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RESUMO
Enxaguatdrios bucais ndo fluoretados (ENF) sdo comumente usados por pacientes por razones
cosméticas e/ou terapéuticas, e eles tém diferentes composicGes e objetivos. Eles apresentam
uma grande quantidade de ingredientes, podendo prevenir ou interferir o desenvolvimento de
diferentes doencas da cavidade oral. O objetivo foi investigar os ENF existentes no mercado e
seu efeito sobre biofilmes iniciais, bem como no potencial erosivo para esmalte e dentina.
Foram desenvolvidos quatro estudos: I) Investigar a composigéo e as finalidades de ENF
disponiveis de livre comercializagdo; 1) Avaliar a eficAcia de ENF em biofilme inicial de
Streptococcus mutans; 111) Avaliar o potencial erosivo de ENF em tecidos duros dentais,
utilizando o protocolo da Organizacdo Internacional de Padronizacao (ISO); IV) Investigar a
perda de superficie de esmalte e dentina causada por ENF usando um modelo validado de
ciclagem de pH erosivo. Diferentes metodologias foram desenvolvidas: 1) Foram comprados
diferentes ENF de supermercados, farméacias e lojas de variedades em Indianapolis, Indiana,
EUA e realizado uma analise descritiva sobre as informac6es e formulacdes. Os produtos foram
utilizados nos seguintes 3 estudos. I1) Andlise antibacteriana usando S. mutans UA159 em meio
TSB suplementado com 1% de sacarose e contendo 0s enxaguatorios. Foram avaliadas as
concentracgdes inibitorias minima (CIM), plancténica e biofilme e a concentracdo bactericida
minima (CBM). Os dados analisados por ANOVA e teste de Tukey (0=5%). I11) Foi realizada
analise com conforme a ISO/FDIS 28888:2013. Este método quantificou as mudancas de pH
(ApH) da solugdo de fosfato de calcio uma vez que o enxaguatorio bucal teste foi adicionado.
Foi desenvolvida uma correlacdo entre o pH inicial e resultado do teste. 1) Finalmente foram
selecionados 6 enxaguatorios a partir do estudo 11l e usados como tratamento em um modelo
de ciclagem de pH de 5 dias (quatro tratamentos de 1 min de enxaguatdrio/dia) usando blocos
de esmalte e dentina (n=8/grupo). A perfilometria a laser foi usada para determinar a perda de
superficie (PS). Os dados analisados por ANOVA e teste de Tukey (a=5%). |) Foram
identificados 81 ENF (30 terapéuticos). O objetivo terapéutico mais comum foi
antiplaca/antigengivite (n=25/30%). A finalidade mais comum dos produtos cosméticos foi o
clareamento (n=11). II) Em relacdo ao efeito em S. mutans, MIC, crescimento planctonico e
biofilme de S. mutans, houve uma diminuicdo significativa para produtos com perdxido de
hidrogénio ¢ hexametafosfato de sddio. 1l1) Os enxaguatorios apresentaram uma faixa de pH
inicial de 3,00-9,47. Nenhum resultou em ApH superior ao padrdo mais forte, ¢ hd uma
correlagdo baixa entre pH inicial e o potencial erosivo. IV) Para a ciclagem de pH, nem todos
os grupos apresentaram PS e este variou independente do pH do produto. Naqueles em que

houve erosdo, esta foi maior em dentina. Em conclusdo os ENF variam consideravelmente em



sua composicao e finalidade, muitos fornecendo apenas beneficios cosméticos. Entre os ENF
terapéuticos, a maioria fornece beneficios antiplaca/antigengivite. Os produtos que contém
peroxido de hidrogénio apresentam maior efeito sobre biofilme inicial de S. mutans. Em relacéo
ao potencial erosivo, alguns ENF apresentam pH &cido e podem causar perda mineral erosiva

em esmalte e dentina, sendo os efeitos mais pronunciados na dentina.



ABSTRACT
Patients commonly use non-fluoride mouthwashes (FFM) for various cosmetic and/or
therapeutic reasons and have different compositions and purposes. In addition, they have many
ingredients that can intervene or affect different oral cavity diseases. Therefore, this project will
aim to investigate the existing FFM in the market, its effect on biofilms, and its possible
interaction with dental erosion. For this, four studies will be developed with different specific
objectives: 1) Investigate the composition and purposes of FFM available without a medical
prescription. 11) Evaluate the effectiveness of commercially available FFM on the initial biofilm
of Streptococcus mutans. I11) Evaluate the erosive potential of FFM in dental hard tissues using
the International Organization for Standardization (ISO) protocol 1V) Investigate enamel and
dentin surface loss caused by FFM using a validated model of erosive pH cycling. For this
investigation, different methodologies were combined: 1) All different FFM were purchased
from supermarkets, pharmacies, and variety stores in Indianapolis, Indiana, USA, and a
descriptive analysis was carried out on their information and formulations. These products were
the basis of the following three studies. 1) Antibacterial analysis using S. mutans UA159 in
TSB medium supplemented with 1% sucrose and containing mouthwashes. The minimum
inhibitory concentrations (MIC), planktonic and biofilm, and the minimum bactericidal
concentration (MBC). Data were analyzed by ANOVA and Tukey's test (a=5%). ll1). For this
study, the ISO/FDIS 28888:2013 was used. This method measured the pH (ApH) changes of
the calcium phosphate solution once the test mouthwash was added. A correlation was
developed between the initial pH and the test result. V) Six mouthwashes were selected from
the study Il and used as a treatment in a 5-day pH cycle (four treatments/1 min of
mouthwash/day) using blocks of enamel and dentin from bovine incisors (n = 8 per group).
Non-contact profilometry was used to determine surface loss (SL). Data were analyzed using
one-way ANOVA. We identified 81 different FFM, of which 30 were therapeutic. The most
common therapeutic objective was antiplaque/antigingivitis (n=25). The most common purpose
of cosmetic products (n=51) was whitening (n=11). Regarding the effect on S. mutans, MIC,
planktonic growth, and S. mutans biofilm, there was a significant decrease for products with
hydrogen peroxide and sodium hexametaphosphate and products with cetylpyridine chloride.
The mouthwashes had an initial pH range of 3.00-9.47. None of the rinses resulted in ApH
higher than the strongest standard, and there is a low correlation between initial pH and erosive
potential. For pH cycling, not all mouthwashes showed SL, and this varied regardless of the pH
of the product. In those who had PS, it was higher in dentin. In conclusion, FFM varies

considerably in their composition and purpose, many providing only cosmetic benefits. Among



therapeutic FFM, most provide antiplaque/antigingivitis benefits. Products containing hydrogen
peroxide have a greater effect on the initial biofilm of S. mutans. Regarding the erosive
potential, some FFM have an acidic pH and can cause erosive mineral loss in enamel and dentin,
with the most pronounced effects on dentin.
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1 INTRODUGCAO

Os enxaguatdrios bucais sdo produtos para higiene bucal, predominantemente utilizados
apo6s a escovagdo dos dentes. Existem diversos produtos disponiveis no mercado mundial
[Radzki et al., 2022], e mais de 120 milhoes de pessoas nos EUA usam este tipo de produto.
Eles podem ser divididos em duas categorias, como produtos cosméticos ou terapéuticos. Os
enxaguatorios bucais cosméticos sdo frequentemente utilizados para fins que ndo sao
considerados clinicamente significativos, como refrescar o hélito. Diferentemente dos
enxaguatorios bucais terapéuticos, os quais podem ser adquiridos como produto de livre
comercializacdo ou por prescri¢cdo dependendo do ingrediente ativo (por exemplo clorexidina,
somente com prescricdo nos EUA) ou de sua concentracdo (por exemplo fluoreto, com
prescrigdo apenas acima de 226 ppm de F nos EUA).

O termo terapéutico refere-se a "relativo a cura da doenca". No entanto, ndo ha clareza
em relacdo ao uso do termo, pois 0s enxaguatorios bucais terapéuticos também tém sido
considerados em relacdo aos beneficios cosméticos, como clareamento e mau halito bucal, ao
mesmo tempo em que abordam doengas bucais, como cérie dentéria e gengivite, além de
proporcionar alivio da dor, desbridamento oral e limpeza de feridas entre outros beneficios
[ADA, 2021]. Existem também enxaguatdrios bucais prévio a procedimentos que tém efeito
bactericida e virucida, dependendo do ingrediente e da concentracdo [Mohd-Said et al., 2021;
Chaudhary et al., 2021]. Em acréscimo, nos EUA os enxaguatorios bucais terapéuticos
fornecem beneficio anticarie ou mesmo antigengivite, mas ndo ambos. Isso ocorre apesar de
ndo haver razdo cientifica para um enxaguatorio bucal possuir tal distingdo, pois formulagdes
contendo fluoreto de sdédio (anticarie) e 6leos essenciais (antigengivite) sdo compativeis
[Cortelli et al., 2012]. Esses enxaguatorios bucais ndo se restringem somente ao mercado norte
americano, sendo comercializado em outros paises.

Os enxaguatorios bucais anticarie (contém fluoreto) sao regulamentados pela Food and
Drug Administration (FDA) dos EUA. Estes enxaguatorios fluoretados podem ser formulados
em apenas duas concentracdes (900 ou 226 ppm F), dependendo da frequéncia de uso (uma vez
por semana ou duas vezes por dia), além de outros requisitos de formulagdo (por exemplo, faixa
de pH, presenca de &cido fosforico/tampdo de fosfato). Para a classificacdo de um enxaguatorio
bucal como néo fluoretado (ENF) em terapéutico ou cosmético se tem como base a norma FDA
[FDA 2003], a qual estabelece os compostos e concentragdes que sdo consideradas terapéuticas.
Os ENF estéo se tornando cada vez mais populares entre os consumidores que procuram
produtos alternativos para higiene bucal. Esses enxaguatorios bucais sdo projetados para

fornecer muitos dos mesmos beneficios que os fluoretados, como refrescar o halito e matar
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bactérias, mas sem a adicao de fluoreto. Ha uma grande variedade de ENF disponivel, sendo
que muitos deles sdo regulamentados de maneira semelhante devido a suas alegacdes e
ingredientes ativos. Por exemplo, alegacOes antiplaca/antigengivite sdo permitidas para ENF
contendo cloreto de cetilpiridinio (CPC) em concentragdes de 0,045-0,1%, enquanto aqueles
contendo Oleos essenciais devem ser formuladas na presenca de 21,6-26,9% de alcool (FDA
2003). Varios outros ingredientes ativos sao permitidos em ENF terapéutico de acordo com o
FDA, como perdxido de hidrogénio (1,5%), como agente de desbridamento oral/limpeza de
feridas/antisséptico, e mentol (0,04-2%) para alivio da dor oral [FDA, 2017].

Caérie dentaria, erosdo dentéria e as doencas periodontais sdo doencgas da cavidade bucal
que tém aumentado ao longo dos anos [Jaeggi e Lussi, 2006; Salas et al., 2014, Kasesebaum et
al., 2017]. A maioria das empresas comercializa produtos com o objetivo de controlar biofilme
dental para prevencédo e tratamento de cérie e doengas periodontais. Em um biofilme dental,
Streptococcus mutans é uma bactéria associada ao desenvolvimento de carie, sendo o biofilme
formado na presenca de sacarose também associada ao acumulo de biofilme
periodontopatogénico. Muitos dos enxaguatdrios bucais antiplaca e antigengivite visam a morte
bacteriana e sabe-se que a eficacia dos enxaguatorios com potencial antimicrobiano sobre S.
mutans se mostra evidente em biofilmes iniciais [Dong et al., 2012; Batra et al. al., 2022;
Takenaka et al., 2022]. Porém ndo se sabe o efeito antibacteriano de diferentes ENF, contendo
diferentes principios ativos em biofilmes iniciais.

Muitos dos produtos possuem diferentes ingredientes ativos, aromatizantes, detergentes,
estabilizantes, corantes, entre outros, o que também poderia interferir no efeito de controle de
formacdo de biofilme. Uma caracteristica importante em enxaguatérios bucais, incluindo os
ENF, é o pH das soluces, pois € um fator importante na eroséo dentaria. O desgaste dentério
erosivo € uma condicao que pode levar a perda da estrutura dentéria devido a exposicao a acidos
de origem ndo bacteriana, podendo ser de natureza extrinseca ou intrinseca [Schlueter et al.,
2019]. Enxaguatdrios bucais sdo agentes extrinsecos que podem apresentar potencial erosivo
dependendo de fatores quimicos, como pH, capacidade tampdo e tipo de acido presente na
formulacéo [Zero, 1996; Lussi et al., 2011; Kanzow et al., 2016]. Em relacdo ao pH neste tipo
de produto, verificou-se que existem no mercado produtos fluoretados com pH acido [Valdivia-
Tapia et al., 2021], e sabe-se que um pH baixo pode causar erosdo [Zero, 1996; Lussi et al.,
2021].

Em relacdo aos ENF ndo ha informac6es especificas sobre o pH desses produtos, pois
néo é obrigatorio descrevé-lo em suas embalagens. No entanto, a American Dental Association

(ADA) afirma que os enxaguatorios bucais podem ser formulados com pH acido, neutro ou
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alcalino, com valores de pH permitidos variando de 3,0 a 10,5. Para enxaguatdrios bucais com
pH abaixo de 5,5, a American National Standards Institute (ANSI)/ADA Standard 116 exige
maior demonstracdo da seguranca do produto, seja por meio de um teste de desmineralizacéo,
teste de erosdo ou outros métodos apropriados [ADA, 2010, 2019].

Frente ao exposto, 0 objetivo dessa tese foi de investigar enxaguatorios bucais nao
fluoretados (ENF) comumente comercializado nos EUA, avaliando seu efeito antibacteriano e
potencial erosivo. Para isso foram desenvolvidas quatro pesquisas com objetivos especificos: I)
Investigar a composicéo e as finalidades de ENF de livre comercializagdo nos EUA,; 1) Avaliar
a eficacia de ENF em biofilme inicial de S. mutans; 111) Avaliar o potencial erosivo de ENF em
tecidos duros dentais pela norma da ISO/FDIS 28888:2013); 1) Avaliar a perda de superficie
de esmalte e dentina causada por ENF usando um modelo validado de ciclagem de pH para

erosao.
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Abstract

Background. Fluoride-free mouthwashes (FFM) are commonly used by patients and for a
variety of cosmetic and/or therapeutic reasons. The purpose of this study was to investigate the
composition and purposes of FFM available over-the-counter in the US.

Methods. This study utilized a convenience sample by purchasing all different FFM (not
considering different flavors) from supermarkets, pharmacies, and variety stores in
Indianapolis, Indiana, USA. The purposes and active ingredients were extracted from the bottle
labels and ingredient listings and categorized. Only FFM with a ‘drug facts’ label as regulated
by the US Food and Drug Administration were considered therapeutic.

Results. Eighty-one different FFM were identified, of which 30 were therapeutic. The most
common therapeutic purpose was antiplaque/antigingivitis (n=25), followed by oral
debriding/antiseptic/wound cleanser/pain reliever (n=5). Cetylpyridinium chloride (0.05-0.1%;
n=15) and essential oils (0.092% eucalyptol/0.042% menthol/0.060% methyl salicylate/0.064%
thymol; n=9) were the most used antiplaque/antigingivitis agents. The most common purpose
of cosmetic products (n=51) was whitening (n=11), followed by bad breath management (n=6),
pre-brushing (n=3), dry mouth (n=3), anti-tartar (n=2), and anti-sensitivity (n=1). The most used
whitening agents were hydrogen peroxide and/or sodium hexametaphosphate (n=7). Among all
FFM, 27 contained alcohol (<26.9%). Not considering breath freshening, many FFM (n=35) do
not appear to provide a clinically meaningful benefit.

Conclusions. FFM vary considerably in their composition and purpose with many providing
only cosmetic benefits. Among the therapeutic FFM, most provide antiplaque/antigingivitis
benefits.

Practical Implications. Dental professionals should consider the type of FFM used by their

patients as part of their home-care instructions.

Key Words. Mouthwash, non-fluoride, oral hygiene, dentistry
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Introduction

Mouthwashes are products for oral hygiene, are predominantly used after toothbrushing, and
can be broadly divided into cosmetic and therapeutic ones. Cosmetic mouthwashes may be
temporarily used for purposes that are not considered clinically meaningful, such as breath
freshening. Therapeutic mouthwashes are available over-the-counter and by prescription,
depending on the active ingredient (e.g., chlorhexidine — prescription only in the US) or its
concentration (e.g., fluoride — prescription only above 226 ppm fluoride in the US). Therapeutic
refers to ‘relating to the healing of disease’. However, there is considerable confusion as
therapeutic mouthwashes have also been considered in relation to cosmetic benefits, such as
whitening and oral malodor, while also addressing oral diseases, such as dental caries and
gingivitis, as well as affording pain relief, oral debriding, and wound cleansing among other
benefits (ADA, 2021). There are also pre-procedural mouthwashes that have bactericidal and
virucidal effects, depending on the ingredient and concentration (Mohd-Said et al., 2021,
Chaudhary et al., 2021). To add to the incertitude, in the US, therapeutic mouthwashes either
provide anticaries benefits or treat a different disease (e.g., gingivitis) but not both. This is
despite there being no scientific reason for a mouthwash for such a distinction as, for example,
sodium fluoride (anticaries) and essential oils (antigingivitis) are compatible (Cortelli et al.,
2012). In fact, such mouthwashes are readily available in other countries.

Over-the-counter anticavity (i.e., fluoride-containing) mouthwashes are regulated by the
US Food and Drug Administration (FDA), with only two fluoride concentrations being
permissible (90 or 226 ppm) depending on the usage frequency (once or twice a day) in addition
to other formulation requirements (e.g., pH range, presence of phosphoric acid/phosphate
buffer). A much wider range of fluoride-free mouthwashes (FFM) are available, with many
being regulated in a similar manner due to their claims and active ingredients. For example,
antiplaque/antigingivitis claims are permissible for FFM containing cetylpyridinium chloride
(CPC) at concentrations of 0.045-0.1%, while those containing essential oils must be formulated
in the presence of 21.6-26.9% alcohol (FDA 2003). Several other active ingredients are
permissible in therapeutic FFM according to the FDA: hydrogen peroxide (1.5%) as an oral
debriding agent/wound cleanser/antiseptic, and menthol (0.04-2%) for oral pain relief (FDA,
2017).

To the authors’ knowledge, no study has thus far investigated the commercial FFM
landscape. Therefore, the purpose of this study was to investigate the composition and purposes

of FFM available over-the-counter in the US.
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Methods

Sampling procedure

The authors chose a convenience sample of FFM which were purchased in Indianapolis,
IN, USA, between August 19-31, 2022. One bottle of each commercial brand was purchased,
avoiding repeat purchases or mouthwashes with virtually identical lists of ingredients (same
manufacturer) but varying only in flavor. Different variety stores, pharmacies, and
supermarkets (Kroger, CVS, Walmart, Walgreens, Target, Dollar General, Dollar Tree, Fresh
Thyme, Meijer, Aldi, and Whole Foods) were visited. Store brands (private labels) were
purchased only from one store as they are highly likely identical in formulation. The authors

did not sample FFM available from online retailers.

Data extraction and analysis

The information from the bottle labels (Appendix) was recorded as follows: a)
commercial name; b) expiration date; ¢) lot n°.; d) manufacturer; e) city and country of
manufacture; f) list of ingredients; g) active ingredients and drug facts (if present); h) presence
of alcohol and its concentration; i) purpose; j) used pre or post brushing; and k) usage
recommendations. The purchase price was also recorded.

For the analysis and discussion, FFM were grouped based on their active ingredient(s)
derived from the drug facts label (National archives, 2004), which then determined their
primary purpose. Only those FFM bearing drug facts on their bottle labels were considered
therapeutic. Cosmetic FFM were grouped by their claims and then by ingredient(s) that can be
most likely attributed to the provided benefit. Breath freshening was not considered a unique
benefit as all FFM provide some form of relief due to sensorial masking by virtue of being
flavored. However, oral malodor reduction due to specific ingredients added to the formulation,

such as zinc chloride or citrate, and sodium chlorite was considered.
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Results

Oral
debriding/antiseptic/wound
cleanser/pain reliever n=5
6%

Others n=25
31%
Antiplague/antigingivitis n=25

31%

Antitartar n=2
2%

Dry mouth n=3
4%

Pre-brushing n=3
4%

Malodor n=6
7%

Figure: Fluoride-free mouthwashes (FFM) distribution by type and benefit: therapeutic
(bold/italic) and cosmetic (not bold/not italic).

The complete list of FFM, their distinction, ingredients, and all other pertinent information can
be found in the appendix. Eighty-one different FFM were identified, of which 30 were
therapeutic (Figure). The most common therapeutic purpose was antiplaque/antigingivitis
(n=25;31%, followed by oral debriding/antiseptic/wound cleanser/pain reliever (n=5;6%). CPC
(0.05-0.1%; n=15;19%) and essential oils (0.092% eucalyptol/0.042% menthol/0.060% methyl
salicylate/0.064% thymol; n=11%) were the most used antiplaque/antigingivitis agents. CPC
concentrations varied: 0.05% (n=5;6%), 0.07% (n=7; 9%), 0.075% (n=2;2%), and 0.1%
(n=1;1%). Other actives were: 0.2-1.0% menthol (oral pain relief), 1.5% hydrogen peroxide
(oral debriding/antiseptic/wound cleanser, and 2.5% sodium bicarbonate (oral debriding/wound
cleanser).

Of the products analyzed, a total of 51 (62%) were identified as cosmetic. The most common
purpose of this group of products was whitening (n=11;14%), of which only three declared the
concentration of the whitening agent (1.5% hydrogen peroxide), followed by bad breath
management (n=6;7%), pre-brushing (n=3;4%), dry mouth (n=3;4%), anti-tartar (n=2;2%), and
anti-sensitivity (n=1;1%). The most used whitening agents were hydrogen peroxide and/or
sodium hexametaphosphate (n=11;14%). The agent for dentinal hypersensitivity management

was dipotassium oxalate monohydrate. In addition, various plant extracts were utilized (e.g.,
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Aloe barbadensis Leaf, Cinnamomum zeylanicum leaf oil, Mentha viridis leaf oil, Chamomilla
recutita (Matricaria), Camellia sinensis leaf extract, Peppermint oil, among others; n=15. For
fresh breath-related claims, (n=11), the agents utilized were sodium chlorite, zinc chloride, and
zinc citrate.

Considering all FFM, n=25 (31%) contained alcohol in concentrations of 4.1 - 26.9% (<10%:
n=8: 10-20%: n=9; >20%: n=4; four products did not disclose the alcohol concentration), with
one of the products being a mouthwash concentrate (70% of alcohol), requiring dilution prior
to use.

The recommended single usage volume varied between 20 mL to one fluid ounce, application
times between 15-60 s, and the usage frequency between once to four times per day. Regarding
age recommendations, n=20 (25%) warn against their use in children under 12 years of age,
n=21 (26%) are only for children over six years of age, and one product (Listerine Sensitivity
Zero alcohol) is only for anyone over 18 years of age. The cost per single-use ranged from US$
0.02— 0.84/20 mL (20 mL is the recommended single dose of the best-selling brand Listerine),
with estimated annual costs ranging between US$ 15 - 613, assuming twice daily application

of 20 mL each.

Discussion

According to the American Dental Association (ADA), mouthwashes can be useful
adjuncts to daily brushing and flossing in the maintenance of oral hygiene (ADA, 2023). The
present study followed the ADA’s differentiation between therapeutic and cosmetic
mouthwashes. However, products were differentiated based on the drug facts label's presence
(therapeutic) or absence (cosmetic) , on the bottle. This label is regulated by the FDA and is
intended for over-the-counter medicines. It contains, among other information, the product's
active ingredients and the purpose of the product. For cosmetic FFM, claims and corresponding
ingredients were retrieved and compared. The information gathered for therapeutic and
cosmetic FFM was then utilized to provide an overview of the over-the-counter FFM landscape
in the US.

The present study highlighted that patients have considerable choice among FFM with
the majority only providing cosmetic benefits. Broadly, only two types of therapeutic FFM were
identified - antiplague/antigingivitis and oral debriding/antiseptic/wound cleanser/pain reliever
mouthwashes. Antiplaque/antigingivitis FFM can be further divided into their therapeutic
agent(s) - CPC (0.05-0.1%), essential oils (0.092% eucalyptol/0.042% menthol/0.060% methyl

salicylate/0.064% thymol), and aloe vera (20%). Substantial evidence supports the efficacy of
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CPC and essential oils as antiplaque/antigingivitis agents (Gusolley, 2010; Figuero et al., 2020).
CPC is a cationic surface-active agent with a broad antimicrobial spectrum, with the rapid
killing of gram-positive pathogens (Pitten and Kramer, 2001). According to the FDA, FFM
containing CPC at concentrations of 0.045-0.1% and chemical availability of at least 72% can
be considered therapeutic as CPC is a quaternary compound inhibiting the first stages of biofilm
formation (Schroeder et al., 1962). FFM containing a combination of essential oils in a
hydroalcoholic formulation (21.6-26.9% alcohol) can also be efficacious in plaque/gingivitis
prevention (Fine et al., 1985). Essential oils disrupt cell walls and cause the precipitation of cell
proteins, while at lower concentrations, there is inactivation of essential enzymes (Ross et al.,
1989). While there is ample evidence to support the use of CPC (Haps et al., 2008; Gunsolley
et al., 2010; Van der Weiden et al., 2015; Langa et al., 2020) and essential oils (Stoeken et al.,
2007; Van der Weiden et al., 2015; Gunsolley et al., 2010; Van Leeuwen et al., 2014; Figuero
et al., 2019) as antiplaque/antigingivitis agents, there are sparse data on aloe vera. The FDA
noted in its proposed rulemaking that “there are insufficient data to permit final classification
of the safety and effectiveness of aloe vera as an over-the-counter antigingivitis/antiplaque
ingredient” (FDA, 2003). Several studies have been conducted since. These studies generally
favored aloe vera, although none of these studies involved US populations and were also
considered of low quality (Al-Maweri et al., 2020; Tidke et al., 2022). Several cosmetic FFM
were found to contain CPC or essential oils but did not state their concentrations. Regarding
CPC, this is likely due to the use of clinically ineffective CPC concentrations or its poor
chemical availability in the formulation. Concerning essential oils, this is due to the formulation
not containing any alcohol. A recent study has, however, shown that an alcohol-free mouthwash
containing essential oils can be as effective in preventing plaque/gingivitis compared to one
containing alcohol (Lynch et al., 2018).

Some products without a stated concentration of hydrogen peroxide were intended for
oral debridement, wound cleansing, or sometimes as an antiseptic. This agent in mouthwashes
used alone is known not to consistently prevent plaque buildup, unlike when used as an adjunct
to daily oral hygiene, where it has been found to reduce gingival redness (Hossainian et al.,
2011). One FFM utilizes 2.5% sodium bicarbonate for oral wound cleansing and oral debriding.
Sodium bicarbonate can have bactericidal effects. It is effective in the prevention and treatment
of oral mucositis in patients with acute head and neck malignancy (Cabrera-Jaime et al., 2018;
David and Shree, 2019; Mohammadi et al., 2022). Two FFM utilize menthol (0.2-1.0%) for
oral pain relief. Although menthol has been used more as a flavoring agent rather than as an

active ingredient, it has been proven to have considerable antimicrobial activity, it is considered
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GRAS (Generally Regarded as Safe) by the FDA (Van Leeuwen et al., 2014; Freires et al.,
2015).

One of the cosmetic products contains dipotassium oxalate monohydrate. This belongs
to the family of oxalates, which are used in dentin hypersensitivity management because they
can reduce the permeability of dentinal tubules. However, there is no strong evidence from
clinical studies that demonstrate a consistent benefit (Lynch et al., 2018; Cunha-Cruz et al.,
2011), oral debriding/antiseptic/wound cleanser/pain reliever mouthwashes

Whitening was the most common purpose of cosmetic FFM, which can be attributed to
the presence of hydrogen peroxide and/or sodium hexametaphosphate. Two of the three pre-
brushing rinses contain tetrasodium pyrophosphate and sodium lauryl sulfate. A review of
clinical data on one of these products concluded that there is “some benefit in plaque and
gingivitis reduction”, while questioning whether these benefits are clinically meaningful. The
other product contains a wide range of plant extracts. A total of 15 FFM with plant extracts
were identified, containing from one to more than 10 extracts. There has been a steady increase
in the use and variety of plant extracts in oral care products, with the intention of naturally
treating oral diseases and conditions. Plant extracts contain different classes of compounds,
including polyphenols, essential oils, and alkaloids, thereby potentially affecting the control of
oral biofilm-associated pathologies (Cardoso et al., 2021). Some plant extracts exert
antimicrobial activity as broad-spectrum antibiotics, inhibiting microbial growth, reducing
virulence factors, and presenting antibiofilm activity (Khoramian Tusi et al., 2020; Shaw and
Wuest, 2020). However, there is currently little clinical evidence to support their use as
therapeutic agents in mouthwashes.

Three FFM claimed to provide temporary relief from dry mouth (xerostomia). These
products contain polymers (e.g., hydroxyethylcellulose) for the purpose of lubrication and
hydration. Xerostomic patients often use a wide range of OTC and prescription products, incl.
sprays, lozenges, sialogogues (drugs), and saliva substitutes.

Two anti-tartar FFM were identified. One product contains a wide range of plant extracts
and essential oils, although there is no clinical evidence regarding a specific anti-tartar benefit
for this formulation or any of the ingredients. The second product contains a zinc salt (chloride).
There is evidence that zinc salts control plaque, reduce oral malodor by inhibiting volatile sulfur
compounds, and reduce tartar formation by modifying/inhibiting crystal growth (Finney et al.,
2003; Hall., 2003; Cvjetinovic et al., 2020; Rajendiran et al., 2021). Six FFM claim to provide
relief from bad breath (malodor), which the ADA considers a therapeutic rather than a cosmetic

benefit. Agents used to combat are zinc salts and sodium chlorite, with the latter producing
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chlorine dioxide under acidic conditions, an effective antimicrobial compound that was shown
to reduce oral malodor clinically (Lee et al., 2021). Several therapeutic FFM also contain zinc
salts and most likely for malodor prevention.

A considerable number of FFM (n=25) contain alcohol (ethanol) and up to 26.9%.
Alcohol is used as a solubilizer, stabilizer, preservative, to enhance the efficacy of anti-plaque
agents, and for obtaining a distinctive flavor. Controversy exists, however, as comparative
studies between alcohol-containing and non-alcoholic mouthwashes have mainly shown that
alcohol content adds little to product efficacy (Werner and Seymour, 2009).

Lastly, FFM should not be recommended to patients whose primary concern is the
prevention or management of dental caries. Rinsing with a FFM immediately after brushing
with fluoride toothpaste has been shown to greatly reduce intra-oral fluoride retention and
thereby negatively impacts the anticaries protection afforded by such toothpastes (Duckworth
et al., 2009). For patients in need of both antiplaque/antigingivitis and anticaries benefits, FFM
should be used in between periods of fluoride exposure rather than immediately following them.

This study had limitations as only OTC products and only those available in
conventional retail stores were considered, with additional FFM being available exclusively
online. Furthermore, regional differences in the availability of FFM may exist and not all 81
FFM are available in every store. The differentiation between therapeutic and cosmetic FFM
was driven by the presence or absence of a drug label rather than whether there is irrefutable
clinical evidence to support any of the claims made. Lastly, new products are being marketed,
others are withdrawn or reformulated which suggests that repeats of a study of this kind may

be warranted basis periodically.

Conclusion

A vast number of over-the-counter FFM are commercially available in the US, which vary
considerably in their ingredients and purposes. Only 30 out of 81 FFM fulfilled the conditions
to be considered therapeutic due to the presence of a drug label and the corresponding active
ingredients. Antiplaque/antigingivitis FFM are the most common therapeutic mouthwashes,
with strong clinical evidence supporting their use. However, some cosmetic products are also
being considered therapeutic due to their supporting evidence for the relief of malodor, while
many cosmetic FFM does not provide a clinically meaningful benefit. Therefore, dental
professionals should consider the type of FFM used by their patients as part of their home-care
instructions and educate their patients on how to distinguish between therapeutic and cosmetic
FFM.



29

Ethics approval and consent to participate
“Not applicable”
Consent for publication
“Not applicable”
Availability of data and materials
Competing interests
“The authors declare that they have no competing interests.”
Funding

ACVT received a scholarship from CAPES N° 88887.621140/2021-00; Santander
Program “Mobilidade Internacional — DERI/PRPG-UNICAMP”.

Authors’ contributions

“ACVT and FL bought, analyzed, and reviewed the samples. ACVT, FL, APRF, and
JAC authors contributed to writing the manuscript. All authors read and approved the final
manuscript.”

Acknowledgments

This study was supported by the Oral Health Research Institute at the Indiana University
School of Dentistry.

References
Examples of the Vancouver reference style are shown below.

1. American Dental Association (ADA). 2021. Department of Scientific Information, Evidence Synthesis &
Translation Research, ADA Science & Research Institute, LLC.
https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/mouthrinse-
mouthwash. [accessed April 1, 2023]

2. Mohd-Said S, Mohd-Dom TN, Suhaimi N, Rani H, McGra th C. Effectiveness of Pre-procedural Mouth Rinses
in Reducing Aerosol Contamination During Periodontal Prophylaxis: A Systematic Review. Front Med
(Lausanne) 2021;8:600769.

3. Chaudhary P, Melkonyan A, Meethil A, et al. Estimating salivary carriage of severe acute respiratory
syndrome coronavirus 2 in nonsymptomatic people and efficacy of mouthrinse in reducing viral load: A
randomized controlled trial. J Am Dent Assoc 2021;152(11):903-08.

4. Cortelli SC, Cortelli JR, Wu MM, Simmons K, Charles CA. Comparative antiplaque and antigingivitis

efficacy of a multipurpose essential oil-containing mouthrinse and a cetylpyridinium chloride-containing


https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/mouthrinse-mouthwash
https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/mouthrinse-mouthwash

10.

11.

12.

13.

14.

15.

16.

17.

30

mouthrinse: A 6-month randomized clinical trial. Quintessence Int. 2012 Jul-Aug;43(7):e82-94. PMID:
22670258.

Food and Drug Administration (FDA). Department of Health and Human Services. 21 CFR Part 356 Oral
Health Care Drug ProduclOverthe-Counter Human Use; Antigingivitis/ Antiplague Drug Products;
Establishment of a Monograph; Proposed Rules. Federal Register / Vol. 68, No. 103 / Thursday, May 29, 2003
/ Proposed Rules. https://www.govinfo.gov/content/pkg/FR-2003-05-29/pdf/03-12783.pdf. [accessed April 1,
2023]

Food and Drug Administration (FDA). Oral Healthcare Drug Products: Anesthetic, Astringent, Antimicrobial,
Debriding, Demulcent, Expectorant, Decongestant. 2017. https://www.fda.gov/drugs/historical-status-otc-
rulemakings/rulemaking-history-otc-oral-healthcare-drug-products#oral [accessed April 1, 2023]

National archives and records administration. Code of Federal Regulation—s. Subpart C - Labeling
Requirements for Over-the-Counter Drugs. Nomenclature changes to part 201 appear at 69 FR 13717, Mar.
24, 2004. https:/lwww.ecfr.gov/current/title-21/chapter-1/subchapter-C/part-201/subpart-C [accessed April 6,
2023]

American Dental Association (ADA). Mouthwash. MouthHealthy ™, 2023.
https://www.mouthhealthy.org/all-topics-a-z/mouthwash [accessed April 6, 2023]

Gunsolley JC. Clinical efficacy of antimicrobial mouthrinses. J Dent. 2010 Jun;38 Suppl 1:56-10. doi:
10.1016/S0300-5712(10)70004-X. PMID: 20621242.

Figuero E, Roldan S, Serrano J, Escribano M, Martin C, Preshaw PM. Efficacy of adjunctive therapies in
patients with gingival inflammation: A systematic review and meta-analysis. J Clin Periodontol. 2020 Jul;47
Suppl 22:125-143. doi: 10.1111/jcpe.13244. PMID: 31869441.

Pitten FA, Kramer A. Efficacy of cetylpyridinium chloride used as oropharyngeal antiseptic.
Arzneimittelforschung. 2001;51(7):588-95. doi: 10.1055/s-0031-1300084. PMID: 11505791.

Schroeder HE, Marthaler TM, Mihlemann HR. Effects of some potential inhibitors on early calculus
formation. Helv Odont Acta 1962; 6: 6-9.

Fine DH. Mouthrinses as adjuncts for plaque and gingivitis management. A status report for the American
Journal of Dentistry. Am J Dent 1988;1:259-263.

Ross NM, Charles CH, Dills SS. Long-term effects of Listerine antiseptic on dental plaque and gingivitis. J
Clin Dent. 1989 Spring;1(4):92-5. PMID: 2700894.

Haps S, Slot DE, Berchier CE, van der Weijden GA. The effect of cetylpyridinium chloride-containing mouth
rinses as adjuncts to toothbrushing on plaque and parameters of gingival inflammation: a systematic review.
Int J Dent Hyg 2008;6(4):290-303. 5.

Van der Weijden FA, Van der Sluijs E, Ciancio SG, Slot DE. Can Chemical Mouthwash Agents Achieve
Plaque/Gingivitis Control? Dent Clin North Am. 2015 Oct;59(4):799-829. doi: 10.1016/j.cden.2015.06.002.
PMID: 26427569.

Langa GPJ, Muniz FWMG, Costa RDSA, da Silveira TM, Rosing CK. The effect of cetylpyridinium chloride
mouthrinse as adjunct to toothbrushing compared to placebo on interproximal plaque and gingival
inflammation-a systematic review with meta-analyses. Clin Oral Investig. 2021 Feb;25(2):745-757. doi:
10.1007/s00784-020-03661-2. Epub 2020 Nov 13. PMID: 33185736.


https://www.govinfo.gov/content/pkg/FR-2003-05-29/pdf/03-12783.pdf
https://www.fda.gov/drugs/historical-status-otc-rulemakings/rulemaking-history-otc-oral-healthcare-drug-products#oral
https://www.fda.gov/drugs/historical-status-otc-rulemakings/rulemaking-history-otc-oral-healthcare-drug-products#oral
https://www.federalregister.gov/citation/69-FR-13717
file:///C:/Users/acvaldiv/Downloads/ar.%2024,%20200
file:///C:/Users/acvaldiv/Downloads/ar.%2024,%20200
https://www.mouthhealthy.org/all-topics-a-z/mouthwash

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

31

Stoeken JE, Paraskevas S, van der Weijden GA. The long-term effect of a mouthrinse containing essential oils
on dental plaque and gingivitis: a systematic review. Journal of Periodontology 2007;78(7):1218—-28.

Van Leeuwen MP, Slot DE, Van der Weijden GA. The effect of an essential-oils mouthrinse as compared to
a vehicle solution on plaque and gingival inflammation: a systematic review and meta-analysis. Int J Dent
Hyg. 2014 Aug;12(3):160-7. doi: 10.1111/idh.12069. Epub 2014 Apr 10. PMID: 24720368.

Figuero E, Herrera D, Tobias A, Serrano J, Roldan S, Escribano M, Martin C. Efficacy of adjunctive anti-
plague chemical agents in managing gingivitis: A systematic review and network meta-analyses. J Clin
Periodontol. 2019 Jul;46(7):723-739. doi: 10.1111/jcpe.13127. Epub 2019 May 31. PMID: 31058336.
Al-Maweri SA, Nassani MZ, Alaizari N, Kalakonda B, Al-Shamiri HM, Alhajj MN,et al.,. Efficacy of aloe
vera mouthwash versus chlorhexidine on plaque and gingivitis: A systematic review. Int J Dent Hyg. 2020
Feb;18(1):44-51. doi: 10.1111/idh.12393. Epub 2019 Mar 25. PMID: 30829440.

Tidke S, Chhabra GK, Madhu PP, Reche A, Wazurkar S, Singi SR. The Effectiveness of Herbal Versus Non-
Herbal Mouthwash for Periodontal Health: A Literature Review. Cureus. 2022 Aug 13;14(8):€27956. doi:
10.7759/cureus.27956. PMID: 36120261; PMCID: PMC9465625.

Lynch MC, Cortelli SC, McGuire JA, Zhang J, Ricci-Nittel D, Mordas CJ, Aquino DR, Cortelli JR. The effects
of essential oil mouthrinses with or without alcohol on plaque and gingivitis: a randomized controlled clinical
study. BMC Oral Health. 2018 Jan 10;18(1):6. doi: 10.1186/s12903-017-0454-6. PMID: 29321067; PMCID:
PMC5763666.

Cunha-Cruz J, Stout JR, Heaton LJ, Wataha JC; Northwest PRECEDENT. Dentin hypersensitivity and
oxalates: a systematic review. J Dent Res. 2011 Mar;90(3):304-10. doi: 10.1177/0022034510389179. Epub
2010 Dec 29. PMID: 21191127; PMCID: PMC3144108.

Lynch MC, Perfekt R, McGuire JA, Milleman J, Gallob J, Amini P, Milleman K. Potassium oxalate
mouthrinse reduces dentinal hypersensitivity: A randomized controlled clinical study. J Am Dent Assoc. 2018
Jul;149(7):608-618. doi: 10.1016/j.adaj.2018.02.027. Epub 2018 May 2. PMID: 29728195.

Hossainian N, Slot DE, Afennich F, Van der Weijden GA. The effects of hydrogen peroxide mouthwashes on
the prevention of plaque and gingival inflammation: a systematic review. Int J Dent Hyg. 2011 Aug;9(3):171-
81. doi: 10.1111/j.1601-5037.2010.00492.x. Epub 2011 Jan 31. PMID: 21356027.

Cabrera-Jaime S, Martinez C, Ferro-Garcia T, Giner-Boya P, Icart-lsern T, Estrada-Masllorens JM,
Fernandez-Ortega P. Efficacy of Plantago major, chlorhexidine 0.12% and sodium bicarbonate 5% solution
in the treatment of oral mucositis in cancer patients with solid tumour: A feasibility randomised triple-blind
phase Il1 clinical trial. Eur J Oncol Nurs. 2018 Feb;32:40-47. doi: 10.1016/j.ejon.2017.11.006. Epub 2017 Dec
14. PMID: 29353631.

David, MPR, and Shree, MKT.Effectiveness of turmeric mouthwash and sodium bicarbonate mouthwash to
reduce oral mucositis among patient undergoing radiation therapy. Scholars International Journal of
Traditional and Complementary Medicine, . (2019). 2(7), 124-127Mohammadi F, Oshvandi K, Kamallan SR,
Khazaei S, Ranjbar H, Ahmadi-Motamayel F, Gillespie M, Jenabi E, Vafaei SY. Effectiveness of sodium
bicarbonate and zinc chloride mouthwashes in the treatment of oral mucositis and quality of life in patients
with cancer under chemotherapy. Nurs Open. 2022 May;9(3):1602-1611. doi: 10.1002/nop2.1168. Epub 2022
Feb 16. PMID: 35170247; PMCID: PMC8994952.



29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

32

Hasturk H, Nunn M, Warbington M, Van Dyke TE. Efficacy of a fluoridated hydrogen peroxide-based
mouthrinse for the treatment of gingivitis: a randomized clinical trial. J Periodontol. 2004 Jan;75(1):57-65.
doi: 10.1902/jop.2004.75.1.57. PMID: 15025217.

Angelillo IF, Nobile CG, Pavia M. Evaluation of the effectiveness of a pre-brushing rinse in plaque removal:
a meta-analysis. J Clin Periodontol. 2002 Apr;29(4):301-9. doi: 10.1034/j.1600-051x.2002.290405.x. PMID:
11966927.

Cardoso VFDS, Amaral Roppa RH, Antunes C, Silva Moraes AN, Santi L, Konrath EL. Efficacy of medicinal
plant extracts as dental and periodontal antibiofilm agents: A systematic review of randomized clinical trials.
J Ethnopharmacol. 2021 Dec 5;281:114541. doi: 10.1016/j.jep.2021.114541. Epub 2021 Aug 18. PMID:
34416298.

Khoramian Tusi S, Jafari A, Marashi SMA, Faramarzi Niknam S, Farid M, Ansari M. The effect of
antimicrobial activity of Teucrium Polium on Oral Streptococcus mutans: a randomized cross-over clinical
trial study. BMC Oral Health. 2020 May 1;20(1):130. doi: 10.1186/s12903-020-01116-4. PMID: 32357889;
PMCID: PMC7195746.

Shaw E, Wuest WM. Virulence attenuating combination therapy: a potential multi-target synergy approach to
treat Pseudomonas aeruginosa infections in cystic fibrosis patients. RSC Med Chem. 2020 Feb 19;11(3):358-
369. doi: 10.1039/c9md00566h. PMID: 33479641; PMCID: PMC7580779.

Jose A, Siddigi M, Cronin M, DiLauro TS, Bosma ML. A randomized clinical trial in subjects with dry mouth
evaluating subjective perceptions of an experimental oral gel, an oral rinse and a mouth spray compared to
water. Am J Dent. 2016 Feb;29(1):58-64. PMID: 27093778.

Finney, M.; Walker, J.T.; Marsh, P.D.; Brading, M.G. Antimicrobial effects of a novel Triclosan/zinc citrate
dentifrice against mixed culture oral biofilms. Int. Dent. J. 2003, 53 (Suppl. S1), 371-378.

Hall PJ, Green AK, Horay CP, de Brabander S, Beasley TJ, Cromwell VJ, Holt JS, Savage DJ. Plaque
antibacterial levels following controlled food intake and use of a toothpaste containing 2% zinc citrate and
0.3% Triclosan. Int Dent J. 2003 Dec;53(6 Suppl 1):379-84. doi: 10.1111/j.1875-595x.2003.tb00913.x. PMID:
14725382.

Cvjetinovic A, Ramseier CA, Salvi GE, Laugisch O. Chemische Zusétze in Zahnpasten zur Hemmung der
Zahnsteinbildung. Eine Literaturiibersicht [Chemical additives in toothpastes to inhibit calculus formation].
Swiss Dent J. 2020 Jun 15;130(6):503-513. German. PMID: 32512986.

Rajendiran M, Trivedi HM, Chen D, Gajendrareddy P, Chen L. Recent Development of Active Ingredients in
Mouthwashes and Toothpastes for Periodontal Diseases. Molecules. 2021 Apr 1;26(7):2001. doi
10.3390/molecules26072001. PMID: 33916013; PMCID: PMC8037529

Lee SS, Suprono MS, Stephens J, Withers SA, Oyoyo U, Li Y. A randomized, blinded, clinical investigation
of breath odor reduction efficacy of a stabilized chlorine-dioxide containing flavored mouthwash. Am J Dent.
2021 Aug;34(4):195-200. PMID: 34370911.

Freires IA, Denny C, Benso B, de Alencar SM, Rosalen PL. Antibacterial Activity of Essential Oils and Their
Isolated Constituents against Cariogenic Bacteria: A Systematic Review. Molecules. 2015 Apr 22;20(4):7329-
58. doi 10.3390/molecules20047329. PMID: 25911964; PMCID: PMC6272492.

Werner CW, Seymour RA. Are alcohol containing mouthwashes safe? Br Dent J. 2009 Nov 28;207(10): E19;
discussion 488-9. doi: 10.1038/sj.bdj.2009.1014. PMID: 19942865.



33

42. Duckworth RM, Maguire A, Omid N, Steen IN, McCracken Gl, Zohoori FV. Effect of rinsing with
mouthwashes after brushing with a fluoridated toothpaste on salivary fluoride concentration. Caries Res.
2009;43(5):391-6. doi: 10.1159/000239753. Epub 2009 Sep 16. PMID: 19776570.



Appendix: Complete information of the samples, their ingredients and purpose.

34



35

ylealyoino

EUEIUIEIIA S| SWELWEY '|10 JE3| EI|0HUISE
EIN3|E[IW JIEIIXD SISUSPEUED
SIISEIPAY |10 JSMOY 51 EUITIYD
E|npu|E3 "a3inl je3| sisuspegqieg

30|E ‘PIIE JIGI0ISE 'BIEQIOITE WNIIED

0 YA e1oydiwwed 10 51| BUI3IYD

ElA|ES '31E131T JUIZ 1IEIE El|OySNEUE

Uy FUl

4 i i IR T EETIN] < _ ouswayE _ Spooy . WSN BELTT ERIE ] _ Sulysnug paseq
umosg sy mieahy S0ETWST Suiysnug paseq 504 PUE 344 JIswWsoy ulysnugalg q lway ajoum 6T6 N sSneddney pssag OWTEITT [
JBpUn uBIpIYY
Eld 0193 SISUSAE BYIUAW |10 W31 /1E3| 1amo)y FrusssvEE=Rd
e3uadid eyusw "suoiyieIns
13E43%8 B FEUSUE wniEsinb
fpes¥e yieq enevodes ele|)inb oenxe
1004 21qe (S eziyshadE ‘ulnu ‘uiszoud
ead pazdjoipdy 1381343 1004 SNgAIUL
WiNoY313 "13e11%8 paas saplowhad
e||uad ‘gg a1eqiosd|od ‘uadk s Ueiepy
ssur S umoahyead TEuang
o %04 ‘wnE uByluEX ‘BULIEYIIES WNIPDS
Fujuzsoo|anbeid N . u|
-asn Sujysnig-aad = 31EJ|NS |AUNE| WNIPOS "31B02U3G WNIPOS  s1eydsoydossd WEN 568T0 . 25Uy
anig |NwWigy pEIUEAPY Iud Iawsoy Suiysnigaid ®OFlOYOIY . } D 85F . Aaeweyg TT9lE £g-uer
Jouog sieshg  Qfxoudeqw oz e un syuEpEETl £0% J3wexojod ‘Joasy ‘pIIe J10zuag WNIposElIal |4 ‘¥@yI05uoom |E3UR] Ysnig 344
18d 53U : ‘ayeydsoydoshid wniposenial ‘g s
ayr oy asedwoy
|oyo3|e ‘|ongqios Jo/puE uadhE Uelen
5 mao||ah ‘T 3n|g ‘ueEyIzEs wnipos ‘wng
EECNLEN-ETY Aep UBYIUEY JOAE|L /04 J3Wexo|od ‘18NS M
Suysnug afa . . a1eydsoydosid TISHET EPEUED Jawnsuoy YSEMYINOW
uzain TT=UBIPIIYI  E3IMI W 0T Jdd NIBWS0Y Sulysnigaid |AInE| WnIpos "pI2E JI0ZUSQ ‘BIECZURY UEW[EM 165 B WITLED LTOT9ER
siogag Ssuly %9°8 10403y . wniposelal WwEyEW uosuyor JOAE|} JUILLOS XE|d
asnuog UM BSUL S 0E wnipos ‘aleydsoydostd wniposesiay BELUD,
‘ls¢9°g) 10y0212 ‘onquos UEem 2 der
suouinbign
‘B1EJIUSIUOD JSIEMITOL |10 WN|ISEG
wnwizo o Jasmo)y sn|Aydodiaes
‘asn ejuaEna 1o 2JeS|nA WnNJIuI0y 13E13XD
10U O sIEIA T paas 1sipeded snua ‘1o (2ad enwesiag
JBpUn uBIpIYY WNIUEINE ST JSIEM EUEILISEIIA
‘asn paspaadns SI|2WEWEY 10 W5 /je3| sI|BIYD
JuaSe Suipugap waly Buipugag wap
ZT4pun q a _ SNUMEWSS ‘|10 su3|oaaeE wniwoSie|ad 57 SIEUCQIENG Spooy . w5 TETES .
anig usipig sA0qe spEInydEa T |EJoUBsUES|D _uh_“ni 04 Jyanadessy] |eigfEsuEs|y 1o 3ny wnsiue ey suiduwid e 43| wnipog sioum 666 P 1N3IT-023 8932 HTIEW 033 "BEJYINOW
pE1321Ip SE 350 |B4e pug sz AitEa punemI=io SISUSPEUED SISEIpAY 10 PSS SIUNWWO RusssgsIEwaIn
13p|o pue siEak 1o BljoysnEUE E|NPUEAE| 1O
TT usppya UDWI| SNI3 |10 S13|NP WNIIUEINE ST
puE s3npy “13E13%3 E8IndInd E3IEUIYIB TIEIHD
EUEIpNEGa] EIADIS euadid eyuaw
‘loyiuaw ‘a3nljea| sisuapeqJeg 20|
‘oz ;1eqioshoduiEadE Us1EMm paYIIng
pI3E 3102Uaq "SpLUOIYI WniupuAdiAas
afe jo suesh Aepiad ygoidnioy@iad . .
ay uBIpIYI  SIW w woldwhs yinow =0, 3B now A - FR02U3Q WNIPOS [0 Jaulex0jod BPUoIud - ¥sn zosy BlauwEs 59T =L now A Bl
Sl = Pt el i = d i o2 b a ‘S18UDJn |EAY WNIpos ‘wnE ason|@3 wnuipuid|fay SR BLTT HO "REUUIDULY 7 131304g WIBLTSEEDT ET2=d b agi=o
Ly
FEnawed HRim EsUL E0E P ERIpELL floaAx “joakE auahdoad ‘uaadE Lone |
3UEIYI EBY deoud ; deoud
T a1eydsoyd wnipos1p ‘F1eydsoyd wnipos
Aepiad ‘1one |y ‘uaqesedjfdoad ‘geied|Ayisw eIy EIY
S53|Un asn _ — EPEUED G50L0 SEUL |EID
FJUYM FRWILG= W ST pNIIITRTEC N ) INBWs0Y yanow Aig ‘aso|n|a3iylaixoiphy ‘a1e0zUag FEELT B L Jawnsuoy JESOOT §T-g34
Jogiop Jspun TH ‘uBlEM yinow Aip auzioig
pue sieah Ym 3SUL SOE wnipos ‘yof sawexojod ‘joadE susAdoud H5D B
. [—— AIE
2puss 1031908 “jo3Ax “ulEIAE TElE M
T T uOIIeLLIoHUI = = - 1BYI0 ELGEN . BINJIBNUELL JO a
1010 ot o S auw St wysnag sog faig nadesay) fazaws asnoding loyoay sJuaIpaIEU)| aled doys anug e JBUNIIBINUERNY] Ely | a1eq dig Bwep




36

SQE-OT @SN Ayl

‘p13e J1qJ005E 1IE11%E paas saplowhao

g||uad “13E03%2 SISUSpPEUED S1IsEIpAY

snuaps U020 J131EM  IIBQIOISE WNIIED . . Ju| ‘dnoug Suuaysug
: A .o ped auo YIM YSEMYINOW S04 IBWS0Y Suluaiym - 4RIEM BUBIL SN S| BB RS - = 654 ¥SN TrOTL |el3sa133 JETAEITE ozOZ 9813 a|wsiamod
M dnsueasmEsi g . : T EI|0)135NSUE ESIEUIYIR TIEIND pIAS F|oum AN ‘552305 33E i B :
JBPUNUSIP|IYD  +YSEMYINOW yies1g ysaly SipuiS snas oesxs 1ny eAeded sae NN y3Eay uoser
joued sug B
1IE13XS JAMOY 51| EUIIIYO BINPUS|ED
‘aain[jes| sisuspeqleq 30| 1o eauadid
Eyluaw ‘gz s1eqioshiod uadAE atep
Jamod Wwalsfiea] BUBIPNEGaY EINEIG
yaeaio B |
13E13%8 BUBIWIENA SIS WEWEY ‘PIIE
nodaay sieak . B
J1QI0ISE "BIEQIOEOE WNII|ED "BIEINT
mhm_umz JUIZ |10 JES]| BN OHUISI|Y EINS|E[B Y . YsemuyInop snid
sy UTPIND ENOGE o qwer HEEMLINOP SNId - Inawso) Suiuzaym - TIMEH-033 |10 4837 SUSQUINIOI - shand G5B SN BELTT FauE== DE690ZT - Sulusnym 10 3841
pa132aIp SE Suualyp 19 3311 A ajoym AN ‘@Eneddney wasag
ELBYINED JIEIIHD JEI] ISUBAY B3] 3IUass] WATA(
S50 113p|0 puE .
wniasinb3 ‘|10 4837 SIpUI EYIUSRY
s1E3h g USIp|IYD ..
I3N[ s3plosngweg s1y3eso||iyd
PUE SInRY ‘pE-s1equosdjod ‘ula3dE Te1Em paLINg
‘N samop sn)Aydofien
ElUaEn3 10 WNIISE] WNWI0
SpuoIT ‘1o je=) ezuadid eyusw nuesig o X
- 09 15E3| 18 uasayl s — JES| SIPLIT EYIUSLW |10 51|EUITIYD EINES _ Fwhy] . OTZ0E ) ! 5|ENUBSSE
FUUML JopAEp oy sawnn Inoydm Euusy Ay =ad InswERd uuEm 1o |23d uowWI| SN |10 E13HINU S0303 ysau4 556 w3 "s||IH Auanag |ERuE==3 Teize ¥ |EJQ ¥NBUIWN
£z Inoydea 1o e8| susquniosd eusyineE es eas =40
pE3p Ja1EMm payLNg oAy ‘B3inr e
(ea3p 20y] sisuspeqieg 30|y JUESig
Supuup
ssEpIND SCEN
afe o siealh JoSunes P! y q
P 104 I BE UEM =inoy 7 Joy Suluiels s 2502nE ‘|Joyuaw “Busuowi|-g ‘wieded X WEN "BECOE o771 TIEY ysaay Suluayim
s IT=usipi ,_*_.:.mn_ M“n.m _.._n Loy Y3233 51333044 Inawso) uluaziym TIOAE|} JUIW [EINIEN ‘did BIEDZUSG HEwEM wE WO “sm|ESuy S0 PIoJEH U0 OTIOELTTMD Fe-unr P21E|NWI0Y ISIIUSC
350 wog
‘i Alod" U
i i 7 250y wnipos ‘o7 s1egloshjod unaikE JelEn y1ES1g EISYL
S50|E1INE ‘PIIE IUYT
31dind . . . a1
afe o siealh Aep ULEYIIES WNIPOS "B1E11I WNIPOS IOAE|}

e usJpIy? B aIMl W B4ES |FWEL; =0, IIFLWE Sulusnym - i d'a 1FWExaY pEEAT] . SN zosy Flawes -Sn e
ETRp— TT=Uaiplly 1MW ST HES | 3 d ! ] 1wz, oc =38y wnipos ‘apixoJad il 665 HO "REULBUN p— WZBLTSOLTT ET-ENY N
. asnuog Yumasull 509 wnipos ‘apixolad uaSouply ueSounh

Rl ‘load|E asAdoad ‘uEadE JB1EN PAH

“PI3E JUN3 ‘BULEYIIES
afejosiEakgT e 103583 pAeuSoupiy 3 dngdn
J3pun uaupys __”._ 2UYM - ‘Ob-D3d JOAE| "BIEIII WNIPOS eydsoydelswexay - 334} |OYOI|E IFUL
CRTITTAN E331m1 W ST sogd Inawso) Sulusnym . . FE=TET 69°E WSN E0PSSNW  diopisie) STHPTLS
Joyzess mEsuL s Qg 15315 01 2uedwoy fiad ;ey 1awexay wnipos ‘apxosad yanow Suuanym
1o1no daay w u=0s winipos ‘lo3dE susAdoad uaSouphy 3uym pipuz|ds
‘apixosad uaSouphy ‘usadE TaiEs
“PI3E JUN3 ‘BULEYIIES
wnppos ‘1o 101583 pE1eusoipiy a1
afe o siealh Aep B . B EEITNE=ETT)
- EEITNE-ENTY — O-03d JOAB|4 BIEIII WNIpOS eydsoydelawexay WM ZOSE a|gwen
YA TlT=uadp|iys B33 WET uonEwIoul oN IEWs0) Suuszym . n 1sEouy 609 FITELS sg-nr 124o3|E Suluaym
. [ loyoa| e Suluayiay L0t ey 1Bwexay wnipos ‘apxosad HO lEuuIUI} 71813044 i ues
wag L uspE winipos ‘|o3kE suajidoad usSouphy e ?
‘apixosad uaSouphy ‘usadE TaiEs
‘ULIEYIIES WNIPOS "BIEIUI WNIPOS JOAEN} 2
afe o siealh Aep . »
. ElIZ13E] YIESIg A sam o 31EY Bwexay HEW|E WSN TOoSk F|qWen . I ——
YA TlT=uadp|iys B33 WET PG40 SUBHIW Sy =od Iswsogy lu=ly %S |oyoaly wnipos ‘apixasad usSoiphy wnipos ‘sprxossd 1BA L&t HO "REULBUN — JYSEESEETT 0zozT9E3 15 et | r
==naueg R EEILIE03 ‘{ss3mg) joyoae UEdAE TaiEm uafouphy
£ u3a.E ‘£ paJ ‘950||B1INS ‘ULEYIIES
a8ejosieakg B .
paTIUEIENS wnipas ‘pIae adoydsoyd Jone) a1
JEpUMUBIRNE Aep = 21w i E - ‘31B4|Ns |AUNE| WNIpos ‘B1E0ZUSY WNIPOS d d So. wSM Tosy F1quEn SIuElbg
eydsoydelawexs 13501 . e
UM 1o uomas 0z M E 08 uluEIYM UoIEWIOU] ON InzwWwsoy TTESTITERY > 4Nz | 1 ! ydsoydey y H 66'9 HO TEuuPun gusmaly  CNSEESTSTL ozoz9=3 suymgE 1581]
0 1n0 das Suinellesn fils ] d ‘a3ey 13wexay wnipos
o3 A wnipos ‘uEas s UE1Em
3 1 UDIIeLLIOMI - = T FEITY Ay i BINJIBNUEL 4O <
10007 | - ysnug sod faig nadesay) faaws asnoding loyoay suaIpaIEy| aJe|d doys aiug e JBINIIEPNUELY] 107 a1eq g awey




37

nohuesp “81EUCQJEIIG WNIPOs ‘o3| Ax ‘F50|81Ins ssuns
uaap|Iy3 “31E0ZUSQ WNIPOS |10 [33d oW ST i
015 0g Joj Inydea _ _ . . B . ¥SN "BE006 a1 ey |E10 y3ESq ysEY
an|g Joyzeas y3Esug ysauy MBWsg 330jy3 wnipos oyiuaw o uiw addad  a3uoy3 wnipos 13500y 658 OTSORLTZNG Sz-unp
Jaypoue yaim W "s3Eiuy 50 PI2JEH Q0 PEIEINWICLISIIUSR
1onodaay “apixoJpAy WNIpos ‘PI3E 333 10 J215ED
28120 nd=a a1euafouphy ‘uEINE 1mEe HRERIE BIEUL
auo Y W T pa3 PAY ‘05-D3d ‘ULEIAE USIEM
» 5 MO||3A T 2N|g 'PI3E 1I0ZUSG ‘BPUIOIY
‘asn pasyuadng m,_u ww [EuFug M d|f133 ‘s1e0zUSg WNpos IpuUoyg < . . 4 - _ dnmd
ussa =1ead g uaipyg &= oz adoas 01 auedwoy =od JnswEes 5T |OYo3|y ‘uleyIzes wnipos ‘o8 a1eqoshjod wnj hdAaan =SBl 5T WM E0TES NI 90 3ESEL E0TE3s N yERmRnon
M SSUL =08 “ionely UadAE sam 5T joyooje Ua3Em
L0+ Jawexo|jod ‘waqeled|Adosd
Huid 3yEug afejosiEal Aep . B 21E33E|
; . ‘o Jaws _ ST0|EJINE ‘ULEYIIES WNIPOS Lamie . WSM ZOSE s|qweg BHED o FEUL YINoW
HHMAIZA - SEUBIPIUT - EEAMIAWOT - RESIG PR ESE d W= ‘agesedjfyiaw ‘=188 2uiz ‘BpLOY L &89 HO‘REUUPUD  BJIPONd WIBLISTIET ETnaN INEETLITECTTE Y
s12imog asnauog LRI SEUL = OF wn diA323 one) unadhE UIaem
31EUCGIEI WNIPoS UEILE 1o
afe jo sieah AEp E 33181 paas/uny (@siuy) wniap wn)
21 uaJip|yz  Funes o Esu 3 nEWs: - ‘81EUOQIEING WNIPOS ‘ S1E0ZUSY WNIPOS  331140(y3 wny suaalse . SN Zosy BlqwEs - Ayung yieasg g |ed
UM ZT=UaipIy ! 43q . d I ol ' ! pos’ L Hojy Ipos 1EM B6'L HO REULBUD B TWEBLIBTTT ungd yaeaig g |eig
asn 3u0g S09IWST w13 WNIPOSEIIa] ‘SIN0IYI WNIpos
0 101se3 peieuafouphy ‘op-Sag s
a1eydsoyd wniposip
‘a1eydsoyd wnipos Joael |oddE Afades
a8e yo sieak Aepiad B e
yInow fp se3Esphy _ |oipsuExay-z T ‘Buouaydoleadexolphy wSM T0SE s|qweg Fsul
SUUM TT=USIPIIY3 53w 5= W ST USREWISULON INBWsy P . 1z50ny BL'E EBLVLS sg-unr
25N U 1M BTULL 5 PUB sRRaIE sso|n||@a1izakxo.phy sIe0zu=g HO EULRUID BE1304d 1EJ0 yanow Ap Jung,
wea b =08 wnipos ‘/of Jawexojod ‘o3| E sua|Adoad
|o3glos ‘jonhx ‘udadh s Ueieay
asiuadns i . .
mo|Eh T En 138 Jl0ZUSq ‘BPUO|YI
noym ep S moj@A T an|q pr I q sploly
aynogq M wniuippAdiAias ‘s1e0zusq wnipos SPUCIYD WSN TO0SF 3|queg - anbisse|)
uaan sieahgr B 331M3 W O s0d INBWs0I saZory &5 WNSEESOETT
-ssn asiuadns -F3U 1 YSEMYINOW 5T 10403y ‘uueyddes wnipos ‘og a3equoshiod Joae)y  wniuipuddifzag HO 1EULIZULY g 13330.4d Jsse|) adoagisaig
< ! YHm BEUL S OF
P ey .
Leshzra uLEIAE (3IME T 10YO3|E NvE IR
£ u3a.E ‘o1 Mo 24 ‘uEyIIES
= wny ‘|oyIuaw ‘350 E1INS owhyl
R Jep w3k yiealq : Ipos oy > I " I Y NI pusiq
uza1E Wi usipys E331M3 W pEq s=Eal|EanEY S0, IEWs - el es (Ayaw Laney ‘@ieazuag - HEW|E 3 EPEUE; {Ewnzuag E W] 7 INUDID
ysll  TT= Py (S iTA puag ioney d g ol wnipos “pioE 310zuaq ‘|oidAiEana 1EM LF'3 pEUED uosuyor WITTLOO TZ0ZT 9e3 ne
350 uog YHm BEUL S OF . . 11ps uKEIET
paunidsul AjjE3iuelog auleiaq |Adosdopiweine| ‘ Loy Jawexojod g UBSUYOT
10345 suajAdoud ‘joaigios Us1E N,
T @n|g "‘pI3E J102U=aq BPUOIYT
yIEa.q sUsYsaYy wniupidiA3a3 ‘s1eczuag wnipos . ysemyInop
- - . P . . IpUDIYD EPEUB]OZEET D771 'SPuBlg . -
an|g ylesug peEq IsnEd 04 MBWsg %GTTT ULIEYIIES WNIpos JoAE |} 0 S1EqIosh|od wn Adihaa T P o SEHTWSLETOT Julw anjg
eyl swuad ||y sdjay Jo/pue gg a1equosh|od ‘longuos Jo/pue {ipliAdIaEg WA 4 poampl ssaU||EM AIWES
upa3AE {2cm 57 ZT) 10YoI|E UB1EM
‘ULIEYIIES WNIpog
Hhesa “rawhjodo] win/NAd OAEld PRy 3T
susysaly/aE SJuEApy 33
- usaldfajes _ P13y 3uoydsoyy Jawhjodoy a3eydsoyy WEN'EITOL O 3AoW|Ed g Py mam
Suum s0g WSt |Bweug s0d Inawso) Sulsnym .. Spxossdusfoiphy  ssEery 59T 4T955NTE0T gz-dag 1Edw) ySIH =IYM
JosIEsA T =< 1Ayzz|hojiuzeyiapwfsaie iy wnipos oF w1 ‘SUES|IQ MmN a1es|o0g
SUIEIS MBU IN0 5|ESS Jndg =1e8j0)
B s1equosh|od ‘apixolsag uaSouphy ‘|ougios
B EUEm AR ‘load|g aua|idoly uiEadg Te1Esy
pI3E 3313
floyiuaw o sunwsel o oueSauo 1o 3303
B33 |10 3UUay |10 JuIwIeads ‘g uiwenpy,
SIEJ |EIO BAIIIELE
a5ejo sielh 7T I UILEA "BIEITE| WNII|ED |10 3NT|T
puE 3)ET 10} 2E1IE| ASojouyas)
Japun uaip|iys 4 uasoink _ s _ 10 WoWepJED "B1A335 |10 Juwiaddad B 4 = X 0T906 am _ s o
Suum 103 09TWST apixosad usSouphy Inawso) uuEym “apL|Ys Whipos ‘S1euisoES WNI3|E3 ‘BPIXOIE FEEILT 69°E vouejeusng  epusyning  FTPEEEEEO $Z-uer upuEHY A ISINgANC
aulqwol 5|10 uaSouphy EPUEN MINg
1o3no daay |Aoune| wnipos ‘1o 10353 pajeuaiouphy
|E13Uassa 24nd %600T B .
ot-S2d ‘S1EU0QIEDIG WNIPOS “ESEA B0|E
‘a1e0zuaqg Wnipos ‘apixolad uaSouply
‘longios “loAx "uEakE Jaiem payung
3 1 uoIIeLWLIOHM] - = i FETRTLY Ay - BINIIENUELL JO B
10100 o s e s — ysnuq sod faig nadesay) finaws asnoding 1oyoay SN azed doys, anug A — - 1BINIIRMUER] LS| aieq dg awey




38

Fun=ze|Suo| Sunsel

ugapya Aep 1eaJ5 ‘paieldoy JUNOWE 3Yl T 2n|q ‘PI2E 333 BPUOIYI U ULEYIIES
. _ |esauag ‘EpEUE] spuesg _ YsEMUINoW YIEssg
an|g Joyleal eaxmi gz ‘Wiwsaddad jeanieu Inswsoy aquIsaplou  wnisop ‘gz 21eqosdjod “fof Jawexojod POy IUZ e T 4 iEg saaul wnt BERITET sEa14 sLONE
jonodasy YHm3BsUL S OE Ym yIeaug ysay 530p3Ing "sey  Joae| ‘|onglos/uuadhE ‘joyodje 1a3em li=a H e R pad 4 B 1
usaoud AjE3ung
EE
Jou ‘s1Eah A" I
°a 2 swawafefua JUNCWE 3yl 5 MBIELT SN PaE uw ysayay 3|5ien
JEpuUn usIpIy Suiysnig J10zUaq "21E0ZUSG WNIPOS "SUNEYIIES apuoys [CIENE]-) "EPEUED SpuElg —
usaig S0E |WOE |E130s a10Eg Jswso) =quIs3p 10U T J4E89902T B YsEMYINORY
uBap|iy 504314 B WnIpos ‘SpUo|Y3 wniuj [LSERME T wnmpdifass Je|og 4 B4 13U wnipod
pUE S|ESW 183y s30pINg ‘SEH E1EQIE4
Joyzeas ‘oz =;1equosh|od ‘lougios ‘loyode UEEm
joinodasy
s1500q1 335
woy Fupayns
saned UES|3 PUE YsE4y ||34 . ' .
s0E _ _ an|g ‘UlIEYIIES WNIPOS B1E0ZUSG WNIPOS _ |esauag WS FTTES _ ysemynop
an|g 10 SI01E(1 U yInow sjday “ssul JEwWsog T 3u| “uor-i LB3T55
{20 74T) lwoE ‘pI3E J10zUSq JOAE| '/ Ot JAWExo|od JE(I8] Unossip "SIN07 315 231} |0Y03y UEMT
|E3IUEYIEW yInow Sulysauay
‘load | auaAdosd loniqios Ja1em
uo syuaned
yum asn 1o0u og
{yaeaug suaysay)
1E3| (3811 B8] EI|04IUISI|E EINS|EBW
‘[Angels sulEIuIEW) S1E0ZUSG WNIpOS
‘|saziun3isiow pue say3oos] 1o (INuo3o3)
YINow SSZUNIsIow
_ Twoz ) _ _ EJ3y3NU 50103 {YIEalg susysaly) Jepmod = i W5 THOLO 77 s3Inpoig |EoEY]
e YU BSUL S OE Mu:ﬂmﬁmuﬂ.““u._ nswEed |Eo3Ey3 [I3s|nwa] [of Jewexo|od =Bl 663 o124 OTOESNEE0T FTasd PEIEAILYY O||13H
HluEyERL ‘{1auazaams) joauyalia Jraumiaame)
|oAx {wnd] sonely JEps|nwa)
0F @1equoshod {sszunisiow pue Jayloos|
ula3A S ajgeIafan Ua1Em pIIpUng
3pIxopAyY Wnipos
a1y |oyod|e Sunse| floy3uaw "BIEID JUIZ "PIDE JoTUSg . Y5344 PRI
- Aepyo - - . . B WS "EFOFD Ju| BulEw
UYM -Su0| YyIesdq ysay J3EwWso] JonE| [Ein3EU ‘oA ‘|jo1pauedosd B4 IV HEWEM B6E B 4T3595N350T HT-9a4 alpapuon|4
Wi Auy U T ; I yungauuay 105 Wwo)
uaaoud Ajjeatungy (21uesio] 33inlyes) sisuapeqieg ’ |EJNIEN 5 WO|
20[y 011408 ‘U3 E UsaEs
s 4 - [0t J3wexo|od "33E0ZU3G WNIPOS au|
Uy _.___._m_.__u_._n.m._ = m:M_ . - JnBWsog - ‘a1equos wnisselod ‘joyuaw awhzosh| SAD E5TT m.w: 56820 “haewseyy TLOTTE gT-1EW |EJD 1| ES EBG
OE¥OICETWOT  |BJOPOOE STI0WRLd fIOAE(4 |EINIEU |0 |AX Y ES BAS UBIEM ¥ ITRasIaem (%)
“@sn 3ouog
"sieak g sapun T&N 2N19 3804 0T 5N M0|124 380 ‘|oyod|e
usJp|Iyy "asn |Azu=q ‘BpIIo|YI WNIPos ‘ULEYIIES
paswuadns 7T WNIpos "PI2E 2102Uq ‘2IE0ZUSG WNIPOS
Aepiad Ul E|ET
uaalg  Japunolsiealg . N — _ ‘IoAE|} ‘BPUOIYI Uiz BT T Jawexc|od SPUOIYI IUE o X WS THTED 4 " [STEN]
UEBN|E  USIPIYD BA0gE FEURSETWOT SIUSPRUSIAERIIY pswEad ‘lo3d|E suaAdoud s op Jewexo|od ‘8110|Y3 Wnipos mena 88101 unossip ‘sino 1g nEILLEY TITES0TT sThEn YInow Jews
Y SEUL S0E ydwnug
pa13aap sE 35N ‘ula3A|E Ua1EM PRIIING 17 UDIIN|OS "PI3E
:13p|0 puE siEah J10ZUBG PUE S3L0|Y3I WNIPos ‘S1E0ZUSg
TT uzIp|Iy3 WNIpos J31EMm paiyung ;T uoin|os
puE s3npY
Sune
sJoyag SEINUIW
syeEm hep apixaaphy
usIp|Iys E33IM] IE0IYT wnipas o (wwiaddad) eypadid eyiusw X . yieauqysady
usaig Joyzeas anofues|z Snedsz Jswsoy ‘81EUDGIEING WNIPOS  S1E0IUSY WNIPOS  S31U0|Y3 WnIpos 1881E]) 69°L "SI EE006 T EE ZIOSTTIVd sz-hep PEIE|INWIOL ISIUS]
lojyieasq peq sysy wo 53|88y 50 PIoJEH 10
jonodssy  0350g Jop nydes w103 WNIPOsEa] 'B340|Y3 Wwnipos yiesug esayL
JBYIoUE Yym ‘1o Jo3sed paieualouphy ‘op-Sad Uoiem
2|51 nydes
BUD YuMmUIW T
F T UDITELLION - = T FET T, ELTEN - BINIISYNUEL 4O .
104 ! 'a1g nades EETEY asnodan, 03 ade 231 13 ue) @ aw
o) uonep u N " Py 1ysnuq sod faid By d oyody Susipaisu] d doys: id Auzunog pue fa1y 1IEnuUEy 07 1eQ o3 BN




39

Isiusp

1010130p
s 1E31Q JBYS3,

E3insueg Joy |n. noj _w mmﬂ._m_.__ Y Fud

seahgy  09ioHmINOM Y33 sayum

J3pUn uAIPIYY
‘asn
ouog siEsd g
J3pUn UAIPIYY
‘asn pasiuadns |shep
g1 48pun
uzip|ly] Bacge  ou) AlEp SBWI
PS132JpSESSN  HqWoTuWT
ap|o pue siEak
TT uBIpIYa
PuE S}NpPY

YA nswsoy

£ UBYIBI0W

umosg SIOAE|} [EIMIEN sS04 BWsog

uing 2|gEMoUCIUN
Y3 yInoyum
UES|I pUE Ysal
AepE3mmi  s1yInow 5P|y anoh

Hid 509 inydeayey  Suunsua ‘sased =ad InBwWsoy
yae21 03 paEy 3Y3
SESUL YSEM YINoW

2a1-|oyod|e fudg

uaipaJsEul
AueoinEia|e
10 BALSUSS
3. noA
#1@sn3ou0g

AepEanml
=09-0E Inydea g

umosg YsemyInow [EJniey sS04 BWsog

|nydea waishs

uym s0d
HEY EYNME 03 ssusgap |Euag

BWsog

unowe 3yl
3quIsapI0U
s20pIng "sey

unowe 3yl
3quIsapI0U
s20pIng "sey

USS0JPAY JSIEM PEING B3IN) 4ES| B0y
(u=ipaaEul 3juesic] 1o e uowEUUI3 1o
|2ad uowsa| 1o je3| snadA|Eana ‘1o eS|
Auewasol o uwiaddad ‘'wnEusyuex  apxosad usSouphy

awhy)

58
‘1o uzsuEiaIuim ‘B13e3E "Bpxolad ==

uaSouphy Ja1em payund anljes) a0y

JonEly

uaauEiau |edniey ‘loyluagy ‘loadAjeang awhy)
apixosad usSoupiy

4e3 (awhyl anym) wn)fydas snwhy) ysal4

‘loyos|e ‘apixolad usSoiphy Ui

Sulio|og uE|d |EINIEN 13211985 10|10
‘SIONE|} |EJNIEN "BYINSABUCH ‘BulElEq
|Ad IWE3ID] B 12345
winia|e] ‘BJap, 30)y ‘UEIN|D EISE 1EQ
‘Bwdy] ‘ploSuEp 1ES] 800 B|IWOWEYD
‘eaunding E@3eUIy3] joIuyuE
‘uladA|E 21ge3aSan ‘o Ax Ua1EAN pRYLING

a1eydsoydosaadg awhy)

wnizey ysaly

BULLL | BUY) SO0 e | SEUSpEYIEY

20l ‘10 4257 (AEwssoy] sEURLD

snupEwsoy {ea)] uaaig) 13E.13xg JEAT
sisusuig eEwey oTpe]) susuinbign

JaE43T ||BYS (InU|EA ¥IEE) IS

sue|Enr Jae3x3 paas(unyadeig) 1sipeiey
SN |10 YEF WNIUEIASE WNWOWEUUIY
10 4837 sn|ngo|E snidAjeang
o jeaTf1amoy (j2whiy)) seEna snwiyl
JaE43%3 JE3T (B1|g) EREdOINg E3|Q P13V
311e4 ‘e png (2ao|3) snjAydodies eluaing

‘Jowhy] o (Japuaser) eloyisniue
EnpueAeT {3IEqg Ysiy A1) 1380343 yuEq _
wnueapawe wnpixoyiuez fouesaio) o ysal4
4e37 315 na wnuesug {ejoy niog) 198133
E3REISE B||33U3] 178133 IweySuuund

epadiuag) uous|dolfiyd 1aENXa
Jamoly |EEIIEW] EUINIBL E[|ILUOWEYD

JaE43Ng Wealgfjes| 1ameoyy esandind

ESIEUIYID TIEIIND JIBMO| 51| EUIDIYD

Enpua|e] ‘1o (wiwisddad) eruadid

awhy)

EYIUBY IIEIIXT I00Y EIOHIYID|0ISUE
*E|IWS IR J3qNL(WEL PIIM)
E50||1A ES10I501(] 1IE11%E 100y EEUCdES
ele||Inb 13e13x3 300y E135IPIYIS BI3INY)
suuodes-oig “|oix ‘uEIAE Usem
awhy) 1Ea]
aA1|Q "'E33EUIYIT Blwowey]) ‘ploSuEp
‘EJ3A 20|E "3EydsoydolaahE wnizjes _ Fwhy)
‘upadA|E 3|ge3atan s1onE) |EINIEU ysal4

4o pua|q) JoaE|y IUIW |00 flousyls)
|oyoa|e ulels ‘lonAy JS1EA PRYLINY

wsn
WD I9EyEY uEg

WS FEBEE

588 14 ‘usaig Sulmog

ECOFE LN
“jio4 uEaIBWY

6Z2°0T WSN BBLTT AN

WEN "E00FE

6P L
10 }404 UEILIBWY

m
‘spood Sulan
s|ERUass]
mey

Ju| ‘snuesig

soneykas 6TZOLOT

JE3|3Y #9T0TT

Jamsuy
SE05TE
53IN3IEN

JupEsY WELOTT

Tzoz/zoq=3

FE-ldy

Ll

37934

STEN

ysemuynow
Juefig asul ¥g

ysemyinow
apixoiad
usEoaphy pdH

ysem yanop Audsg
5,1y wng 3|9gng

ysemyInop
|Ean3Ey
aJe] |Bsg 232|dwos
s10g ousg

{waisks
asuayap |Ewaq)
asuly |elg fuds

UDIELLLIOHI

- - —rsTs Buiysnuq sogfaig nadesay) fyiaws

10103

asnoding

loyoay

[En) anpay

d d
suaipaJdu| sEd dous

BINIIBYNUELL JO

==l fnunog pue Auy

JBNIIBNUELY k|

3. g




40

sdway suzEIUEYg
usIp|Iys Suo| snid yieaug mo|3h 474 T 8njg p1ay Jozusg EPEUED aynog
hepe Suljaayysany safuo| - J13aWs ‘apuiojyy wniupd|A3ea ‘a1e0zus wnipos =PI “ElIeg . Elawes - 23U YSEMYINOW
uaaln Joyaeal 531M3 5 OE T 0T L 133 0 SESEET Y ipr ; d wnupuAdiAzas Ajwey 5 OT¥1d90 50T g 1813014 WNSEESTSET uy ya
joinodaay %G BYIEN BUIB|EY UIEYIIES WNIpos g 21eqloshjod MG ND ‘Dquouo) adoag isasy
aun oy dniseng “IoAE|} “ULIRIAE IMET |OYO3|E JRIEM
uSWYsIEL
yieaug Auiw hued
uedw FEIUBIU
Sunse| Suo| Sulysaua J3iem 3 3
BLWEIE; - eapimoid 0l g Sunse| Suo| swiad - I1BWE0Y 0L |OYoIy payund ggn ‘81EUCGIED WNIEYIIIES - susasS|em 6.8 VSMETTOL >ndasnuy HHHETD - HERMEINA
! 2 ) ’ ’ - N ¥ ‘SuUEd|IQ MmaN Jouayang uuwaddag |EINIEU
papasuseasn yiesug peq 5|1y ‘E3juse 1o wiwusddad fsos) 1oysaly g ERLITE TRt
pue ss1Em sped H'®Ha 119 5. YL g
5 yum NI
apxoJpAy wWnipos ‘loyiuaw
s ‘piae J10zUaqg 2180313 JUiZ {|BINIEU) .
_ I SulyssyEs _ spooy WS ER0FD u| BuEp
Auyg - JOAE|EWOIE BPUOIYI W) Jonh -
uym SSWRAUS08 ) n iy eimen s04 InBWso] 1 .:m_u.i_»:mm_ 1pos | _r_,._ s1E13 3UIE N 645 I ungeuusy  joswey  AT9SSNZS0Z +7-934 yEsEag s WO
20(y ‘|o3gios ‘uadhE Uatem
SOE-OF "SEN Iyl .
31E0ZUS] WNIPoS "818g)0s Wnisseod
1=Eusp s ai04aq IB1EM UDWEUULT B B Ju| ‘dnoug UDWEUUIT
; _ |oyo3a|e |Azuaq ‘oz 23eqioshjod — =poo4 . Wen THEOTT
suysy  ynsuocdcsieshy o uedsuo YsEMYINOW 04 Jawsoy ‘presun - 66 L AN "s593ns 3yE |EnssE) THT4E5TE ZZOZ9E3 yiesug ysaly
SEMYINOW N o &
JBpUnUBIpIYD  +YSEMY yie=iq ysaly wnsiuEAes Wiwoweuup UusIkE s ulEq 3yl yanow Ayy|eH uoser
o uedaug
|ouaEna '|EWEUUID "I ES ESS
‘31UEDgIEIIG WNIPOS ‘|oYIUaW B1EQI0ISE
LWini3|E3 ‘PI3E JIQI0ISE JIENE pIEE
sapIowAa0 B Uad I3E13%3 JES| S1|EUIZILD
SOE-0T BN 3yl ESS||FW 138343 SISUSPEUED SIISEIPAY
isuaps 310424 J3IEM [LEETE 114 S SWEWEY 1IE1NE - X Ju| ‘dnoug SA0|3 UDWEULID
ERIITREY 3ynsuod isieak g o ued auo B33 Y3m yseEmyInow =04 J3BWS0Y JEUEIIUE - eaundind eadeulyla 13E13%3 pIas sIpueld - o 4 26°5T «,wm“m M”ow ﬁm [EEEETEND TETA0L0T ozoz 9e3 |943U0D JEME]
JBPUNUSIPIIYD  +YSEMYINOW yieauq ysa SNUIIT IIEIINS JSMO|} 51| EUIIIYO ENPUS|ED 1eum AN S=HET Haul yInow AyajeH uoser
youedaug ‘annljea| sisuspeqleq 20|y "|10 pa3s
EIYIELIPEIE EI|SW |10 JEF| BI|OHUIIE
EIN3|E|3W 10 Jamalysnhydofiies
EluaEna ‘|10 y1eqQ WNIUEAST USWEUUID
‘oz @3equosh|od ‘uadA|E Jaep
yIeal o
no daay siead PI3E 3|
giapun ‘1EQJOISE WNII|ED ‘PIIE JQIO0ITY TIEIIHS
usIp(IYY SA0gE g _ _ BUBIUIEII, SISLWEWEH |10 4ES| 1P _ spooy . WS ERLTT 3juass3 _ wwseads)g a34]
M palapsE SOETW ST JnEsds RswEa EYIUaY ‘BNN] JE3] SISUSpEqIE 30(Y aloym BEE AN ‘2Eneddney uasag DwEsTIZ B3] 33U3S53 WITA]
S50 LUSp|0 puE ‘|10 4ES| EI|DYUIBIY EINS| B[S IFIMEH
=1Eahg ual 3 -033 ‘pg @3equosh|od ‘UadAE Uatep
PuE SNpYy
Hnpe . . .
UIW 07 Jodyulp 350|BJINS JOAEY PIIE JIUT Ju| 5|EI
3UYm ja uoisinadns Joieaouly) B5UIY BASUBS - J3BWS0Y - ‘s3eydsoyd wniposl |apolp 3pUSIY3 =puiolp SAD 65T SN 03758 1IN3IEWIEYY SEEOECTTT HT-NON SASOID
. R = fw . B . azl|1qe3s) _._mu.m m.:.u n_mwm . 3. ._.__._ =i ps Jedma; “TewEOET
sieshay agEs S#OE TWoT P 11013 A payng :l
@sn 3IEJT WNIPOS ‘PIFE IUUI TOAE U
— — awhy) E00E6 au| “Adesayy YSEAL YInow
CIITEEY 0UOQCSIESAE SQEJOLISULY  JOAE|}YS3L[EINIEN 04 JIBWsog |EINEN (E1|CHUIRIE BINI|E|2W 4O |10] BETT BEL Sz-EW
. ysal4 CRRCTLEITETY a3 ea] Adessyi=siea)
FELTLETENT ) |10 3213 B51 "|0310405 ISIEN pRTIUDIB]
{ausipasEu)
#=huEe Jueio) 1o je3| uoweuus {sn)Aydofies am
Joio33op peEq uwaddag
= _ E(uaEna) 1o png aao|3 ‘1o |2ad uowa| Spoo4 TN ‘spoo4 5i
TS E3NsU0Y fyiEaug Jaysaly Jud IBWso] spixosad uaSouphy 6T FT 9994 zzoz/zoqed YsEMUINop]
I 09 4o} Inpyanap uyas aum 0 je3| snidi|eana 1E3| WSS aloym WD |9E4EY UES S|E1Uass] SuESin 3EuL
o HREEEUIM nojuwsaddad ‘eizele spixosad MEY ) o HEE
SPUNURIRIND uaSouphAy Jsem payund ‘sainljea) a0y
3 1 UDIIELLIOUI - — - FETGT) Ay - BINIIBYNLEL JO B
101 14sT 'a1g nadeys Ews asnodan, 03} 228 231 I3 UE] E A
123 1ysTg s0d fa1d YL d loyoy = 1d doys. ud s, 3IENUELN LY | 3eq dg ey




41

PuE s3npy
“@5n30u0g
‘s1EaA g I3pun
usJp|Iyy "asn

asiuadns
past it Aepaad

asul Suluana

T5N 2n19 2'204 ‘0T N Moli34 38Q ‘loyoe
|Azuaq ‘Bplo|Y3 WNIpos ‘ULEYIIES
wnipos ‘pI3E JI02USY “S1E0IUSG WNIpos

“3ul 5|E3 FEUN |EIO PRIEAIIIE
ussIg Japunolsiealg . pue Suluiow _ 4 simEuSiauy _ fIoAE() BPUOIYI JUE B7T Jawexojod 5070 2pUOIYD i WM THTED d g
pUESEN|E  UBJP[IY] BAOQE FEuR S WOz By uoiuaaaad AuInEaREL anbediuy ‘load|E aua|Adoad “rof Jawexojod wnupuidifzagy SR BEEL unossiw ‘SN0 15 RnsaEwEy TTEOFOTTY sTiey U ED
Y3im 3sul SOE ydwnug YINow yuEws
pa3324Ip SE 35N yieaiq peqg ‘uladA|E J21EM pAYLIN 17 UCIIN|OS PI3E
ap|o pue siEah J10ZUSG PUE 33110|Y3 WNIPos ‘21E0zUSg
ZT usipiy3 Wwnipos J31Em paylng [T uoiIn|og
PUE S NpY
-asn
10U o 'slealg N 35U [E1D SLWNE
ep
1BpUn UBIPIYD . SNy 4 smEunEuy aso|eians 350'03PMSIYD ¥SM 'BE006 277 ey T AyajeaH pale|nuioy
anig . B 3313 W 0T ayInadesay) , , . , A0 sT0T o - zZoz9Ed
asn paswuadns i EsuL S Joy simEunE saysy anbediuy JOAE|) L0t JeWwexo|od ueIdE Us1EN wnupuidifzagy w7 ‘saa8uy 507 PloJEH 10 THS/00C0ETH3d 1siuopouad
:ZTiepunol b uE0e yleauq esay)
sieahgusipIy)
afeosieal Aep suis g mo|2A T 3n|g "91E02USg WNIPOS ‘pI3E X X
uzaiEfan|g 9= uaIp|Iys E331Mm1 W g 111 WiB0 %66 =04 ynadesay) m_u._u_ _.._u" i Jozuaq "2E0|B4INS O Jawexo|od Joae) #5010 m”._u.__”_uzu HEWER, LEF {.w: osw Flqwes JYSEESTLTT HT-1EW FEuE
anbejdiau oyod) wnuipL. = EUUIUL 1331301 ESH-0.4 158
asnwog U s o LI SSTIUONY e 2uaAdoud {3samgT] [oyoale JmaEm, ipuAdiizagy HO ‘MEUUBU) g JEII0Nd YlESH-01d 35817
aspuadns
oYM A A" i I
“me“ X m_w d sSHAEUEIUY s ,.E__m\ rEma mwmﬁzmn E:E.H,_u_um 3£50°0 FPUOIYD o WS T0SE Fquwen 4 piENg ElIE1IE]
an CER]) w ELSIIEq IO 5| 50, yanadess Jlozuaq ‘FsojEsIns Jswexojod Jone 1350] - -1
18 zT M3 WO EMEIIEG 0 356 S d 1y ur anbejdnuy ST ouoaly q ‘so| 0% | b mupuAdiiazy A 505 Homeuupu  gusnolg  DHSSESSSTE p-ady EsH-0Id 1530
< @snaswusdns  yymasunsgE 103k auaAdoad saameT) 1oyodje UElem
leahzT-9
1010330p
ENSUCY
~s1ead g Japun
Jojog unAydoioiys
usap|Iy] Esn
Jaddoa “a1es310 wnisselod oE1NE Auedwaon
pasuadns (7T Aep
Japun o1 s183A . _ " IR T _ paas unyadelq |10 UDWEUUID SUIEIU0D) . VSN OFEL0 S1INpold _ swnE Ayl eay
U P 9 EEamuicz E4EN =0 5 0T AuInEaREL anbediuy SIOAE|4 |EJNIEN ‘0T 23EQIOSA|O] PIoY [s¢0z] =iz 20w HEwEM BL3 [N ‘uosipep |EuDsIag i FTaEn 1E1Ua [EINIEN BYL
USRI TEAGAE g SEUL S OF 31317 "E|NPUB|E] |EITUSP|OD "EIIEUIY: a3
[ 1 ,.u _»_u | u_m ,_u_ 9 433 133y
uuEdh|g 3|geIsday, F1E N pEYLN,
- 13pio pue Sieak 134|150 3|qEIaEay, ‘S1E M PAING
ZT usIp|Iya
PUE S NpY
31E0ZUS] WNIPOS ‘8380J05 Wnisselod
‘pI3E J102USg BIEUOGIENG WNIPOS
‘oz 21eqiosh|od ‘oyIusw ‘pI3E 3D
ISP S uIw joog auaIEiy . . au| ‘'dnoug FEULYINoW
A fep eio 333 |dwos =0, IIBWS - PIE ANGEIZE BIELE 423] =1 VIS - B ¥SN Tr0TT B[S - 1|ES B35 UCIIIDI0Y,
=1 nEuoI SIES. .
MM ‘ B 3313 50502 ! ! d : 2 EIA|ES 3B BUBINIEIIA SI|BWEWEY Ijoum B&'L AN ‘553305 3327 1ERE=IEY TaTHOOZ ! i d
‘EPUNUBIPINT BlRERiq == J3E.3%8 PESS SIPUELS STULID 1IE1INE JES| HIEH UL |s3aLua=Er
sisuauls Bl)j2Wwed 1o eauadid eyzuaw
‘longuos ‘upadkE s eas USIEN,
OF P3Y 804 “EE PRI 370 SIE1E| wni3jE I
usIpIya 3 ‘a3eu0an|E U ‘BpUOIYI =8 UOWEUUIT W3|E]
— — . . wni3|ea ‘a3euoin| 1E[]0Q
Py joyaeal FQEWoT W3 e} yIm InEwWsoy di333 ‘|oyauaw ‘uneyIdes B A T WSN TTSEr IN a7 ey T225T59T1T £g-unr Yam yseMYInow
Joinodaay wnipos JoAE|) ‘|01 Ax "B1E0ZUS WNIpOs U ERLEID I1ued dn=so|3
wnupuAdiAzag
‘rof Jawexojod ‘ulaadE Us1Em payUng
g mo|[2A T 3n|g ‘pIae Jozuaq BpUoYY
HEIRID adoag o sjuaipaliul — . wnuipid|A3ea ‘s1e0zusg Wnipos Ipuoy) FEL Y] . WSN FITED . — W ysay
us=19 - _._u“m._ FoEwIT aiedwogy IFwsog $00°ST ‘uleydes wnipos ‘og 21eqiosh|od wnupuidifzagy Ajnwey sE'E oW ‘sinoT 1g uuerA EITESS YSEMUINO UEMS
#2398 “1oaEl ‘ULEIAE ‘M g T |oYoIE I3IEN
3 T UDIIELLIOUI - = ot BP0 ELTFEN - BINIISHNUELL 4O .
10 ! '31g nades WS asnodun, 03] ae] adu, 13 ue) @ aw
10 " Py 1ysnug sod faid SLIWE! d 1oyody Susipaisu| d doys: id fuzunog pue A1y IRNUEy 07 1eQ 033 BN




42

PUE S} NPY
azuadns
T 2n|q ‘FuldEYIIES
YInoym Aep yieay
J— . d g sEuEuy _ winipos ‘pI3E 31313 ‘21equos wnisselod G000 BPUDIYD <o X WM ZZ00T o3 3nowEd
anig I mﬂ:m._wn_:m 331 oz uoRImaId Iy T =0d Hanaderayl anbe|diuy JoAE| /O Jewexo|od ‘loliglos wnuphdidagy == &% AN Ao mEy a1eg|og d1958n5912 ye-uer wnon m_M_.__-.;
= 3 RimEsUL =08 o3k § sus|Adoad TuEadE DsEs e
1eshzT-9
sfeosieslg Ela13Eq
Lot Jawexojod ‘usqeled|Adoud BsojElIns 3IEIIE| JUIZ Aep
J3pun usap|iya Aepe Yiealqpeqyo " EEUE R - . . Ak . e 48||18] . W5N TO9k F|queg "
UM R, SoMISOEWOT 566 Iy vorss1osd s0d Ianadesay) anbediuy ulEYIIES WNIpos ‘uaqesed Ayiaw %070 PUOIYD Ay 535 HOmevupul  gasposy | TNSGESSSOZ £Z-hON Iy adoagssans
"BIEIIE| JUIZ JOAE ULBINE UB1EA wnupuAdifag oUYsaly ||E 158D
1o Inodaay YlESIqIH $T
a%eosieakg
Aep uoi33a30.d 5| = B1E1IE| JUIZ ISIEM ‘BI0|EIINT “ULEYIIES 3IEIIE| JUIZ
JEpun usIpNIY3 . 3 " smEuEIUY _ . idosd - od faro o . WS ‘Z0SE a|qwegy TSt "
FUYM Joyseas E33IM1 W OF Inoy-4z ‘Bsun 04 nyanadesay] anbeidiuy wnipos ‘uagesed hdoad ‘s op Jewexo) 55£0°0 BPUOIYD 13800y 658 HO "EvuPU BS99 wEBITSISI902 +Z-924 X038 Wng g |8
Y3 35U 5 0E |Edo 2JED |E133dS ‘uzqeded |Ayazw UuEahE Jone)y wniupAdifan
1o Inodaay
y3eauq
afeosieslg T an|g ‘plae asun
pEgQ #SNEI1EYT
J3pUn usIp|IYy3 hepe MR — J10ZUaq ‘BT0|EIINS ‘BIE0IUA WNIPOS %00 3PUOIYD wsn _ ynow Jidasiuy
anig swiaf snosd sdjay 04 Jyanadesay] 395ie) 69°E diog1asie] 9886350 wT-unr
yoy3IEal BMI5 0E W 0T SInSuiS pue anbejd anbe|diuy 10348 auajAdosd "'uieyddes wnipos wnuphdidagy “ECESS N Cs1dw ‘8314 |OYod|E
1o Inodaay anzoe a3 siedwog ‘28T Jawexo|od Joae|y ‘U34S UI1EM uDIIIE-13 N
‘&sn
jouog sieafg
hep PIZIYs |EWSIEqIIUE PI3E J10ZUB] ‘S50|EIINS ‘BIE0ZUSY WNIPOS 3IEIYIERY U
JEpUN URIRIIYD EIETERT - #L00BPNOIYD EPEUE] "850.L0
YA E331M1 W 0T UE S04 =04 nynadesay) ‘load|E sus|hdoad ‘uliEydzES WNIpos SAD 65°L J3wnsuol SH3055 £7-33Q Jea|gy3jeay wng
~asn pasiuadns anbe|diuy wnuphdidagy TN ‘uBaiEAn
zTsepuncy YUMBSULS0E 9 ENE10Eq E1851E] ‘gaT Jawexojod oA ‘uEakE TR1EN b 151 SAIIIE ¥EJUOPOIE,
s1Eah g uaIpIYY
‘&sn
ou o siealkg
Aep PIE J102U3] '@50|BJINS "3IE0IUSY WNIPOS UEIYIERY
JEpUn usIpIYy El1IEq sEuEuy HLO0FPUDIYD EPEUE] 550/0 gy Y3 eay wng
an|g E331M1 W 0T =04 nynadesay) layoay ‘load|E auajhdoad ‘ueydoes wnipos SAD 6LE J3wnsuol LLLE9S HT-ady
-asn pasiuadns anbe|d Jo %Es snbe|diuy wnupuAdifag TN "UBJIEM SNI1JE XEJUOPOJE,
YHmBSUL S OE ‘gaT Jawexo|od Joae|y ‘UM E Talep 5D
;gL lEpunol
s1ead g ualpyy
asuadng
T=nig
yanoyim Aep
saEmEey _ frot Jawexojod ‘uaqesed|ddid ‘asojeaans /00 EPUOND WSN TOSE Qe fyung yaeaag
=g sieshz @ 3343 1 0 SuteSy sa0.d =od 2npnadessy) anbejdiu ‘UNEYIIES Wn| ‘uaqesedidyiaw wniupAd)faa ey 883 “REUUIIUL 133304 QHSEESSOET gzinr ue |53
=< 3snaspusdns  yymasuusgE  SIRUPAY g Sul||Ems IRy HEY 1pos ‘u=g 1A43 uipliAd|iAaay HO "REUUIUD g dE304d PUE WND3521)
: : f31E33E| JUIZ JoAE) UEINE Da1Ep
JEshZT-g9 wng s3Inpay
azuadns
Y1E31g SUSYSIY
yanoym Aep B T 2n|g ‘uaqeled|Aidosd ‘so|EIINS uoizaloud
sieahZT E33M3 W Bu uana.d 50, nynadesa ShinBuiEuy - ‘uagesediAyiaw ‘uueyIzES WN) sLEospUolD 1250y . SN zesy Flaweg - U uED
anig WAL g e seg d 1y uL anbediuy geledidy ey 1pos whiuipyAdiiay A 653 HOmeuupuly  gaspoyy  THSGESEELZ Sg-idy W uEs|g
=< '@snaspuadns  yyumasuusgE anbe| sanpa ‘{0F Jewexo|od Joae|y ‘uadhE Tatep YHESH-OUI4 I=3I]
Jeshzra |d 33Inpay
‘@sniouog
sieah g Japun "
uad 5 -=sn . mu:.:u__\m 2204 . .
pssiadns 2 WN|posIp 31E3303 |OYIUSW ‘SnoJphyue —
Jiseqouow aleydsoyd wnipos ‘wnipos
Jzpunoysiealg hepe LEENL ETETTECNTE a EMETENT I ) ddsd %50'0 2PUOIYD < . WEN 'BIIORSOL0  JISppousg 'l uonsaloud
MalEA usJp|Iy] BADgE 2MISQEW T ‘@nbepd saonpay =od JtuansaEiEul anbe|diuy FETITURAY  ULMBLIES 10 3ulLI=das uowELuE wniuiphdidyag FUSSIEIEM 663 N ‘Aueddisiey 1y ELTTHEEETTLN Ezinr FI3NW [ELEIIEGIIUY
) ) ) ‘a1gAd|es Ayiaw ‘o s1eqioshod s ) ) ) ) )
pEaBip =8 22n dh|eana “nseqip #3eydsoyd wn) o22d2)
u3p|o puE siEak = >_m, 1==aip _._, 4 1po=
— uLEIAE AfA ST |DYOI|E IBIEM PN
PUE 53 NPy
3 1 UDIIELLIOHMI - = - 130 By i BINIIBNUEL JO <
1010 " : o — 1ysnig sod faig nadeiay) fiaws asnodang loyoay ETETETE adeyd doyg aug - 1BIN3IRMUERY 307 aleq dag awey




43

1snuEp . (35430°0) 1owAyL
£5U UZRIE 37904 ‘0T U ma| @k
1010130p BULIBIEITI5INEYS3LS (3£090°0) :E1AES W
hepe SnEUS Uy #3°TT '%8Q 311313 WNIPOS ‘ULEYIIES WNIpOs . JE|120 WS LITLE
usaIn B3 NsU0Y ul syuEIpaIEUl S04 Jynadesay) 1Ayzaw (szeool SE'E =R TETY LLT595 Hr-ady Sundsg asul yanow
83IM1 5 0F W 0T anbe|diuy loyody ‘pIaE 10zUSq ' Of JBWExo|od JoAE|L . Ajnwey N1 WEeuIAWS
‘sieah zT aanIze ol asedwod flonIgIns Tafn s ouaay age 1oyIuaw ‘{2600 ndasnuy uems
Jpun usIpILY 15ugu0s {nfn g TE) 1oYoaly UEIEm i
1o10330p
Eynsuoy . "
“s1ead T J3pun £ guuaais 394 0T suuo|ah _"on&.mc o) _n_.“ L
uaJp|lys ‘SA0qE gz n_um.__._m == _ 4 siunSuEuy . 27%8{] '931EJ313 WNIPOS ‘ULIBYIIES WNIpOS { ano Q,mum_ u“_mw = i CEN 4 = dnag dn ysesmyinop
uE=a PII2NIPSEISN  YUMBSULSOE IRAEERUY SULEE JluInscEsEuL anbe|diuy s 1T ‘pI2E J0zUaq “f OF Jowexo|od JonE)) 1Apa (3zH00) iaaiel 63°E “EOESS NN CsIdn H0)3sael Bieris FTnr Indasnuy
. o1auedwog . fecm . 1oyIuaw ‘{2600
13p|0 puUE SIESA UDIIN|OS |DUGJI0S G TT |OYDI|E JRIEMN
|oadieang
ZTuBIpIY3
puE S} NPy
s0130p (3¢t30°0) 1owihyL
Jdasiuy U uaaaE @04 anbe|diue
loispusp Aep {2£090°0) 2181431185 Ju|
JUIW |00 BULEIS| snSuEuy fa1E0zUaq WNIPOS ‘UMEYIIES WNIPOS P WeNn Se8T0 synEnSiue
anig Eynsuol B 33M3 W O s04 Jyanadelayl AfnzeaTT . . . 1Ay fiszeoo) A 66'C . ‘haEwaeyy L0095 T34
ul syusIpaIEy BAnaE anbe|diuy plaE J10zUSg ‘Lot Jewexo|od JonE) . R CER LT ysemynop
sfejosieahzl  yumasuusos 2y3 03 asedw: “lo31gios {ajnsgg oyoay I31E 1ouau= (5:260°0] s Indasiu
JEpUn J3pIYY wo3 o3 15ugu0s /a9 TZ) 10Yoaly SEEm Jeadyeang ndasnuy
0] 1owih
{3590°0) 1owhyL anbejdiue
Aep |BuiSug |JPweley (3¢090°0) =3EAES
EIETEATEGRTT Afnsg . sunEnSuE
|BWEIE] Joyzeal E3MIWEZ  INDIsUy SULISIT  UDIIEWIDWI ON Jynadesay) snbediu a7 |ouoa, ‘a1e0zUaq WNIPos PI2E M02U3q O 1hyra i%ze00) pEEILT E69°E WS EOESSNW - diogi=Sie) 516395 wT-hEW semyang
joInodasy Yumasun s oE o3 asedwoy e EaT oo sawexojod afnss 6°97) 10Uoaly UslEm  194IUSI TE00) _._u_ n_m_“_ u "
|o3dijeang ldasuy
{3¢v30°0) 1owhyL -
afe o siealk Aep auoy Sulysnig |BWEIED (209070 3314 ES
snSuEuy Afngg . w5 BSSE0 Jawnsuog
|Bwesey TIRUSIPIIY?  ESAUMITWOE  USYIYINOW JSUES|D) usiEwlciloy  Jpnadessy] bed ‘E3E0IUSG WNIPOS PIIE 2102UEg (OF 1Ay ‘(szr070) s=Sory 6t°9 Z1TakT Ty |EuIEg SunS3s
anbejdiu "9z |oYo3) TETT uosuyo
asn uog Ym BSUL S OE g I3Ysaly E 104 e EaT oo sawexojod afnss 6°97) 10Uoaly UslEm  194IUSI TE00) m s _._um_”_ M
|eadijeang 2 Her
. (35430°0) 1owAyL
£ u32.8 ‘gT MO| |3, N aMI
CENLEET Aep suo|y Sulysnig (#£090°0) 2381431 1ES
. 4 snSuEuy X ‘a1E0zUaq WNIPOS "JOA|E} ULIEYIIES P o o X WS "B5580 Jawnsuog IsINqysaly
usaug TT>UPIYI  ESNMIWEZ  UBYIYINOW JSUES|] USIIEWLGUION  JyInadessyl anbediuy Afnesg T wnipos ‘pIoE 3102uSq ‘1 Jwesojod LRI \ommvco Jagoay ] A uosuyor NTLED FTUIEN sunEIEn
35N Wwog UM SSUL S 05 | 13U E 104 . . . 1oyIua ‘(sze00l
19319105 /A 537 TE) 19Yoaly S=IEM g uosuyor
|oadieang
EELETLH
Annnsuas ‘ullEYIIES WNIPOs ‘B1E4NS|AUNE| WnIpos ML
T B B a1espAyouow
- afe o siealk Ajlep 3amy Yooy nyuied woiy . Sinadess _ Z18.nE] 0303 |AYISW wnipos ‘a1E0zUEg srejEx0 . [ Jawnsuog - |2yoa|Ee oJ37
am BT= 35N U0g ‘SQ9WQT (35N pEnUUoT YIm] d o 4 wnipos Jawexo|d ‘prae 3uoydsoyd Jone)y E_.__mm“munﬁ__ s &L PEUEI UIEREN uosuyor JzEsLo FEasd Annisuag auualsn
121131 AN0Y- 7 Jo4 “s1EJpAYouUOW S1E|EX0 WnissElodIp : ® % uosuyor
load) aua|Adoud ‘loigios UEaEm
sfeosiEsh 7T
Aep . . apxosad uaSouphiy
Japun usip|iya i dss - anadess BT _ [0t Jawexo|od ‘S50|E13Ns JOAE( ety 2p1a, . WSM "ZOSH s|qwen n [E=ITT)
B Joyzeal & E oL pauE=R a d 14 L anbe|diuy “apixolad uaSouphy ‘ulEaAE JB1EN FELOERUaI s 68 HO ‘REUURUD 71313014 C¥SBESETET ETEY Y ESH-044 35310
UM 35U 5 0E wniupuidifzag
jo3Inodasy
“@sn 30U og
*sJEIA g J2pUN
|10 jes)| (2811 B3]
usJp|Iyy Esn
ayulae eana|g|aw |3uesio payuad)
paspusdns ;ZT JBUIEIg
Aep 'y 3PISIpNEQa) ‘PIZE 3D "S1E0ZUSY
Japunolsiealyg . ou ‘loyod|e ou Azeld _ 4 _ ; = 5/0°02PUOIYD o X WM THOLO 171 533Npod anbe|d
EMITTLY A — E33IMI W 0T =1 susyss)) FWE nynadessy) wnipos {3uesio payuad) 1o (Inuo3od) wniuipLAd ey pE=RLT 66F N e Ius alEH HTOESNESTET #T-unr nosazad oljEH
YHMBSUL S OE EJBJIINU 50303 "JOAE|} ' O J8wexo|od
pE1334Ip sE @SN Ayljeay ss10woly
‘loadx ‘Josnyiiis ‘g s3eqioshod ‘s3]
ap|o pue sieah | s
R 1E3| SISUSpEgIE] S0|E UISINE UBIEN
PUE S3npY
T uoIEWIoUI - — - FET EITEN - BINIIBNUEL JO B
1010 - — 1Yysnuq 504814 nadessy] finsws asnoding loyoay R0 a2ed doys aig . 13IMIBYNUE 07 a1eQ g BWEy




44

=211 quu Ly
‘s1Eah g 1apun
usJp|Iyy 3N

TaN
3n19. 2804 ‘0T aN MalI3A B0 SpLoIY3

wnipos ‘plae aozuaq ‘o uwsaddads apuoy3

asun

pasiuadns gl . ; 1 . i
ussip  Jspunolsueshg  AepE Ul sIWw _ g _ :szuumm,.EEEﬁ _nzn\_u_m_ H=a EF_"EM e m\u_._n_;u . WS THTES uEiE d |E4o paIEARIE
pUESMIE  USIBIIUDSAGGE W 07509 JNynsdelay]  JBABIY UIEY (B0 JOAE} "BPIOIYI U BT T JBWEND| WnIpos {pallaip  UEW|EMN w56 S — 1INSIEWIEY TTPOSOTIW HT-IER suz 2105 ynop
‘|oad g suaAdoud ‘ot J3wexo|od paxIW uayAY) ) ° : ydwnuy )
palaNpseEasn ; . . i . YInow Hews
13pjo pue s129k 103105 JBIEM PRIING 1T _.:u_w_.__uw plae HT'010YIUEN
— Jiozuag _u:,m 21110|Y3 WnIpos ‘B3EcIUSg
wny JBIEM PEYLIN I UoIN
pp— 1pOs Ja3Em paylng i uonrn oy
‘En
Jouog sieshg
JBpun uaIP[IYY
JEiem ‘jougos
‘asn pasadns (shep Janalals uled
‘BulIEYIIES WNIpos g 21eqioshjod u| paIENPIY
ETAERUn LuEd B - dela =10 prdasiue - § Jawexo|od ‘piae 3uoydsoyd ST ISURUSIN S T 1351 - B 075 -un FEUIY 531
FUUM usipiyy neqe ou) Ajepsawn 131134 U1Ed 3A1333 IyIna ul |eJ0/iusse 0T+ ,mmm» bm_ _u., Hoydsoy apixasad uaSaiphy iN BLT BTIBO N Suimg 07 I=Mg TOEITINN wZ-unr ] n_.w
N S SuipLase |2ig ) =38 _mm_\_tmE ?__“ mz_n.u_mau_ YNy ynow xg |aleig
B —— Y103 WnIposip {awn|on Ag) Ty 04031y
T usipiya
puE s3NpY
85N 30U 0]
*s1E3h g J3pun
usap|Iyy @sn 33
J31EM 'S50|E1INS ‘ULEYIIES
paswuadns ;7T » J3suUEa(2 3 dsoud wdsoydelawexay . .
YA Japun oy siEsh I1Ep =awos ==un " s04 Jpnadessyl  punom |esofiuaie - _“_.__.___unm e m\nE »mMmEmu“_z :..H__J_ﬂnm wnipos susalE|En 66 L (M: oSt FIquED TrE0 +T-934 2405 YInop g [240
+E08 W 0T |BIQ 31E] |EI3ROS FIEIUI WNIPOS 103412 3u3|Adoud "L 0F . . HO "REUUULY 71313014 WIBLTSEBDT
guaipig shep BulpuaaP 1210 Jswexo|od ‘uah|E Joae)) ‘PI3E 33 /55T
L UBEYISIoW ! : ! 1P e spixosad usSoupAy
1oy 33nposd
143 35N 30U 0
pinoys siealk z1
JBpun uaIp[IYY
‘ueimsiyd [shep FESTEETRY 1°0uan|q 3804 ‘ULEYIIES WNIpos
an|g 1o u.m_.u_._m_u LuBWBIOW S5UL 3105 YINop UDIIEWIOHI O Jnpnadesay)]  punom |esofuaie - IOAE(} 0T mumn._n.m»_..un_ 'BEE ._mE.mxn_uﬁ_ Inm/%5°T 13500y 65°0T SN Tzoot OamIEWIEd 4T955NSLTE Hg-unf Axosag a3eS|og
} ou] Ajlepsawn : : : : apixosad uaSoupiy AN jlop maEN =s1e8|op
E3|NSU0y S Suipugap |eig ‘lo3|F auaidoud onquos Jaiep
Tafejoiealg Flworut
JEpUn UBIRIYD
= £
OF Tw OT s4Eak uza.E "gg pas [ @n|g°e50|E1aNs ‘UNEYIIES
aZejosieal TT-9Uaipiiyl  auo|eSulysnigsa WNIPoS ‘|oyIuswW |owhy) SIBIAJIES  jowhy] S1E|A31|E i
- . W3N 85580 JFwnsua |9Yo3|E OJ3F UES|Z
anjg s 9= usIpIYI ‘AepE@ml  SuyaaspuesjSunse| 04 InBWED] JELEIIUE l1Ayisw ‘suieaq |Adidopiweineg) 1Ayian ‘loyuaw A &5°0T e — Z1Z0TT 510Z 9213 [
85N uog W OF yum J85uo| ¥ e o1 dn oy ‘B1E0ZUSY WNIPOS PIIE N0ZUSG IPUOIYT ‘|oadi eang ™ 1545 _._n.m_”_ __u._ Inaul n
Fsul s0F 88e Juiz joadi eana Joaey ot JSwexojod K Her
osehgT< ‘lo3A|E aua|Adoud “joyiquos UalEpn
IpUOIYI IR
£5U US3E ‘ULIEYIIES WNIPOS ‘Isst90°0) 1owhyL
usIpIY
. P P P -0l 31EA311E .
anig joyaess AEpE JndasiuE |oJuo o4 aipnadesay RV ENTERT ®ITT BE0|EIINE ‘BIE0IUSY WNIPOS ‘BpUOYY (%090 Qﬁ 1EATIES sus=iSiEm 6Lc W5 ST002 aguaaEiEy sa15850™ ey Uy
oo dasy FUMISQE W OT  JEHEIWNIWEY anbejdiuy loyo3y Jugz ‘piae Nozuaq oy Jswexojod Goaey  Aylew Txzroo) 11 ‘plEwEag Janop paauEApy
‘|enquos afa%a TE) 1Yoy URIEm 1oyzuspy 5£260°0)
|o3dijeang
Fa T uoREWIoU - — et FEMY ELTE - BINIIEJNUELL JO B
10 ! ‘a1g nades JyEws asnodun, 03| ade ai FETLS ey a aw
123 1ysnug sod,faid ayy far d 10403y == 1d doys. 1ud e JIENUELY 07 1eq dig e

UDIIEPUSILOIBY UDIIEPUSWIDIAY

|BUDIIPY



45

2.2 Antimicrobial effect of fluoride-free mouthwashes on Streptococcus mutans biofilm
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Abstract

Objective: To evaluate the efficacy of commercially available, fluoride-free mouthwashes sold
in Indianapolis, IN, on Streptococcus mutans biofilm.

Materials and methods: Eighty-one different mouthwashes were purchased in Indianapolis,
IN. A culture of S. mutans UA159 was incubated with the mouthwashes in three dilutions (1:3,
1:6, and 1:12), prepared in Tryptic Soy broth supplemented with 1% sucrose. The minimum
inhibitory concentrations (MIC), planktonic, and biofilm growth were evaluated. In addition,
the growth for minimum bactericidal concentration (MBC) was evaluated using 5 pL and
incubated in blood agar. For the analysis of the results, the mouthwashes were separated into 6
groups according to their active ingredients (cetylpyridinium chloride/CPC, n=25; essential
oils/EOs, n=10; whitening/W, n=12; Plant extracts, n=15; zinc chloride/ZC, n=3; others/O,
n=16). ANOVA following of Tukey test was performed (p=0.05).

Results: Regarding MIC, planktonic, and biofilm growth of S. mutans, there was a significant
decrease for W and CPC groups. For the EOs group, all products of the W groups had more
inhibition in the S. mutans biofilm compared to the CPC group. For ZC, PE, and O there were
different effects within the same group, presenting a large variability.

Conclusion: The mouthwashes demonstrated some effect on S. mutans biofilm, especially in
the 1:3 dilution, and W and CPC groups have a more significant effect on S. mutans biofilm.
Clinical relevance: S. mutans is an important bacterium in dental caries and periodontal
diseases. Our study showed that non-fluoridated mouthwashes have an effect in the initial stages

of the formation of biofilm.

Keywords: Mouthwash, S. mutans, Dental caries, Biofilm, antibacterial
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Introduction

Mouthrinses are widely used as an additional oral hygiene substance, and there are
several products available on the worldwide market (Radzki et al., 2022). While mouthrinses
are a heavily utilized oral care vehicle with over 120 million mouthwash users in the United
States. These can be classified based on their application, therapeutics, or cosmetic products.
Therapeutic mouthwashes are available both over the counter and by prescription, depending
on the formulation, and may help control biofilm, gingivitis, bad breath, dental caries (ADA,
2021), and dental erosion (Abdelwahed et al., 2019). Cosmetic products have an objective
intended to cleanse, beautify, promote attractiveness, or alter the appearance without the
presence of drugs that have therapeutic purposes. Furthermore, some products may not clearly
fall under one definition or the other. Therefore, another consideration in classifying a product
is the ““intended use’” of the product, which is largely dependent on the claims made for the
product and the accompanying labeling.

The most of product have as objective the control of dental plaque para la prevention
and treatment of caries and periodontal diseases. However, some products may not clearly fall
under one definition or the other. Many types of mouthrinse active ingredients have been
evaluated for their plaque-reducing effectiveness and ability to reduce Streptococcus mutans,
including chlorhexidine, essential oils, triclosan, cetylpyridinium chloride, sodium dodecyl
sulphate, and various metal ions (tin, zinc, copper) (Subramaniam and Nandan, 2011).
However, the evidence supporting the effectiveness of antiplaque agents in preventing dental
caries, except for chlorhexidine, is very limited (Zero 2006).

Chlorhexidine is the only ingredient that does not present controversy in its effect (Zero
2006); it is considered the gold standard antimicrobial, maximizing its efficacy and reducing its
adverse effects when its properties and limitations are known. (Jones 2000). Essential oils and
Cetylpyridinium chloride mouthwashes are the next extensively studied; however, these present
some controversies in their uses (Stoeken et al., 2007; Haps et al., 2008; Val Leeuwen et al.,
2011). These and other ingredients have the ability to reduce the accumulation of dental biofilm,
supported by available scientific evidence (Gunsolley, 2006; 2010). Mouthwashes can suppress
or reduce bacterial load; however, these are intended to suppress bacterial adhesion during the
initial stages of dental biofilm formation and not for mature biofilms (Takenaka et al., 2022).
In a dental biofilm, Streptococcus mutans is a fundamental bacterium in dental caries and
periodontal disease. The effectiveness of mouthwashes with antimicrobial potential on this
bacterium is more evident in the primary stages (Dong et al., 2012; Batra et al., 2022; Takenaka

et al., 2022). Some have membrane disruption as a mechanism of action (Jones, 1997), while
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others have membrane disruption and the inactivation of essential enzymes (Stoeken et al.,
2007), disrupting the transport of nutrients across the cell wall (Paraskevas et al., 2008) among
other effects. All having as objective a bactericidal effect.

In the market, there is a high quantity of types of mouthwash products, with different
activities and combinations of ingredients, which increases year after year. As these are
products for daily use within reach of the majority of the population, with indications in many
cases of plaque control, it is necessary to assess these on S. mutans. For this reason, the aim was
to evaluate the efficacy of commercially available, fluoride-free mouthwashes sold in

Indianapolis, IN, on initial Streptococcus mutans biofilm.

Material and Methods:

Experimental design

An in vitro study was performed using eighty-one different types of fluoride-free
mouthwash sold in Indianapolis, IN, USA (Appendix 1). A 24-h culture of S. mutans UA159 in
microtiter plates was treated with the mouthwashes in three different dilutions (1:3, 1:6, and
1:12), prepared in Tryptic Soy broth supplemented with 1% sucrose (TSBS). The minimum
inhibitory concentrations (MIC), planktonic, and biofilm growth were evaluated using a
spectrophotometer. In addition, the growth for minimum bactericidal concentration (MBC) was
evaluated using 5 pL of each culture incubated for 48 h in blood agar. For the analysis of the
results, the mouthwashes were separated into 6 groups according to their active ingredients.
Additional Confocal laser scanning microscopy was performed for appreciate the different

effects.

Preparation of the samples

Eighty-one different mouthwashes were purchased in Indianapolis, Indiana, USA. Three
different serial dilutions (1:3, 1:6, and 1:12) in tryptic soy broth supplemented with 1% sucrose
(TSBS). Two controls were prepared, of negative control was only with TSBS, and the positive
control was 0.12% chlorhexidine (Chlorhexidine digluconate solution, 20% water, Sigma)

prepared in TSBS.
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MIC, MBC, Planktonic, and Biofilm

A 16 h culture of S. mutans UA159 (ATCC 700610) was grown in TSB at 37 °C in 5%
CO.. The samples were prepared in quadruplicate and repeated three different times. An aliquot
of 10 uL of'a 16 h culture of S. mutans in TSB was added to 190 pL of each mouthwash dilution
and incubated at 37 °C, 5% CO: for 24 h in sterile 96-well flat-bottom microtiter plates (Fisher
Scientific, Newark, DE, USA). The MIC was determined by the concentration where there was
an obvious clear-cut decrease in the absorbance. The optical density (OD) values of the bacterial
cultures were measured at 595 nm (no shake) in a spectrophotometer (SpectraMax 190;
Molecular Devices, Sunnyvale, CA, USA). After the MIC determination, 5 uL of each dilution
of the different mouthwashes was added to a blood agar plate and incubated for 48h at 37 °C,
5% CO for the MBC determination. Using the rest of the sample, the unbound planktonic cells
(120 pL) were aspirated and transferred to a new 96-well plate. The OD at 595 nm (shake) was
determined to calculate the effect on planktonic cells. The remaining planktonic cells were
removed from the biofilm microtiter plate wells (leaving attached biofilm), and 200 pL of 10%
formaldehyde was added to each well for 30min to fix the cells. After 30min, the formaldehyde
was removed, and the biofilm cells were washed three times with deionized water. Two hundred
uL of 0.5% crystal violet dye was added to each well, and the cells were stained for 30 min.
The wells were rinsed three times, and 200 pL of 2-isopropanol was placed into each well for
1 h to lyse the cells and extract the crystal violet. The plates were read in a spectrophotometer
at 490 nm (shake) to measure biofilm formation (Huang and Gregory, 2012).

Confocal laser scanning microscopy:

A 16 h culture of S. mutans UA159 was grown in TSB at 37 °C in 5% CO». Were
selected one mouthwash with a low effect and 1 with a higher effect for the analysis. The
samples were prepared in quadruplicate and repeated three different times. Ten pL of a 16 h
culture of S. mutans in TSB was added to 190 pL of each mouthwash dilution and incubated at
37 °C, 5% COg for 24 h in sterile 96-well flat-bottom microtiter plates. The contents were
aspirated and pipetted into a microcentrifuge tube. The samples were centrifuged for 5 min at
13000 g. The supernatant was discarded, and the precipitate was added to 1.5 mL of deionized
water, being shaken until the sample was homogenized. Were added 3 pL of nucleic acid stain
(Banas et al., 2007; Molecular Probes Inc.), and then incubated in the dark for 10 min. Five pL
of each sample was added to a glass plate to be observed under the Confocal laser scanning
microscopy to 40x.
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Statistical Analysis:

Each experiment was repeated three times, and the mouthwashes were separated into 6
groups according to their active ingredients (cetylpyridinium chloride/CPC, n=25; essential
0ils/EQs, n=10; whitening/W (hydrogen peroxide or sodium hexametaphosphate), n=12; Plants
extracts /PE, n=15; zinc chloride/ZC, n=3; and others/O, n=16). For MIC, planktonic and
biofilm statistical analyses were performed, and for MBC, a descriptive analysis was performed,
classifying the results in <1:3, <1:6, <1:12, or >1:12. Two-way ANOVA was performed to
compare the effects of mouthwash exposure (each dilution individually) and their interaction
on MIC, planktonic, and biofilm. Were compared different dilutions with the negative control.

Also, was performed a comparison of these six groups to each other.

Results:

All Eighty-one different brands of mouthwashes were the validity period declared by
the manufacturer. The active ingredients found were CPC (n=25); EOs (n=10); W (n=12), ZC
(n=3), PE (n=15); and OR (n=16). The CPC concentrations ranged from 0.05% - 0.1% (9
products did not state concentration). About the EOs, only one of the 10 products did not declare
the concentration; the other 9 were described on the packaging (Eucalyptol; 0.092%, Menthol
0.042%, Methyl Salicylate 0.060%, and Thymol 0.064%) and this contained alcohol in their
composition. For the ZC, it does not describe the concentration. About PE, a great variety was
found, and those classified as others had sea salt, charcoal powder, and sodium bicarbonate,
among others. Of all the rinses, 32.1% contained alcohol in concentrations of 4.1 - 26.9%, and
four products said they contained alcohol but did not declare the concentration. The different
purposes found were Antiplaque/antigingivitic (33.3%), products for bad breath (24.7%),
whitening (9.9%), and others for freshness, oral care, brushing, and dry mouth, among others.
About the type of the product, 63% are sold as cosmetic products, and only 8.6% (n=7) describe
being Pre-brushing.

For the MIC (Table 1A) analysis, the group in decreasing order in the first 1:3 dilution,
the one that presented a greater effect than the rest of the groups was the W group (0.0084 +
0.0129a8s) The W group presented statistical differences with all the other groups (p-value
<0.001 — 0.0196). The second group with the best effect was CPC (0.0455 + 0.0625 ags). The
CPC group presented a difference from all the groups except the ZC group (p-value = 0.6481).
The next group was EOs (0.0637 £ 0.0829ass). The EOs group presented a statistical difference
with all except group O (p value=0.3728). In the PE, ZC and O groups presented a lower effect
(0.1101 £ 0.1056; 0.1073 £ 0.1516; 0.10504 + 0.1076a8s, respectively). For the Ol group, no
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statistical difference was found with the O group (p value=0.3728). And for ZC only, there was
no difference with the CPC group. The negative control presented a low effect of 0.5384 +
0.0518 (p-value <0.0001). For planktonic analysis (Table 1B), values between 0.0231-
0.2841aps were found; 0.0669-0.22934ags; 0.0743 — 0.1972ags for 1:3, 1:6, and 1:12 dilution
respectively.

For Biofilm results (Table 1C), the best result in the 1:3 dilution was for the W group
with 0.0194+ 0.0040ABS; only it did not present a statistical difference with the ZC group (p-
value = 0.8833). The CPC group with 0.0447 + 0.0140ABS alone did not present a statistical
difference with ZC (p value=0.5449) and EOs group (p value=0.9580). The EOS group (0.0638
+ 0.0090 ass) did not present a statistical difference with the ZC group (p value=0.2756) and
with the CPC group. The PE group presented a statistical difference with ZC (p value=0.0144)
and O (p value = 0.0670) groups. The O group and the Negative control presented statistical
differences with all the other groups and between them.

In the evaluation of the reduction percentage in MIC analysis (Fig 1) of the treatments
when compared with the negative control, numerically, the W group presents a greater reduction
(98.2% = 1.9). The second-best result was for the CPC group (90.1% =+ 12.9), followed by the
EOS group (86.2% =+ 8.8). Finally, there is O, ZC and PE group (77.1 + 23.3; 76.7% + 38.8;
76.2% = 20.4, respectively) Regarding the percentage of reduction on S. mutans biofilms (Fig
2), the highest percentage is from the W group (97.5 % + 2.4), following for the CPC group
(94.2% £ 10.9), EOS group (91.8% + 11.01) and finally are, O (76.8% + 25.4), PE (74.8% *
22.1), and ZC (71.0.% + 50.1) group.

The Results of Two-way ANOVA statistical analyses performed to compare the effects
of mouthwash exposure (between the dilution of each mouthwash) and their interaction on MIC,
planktonic, and biofilm, and MBC and percentage of reduction of values compared with the
negative control, and the statistical difference in the first dilution (1:3) of each mouthwash with

other for the MIC and biofilm analysis are in appendix 2 and 3.
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Table 1: MIC (1A), planktonic (1B), and biofilm (1C) statistical analyses compared different

each group with other and negative control.

A

Mic
1:3 1:6 1:12
Essental  Plant  Zinc Essential  Plant  Zinc Essential _ Plant  Zinc
Group Mean; SD cpc "™ Whitening “  Others Mean; SD cPc "™ Whitening “  Others Mean; SD cpc " Whitening “ " Others
ois Extracts  Chloride ois Extracts  Chloride oiis Extracts  Chloride
Negative Control  0.5334£00518 <0001 <0001 <0001 <0001 <0001 <0001 05384%00518 <0001 <0001 <0001 <0001 <0001 <0001  0.5384:0.0518 <0001 <0001 <0001 <0001 <0001 <0001
CcPC 0.0455 +0.0625 <.0001 <.0001 <.0001 0.6481 <.0001 0.0815 +0.0833 <.0001 <.0001 <.0001 0.021  <.0001 0.0736 + 0.0700 <.0001 <.0001 <.0001 0.0042 <.0001
Essential Oils 0.0637 £0.0829 - <.0001 0.0023 0.0107 0.3728 0.2530 £ 0.0860 - <.0001 <.0001 0.0001 0.0354 0.3904 +0.0517 <.0001 <.0001 <.0001 <.0001
Whitening 0.0082 £ 0.0129 <.0001 0.0196 <.0001 0.0101+0.0114 <.0001 <.0001 <.0001 0.0123+0.0124 <.0001 <.0001 <.0001
Organic ingredients 0.1101 £0.1056 0.0196 0.3728 0.1824 £0.1194 0.0037 0.234 0.2492+0.1198 0.0022 0.1143
Zinc Chloride 0.1073 £0.1516 - 0.0316 0.1278 £0.1661 - 0.0001 0.1558 + 0.1460 - 0.0042
Others 0.10540.1076 0.20430.1589 0.2579+0.1558
Planktonic
1:3 1:6 1:12
Essential Plant Zinc Essential Plant Zinc Essential Plant Zinc
G Mean;SD  CPC Whiteni Oth Mean;SD  CPC oo Whiteni ©  oth Mean;sD  CPC "2l Whiteni ©  oth
Lo ean oits ™ Extracts Chloride " ean oits ™€ Extracts Chloride " ean oits "M Extracts  Chloride
Negative Control 0.1296 £0.0750 <.0001  <.0001 <.0001 <.0001 <.0001 <.0001 0.1296 £0.0750 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.1296+0.0750 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
cpc 0.2841+ 0.5149 00005 <0001 <0001 <0001 <0001 0.2293+0.4795 00004 <0001 <0001 00007 00037  0.1972+0.4543 00012 <0001 <0001 0.0061 0.0005
Essential Oils 0.0731+ 0.2550 <.0001 <.0001 <.0001 <.0001 0.1505 +0.3433 <.0001 <.0001 <.0001 <.0001 0.1544 +0.4101 <.0001 <.0001 <.0001 <.0001
Whitening 0.2103 + 0.4921 - 0.9649 0.7305 0.0024 0.1299 £0.3867 <.0001 0.038 <.0001 0.1666 + 0.4411 0.0005 0.0017 <.0001
Organic ingredients 0.0997 + 0.3214 - 0.6042 0.0004 0.1210 £ 0.3686 0.5192 0.001 0.0743 +£0.2870 0.5845 <.0001
Zinc Chloride 0.0231+ 0.0644 0.1013 0.0669 +0.1887 0.015 0.1722+0.5262 0.0285
Others 0.1306 + 0.3920 - 0.1541£0.4218 - 0.0800 + 0.2594 -
Biofilm
13 1:6 112
R Meamsp  cpc EEmEl o amt  zie veamsp  cpe B o Pane oz Ve sp  coc ESSEMEl o amt zic
LD ean oi e Eytracts  Chloride ean oils ™€ Extracts Chloride ' ean oils e Eytracts  Chloride o
Negative Control  0.7994£0.1849 <0001 <0001 <0001 <0001 <0001 <0001 0.7994%0.1849 <000l <0001 <000l <0001 <0001 <0001  0.7994+0.1849 <0001 <0001 <0001 <0001 <0001 <0001
cpPC 0.0447 £0.0140 0.958 0.01 <.0001 0.5449 <.0001 0.0727 £0.1482 <.0001 <.0001 <.0001 0.0912 <.0001 0.0698 +0.1726 <.0001 <.0001 <.0001 <.0001 <.0001
Essential Oils 0.0638 £0.0090 0031 <0001 02756 <0001  0.4053+0.2165 <0001 02606 0.0006 0.1041  0.6756%0.2643 <0001 <0001 <0001 <0001
‘Whitening 0.0194 +0.0040 - <.0001 0.8833 <.0001 0.0162 +0.0214 - <.0001 0.383 <.0001 0.0263 +0.0508 <.0001 <.0001 <.0001
Organicingredients  0,1953 01190 00144 0067  0.3576+0.2352 0.0015 04537  0.4995+0.2685 0.0014 01237
Zinc Chloride 0.2253 +0.000 - 0.067 0.2492 £0.3571 - - 0.0183 0.3004 +£0.3013 0.0708
Others 0.17950.2029 0.3531£0.3106 0.4699 +0.3447

Table 2: Minimum Bactericidal Concentration (MBC) of all products from each of the 6 groups
(CPC: cetylpyridinium chloride; EOs: essential oils; W: whitening; PE: plant extract; ZC: zinc

chloride; and O: Others).

CPC EOs W Ol ZC (@)

Code MBC Code MBC Code MBC Code MBC Code MBC Code MBC
R >1:12 BM <1:3 BJ >1:12 AW <1:3 CA >1:12 BF >1:12
E >1:12 (0] <1:3 BD >1:12 BT >1:12 BZ >1:12 H <1:3
G >1:12 BP <1:3 BE >1:12 U >1:12 AE <1:3 BL >1:12
\Y >1:12 | <1:3 BH >1:12 AU <1:6 K >1:12
Y >1:12 BQ <1:6 AY >1:12 M <1:6 AZ <1:3
F >1:12 AB <1:3 C >1:12 Q <1:3 BK <1:3
CB >1:12 Al <1:3 BU >1:12 AM <1:3 BG >1:12
CcC >1:12 AL <1:3 BR >1:12 AK <1:3 J <1:6
BS >1:12 BO <1:3 BC >1:12 T <1:3 AG >1:12
AR >1:12 AD <1:3 X >1:12 AX <1:3 AA <1:3
AC >1:12 D >1:12 BA <1:3 L <1:6

AQ >1:12 Al >1:12 AT <1:3 W <1:3
BV >1:12 AV <1:3 BB <1:3
BI >1:12 BY <1:3 S <1:3
4 >1:12 BW <1:3 BX <1:3
A >1:12 B <1:3
P >1:12
AN >1:12
AO >1:12
N >1:12
AP >1:12
BN >1:12
AS >1:12
AH >1:12

AF <1:3




53

% of reduction on MIC analysis

10.0

0.0

CPC EOS w PE zc o
Group

Figure 1: Percentage (%) of reduction on MIC analysis of the different groups of treatments in

de minimum inhibitory concentrations (MIC).
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Figure 2: Percentage (%) of reduction on S. mutans biofilms of the different groups of

treatments in de minimum inhibitory concentrations (MIC).
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Figure 3: Confocal laser scanning microscopy for comparison between controls (only medium;
TSBS, negative control; medium + bacteria; TSBS + S. mutans, positive control; CHX 0.12%)

and treatments (one with low and one with high effect)
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Discussion:

There is a wide variety of non-fluoride mouthwashes on the market, which contain
different active ingredients that have specific objectives, among which are to reduce the number
of bacteria in the mouth, antigingivitic/antiplaque, whitening, sensitivity, etc., and many
indicate that they have some antimicrobial effect. Our study evaluated all non-fluoride
mouthwashes found in Indianapolis, IN. With the aim of testing its effectiveness on initial S.
mutans biofilm. considered as normal flora species in the oral cavity but fundamentally in dental
caries and periodontal disease. The effectiveness of different mouthwashes with antimicrobial
potential on S. mutans has been found to be clearer in immature biofilms or in the first stages
of formation (Dong et al., 2012; Batra et al., 2022; Takenaka et al., 2022).

It is known that Chlorhexidine continues to be the gold standard as an antimicrobial, it
is effective in different bacteria, and it is a cationic biguanide with broad antibacterial activity,
low mammalian toxicity, and a strong affinity for binding to skin and mucous membranes and
has a wide spectrum of activity encompassing gram-positive and gram-negative bacteria
(Denton, 1991). Its antimicrobial activity is of the membrane-active type, used to describe an
antimicrobial agent that damages the inner (cytoplasmic). As we can observe in figure 1,
chlorhexidine at 0.12% does not allow the growth of S. mutans biofilm. This agent is
antimicrobial, and it is the only one that does not present any controversy with its use (Zero
2006), as long as one considers how to maximize the effect and reduce the adverse effects
(Jones, 2000).

Of the commercial products analyzed, those that presented hydrogen peroxide and
sodium hexametaphosphate were grouped as the W group. It presented the best result for both
MIC (1:3 dilution 0.0084 + 0.0129ags) and biofilm (1:3 dilution 0.0194 +£0.00404ass), with a
statistically significant difference from all other groups, being corroborated with the MBC tests
(>1:12). It is proven that hydrogen peroxide (H202) has an antimicrobial effect on Gram-
positive and Gram-negative bacteria (Brown et al., 1947). Several factors are necessary for the
antimicrobial effect of H2O2 to occur. Concentration and length of exposure are the most critical
factors. To maximize the effect and reduce side effects, it is appropriate to use concentrations
<1.5% (Hossainian et al., 2011). Thus, of the 10 products that claimed to contain H>O>, only 3
reported the concentration (1.5%), and even so, all had a greater effect on S. mutans than the
other products (p-value <0.001 — 0.0196). However, when compared with 0.12% Chlorhexidine
digluconate, it was much less effective in reducing incomplete. For the other ingredient the
sodium, hexametaphosphate could increase outer membrane cell permeability (Shibata and

Morioka 1982), and in concentrations of 1%, it would have a considerable effect on S. mutans
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biofilm (Hosida et al., 2021). Although the 3 products with this compound have a high effect,
their concentration is not declared on the product label.

The products that contain CPC present a small but significant additional benefit in
reducing to reduce the accumulation of dental biofilm (Haps, et al., 2008). This is produced for
the quaternary compound of CPC that inhibits the forming of biofilm in the first stages
(Schroeder et al, 1962). Also, CPC is a cationic surface-active agent and has a broad
antimicrobial spectrum, with the rapid killing of gram-positive pathogens (Pitten and Kramer,
2001). This is consistent with the results found in our studio (1:3 dilution, MIC: 0.0455 +
0.06254Bs; Biofilm: 0.0447 + 0.0140aBs). Formulations with high bioavailable CPC are
associated with greater biological activity and therefore suggest an increased probability of
clinical efficiency (Versteeg et al., 2010). S. mutans, being a gram-positive bacterium, is for
this reduced in the presence of CPC products. Although there is a controversy that these tend to
have an increased clinical effect when used as adjuncts to mechanical oral hygiene regimens
(Barnett, 2003). However, in addition, or by itself, it is considered that CPC mouthwashes
promote changes in oral microbial structure and/or reductions in community diversity that favor
the resolution of dysbiosis and re-establishment of a health-compatible microbial community
(do Amaral et al., 2022), being recognized and recommended by the ADA as effective in plaque
and gingivitis (ADA, 2021). Researchers also, though, have found comparable performance
between chlorhexidine and CPC as a preprocedural rinse in reducing bacterial load in aerosols.
(Mauri, et al., 2019).

The products with EOs, (thymol, eucalyptol, menthol, methyl salicylate) presented a
lower effect than W and CPC group for MIC (0.0637 + 0.08294gs) and less than W group and
equal to CPC group and greater than the remainder of the other groups, for Biofilm analyzes
(0.0638 £ 0.00904gs). Its lower effectiveness when compared to the W and CPC group is
corroborated by the MBC results where one product was <1:6 and the rest <1:3. There is strong
evidence to support the efficacy of these agents as anti-plaque, anti-gingivitis agents (Gusolley
2010), provides an additional benefit about plague and gingivitis reduction (Stoken et al., 2007).
EOs are used in an over-the-counter mouthwash containing a fixed formula of 2-phenol related
EOs, thymol 0.064% and eucalyptol 0.092%, mixed with menthol 0.042% and methyl salicylate
0.060% in alcohol vehicle (Fine et al., 1985). The mechanisms of action of EOs against bacteria
are complex. At high concentrations, there is disruption of the cell wall and precipitation of cell
proteins, while at lower concentrations, there is inactivation of essential enzymes (Ross et al.,
1989). Bacteria are prevented from aggregating with Gram-positive bacteria, and bacterial
multiplication is slow. (Fine, 1988; Ouhayoun, 2003).
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The products with ZC as the main ingredient were only 3; thus, two presented a high
effect in terms of MIC reduction (76.7% + 38.8), and biofilm reduction (71.0.% + 50.1), and
one presented a low effect, so its SD is high. It is known that ZC is used as an antimicrobial
since it has multiple inhibitory effects on the activities of intact bacterial cells, such as glycolysis
and can improve the proton permeability of bacterial cell membranes (Phan et al., 2004). It is a
concentration-dependent product, since in high concentrations it can inhibit the formation of
biofilm and tartar, but in low concentrations, no effect has been found (Lynch 2011; Almoudi
et al., 2018). The problem with this group may be that these products do not declare the
concentration, and there may be variations within the group that are reflected in the results.
Regarding the PE and O group, the results are varied since the ingredients are not uniform
(Mentha piperita oil, Calendula officinalis flower extract, Echinacea purpurea
flower/leaf/Steam Extract, Chamomilla recutita flower extract, Phytoplenolin, among others).
There are products with one plant extract (in addition to other ingredients such as solvents, dyes,
detergents, etc.) as products that have more than 10. It is known that there are plants that have
some antimicrobial effect, but having a large number of extracts, recognizing who is attributes
the bactericidal/bacteriostatic effect is difficult. The same happens with the group of others
where we have, Sodium Chloride, Sodium Bicarbonate, sodium lauryl sulfate, charcoal power,
Sea Salt, among others.

These groups, without considering the case of the ZC group, present the highest SD for
MIC (PE 77.1 £ 23.3 and 0 76.2% + 20.4) and for Biofilm (PE 76.8% * 25.4 and PE 74.8% +
22.1). They also presented the lowest reduction when compared to the other groups of chemical
agents. It was important to analyze these products due to the quantity and variety available in
the market. Plant extracts represent 18.5% of all the products analyzed and 19.8%, the majority
of which are marketed for presenting an anti-plaque effect, anti-gingivitis, bad odor, diseases
caused by bacteria, among others.

For reasons of a clearer reading interpretation of the results, the information of all the
mouthwashes separately is described in appendix 1, including the code of these to make the
comparison between all the dilutions of each product and between all of them. When the 3
dilutions were compared with each other (1:3/1:6, 1:3/1:12 and 1:6/1:12), different results were
observed. Furthermore, in general, the 1:3 dilution was more effective than the 1:6, and in some
cases, 1:3 was equal to the 1:6 dilution, and in a few cases, the 3 dilutions had a similar effect.
For a better analysis of the results, in appendix 2 are the means: SD of each dilution and the p
values of each comparison. Regarding the comparison between the 1:3 dilution of all the

products, in appendix 3, we can find the values of the percentage of reduction of values
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compared with the negative control and the statistical difference in each mouthwash with other
for the MIC and biofilm analysis, describing the mouthwashes (code) with which they presented
a statistical difference (p-value <0.05) here all the results are independent and the data
extensive. So, each rinse presents a different behavior.

Mouthwashes are an element of individual oral hygiene. They do not need a dental or
medical prescription; it is within reach of most of the population. Companies sell different
products on the market, being able to find a large quantity at various points of commerce, many
with the aim of reducing the bacterial load, reducing, or helping in the control of periodontal
diseases.

Our results verified that mouthrinses are effective in the first stages of the biofilms
formation of S. mutans bacteria. Being those that present whitening agents the ones that present
the best results (MIC: 98.2% + 1.9 of reduction), followed by those CPC (90.1% + 12.9), EOs,
(86.2% = 8.8), and finally ZC, plant extracts and other ingredients. In addition to the first 4 are
products that present more benefits than secondary effects since they are in an adequate
concentration. This study is relevant because S. mutans is an important bacterium for dental
caries and periodontal diseases, and if people maintain adequate biofilm control by avoiding
tartar formation and using mouthwashes, these would reinforce biofilm control (Dong et al.,
2012; Batra et al., 2022; Takenaka et al., 2022). Despite our study being in vitro and using only
an initial mono-species biofilm, our results are promising and of clinical relevance. It also opens

the possibility of carrying out in situ/in vivo tests.

Conclusions:
The mouthwashes demonstrated some effect on S. mutans biofilm, especially in the
lowest dilution (1:3), and products containing Whitening agents (Hydrogen peroxide/ Sodium

hexametaphosphate) and CPC have a more significant effect on S. mutans biofilm.

Conflict of interest:
The authors declare no conflict of interest.

References

1. Abdelwahed AG, Temirek MM, Hassan FM. Antierosive Effect of Topical Fluorides: A Systematic
Review and Meta-Analysis of In Situ Studies. Open Access Maced J Med Sci. 2019 May
12;7(9):1523-1530. doi: 10.3889/0amjms.2019.291.



10.

11.

12.

13.

14.

15.

59

Almoudi MM, Hussein AS, Abu Hassan MI, Mohamad Zain N. A systematic review on antibacterial
activity of zinc against Streptococcus mutans. Saudi Dent J. 2018 Oct;30(4):283-291. doi:
10.1016/j.sdent;j.2018.06.003.

American Dental Association (ADA). 2021. Department of Scientific Information, Evidence
Synthesis & Translation Research, ADA Science & Research Institute, LLC.
https://www.ada.org/resources/research/science-and-research-institute/oral-health-
topics/mouthrinse-mouthwash

Barnett ML. The role of therapeutic antimicrobial mouthrinses in clinical practice. Control of
supragingival plaque and gingivitis. J Am Dent Assoc 2003; 134: 699-701.

Batra C, Alalshaikh M, Gregory RL, Windsor LJ, Blanchard SB, Hamada Y. An in vitro comparison
of four antibacterial agents with and without nicotine and their effects on human gingival fibroblasts.
J Periodontol. 2022 Feb;93(2):e24-e33. doi: 10.1002/JPER.21-0262.

Brown EA, Krabek W, Skiffington R. Glycerite of hydrogen peroxide: I. Comparison of its
bacteriotoxic with that of mercurial solutions. J Bacteriol 1947; 53: 793-799.

Denton GW. Chlorhexidine. In: Block SS, ed. Disinfection, Sterilization and preservation. 4th edn.
Philadelphia: Lea and Febiger, 1991: 274-2809.

do Amaral GCLS, Hassan MA, Sloniak MC, Pannuti CM, Romito GA, Villar CC. Effects of
antimicrobial mouthwashes on the human oral microbiome: Systematic review of controlled clinical
trials. Int J Dent Hyg. 2023 Feb;21(1):128-140. doi: 10.1111/idh.12617.

Dong L, Tong Z, Linghu D, Lin Y, Tao R, Liu J, Tian Y, Ni L. Effects of sub-minimum inhibitory
concentrations of antimicrobial agents on Streptococcus mutans biofilm formation. Int J Antimicrob
Agents. 2012 May;39(5):390-5. doi: 10.1016/j.ijantimicag.2012.01.009.

Fine DH, Letizia J, Mandel ID. The effect of rinsing with Listerine antiseptic on the properties of
developing dental plaque. J Clin Periodontol 1985;12:660-666.

Fine DH. Mouthrinses as adjuncts for plaque and gingivitis management. A status report for the
American Journal of Dentistry. Am J Dent 1988;1:259-263.

Gunsolley, J.C. A Meta-Analysis of Six-Month Studies of Antiplaque and Antigingivitis Agents. J.
Am. Dent. Assoc. 2006, 137, 1649-1657. [CrossRef]

Gunsolley, J.C. Clinical Efficacy of Antimicrobial Mouthrinses. J. Dent. 2010, 38 (Suppl. S1), S6—
S10.

Haps, S.; Slot, D.E.; Berchier, C.E.; van der Weijden, G.A. The Effect of Cetylpyridinium Chloride-
Containing Mouth Rinses as Adjuncts to Toothbrushing on Plaque and Parameters of Gingival
Inflammation: A Systematic Review. Int. J. Dent. Hyg. 2008, 6, 290-303.

Hosida TY, Pessan JP, Cavazana TP, Sampaio C, Monteiro DR, Botazzo Delbem AC. Effect of
sodium hexametaphosphate and fluoride on dual-species biofilms of Candida

albicans and Streptococcus mutans. Biofouling. 2021 Oct-Nov;37(9-10):939-948. doi:
10.1080/08927014.2021.1916816.


https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/mouthrinse-mouthwash
https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/mouthrinse-mouthwash

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

60

Hossainian N, Slot DE, Afennich F, Van der Weijden GA. The effects of hydrogen peroxide
mouthwashes on the prevention of plaque and gingival inflammation: a systematic review. Int J Dent
Hyg. 2011 Aug;9(3):171-81. doi: 10.1111/j.1601-5037.2010.00492.x.

Huang R, Li M, Gregory RL. Effect of nicotine on growth and metabolism of Streptococcus mutans.
Eur J Oral Sci. 2012;120(4):319-25.

Jones CG. Chlorhexidine: is it still the gold standard? Periodontol 2000. 1997 Oct;15:55-62. doi:
10.1111/j.1600-0757.1997.tb00105.x.

Lynch, R.J.M., 2011. Zinc in the mouth, its interactions with dental enamel and possible effects on
caries; a review of the literature. Int. Dent. J. 61, 46-54.

Marui VC, Souto MLS, Rovai ES, et al. Efficacy of preprocedural mouthrinses in the reduction of
microorganisms in aerosol: A systematic review. J Am Dent Assoc 2019;150(12):1015-26.e1.
Ouhayoun JP. Penetrating the plaque biofilm: Impact of essential oil mouthwash. J Clin Periodontol
2003; 30(Suppl. 5):10-12

Paraskevas, S.; Rosema, N.A.M.; Versteeg, P.; Van der Velden, U.; Van der Weijden, G.A. Chlorine
Dioxide and Chlorhexidine Mouthrinses Compared in a 3-Day Plaque Accumulation Model. J.
Periodontol. 2008, 79, 1395-1400.

Phan, T.-N., Buckner, T., Sheng, J., Baldeck, J.D., Marquis, R.E., 2004. Physiologic actions of zinc
related to inhibition of acid and alkali production by oral streptococci in suspensions and biofilms.
Oral Microbiol. Immunol. 19, 31-38.

Pitten FA, Kramer A. Efficacy of cetylpyridinium chloride used as oropharyngeal antiseptic.
Arzneim Forsch/Drug Res 2001; 51: 588-595.

Radzki D, Wilhelm-Weglarz M, Pruska K, Kusiak A, Ordyniec-Kwasnica I. A Fresh Look at
Mouthwashes-What Is Inside and What Is It For? Int J Environ Res Public Health. 2022 Mar
25;19(7):3926. doi: 10.3390/ijerph19073926.

Ross NM, Charles CH, Dills SS. Long-term effects of Listerine antiseptic on dental plaque and
gingivitis. J Clin Dent 1989;1:92-95.

Schroeder HE, Marthaler TM, Muhlemann HR. Effects of some potential inhibitors on early calculus
formation. Helv Odont Acta 1962; 6: 6-9.

Shibata H, Morioka T. Antibacterial action of condensed phosphates on the bacterium Streptococcus
mutans and experimental caries in the hamster. Arch Oral Biol. 1982;27(10):809-16. doi:
10.1016/0003-9969(82)90034-6.

Stoeken, J.E.; Paraskevas, S.; van der Weijden, G.A. The Long-Term Effect of a Mouthrinse
Containing Essential Oils on Dental Plaque and Gingivitis: A Systematic Review. J. Periodontol.
2007, 78, 1218-1228.

Subramaniam P, Nandan N. Effect of xylitol, sodium fluoride and triclosan containing mouth rinse

on Streptococcus mutans. Contemp Clin Dent. 2011;2(4):287.



31.

32.

33.

34.

61

Takenaka S, Sotozono M, Ohkura N, Noiri Y. Evidence on the Use of Mouthwash for the Control
of Supragingival Biofilm and Its Potential Adverse Effects. Antibiotics (Basel). 2022 May
28;11(6):727. doi: 10.3390/antibiotics11060727.

van Leeuwen, M.P.; Slot, D.E.; van der Weijden, G.A. Essential Oils Compared to Chlorhexidine
with Respect to Plaque and Parameters of Gingival Inflammation: A Systematic Review. J.
Periodontol. 2011, 82, 174-194

Versteeg PA, Rosema NA, Hoenderdos NL, et al. The plaque inhibitory effect of a CPC mouthrinse
in a 3-day plaque accumulation model — a cross-over study. Int J Dent Hyg 2010;8:269-75.

Zero DT. Dentifrices, mouthwashes, and remineralization/caries arrestment strategies. BMC Oral
Health. 2006 Jun 15;6 Suppl 1(Suppl 1):S9. doi: 10.1186/1472-6831-6-S1-S9.



Appendix 1: Complete information of the samples, their ingredients and purpose.

Code Name - Alcohol Purpouse
Active Other
, Close.UP Mouthwash with Calcium Eucalptol (0.092%), Menthol (0.042%),  Water, Alcohol (21.6% /), sorbitol, poloxamer 407, benzoic acid,sodium saccharin, falvor, sodium Antiplague
6% /v
cinnamon Methyl Salicylate (0.060%) Thymol (0.064%) benzoate, Yellow 10, green 3 Antigingivitis
) Eucaliptol (0.092%), Menthol (0.042%), NN Alcohol 269%  Antiplaque
B Seasaltoral rinse Water, Alcohol (26.9 % v/v), poloxamer 407, benzoic acid sodium benzoate, Caramel pae
Methyl Salicylate (0.060%) Thymol (0.064%) ! M. P ol “ v Antigingivitis
Colgate Optic White High Impact White Water, sorbitol, propylene glycol, poloxamer 407, lauramidopropyl betaine, eucalypto, benzoic aci,
O _ sodium benzoate, flavor, methyl salicylate, thymol, sucralose, menthol, sodium saccharin, yellow _ Bad Breath
10, green3
Water, sorbitol, propylene glycol, poloxamer 407, flavor, eucaliptol, zinc chioride,benzoic )
Eucaliptol, Menthol, Methyl Salicylate, ! itol, propylene glycol, polox vor, eucaliptol, zi ! 2ol Antiplague
D Colgate Peroxyl acid,sodium benzoate, lauramidoprpyl betaine, methyl salicylate. Thymol, menthol, sodium _
Thymol 3 Antigingivitis
saccharin, sucralose,blue 1, red 33, green 3
Water, sorbitol, propylene glycol, oxalate flavor, ic acid,
£ Oral B Gum Detoxify _ ploxamer, sodium benzoate, sodium methyl cocoyl taurate, sodium laurylsulfate, sodium saccharin, _ Sensibility
sucralose
. Crest Pro-Health Bacteria Guard - Water, sorbitol, alcohol (8.6%), tetrasodium pyrophosphate, sodium benzoate, benzoic acid, sodium Alcohol 8.6 % v/ Prebrushing
lauryl sulfate, poloxamer 407, flavor, xanthan gum, sodium saccharin, blue 1, yellow 5
! lene glycol, sorbitol, pol 7,1 itric aci ipl:
G Crest Pro-Health Clinical Cetylpyridinium Chioride 0.075% Water, glycerin, propylene glycol, SOrbI}lO‘, pol oxam‘er 407, flavor, potassium sorbate, citric acid, _ Aﬁ(l? aque
sodium saccharine, blue 1 Antigingivitis
Oral debriding
Water, sorbitol, propylene glycol, pol 338, polysorbate 20, flavor, sod harin, FD&C
H  Ultimate Essential MouthCare. Eco dent Hydrogen peroxide 1.5% /W/v) ater, sorital, propylens glycal, pol axzm”hlue nzolvmr ate 20, Havor, sodium saccharin, _ agent/oral wound
g cleanser
Lsterine Freshburst Cetypyridinium Choride 0.07% Water, glycerin, flavor, poloxamer 407, sodium saccharin, methylparaben, sucralose, propylparaben, ) Antiplaque
blue 1 Antigingivitis
. ) ) Antiplaque
Water, glycerin, flavor, zinc lactate, methylparaben, sodium saccharin, sucralose, prpylparaben, Sriped
) Pre Brush Dental Rinse Cetylpyridinium Chloride 0.07% glycert “ VP u ! Previp _ Antigingivitis/ bad
poloxamer 407, bluel
breath
¢ Lsterin edition coconat & lime biend ) Water, glycerin, sodium hexametaphosphate, poloxamer 407, sodium benzoate, sodium laury ) Whitening
sulfate, flavor, phosphoric acid, sodium saccharin, sucrallose, red 33, green 3 mouthwash
Water, alcohol (15wt%), propylene glycol, flavor, poloxamer 407, sucralose, benzoic acid, sodium Antiplague
L Oral B Breath Purify Cetylpyridinium Chloride 0.05% (15wt5), propylene gly vor, polox: u zoic acid, sodium 4\ cohol 15% wid% tiplaque
benzoate, blue 1, yellow 6 Antigingivitis
Thera Breath Dentist formulated Water, glycerin, alcohol (5wt%), hydrogen peroxide, sodium hexametaphosphate, poloxamer 407, )
Mo et : _ & (5wt), hydrogen pe nexametaphosphate, p Alcohol 5% wt% Bad breath bacteria
withening fresh breath flavor, sodium citrate, sodium saccharin, citric acid, sucralose
Water, alcohol (15wt%), propylene glycol, flavor, poloxamer 407, sucralose, benzoic acid, sodium Antiplague
N Colgate Total Whole Mouth Health Cetylpyridinium Chloride 0.05% { ). propylene gl P Alcohol 15% wt% plag
benzoate, blue 1, yellow 6 Antigingivitis
o i ) ) Antiplaque
O Listerine Ultra Clean Zero alcohol Cetylpyridinium Chloride 0.1% Water, glycerin, Hhydrogen peroxide, flavor, sucralose, poloxamer 407 _ antigingits
R . " eerin ) - o
»  Cepacol Antibacterial multi -protection Cetylpyricinum Chloride Water/EAU, alcohol (15wt5), glycerin, flavor, polysorbate 80, sodium saccharin, sodium benzoate, |, . Antiplague
mouthwash cetylpyridinium chloride, benzoic acid, blue 1. yellow 5 Antigingivitis
q  Perio Brite Complete Oral Care Natural Hrdrogen eroxide Water, glycerin, hydrogen peroxide, propylene glycol, sodium hexametaphosphate, poloxamer 407, Whitens surface of
Mouthwash 'ycrogen pe sodium citrate, flavor, PEG-40, Hydrognated castor oil, soddium saccharine, citric acid. - teeth
Water, glycerin, xylitol, sorbitol, propylene glycol, poloxamer 407, sodium benzoate,
R Crest Pro-Health Intense _ i 12 o, caprylyl glycol, flavor, sodium _ _
phosphate, disodium phosphate
Water, Peg-40, hydrogenated castor oil, sodium chlorite, tetrasodium EDTA, sodium benzoate ,
S Hello Activated Charcoal _ °r 78 o ) ; ol _ Bad Breath
sodium bicarbonate, flavor, llicium Verum (Anise) fruit/seed o, glycerin, sodium carbonate
; Jason Halthy mouth Tartar Control iydrogen peroride 1.5% /W/v) Gitrc acid,flavor, gycerin, poloxamer 407, propylene glycol,sodium citrate, sodium ) Whitening mouth
cinnamon clove hexametaphosphtate, sodium saccharin, sucralose, water tinse
y  Thera Breath Dentist formulated fresh Cetypyridinium Choride 0.07% Flavor, glycerin, methylparaben, poloxamer 407, propylparaben, sodium saccharin, sucralose, water, } Antiplaque
breath zinc lactate Antigingivitis
Flavor, glycerin, propylene glycol, xyltol, cellulose gum, sodium hyaluronate, poloxamer 407,
V  Parodontax active gum health Mint Cetylpyridinium Chloride vor, glycerin, propylene glycol, xyli ulose gum, sodium hyalurenate, polox B Dry mouth
sodium benzoate, , cetylpyricinium chloride, benzoic acid
Water, glycerin, flavor, cetylpiridinium chioride, zinc lactate, methylparabe, sodium saccharin,
W Biotene dry mouth oral rinse Cetylpyridinium Chloride Bly Vil WP _ Bad Breath
sucralose, propylparabem, poloxamer 407
Water, alcohol 15 wt%, glycerin, flavor, polysorbate 80, sodium saccharin, soium benzoate, Antiplague
X ARCturn up the bright Cetylpyridinium Chloride sly poly: Alcohol 15% wt% pla
cetylpiridinium chloride, benzoic acid, blue 1, yellow 5 Antigingivitis
y  CrestPro-Health Clean Mint Hrrogen peroride Water, glycerin, hydrogen peroxide, propylene glycol, sodium hexametaphosphate, poloxamer 407, Whitening mouth
multiprotection lydrogen p sodium citrate, flavor, PEG-40, Hydrognated castor oil, soddium saccharine, citric acid. - rinse
iptol (0.092%), 042%), 1126 ipl:
7 Mouthwash up&up Eucaliptol (0.09256), Menthol (0.0425), Water, Alcohol (26.9 % v/v), poloxamer 407, benzoic acid sodium benzoate, Caramel Alcohol 26.9 % Antiplaque
Methyl Salicylate (0.060%) Thymol (0.064%) v/v Antigingivitis
D Tichenor's All natural Peppermint Water, glycerin, propylee glycol, hydrogen peroxide, sodium hexametaphosphate, poloxamer 407, Teeth Whitenin
Mouthwash Concentrate - flavor, sodium citrate, sodium saccharin, citric acid, sucralose g
Ant Mouth hant 1t Water, glycerin, PEG-40, hydrogenated caster oil, citric acid, sodium hydroxide, pepper mint
ntiseptic Mouthwash antigingivits
e o I:'ue Eine| Sodium Cholirde oil,menthol, sodium chlorite, citrus limon peel oil, sodium benzoate, sucralose, xylitol, sodium _ Bad Breath
plaq bicarbonate.
Antipl.
AC  Hello Peace out, plaque Cetylpyridinium Chloride 0.05% Water, glycerin, poloxamer 407, flavor, sucralose ntiplague
Antigingivitis
40 Usterine Original ) Water, gycerin polysorbate 20, sodium benzoate, PVP, Natural mint flavor, papain, D-fimanene, resh breath
menthol, glucose oxidase
A Lovoris Freash Breath Mouthwash ) Water, Peg-40, hydrogenated castor o, sodium chiorite, tetrasodium EDTA, socium benzoate , resh breath
sodium bicarbonate, mentha piperita (peppermint) oil, sodium hydroxide
Water, glycerin, xylitol, sorbitol, propylene glycol, poloxamer 407, sodium benzoate,
AF Oral B Dry mouth B glycerin, propylene glycol, p B Dry mouth brad
flavor, sodium phosphate, disodium phosphate
Water, glycerin, flavor, poloxamer 188, sodium saccharin, propylene glycol, sodium benzoate, Antiplague
AG  Plax sofmint flavor mouthwash Cetylpyridinium Chloride 0.07% 8ly L harin, propylene glyc Alcohol plad
sucralose, benzoic acid Antigingivitis
Water, glycerin, flavor, poloxamer 188, sodium saccharin, propylene glycol, sodium benzoate, Antiplaque
AH  ARC fresh breath mouth rinse Cetylpyridinium Chloride 0.07% Bl P propylene glyc N plag
sucralose, benzoic acid Antigingivitis
Solution 1: Purified water, sodium benzoate, sodium chloride and benzoic acid. Solution 2: Purified
: ’ o gl :
Al Antiseptic Mouthwash up &up . water, glycerin, poloxamer 407, propylene glycol, poloxamer 124, zinc chloride, flavor, sodium . Bad breath
benzoate, benzoic acid, sodium saccharin, sodium chioride, benzyl alcohol, D&C yellow Ne 10, FD&C prevention
blue No1
Solution 1: Purified water, sodium benzoate, sodium chloride and benzoic acid. Solution 2: Purified
ter, glycerin, pol 407, propylene glycol, pol 124, zinc chloride, f i Antipl
A Ol B Mouth Sore Cetypyridinium Choride 0.05% water, glycerin, poloamer 407, propylene glycol, poloxamer 124, zin chloride, lavor, socium . niplaque
benzoate, benzoic acid, sodium saccharin, sodium chioride, benzyl alcohol, D&C yellow Ne 10, FD&C Antigingivitis
blue No1
Solution 1: Purified water, sodium benzoate, sodium chloride and benzoic acid. Solution 2 Purified
ter, sorbitol, pol 407, propylene glycol, pol 124, zinc chloride, i di
AK  Tom’s Natural Fluoride-free Wicked fresh  Menthol 0.2% (When mixed directed) water, sorbitol, poloxamer 43/, propylene gyco,, poloxamer 124, zinc ciorice, flavor, sodium _ Oral Pain Reliever
benzyl alcohol, sodium saccharin, speppermint o, benzoic acid, sodium chloride, , D&C yellow Ne
10, FD&C blue N21
AL Listerine Cool Mint Eucalptol (0092%), Mentho (0.0425%),  Water, Alcohol (21.6% /), sorbitol, flavor, poloxamer 407, benzoic acid,sodium saccharin,sodium ) . Antiplaque
Methyl Salicylate (0.060%) Thymol (0.064%) benzoate, FD&C green n3 Antigingivitis
Water, glycerin and/or sorbitol, alcohol 8.7%, tetrasodium pyrophosphate, benzoic acid, flavor,
AM  The Natural Dentist Healthy gums _ poloxamer 407, sodium benzoate, sodium lauryl sulfate, sodium saccharine, xanthan gum, FD&C  Alcohol 8.7% _
blue n® 1, FD&C yellow n® §
an Thera breath periodontist formulated Water, sea salt, xylitol, natural flavor, lysozyme, menthol, potassium sorbate, sodium benzoate,
Healthy gums oral rinse - poloxamer 407 - -
Purified Wate, Vegetable Glycerin, Echinacea, Goldenseal, Calendula, Citric Acid, Polysorbate 80, Antiolaque
AO  Oral B Dry mouth Aloe Vera (20%) Natural Flavors (contains cinnamon oil) Grapefruit seed extract, potassium citrate, copper _ P ,"n ,“,(,S
igingivit
chlorophyllin Color Bing;
) . i ) ) ‘
AP Swan Mouthwash fresh mint . Water, glycerin, sorbitol, Aloe barbadensis leaf juice (organic), propanediol, cylitol, natural flavor, . Bad Breath
benzoic acid, zinc citrate, menthol, sodium hydroxide (prevent)
Water, glycerin, aloe barbadensis leaf juice, polysorbate 80, erythritol, xylitol, poloxamer 407, Antinlaue
AQ Crest Scope mouthwash rince-bouche Cetylpyridinium Chloride 0.075% flavor, cocos nucifera (coconut) oil (certified organic), sodium benzoate, citric acid, rebaudiside A _ Pt
(certified organic), melaleuca aiternifoil (tea tree) leaf oil ging
Puridied water, vegetable glycerin (soother and moisturizes), polysorbate 80 (emulsifier), flavor
AR Family Wellness Blue mint Mouthwash ] {yum), xitol (aweetener), erythritol (sweetener), poloxamer 407 (emlsifer), charcoal powder ] Notural fresh
(freshens breath), cocos nucifera (coconut) oil (soothes and moisturizes), sodium benzoate
(maintains stability), melaleuca alternifolia (tea tree) leaf oil (freshens breath)
Eucaliptol (0.092%), Menthol (0.042%), Water, alcohol 21.6%, sorbitol solution, flavor, poloxamer 407, benzoic acid, sodium saccharin, Antiplague
AS  Crest all fresh no stress Scope All da 216%
P ' Methyl Salicylate (0.060%) Thymol (0.064%) sodium citrate, D&C yellon ne 10, FD&C green ne 3 v Antigingivitis
Oral debriding
Alcohol 4.1% (by volume), disodium EDTA, FD&C blue ne1, methyl salicylate, phosphoric acid, t/oral
AT Desert Essence Tea Tree OilSpearmint Hydrogen peroxide 1.5% Menthol 1% cono! (by volume), disodium ue nel, methyl salicylate, phosphoric aci 2.10% agent/ora|

poloxamer 338, polysorbate 20, sodium saccharine, sorbitol, water

antiseptic/ Oral
pain reliever
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AU

AV

AW

AX

AY

AZ

CA

cB

cc

Jason Healthy powersmile brightening

Lumineux Oral essentials

Jason Total Protection sea salt
mouthrinse

Tea Tree therapy Mouth Wash

HPM Hydrogen Peroxide Mouthwash

Bubble Gum Kid's Spry Mouth wash

Jason Healthy powersmile brightening

Swan Alcohol free Mouthwash

Orajel 2x Mouth Sores Rinse Medicated

Crest Bacteria Blast

Clean mint Withening alcohol free rinse

Thera Breath dentist formulated fresh
breath oral rinse

Listerine Sensitivity Zero alcohol

Splendid white whitening mouth rinse
alcohol free Up&Up

Crest Scope Classic

BR rinse. Organic Mouthwash

Tom's Sea Salt

CloSYS

Antiseptic Mouthwash antigingivits
antiplaque

Crest GUM and Breath Purify

Swan Antiseptic mouth rinse Original
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Appendix 2: One-way ANOVA statistical analyses performed to compare the effects of
mouthwash exposure (between the dilution of each mouthwash) and their interaction on MIC,

planktonic, and biofilm.
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Appendix 3: MBC and percentage of reduction of values compared with the negative control,
and the statistical difference in the first dilution (1:3) of each mouthwash with other for the

Total absorbance and biofilm analysis.
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ABSTRACT:

Purpose: Mouthwashes often present acidic pH, which raises concerns about their potential
contribution to erosive tooth wear. This laboratory study evaluated the erosive potential of
commercial fluoride-free mouthwashes using a screening method. Methods: A convenience
sample of 81 different mouthwashes were evaluated for their erosion potential using a standard
method (International Organization for Standardization, ISO/FDIS 28888:2013). This method
measured pH changes (ApH) of a 25 mL of calcium phosphate solution (baseline pH 5.05+0.05;
meanzstandard deviation) once the test mouthwash was added (0.25 mL). Three reference citric
acid/citrate buffers were included. The maximum allowable ApH corresponds to that of the
strongest buffer. Each mouthwash was tested four times, and the means and standard deviations
were calculated. Results: Mouthwashes presented a baseline pH range of 3.00-9.47. The
reference solutions resulted in ApH of 0.58+0.00, 0.89+0.00, and 1.20+0.01, respectively. None
of the mouthwashes resulted in ApH higher than the strongest standard. Several unexpected
results were observed: 1) nine mouthwashes with an initial pH>5.00 caused a pH drop when
added to the screening solution; Il) one mouthwash with an initial pH of 4.27 caused a pH drop
to 4.17 once added to the screening solution; and I11) one mouthwash with an initial pH of 4.93
caused a pH increase to 6.18 when added to the screening solution. In conclusion, all tested
mouthwashes do not appear to present any erosive potential. Due to the wide range of
ingredients used in mouthwash formulations, the test method resulted in unexpected pH changes
for more than 10% of the test products. Further development of suitable test methods to evaluate

the potential contribution of fluoride-free mouthwashes to erosive tooth wear may be needed.

CLINICAL SIGNIFICANCE Fluoride-free mouthwashes vary greatly in pH, although, based
on an 1SO screening method, none of the presently tested 81 products were found to have

detrimental effects on the dental hard tissues.
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Introduction

Erosive tooth wear is a condition that has dental erosion as the primary etiological factor
(Schlueter et al., 2019). Dental erosion is process that can lead to dental structure loss, due to
the exposure to acids of extrinsic or intrinsic nature. For instance, mouthwashes are extrinsic
agents that may present an erosive potential, depending on chemical factors, such as pH,
buffering capacity, and the type of acid (Zero, 1996; Lussi et al., 2011; Kanzow et al., 2016).
Several types of mouthwash are available worldwide (Van der Weijden et al., 2015; Valdivia-
Tapia et al., 2021; Radzki et al., 2022). These are individual/hnome use oral products that can be
sold with or without a prescription. Depending on their formulation and purpose, they may have
a therapeutic or cosmetic purpose. Ideally, mouthwashes should present benefits for oral health
and, while avoiding adverse effects on the oral soft and hard tissues, when used according to
the manufacturer's recommendations.

The American Dental Association (ADA) states that mouthwashes can be formulated
with acidic, neutral, or alkaline pH, with permissible pH values ranging from 3.0 and 10.5. For
mouthwashes with a pH below 5.5, the American National Standards Institute (ANSI)/ADA
Standard 116 calls for further demonstration of product safety, either through a demineralization
test, erosion test, or other appropriate methods (ADA, 2010, 2019). Considering the large
number of commercially available products and that previous studies only tested a small
proportion of these products; it is necessary to evaluate their risk of causing dental erosion.
Therefore, this study aimed to evaluate the erosive potential of commercial non-fluoridated
mouthwashes on dental hard tissues, using an International Organization for Standardization
(ISO) Standard (1SO, 2013).

Material and Methods
Experimental design

A convenience sample of 81 different fluoride-free-mouthwashes (FFM) were
purchased in grocery, pharmacy, and variety stores in Indianapolis, IN, USA. The International
Standard ISO/FDIS 28888:2013; Dentistry - Screening method for erosion potential of
mouthwashes on dental hard tissues as a methodology was used (ISO, 2013). This method is
based on measuring pH changes of a calcium phosphate solution (pH = 5.05 £ 0.05; mean %
standard deviation) once the test mouthwash has been added. Three reference solutions, citric
acid/citrate buffers, varying in expected pH decreases (0.5; 0.7; 1.0) once added to the calcium
phosphate solution, were included. The maximum allowable decrease in pH is 1.0,

corresponding to the expected pH change of the strongest buffer. Initial pH measurements of
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the undiluted mouthwashes were conducted, followed by measuring said pH changes. Each

mouthwash was tested in quadruplicates.

Samples

Eighty-one different FFM were purchased in August 2022 in Indianapolis, IN, USA.
Only FFM available in ‘brick-and-mortar’ stores but not those available online were purchased.
One of each grocery and variety store chain, as well as one of each pharmacy chain were visited.
No repeat purchases were made, i.e., the same product available in a grocery store was not

purchased again in a pharmacy. The rinses were coded with capital letters (A-CC) (Annex 1).

Preparation of reference buffer solutions

Three citric acid/citrate buffers were prepared from sodium citrate dihydrate
(Na3CsHs07.2H20) and citric acid (HzCeHs07): 1) 3.67 mM citric acid and 1.84 mM sodium
citrate dihydrate (expected pH 3.60, expected pH decrease once added to screening solution
1.0); 2) 0.93 mM citric acid and 0.39 mM sodium citrate dihydrate (pH 3.68/ApH -0.7); and 3)
0.25 mM citric acid and 0.11 sodium citrate dihydrate (pH 3.77/ApH -0.5).

Screening solutions

Two stock solutions were prepared as described in the ISO/FDIS 28888:2013 manual
(ISO, 2013): Stock solution A. 1 M CaCl; and 0.03 mM NaNs; Stock solution B1 M KH2PO4
and 0.03 mM NaNz. The screening solution was prepared by adding 1.266 mL of stock solution
A and 0.760 mL of stock solution B to 500 mL of deionized water. The pH was adjusted to 5.05
+ 0.05 with HCI. The solution was then made up to 1 L with deionized water. This solution was
prepared fresh daily from the stock solutions.

Test procedure

The test was performed at an ambient temperature (approx. 20 °C). For the screening
method, 25 mL of the screening solution were added to a 50 mL reaction vessel. The solution
was stirred at a moderately fast rate (100 r/min) and held at this rate throughout the experiment.
A pH-electrode (Fisher, accumet® cat. #13-620-631), previously calibrated with standard
buffer solutions of pH 4.0 and 7.0 (Fisher Chemical, Fisher Scientific ™), was used. The pH of
the screening solution was determined. Then, 250 ul (0.25 ml) of the test material (reference
buffer or mouthwash) were added to the screening solution. The reaction was terminated after

a steady pH value was recorded. The test was repeated four times for each test material.
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Data recording and evaluation

For each test, the pH of the test material (buffer or mouthwash), starting pH of the
screening solution, the pH of the screening solution after adding the test material, and the pH
change (starting pH minus final pH) were recorded. Furthermore, the pH of each mouthwash
was also determined (without dilution). Only descriptive statistics were performed (means,

standard deviations).

Results
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Fig 1: Initial pH distribution of the commercial fluoride-free mouthwashes.



75

10.00

e, [ ]
9.00 e "ce.,
®e
8.00 Teen., ° y =-1.949x + 5.3221
‘tees. @ ° R? = 0.6522
®e

x 7.00 v..o8 <,
3 6.0 te -.. X ) <
[=
~ 5.00 ) . “‘ o

4.00 rd t‘.‘ % ..

L] ° ° ‘
3.00 oo e o0
2.00
-2.50 -2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50

Difference bettwen pH of the screening solution and pH of the screening solution plus test solution

Fig 2: Correlation between the initial pH of the mouthwash with the result value after the 1ISO-

method test.

Table 1 shows the different mouthwashes with their respective codes, initial pH, pH of
the used screening solution, pH of the screening solution + mouthwashes, mean and standard
deviation of the differences. The initial pH of the mouthwashes ranged from 3.00-9.47, with 63
mouthwashes exhibiting a pH < 5.5. Eleven mouthwashes presented a pH of 3.00 to 4.00,
twenty-eight had a pH of 4.01 to 5.00, six had a pH of 4.95 to 5.05, twenty-three had a pH of
5.01 to 6.00, seven had a pH of 6.01 to 7.00, four had a pH of 7.01 — 8.00, one had a pH of 8.01
to 9.00, and one had a pH > 9.01 (Fig. 1). Thirty-two mouthwashes contained benzoic acid, 19
citric acid, six ascorbic acid, and four contained phosphoric acid.

The reference solutions resulted in pH decreases of 0.58 + 0.00, 0.89 + 0.00, and 1.20 +
0.01, respectively (all mean + standard deviation). There was a moderate correlation between
the initial pH of each product and that of the screening solution once the mouthwash was added
(Fig. 2). Only one mouthwash (AM) resulted in a pH decrease of more than 1.0 (1.07+0.00).

Several unexpected pH changes were observed: I) nine mouthwashes (C: hydrogen
peroxide; M: plant extract; X, BD, BE, BH: hydrogen peroxide and sodium hexametaphosphate;
AJ: hydrogen peroxide and sodium hexametaphosphate; AR: cetylpyridinium chloride; BR:
sodium hexametaphosphate) with an initial pH > 5.00 caused a pH drop when added to the
screening solution; 11) one mouthwash (AB: essential oils) with an initial pH of 4.27 caused a
pH drop to 4.17 once added to the screening solution; and 111) one mouthwash (AG: tetrasodium
pyrophosphate) with an initial pH of 4.93 caused a pH increase to 6.18 when added to the

screening solution. Their ingredients can be found in table 2.
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Table 1. ISO method results. Values found after adding the test solution to the screening solution.

ISO method
Initial pH A B q
LTS € control/mouthwas PH screening PH Screening solution + Differcnce SD
e q q A-B
h solution test solution

Citric Acid 1 % 1 3.60 5.00 3.80 1.20 0.01
Citric Acid 0.25 % 2 3.68 5.00 4.11 0.89 0.00
Citric Acid 0.07 % 3 3.77 5.00 4.43 0.58 0.00
Close UP Mouthwash with Calcium cinnamon A 5.73 5.00 5.14 -0.14 0.00
Sea salt oral rinse B 4.48 5.05 4.73 0.32 0.01
Colgate Optic White High Impact White Advanced C 5.14 5.00 4.66 0.34 0.01
Colgate Peroxyl D 3.98 5.06 5.01 0.05 0.00
Oral B Gum Detoxify E 4.96 5.06 5.04 0.02 0.00
Crest Pro-Health Bacteria Guard F 4.13 5.06 4.71 0.36 0.00
Crest Pro-Health Clinical G 3.34 5.06 4.92 0.15 0.00
Ultimate Essential MouthCare. Eco dent H 8.89 5.06 7.21 -2.15 0.00
Listerine Freshburst 1 4.14 5.06 4.34 0.73 0.01
Pre Brush Dental Rinse J 6.77 5.04 5.28 -0.24 0.01
Listerine edition coconut & lime blend K 4.20 5.03 4.42 0.61 0.00
Oral B Breath Purify L 7.96 5.01 5.27 -0.26 0.00
Thera Breath Dentist formulated whitening fresh breath M 4.96 5.06 4.82 0.24 0.01
Colgate Total Whole Mouth Health N 4.51 5.04 4.76 0.29 0.00
Listerine Ultra Clean Zero alcohol (6] 4.03 5.05 4.43 0.63 0.00
Cepacol Antibacterial multi -protection mouthwash P 7.00 5.05 538 -0.33 0.00
Perio Brite Complete Oral Care Natural Mouthwash Q 4.55 5.05 4.97 0.09 0.00
Crest Pro-Health Intense R 4.20 5.05 4.74 0.31 0.01
Hello Activated Charcoal S 7.18 5.04 533 -0.29 0.00
Jason Halthy mouth Tartar Control cinnamon clove T 3.00 5.04 4.38 0.66 0.01
Thera Breath Dentist formulated fresh breath U 7.22 5.04 5.55 -0.51 0.00
Parodontax active gum health Mint A% 3.89 5.02 4.51 0.51 0.01
Bioténe dry mouth oral rinse N 6.60 5.02 5.62 -0.60 0.01
ARC turn up the bright X 528 5.03 4.69 0.34 0.00
Crest Pro-Health Clean Mint multiprotection Y 5.01 5.01 5.00 0.01 0.00
Mouthwash up & up Z 5.27 5.02 5.00 0.02 0.00
Dr. Tichenor's All Natural Peppermint Mouthwash AA 501 5.00 501 -0.01 0.00
Concentrate
Antiseptic Mouthwash antigingivits antiplaque AB 4.27 5.00 4.17 0.83 0.00
Hello Peace, out, plaque AC 4.28 5.00 4.35 0.65 0.01
Listerine Original AD 4.18 5.00 4.27 0.73 0.00
Lavoris Fresh Breath Mouthwash AE 4.57 5.00 5.00 0.00 0.00
Oral B Dry mouth AF 6.26 5.00 5.19 -0.19 0.00
Plax soft mint flavor mouthwash AG 4.93 5.04 6.18 -1.14 0.00
ARC fresh breath mouth rinse AH 4.96 5.03 5.02 0.02 0.00
Antiseptic Mouthwash up &up Al 4.28 5.00 431 0.69 0.01
Oral B Mouth Sore Al 5.39 5.01 4.72 0.30 0.00
Tom's Natural Fluoride-free Wicked Fresh AK 4.16 5.01 4.55 0.46 0.03
Listerine Cool Mint AL 4.25 5.07 432 0.75 0.00
The Natural Dentist Healthy Gums AM 3.40 5.05 3.98 1.07 0.00
;filnl:er:a breath periodontist formulated Healthy gums oral AN 577 503 5.04 -0.01 0.00
Oral B Dry mouth AO 6.14 5.01 5.10 -0.09 0.00
Swan Mouthwash fresh mint AP 5.30 5.01 4.99 0.02 0.00
Crest Scope mouthwash rince-bouche AQ 5.34 5.04 5.02 0.02 0.00
Family Wellness Blue Mint Mouthwash AR 5.08 5.01 4.82 0.19 0.00
Crest all fresh, no stress Scope All day AS 4.95 5.01 5.00 0.01 0.00
Desert Essence Tea Tree Oil Spearmint AT 3.03 5.04 4.22 0.82 0.01
Jason Healthy power smile brightening AU 3.31 5.05 4.82 0.23 0.01
Lumineux Oral essentials AV 4.41 5.00 4.96 0.04 0.00
Jason Total Protection Sea salt mouthrinse AW 5.40 5.05 5.41 -0.36 0.01
Tea Tree Therapy Mouth Wash AX 5.75 5.01 5.18 -0.17 0.00
HPM Hydrogen Peroxide Mouthwash AY 4.79 5.00 4.98 0.02 0.01
Bubble Gum Kid's Spry Mouth wash AZ 6.74 5.06 5.59 -0.53 0.00
Jason Healthy powersmile brightening BA 5.39 5.04 5.06 -0.02 0.00
Swan Alcohol-free Mouthwash BB 4.07 5.01 4.41 0.60 0.01
Orajel 2x Mouth Sores Rinse Medicated BC 4.03 5.00 4.83 0.17 0.00
Crest Bacteria Blast BD 5.50 5.00 4.72 0.29 0.00
Clean mint Whitening alcohol free rinse BE 5.47 5.00 4.72 0.28 0.01
Thera Breath dentist formulated fresh breath oral rinse BF 9.47 5.00 5.82 -0.82 0.01
Listerine Sensitivity Zero alcohol BG 4.41 5.05 4.21 0.84 0.01
Splendid white whitening mouth rinse alcohol free Up & Up BH 5.46 5.00 4.70 0.31 0.00
Crest Scope Classic BI 5.36 5.03 5.02 0.01 0.00
BR rinse. Organic Mouthwash BJ 4.29 5.03 4.60 0.43 0.00
Tom'’s Sea Salt BK 4.31 5.00 4.79 0.21 0.00
CloSYS BL 7.31 5.02 5.85 -0.83 0.00
Antiseptic Mouthwash antigingivits antiplaque BM 443 5.04 4.36 0.68 0.01
Crest GUM and Breath Purify BN 491 5.04 5.02 0.02 0.00
Swan Antiseptic mouth rinse Original BO 4.39 5.00 4.30 0.70 0.00
Swan Antiseptic Mouth Rinse Spring Mint BP 4.26 5.03 4.30 0.73 0.00
Advanced Mouth Rinse BQ 4.06 5.00 4.16 0.84 0.00
Crest 3D white brilliance BR 5.12 5.00 4.55 0.45 0.01
Multi-action alcohol free. Antiseptic mouth rinse BS 3.86 5.01 4.51 0.51 0.00
BR rinse. Organic Mouthwash BT 4.44 5.04 4.71 0.34 0.00
Guru Nanda Oxyburst Whitening Technology BU 5.78 5.05 527 -0.22 0.00
PerCara Mouthwash & Gargle Refresh mint BV 4.36 5.05 4.59 0.47 0.00
Spry Oral Rinse (Dental defense system) BW 6.81 5.06 5.88 -0.82 0.02
Desert Essence Tea Tree Oil Whitening Plus Mouthwash BX 3.04 5.03 4.13 0.90 0.01
Desert Essence Prebiotic Plant-based brushing rinse Mint BY 3.05 5.03 4.14 0.90 0.00
Smart mouth Mouth Sore zinc activated oral rinse BZ 5.50 5.06 5.15 -0.09 0.01
Smart mouth Original CA 5.73 5.06 5.31 -0.25 0.01
Smart mouth Clinical zinc activated oral rinse CB 5.37 5.06 5.15 -0.09 0.01

Parodontax active gum health Clear mint CcC 3.84 5.01 4.50 0.51 0.01
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Information about the ingredients of FFM with specific phenomena after the test.

Active ingredients

Other ingredients

Alcohol

Hydrogen peroxide

Hydrogen peroxide and SH

Eucalyptol (0.092%), Menthol
(0.042%), Methyl Salicylate
(0.060%), Thymol (0.064%)

Sodium lauryl sulfate, %),
tetrasodium pyrophosphate

Hydrogen peroxide 1.5%
/W/v) and sodium
hexametaphosphate

Cetylpyridinium Chloride

Hydrogen peroxide and
sodium hexametaphosphate

Hydrogen peroxide and
sodium hexametaphosphate

Hydrogen peroxide and
sodium hexametaphosphate

Hydrogen peroxide and
sodium hexametaphosphate

Water, Glycerin, Propylene Glycol, Sorbitol,
Hydrogen Peroxide, Polysorbate 20, Sodium
Acrylates/Methacryloylethyl Phosphate
Copolymer, Phosphoric Acid, Citric Acid, Flavor,
PVM/MA Copolymer, Sodium Saccharin.
Water, glycerin, polysorbate 20, sodium benzoate,
PVP, Natural mint flavor, papain, D-limonene,
menthol, glucose oxidase
Water, glycerin, propylene glycol, hydrogen
peroxide, sodium hexametaphosphate, poloxamer
407, flavor, sodium citrate, sodium saccharin,
citric acid, sucralose

Water, Alcohol (26.9 % v/v), poloxamer 407,
benzoic acid sodium benzoate, Caramel

Water, sorbitol, alcohol (8.6%), tetrasodium
pyrophosphate, sodium benzoate, benzoic acid,
sodium lauryl sulfate, poloxamer 407, flavor,
xanthan gum, sodium saccharin, blue 1, yellow 5
Citric acid, flavor, glycerin, poloxamer 407,
propylene glycol, sodium citrate, sodium
hexametaphosphate, sodium saccharin, sucralose,
water
Water, alcohol (12.25 wt%), glycerin and/or
sorbitol, polysorbate 80 and/or polysorbate 20,
flavor, sodium saccharin, sodium benzoate,
cetylpiridinium chloride, benzoic acid, blue 1
Water, glycerin, alcohol (5wt%), hydrogen
peroxide, sodium hexametaphosphate, poloxamer
407, flavor, sodium citrate, sodium saccharin,
citric acid, sucralose
Water, glycerin, hydrogen peroxide, propylene
glycol, sodium hexametaphosphate, poloxamer
407, sodium citrate, flavor, PEG-40, Hydrogenated
castor oil, sodium saccharin, citric acid.
Water, glycerin, hydrogen peroxide, propylene
glycol, sodium hexametaphosphate, poloxamer
407, sodium citrate, flavor, PEG-40, Hydrogenated
castor oil, sodium saccharin, citric acid.
Water, glycerin, sodium hexametaphosphate,
poloxamer 407, sodium benzoate, sodium lauryl
sulfate, flavor, phosphoric acid, sodium saccharin,
sucralose, red 33, green 3

Alcohol
26.9%
v/v

Alcohol

8.6 %
v/v

12.25%

Alcohol
5% wt%

Table 2.
Code Commercial name
C Colgate Optic White High
Impact White Advanced
Thera Breath Dentist
M formulated whitening fresh
breath
X ARC turn up the bright
AB Antiseptic Mouthwash
antigingivits antiplaque
AG Plax soft mint flavor
mouthwash
Al Oral B Mouth Sore
AR Family Wellness Blue Mint
Mouthwash
BD Crest Bacteria Blast
Clean mint Whitening
BE -
alcohol-free rinse
Splendid white whitening
BH mouth rinse alcohol-free
Up & Up
BR Crest 3D white brilliance
Discussion

Dental erosion is caused by the chemical dissolution of the hard tooth surfaces by

frequent exposure to acids not produced by oral bacteria. The buffer systems present in human

saliva can help neutralizing the pH of potentially erosive acids (Reddy et al., 2016); however,

it is known that the dilution of mouthwashes in the oral cavity is minimal, and the initial pH of

each product would not be significantly affected when used (Delgado et al., 2016). In fact, oral

hygiene products of acidic nature have been implicated as a cause of dental erosion (Rytomaa
et al., 1989; Bhatti et al., 1994).

The present study highlighted that fluoride-free mouthwashes vary greatly in their pH
(3.00 - 9.47), with the majority displaying a pH between pH 4.0 and 5.0 (Figure 1). Acids in
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mouthwashes serve different purposes. They can act as preservatives (benzoic acid/sodium
benzoate buffer), aid in the stabilization of ingredients (e.g., citric acid/sodium citrate buffer for
hydrogen peroxide, citric acid acting as an antioxidant), and enhance flavor perception (some
flavors require low pH values) (Radzki et al., 2022). However, mouthwashes with a pH less
than 5.5 are recommended to demonstrate safety using a demineralization test, erosion test, or
other appropriate methods (ADA, 2010).

Since the pH alone is not indicative of the erosive potential of a mouthwash, a screening
method was developed by the ISO (ISO/FDIS 28888:2013; Dentistry — Screening method for
erosion potential of mouthwashes on dental hard tissues). The motivation for the present study
was therefore to not only evaluate FFM for their erosive potential but also the screening method
as proposed by the 1SO.

A moderate, linear correlation (r>=0.6522) was found between the initial pH of the
mouthwash and the final pH of the screening solution (Fig. 1 e 2). According to the ISO
guidelines, only one mouthwash (AM) did not pass the test, recording a pH decrease of 1.07
(Table 1). Its main ingredients are Aloe Vera 20% (Aloe brabadensis) and citric acid, among
others (Table 2). However, it should be noted that the citric acid/sodium citrate buffers did not
register the expected pH changes. The strongest buffer was expected to lead to a pH decrease
of 1.0, as expected. Instead, it led to a decrease of 1.20 which is greater than what was registered
for mouthwash AM. Therefore, it could be argued that this mouthwash did not fail the test.
Furthermore, several unexpected pH changes were observed as outlined in the results. There is
no plausible explanation for these occurrences as mouthwash formulations are complex and
contain a wide range of ingredients. Taken together, these observations highlight that further
refinements of this test method are needed.

The rationale for using the 1ISO method is to detect those that are potentially erosive,
and in those that are outside the limits (Delta pH >1) or there is some type of question, a more
elaborate study should be carried out. A recent study proposed a different method to determine
“the safety of low pH oral care rinse products to dental enamel” (Moore et al., 2020). their
method is more sophisticated and clinically relevant as it involves enamel specimens that
undergo a cycling procedure with changes in surface microhardness being used as the outcome
measure. However, the ideal would be to carry out a previous study such as the ISO method.

Another point to assess is that this method alone is not suitable as a screening method
as testing the presently evaluated 81 mouthwashes would likely take several months. Another
methodology used to evaluate the erosive potential of different substances is the pH-stat

method. It uses an automatic titrator that adds an acidic titrant to maintain a constant pH of a
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solution containing hydroxyapatite and the test agent. The necessary volume of titrator to
maintain the pH is then converted to the amount of hydroxyapatite dissolved (Scaramucci et al.,
2011). This test can also be conducted manually (Tenuta et al., 2015). The pH-stat method may
be more clinically relevant because it is a technique that studies dental erosion and incorporates
hydroxyapatite crystals that provide information on its interactions with acid in erosive
challenges. A balance needs to be found for a screening method that is both clinically relevant
yet can be accomplished in a short time frame.

In conclusion according to our results using the ISO method, none of the fluoride-free
mouthwashes evaluated have an erosive potential. However, different unusual behaviors were
reported in some products, which, although they passed the test, could be indicating a non-

stabilization of some of its components.

Clinical significance

Fluoride-free mouthwashes vary greatly in pH (3.0-9.47), with 63 out of 81
mouthwashes displaying pH values below 5.5. However, none of the presently tested
mouthwashes were found to have detrimental effects on the dental hard tissues, based on an

ISO screening method. Nonetheless, further method development is needed.
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Abstract

Objectives: To investigate the enamel and dentin surface loss caused by acidic fluoride-free
mouthwashes using erosion pH-cycling. Methods: Enamel and dentin incisor bovine slabs (n
= 8 per group) were subjected to 5 days of erosion cycling (four 1-min mouthwash
treatments/day). Six fluoride-free mouthwashes (MW1-pH 3.98; MW2-pH 3.03; MW3-pH
4.51; MW4-pH 4.41; MW5-pH 5.12; MW6-pH 4.14) were investigated. Controls were three
0.3% citric acid solutions (PC3-pH 3.0; PC4-pH 4.0; PC5-pH 5.0) and deionized water (NC).
Non-contact profilometry was used to determine surface loss (SL). Data were analyzed using
one-way ANOVA. Results: SL: For both enamel and dentin, the model was able to
differentiate between PC3 (enamel/dentin; meanzstandard deviation [um]; -3.32+0.27/-
7.08+£0.60), PC4 (-0.76+0.26/-4.25+0.61), and PC5 (-0.23+0.19/-3.04+0.67; all comparisons
p<0.012). Differences between PC5 and NC (0.06+0.11/-0.13+0.28) were only directional for
enamel (p=0.528) but not in dentin (p<0.001). SL ranged considerably between MW1-MW6;
however, all were less erosive than PC3 in both enamel and dentin (all p<0.001). In enamel,
MW1 (0.20£0.12), MW3 (-0.26+0.29), and MW6 (0.01+0.12) were not different from NC
(p>0.399). MW4 (-0.48+0.29) was not different from PC4 and PC5 (p>0.590), whereas MW5
(-1.19+0.59) was more erosive than PC5 (p<0.001) but only directionally more erosive than
PC4 (p=0.081). However, MW?2 (-1.37+0.21) was more erosive than PC4 (p=0.002). The SL
data for dentin were mostly comparable to enamel. In dentin, MW1 (-0.34+0.30), MWS3 (-
0.68+0.45), and MW6 (-0.79£0.17) were also not different from NC (p>0.566). However, MW4
(-1.38+0.52) was less erosive than PC5 (p<0.001) but more than NC (p=0.008). As observed in
enamel, MW5 (-4.51+0.86) was not different from PC4 (p=0.999) but more erosive than PC5
(p=0.001). Unlike in enamel, MW2 (-3.51£1.28) was indistinguishable from both PC4
(p=0.400) and PC5 (p=0.902).

Conclusion: Some acidic fluoride-free mouthwashes can cause erosive mineral loss in the

dental hard tissues, with the effects more pronounced in dentin.

Keywords: Dental Erosion, Mouthwash, Enamel, Dentin
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Introduction

Erosive tooth wear is a condition of the oral cavity that has become more prevalent over time,
especially in younger populations (Jaeggi and Lussi, 2014). It is one of the most common
conditions that produce progressive and irreversible loss of hard dental tissues (Gandara and
Truelove, 1999; Jaeggi and Lussi, 2006). There is insufficient evidence that remineralization of
erosive lesions occurs; however, surface deposition of minerals may be possible. A significant
contribution to erosive tooth wear is from the process of dental erosion which is “the chemical
loss of mineralized tooth substance caused by the exposure to acids not derived from oral
bacteria” (Schlueter et al., 2019).

Extrinsic and intrinsic factors modulate the erosive process based on their inherent
characteristics, such as pH and buffering capacity, calcium and phosphate contents (degree of
saturation), fluoride content, and temperature (Zero, 1996; Lussi et al., 2011). Some dental
products for individual use, such as mouthwashes, can be potentially erosive. When they contain
fluoride, this can mitigate the effect of a low pH. However, a recent study identified 81 different
fluoride-free mouthwashes that are commercially available in retail stores and pharmacies
(Valdivia-Tapia et al., 2023 manuscript in preparation). Most of these products use a buffer
such as citric acid/citrate or phosphoric acid/phosphate, with 63 out of 81 mouthwashes
displaying a pH of less than 5.5. Given their often low pH, the presence of buffering agents,
and their frequency of use (2x/day every day), these products may be potentially erosive,
especially in dentin. Therefore, this laboratory study aimed to investigate the enamel and dentin
surface loss caused by acidic fluoride-free mouthwashes using a validated erosion pH- cycling

model.

Methods

Experimental design

Enamel and dentin incisor bovine slabs were subjected to 5 days of erosion cycling which
included four 1-min mouthwash treatments/day, with exposure to artificial saliva at all other
times). Six fluoride-free mouthwashes (pH 3.03 - 5.12), chosen from a previous study
(Valdivia-Tapia et al., 2023 manuscript in preparation), were investigated. Controls were three
0.3% citric acid solutions (pH 3.0/4.0/5.0) and deionized water (negative control). Non-contact
profilometry was used to determine surface loss (SL). Knoop microhardness was utilized to

calculate the percentage of surface hardness loss (%SHL) in enamel.
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Preparation and selection of the specimens

Enamel and dentin slabs of 4x4x2 mm were prepared from bovine incisors stored in 0.1%
thymol solution pH (7.0) at 4°C. The slabs were prepared and flattened with silicon carbide
grinding papers (Struers RotoPol 31/RotoForce 4 polishing unit: Struers, Cleveland, PA, USA).
The slabs were embedded in acrylic resin (Varidur acrylic system, Buehler, Lake Bluff, IL,
USA) blocks utilizing a custom-made silicon mold, exposing the enamel and dentin surfaces
with a space between each other. The embedded blocks were serially ground and polished up
to 4000-grit silicon carbide grinding paper, followed by 1-um diamond polishing suspension.
The first selection of the specimens was based on the visual quality of enamel and dentin. Those
with cracks or other defects were rejected. The second selection was based on their surface
hardness (+/- 10% of variability inter and intra blocks was considered acceptable). Five
indentations, 100 um apart from one another, were placed on both specimens (Knoop, 50 g and
10g for enamel and dentin, respectively, Tukon ®2100B, INSTRON model; Clemex CMT.HD
software (Fushida and Cury, 1999)). The slabs were randomly assigned to the selected
experimental groups with eight specimens per group (n=8) (Albeshir et al., 2022 in press).
Adhesive unplasticized polyvinyl chloride (UPVC) tapes were placed on the specimens’ surface,

leaving an exposed area of 1x4 mm in the center of each enamel and dentin block.

Initial pH and titratable acidity

The pH of each sample (50 mL) was determined by using a pH-electrode (Fisher, accumet®
cat. #13-620-631), previously calibrated with standard buffer solutions of pH 4.0 and 7.0 (Fisher
Chemical, Fisher Scientific ™) coupled to a potentiometer, previously calibrated with pH 4.0
and 7.0 buffers. The titratable acidity was then measured by adding aliquots of 0.1 N NaOH to
each beverage until the pH 7.0. The base (mmol) required to reach pH 7.0 in the tested solution
was calculated (Table 1). pH record reached after each addition of NaOH. Titratable acidity was

expressed as mmol OH™ needed to reach neutral pH (Tenuta et al., 2015)

Delta pH

The International Standard ISO/FDIS 28888:2013; Dentistry — Screening method for
erosion potential of mouthwashes on dental hard tissues as a methodology was used (ISO,
2013). The test was performed at an ambient temperature (approx. 20 °C). For the screening
method, 25 mL of the screening solution were added to a 50 mL reaction vessel. The solution

was stirred at a moderately fast rate (100 r/min) and held at this rate throughout the experiment.
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A pH-electrode (Fisher, accumet® cat. #13-620-631), previously calibrated with standard
buffer solutions of pH 4.0 and 7.0 (Fisher Chemical, Fisher Scientific ™), was used. The pH of
the screening solution was determined. Then, 250 ul (0.25 ml) of the test material (reference
buffer or mouthwash) were added to the screening solution. The reaction was terminated after
a steady pH value was recorded. The test was repeated four times for each test material.

(Valdivia-Tapia et al., 2023 in preparation)

Artificial saliva preparation
Artificial saliva [1.45 mM Ca?", 5.4 mM PO.*, 0.1 M Tris buffer, 2.2 g/l of porcine gastric

mucin, pH 7.0] was used as the remineralization medium (Hara et al., 2009).

Control solutions and Treatments

Table 1 displays the positive and negative controls as well as the test mouthwashes and their
compositions. For the positive control, three different solutions of 0.3% (w/v) anhydrous citric
acid (Sigma C1857, St. Louis, MO, USA) were prepared in deionized water at pH 3.0, 4.0, and
5.0. The pH was adjusted with NaOH when necessary (Hara et al., 2009). Deionized water
(diH20) served as a negative control. The fluoride-free mouthwashes were selected from a
recently concluded study (Valdivia-Tapia et al., 2023 manuscript in preparation), with the aim

to include products with different pH values (3.03 - 5.12) and compositions.
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Code Initial Titratable Delta pH
Purpose Name Ingredients H acidity (to pH  (ISO-method)
P 7.0; mM OH")
0.3% citric PC3  0.3% citric acid anhydrous in diH20 3.00 2.13 1.20
acid pH 3.0
Positive 0.3% citric PC4  0.3% citric acid anhydrous in diH2O 4.00 1.37 0.89
Controls acid pH 4.0
0.3% citric PC5  0.3% citric acid anhydrous in diH20 5.00 0.77 0.58
acid pH 5.0
Negative Deionized NC  diH20 5.70 0.001 0.05
Control water
Colgate MW1 Hydrogen peroxide 1.5%, water, sorbitol,  3.98 0.28 0.05
Peroxyl propylene glycol, poloxamer 338,
polysorbate 20, flavor, sodium saccharin,
FD&C blue no.1
Desert MW2  Water, glycerin, polysorbate 80, Eco-  3.03 0.63 0.66
Essence Tea Harvest Melaleuca alternifolia leaf oil,
Tree Aloe barbadensis Leaf, juice, Mentha
OilSpearmint Viridis leaf oil, Hamamelis virginiana
extract, ascorbic acid, calcium ascorbate,
citric acid
Colgate Total MW3  Cetylpyridinium chloride 0.075%, water,  4.51 0.19 0.29
Whole glycerin, propylene glycol, sorbitol,
Mouth poloxamer 407, flavor, potassium sorbate,
Health citric acid, sodium saccharin, blue 1
Listerine MW4  Water, sorbitol, propylene glycol, 4.41 2.53 0.84
Test o . .
Mouthwashes Sensitivity dlpotassu.lm oquate monohydrate, ﬂayor,
Zero Alcohol phosphoric acid, poloxamer, sodium
benzoate, sodium methyl cocoyl taurate,
sodium lauryl sulfate, sodium saccharin,
sucralose
Crest 3D MWS5  Water, glycerin, sodium  5.12 1.35 0.45
white hexametaphosphate, poloxamer 407,
brilliance sodium benzoate, sodium lauryl sulfate,
flavor,  phosphoric  acid, sodium
saccharin, sucralose, red 33, green 3
Listerine MW6  Eucalyptol (0.092%), menthol (0.042%), 4.14 0.57 0.73
Freshburst methyl salicylate (0.060%), thymol

(0.064%), alcohol. 21.6% (v/v), water,
sorbitol, poloxamer 407, benzoic acid,
sodium  saccharin, flavor, sodium
benzoate, yellow 10, green

Daily treatment regimen

The daily treatment regimen (table 2) comprised four mouthwash/solution treatments/day for

1 min under gentle agitation (50 rpm; orbital shaker) over five days. Between the treatments,

the blocks remained in artificial saliva and after the last cycle each day (Romao et al., 2023,

manuscript in preparation).
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Table 2. Daily treatment schedule

Steps for each day Duration
0 Artificial saliva 1 h (only first day)
Step 1 Exposure to treatment rinse (1 of 4) 1 min
Step 2 Remineralization in artificial saliva (1 of 4) l1h
Step 3 Exposure to treatment rinse (2 of 4) 1 min
Step 4 Remineralization in artificial saliva (2 of 4) l1h
Step 5 Exposure to treatment rinse (3 of 4) 1 min
Step 6 Remineralization in artificial saliva (3 of 4) lh
Step 7 Exposure to treatment rinse (4 of 4) 1 min
Step 8 Remineralization in artificial saliva (4 of 4) Overnight
Step 9 Surface hardness in enamel After the last day
Step 10 Profilometry enamel and dentin After the last day

Data Analysis

Surface Hardness: The surface hardness of the enamel specimens was measured again after
completion of the 5-day cycling procedure. Five indentations were placed to the right of the
baseline indentations as described above. The %SHL was then calculated as: %SHL = ((Knoop
Hardness pre-cycling — Knoop Hardness post-cycling) x 100)/Knoop Hardness pre-cycling.
Higher values indicate greater hardness loss (Romao et al., 2023, manuscript in preparation).
Hardness measurements were not performed on dentin specimens after the cycling procedure.

Profilometry: The surface loss of all specimens was measured after completion of the hardness
measurements. The UPVC tapes were removed from the specimens, and the specimens placed
onto the stage of the optical profilometer (Proscan 2000, Scantron) with the experimental
surface parallel to the horizontal plane. An area of 2x1 mm? covering both reference areas (non-
exposed to treatment - previously protected with UPVC tapes) and treated (exposed to
treatment) surfaces was scanned using horizontal resolutions of 0.01 and 0.05 mm in the x and
y directions, respectively. The images were analyzed using dedicated software (Proscan, 2000;
Scantron application software v. 2.0.17), which calculates the average height of the two
reference areas and subtracts it from the experimental area. The difference in depth (surface
loss) was expressed in micrometers (um). Dentin specimens were scanned under moistened

condition to prevent collagen shrinkage [Attin et al., 2009].

Statistical Analysis

The assumptions of equality of variances and normal distribution of errors were checked for the
response variable tested. Then, an analysis of variance (ANOVA) was performed, followed by
Tukey’s test for comparisons between experimental groups. Pearson correlations were used to

evaluate associations between outcomes. The significance level was 0=0.05. The analyses were
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performed using the SPSS software (IBM Corp. Released 2019. IBM SPSS Statistics for
Windows, Version 26.0. Armonk, NY: IBM Corp).

Results

The surface loss and %SHL data for all groups and the results of the statistical analysis can be
found in Table 3. Surface loss in enamel ranged between -3.32+0.27 to 0.23+£0.19
(meanzstandard deviation [um] um for the controls and between -1.37+0.21 to 0.20+0.12 for
the mouthwashes. For dentin, the surface loss for the controls ranged between -7.08+0.60 to -
3.04+0.67 and for the mouthwashes between -4.51+0.86 to -0.34+0.30. The present model was
able to differentiate between the positive control citric acid solutions (PC3, PC4, PC5) in both
enamel (p<0.05) and dentin (p<0.05), with solutions of lower pH resulting in greater surface
loss (SL). Similar observations were made for the %SHL data, although differences between
PC3 and PC4 as well as PC4 and PC5 were only directional (p=0.055 and p=0.606,
respectively). Likewise, the enamel profilometry data were not able to differentiate between
PC5 and deionized water (p=0.528); however, there were differences in dentin (p<0.001).
Somewhat contrasting the enamel profilometry data, the %SHL data revealed differences
between these two groups, with more softening observed in PC5 than in NC (p<0.001).
Irrespective of the investigated variable, diH20 did not cause any surface loss or surface
softening.

SL ranged considerably between MW1-MW6; all less erosive than PC3 in both enamel and
dentin (all p<0.001). In enamel, MW1 (0.20+£0.12), MW3 (-0.26+0.29), and MW6 (0.01+0.12)
were not different from NC (p>0.399). MW4 (-0.48+0.29) was not different from PC4 and PC5
(p>0.590), whereas MW5 (-1.19+0.59) was more erosive than PC5 (p<0.001) but only
directionally more erosive than PC4 (p=0.081). However, MW2 (-1.37+0.21) was more erosive
than PC4 (p=0.002). The SL data for dentin were mostly comparable to the enamel. In dentin,
MW1 (-0.34+0.30), MW3 (-0.68+0.45), and MW6 (-0.79+0.17) were also not different from
NC (p>0.566). However, MW4 (-1.38+0.52) was less erosive than PC5 (p<0.001) but more
than NC (p=0.008). As observed in enamel, MW5 (-4.51+0.86) was not different from PC4
(p=0.999) but more erosive than PC5 (p=0.001). Unlike in enamel, MW?2 (-3.51+£1.28) was
indistinguishable from both PC4 (p=0.400) and PC5 (p=0.902).

The %SHL data were less discerning than the SL data for the more erosive test solutions and
mouthwashes but showed similar trends overall. Unlike in the SL data, there were no differences
between PC3 and PC4 (p=0.055) as well as between PC4 and PC5 (p=0.606). Comparable to
the SL data, however, PC3 caused more softening than PC5. The %SHL data indicated less
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softening for NC vs. PC5 (p<0.001) which contrasted with the SL data. Similarly, to the SL
data, there were no differences between NC, MW 1, MW3, and MW6 (p>0.320). Contrasting
the SL data, MW2 (p=1.000), MW4 (p<0.001), and MWS5 (p=0.304) all caused at least
numerically less surface softening than PC5, although the order of softening caused by these
mouthwashes followed the same rank order as in the SL data.

There were nonsignificant, weak correlations between the initial pH and SL for enamel
(r=0.125/ p=0.814) and dentin (r=0.074/p=0.890) as well as the initial pH and %SHL
(r=0.149/p=0.778). Likewise, there were nonsignificant, weak correlations between titratable
acidity and SL for enamel (r=0.287/p=0.581), dentin (r=0.275/p=0.598), and for %SHL
(r=0.450/p=0.370). For Delta pH and SL for enamel (r=0.364/p=0.479),
(r=0.255/p=0.626), and for %SHL (r=0.526/p=0.284).

dentin

Table 3. Surface loss and percent surface hardness loss (%SHL) data and results of the
statistical analysis for both enamel and dentin and all treatment groups. Data are mean

(standard deviation).

Code Surface loss (um) _ %SHL
Enamel Dentin Enamel
PC3 -3.32(0.27)A -7.08 (0.60) A 61.09 (6.86)
PC4 -0.76 (0.26) P -4.25(0.61) B 49.89 (7.45) 2P
PC5 -0.23 (0.19) EF -3.04 (0.67) © 42.98 (9.13) be
NC 0.06 (0.11) F -0.13(0.28) F 1.05 (3.23)
MW1 0.20 (0.12) F -0.34 (0.30)EF  -2.81(6.45)°
MW2  -1.37(0.21)® -3.51(1.28)BC  42.31(7.84)b°
MW3  -0.26 (0.29) EF -0.68 (0.45) E-F 6.07 (5.61) ©
MW4  -0.48 (0.29) D-E -1.38 (0.52) 25.10 (2.57) ¢
MW5  -1.19(0.59) B¢ -4.51 (0.86) B 34.43 (5.42) ¢
MW6 0.01 (0.12) F -0.79 (0.17) EF 5.88 (4.90) ©

Different letters indicate significant differences between treatments within each variable (¢=0.05)
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Figure. Correlations between initial pH of the test solutions and mouthwashes and SL for
enamel and dentin (A), initial pH and %SHL (B), titratable acidity and SL (C), and titratable
acidity and %SHL (D), Delta pH and SL (E), and Delta pH and %SHL (F).

Discussion

The cycling model (Romao et al., 2023, manuscript in preparation) was chosen to

investigate the inherent erosive potential of the mouthwashes under realistic conditions (i.e., 1-

min exposures instead of continuous exposure for prolonged periods) rather than to mimic their

everyday use as the impact of toothpastes and dietary variables would not allow for meaningful

conclusions to be drawn. Three citric acid solutions varying in pH were included as positive

controls to not only demonstrate model sensitivity but also to allow to determine the relative
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erosion potential of the studied mouthwashes. The six mouthwashes were chosen from a
previous study (Valdivia-Tapia et al., 2023, manuscript submitted for publication) and represent
a range of different formulations with low pH (table 1). All products presented pH values (3.03
to 5.12) below the critical for enamel and dentin dissolution (5.5 and 6.5, respectively).
Furthermore, these products present other ingredients that can interfere with the buffering
capacity and titratable acidity of the buffer present in the product (Zero, 1996).

The European Organization for Caries Research (ORCA) and the Cariology Research Group of
the International Association for Dental Research (CRG-1ADR) held a consensus workshop and
defined dental erosion as a “process where the chemical loss of mineralized tooth substance is
caused by exposure to acids which are not derived from oral bacteria”, and that this process
can be influenced by internal or external factors (Schlueter et al., 2019). As pointed out earlier,
extrinsic factors, such as mouthwashes, can potentially contribute to erosion of dental
substrates, although our understanding of their relative contribution to the overall prevalence of
dental erosion is still poor. The erosive impact of mouthwashes depends on their pH, buffer
capacity, calcium, phosphate, and fluoride contents (Zero, 1996; Lussi et al., 2011; Kanzow et
al., 2016).

None of the test products contained fluoride; therefore, they did not contain any known
protective factors that could prevent mineral loss. High-concentrated fluoride applications can
increase abrasion resistance and decrease the development of erosion in enamel and dentine
(Wiegand and Attin, 2003). Fluoride mouthwashes that are considered remineralizing agents in
dental caries prevention (226 ppm F for daily use and 900 ppm F for weekly use; Marinho et
al., 2016), can potentially be effective in preventing dental erosion (Sorvari et al., 2004;
Wiegand and Attin, 2003; Amechi and Higham et al., 2004; Venasakulchai et al., 2010).
However, in the market, it is possible found different products without fluoride. Representing
more than 90% of the products used in US (Zero et al., 2006)

The results for the six mouthwashes were not necessarily as expected. For example,
MW?2 presented a similar pH and titratable acidity as PC5 (Table 1) yet was found to be
considerably higher erosive in enamel, but similar in dentin for surface loss (Table 3).

A potential explanation of this is due to the product's composition, since in addition to
presenting citric acid in its composition, it presents ascorbic acid and aloe vera in composition,
all of which can affect the erosive potential of this product.

MW1 had the second lowest pH of all mouthwashes yet was not found to present an erosive
potential as it was comparable to NC. MW1 contains hydrogen peroxide, which is a weak acid.

Over-the-counter tooth whitening/bleaching products typically contain higher concentrations of
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hydrogen or carbamide peroxide than MW1 and have not been associated with detrimental
effects on the mechanical properties of dental hard tissues (Zanolla et al., 2017). Therefore, the
present results were not surprising.

MWS5 had the highest pH of the tested mouthwashes yet caused the numerically second-
highest SL in enamel and the highest SL in dentin. Regarding this product, it was expected to
have one of the lowest surface losses. However, it was the opposite; this could be explained due
to His composition. A previous study (Valdivia-Tapia et al., 2023 in preparation) evaluated the
pH variation (the mouthwash was added to a screening solution containing calcium and
phosphate). The pH was expected to increase since the initial pH was 5.05, and that of the
product was 5.12. However, the opposite happened; the resulting pH decreased (4.55). This can
reveal a possible instability of the formulation, which is reflected in a more significant loss with
mouthwashes with a lower pH.

MW4 ranks third in terms of surface loss in enamel and dentin and in %SHL. Although
it presents a pH of 4.41, it presents a more significant loss of surface in enamel than PC5.
However, in dentin, it presents a lower SL than this same control. Already for %SHL, it presents
a lower percentage than PC5; it presents phosphoric acid in its composition, which may explain
our results. Well, we use citric acid as a control.

MW3 and MW6 are the products with the least SL and %SHL. These presented a pH of 4.51
and 4.14, respectively. The first presents CPC in its composition with citric acid and others, and
the second presents essential oils and benzoic acid.

Different limitations need to be considered in the interpretation of the present data. A
previous study highlighted the commercial availability of a vast number of acidic fluoride-free
mouthwashes with a variety of ingredients and purposes. This made it challenging to choose a
representative sample as not all mouthwashes can be evaluated using the present 5-day model.
The present model only included mouthwash treatments with artificial saliva exposure at all
other times. While this allows for the determination of the inherent erosive potential of
mouthwashes, it does not mimic their clinical use and protection afforded by previously applied
fluoride toothpaste, for example. There is considerable further research needed to understand
how toothpastes affect mouthwash and vice versa in both caries and erosion prevention. There
are many oral hygiene adjuvants frequently used after tooth brushing. Hence, further studies are
necessary to assess whether other ingredients modulate the presently found erosive potential,
evaluate the interaction between these products, and determine the abrasion-erosion potential
from the combined use of these products.
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Conclusion

Some commercial products analyzed present an erosive potential on hard dental tissues,
especially dentin. However, this effect was not dependent on the pH or titratable capacity.
Therefore, these products must be cautiously recommended to individuals at risk of erosive
tooth wear. These products should be used with care since they do not contain fluoride, which

is a protective factor.
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3 DISCUSSAO

Muitos enxaguatorios bucais nao fluoretados (ENF) sdo comercializados com diferentes
finalidades. Neste estudo, os ENF foram diferenciados de acordo ao declarado pela Food and
Drug Administration (FDA). As informacgOes coletadas para ENF de livre comercializagédo
foram analisadas para fornecer uma visdo geral da finalidade terapéutica e cosmética. De modo
geral, apenas dois tipos de ENF com finalidade terapéutica podem ser identificados: I)
antiplaca/antigengivite, e 11) desbridamento oral/antisséptico/limpeza de feridas/enxaguatorios
bucais para alivio da dor. Dos que apresentam objetivo terapéutico como controle de placa ou
antigengivite, possuem como constituintes cloreto de cetilpiridinio (0,05-0,1%), o6leos
essenciais (0,092% eucaliptol/ 0,042% mentol/ 0,060% salicilato de metila/ 0,064% timol) e
Aloe vera (20%).

Evidéncias substanciais apoiam a eficicia do cloreto de cetilpiridinio (CPC) e dos 6leos
essenciais como agentes antiplaca/antigengivite [Gusolley, 2010; Figuero et al., 2020]. O CPC
€ um agente tensoativo catiénico com amplo espectro antimicrobiano, com rapida eliminacéo
de patdgenos gram-positivos, e como um composto quaternario, inibe os primeiros estagios da
formacdo do biofilme [Schroeder et al., 1962; Pitten e Kramer, 2001]. Sobre os 6leos essenciais
de acordo a FDA eles devem apresentar um veiculo alcoolico para terem o efeito esperado [Fine
etal., 1985]. Em altas concentrac@es, os 6leos essenciais quebram as paredes celulares e causam
precipitacdo de proteinas celulares, enquanto em concentracBes mais baixas, provocam
inativacdo de enzimas essenciais [Ross et al., 1989]. Sobre a Aloe vera, a FDA observou em
sua proposta de regulamentago que “ndo ha dados suficientes para permitir a classificagio final
da seguranca e eficacia de Aloe vera como ingrediente antiplaca/antigengivite de livre
comercializacdo” [FDA, 2003]. Vérios estudos foram realizados desde entdo. Esses estudos
eram geralmente a favor da acdo de Aloe vera, porém considerados de baixa qualidade [Al-
Maweri et al., 2020; Tidke et al., 2022].

Alguns produtos sem uma concentracdo declarada de peréxido de hidrogénio
destinavam-se ao desbridamento oral, limpeza de feridas ou, as vezes, como antisséptico. Sabe-
se que este agente em enxaguatorios bucais usados por si s6 ndo previne o acumulo de placa,
no entanto, quando utilizado como adjuvante na higiene bucal promove reducéo da inflamacéo
gengival [Hossainian et al., 2011]. Um dos produtos possuia bicarbonato de sédio a 2,5% para
limpeza de feridas orais e desbridamento oral. O mentol também estava presente nos produtos,
tendo sido usado mais como agente aromatizante do que como ingrediente ativo, no entanto, foi
comprovado que possui consideravel atividade antimicrobiana, sendo considerado GRAS
(Generally Regarded as Safe) pela FDA [Van Leeuwen et al., 2014; Freires et al., 2015]. Um



98

dos produtos cosméticos continha oxalato dipotassico monoidratado. Este pertence a familia
dos oxalatos, que sao utilizados no tratamento da hipersensibilidade dentinaria porque podem
reduzir a permeabilidade dos tabulos dentinarios. No entanto, ndo ha fortes evidéncias de
estudos clinicos que demonstrem um beneficio consistente [Lynch et al., 2018; Cunha-Cruz et
al., 2011].

O clareamento foi 0 objetivo mais comum dentre ENF cosmético, o que pode ser
atribuido a presenca de peroxido de hidrogénio e/ou hexametafosfato de sédio. Uma ampla
gama de produtos contendo extratos vegetais foi observada. Ao todo 15 produtos possuiam
extratos de plantas, contendo de um a mais de 10 extratos. H4 um aumento constante no uso e
na variedade de extratos de plantas em produtos de higiene bucal, com a intencdo de tratar
naturalmente doencas e condigdes bucais. Os extratos de plantas contém diferentes classes de
compostos, incluindo polifendis, 6leos essenciais e alcalbides, afetando potencialmente o
controle de patologias associadas ao biofilme oral [Cardoso et al., 2021]. No entanto,
atualmente existem poucas evidéncias clinicas para apoiar seu uso como agentes terapéuticos
em enxaguatorios bucais.

Um ndmero consideravel de ENF (n=25) contém alcool (etanol), com até 26,9%. O
alcool é usado como solubilizante, estabilizador, conservante, para aumentar a eficacia dos
agentes antiplaca e para obter um sabor distinto. No entanto, existe controvérsia, pois estudos
comparativos entre enxaguatdrios bucais contendo alcool e ndo-alcodlicos mostraram que o
alcool adiciona pouco a eficacia ao produto [Werner e Seymour, 2009].

Verificou-se que varios ENF cosméticos continham CPC ou 6leos essenciais, mas nao
indicavam suas concentracGes. Em relacdo ao CPC, isso provavelmente se deve ao uso de
concentracfes de CPC clinicamente ineficazes ou & sua baixa disponibilidade quimica na
formulacdo. Com relacdo aos dleos essenciais, isso se deve ao fato de a formulacdo nao conter
alcool.

Dos produtos comerciais analisados no efeito em S. mutans, os produtos contendo
peroxido de hidrogénio e hexametafosfato apresentaram os melhores resultados tanto para CIM
quanto para biofilme. Isso acontece ja que o peroxido de hidrogénio como foi mencionado
anteriormente tem um efeito antimicrobiano em bactérias Gram-positivas e Gram-negativas
[Brown et al., 1947]. Varios fatores sdo necessarios para que ocorra o efeito antimicrobiano do
peroxido de hidrogénio como concentracdo e duracdo da exposicao sdo os fatores mais criticos.
Para maximizar o efeito e reduzir os efeitos colaterais, € apropriado usar concentragdes < 1,5%
[Hossainian et al., 2011]. Os produtos que contém CPC foram os segundos com melhor

resultado no controle bacteriano. Este composto apresenta beneficios na reducdo do acimulo
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de biofilme dental. Formulacdes com CPC estdo associadas a maior atividade biologica e,
portanto, sugerem maior probabilidade de eficacia clinica [Versteeg et al., 2010]. S mutans,
sendo uma bactéria gram-positiva, é reduzida na presenca de produtos contendo CPC. Embora
haja controvérsia de que estes tendem a ter um efeito clinico aumentado quando usados como
adjuvantes em regimes mecanicos de higiene bucal [Barnett, 2003]. Em acréscimo, sugere-se
gue os enxaguatdrios bucais com CPC promovem alteracfes na estrutura microbiana oral e/ou
reducdes na diversidade da comunidade que favorecem a resolucdo da disbiose e o
restabelecimento de uma comunidade microbiana compativel com a saide [do Amaral et al.,
2022], sendo reconhecido e recomendado pela ADA com acdo antiplaca/antigengivite [ADA,
2021]. Os produtos com 6leos essenciais apresentaram um menor efeito que 0os mencionados
anteriormente, porém com efeito maior que o grupo de extratos de plantas.

No primeiro estudo de erosdo foi observado a comercializagdo de produtos com uma
ampla faixa de pH, variando de 3,03 a 9,47. Apesar de ndo ser obrigatdrio descrever o valor de
pH do produto no rétulo da embalagem, esta informacao é relevante ao considerar que produtos
de higiene bucal tém sido apontados como uma possivel causa extrinseca da erosdao dentéria.
No estudo, foi encontrado um elevado numero de produtos (h=63) com pH menor que 5,5, valor
baixo de pH que possibilitaria dissolucdo de esmalte e dentina, sendo relevante avaliar o
potencial erosivo. De acordo a ADA, produtos com pH 5,5 sdo recomendados para demonstrar
a seguranca usando um teste de desmineralizacdo, teste de erosdo ou outros métodos
apropriados [ADA, 2010].

Devido ao elevado numero de amostras de ENF e o interesse de avaliar o efeito erosivo
destes enxaguatdrios, foi utilizado método ISO, um método padronizado para enxaguatorios
sem fluoreto e que seria viavel frente a0 nimero de amostras. Segundo este estudo, 0s
enxaguatoérios bucais ndo apresentariam potencial erosivo, pois todos teriam resultados dentro
da faixa considarada como néo erosiva. No entanto, existem produtos com pH baixo e diferentes
comportamentos foram encontrados, como aumentar o pH quando era esperado que diminuisse,
ou vice-versa, 0 que pode indicar alguma desestabilizacdo na férmula do produto.

Embora este estudo consiga dar uma perspectiva sobre o potencial erosivo, era
importante verificar o que aconteceria quando os enxaguatorios fossem avaliados utilizando
substratos dentarios. Sendo assim, para o segundo estudo de erosdo, 6 enxaguatérios de 81
foram selecionados com base em seu pH inicial e comportamento no primeiro estudo de eroséo.
O segundo trabalho mostrou que alguns dos produtos avaliados possuem potencial erosivo e
gue nem o pH nem a acidez titulavel sdo bons indicadores. N&o foi encontrada correlagéo entre

o pH inicial do produto e a perda de superficie dos dois substratos, nem entre a acidez titulavel
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e a perda de superficie. Indicar se o nivel de erosdo exibido é clinicamente relevante depende
de uma variedade de fatores que ndo podem ser estudados satisfatoriamente em condicdes de
laboratdrio.

Algumas limitacOes dos estudos consitiam em que foram considerados apenas produtos
disponiveis pessoalmente em lojas convencionais. Sabe-se que atualmente através de diversos
sites web € possivel adquirir produtos que sdo vendidos em qualquer lugar do mundo. A
diferenciacdo entre ENF terapéutico e cosmético foi impulsionada pela presenga ou auséncia de
um roétulo de medicamento, em vez de haver evidéncias clinicas irrefutaveis para apoiar
qualquer uma das reivindicagdes feitas. Finalmente, novos produtos estdo sendo
comercializados, outros sdo retirados ou reformulados, 0 que sugere que a repeticao periddica
de tal estudo pode ser justificada.

Em estudos de erosdo, nenhum dos dois permite um entendimento completo, pois
aspectos comportamentais também precisam ser considerados. No entanto, o presente estudo
estabeleceu que alguns enxaguatdrios de baixo pH tém potencial erosivo e que nem o pH nem
a acidez titulavel sdo bons indicadores. Se o nivel de erosdo exibido é clinicamente relevante
depende de uma variedade de fatores que ndo podem ser estudados satisfatoriamente em

condicdes de laboratério.
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4 CONCLUSAO

Considerando os resultados dos estudos realizados, pode-se concluir:

Um grande nimero de enxaguatorios bucais nao fluoretados (ENF) estd disponivel
comercialmente. Os ENF variam consideravelmente em sua composicéo e finalidade, muitos
fornecendo apenas beneficios cosméticos. Entre os ENF terapéuticos, a maioria fornece
beneficios antiplaca/antigengivite.

Os enxaguatérios bucais encontrados apresentam algum efeito sobre biofilme de S.
mutans, porém e o0s produtos contendo agentes clareadores (peréxido de hidrogénio/
hexametafosfato de sddio) e CPC tém efeito mais significativo sobre o biofilme de S. mutans.

De acordo com nossos resultados usando o método 1SO, todos os enxaguatorios seriam
potencialmente seguros em erosdo. Porém com a ciclagem de pH podemos observar que alguns

produtos produzem perda de superficie em especial em dentina.
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