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Resumo

Objetivos:

Substitutos de agucar (ou adogantes) sdo extensivamente consumidos
principaimente pelas populagbes de diabéticos e de obesos. Embora alguns
estudos tenham avaliado o papel desses compostos na facilitagdo de
crescimento microbiano bucal, modulagdes na viruléncia bacteriana e/ou
fungicas sado praticamente desconhecidas.

Desenho:

Neste estudo buscou-se verificar tais modulagdes para Strepfococcus
sanguinis ATCC®10556™, Streptococcus mutans ATCC®25175™ e Candida
albicans SC5314. Foram avaliadas (i) a interferéncia na ades&o, (i) a
capacidade de formacao de biofilmes dinamicos, (iii) a secregéo de proteases
por esses biofilmes e (iv) a secre¢do de hemolisinas por esses biofilmes,
quando desafiados por aspartame, ciclamato de sédio, sacarina e xilitol, em
concentragoes préximas aquelas encontradas na saliva de consumidores.
Resultados:

Aspartame e ciclamato elevam a taxa de adesao de S. sanguinis (p < 0,009) e
Streptococcus mutans (p < 0,001); os guatro adogantes elevaram a adeséo de
C. albicans (p < 0,042). Maiores massas de células planctdnicas e biofilme
foram obtidas com xilitol para S. sanguinis (p < 0,003) e sacarina induziu
redugéo na biomassa de C. albicans (p = 0,045). Fatores soltveis fungicos néao
sofreram quaisquer alteragdes quando da presenga de substitutos de agucar (p
2 0,048), exceto, ciclamato K que reduziu a secre¢do de hemolisinas (p =

0,034).

vi



Conclusoes:
Em posse dos resultados obtidos conclui-se que os substitutos de aglcar aqui

analisados ndo elevam os fatores de viruléncia microbiana.

Palavras chave: Substitutos de acgucar, Biofilmes, Candida albicans,

Streptococcus mutans, Streptococcus sanguinis, Viruléncia.

vii
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Abstract

Objectives:

Sugar substitutes (or sweeteners) are extensively consumed, especially in
diabetic and obese populations. Even though some studies have examined the
role of these compounds in facilitating oral microbial growth, modulations in
bacterial and/or fungal virulence remain practically unknown.

Design:

This study attempted to verify the occurrence of such modulations in
Streptococcus sanguinis ATCC®10556™, Streptococcus mutans
ATCC®25175™ and Candida albicans SC5314. The study assessed (i) the
interference of adhesion, (ii) the ability to form dynamic biofilms, (iii} the
protease secreted by such biofilms and (iv) the hemolysins secreted by these
biofilms where challenged by aspartame, sodium cyclamate, saccharin and
xylitol, in concentrations approximating those found in the saliva of consumers.
Results:

Aspartame and cyclamate were found to increase the adhesion rate of S.
sanguinis (p < 0.009) and Streptococcus mutans (p < 0.001); all four
sweeteners increased the adhesion rate of C. albicans (p < 0.042). Larger
masses of planktonic cells and biofilm resulted from xylitol for S. sanguinis (p <
0.003) and saccharin induced reduction of biomass of C. albicans (p = 0.045).
Soluble fungal factors showed no observable changes in the presence of sugar
substitutes (p = 0.048), except for cyclamate K, which reduced the secretion of

hemolysins (p = 0.034).

Vil



Conclusions:
The findings support the conclusion that the sugar substitutes assessed do not

increase microbial virulence factors.

Keywords: Sugar substitutes, Biofilms, Candida albicans, Streptococcus

mutans, Streptococcus sanguinis, Virulence.
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INTRODUGCAO

A demanda por substitutos de agucar cresce em fungéo do concomitante
aumento na taxa de diabéticos e de obesos no meio urbano. Em termos de
mercado global, a expectativa de consumo de adogantes de baixa-caloria para
2016 foi projetada para préximo de US$ 9,9 bilhdes (Person, 2011).

Embora considerados seguros em relacdo a um pretenso potencial
mutagénico, aspartame, acesulfame K e sacarina(Bandyopadhyay, Ghoshal, &
Mukherjee, 2008), dentre outros, ainda séo tratados com relativa suspeigéo por
parte da populacéo.

Dada a aita diversidade quimica das moleculas empregadas como
adocantes, as interagbes com microrganismos bucais sdo muito variadas. Por
um lado, existem relatos de que aspartame, sacarina e sucralose apresentam
atividade inibitéria sobre Porphyromonas gingivalis e Aggregatibacter
actinomycetemcomitans (Prashant, Patil, Nagaraj, & Patel, 2012); por outro, foi
determinado que aspartame, acesulfame K e sacarina podem inibir ou favorecer
o crescimento de Sireptococcus mutans, dependendo da concentragéo
(Linke,1983). Fenémeno de adaptagdo com surgimento de mutantes resistentes
também foi reportado para estreptococos cariogénicos em relagdo ao xilitol
Trahan, Bourgeau, & Breton,1996).

Contudo, a despeito dos achados acima relatados, o risco potencial de
incremento da agressividade de agentes bacterianos ou fungicos bucais foi, até
o momento, somente avaliado de forma superficial. Avaliagbes mais
aprofundadas, no que tange a viruléncia microbiana modulada por essa classe
de xenobibticos, praticamente inexistem.

Dada a inconsisténcia e, mesmo, a falta de informagbes acerca das

interagbes entre adogantes e microrganismos bucais, a proposi¢éo central deste
1
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estudo foi determinar (i) a interferéncia na adeséo, (ii) a capacidade de formagéao
de biofilme, (iii) a secregao de proteases e (iv) de hemolisinas, por Streptococcus
sanguinis, Streptococcus mutans e Candida albicans quando desafiados por
aspartame, ciclamato de sédio, sacarina e xilitol.
MATERIAL E METODOS
Cepas

Foram empregadas as cepas constantes na tabela 1. Elas foram crescidas
em meios de cultura especificos e em mesma condicdo atmosférica

microaerofilica e capnofilica.

Tabela 1. Microrganismos e condigdes de crescimento microbiano

Microrganismo/cepa Meio de cuitura Atmaosfera Temperatura
Streptococcus sanguinis ATCC®10556™ BHI N, 80% +
Streptococcus mutans ATCC®25175™ 0210% + 35°C
Candida albicans SC5314 YNB CO2 10%

Adocantes

Foram empregados os substitutos de aglcar aspartame, ciclamato de
sodio, sacarina e xilitol. Todos apresentavam pureza grau farmacéutico (Fooding
Group Ltd, Shanghai, China).

Quando da utilizagdo, os adogantes foram dissolvidos em agua reagente
tipo 1l até concentragdes 100 vezes superiores aquelas preconizadas por Li et al
(2002). A saber, aspartame 250 mM, ciclamato Na 500 mM, sacarina 100 mM e
xilitol 100 mM. Apé6s a dissolugdao completa dos solutos, as solugdes foram
filtradas em membrana 0,22 ym e acondicionadas em frascos esterilizados, a

5°C e ao abrigo da luz.
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Adesao celular

Os microrganismos foram adicionados aos meios+adogantes até obtengéo
de suspensdes contendo ca. 1x10’ células.mL™". Os tubos selados contendo os
ensaios, em volume de 5 mL, foram incubados em atmosfera com pCO; 10% e
37 °C, por 48 h. Homogeneizagbes foram obtidas com homogeneizador para
sangue a 6 rpm.

As células foram recolhidas por centrifugagdo (10000 xg; 5 min) e lavadas
com NaCl 145 mM estéril (3x). Os sedimentos foram desagregados em vértex
de 2000 rpm e receberam aliquotas de 5 mL de agua destilada estéril. Essas
células foram mantidas em 37 °C e utilizadas em um intervalo de 2 h.

Laminas de microscopia desengorduradas com éter etilico foram
autoclavadas dentro de copos de polipropileno para coloragdo, com selagem
hermética. Solu¢do de L-arginina 1% estéril foi adicionada aos copos estaticos
até cobrir a extensdo de 6 cm. A solugdo foi mantida por 2 h, a 37 °C. Ap6s, foi
drenada e o0s copos receberam as suspensdes microbianas. As suspensdes
foram mantidas a 37 °C, por 2 h e 6 rpm, em homogeneizador de sangue AP22
(Phoenix-Luferco Ind Com, Araraquara, Brasil).

As suspensdes foram drenadas e as |lAminas foram lavadas com NaCl 145
mM estéril (3%). Foram adicionados volumes de cristal violeta 1% até cobrir 5§ cm
de extensdo das laminas e essas foram coradas por 10 min. As laminas foram
lavadas com agua destilada (5x) e o corante foi extraido com 1 mL de alcool
isopropilico. As absorbancias dos eluatos foram determinadas em 540 nm, em
leitora de placas TP-Reader (Thermo Plate Inc. China). Esses valores foram
referentes a area de 25 cm®. Comparagdes foram realizadas com laminas
somente recobertas por L-arginina (basal) e culturas ndo desafiadas com

adogantes (controle-negativo).
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Formagao de biofilmes

Os diferentes microrganismos foram crescidos de forma plancténica, como
descrito acima.

Discos de papel-filtro de 80 mm foram esterilizados em autoclave e secos
em estufa. Sobre eles, foram dispensados 30 discos estéreis de papel para
antibiograma de 0,5 mm (Cefar Diagnéstica Ltda), de forma a cobrir sua
periferia, mas sem sobreposicionamento desses discos. Nesses discos de
antibiograma foram dispensados 10 pyL de suspensdes padronizadas crescidas
em presenca dos adocantes.

Esse conjunto foi inserido em Biorreator para Biofilmes sobre Papel (Selow,
Rymovicz, Ribas, Saadi, Rosa, & Rosa, 2015) (PEBR, Figura 1) que recebeu
fluxo continuo de meios de cultura contendo os diferentes adogantes, na vazao
de ca. 100 pL.min™". Os discos foram incubados a 37 °C, e atmosfera de N, 80%,

02 10%, CO2 10%, por 72 h.

0.22 pm filter

Flow controler

Culture

0.22 pm filter
& broth

grovmeia=s Filter paper plug

[ {) @ Broth/gas eflux

Figura 1. Biorreator para Biofilmes sobre Papel (PEBR).
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Atividade proteolitica dos biofilmes

Apo6s o término das incubagdes, os sistemas foram desmontados e 10
discos contendo biofilmes foram removidos e inseridos verticalmente em
microtubos de 1,5 mL. Os microtubos foram preenchidos com 800 uL de solugéo
contendo BSA 0,2 mg.mL", tampao citrato de sédio 10 mM e 4cido citrico 10
mM (pH 5,0), e foram incubados a 37 °C, por 4 h e 100 rpm. Decorrido o tempo
de digestdo, aliquotas de 100 pL de sobrenadantes foram combinadas com
volumes de 100 pL de solucdo de Coomassie (Brilliant blue G-250 0,025%,
etanol 11,75%, acido fosférico 21,25%) em placas de microtitulacdo de fundo
chato de 96 pogos. Apés 5 min, as densidades opticas das misturas foram
determinadas em 540 nm. Como controles, foram utilizadas repeticbes de
solugcdo de Coomassie com agua deionizada (blank) e repeticbes da solugdo
BSA/citrato com solugéo de Coomassie (basal concentration).

Uma unidade enzimatica foi arbitrariamente determinada como sendo a
quantidade de enzima capaz de promover a digestdo de um micrograma de
BSA, por mililitro, por minuto. Unidades de atividade proteolitica pela
absorbancia da reducdo de MTT (abaixo) foram tomadas como atividade

proteolitica especifica.

Atividade hemolitica dos biofilmes

Apés o término da incubagédo, os sistemas foram desmontados e os plugs
foram removidos; lavados delicadamente em agua estéril, por imerséo; e
inseridos verticalmente em pocos de placas de cultura de tecidos com 24 pogos.
Os pocos foram preenchidos com 3 mL de suspenséao de eritrocitos de carneiro
1% [em Tris- HCI 10 mM contendo NaCl 145 mM (pH 7,5)] e foram incubados a

37 °C, em agitacdo de 100 rpm. Apbés 4 h de incubagdo, os plugs foram
5
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removidos e as suspensdes foram sedimentadas a 5 °C, por 15 h. As ODs4g dos
sobrenadantes foram determinadas. Os controles negativos tiveram iguais
volumes de tampao e de suspensao de eritrcitos sedimentados a 5 °C, por 15
h.

Uma unidade hemolitica foi arbitrariamente definida com base na alteragao
de absorbancia por minuto de incubagcdo a 37 °C. Unidades de atividade
hemolitica pelas absorbancias da redugdo de MTT (abaixo) foram tomadas como

atividade hemolitica especifica.

Atividade metabdlica dos biofilmes

Apés o término da incubagdo, com os sistemas desmontados, outros 10
discos foram removidos e inseridos verticalmente em microplaca fundo U de 96
pocos. Os pogos foram preenchidos com 100 plL de MTT 1 mg.mL" a cada
pogo-teste, assim como aos pocgos-controle, que continham discos estéreis sem
biofilme. Nao foi adicionado nenhum ativador metabdlico (e.g. D-glutamina ou D-
glucose). As placas foram incubadas no escuro, a 37 °C, por 4 h e 100 rpm.
ApOs a incubagédo, o MTT néo reativo foi drenado por aspiracdo e 200 ulL de
alcool isopropilico foram acrescentados. Passados 5 min, 100 pL do
sobrenadante foram transferidos para microplacas de fundo chato de 96 pogos e

as alteragdes de cor foram medidas em 540 nm.

Estatistica

Todos os testes acima descritos foram conduzidos com, ao menos, 30
repeticdes. Os dados foram testados quanto a sua normalidade de distribui¢éo
(Lilliefors test) e homogeneidade (Levene test). As diferengas foram acessadas

ap6s analise por ANOVA, seguida de comparagdes multiplas (Tukey HSD test),
6
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com intervalo de confianga de 95% e p < 0,05. Foi empregado o pacote
estatistico SPSS 20.0 (IBM Co.).
RESULTADOS E DISCUSSAO

A viruléncia dos biofilmes bucais é influenciada por inumeros fatores.
Qualquer substancia que seja introduzida, ainda que por breves intervalos de
tempo, no microcosmo dos biofilmes pode virtualmente interferir na expressao
de fatores de viruléncia (Rymovicz, Ronsani, Grégio, Guariza-Filho, Tanaka, &
Rosa, 2013; Andrades, Ribas, Rymovicz, Grégio, & Rosa, 2013; Mores, Souza,
Cavalca, de Paula e Carvalho, Gursky, Rosa, Samaranayake, & Rosa, 2011;
Carvalho, Gursky, Rosa, Rymovicz, Campelo, Grégio, Koga-lto, Samaranayake,
& Rosa, 2010; Carvalho, Gursky, Rosa, Rymovicz, Campelo, Grégio, Koga-ito,
Samaranayake, & Rosa, 2010; Baboni, Barp, Izidoro, Samaranayake, & Rosa,
2009; Ueta, Tanida, Yoneda, Yamamoto, & Osaki, 2001). Nesse contexto, o
consumo de substitutos de agtcar se mostra como um assunto controverso e

muito pouca informacgao esta disponivel no que tange a modulacao de viruléncia

microbiana.
2,500
‘ [[Jeslutas aderidas
[Ibiofitme
células planctdnicas
5 2000 AB ﬁ P
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Figura 2. Carga microbiana estimada pela taxa de atividade metabdlica de
biofilmes dinamicos de S. sanguinis ATCC®10556™. Letras diferentes
sobre as barras de intervalo de confianga 95% indicam diferengas
estatisticas (p < 0,05) para grupos.
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A despeito de suas particularidades, neste estudo buscamos avaliar tais
possibilidades de modulagdo de viruléncia em trés organismos comuns do
microbioma bucal (Terefework, Pham, Prosperi, Entius, Errami, Van Spanning,
Zaura, Ten Cate, & Crielaard, 2008) que estdo envolvidos em processos de
doenga seja como patdégenos estritos ou oportunistas, seja como colonizadores
primarios que precedem a formacéo de placa dental.

Os resultados obtidos mostram que aspartame e ciclamato elevam a taxa
de adesao de S. sanguinis ATCC®10556™ (p < 0,009) em superficies recobertas
por pelicula adquirida (Figura 2); contudo isso nao reflete em maior quantidade
final de biofilme, se comparado com controle. A medida da atividade metabdlica
de biofilmes, que € um paradmetro para estimar suas quantidades, revelou que os
dois adogantes nao induziram qualquer elevacdo, em comparagdo com o
controle (p 2 0,081). Por outro lado, o xilitol, que nao havia aumentado a adesao
gerou maior medida de atividade metabdlica (p < 0,001). Seguindo o mesmo
comportamento, o cultivo planctdénico se mostrou mais celularizado quando o
xilitol estava presente (p < 0,003).

O achado de que xilitol eleva o crescimento de biofilmes de S. sanguinis
contrasta com os de estudos anteriores no qual o xilitol interferiu negativamente
na formagao de biofimes (Séderling, & Hietala-Lenkkeri, 2010) . E possivel que
diferengas metodolégicas tenham sido decisivas para tais incompatibilidades.
Em nosso estudo, o sistema de formacdo de biofilmes dindmicos deve ter
evitado 0 acumulo de sub-produtos metabélicos que comprometem a formagéao
de biofilmes.

Neste estudo, foi avaliado como o S. mutans se comporta quando exposto
em um meio com adogantes, uma vez que esses ndo podem ser metabolizados

pelo microrganismo em acidos para produgéo de energia.
8
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biofimes cinamicos de S, mutans ATCCR28175m. Latras dierenies sobre a3
barras de intervalo de confianga 95% indicam diferengas estatisticas (p < 0,05)
para grupos.
A adesao celular, elevada para aspartame e ciclamato e reduzida para
xilitol, ndo se traduziu em maiores quantidades de biofilme (p > 0,056) (Figura 3).
Tal fato nos causou certa apreens&do, posto que outros grupos ja haviam
demonstrado o papel redutor de substitutos de aglicar em populagdes de
estreptococos cariogénicos (Trahan, 1995; Vadeboncoeur, Trahan, Mouton, &
Mayrand, 1983; Soderling, Hirvonen, Karjalainen, Fontana, Catt, & Sepp4&, 2011;
Haghgoo, Afshari, Ghanaat, & Aghazadeh, 2015; Alamoudi, Hanno, Almushayt,
Masoud, El Ashiry, & El Derwi, 2014; Giacaman, Campos, Mufioz-Sandoval, &
Castro, 2013; Das, Das, Murphy, & Worawongvasu, 1991). Uma vez mais, nos
parece que o nao-acumulo de produtos de excrecdo em nosso sistema de
biofilme dinamico & o responsavel por contrastes de resultados. Mesmo assim, o

fato de que adogantes ndo elevam as populagdes de organismos cariogénicos &

deveras interessante.
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Figura 4. Carga microbiana estimada pela taxa de atividade metabdlica de
biofilmes dinamicos de C. albicans SC5314. Letras diferentes sobre as
barras de intervalo de confianga 95% indicam diferengas estatisticas (p <
0,05) para grupos.

A C. albicans quando exposta ao aspartame, ciclamato, sacarina e xilitol
mostrou um aumento na adesividade (p < 0,042) (Figura 4). Porém, esse
aumento ndo se traduziu em aumento de biofilmes, que se mostraram
semelhantes (aspartame, ciclamato e xilitol; p 2 0,710) ou mesmo menores
(sacarina; p = 0,045) que o controle. O crescimento plancténico na presenga dos
adocantes foi semelhante ao grupo controle (p 2 0,078). Tais resultados
mostram que os substitutos de acucar ndao devem favorecer qualquer aumento
nas populagbes de C. albicans. Isso se torna interessante, pois dietas contendo

aclUcares favorecem o crescimento fungico (Cannon, Holmes, Mason, &

Monk,1995; Pizzo, Giuliana, Milici, & Giangreco, (2000).
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Em relagcéao aos fatores de viruléncia soltiveis, obteve-se que nenhum dos
substitutos ensaiados elevou a secre¢do de proteases (Figura 5) ou de
hemolisinas (Figura 8); o ciclamato, inclusive, reduziu a secre¢do de hemolisinas

(p = 0,034) nos biofilmes. Em termos de viruléncia, tais dados séo apreciaveis

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

pois mostram a inocuidade dos adogantes na viruléncia fungica.

0,600
0.500 e . = e
? ‘4 “ ‘! ‘:" ____ ‘f \‘
c " v A Y
£ 7 M, 5  Aspartame s u
= ’ » #t 'S ¥
s *) I »
55 ST T .- :
L] 13
w3 = v . »
e 3 X Sacarina RO e . . a :
et 5. R . @ N !
:' H 0,300 DT - e 5 o !
L -1 = I\~ ) A
s 2 B ‘\N,’ . ’
2o Xititol " - + Contiole,’
>3 ’ )
=3 Vo, @ } .
<, o020 CL [Tt
2 " e ’
E . Ciclamato
s b ¢
\‘ ’
0,160 . i
~ .
0,000 '
1,500 1,600 1,700 1,800 3,980 2,000

Atividade metabdlica {ODg,, MTT reduzido)

Figura 5. Distribuicdo espacial das médias de biomassa estimada pela atividade
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1 Em posse dos resultados obtidos com biofilmes dindmicos conclui-se que
2 os substitutos de aglicar aqui analisados ndo elevam os fatores de viruléncia

3 microbiana diferentemente do que ocorre com outros xenobibticos
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INTRODUCTION

The demand for sugar substitutes has been increasing proportionately with
the rate of diabetic and obese populations in urban areas. Globally, consumption
of low-calorie sweeteners in 2016 has been projected to be approximately US$
9.9 billion (Person, 2011).

Despite being considered safe regarding their purported mutagenic
potential, aspartame, acesulfame K and saccharin (Bandyopadhyay, Ghoshal, &
Mukherjee, 2008), among others, are still regarded somewhat suspiciously by the
general population.

Given the high chemical diversity of molecules employed in sweeteners, the
interactions between oral microorganisms can vary greatly. On the one hand,
some reports say that aspartame, saccharin and sucralose inhibit
Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans
(Prashant, Patil, Nagaraj, & Patel, 2012). On the other hand, it has been found
that aspartame, acesulfame K and saccharin may either inhibit or favor the
growth of Streptococcus mutans, depending on their level of concentration
(Linke, 1983). Adaptive phenomenon from the emergence of resistant mutants
has also been reported for cariogenic streptococci in connection with xylitol
(Trahan, Bourgeau, & Breton, 1996).

However, despite the aforementioned findings, the potential risk of an
incremental rise in the virulence of oral bacterial or fungal agents has been only
superficially assessed to date. With regard to modulated microbial virulence by
this class of xenobiotics, further assessments are practically unknown.

Given the inconsistency, and even lack, of data about the interactions
between sweeteners and oral microorganisms, the core objective of the present

study was to determine: (i) the interference in adhesion, (ii) the ability to form

17



biofilms, (iii) the secretion of proteases and (iv) of hemolysins, by Streptococcus
sanguinis, Streptococcus mutans and Candida albicans when challenged by
aspartame, sodium cyclamate, saccharin and xylitol.

MATERIALS AND METHODS

Strains

The strains employed are shown in table 1. These were grown in specific
culture media and under the same microaerophilic and capnophilic atmospheric

conditions.

Table 1. Microorganisms and microbial growth conditions

Microorganism/strain Culture medium Atmosphere Temperature

Streptococcus sanguinis ATCC®10556™

BHI N, 80% +
Streptococcus mutans ATCC®25175™ 0210% + 35°C
CO2 10%
Candida albicans SC5314 YNB

Sweeteners

The sugar substitutes employed were aspartame, sodium cyclamate,
saccharin and xylitol. All of them displayed pharmaceutical-grade purity (Fooding
Group Ltd, Shanghai, China).

The sweeteners were dissolved in Type Il reagent water at concentrations
up to 100 times higher than those advocated by Li et al (2002). Namely,
aspartame 250 mM, cyclamate Na 500 mM, saccharin 100 mM and xylitol 100
mM. After complete dissolution of solutes, solutions were filtered with a 0.22 ym

membrane and stored in sterile vials at 5 °C and away from light.
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Cell adhesion

The microorganisms were added to the mediatsweeteners until
suspensions containing ca. 1x107 células.mL™ were obtained. The sealed tubes
containing 5mL assays were incubated at an atmosphere with pCO; 10% at 37
°C for 48 h. Homogenization was obtained with a blood homogenizer at 6 rpm.

The cells were collected by centrifugation (10000 xg; 5 min) and washed
with a sterile NaCl 145 mM solution (3x). The sediments were vortexed at 2000
rpm and received 5 mL aliquots of sterile distilled water. These cells were stored
at 37 °C and used after an interval of 2 hours.

Microscope slides were degreased with ethyl ether and were autoclaved
inside polypropylene cups for staining, with hermetic sealing. A sterile L-arginine
1% solution was added to the static cups to cover a 6 cm area. The solution was
maintained for 2 h at 37 °C. It was then drained and the microbial suspensions
were poured into the cups. The suspensions were maintained at 37 °C, for 2
hours and 6 rpm, in an AP22 blood homogenizer (Phoenix-Luferco Ind Com,
Araraquara, Brazil).

The suspensions were drained and the slides were washed in a sterile NaCl
145 mM solution (3x). Volumes of gentian violet 1% were added to cover 5 cm of
the area of slides, which were stained for 10 minutes. The slides were washed in
distilled water (5x%) and the dye was removed with 1 mL of isopropyl alcohol. The
absorbancies of the eluates were determined in 540 nm, in a TP-Reader
(Thermo Plate Inc. China) thermoplate. Such values are relative to an area of 25
cm?. Comparisons were made with slides coated exclusively with L-arginine

(basal) and non-challenged cultures with sweeteners (negative control).
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Biofilm formation

The various microorganisms were grown in the planktonic mode as
described above.

Filter paper discs with 80 mm were sterilized in autoclave and kiln-dried.
Over the latter, 30 sterile paper discs of antibiogram 0.5 mm (Cefar Diagnostica
Ltda) were laid to cover their periphery, without overlapping the discs. Onto the
antibiogram discs, 10 uL of standardized suspensions grown in the presence of
sweeteners were dispensed.

This array was inserted into a Paper-Embedded Biofilm Reactor (Selow et
al., 2015) (PEBR, Figure 1) under continuous flow of culture media containing the
different sweeteners at a flow rate of ca. 100 uL.min"'. The discs were incubated

at 37 °C and at an atmosphere of N, 80%, Oz 10%, CO, 10%, for 72 hours.

0.22 um fliter

Flow controler

Culture

0.22 pm flit ]\
el \ broth

=)
=
- Broth/gas eflux

Figure 1. Paper-Embedded Biofilm Reactor (PEBR).
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Biofilm proteolytic activity

After the incubations were complete, the systems were disassembled and
10 discs containing biofilms were removed and vertically inserted into 1.5 mL
microtubes. The microtubes were filled with 800 pL solution containing BSA 0.2
mg.mL™", 10 mM sodium citrate buffer and 10 mM citric acid (pH 5.0), and were
incubated at 37 °C for 4 hours at 100 rpm. Following digestion, aliquots of 100 pL
of supernatants were combined with volumes of 100 pL of Coomassie solution
(Brilliant blue G-250 0.025%, ethanol 11.75%, and phosphoric acid 21.25%) on
96-well flat bottom microtiter plates. After 5 minutes, the optical densities of the
blends were determined in 540 nm. As controls, repetitions of Coomassie
solution with deionized water (blank) and repetitions of a BSA/citrate solution with
com Coomassie solution (basal concentration) were made.

An enzyme unit was arbitrarily determined to be the amount of enzyme
capable of promoting digestion of one microgram of BSA per milliliter/minute.
Units of proteolytic activity by absorbance of MTT reduction (below) were

considered as specific proteolytic activity.

Biofilm hemolytic activity

After the incubations were complete, the systems were disassembled and
the plugs were removed; gently washed in sterile water by immersion; and
vertically inserted into 24-well tissue culture plate wells. The wells were filled with
3 mL sheep-erythrocyte suspension 1% [in Tris- HCI 10 mM containing NaCl 145
mM (pH 7.5)] and were incubated at 37 °C and stirred at 100 rpm. After 4 hours
incubation, the plugs were removed and the suspensions were deposited at 5 °C,

for 15 hours. The ODs4 was measured for supernatants. The negative controls
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had equal volumes for both the buffer and the erythrocyte suspension at 5 °C, for
15 h.

A hemolytic unit was arbitrarily defined based on the change in absorbance
per minute of incubation at 37 °C. Hemolytic activity units by MTT reduction

absorbancies (below) were considered as specific hemolytic activity.

Biofilm metabolic activity

After the incubations were complete and systems were disassembled, 10
further discs were removed and vertically inserted into a 96-well U bottom
microplate. The wells were filled with 100 pL de MTT 1 mg.mL™" at each test well
as well as the control well that contained sterile discs without biofiims. No
metabolic activator (e.g. D-glutamine or D-glucose) was added. The plates were
incubated in the dark, at 37 °C, for 4 hours and 100 rpm. After incubation, the
non-reactive MTT was drained by aspiration and 200 pL Isopropyl Alcohol were
added. After 5 minutes, 100 pL supernatant were transferred to the 96-well flat

bottom microplates and the changes in color were measured in 540 nm.

Statistics

All the tests described above were conducted with at least 30 repetitions.
The data were tested as to their distribution normality (Lilliefors test) and
homogeneity (Levene test). Discrepancies were assessed after ANOVA analysis,
followed by multiple comparisons (Tukey HSD test), a 95% confidence interval

and p < 0.05. The statistical package SPSS 20.0 (IBM Co.) was employed.
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RESULTS AND DISCUSSION

The oral biofilm virulence is influenced by numerous factors. Any substance
that is introduced, even for short periods of time, into the microcosm of biofilms
can virtually interfere with the expression of virulence factors (Rymovicz,
Ronsani, Grégio, Guariza-Filho, Tanaka, & Rosa, 2013; Andrades, Ribas,
Rymovicz, Grégio, & Rosa, 2013; Mores, Souza, Cavalca, de Paula e Carvalho,
Gursky, Rosa, Samaranayake, & Rosa, 2011; Carvalho, Gursky, Rosa,
Rymovicz, Campelo, Grégio, Koga-lto, Samaranayake, & Rosa, 2010; Carvalho,
Gursky, Rosa, Rymovicz, Campelo, Grégio, Koga-lto, Samaranayake, & Rosa,
2010; Baboni, Barp, lzidoro, Samaranayake, & Rosa, 2009; Ueta, Tanida,
Yoneda, Yamamoto, & Osaki, 2001). In this context, the consumption of sugar
substitutes appears to be controversial and there is very little information

available with regard to microbial virulence modulation.
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Figure 2. Differential microbial load estimated by the rate of metabolic activity of dynamic
biofilms of S. sanguinis ATCC®10556™. Different letters on 95% confidence interval bars
indicate statistical differences (p < 0.05) for groups.
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Despite its specificities, this study attempted to examine the possibilities of
virulence modulation in three common organisms of the oral microbiome
(Terefework, Pham, Prosperi, Entius, Errami, Van Spanning, Zaura, Ten Cate, &
Crielaard, 2008) that are involved in the disease process either as strict or
opportunistic pathogens, or as primary colonizers that precede plaque formation.

The results obtained show that aspartame and cyclamate increase the rate
of adhesion of S. sanguinis ATCC®10556™ (p < 0.009) to surfaces coated by
acquired pellicle (Figure 2); however, this does not reflect a higher final amount
of biofilm when compared to control. The biofilm metabolic activity measure,
which is a parameter for estimating its amounts, revealed that two sweeteners
did not induce any increase when compared to control (p = 0.081). On the other
hand, xylitol, which had not increased adhesion, had the highest metabolic rate
(p < 0.001). Following the same behavior, the planktonic culture was more
cellularized where xylitol was present (p < 0.003).

The finding that xylitol increases S. sanguinis biofilm growth contrasts with
those from previous studies in which xylitol negatively interfered with biofilm
formation (Sdéderling, & Hietala-Lenkkeri, 2010). Methodological differences may
have played a decisive role in such incompatibilities. In the present study, the
dynamic biofilm formation system may have prevented metabolic byproduct
accumulation that would compromise biofilm formation.

The present study examined the S. mutans behavior when it is exposed to a
sweetener medium, as sweeteners cannot be metabolized by microorganisms in

acid for energy production.

24



2000 [Jadhered cells
A [] biofilm A
[l ptanktonic cells T A

=) =

1.500 A
3 A
©
e
'—
b=
=
dg 1.000
o
&
-
B
“ |||||||
L
2 0.500
3
= a b b a c

- E
[ : » Ha i
0.000 L) | [ | |-
Control Aspartame Cyclamate Na Saccharin Xylitol

Figure 3. Microbial load estimated by the rate of metabolic activity of dynamic biofilms of S.
mutans ATCC®25175™. Different letters on 95% confidence interval bars indicate statistical
differences (p = 0.05) for groups.

Cell adhesion, which is high for aspartame and cyclamate and low for
xylitol, did not translate into higher biofilm amounts (p > 0.056) (Figure 3). This
finding was a cause of concern for us, as other groups have already
demonstrated the reducing role of sugar substitutes in populations of cariogenic
streptococci (Trahan, 1995; Vadeboncoeur, Trahan, Mouton, & Mayrand, 1983;
Séderling, Hirvonen, Karjalainen, Fontana, Catt, & Sepp&d, 2011; Haghgoo,
Afshari, Ghanaat, & Aghazadeh, 2015; Alamoudi, Hanno, Almushayt, Masoud, El
Ashiry, & El Derwi, 2014; Giacaman, Campos, Mufioz-Sandoval, & Castro, 2013;
Das, Das, Murphy, & Worawongvasu, 1991)."2 Once again, it would appear to
us that the non-accumulation of excretion products in our dynamic biofilm system
is responsible for the contrasts in the results. Nevertheless, the fact that
sweeteners do not increase the populations of cariogenic organisms is indeed

interesting.
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Figure 4. Microbial load estimated by the rate of metabolic activity of dynamic biofilms of C.
albicans SC5314. Different letters on 95% confidence interval bars indicate statistical
differences (p < 0.05) for groups.

When exposed to aspartame, cyclamate, saccharin and xylitol, C. albicans
showed increased adhesiveness (p < 0.042) (Figure 4). However, such increase
did not translate into biofilm increase, which was similar (aspartame, cyclamate
and xylitol; p =2 0.710) to or even lower (saccharin; p = 0.045) than control. The
planktonic growth in the presence of sweeteners was similar to that of the control
group (p = 0.078). These findings show that the sugar substitutes would not be
expected to engender any increase in the populations of C. albicans. This is
interesting as diets containing sugars favor fungal growth (Cannon, Holmes,
Mason, & Monk,1995; Pizzo, Giuliana, Milici, & Giangreco, (2000).

With regard to the soluble virulence factors, it was found that none of the
substitutes tested increased the secretion of proteases (Figure 5) or hemolysins
(Figure 6); cyclamate actually reduced hemolysins secretion (p = 0.034) in
biofilms. With regard to virulence, such data are appreciable as they show that

sweeteners are innocuous to fungal virulence.
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Figure 5. Spatial distribution of biomass mean values estimated from metabolic activity and
protease activity of C. albicans SC5314. The ellipse horizontal diameters indicate

confidence intervals (IC95%) for the biomass measures, whereas vertical diameters
indicate 1C95% for the proteolytic activity.
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Figure 6. Spatial distribution of biomass mean values estimated from metabolic activity
and hemolytic activity of C. albicans SC5314. The ellipse horizontal diameters indicate

confidence intervals (IC95%) for the biomass measures, whereas vertical diameters
indicate 1C95% for the proteolytic activity.

The results obtained with dynamic biofilms in this study support the

conclusion that the sugar substitutes examined here do not increase the factors

of microbial virulence, as opposed to what occurs to other xenobiotics
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