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Abstract
Background: This study aimed to evaluate possible cytotoxic effects to gingival epithelial cells exposed
to children toothpastes containing different detergent.

Methods: Tissues required fort he isolation of human gingival epithelial cells were obtained by biopsy
during the extraction of the impacted third molar tooth. Toothpaste solutions of different concentrations
were prepared from �ve different children’s toothpastes with different detergent contents. Isolated
gingival epithelial cells were stimulated with experimental groups consisting of toothpaste solutions
(Colgate, Sensodyne, Splat, Nenedent, Perlodent) at different concentrations and a control group
consissting of complete Dulbocco’s modi�ed eagle medium. After the experiments, cell viability was
evaluated using �ow cytometry. Data analysis were done using One Way ANOVA test and Tukey post-hoc
test.

Results: In all experimental groups, there was a decrease in live cell rates and an increase in dead cell
rates due to increased concentration. The statistically highest live cell ratios were detected in Splat’s
toothpaste solutions after the control group and the group with the lowest viability values was
determined in Colgate group (p<0.05).

Conclusions: According to the results of the study, it was observed that toothpastes containing SLS
affected the viability of cells more negatively than toothpastes with other detergent contents.

Introduction
Dental plaque is de�ned as a dynamic bio�lm ecosystem consisting of more than 100 bacterial species,
desquamated epithelial cells, salivary glycoproteins, leukocytes, macrophages and food residues that
accumulate on tooth surfaces [1,2].

Tooth decay and periodontal diseases are among the most common bacterial infections. It is reported
that the most important factor of these diseases is dental plaque deposited on the tooth surface [3]. For
this reason, it is critical to remove dental plaque from the tooth surface and provide oral hygiene in the
prevention of tooth decay and gum diseases. The simplest method to apply in this regard is to give
individuals the habit of brushing their teeth. The most commonly used toothpastes during tooth brushing
are among the most effective cosmetic and therapeutic agents in routine use, and among all dental
products, they are among the most widely used by consumers [4,5,6,7]. 

There are many components in toothpaste, whose activities and functions are different from each other.
Among these components, abrasives, water and moisturizers are present in toothpastes by 20-40%,
detergents 1-2%, binding agents and sweeteners 2%, therapeutic agents 5%, colorants and preservatives
1%. The presence of these components or their concentration in toothpaste can cause undesirable side
effects [8,9]. 



Page 3/24

Detergents are substances that reduce surface tension known as surfactants. They have two groups,
hydrophilic and hydrophobic [10,11]. While the long hydrocarbon chain forms the water-repellent
(hydrophobic) part of the molecule, it also provides the molecule with surface active properties. The polar
group forms the water-loving (hydrophilic) part of the molecule and enables it to dissolve in water. The
combination of these polar and apolar groups is de�ned as the amphiphilic structure. Thanks to the
amphiphilic structure, surfactants can be dissolved in both polar and apolar solvents. While detergents
adhere to water molecules with their polar parts due to these chemical properties, they ensure the removal
of dirt from the environment by holding on to the dirt with their apolar parts [10,11,12,13].

Detergents are classi�ed as anionic, cationic, amphoteric and nonionic detergents according to the ionic
charge of the hydrophilic group they contain. Anionic and amphoteric detergents are frequently used in
toothpaste. Sodium lauryl sulfate, sodium methy cocoyl taurate (adinol), sodium streate (sodium
octadecanoate), sodium lauryl sarcosinate, sodium C12-14 ole�n sulfonate, sodium C14-16 ole�n
sulfonate from anionic detergents and cocaamidopropyl betaine among amphoteric detergents are
surfactants used frequently in toothpastes. In addition to their foaming and cleansing properties, they are
routinely added to toothpastes due to their antibacterial and plaque inhibition properties [14,15,16,17].

 Sodium lauryl sulfate is a detergent that is often used in toothpastes with a ratio of 0.5% to 2%. SLS
prevents the growth of some microorganisms by adsorption to the cell wall, penetration through the cell
wall, interaction with the cell membrane, lipids and proteins, leakage of intracellular components with an
increase in cell permeability and lysis in the cell [18,19]. It has been reported in studies that SLS increases
plaque inhibition, decreases S. Mutans penetration, decreases lactate production, glucosyltransferase
activity and the amount of extracellular polysaccharide created by S. mutans [20,21,22]. Despite these
positive features, some toxic effects of SLS have also been reported. Oral epithelial destruction,
ulcerations and in�ammations caused by SLS have been observed in clinical studies. It has been reported
that SLS in the toothpaste denatures the glycoproteins of the mucin layer, causing the barrier function of
the oral mucosa to deteriorate, and the gingiva and buccal mucosa to be more sensitive to irritants such
as exogenous antigens. It has also been stated that SLS may be responsible for a decrease in the
keratinization level of the human oral epithelium. Sodium lauryl sulfate has also been reported to cause
irritation of the oral mucosa in patients with dry mouth and the use of SLS is also associated with
recurrent aphthous ulcers [23, 24,25,26]. Although SLS is the most commonly used surfactant among
toothpastes, surfactants with less side effects such as betaines are also used in toothpastes.
Cocoamidopropyl betaine, an amphoteric detergent, has been reported to have less mucosal irritation and
foaming effect than SLS, and it is more biocompatible [27,28]. The aim of this study was to investigate
the effects of different detergent-containing children's toothpastes on the viability of human primary gum
epithelial cells.

Materials- Methods
The study was approved by the ethics committee of Istanbul University, Faculty of Dentistry (170/2017)
according to Helsinki Declaration guidelines.
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Isolation and charactarization of gingival epithelial cells
(GECs)
5 fully impacted human third molars, which were removed from systemically healthy patients (aged 18-
25 years) were used for tissue biopsy. Gingival tisues surrounding the tooth sockets were collected
immediately after tooth extraction. For the isolation of gingival epithelial cells, the gum tissue was
incubated at 4°C in 0.4% dispase overnight. The epithelium strips were then mechanically separated and
trypsinized in 0.05% trypsin/0.53 mM EDTA (Gibco, Grand Island, NY, USA)  at 37°C for 10-15 min. After
strong pipetting, the cell suspension was centrifuged at 700 g for 5 min and the cell pellet was
resusspended in keratinocyte growth medium (Dermalife Basal Medium; Lifeline, Walkersville, MD, USA).
The cells were transferered to T-25 cm2 �ask and were placed in the incubator which provided 5%
CO2 environment at 37°C. The keratinocyte growth medium was changed every 2 days and the
proliferation and spreading of the cells on the �ask was monitored at regular intervals by invert
miscroscope (EVOS-AMG, Thermo Fisher Scienti�c, Waltham, MA, USA).

Cells were �xed on the slide using 95%, 70% and 50% alcohol, respectively, at room temperature. Then, the
�xation process was completed by dipping the slide into distilled water. Staining was performed with
hematoxylin (Sigma-Aldrich, St. Louis, MO, USA) for 8 min. After staining, it was washed with distilled
water and the second staining process was started with Eosin (Sigma-Aldrich). After staining with eosin
for 90 seconds, the cells were dehydrated with 95% alcohol and then dipped in xylol 20 times. Microscope
slides were �xed using Permount (Fischer Scienti�c, Pittsburgh, PA, USA) and epithelial cells were
analyzed by Binocular Research Microscope (Olympus BH2-RFCA) for characterization.

Preparation of toothpaste solutions
The toothpastes used in this study were Colgate6+, Sensodyne Pronamel 6+, Nenedent (4-9), Perlodent
Junior 6+, Splat Juicy. The different detergent contents and other properties of these toothpastes can be
seen in Table 1. Toothpaste solutions of 80%, 50%, 20% and 0.4% concentrations of these toothpastes
used in the study were prepared by the method in our previous study and homogenized extraction liquids
were obtained from toothpastes for cell viability experiments [29] (Birant et al. 2021).

Evaluation of cell viability by �ow cytometry
Gingival epithelial cells (5x105 cells) were plated into 48-well plates separately to perform viability
experiments in each concentration of toothpaste solution. The viability experiments were carried out
following the method used in our previous study (Birant et al. 2021). Gingival epithelial cells were
exposed to toothpaste solutions for 2 minutes, , washed with DPBS (Dulbecco’s phosphate buffered
saline)  (Gibco, Grand Island, NY, USA)  and suspended in serum-free medium. 4 µl of Annexin V (BD
Biosciences, CA, USA) was added to the tubes and the tubes were kept in a dark environment for 10
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minutes. 200 µl of binding buffer was added and centrifuged at 1500 rpm for 5 min. Tubes were vortexed
by adding 200 µl binding buffer. Then,  10 µl propidium iodide was added to the tubes to read the rates of
viable, necrosis, early and late apoptotic cells in cells exposed to toothpaste solutions. The experiments
with �ow cytometry were repeated 5 times, and the average of the results obtained was calculated to
determine the rates of viable, early apototic, late apoptotic and necrotic cells [29]. (Birant et al. 2021). 

Statistical Analysis
The obtained datas were analyzed using the IBM SPSS V23 statistical program. While One Way ANOVA
Test eas used for multiple comparisons, Tukey Post-Hoc Test was used for pairwise comparisons.

Results

Isolation and Characterization of Cells
It was observed that the isolated gingival epithelial cells had a cylindrical and cubic morphology by
following their proliferation and reached a con�uent structure from the 0th to the 3rd passage (Figure 1).
The microscope image obtained as a result of staining with hematoxylin and eosin for the
characterization of isolated gingival epithelial cells showed that the cells exhibited a cubic morphology
(Figure 2).  

Cell viability in cells cultured exposured to the children’s
toothpaste containing the different detergent content
After exposure to the different toothpaste solutions at different toothpaste concentrations,  viable and
dead cell ratios were determined graphically according to Annexin-V / PI positive and negativity. Annexin
V (-) and PI (-) live, Annexin V (+) and PI (-) early apoptotic cell, Annexin V (+) and PI (+) late apoptotic cell,
Annexin V (-) and PI (+) considered as a necrotic cell. The �ow cytometry graphs of the control group
(CDMEM) in Figure 3, the Splat group in Figure 4, and the Sensodyne group in Figure 5, the Nenedent
group in Figure 6, the Perlodent group in Figure 7 and the Colgate group in Figure 8 show the average
viable, early apototic, late apoptotic and necrotic cell ratios.

The percentages of the cell viability on GECs were represented in Table 2. The lower percentage of viable
cells was observed in Colgate group containing SLS (p<0.05). The cell viability rates in the Control group
were found statistically higher than all groups at 20%, 50% and 80% (p<0.05). After the Control group, the
highest viability ratios was observed in the detergent-free Splat group followed by the Sensodyne
experimental group containing CABP (p<0.05).   Nenedent group had percentage of cell viability than
Perlodent group at 50% and 80% concentrations (p<0.05) (Table 2).
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The percentages of dead cell rates on GECs is represented in Table 3,4,5. In the evaluation of early
apoptotic cell rates, a statistically signi�cant difference was found in the comparisons between the
groups at all concentrations except 0.4% (p<0.05).While the lowest early apoptosis rates were found in
the Control and Splat groups at 20%, 50% and 80% concentrations, there was no statistically signi�cant
difference between these two groups (p>0.05). The highest early apoptotic cells rates at 20%
concentration was found in the Colgate and Nenedent groups. Early apoptosis rates in the Colgate group
at 50% concentration were found to be statistically signi�cantly higher than all groups (p<0.05). At 80%
concentration, the highest rates of early apoptosis were detected in the Nenedent group, followed by the
Colgate and Perlodent groups, respectively (p<0.05) (Table 3).

In the evaluation of late apoptotoic cell rates, a signi�cant difference was found between the groups at all
concentrations (p<0.05). While the highest late apoptotic cell rates at all concentrations were usually
detected in the Colgate group, no signi�cant difference was found between Colgate and Perlodent at 0.4%
concentration, Colgate, Nenedent and Perlodent at 50% concentrations (p>0.05) (Table 4).

In the evaluation of the rate of necrotic cell rates, a statistically signi�cant difference was found in the
comparisons between the groups (p<0.05). The lowest rates of necrotic cells at all concentrations were
detected in the Splat and Sensodyne groups after the control group (Table 5).

Discussion
Detergents, one of the toothpaste components, are frequently used in removing plaque, due to their
antimicrobial properties. However, it is stated that besides these positive properties, they also have the
potential to adversely affect the oral mucosa [30]. 

Clinical intraoral side effects such as mucosal sensitivity, epithelial desquamation and recurrent
aphthous ulcerations in in vitro studies point to the possible problems of these ingredients used in adult
toothpaste [27,31,32]. Studies examining the effects of these components in children's toothpastes on
intraoral tissues are very few. When looking at the contents of children's toothpaste, it is seen that many
paste contents contain SLS as a type of detergent. However, considering the side effects of SLS, the
different degree of keratinization and morphology of the gums of children suggests that these side
effects may occur more in children.

Therefore, in this study, the effects of 5 different children's toothpaste with different detergent content on
cells were investigated. There are different evaluation methods to investigate the effects on cells, to
determine the toxic effects of the materials to be used or to investigate their biocompatibility. These tests
can be classi�ed as clinical use tests, in vivo animal experiments and in vitro cell culture tests. Among
these alternative methods, cell culture tests are frequently used in cytotoxicity studies due to their ability
to mimic the physiological conditions of living tissues. In addition, cell culture studies have many
advantages such as rapid application, repeatability, standardization, low cost, easy control of the
experimental environment during the experiment and not being affected by different individual factors
[33,34]. Since there are some ethical and legal problems in other test methods, in vitro cell culture tests
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constitute the starting point of such studies in biocompatibility and cytotoxicity studies. In this study, in
vitro cell culture tests were preferred to determine the effects of toothpastes on cells.

The cell type used in cell culture studies should be selected in relation to the area of use of the material
whose cytotoxic effects are investigated. Primary cell cultures or continuous cell lines are used in studies
as a biological system in biocompatibility tests. It is stated that continuous cell lines such as L929, 3T3,
HSC-2, MRC-5 can be used in the cytotoxicity assessment tests of materials used in dentistry, since they
can be obtained more easily than primary cell cultures and have rapid reproduction potential. However,
since primary cell cultures are more sensitive than continuous cell lines, they are biological systems that
best re�ect the original physiological state, despite the di�culties that arise during the production phase
and the long time to produce [33,35,36,37,38,39]. For this reason, it was preferred to create a primary cell
culture in this study, considering the creation of experimental conditions closer to in vivo
conditions. Gingival epithelial cells were used as a biological system in this study, since the majority of
oral tissues that toothpastes come into contact with during tooth brushing are gum tissues.

In studies for the characterization of gingival epithelial cells, the method of determining epithelial cells
speci�c CK13 and Vimentin genes by PCR, analysis of phenotypic properties of cells by transmission
electron microscopy, determination of a speci�c epithelial marker cytokeratin by immuno�uorescence
method, staining of cells with Papanicolau staining method and analysis under light microscopy.
methods were used [40]. In this study, the cells, which are easier and quicker to apply than other methods
and are also more cost-effective, were stained with hematoxylin and eosin dyes after �xation with alcohol
on the slide, and the cells were analyzed under light microscopy, and the presence of epithelial cells was
determined.

Many in vitro tests such as MTT, trypan blue exclusion test, micronucleus are used to determine cell
viability. [27,28,41,42,43,44,45,46]. Flow cytometry analysis is frequently recommended in terms of
providing more reliable, faster and more sensitive results than other methods in evaluating cell viability
and cytotoxicity [47]. In addition to determining cell viability, information about different properties of
cells such as immunophenotypic properties, enzyme activities, and speci�c markers of the cell can be
obtained with this method [48]. In addition, the separation of apoptotic and necrotic cells with this
method is important in terms of different biological responses of these two types of death [49]. In this
study, since gingival cells are labeled with Annexin V and propidium iodide dyes, since they give faster,
more sensitive and reliable results compared to alternative methods used in cell culture studies, it was
ensured that live, early apoptotic, late apoptotic and necrotic cells were determined by �ow cytometry
analysis.

In the literature, changes caused by SLS, which is frequently used in toothpaste, on the oral mucosa have
been reported. In addition, in a few studies examining the effects of SLS on cells, it has been stated that
they have a negative effect on cell viability [27,28,50,51,52,53,54,55]. In this study, SLS, sodium lauryl
sarcosinate, sodium C14-16 ole�n sulfonate, CAPB containing toothpastes which are reported to be more
biocompatible than SLS, toothpaste without detergent and CDMEM were selected as experimental
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groups. While determining the concentrations of toothpaste solutions in cell viability experiments, similar
studies have been examined and optimized as 0.4%, 20%, 50% and 80%. In addition, in this study, the
stimulation time of toothpaste solutions with cells was determined as 2 minutes, since the brushing time
was 2 minutes under normal conditions [27,28,41].

When the studies on detergents are examined; Herlofson et al. found a positive relationship between oral
desquamation and SLS in their study [56].  Melsen et al examined the effect of SLS on
mono�urophosphate, and it was stated that SLS reduced the amount of �uoride taken up by the enamel
[57].  Rantanen et al reported that toothpastes containing SLS have an irritating effect on the mucosa
[58]. Shim et al. Investigated the effect of SLS on recurrent aphthous stomatitis and showed that SLS
signi�cantly increased the incidence of ulcers, the duration of ulcers in the mouth, and the pain score [54].

In this study, when the viability rates of different detergent-containing children's toothpaste solutions
onhuman gingival epithelial cells were evaluated, it was seen that the lowest proportion of viable cells
was in toothpaste solutions containing SLS. After the control group, the highest vitality values were
detected in toothpaste without detergent content, followed by toothpaste containing CAPB. The effects of
this study on cell viability Cvikl et al.'s �ndings in studies examining the effects of adult toothpastes and
children's toothpaste on cells [27,28]. Moore et al. also found that cell viability rates in SLS and betaine
containing toothpastes were lower than the control group. These �ndings are also similar to the �ndings
in our study.

In the literature, the effects of toothpastes on cells have been examined only in terms of living cell
proportions. In this study, early apoptotic, late apoptotic and necrotic cell ratios were evaluated as well as
the live cell ratios. In the comparisons between the groups, the Colgate group generally shows the highest
value in terms of early apoptotic, late apoptotic and necrotic cell ratios, while Splat and the control group
generally have similar values in terms of cell death type rates. Considering that SLS increases cellular
permeability by causing denaturation of cellular proteins in this study, we think that the opening of the
pores between cells may cause the release of apoptosis-inducing proteins into the cytosol and ultimately
stimulate apoptosis / necrosis mechanisms. It has been reported that stimulation of apoptosis and
necrosis mechanisms in gingival epithelial cells may prevent periodontal wound healing and prolong the
healing period [59,60,61,62]. In this study, it is thought that the increase in the ratio of apoptotic and
necrotic cells of SLS-containing toothpaste may delay the healing time of periodontal diseases and oral
aphthous ulcers and adversely affect wound healing.

Abbreviations
GEC: gingival epithelial cells; SLS: sodium lauryl sulfate; CDMEM: complete dulbecco’s modi�ed eagles
medium; CABP: cocoamidopropyl betaine; DPBS: dulbecco’s phosphate buffered saline.
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Table 1

Composition of materials evaluated
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Materials Composition Manufacturer

Colgate 6+ Sorbitol, aqua, hydrated silica, PEG-12, Sodium Lauryl Sulfate,
cellulose gum, sodium saccharin, sodium �uoride (1450 ppm F-),
aroma,hydroxypropyl methylcellulose, menthol, glycerin, cinnamal,
eugenol, limonene, CI 77891, CI 42090

Colgate
Palmolive
Company,
Belgium

Nenedent
Kids (4-9
aged)

Aqua, hydrated silica, glycerin, xylitol, propylene glycol, xanthan gum,
titanium dioxide, aroma, Sodium Lauryl Sarcosinate, disodium EDTA,
sodiummono�uorophophate (500 ppm F-), sodium chloride

Dentinox,
Berlin,
Germany

Perlodent
Junior 6+

Aqua, sorbitol, hydrated silica, propylene glycol, tetrapotassium
pyrophosphate, xanthan gum, Sodium C14-16 Ole�n
Sulfonate, aroma, titanium dioxide, sodium �uoride (1450 ppm F-),
sodium saccharin, phenoxyethanol, ethylhexyl glycerin

Rossmann,
Germany

Sensodyne
Pronamel
6+

Aqua, sorbitol, hydrated silica, glycerin, PEG-6, Cocamidopropyl
Betaine, xanthan gum, aroma, sodium �uoride(1450 ppm F-),  , sodium
saccharin, sucralose, titanium dioxide, sodium hydroxide, limonene

Glaxo Smith
Kline, ABD

Splat
Juicy

Aqua*, dicalcium phosphate dihydrate*,hydrogenated starch
hydrolsate*, glycerin*, hydroxyapatite, cellulose gum*, aroma, xanthan
gum*, potassium thiocyanate, lactoferrin*, lactoperoxidase*, glucose
oxidase*, glucose pentaacetate, aloe barbadensis leaf extract*,
sodium mthylparaben, hydrolyzed casein*, glycyrrhiza glabra root
extract* (*natural origins)

 

Complete
DMEM
(CDMEM)

%10 oranında FBS (Fötal sığır serumu), %1 penisilin/ streptomycin
ilave edilmiş DMEM (Dulbecco’s Modi�ed Eagles Medium)

Gibco, Grand
Island, USA

 

Table 2

 Comparison of viability of gingival epithelial cells between groups
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  Concentration

 0,40% 20% 50% 80%

Colgate 6+ 75.74 ± 3.18a 47.56 ± 3.49a 30.77 ± 4.26a 13.04 ± 2.98a

Splat Juicy 90.14 ± 0.95d 85.1 ± 1.77b 84.82 ± 1.6b 83.19 ± 1.88b

Sensodyne Pronamel 6+ 84.66 ± 1.58c 78.8 ± 1.16c 67.47 ± 1.68c 57.63 ± 0.83c

Nenedent Kids 80.23 ± 0.93b 64.21 ± 0.91d 55.17 ± 1.2d 39.15 ± 0.91d

Perlodent Junior 6+ 78.66 ± 1.84ab 64.75 ± 0.91d 45.21 ± 1.81e 30.43 ± 4.05e

CDMEM 90.82 ± 1.04d 9.,82 ± 1.04e 90.82 ± 1.04f 90.82 ± 1.04f

p 0.000* 0.000* 0.000* 0.000*

a-b-c-d-e-f: There is no difference between the groups with the same 

One Way ANOVA Test ; Tukey post–hoc Test     

* Signi�cant p value at 0.05 level

 

 Table 3

 Comparison of early apoptotic cell rates ingingival epithelial cells between groups
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  Concentration

0,40% 20% 50% 80%

Colgate 6+ 3.38 ± 2.01 9.75 ± 3.55cd 33.83 ± 2.81d 28.11 ± 3.07b

Splat Juicy 3.12 ± 1.48 2.52 ± 1.14a 2.29 ± 0.78a 1.97 ± 0.4a

Sensodyne Pronamel 6+ 1.85 ± 0.53 4.52 ± 0.67ab 12.09 ± 1.11c 9.73 ± 0.57c

Nenedent Kids 4.24 ± 0.98 10.55 ± 1.79d 8.69 ± 1.36b 38.08 ± 1.27d

Perlodent Junior 6+ 2.83 ± 0.67 6.39 ± 1.14bc 10.9 ± 0.99bc 17.82 ± 3.44e

CDMEM 2.24 ± 1.26 2.24 ± 1.26a 2.24 ± 1.26a 2.24 ± 1.26a

p 0.078 0.000* 0.000* 0.000*

a-b-c-d-e-f: There is no difference between the groups with the same 

One Way ANOVA Test ; Tukey post–hoc Test     

* Signi�cant p value at 0.05 level

Table 4

Comparison of late apoptotic cell rates ingingival epithelial cells between groups
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  Concentration

 0,40% 20% 50% 80%

Colgate 6+ 5.73 ± 1.66c 11.23 ± 3.2c 10.29 ± 2.55b 37.19 ± 2.68e

Splat Juicy 1.93 ± 0.32ab 3.51 ± 0.65a 3.87 ± 0.96a 3.46 ± 0.97ab

Sensodyne Pronamel 6+ 0.70 ± 0.37a 1.5 ± 0.37a 5.25 ± 0.64a 11.96 ± 1.02c

Nenedent Kids 0.89 ± 0.26a 7.65 ± 1b 12.31 ± 0.53b 7.65 ± 0.6bc

Perlodent Junior 6+ 6.13 ± 1.01c 3.66 ± 0.64a 10.9 ± 1.19b 18.78 ± 4.84d

CDMEM 2.97 ± 0.86b 2.97 ± 0.86a 2.97 ± 0.86a 2.97 ± 0.86a

p 0.000* 0.000* 0.000* 0.000*

a-b-c-d-e-f: There is no difference between the groups with the same 

One Way ANOVA Test ; Tukey post–hoc Test     

* Signi�cant p value at 0.05 level

 

Table 5

 Comparison of necrotic cell rates ingingival epithelial cells between groups

  Concentration

 0,40% 20% 50% 80%

Colgate 6+ 15.16 ± 2.4c 31.46 ± 4e 25.11 ± 2.91d 21.67 ± 2.84c

Splat Juicy 4.79 ± 0.54a 8.86 ± 0.87b 9.03 ± 1.03b 11.39 ± 1.53b

Sensodyne Pronamel 6+ 12.79 ± 0.96bc 15.18 ± 1.09c 15.19 ± 1.28c 20.69 ± 0.91c

Nenedent Kids 14.65 ± 0.61bc 17.6 ± 1.1c 23.83 ± 0.7d 15.15 ± 0.92b

Perlodent Junior 6+ 12.35 ± 0.68b 25.21 ± 1.3d 31.99 ± 1.2e 32.97 ± 3.99d

CDMEM 3.98 ± 1.09a 3.98 ± 1.09a 3.98 ± 1.09a 3.98 ± 1.09a

p 0.000* 0.000* 0.000* 0.000*

a-b-c-d-e-f: There is no difference between the groups with the same 

One Way ANOVA Test ; Tukey post–hoc Test     

* Signi�cant p value at 0.05 level
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Figures

Figure 1

Light microscope images of GECs in P0, P1, P2 and P3 passages

Figure 2

Determination of characterization of GECs by Binocular Research Microscope (Olympus BH2-RFCA) 400X
Gingival epithelial cells, Binocular Research Microscope (Olympus BH2-RFCA) 400X
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Figure 3

Flow cytometry graph related to the effect of CDMEM control group on gingival epithelial cells (x: Annexin
V FITC, y: PIPE)
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Figure 4

Flow cytometry graph related to the effect of Splat toothpaste solutions on gum epithelial cells (x:
Annexin V FITC, y: PIPE) A) Splat 0.4% B) Splat 20% C) Splat 50% D) Splat 80%
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Figure 5

Flow cytometry graph related to the effect of Sensodyne toothpaste solutions on gum epithelial cells (x:
Annexin V FITC, y: PIPE) A) Sensodyne 0.4% B) Sensodyne 20% C) Sensodyne 50% D) Sensodyne 80%
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Figure 6

Flow cytometry graph related to the effect of nenedent toothpaste solutions on gum epithelial cells (x:
Annexin V FITC, y: PIPE) A) Nenedent 0.4% B) Nenedent 20% C) Nenedent 50% D) Nenedent 80%
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Figure 7

Flow cytometry graph related to the effect of perlodent toothpaste solutions on gum epithelial cells (x:
Annexin V FITC, y: PIPE) A) Perlodent 0.4% B) Perlodent 20% C) Perlodent 50% D) Perlodent 80%
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Figure 8

Flow cytometry graph related to the effect of Colgate toothpaste solutions on gum epithelial cells (x:
Annexin V FITC, y: PIPE) A) Colgate 0.4% B) Colgate 20% C) Colgate 50% D) Colgate 80%


