-organismos

obtidas da American Type Culture Collection:
1. Streptococcusmutans (ATCC 25175)
2. Enterococcus faecalis (ATCC 29212)
3. Pseudomonas aeruginosa (ATCC 27853)

O método experimental utilizado no presente estudo foi previamente empregado
em outras investigacoes (Estrela et al., 2004, 2005)

As cepas foram inoculadas em 7 mL de brain heart infusion (BHI; Difco
Laboratories, Detroit, MI, USA) e incubadas a 37°C por 24 horas. Os trés micro-
organismos indicadores foram cultivados na superficie do brain heart infusion agar
(BHIA; Difco Laboratories, Detroit, MI, USA), seguindo as mesmas condi¢cdes da
incubacdo; células microbianas foram suspensas em solucéo fisioldgica para dar uma
concentracéo final de cerca de 3 X 10® células/mL, semelhante ao tubo n? 1 da escala
MacFarland. A figura 1 demonstra a representacao esquematica do processo realizado

para obtencéo das suspensdes microbianas.
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Figura 1. Processo de obtencdo das suspensdes microbianas.
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Solugbes experimentais

As solucdes antissépticas testadas foram cloreto de cetilpiridinio 0,07% (Oral B
Pro Saude Clinical Protection®, The Procter & Gamble, lowa City, IA, USA), cloreto de
cetilpiridinio 0,075% (Colgate Plax soft mint®, Colgate-Palmolive Ind. Ltda, S&o
Bernardo do Campo, SP, Brasil), gluconato de clorexidina a 0,12% (Colgate
Periogard®, Colgate-Palmolive Ind. Ltda, Sdo Bernardo do Campo, SP, Brasil) e o
cloreto de benzalconio 1,30 mg / cloridrato de lidocaina 25 mg (spray antisséptico

Nexcare®, 3M, Nova Odessa, SP, Brasil).

Teste de difusdo em agar

Para o teste de difusdo em agar, 13 placas de Petri com 20 mL de BHIA foram
inoculadas com 0,1 mL das suspensfées microbianas, com o auxilio de swabs
esterilizados. O indculo foi disseminado na superficie do meio de cultura, de modo a
obter um crescimento confluente. Trinta e seis discos de papel com 9mm de didametro
foram imersos nas solugdes experimentais, durante um minuto. Para o controle
negativo, outros 3 discos de papel foram imersos em agua destilada por um minuto e
depositados em placas com agar. Para cada placa contendo o meio de cultura (BHIA)
foram colocados 3 discos de papel. As placas foram mantidas por uma hora em
temperatura ambiente, e entdo, incubados a 37°C por 48 horas. Os diametros dos halos
de inibicdo microbiana foram medidos ao redor dos discos de papel contendo as
substéancias testes. Foram feitos controles positivos e negativos, mantendo-se as placas
com BHIA inoculadas e sem inoculacdo, sob periodos e condicbes de incubacéo
idénticas. Todo o experimento foi realizado sob condi¢cbes assépticas. A Figura 2

demonstra a representacdo esquematica do delineamento experimental utilizado para o
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teste de difusdo em agar.

Discos de papel /

< A 1minuto
Solugdo experimental

Disseminagdo
microbiana

Suspensdo
microbiana

(3x108 células/mL)

BHI Agar BHI Agar + Discos de Halos de inibigdo
papel/solucdo experimental

Figura 2. Representacdo esquematica doteste de difusdo em agar.
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Teste por exposicéo direta

Para o teste de exposicéo direta, 516 cones de papel absorventes esterilizados
n® 50 (Tanari, Tanariman Industria, Ltda., Manacapuru, AM, Brasil) foram imersos nas
suspensdes de micro-organismos por 5 minutos, e a seguir colocados em placas de
Petri e cobertos com 10 mL de uma das quatro solu¢des antissépticas, ou com agua
destilada esterilizada (grupo controle). Em intervalos de 1, 5, 10 e 30 minutos, 3 cones
de papel absorventes foram retirados do contato das substancias, transportados
individualmente, e imersos em 7mL de Letheen Broth (Difco Laboratories, Detroit, M,
USA). \este representa um meio contendo neutralizadores ou acrescido de Tween 80 e
tiosulfato de sédio (P.A., Art Laboratories, Campinas, SP, Brasil) em concentracdes
apropriadas, e subsequentemente, incubados a 37°C por 48 horas. Em seguida, um
in6culo de 0,1 mL obtido do Letheen Broth foi transferido para 7 mL de BHI, sob
condicbes de incubacdo idénticas. O crescimento microbiano foi analisado pela
turbidade do meio de cultura. Todos os experimentos foram realizados sob condi¢c6es
assépticas.A Figura 3 demonstra a representacdo esquematica do delineamento
experimental utilizado para o teste por exposicdo direta. A Figura 6 ilustra os

procedimentos realizados no teste por exposi¢éo direta.
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Figura 3 — Representacdo esquematica do teste por exposicdo direta.
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RESULTADOS

Teste de difusdo em agar

Todas as solugdes antissépticas testadas apresentaram efeito antimicrobiano
contra os indicadores biologicos testados. Os halos de inibicdo foram maiores que 10
mm para todas substancias e micro-organismos. Os resultados do teste de difusédo em

agar estdo apresentados na Tabela 1.

Teste por exposicédo direta

A solucéo de cloreto de benzalconio apresentou efeito antimicrobiano contra
todos os indicadores bioldgicos apds 5 minutos. Enquanto que o cloreto de cetilpiridinio
e o0 gluconato de clorexidina apresentaram efeito antimicrobiano contra todos os micro-
organismos somente apés 10 minutos. Os resultados do teste de exposicao direta estao

apresentados na Tabela 2.
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Tabela 1. Médias dos diametros dos halos de inibicdo microbiana das solugfes
antissépticas por meio de difusdo em agar (em milimetros).

Substancias/micro-organismos S. mutans E. faecalis P. aeruginosa
CAGP CAGP BAGN
Cloreto de Cetilpiridinio 0,07% 11 13 11
Cloreto de Cetilpiridinio 0,075% 12 11 10
Gluconato de Clorexidina 0,12% 14 14 17
Cloreto Benzalconio / Lidocaina 14 13 12
Controle (Agua destilada) 0 0 0

(CAGP = cocos aerbdbios Gram-positivos; BAGN = bacilos aerébios Gram-negativos)
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Tabela 2. Efeito antibacteriano das soluc¢des antissépticas em teste por

exposicao direta.

Substancias/micro-organismos 1min 5min 10min 30min
Cloreto de Cetilpiridinio 0,07%

S. mutans +++
E. faecalis +++ +++ - —
P. aeruginosa +++
Cloreto de Cetilpiridinio 0,075%

S. mutans +++ +++ — —
E. faecalis +++ +++ —— —
P. aeruginosa +++ +++
Gluconato de Clorexidina 0,12%

S. mutans
E. faecalis +++ +++
P. aeruginosa +++
Cloreto Benzalconio / Lidocaina

S. mutans
E. faecalis +++

P. aeruginosa

+++, Presenca de crescimento; ---, Auséncia de crescimento
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DISCUSSAO

A boca constitui um ambiente séptico do organismo, com presen¢ca de uma
microbiota complexa, caracterizada pela presenca de bactérias Gram-positivas e Gram-
negativas, fungos, protozoarios e virus. Estas bactérias estdo distribuidas em varias
concentracbes em quatro principais ecossistemas orais - epitélio bucal, dorso da lingua,
superficie dentaria supragengival e superficies dentaria - e epitelial subgengival e na
saliva, que nao possui microbiota prépria, pois demonstra 0 que esta presente nos
sitios da boca (LOESCHE, 1993; BAMMANN & ESTRELA, 2009).

O controle bacteriano nas diferentes circunstancias clinicas torna-se essencial,
como protocolos de antissepsia pré-cirdrgica. A adocdo de uma técnica asséptica
durante qualquer ato operatorio clinico requer a realizacdo de uma eficaz degermacéao e
antissepsia das méos e da boca, com efetivos agentes antimicrobianos, o que
possibilita consideravel reducdo da populacdo microbiana (BAMMANN & ESTRELA,
2009). Varias solucdes antissépticas em diferentes concentracdes (gluconato de
clorexidina, preparagdes com polivinilpirrolidona-iodo, solugéo alcodlica de iodo a 1%
(a@lcool-iodado), alcool isopropilico a 70%, triclosan a 1%, cloreto de cetilpiridinio, cloreto
de benzalconio, etc.) tém sido sugeridas para estas finalidades. No entanto, os
antissépticos mais estudados recentemente incluem o gluconato de clorexidina, o
cloreto de cetilpiridinio, e o cloreto de benzalcénio (LAWRENCE, 1960; SCHROEDER
et al.,1962; GJERMO et al. 1970; BONESVOLL & GJERMO, 1978; PELCZAR-Jr et al.
1993; QUIRYNEN et al., 1999; HAPS et al., 2008; BUSSCHER et al., 2008; TORTORA

et al., 2009; Alves et al. 2012; OSSO et al., 2013).
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Anteriormente a discussdo dos resultados torna-se oportuno analisar alguns
fatores a cerca da metodologia. O espectro de atividade de um agente antimicrobiano
mostra-se essencial para melhorar o controle da infeccdo. Em geral, destacam-se trés
técnicas, in vitro, que séo utilizadas para esta finalidade: o método de diluicdo, o qual
produz um resultado quantitativo para o agente antimicrobiano; o método de difusédo em
agar, que da uma zona de inibicdo em torno do agente; o método de exposicao direta,
que fornece informacg@es qualitativas sobre a substancia. Todas as técnicas apresentam
vantagens e desvantagens. O método de diluicdo pode ser usado apenas com as
substancias que sao solaveis no meio de cultura. O tamanho da zona de inibicdo
microbiana depende da solubilidade e difusibilidade da substancia teste no método de
difusdo em agar e, por conseguinte, pode ndo expressar todo o seu potencial. O
método de exposicdo direta esta correlacionado com a eficacia de substancias e seu
contato direto com micro-organismos. Este método é independente de outras variaveis
e € pratico em laboratorio (ESTRELA et al., 2005; BAMMANN & ESTRELA, 2009).
Considerando estes aspectos, no presente estudo houve aplicacdo de mais de um
método, com intuito de minimizar distor¢cdes nos resultados.

A metodologia empregada teve como referencial uma analise de estudos
anteriores (ESTRELA et al., 2003, 2004, 2005), que também utilizaram estes mesmos
meétodos. No teste de difusdo em agar, o parametro de referéncia relaciona-se a medida
dos halos de inibicdo de crescimento microbiano. No presente estudo, influéncias como
a diferenca de solubilidade e difusibilidade dos agentes foram eliminadas a partir dos
critérios de selecdo das solucdes testes. O teste de difusdo em agar ndo distingue
propriedades bacteriostaticas e bactericidas das solu¢cdes avaliadas. O método é muito

utilizado em microbiologia, e também padréo para antibiograma. Os resultados dos

28



diferentes experimentos devem ser cuidadosamente examinados e interpretados para
ndo ser equivocadamente extrapolados para uma aplicagcdo clinica (ESTRELA et al.,
2005; BAMMANN & ESTRELA, 2009).

Os micro-organismos selecionados para este estudo constituiram-se de micro-
organismos expressivos presentes em processos de carie dentaria, canais radiculares
infectados e infeccdes hospitalares, apresentando distintas caracteristicas morfologicas,
tintoriais e respiratérias. Adotou-se como base para a selecdo 0s micro-organismos
Streptococcus  mutans,  Enterococcus faecalis, Pseudomonas aeruginosa.
Especialmente, em relacdo ao meio de cultura, os meios empregados no experimento
suportam as exigéncias nutritivas de micro-organismos exigentes. Os periodos de
analise foram escolhidos devido a importancia no contexto do estudo. A opcéo por
estas técnicas experimentais ocorreu em funcdo de serem simples, reprodutiveis e
eficazes aos propoésitos descritos. Além do mais, permitem alcancar os diferentes tipos
respiratorios de bactérias; facultativas e anaerdbias, e recuperar células microbianas
guando em pequena quantidade, especialmente quando se estuda ecossistemas
microbianos ricos. Os parametros, quanto a adocdo de uma técnica asséptica, foram
rigorosamente seguidos durante o desenvolvimento destas metodologias.

As bactérias utilizadas foram selecionadas devido a importancia clinica. A cérie
dentaria representa uma doenca infecciosa da boca, com uma importante participacéo
do S. Mutans, cujo potencial de aderéncia evidencia sua importancia em odontologia
(LOESCHE, 1986, 1993; CAUFIELD & WALKER, 1989; CURTISS, 1986; MARSH,
2003; MATSUMOTO et al., 2006). O E. Faecalis, bactéria Gram-positiva facultativa,
apresenta destague como agente de elevada capacidade patogénica em infeccOes

hospitalares e infecgoes endodonticas (SLOTS & TAUBMAN; MOLANDER et al., 1998;
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SUNDQVIST et al., 1998; LOVE, 2001; PORTENIER et al., 2003, ESTRELA et al.,
2012). Love (2001) verificou o possivel mecanismo que pudesse explicar como o
Enterococcus faecalis poderia sobreviver e crescer dentro dos tubulos dentinarios e
reinfectar um canal radicular obturado. O fator de viruléncia do E. faecalis no fracasso
de dentes tratados endodonticamente pode estar relacionado a habilidade destas
célulasmanterem a capacidade para invadir os tubulos dentinarios e aderir ao colageno.
A Pseudomonas aeruginosa, bactéria Gram-negativa facultativa, também apresenta
importancia relacionada as infec¢des hospitalares (SLOTS & TAUBMAN, 1992).

Os resultados do presente estudo demonstraram que as solucdes antissépticas
bucais testadas apresentaram efeito antibacteriano frente ao Streptococcus mutans,
Enterococcus faecalis e Pseudomonas aeruginosa. No teste de difusdo em agar, o
cloreto de cetilpirinio 0,07% e 0,075% apresentaram halos de inibicdo bacteriana com
mensuracdes a partir de 10 mm, enquanto que, o cloreto de benzalcénio exibiu valores
superiores a 12 mm para os indicadores biolégicos testados. As maiores medidas de
difusdo em &gar foram verificadas no gluconato de clorexidina 0,12%, com médias
acima de 14 mm. No teste por contato direto, o cloreto de cetilpiridinio 0,07% e 0,075%
e o gluconato de clorexidina 0,12% apresentaram efeito antibacteriano contra todos os
micro-organismos somente apos 10 minutos de teste. A solucdo de cloreto de
benzalconio apresentou efeito antibacteriano frente aos indicadores biologicos
decorridos 5 minutos de exposicéo direta as bactérias.

Os antissépticos bucais sdo recomendados para o controle da microbiota
bacteriana, porém, nem todos os profissionais reconhecem a importancia de sua
utilizacao. A efetividade antibacteriana de antissépticos bucais possibilita reduzir micro-

organismos plancténicos e favorecer o controle de placa bacteriana e gengivite.
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Os resultados do presente estudo estdo de acordo com avaliacbes prévias
(LAWRENCE, 1960, HENNESSEY, 1973). Lawrence (1960) verificou a atividade
antimicrobiana da clorexidina, do cloreto de benzalcénio, do iodo-povidine e do fenol. A
clorexidina desempenhou atividade antimicrobiana superior quando comparada as
substancias derivadas do amoénio quaternario. Hennessey (1973), avaliando as
propriedades antimicrobianas da clorexidina, verificou efetividade, sendo que, 0s micro-
organismos Gram-positivos foram mais sensiveis que os Gram-negativos, e que 0s
estafilococos foram mais resistentes que 0s estreptococos.

A clorexidina € um agente catibnico que exibe atividade antibacteriana. A
natureza catiébnica do composto promove conexao com o grupo aniénico na superficie
bacteriana (grupos fosfatos do &cido teicdico nas bactérias Gram-positivas e
lipopolissacarideo nas bactérias Gram-negativas), sendo capaz de alterar sua
integridade. O ion potassio, sendo uma entidade pequena, é a primeira substancia a
aparecer quando a membrana citoplasmatica promove precipitacdo de proteinas
citoplasmaticas, por alterar o balanco osmotico da célula, interferindo no metabolismo,
crescimento, divisdo celular, inibindo a membrana ATPase e inibindo o processo
anaerobio (ESTRELA et al., 2003).

Estrela et al. (2003) determinaram a concentragao inibitoria minima de hipoclorito
de sodio a 1%, clorexidina a 2%, para inibir S. aureus, E. faecalis, P. aeruginosa, B.
subtilis, C. albicans e uma mistura destes micro-organismos, a partir de uma série de
diluicdes na proporcao de 1:10. Os resultados mostraram que a concentracao inibitoria
minima do hipoclorito de sédio a 1% necessaria para inibir S. aureus, E. faecalis, P.

aeruginosa e C. albicans foi 0,1% e 1% para B. Subtilise para a mistura. A clorexidina a
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2% mostrou concentracao inibitoria minima de 0,000002% para S. aureus; 0,002% para
P. aeruginosa; 0,02% para E. faecalis, B. Subtilis, C. albicans e para a mistura.

Os compostos de amobnio quaternario catibnicos s&do substancias com
capacidade antimicrobiana, estabilidade e solubilidade na &gua. A atividade
antibacteriana esta relacionada com parte da carga positiva da molécula (o cation). As
estruturas dos compostos de aménio quaternario sdo relacionadas com cloreto de
amoénio (NH4CI) (Pelczar-Jr et al., 1993). O cation ambiente da molécula estimula a
ligacdo com composto anibnico na superficie da bactéria, e € capaz de alterar a
integridade da membrana citoplasmatica. Uma vez a membrana citoplasmatica
danificada, as alteracbes das funcdes que envolvem a permeabilidade da membrana
citoplasmatica podem ser observadas. A inativacdo das enzimas membrana
citoplasmatica traz consequéncias graves, tais como a desnaturacdo de proteinas
(ESTRELA & PECORA, 2009; TORTORA et al., 2009; BUSSCHER et al., 2008;
ESTRELA et al.,, 2012). Os detergentes catibnicos (em compostos de amonio
guaternario) sdo amplamente utilizados como agentes ativos de superficie. Dois destes
detergentes sdo bem conhecidos - o cloreto de benzalcénio e cloreto de cetilpiridinio
(BUSSCHER et al., 2008).

Haps et al. (2008) desenvolveram uma revisdo sistematica sobre o cloreto de
cetilpiridinio (CCP) presente em enxaguatorios bucais, em funcdo da efetividade na
escovacao, e prevencao do acumulo de placa e inflamacdo gengival. Posterior a
triagem independente de titulos e resumos de 3250 manuscritos, resultou em oito
publicacdes que atenderam aos critérios de elegibilidade. As comparacfes descritivas
foram apresentadas para escovar, ou apenas escovar 0s dentes e enxaguar. A

evidéncia existente suporta que o CCP presente nos enxaguatorios bucais, quando
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usado como coadjuvante, supervisionado ou ndo em higiene oral, proporciona beneficio
adicional na reducdo do acumulo de placa e inflamac&o gengival. Osso et al. (2013)
frente a revisdo sistematica relataram que a maioria dos estudos tém mostrado que 0s
enxaguatorios bucais contendo gluconato de clorexidina ou 6leos essenciais e salicilato
de metila fornecem beneficios clinicos anti-placa e gengivite. A clorexidina, os 0Oleos
essenciais e 0 CCP mostraram-se efetivos. Os estudos apoiam a eficacia da lavagem
da boca com antisséptico na reducdo de placa e gengivite. Todavia, evidéncias
disponiveis séo insuficientes para apoiar a afirmacdo de que os antissépticos bucais
podem reduzir o risco de periodontite em desenvolvimento ou a taxa de progressao da
periodontite. Estrela et al. (2012) verificaram o potencial antibacteriano de cloreto de
cetilpiridinio em 40 canais radiculares infectados por E. faecalis durante 60 dias. Os
resultados mostraram a presenca de E. faecalis posterior ao processo de sanificacao do
canal radicular. O cloreto de cetilpiridinio mostrou reduzir o numero de bactérias. No
teste de difusdo em agar, o CCP determinou inibicdo microbiana, com resultados
semelhantes a CHX a 2% e maiores do que o hipoclorito de sédio a 2,5%. O cloreto de
cetilpiridinio demonstrou potencial antibacteriano em infeccdo endodontica por E.
faecalis.

O processo de antissepsia anterior as cirurgias bucais deve ser adotada como
rotina pelos cirurgidbes bucomaxilofaciais, uma vez que o controle da microbiota
presente na cavidade bucal pode favorecer o processo de reparacéo tecidual. Todavia,
estudos clinicos longitudinais sdo necessarios para sedimentar as tomadas de decistes

quanto ao controle microbiano pré-cirurgico.
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CONCLUSOES

Considerando a metodologia descrita € licito concluir que as solugcdes
antissépticas estudadas apresentaram efeito antibacteriano por contato direto frente S.

mutans, E. faecalis e P. aeruginosa.
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ABSTRACT

Purpose:to evaluate the antibacterial effect of oral antiseptics (cetylpyridinium chloride,
chlorhexidine gluconate and benzalkonium chloride) on S. mutans, E. faecalis andP.
aeruginosa, determined by agar diffusion test and direct exposition test. Methods: The
strains were inoculated in 7 mL BHI and incubated at 37°C for 24 hours. For agar
diffusion test, 13 Petri plates with 20 mL BHIA were inoculated with 0.1 mL of microbial
suspensions, aided by sterilized swabs, obtaining a confluent growth. Thirty six paper
discs with 9 mm diameter were immersed in experimental solutions (cetylpyridinium
chloride 0.07%, cetylpyridinium chloride 0.075%, chlorhexidine gluconate 0.12% and
benzalkonium chloride 0.13%) for 1 minute. Following, at each plate, 3 paper discs
containing irrigant solutions were put on BHIA surface. The plates were kept for 1 hour
at environmental temperature and incubated at 37°C for 48 hours. Inhibition zones were
measured over the paper discs containing the solutions, using two perpendicular
measurements and obtaining the mean value. For direct exposition test, 516 sterilized
paper points #50 were immersed on microorganisms suspension for 5 minutes, put in
Petri plates and covered with 10 mL of irrigant solution. At 1, 5, 10 and 30 minutes
intervals, 3 paper points were removed from substances contact, transported individually
and immersed in 7 mL Letheen Broth, and incubated at 37°C for 48 hours. Bacterial
growth was evaluated by medium turbidity. An inoculum of 0.1 mL Letheen Broth was
transferred to 7 mL BHI, and incubated at the same conditions previously described.
Bacterial growth was again evaluated by medium turbidity. Results: Inhibition zones
were greater than 10 mm for all substances and in microorganisms tested.

Benzalkonium chloride presented antibacterial effect against the biological markers after
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5 minutes in direct exposition, while cetylpyridinium chloride and chlorhexidine gluconate
presented antibacterial effect against all the microorganisms after 10 minutes.
Conclusion: The antiseptic solutions presented antibacterial effect against S. mutans,
E. faecalis e P. aeruginosa.

Keywords: Cetylpyridinium, Chlorhexidine, Benzalkonium.

INTRODUCTION

Oral microorganisms in microbial biofilms organized in the form of dental
plaque adhering to hard and soft tissues of the mouth. The presence of oral microbial
biofilm is considered an important factorin the etiology of dental caries
and periodontal diseases as well as in post-surgical infections®.

There are different microbial species in the mouth that can be distributed across
multiple ecosystems: oral epithelium, dorsum of the tongue supragingival tooth surface,
dental and epithelial subgingival surface. The contact of saliva with these oral tissues
enables these cells, from different regions®°.

Saliva is a body fluid that is in contact with the entire oral surface. Their
characteristics influence the microbiota as increase or decrease their survivability. There
are proteins that function as ligand receptors in the saliva, which favors the adhesion of
microorganisms on the tooth surface. Furthermore, the saliva is the primary source of
nutrients for approximately 108-109 viable microorganisms / ml*>.

The teeth have a surface mineralized, not descamative, which favors the
development of large microbial deposits. Despite more than 700 bacterial species have
been isolated and characterized in dental plaque, has not yet been possible to identify
all of them®”.

The oral infectious diseases contribute as the main risk factors for the systemic
changes. Dental caries is an infectious disease of the mouth, multifactorial, with genetic,
environmental, dietary and bacterial factors. A considerable number of studies showed a

significant association between Streptococcus mutans and early carious lesions®*2,
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S. mutans is a Gram-positive bacterium which shows high fermentability, thereby
accumulating a large amount of acid, and provide a reduction in pH. It is a facultative
microorganism capable of producing extracellular and intracellular polysaccharides
which favor microbial adherence'®.E. faecalis is a bacterium which has been studied
because it is associated with endodontic and hospital infections™**°.This is a Gram
positive, facultative bacterium, which has as a virulence factor production of the
substance of aggregation and surface adhesion agents that promote its adherence to
host cells and extracellular matrix, thus facilitating invasion of the tissue®®.Addition to
these aspects that highlight these bacteria as important in endodontic infections, it
should be emphasized its ability to survive in adverse conditions, such as high pH
environments and high concentrations of sodium chloride™**®. Pseudomonas aeruginosa
is a Gram-negative bacteria, facultative aerobic. This bacterium is an opportunistic
pathogen that rarely causes disease in a healthy immune system, but takes advantage
of any weakness in the body to cause infections. This characteristic, associated with
resistance to various antibiotics and antiseptics justify the high frequency in a hospital
environment. One of the hypotheses is the incorrect use of these disinfectants®®.

Socransky & Haffajee (1992)'" classified the microorganisms as potential
pathogens or not. So that a microorganism can be considered pathogen, it must be
associated with a disease, must be evidenced in high numbers in diseased sites, must
be absent or reduced in sites that demonstrate clinical resolution; induce host response,
in the form of a cell modification or humoral immune response, must be apt to cause
disease in experimental animal models, show virulence factors responsible for allowing
the microorganism to cause destruction of host tissues.

Another aspect of relevance to oral microbiota is related to the presence of
bacteria in the blood (bacteremia), a form of the local infections spread to distant
organs. Normally it is temporary, due to a vigorous immune response when the
bacterium is detected in the blood. Infective endocarditis is a rare infection. but serious
because involving the heart valves or heart endothelial surfaces®. Another critical factor
associated with the risk of oral microbiota is the management of the oral tissues, which
can encourage bacterial invasion into the blood.

One of the resources to control the oral microbiota is the use of mouthwashes,

which have been used as antibacterial agents before, during and after surgical
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managementwith the purpose to reduce microorganisms, thus preventing propagation.
Thus, several substances have been recommended for carry out this antisepsis. Among
these, chlorhexidine is a substance whose antibacterial effect has been widely studied,
and is therefore suitable for this purpose. Other substances also suitable for oral
antiseptic are quaternary ammonium compounds which also show effective antibacterial
substances®®*®,

Considering the importance of bacteria as a cause of common diseases that
occur in the mouth and the possible influences of other infections, the analysis of
antibacterial activity of antiseptic solutions available for sale is an important subject for
study. Thus, this study aimed to evaluate the antibacterial effect of mouthwash on S.
mutans, E. faecalis and P. aeruginosa by means of agar diffusion test and test for direct

exposure.

MATERIAL AND METHODS

Biological indicators

For this study, three samples of microorganisms obtained from American Type
Culture Collection were used.

1. Streptococcus mutans (ATCC 25175)

2. Enterococcus faecalis (ATCC 29212)

3. Pseudomonas aeruginosa (ATCC 27853)

The strains were inoculated into 7 ml of Brain Heart Infusion (BHI, Difco
Laboratories, Detroit, Ml, USA) and incubated at 37 ° C for 24 hours. The three indicator
microorganisms were grown on the surface of Brain Heart Infusion Agar (BHIA, Difco
Laboratories, Detroit, Ml, USA), following the same incubation conditions, microbial cells
were suspended in saline to give a final concentration of about 3 X 108 cells / ml, similar
to tube 1 of the McFarland scale. Figure 1 shows a schematic representation of the

process performed to obtain the microbial suspensions.
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Figure 1. Process for obtain the microbial suspensions.

Experimental solutions

The antiseptic solutions tested in this study were 0.07% cetylpyridinium chloride
(Oral B Pro Health Clinical Protection ®, The Procter & Gamble Manufacturing
Company, 2200 Lower Road lowa City, 1A 52240 USA), cetylpyridinium chloride 0.075%
(Colgate Plax soft mint ®, Colgate-Palmolive Industrial Ltda, V. Anchieta, 14 km, SB
Campo, SP, Brazil), chlorhexidine gluconate 0.12% (Colgate Periogard ®, Colgate-
Palmolive Industrial Ltda, V. Anchieta, km 14, SB Field, SP, Brazil) and benzalkonium
chloride 1.30 mg / lidocaine hydrochloride 25 mg (antiseptic spray Nexcare ®, 3M).

The agar diffusion test

For the agar diffusion test, 13 Petri plague with 20 ml BHIA were inoculated with
0.1 ml of the microbial suspension, with the aid of sterile swabs. The inoculum was
disseminated in surface of the culture medium so as to obtain confluent growth. Thirty-
six paper disks 9 mm in diameter were immersed in the experimental solution for one
minute. For the negative control, another 3 paper discs were immersed in distilled water
for one minute and deposited on agar plates. To each plaque containing culture medium
(BHIA) 3 paper discs were placed. The Petri plaque were maintained for one hour at
room temperature, and then incubated at 37 ° C for 48 hours. The diameters of the

zones of microbial inhibition were measured around the paper disks containing the test
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substances. Positive and negative controls were done, keeping the BHIA plaque
inoculated and non-inoculated, and periods under identical incubation conditions. The
entire experiment was performed under aseptic conditions. Figure 2 shows a schematic

representation of the experimental design used for the agar diffusion test.

Discos de papel /
Solucdo experimental

Disseminacdo
microbiana

Suspensdo
microbiana

(3x108 células/mL)

BHI Agar BHI Agar + Discos de Halos de inibigdo
papel/solucdo experimental

Figure 2. Schematic representation of agar diffusion test.

Test for direct exposure

For the direct exposure test, 516 of absorbent paper cones sterilized at 50
(Tanari, Tanariman Industry Ltda., Manacapuru, AM, Brazil) were immersed in
suspensions of microorganisms for 5 minutes, and were then placed on Petri plague and
covered with 10 mL of four antiseptic solutions, or sterile distilled water (control group).
At intervals of 1, 5, 10 and 30 minutes, 3 cones of absorbent paper were removed from
the contact of the substances transported individually and immersed in 7 mL of Letheen
Broth (Difco Laboratories, Detroit, MI, USA) or medium containing neutralizing plus
Tween 80 and sodium thiosulfate (PA, Art Laboratories, Campinas, SP, Brazil) at
appropriate concentrations, and subsequently incubated at 37 ° C for 48 hours. At
intervals of 1, 5, 10 and 30 minutes, 3 cones of absorbent paper were removed from the

contact of the substances transported individually and immersed in 7 mL of Letheen
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Broth (Difco Laboratories, Detroit, MI, USA) or medium containing neutralizing plus
Tween 80 and sodium thiosulfate (PA, Art Laboratories, Campinas, SP, Brazil) at
appropriate concentrations, and subsequently incubated at 37 ° C for 48 hours. Then, an
inoculum of 0.1 ml of Letheen broth obtained was transferred to 7 mL of BHI under
identical incubation conditions. Microbial growth was assessed by turbidity of the culture
medium. All experiments were performed under aseptic conditions. Figure 5 shows a

schematic representation of the experimental design for testing by direct exposure.
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Figure 3. Schematic representation of the test by direct exposure.

RESULTS

The agar diffusion test
All antiseptic solutions tested showed antimicrobial effect against the biological
indicators tested. The inhibition zones were larger than 10 mm for all substances and

microorganisms. Results of the agar diffusion test are shown in Table 1.
Test by direct exposure

The solution of benzalkonium chloride showed antimicrobial effect against all
biological indicators after 5 minutes. While cetylpyridinium chloride and chlorhexidine
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gluconate showed antimicrobial activity against all microorganisms only after 10

minutes. The results of the direct exposure test are shown in Table 2.

Table 1. Average of the diameters halos of inhibition of microbial

antiseptic solutions by means of agar diffusion (in millimeters).

Chemicals / microorganisms S. mutans S. mutans E. faecalis P. aeruginosa
CAGP CAGP BAGN
Cetylpyridinium chloride 0.07% 11 13 11
Cetylpyridinium chloride 0.075% 12 11 10
Chlorhexidine gluconate 0.12% 14 14 17
Benzalkonium chloride / Lidocaine 14 13 12
Control (distilled water) 0 0 0

(CAGP = Gram-positive aerobic cocci; Bagn = Gram-negative aerobic bacilli)
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Table 2. Antibacterial effect of antiseptic solutions under test by direct

exposure.
Chemicals / microorganisms Imin 5min 10min 30min
cetylpyridinium chloride0.07%
S. mutans +++
E. faecalis +++ +++ — —
P. aeruginosa +++
cetylpyridinium chloride0.075%
S. mutans +++ +++
E. faecalis +++ +++ — —
P. aeruginosa +++ +++
Chlorhexidine gluconate0.12%
S. mutans
E. faecalis +++ +++
P. aeruginosa +++
Benzalkonium chloride / lidocaine
S. mutans
E. faecalis +++

P. aeruginosa

+++, Presence of growth; --- Absence of growth.

DISCUSSION

The mouth is an antiseptic environment of the organism, the presence of a
complex microbiota, characterized by the presence of Gram-positive and Gram-negative
bacteria, fungi, protozoa and viruses. These bacteria are distributed in various
concentrations in four main ecosystems oral - oral epithelium, the tongue, supragingival
tooth surface and tooth surfaces - and subgingival epithelial and saliva, which has no
own microbiota, as it demonstrates what is present in the sites of the mouth'®*°,

The bacterial control in different clinical conditions it is essential, such as pre-

operative antiseptic protocols. The adoption of aseptic technique during any clinical

48



surgery requires making an effective antiseptic and antisepsis of hands and mouth, with
effective antimicrobial agents, which allows considerable reduction of the microbial
population®. Various antiseptic solutions at different concentrations (chlorhexidine
gluconate, preparations containing povidone-iodine alcoholic solution of iodine (1%
iodine alcohol), isopropyl alcohol 70% 1% triclosan, cetylpyridinium chloride,
benzalkonium chloride, etc.) have been suggested for these purposes. However, more
recently studied include antiseptics chlorhexidine, cetylpyridinium chloride and
benzalkonium chloride**°.

Before the discussing the results it is timely to consider some factors about the
methodology. The spectrum of activity of an antimicrobial agent shown to be essential
for improving infection control. In general, three techniques stand out in vitro, which are
used for this purpose: the dilution method, which produces a quantitative results for the
antimicrobial agent, the method of diffusion in agar, which gives a zone of inhibition
around agent, the method of direct exposure, which provides qualitative information on
the substance. All techniques have advantages and disadvantages. The dilution method
can be used only with substances that are soluble in the culture substrate. The size of
the microbial inhibition zone depends upon the solubility and diffusivity of the test
substance in the agar diffusion method, and therefore cannot express its full potential.
The method of direct exposure is correlated with the efficacy of substances and their
direct contact with microorganisms. This method is independent of other variables and is
practical in the laboratory'®3*, Considering these aspects, in this study there was more
than one application method, with the purpose to minimize distortions in the results.

31—33’ who

The methodology used had as reference an analysis of previous studies
also used these same methods. In the agar diffusion test, the benchmark relates to the
measurement of inhibition zones of microbial growth. In the present study, influences
how the difference in solubility and diffusivity of the agents were removed from the
criteria for selecting the test solutions. Factors like agar concentration, temperature, pH,
absence of pre-incubation, the culture medium resection, maintenance for longer than
the allowed for a correct analysis favor the obtaining of questionable results. The agar
diffusion test does not distinguish between bacteriostatic and bactericidal properties of

the evaluated solutions. The method is widely used in microbiology, and also standard
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for susceptibility testing. The results of different experiments should be carefully
examined and interpreted not to be mistakenly extrapolated to a clinical application*®®,

The organisms selected for this study consist of significant microorganisms in the
process of dental caries, endodontic infections and hospital infections with distinct
morphological, tinctorial and respiratory characteristics. It was adopted as the basis for
selection, microorganisms studied by other authors, which are made by Streptococcus
mutans, Enterococcus faecalis, Pseudomonas aeruginosa®*. Especially in relation to
the culture substrate, those used in the experiment support the nutritional requirements
of fastidious microorganisms®. The study periods were chosen because of the
importance in the context of the study, within the possibilities of the methodology.

The choice of these techniques was due to be simple, reproducible and effective
pair the purposes described. Moreover, suitable to achieve different types of respiratory
bacteria, anaerobic and facultative, and recovering microbial cells in small amounts
when, especially when studying rich microbial ecosystems. The parameters such as the
adoption of aseptic technique, were strictly followed during the development of these
methodologies.

The bacteria used in this study were previously studied in different studies. Dental
caries is an infectious disease of the mouth, with an important participation of S. Mutans,
whose potential adherence highlights its importance in dentistry>®*2.E. Faecalis, Gram-
positive facultative, has highlighted how high capacity pathogenic agent in endodontic
infections and hospital infections™**%**3®_ |ove (2001)* verified a possible mechanism
that could explain how the Enterococcus faecalis could survive and grow inside the
dentinal tubules and reinfect a root canal filled teeth. The virulence factor of E. faecalis
in the failure of endodontically treated teeth may be related to the ability of the cells of E.
faecalis retain the ability to invade dentinal tubules and adhere to collagen in the
presence of human serum. Pseudomonas aeruginosa, Gram-negative facultative
bacteria, has also related to hospital infections™®.

The results of this study demonstrated that the oral antiseptic solutions tested
showed antibacterial effect against Streptococcus mutans, Enterococcus faecalis, and
Pseudomonas aeruginosa. In the agar diffusion test, chloride cetilpirinio 0.07% and
0.075% had bacterial inhibition halos with measurements from 10 mm, whereas

benzalkonium chloride exhibited greater than 12 mm for biological indicators tested. The
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largest measures agar diffusion were observed in 0.12% chlorhexidine gluconate, with
greater than 14 mm. In the test by direct contact, cetylpyridinium chloride 0.05% and
0.07% and 0.12% chlorhexidine gluconate showed antibacterial effect against all
microorganisms only after 10 minutes of test. The solution of benzalkonium chloride
showed antibacterial effect against biological indicators after 5 minutes of direct
exposure to the bacteria.

Mouthwash is recommended for the control of bacterial microbiota, but not all
professionals recognize the importance of their use. The effectiveness of antibacterial
mouthwashes possible to reduce planktonic microorganisms and encourage the control
of plaque and gingivitis.

The results of this study agree with previous reviews?3’. Lawrence (1960)%
examined the antimicrobial activity of chlorhexidine, the benzalkonium chloride,
povidone-iodine and phenol. Chlorhexidine played higher antimicrobial activity
compared to derivatives of quaternary ammonium. Hennessey (1973)%* evaluated the
antimicrobial properties of chlorhexidine, verified effectiveness, and the Gram-positive
organisms were more sensitive than Gram-negative, and that the staphylococci were
more resistant than streptococci.

Chlorhexidine is a cationic agent that exhibits antibacterial activity. The cationic
nature of the compound promotes connection with the anionic group on the bacterial
surface (phosphate groups of teichoic acid in Gram-positive bacteria and
lipopolysaccharide in Gram-negative bacteria), being able to change its entirety. The
potassium ion, with a small entity, of the first substance to appear when the cytoplasmic
membrane promotes precipitation of cytoplasmic proteins by altering the osmotic
balance of the cell by interfering with the metabolism, growth, cell division by inhibiting
the ATPase membrane and inhibiting the process anaerobic>?.

Estrela et al. (2003)* determined the minimum inhibitory concentration of sodium
hypochlorite 1%, 2% chlorhexidine to inhibit S. aureus, E. faecalis, P. aeruginosa, B.
subtilis, C. albicans and a mix of these microorganisms from a dilution series of 1:10.
The results showed that the minimum inhibitory concentration of sodium hypochlorite
required to inhibit 1% S. aureus, E. faecalis, P. aeruginosa and C. albicans 0.1% and
1% for B. Subtilis and to the mixture. The 2% chlorhexidine showed a minimum
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inhibitory concentration of 0.000002% for S. aureus, 0.002% of P. aeruginosa; 0.02% for
E. faecalis, B. Subtilis, C. albicans and mixing.

The cationic quaternary ammonium compounds are substances with antimicrobial
properties, stability and solubility in water. The antibacterial activity is related to part of
the positive charge of the molecule (the cation). The structures of the quaternary
ammonium compounds are related with ammonium chloride (NH4CI)**. The cation
environment of the molecule stimulates binding to anionic compound on the surface of
the bacterium and is capable of altering the integrity of the cytoplasmic membrane. Once
the damaged cytoplasmic membrane, the function changes involving the permeability of
the cytoplasmic membrane can be observed. The inactivation of the cytoplasmic
membrane enzymes has serious consequences, such as protein denaturation?’2836:38,
Cationic detergents (for quaternary ammonium compounds) are widely used as surface
active agents. Two of these detergents are well known - benzalkonium chloride and
cetylpyridinium chloride?”.

Haps et al. (2008)* developed a systematic review of cetylpyridinium chloride
(CPC) present in mouthwashes, depending on the effectiveness of toothbrushing , and
preventing plaque accumulation and gingival inflammation. Later independent screening
of titles and abstracts of 3250 manuscripts resulted in eight publications that met the
eligibility criteria. The descriptive comparisons were presented for brushing or just brush
your teeth and rinse. Existing evidence supports the CPC present in mouthwashes,
when used as adjuvant, or not supervised oral hygiene, provides additional benefit in
reducing plaque accumulation and gingival inflammation. Osso et al. (2013)*° compared
the systematic review reported that most studies have shown that mouthwashes
containing chlorhexidine or essential oils and methyl salicylate provide clinical benefits
of anti - plague and gingivitis. The chlorhexidine, essential oils and the CPC have been
effective. The studies support the efficacy of antiseptic mouth wash in reducing plague
and gingivitis. However, the available evidence is insufficient to support the claim that
mouthwash may reduce the risk of developing periodontitis or the rate of progression of
periodontitis. Estrelaet al. (2012)* reported antimicrobial activity of cetylpyridinium
chloride (CPC) in 40 infected root canals by E. faecalis for 60 days. The results showed
the presence of E. faecalis later the process of root canal disinfection. Cetylpyridinium

chloride was shown to reduce the number of bacteria. In the agar diffusion test, the CPC
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determined microbial inhibition, with similar results to a 2% CHX and larger than sodium
hypochlorite and 2.5%. Cetylpyridinium chloride showed antimicrobial activity in
endodontic infection by E. faecalis.

The process prior to oral surgery antisepsis should be adopted as routine by
maxillofacial surgeons, since the control of the microbiota present in the oral cavity may
facilitate the process of tissue repair.

CONCLUSIONS

Considering the methodology described it can be concluded that antiseptic
solutions studied showed antibacterial effect by direct contact against S. mutans, E.
faecalis and P. aeruginosa.
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(patients or laboratory animals, including controls) clearly (quantity and
quality). Identify all procedures in sufficient detail. Identify precisely all
drugs and chemicals used, including generic name(s), dosage(s), and
route(s) of administration. Do not use patient's names, initials, or hospital
numbers. Describe statistical procedures with enough detail to enable a
knowledgeable reader with access to the original data to verify the reported
results. Authors are responsible for the accuracy of their report including all
statistical calculations and drug doses.

ETHICS

When reporting experiments on human subjects, indicate whether the
procedures were in accord with the Ethical Committee on Human
Experimentation of the Institution in which the experiments were done or in
accord with the Helsinki Declaration of 1975 as revised in 2008 [World
Medical Association (www.wma.net/e/policy/b3.htm) Patients have a right
to privacy that should not be infringed without informed consent. Obligation
to register clinical trials in a public trials registry established by the World
Health Organization. Identification humber at the end of abstract
[CONSORT - Consolidated Standards of Reporting Trials (www.consort-
statement.org) and International Clinical Trials Registry Platform (ICTRP).

When reporting experiments on animals, indicate that the use of laboratory
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animals follow the Council for International Organization of Medical Sciences
(CIOMS) ethical code for animal experimentation (WHO Chronicle 1985;
39(2):51-6)

The journal reserves the right not to accept an article on the grounds that
appropriate ethical or experimental standards have not been reached.

Results

Present the results in logical sequence in the text, using table, chart and
figure. Do not repeat in the text, all the data in the tables, chart and
figures. In the text, emphasize or summarize only important findings.
Include the statistical significance.

Tables: Are nhumbered in sequence (use arabic nhumerals), and supply a
brief title for each at the top. Use only approved abbreviations. Explain in
footnotes all non standards abbreviations that are used in each table. Must
be without vertical lines.

Chart: Is descriptive and closed. title at the top.

Figures [illustrations, photos, graphics]: must be with good quality.
Numbered in sequence (use arabic numerals). The legends must be in the
bottom of the figure.

Discussion

Emphasize the new and important aspect of the study Compare the method
and the results with those formely published. DO NOT REPEAT RESULTS.

Conclusion

Must be clear and concise. Link the conclusion with the goals of the study.
AVOID CONCLUSIONS NOT SUPPORTED ON DATA.
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