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ABSTRACT

Background: Toothpaste is the most commonly used personal care products for maintaining oral
hygiene. Its composition varies based on its intended purpose, with surfactants being one key
ingredient, notable for their cleaning and foaming properties. In addition, fluoride, which is considered
the most effective agent in preventing caries, is frequently included in toothpaste formulas. During
brushing, gingival tissue is exposed to these components. Gingiva is a tissue from which gingival
mesenchymal stem cells with healing and regeneration potential can be isolated. The objective of this
study was to evaluate the effects of these components on the viability of gingival mesenchymal stem
cells in real-time. Objectives: This study aimed to evaluate, in real-time, the cytotoxic effects that may
occur on gingival epithelial stem cells exposed to toothpastes with varying surfactant contents and
fluoride. Methods: Tissue samples for the isolation of gingival mesenchymal stem cells (GMSCs) were
obtained during the extraction of impacted third molars. Solutions were prepared from ROCS Mg
toothpaste containing sodium lauryl sulfate (SLS), Cocoamidopropyl betaine (CAPB), and ROCS
Sensitive containing sodium lauryl sarcosinate, SLS, and Colgate toothpaste with1450 ppm fluoride.
Dulbecco’s modified eagle medium was used as the negative control group. Cell viability was evaluated
in real time with the xCelligence device. Two-way ANOVA was used to evaluate the effects of
concentration and toothpaste type, and Tukey Post hoc tests were used for pairwise comparisons.
Statistical significance was determined as 0.05 in the study. Results: Colgate toothpaste containing SLS
and 1450 ppm fluoride exhibited a statistically significantly lower cell viability compared to the other
tested toothpastes (p<0.05). This was followed by ROCS Mg toothpaste, which did not contain fluoride
but included SLS. ROCS Sensitive toothpaste, containing CAPB and sodium lauryl sarcosinate, showed
the highest cell viability. As the concentration of toothpastes increased, a decrease in cell viability was

observed. Conclusions: As a result of the findings, it was seen that toothpastes containing SLS and
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fluoride had a more negative effect on the viability of GMSC cells than toothpastes containing different
surfactants.

KEYWORDS: Stem Cells, Tootpaste, SLS, xCelligence, Cell Viability.
INTRODUCTION

Dental caries is a major public health problem that has implications for both oral and general health.
Oral and dental health has an important place in quality of life [1l. Toothpastes are the most effective
chemotherapeutic and chemical personal care products that provide oral hygiene Toothpastes are
made up of many different ingredients, each with a different function. [2]. Although the contents vary
depending on the manufacturer, a standard toothpaste contains 20%-40% humectants, 20%-40%
abrasives, 20%-40% water, 5% therapeutic agents, 1%-2% detergents, 2% binders, 2% flavors, and 1%
colorant agents and preservatives Bl. With the therapeutic substances it contains, it has an important
effect in preventing caries and gingivitis and removing plaque and stains. The chemical form of
toothpaste may vary depending on its concentration and manufacturing purpose [4l. Toothpastes are in
constant contact with the oral cavity, and some studies have proven that toothpaste ingredients remain
in saliva for a long time after brushing 5. It has been stated that some substances in toothpaste may
have negative effects on the oral cavity [6]. [7],

Sulfactants are components with antibacterial properties that provide foaming of the toothpaste during
brushing and removal of plaque residues [8l. The most commonly used surfactant in toothpastes is
Sodium Lauryl Sulfate (SLS), which has anionic properties. In addition, Sodium Lauryl Sarcosinate from
the group of sarcosinates with anionic properties and Cocoamidopropyl betaine (CAPB), which has
amphoteric properties and has fewer foaming properties than SLS, are other surfactants used [°l. SLS
dilutes or breaks down the mucosal barrier, making it more permeable, damaging the protein and lipid
structures of mucosal cells. It can cause irritation to the mucosa. It has been observed that the frequency
of aphthous ulcers increases in the use of SLS-containing pastes. [10l. [111. CAPB has been reported to
cause less mucosal irritation than toothpastes containing SLS [12l. Another sulfactant, Sodium Lauryl
Sarcosinate, is similarly less irritating than SLS and is therefore more suitable for individuals with
sensitive gums [13]. These surfactants are also used in combination.

Fluoride is an important component in preventing tooth decay. It also provides antibacterial effects by
affecting the cell membrane structure of bacteria [14l. Regular brushing with toothpaste containing
fluoride increases the fluoride concentration in the oral cavity [13]. Accordingly, the fluoride
concentration in the gingival epithelial cells also increases. Studies have shown that fluoride induces
gingival apoptosis depending on the dose and time (16l

Stem cells are cells that have the ability to regenerate, multiply and differentiate according to need.
With their differentiation feature, they have undertaken important tasks in the construction and repair
events in the organism [171.[18], Stem cells can be successfully used for the repair of damage to the dental,
the gingival or the craniofacial region [191. Zhang et al (2009) identified human gingival tissue as a
potential source of stem cells for tissue regeneration and therapy, Gingival Mesenchymal stem cells
(GMSC) are promising in terms of both accessibility and quantity [201.

The gingiva is exposed to toothpastes and the potentially toxic ingredients mentioned above due to
daily dental cleaning.
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The aim of our study was to evaluate the dose and time-dependent effects of different toothpaste
concentrations on gingival mesenchymal stem cells (GMSC), which are found in gingival tissues, play a
crucial role in tissue regeneration and healing, and can be easily isolated under in vitro conditions.

MATERIALS AND METHODS

The study was approved by the ethics committee of Marmara University, Faculty of Dentistry (2022-
108), according to Helsinki Declaration guidelines.

Cell Isolation

Gingival tissue samples were taken together with extractions from 5 systemically healthy patients with
third molars with bone and/or mucosal retention. The tissue samples were dissected and transferred
to a falcon tube and exposed to collagenase enzyme for 45 min at 37°C. In order to inactivate the
collagenase enzyme, they were incubated in Dulbecco's Modified Eagle medium (DMEM) and
centrifuged. When the cells reached an average of 70-80% confluence, the adherent cells were
dissociated by adding 0.25% trypsin-EDTA solution. Characterization of GMSCs was performed in the
third passage stage (Figure-1A).

The adipogenic, chondrogenic and osteogenic differentiation capacities of G-MSCs brought to passage
3 were characterised. The procedures were briefly as follows: 10x105 G-MSCs in 6-well plates were
cultured in DMEM containing 10% FBS. After 24 hours of incubation, cells showing 60-70% confluency
were replaced with differentiation medium. Adipogenic differentiated cells were stained with Oil Red
on day 14 of differentiation, osteogenic differentiated cells with Alizarin Red and chondrogenic
differentiated cells with Alcian Blue on day 21 of differentiation (Figure-1B).
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Figure-1: Characterization of Gingival Mesenchymal Stem Cells (G-MSCs) A) Morphological Appearance
of G-MSCs at Different Passages (x4 Magpnification). PO: G-MSCs at Oth passage, P1: G-MSCs at 1st
passage, P2: G-MSCs at 2nd passage, P3: G-MSCs at 3rd passage, Bar: 100um B) Differentiation Potential
of G-MSCs: Differentiation of G-MSCs into adipocytes was confirmed by Oil Red O staining (x4), into
chondrocytes by Alcian Blue staining (x4) and into osteoblasts by Alizarin Red staining, (x4), Bar: 80um C)
Representative flow cytometry analysis of mesenchymal stem cell negative and positive surface markers on
G-MSCs.

The positive and negative surface markers of passage 3 G-MSCs were characterised by flow cytometry. The

procedures are briefly described as follows: 1x105 G-MSCs were suspended in DPBS (washing solution)
containing 1% FBS. For positive surface markers, 10 puL antibody against CD90 FITC, CD73 APC and

CD105, PerCP.Cy5.5 (BD, 51-9007663) was added; for negative surface markers, 10 puL antibody against
CD45, CD11b, CD19 and HLA-DR (BD, 51-9007661) was added and cells were incubated in the dark for

15 minutes at room temperature. After incubation, the cells were centrifuged at 1500 rpm for 5 minutes. The
supernatant was discarded. The stained cells were resuspended in the staining solution and analysed using

a Beckman Coulter Cytoflex flow cytometer and Cytoexpert software (Figure-1C).

Preparation of Toothpaste Solutions

The toothpastes we used in the study were Colgate +6 (SLS+F Tp.), ROCS Active Mg ( SLS Tp.) and ROCS
sensitive (CAPB+Sodium Lauryl Sarcosinate Tp.). The contents of these toothpastes are given in Table
1. Appropriate concentrations for determining cell viability values were determined according to ISO-
10993-5, 2009 standards 211, Solutions were prepared at 4 different ratios (0.4%, 20%, 50% and 80%)
for each toothpaste. A sufficient amount of toothpaste was weighed on a precision scale to obtain a
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solution at 80% concentration, and dilution was performed in sterile conical tubes in serum-free culture
medium. Dilution was performed with DMEM to obtain a solution at 0.4%, 20%, and 50%
concentrations over the 80% concentration. It was centrifuged at 4200 rpm for 10 min and filtered for
the resulting particulate structure [22l. DMEM solution was determined as the negative control group.

Table 1 (Composition of evaluated toothpaste.)

Material Composition Manufacturer

Aqua, Silica, Glycerin, Xylitol (6 %),
Magnesium Chloride, Sodium Lauryl
Sulfate (SLS), Xanthan Gum, Aroma,
ROCS Active Mg Sodium Glycerophosphate, Calcium ROCS,R]il:Si;}roup,
Glycerophosphate, Methylparaben,
Sjdium Saccharine, Stevioside, Sodium
Silicate, Propylparaben,Limonene
Aqua, Silica, Glycerin, Xylitol,
Hydroxyapatite, Xanthan Gum, Aroma,
Calcium Glycerophosphate,
Cocamidopropyl Betaine (CAPB),
Sodium Lauryl Sarcosinate, ROCS, DRC Group,
Hydroxyacetophenone, Sodium Benzoate, Russia
Sodium Saccharine, Magnesium Chloride,
Sodium Methylparaben, Sodium
Propylparaben, O-cymen-5-ol, CI 74160,
Limonene.

ROCS Sensitive

Sorbitol, aqua, hydrated silica, PEG-12,
Sodium Lauryl Sulfate, cellulose gum,

sodium saccharin, sodium fluoride (1450 Colgate, Palmolive

Colgate +6 .
ppm F~ ), aroma,hydroxypropyl Company,Belgium
methylcellulose, menthol, glycerin, cinnamal,
eugenol, limonene, CI 77891, CI 42,090
10% FBS (Fetal bovine serum), DMEM
(Dulbecco’s Modifed Eagles Medium), Gibco, Grand
Complate DMEM Supplemented with 1% Island, USA

penicillin/streptomycin

Measurements on Cell Cultures

The xCelligence system (ACEA Biosciences, San Diego, CA, USA) was used to evaluate the real-time
changes in cell viability values depending on the solution type and concentration.

The xCelligence system features specially designed microtiter plates containing nested gold
microelectrodes. Using these plates, it measures cell viability non-invasively and in real time. The
electrical impedance value of the gold microelectrodes is expressed as the cell index (CI). When there

. ___________________________________________________________________________________________________|
IJMSDH 131



IJMSDH, (2024)
www.ijmsdh.org

PageNo0.127-139

are no viable cells, this value is close to zero [23]. In a 16-well xCelligence plate, 2x104 cells were cultured
in DMEM at 37°C and 0.5% CO2. At the end of 24 hours, 50 pl of supernatant was removed and replaced
with the same amount of toothpaste solution. No addition was made to the control group. The viability
indices of the cells were monitored for 72 hours and the experiments were repeated three times.

Statistical Analysis

IBM statistics SPSS 23 program was used for statistical evaluation of the findings. Two Way Anova and
Post hoc Bonferroni test were applied to evaluate concentration and time-dependent data. Significance
value was determined as p<0.05.

Results

Real-time values of toothpastes at 0.4%, 20%, 50% and 80% concentrations using Xcelligence was
shown in Figure 2. Time-dependent cell index values of GMSCs exposed to different toothpastes and
concentrations are shown in Table 2. The toothpaste with the highest cell index at 24 and 72 hours at
0.4% concentration is CAPB+Sodium Lauryl Sarcosinate Tp. At this concentration, an increase in cell
index was observed in all toothpastes and the control group over time. This increase was statistically
significant in all toothpastes except SLS+ F Tp. (p<0.05)

At 20% concentration, SLS Tp. had the highest cell index value at the end of 24 hours, and CAPB+ Sodium
Lauryl Sarcosinate Tp. at the end of 72 hours. At this concentration, a statistically significant decrease
in cell index was observed in CAPB+Sodium Lauryl Sarcosinate Tp. and SLS+F Tp. at the end of 72 hours
(p<0.05). A statistically significant increase was observed in CAPB+Sodium Lauryl Sarcosinate Tp. and
SLS Tp. at the end of 72 hours (p<0.05)

Table 2 (Comparison of cell index between groups with two-way repeated ANOVA test and change over

time for all p<0,05.)
24 Hours 72 Hours p-
Concentration Contents
Mean+SD Mean+SD value
SLS Tp. 1,14+ 0,43 2,11+ 0,43 0,005%*
CAPB+Sodyum
Lauryl 1,29 + 0,48 2,31+ 0,61 0,001*
%0,4 Sarkosinate
SLS+F Tp. 0,97+ 0,35 1,08+ 0,28 0,60
Control 1,56+0,51 3,05+ 0,44 0,006*
SLS Tp. 1,66+0,88 0,05+0,01 0,001*
CAPB+Sodium
%20 Lauryl 1,63+1,21 2+0,3 0,002*
Sarcosinate Tp.
SLS+F Tp. 1,35+1,21 -0,02+0,09 0,002*
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Control 1,73+0,62 3,55+0,61 0,001*
SLS cont. 2,96+1,45 -0,24+0,03 0,001*
CAPB+Sodium
9450 Lauryl 0,001*
0 Sarcosinate 2,64+1,15 0,44+0,52
SLS+F Tp. 2,63+1,33 -0,32+0,03 0,000*
Control 2,56+1,12 2,85+0,41 0,21
SLS Tp. 2,72+1,35 -0,4 + 0,04 0,000*
CAPB+Sodium
Lauryl 0,000%*
%80 Sarcosinate 2,75+1,19 -0,02+ 0,12
SLS+ F Tp. 2,58+1,16 -0,4 +£ 0,05 0,001*
Control 3,21+1,19 2,77+0,50 0,009
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Figure 2: Real-time Monitoring of Cell Viability Using Xcelligence A) Time-dependent change of cell index
(ACI) of Toothpastes at 0.4 % concentration B) Time-dependent change of cell index (ACI) of
remineralising agents at 20 % concentration C) Time-dependent
change of cell index (ACI) of remineralising agents at 50 % concentration D) Time-dependent change of
cell index (ACI) of remineralising agents at 80 % concentration.

Table 3 (P values of different toothpastes at fixed concentrations at 24 and 72 hours compared to each
other and p values of each toothpaste at different concentrations at 24 and 72 hours.)

24 Hours 72 Hours
p value p value
%0,4 0,010* 0,000*
p values for %20 0,004* 0,000*
toothpaste %50 0,003* 0,000
%380 0,018* 0,000*
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SLS 0,000%* 0,000%*
CAPB+Sodium
p values for Lauryl
concentration Sarcosinate 0,003* 0,000*
SLS+F 0,000* 0,000*
Control 0,000* 0,000*

At 50% concentration, the toothpaste with the highest cell index at the end of 24 hours was SLS Tp., and
at the end of 72 hours, the toothpaste with the highest cell index was CAPB+Sodium Lauryl Sarcosinate
Tp. At this concentration, at the end of 72 hours, the cell index decreased statistically significantly in all
toothpastes except the control group (p<0.05). Similarly, cell index values decreased over time in all
toothpastes except the control group at 80% concentrations. This decrease was statistically significant
(p<0.05) The p values of different toothpastes at fixed concentrations at 24 and 72 hours and the p
values of each toothpaste at different concentrations at 24 and 72 hours are given in Table 3.
Accordingly, the cell index value of all toothpastes with 0.4% concentration at 24 hours was found to
be significant compared to each other. (p<0.05) Similarly, it was found to be statistically significant at
20%, 50% and 80% concentrations. (p<0.05) The cell index values of CAPB+Sodium Lauryl Sarcosinate
Tp. at 0.4%, 20%, 50% and 80% concentrations at 24 and 72 hours were found to be statistically
significant. (p<0.05) The 0.4%, 20%, 50% and 80% values of SLS Tp. and SLS+ F Tp. at 24 and 72 hours
were found to be statistically significant. (p<0.05) The effects of concentration and toothpaste on cell
index changes was shown in Table 4.

Table 4 (Evaluation of the effects of concentration and toothpaste on cell index change in 72-hour

period.)
Material %0.4 20% 50% 80% p-value
SLS 1,52+0,42Aa 1,73+0,19Aa 0,85+1,49Aa 0,68+ 1,45Aa 0,06
CAPB+Sodium
Lauryl 1,64+0,48Aa 1,74+ 0,19Aa 1,77+0,96Aa 1,17+1,16Aa 0,052
Sarcosinate

SLS+Fluoride 0,90+0,19Ba 0,46+ 0,63Ba 0,69+1,37Ba 0,38+ 1,38Ba 0,60
Control 2,21+0,62Ca  2,58+0,75Ca 3,11+0,58Ca 3,27+ 0,43Ca 0,51

p-value 0,000* 0,001* 0,001* 0,001*

Two-way ANOVA Test, Post hoc Tukey HSD test *p < 0.05
a-b-c-d: There is no difference between the groups with the same letter in same line
A-B-C: There is no difference between the groups with the same letter in same colomn.
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The cell index values of all toothpastes at 0.4% concentration are statistically significant when
compared with the control group (p<0.05). In pairwise comparisons, there is no statistically significant
difference between the cell index values of CAPB+Sodium Lauryl Sarcosinate Tp. and SLS Tp.(p<0.05).
However, there is a statistically significant difference between the cell index values of SLS+Fluoride Tp.
and CAPB+Sodium Lauryl Sarcosinate Tp. and SLS Tp.(p<0.05). A similar situation applies to 20%, 50%
and 80% concentrations. When we compare all toothpastes at concentrations of 0.4%, 20%, 50% and
80%, we observe that the cell index values decrease, but this decrease is not statistically significant
(p<0.05)

DISCUSSION

Toothpastes consist of many components to serve different purposes. Surfactants are antibacterial
ingredients that have cleansing, foaming properties and also allow the toothpaste to disperse in the
mouth. Toothpastes usually contain surfactant types such as SLS, CAPB, sodium lauryl sarcosinate and
sodium methyl cocoyl taurate. The most commonly preferred surfactant in toothpastes is SLS. However,
studies have reported that some surfactant types have negative effects on oral tissues [2¢l. Fluoride in
toothpaste is the most widely used agent for the prevention of dental caries, but concerns about fluoride
toxicity persist [16]. With tooth brushing, not only the dental tissues but also the gingival tissues are
exposed to the toothpaste contents. It has been reported that these contents reach the deep layers of
the gingival tissues after brushing. GMSC are cells with regeneration and transformation properties that
can be easily isolated from gingival tissues [27. We aimed to examine the effect of toothpaste exposure
on the viability values of these cells, which have an important effect on tissue damage and cell
regeneration.

Many studies have been conducted on the effects of surfactants and fluoride among these ingredients.
However, there is no study in the literature evaluating the effect of toothpastes on gingival
mesenchymal stem cell viability with the xCelligence device. For this purpose, toothpastes with
different surfactant types and additionally toothpaste containing fluoride were preferred in our study.
SLS containing Rocs Mg toothpaste, SLS and fluoride containing Colgate +6 toothpaste and Sodium
Lauryl Sarcosinate and Cocoamidopropyl Betaine (CABP) containing Rocs Sensitive toothpaste
solutions were prepared and aimed to evaluate their effects on GMSC.

There are many studies examining the toxicity of surfactants. Birant et al. reported in their study that
toothpastes containing SLS had the lowest vitality values [22; Similarly, Cvikl et al. found the vitality
values of toothpastes containing SLS to be low [24l. In our study, the vitality values of toothpastes
containing SLS were found to be lower than those of toothpastes without SLS. In the study conducted
by Lloret et al., it was stated that the vitality values of toothpastes using Sodium Lauryl Sarcosinate
instead of SLS were higher than those containing SLS 251, Similarly, in our study, the vitality values of
toothpastes containing CABP and Sodium Lauryl Sarcosinate instead of SLS were found to be higher.
Tadin et al. have found that toothpastes without SLS and fluoride and toothpastes without SLS but with
fluoride have similar cytotoxic effects [7l. In our study, the vitality value of toothpaste containing SLS
and fluoride was found to be lower than that of toothpaste containing SLS and not containing fluoride.
There are many traditional methods (flow cytometry, MTT) used to evaluate cell viability. xCelligence
monitors the dynamic behavior of cells as continuous data. Classical methods provide information
about the current status of cells and cannot monitor behavioral changes. It provides measurements
without the need for extracellular intervention and provides biologically appropriate results without

the need for the addition of markers or chemicals.
|
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For this reason, we preferred the xCelligence system, a modern, non-invasive method that provides
real-time detection of cell viability. Although there are many studies examining the relationship
between cell viability and toothpaste, there is no study in the literature evaluating the effect of
toothpastes on gingival mesenchymal stem cell viability with the xCelligence system.

One of the limitations of our study is that the exposure of toothpaste ingredients to gingival tissue
cannot be fully reflected in vitro. Oral tissues are dynamic, and the level of dilution that will occur with
saliva or rinsing cannot be fully reflected. In addition, the toothpastes we used in our study consist of
many different components. Although we evaluated the effects of surfactant and fluoride in our study,
different components may also have an effect on cell viability.

Based on the results of this study, toothpastes without surfactants should be preferred due to the
negative effects on cell viability. New formulations and research are needed to evaluate toothpastes and
their contents.

CONCLUSIONS

Our study is the first to evaluate the effect of surfactants in toothpastes on gingival mesenchymal stem
cell viability in real time using the xCelligence device. According to the results of the study, although all
toothpastes containing surfactants negatively impact GMSC viability, toothpaste containing both SLS
and fluoride has the most pronounced negative effect. Further studies are required to investigate this
effect.
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