
Birant et al. BMC Oral Health           (2022) 22:66  
https://doi.org/10.1186/s12903-022-02089-2

RESEARCH

Cytotoxic effects of different detergent 
containing children’s toothpastes on human 
gingival epithelial cells
Sinem Birant1*, Yazgul Duran2, Tunc Akkoc2 and Figen Seymen3 

Abstract 

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

Methods: Tissues required for the 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 
five 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 consisting of complete Dulbecco’s modified eagle medium. After the 
experiments, cell viability was evaluated using flow cytometry. 2 Way ANOVA was used to see the interaction effect 
of the main effects of toothpaste solution and concentration factors. Pairwise comparisons were made by Tukey post 
hoc tests. In the study, the significance level was taken as 0.05.

Results: As a result of the analysis, it was seen that the toothpaste solution and concentration factors and the 
interactions of these 2 factors were effective on the viable, early apoptotic, late apoptotic and necrotic cell rates. The 
statistically highest live cell ratios were detected in Splat’s toothpaste solutions (90.14% at 0.4% concentration) after 
the control group (90.82%) and the group with the lowest viability values was determined in Colgate group (75.74% 
at 0.4% concentration) (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.
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Introduction
Dental plaque is defined as a dynamic biofilm ecosystem 
consisting of more than 100 bacterial species, desqua-
mated 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 gingival diseases. The simplest method to apply in 
this regard is to give individuals the habit of brushing 
their teeth. The most commonly used toothpastes dur-
ing tooth brushing are among the most effective cosmetic 
and therapeutic agents in routine use, and among all 
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dental products, they are among the most widely used by 
consumers [4–7].

There are many components in toothpaste, whose 
activities and functions are different from each other. 
Among these components, abrasives, water and moistur-
izers 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 (such as dry mouth, 
recurrent aphthous and ulcers) [8, 9].

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 dis-
solve in water. The combination of these polar and apolar 
groups is defined 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 apo-
lar parts [10–13].

Detergents are classified as anionic, cationic, ampho-
teric and nonionic detergents according to the ionic 
charge of the hydrophilic group they contain. Ani-
onic and amphoteric detergents are frequently used in 
toothpaste. Sodium lauryl sulfate (SLS), sodium methy 
cocoyl taurate (addinol), sodium streate (sodium octa-
decanoate), sodium lauryl sarcosinate, sodium C12-14 
olefin sulfonate, sodium C14-16 olefin sulfonate from 
anionic detergents and cocamidopropyl betaine (CABP) 
among amphoteric detergents are surfactants used fre-
quently in toothpastes. In addition to their foaming and 
cleansing properties, they are routinely added to tooth-
pastes due to their antibacterial and plaque inhibition 
properties [14–17].

SLS 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, pen-
etration 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 Strepto-
coccus mutans penetration, decreases lactate production, 
glucosyltransferase activity and the amount of extracellu-
lar polysaccharide created by S. mutans [20–22]. Despite 
these positive features, some toxic effects of SLS have also 
been reported. Oral epithelial destruction, ulcerations 

and inflammations 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 
[23, 24]. It has also been stated that SLS may be responsi-
ble 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 [23–26]. Although SLS is the 
most commonly used surfactant among toothpastes, sur-
factants with less side effects such as betaines are also 
used in toothpastes. Cocamidopropyl betaine, an ampho-
teric detergent, has been reported to have less mucosal 
irritation and foaming effect than SLS, and it is more bio-
compatible [27, 28].

There are different evaluation methods in studies con-
ducted to determine the toxic effects of materials on 
cells or to investigate their biocompatibility. These tests 
are classified as clinical use tests, in vivo animal experi-
ments, and in vitro cell culture tests. Cell culture tests are 
frequently used in cytotoxicity studies due to their abil-
ity to mimic the physiological states of living tissues. In 
addition, cell culture studies have many advantages such 
as rapid application, repetition, standardization, low cost, 
easy control of the experimental environment during 
the experiment and not being affected by different indi-
vidual factors [29]. In this study, in vitro cell culture tests 
were preferred to determine the effects of toothpastes 
on cells. For this reason, in this study, it was preferred to 
create a primary cell culture instead of cell lines, consid-
ering the creation of experimental conditions closer to 
in vivo conditions. In addition, unlike other studies, not 
only cell viability but also apoptosis and necrosis rates 
were included in the study. The aim of this study was to 
investigate the effects of different detergent-containing 
children’s toothpastes on the viability of human primary 
gingival epithelial cells.

Materials‑methods
The study was approved by the ethics committee of Istan-
bul University, Faculty of Dentistry (170/2017) according 
to Helsinki Declaration guidelines.

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 tissues 
surrounding the tooth sockets were collected immedi-
ately after tooth extraction. For the isolation of gingival 
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epithelial cells, the gingival 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 resuspended in keratinocyte growth 
medium (Dermalife Basal Medium; Lifeline, Walkers-
ville, MD, USA). The cells were transferred to T-25  cm2 
flask 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 flask was monitored at 
regular intervals by inverted miscroscope (EVOS-AMG, 
Thermo Fisher Scientific, Waltham, MA, USA).

Cells were fixed on the slide using 95%, 70% and 50% 
alcohol, respectively, at room temperature. Then, the 
fixation process was completed by dipping the slide 
into distilled water. Staining was performed with hema-
toxylin (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 s, the cells were 
dehydrated with 95% alcohol and then dipped in xylol 
20 times. Microscope slides were fixed using Permount 
(Fisher Scientific, Pittsburgh, PA, USA) and epithelial 
cells were analyzed by Binocular Research Microscope 
(Olympus BH2-RFCA) for characterization [30].

Preparation of toothpaste solutions
The toothpastes used in this study were Colgate  6+, 
Sensodyne Pronamel 6+, Nenedent (4–9  aged), 

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 pre-
vious study and homogenized extraction liquids were 
obtained from toothpastes for cell viability experiments 
[31].

Evaluation of cell viability by flow cytometry
Gingival epithelial cells (5 ×  105 cells) were plated into 
48-well plates separately to perform viability experi-
ments in each concentration of toothpaste solution. 
The viability experiments were carried out following 
the method used in our previous study [31]. Gingival 
epithelial cells were exposed to toothpaste solutions 
for 2  min, 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  min. 200  µL of binding buffer was added and cen-
trifuged at 1500  rpm for 5  min. Tubes were vortexed 
by adding 200  µL binding buffer. Then, 10  µL propid-
ium 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 
flow cytometry were repeated 5 times, and the aver-
age of the results obtained was calculated to determine 
the rates of viable, early apoptotic, late apoptotic and 
necrotic cells [31].

Table 1 Composition of materials evaluated

Materials Composition Manufacturer

Colgate 6+ Sorbitol, aqua, hydrated silica, PEG-12, Sodium Lauryl Sulfate, cellulose gum, sodium 
saccharin, sodium fluoride (1450 ppm  F−), aroma,hydroxypropyl methylcellulose, 
menthol, glycerin, cinnamal, eugenol, limonene, CI 77,891, CI 42,090

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, sodiummonofluoropho-
phate (500 ppm  F−), sodium chloride

Dentinox, Berlin, Germany

Perlodent Junior 6+ Aqua, sorbitol, hydrated silica, propylene glycol, tetrapotassium pyrophosphate, 
xanthan gum, Sodium C14-16 Olefin Sulfonate, aroma, titanium dioxide, sodium 
fluoride (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 fluoride(1450 ppm  F−),, sodium saccharin, sucralose, titanium 
dioxide, sodium hydroxide, limonene

Glaxo Smith Kline, ABD

Splat Juicy Aqua*, dicalcium phosphate dihydrate*,hydrogenated starch hydrolsate*, glyc-
erin*, hydroxyapatite, cellulose gum*, aroma, xanthan gum*, potassium thiocy-
anate, lactoferrin*, lactoperoxidase*, glucose oxidase*, glucose pentaacetate, aloe 
barbadensis leaf extract*, sodium mthylparaben, hydrolyzed casein*, glycyrrhiza 
glabra root extract* (*natural origins)

SIA Splat Trading, Okulovka, Russia

Complete DMEM (CDMEM) 10% FBS (Fetal bovine serum), DMEM (Dulbecco’s Modified Eagles Medium) sup-
plemented with 1% penicillin/streptomycin

Gibco, Grand Island, USA
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Statistical analysis
The experiments were repeated 5 times. The average of 
the test results obtained was taken. The obtained datas 
were analyzed using the IBM SPSS V23 statistical pro-
gram. 2 Way ANOVA was used to see the interaction 
effect of the main effects of toothpaste solution and con-
centration factors. Pairwise comparisons were made by 
Tukey post hoc tests. In the study, the significance level 
was taken as 0.05.

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 confluent structure 
from the 0th to the 3rd passage. The microscope image 
obtained as a result of staining with hematoxylin and 
eosin for the characterization of isolated gingival epithe-
lial cells showed that the cells exhibited a cubic morphol-
ogy (Fig. 1).

Cell viability in cells cultured exposed 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 flow 
cytometry graphs of the control group (CDMEM) in 
Fig. 2, the Splat group in Fig. 3, and the Sensodyne group 
in Fig.  4, the Nenedent group in Fig.  5, the Perlodent 
group in Fig.  6 and the Colgate group in Fig.  7 show 

the average viable, early apoptotic, late apoptotic and 
necrotic cell ratios.

When Table  2 is examined, it is seen that the effect 
of the toothpaste on cell viability is statistically signifi-
cant (F = 12.781, p = 0.00 < 0.05). The main effect of the 
toothpaste on cell viability can explain 81% of the vari-
ance in viability measurements. The effect of the second 
factor, concentration, on cell viability is again statistically 
significant (F = 9.416, p = 0.00 < 0.05). The main effect 
of concentration can explain about 65% of the variance 
in viability measurements. In addition, the effect of the 
interaction of these 2 factors on cell viability was found 
to be statistically significant (F = 135.463, p = 0.00 < 0.05). 
The interaction effect can explain about 95% of the vari-
ance in viability measurements. In the results obtained 
for early apoptotic cell rates, it is seen that the effect of 
the toothpaste on early apoptosis is statistically signifi-
cant (F = 3.063, p = 0.04 < 0.05). The main effect of the 
toothpaste could explain half of the variance in early 
apoptotic cell rates. The effect of the second factor, the 
concentration, on early apoptosis was also statistically 
significant (F = 3.567, p = 0.40 < 0.05). The main effect 
of concentration can explain about 42% of the vari-
ance in early apoptotic cell ratios. In addition, the effect 
of the interaction of these 2 factors on early apopto-
sis was found to be statistically significant (F = 103.589, 
p = 0.00 < 0.05). The interaction effect can explain a large 
part of the variance in early apoptotic cell ratios, about 
94%. In the results obtained for late apoptotic cell ratios, 
it is seen that the effect of the toothpaste on late apoptosis Fig. 1 Light microscope images of GECs

Fig. 2 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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is statistically significant (F = 2.966, p = 0.047 < 0.05). The 
main effect of the toothpaste could explain half of the 
variance in late apoptotic cell ratios. The effect of the sec-
ond factor, the concentration, on late apoptosis was again 
statistically significant (F = 3.740, p = 0.04 < 0.05). The 
main effect of concentration can explain about 65% of 
the variance in late apoptotic cell ratios. In addition, the 
effect of the interaction of these 2 factors on late apop-
tosis was found to be statistically significant (F = 65.969, 
p = 0.00 < 0.05). The interaction effect can explain a large 
part of the variance in late apoptotic cell ratios, about 
91%. In the results obtained for nectoric cell ratios, it 
is seen that the effect of the toothpaste on necrosis is 

statistically significant (F = 14.286, p = 0.00 < 0.05). The 
main effect of the toothpaste on necrosis can explain 
83% of the variance in necrotic cell ratios. The effect of 
the second factor, the concentration, on necrosis was sta-
tistically significant again (F = 3.819, p = 0.03 < 0.05). The 
main effect of concentration can explain about 43% of the 
variance in necrotic cell ratios. In addition, the effect of 
the interaction of these 2 factors on necrosis was found 
to be statistically significant (F = 31.576, p = 0.00 < 0.05). 
The interaction effect can explain a large part of the vari-
ance in necrotic cell ratios, about 83%.

When cell viability rates between toothpastes were 
compared, the difference between the means of viability 

Fig. 3 Flow cytometry graph related to the effect of Splat toothpaste solutions on gingival 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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at all 4 different concentration levels was statistically sig-
nificant (p < 0.05). When comparing early apoptotic cell 
rates between toothpastes, the difference between the 
early apoptotic means for the 0.40% concentration was 
not statistically significant (p > 0.05). Accordingly, when 
the toothpastes are used with 0.40% concentration, the 
early apoptotic cell rates is independent of the toothpaste 
used. However, at the other 3 concentration levels (20%, 
50%, 80%), the effect of the toothpaste on early apoptotic 
cell rates was statistically significant (p < 0.05). When late 
apoptotic cell rates between toothpastes were compared, 
the difference between the means of late apoptotic cell 

rates at all 4 different concentration levels was statistically 
significant (p < 0.05). When necrotic cell rates between 
toothpastes were compared, the difference between the 
means of necrotic cell at all 4 different concentration lev-
els was statistically significant (p < 0.05) (Table 3, Fig. 8).

When the viable, early apoptotic, late apoptotic, 
necrotic cell rates of the Colgate group were compared 
between 4 different concentration levels, at least 1 of 
the differences between the means was statistically sig-
nificant (p < 0.05). Accordingly, when Colgate is used, all 
the measured variables are dependent on the concentra-
tion level. When the viable and necrotic cell rates of the 

Fig. 4 Flow cytometry graph related to the effect of Sensodyne toothpaste solutions on gingival 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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Splat Juicy group were compared between 4 different 
concentration levels, at least 1 of the differences between 
the means was statistically significant (p < 0.05). Accord-
ingly, these variables are dependent on the concentra-
tion level when Splat Juicy is used. However, on the other 
hand, when this material was applied with different con-
centrations, no significant difference was found in early 
and late apoptotic cell rates (p > 0.05). That is, apoptosis 
for Splat Juicy group are independent of the concentra-
tion. When the viable, early apoptotic, late apoptotic, 
necrotic cell rates of the Sensodyne group were com-
pared between 4 different concentration levels, at least 

1 of the differences between the means was statistically 
significant (p < 0.05). Accordingly, all the variables meas-
ured when Sensodyne is used are a variable dependent on 
the concentration level. When the viable, early apoptotic, 
late apoptotic, necrotic cell rates of Nenedent group were 
compared between 4 different concentration levels, at 
least 1 of the differences between the means was statis-
tically significant (p < 0.05). Accordingly, when Nenedent 
is used, all of the measured variables are dependent on 
the concentration level. When the viable, early apoptotic, 
late apoptotic, necrotic cell rates of Perlodent group were 
compared between 4 different concentration levels, at 

Fig. 5 Flow cytometry graph related to the effect of Nenedent toothpaste solutions on gingival 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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least 1 of the differences between the means was statisti-
cally significant (p < 0.05). Accordingly, when Perlodent is 
used, all of the measured variables are dependent on the 
concentration level (Table 4, Fig. 9).

Discussion
Detergents, one of the toothpaste components, are fre-
quently used in removing plaque, due to their antimi-
crobial properties. However, it is stated that besides 
these positive properties, they also have the potential to 
adversely affect the oral mucosa [32]. In this study, when 
the viability rates of different detergent-containing chil-
dren’s toothpaste solutions on cells were evaluated, it was 

observed that the lowest viable cell rates were in SLS-
containing toothpaste solutions. After the control group, 
the highest vitality values were determined in the tooth-
paste without detergent content, followed by the tooth-
paste containing CAPB.

Clinical intraoral side effects such as mucosal sensi-
tivity, epithelial desquamation and recurrent aphthous 
ulcerations in vitro studies point to the possible problems 
of these ingredients used in adult toothpaste [27, 33, 34]. 
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 

Fig. 6 Flow cytometry graph related to the effect of Perlodent toothpaste solutions on gingival 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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detergent. However, considering the side effects of SLS, 
the different degree of keratinization and morphology of 
the gingival of children suggests that these side effects 
may occur more in children.

Therefore, in this study, the effects of 5 different chil-
dren’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 classified as clini-
cal use tests, in vivo animal experiments and in vitro cell 
culture tests. Among these alternative methods, cell cul-
ture 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 experimen-
tal environment during the experiment and not being 
affected by different individual factors [35, 36]. Since 
there are some ethical and legal problems in other test 
methods, in vitro cell culture tests constitute the starting 
point of such studies in biocompatibility and cytotoxic-
ity 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 

Fig. 7 Flow cytometry graph related to the effect of Colgate toothpaste solutions on gingival epithelial cells (x: Annexin V FITC, y: PIPE). A Colgate 
0.4%, B Colgate 20%, C Colgate 50%, D Colgate 80%
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Table 2 Analysis results of the main effects of toothpaste brand and concentration factors and interaction effect on valiable, early 
apoptotic, late apoptotic and necrotic cell rates of gingival epithelial cells

Variable Source Type III Sum of Squares df Mean Square F p Partial η2

Viable Intercept

 Hypothesis 546,751.350 1 546,751.350 46.157 0.000* 0.865

 Error 85,443.269 7.213 11,845.592

Material

 Hypothesis 35,711.772 5 7142.354 12.781 0.000* 0.810

 Error 8382.503 15 558.834

Concentration

 Hypothesis 15,786.213 3 5262.071 9.416 0.001* 0.653

 Error 8382.503 15 558.834

Material * Concentration

 Hypothesis 8382.503 15 558.834 135.463 0.000* 0.955

 Error 396.033 96 4.125

Early Apoptotic Intercept

 Hypothesis 10,231.641 1 10,231.641 6.100 0.055 0.543

 Error 8597.625 5.126 1677.416a

Material

 Hypothesis 4563.250 5 912.650 3.063 0.042* 0.505

 Error 4469.342 15 297.956b

Concentration

 Hypothesis 3188.166 3 1062.722 3.567 0.040* 0.416

 Error 4469.342 15 297.956b

Material * Concentration

 Hypothesis 4469.342 15 297.956 103.589 0.000* 0.942

 Error 276.128 96 2.876c

Late Apoptotic Intercept

 Hypothesis 6488.581 1 6488.581 6.699 0.049* 0.572

 Error 4860.174 5.018 968.643a

Material

 Hypothesis 2517.559 5 503.512 2.966 0.047* 0.497

 Error 2546.763 15 169.784b

Concentration

 Hypothesis 1904.747 3 634.916 3.740 0.035* 0.428

 Error 2546.763 15 169.784b

Material * Concentration

 Hypothesis 2546.763 15 169.784 65.969 0.000* 0.912

 Error 247.074 96 2.574c

Necrotic Intercept

 Hypothesis 30,236.478 1 30,236.478 18.022 0.005* 0.738

 Error 10,730.351 6.396 1677.749a

Material

 Hypothesis 7006.300 5 1401.260 14.286 0.000* 0.826

 Error 1471.272 15 98.085b

Concentration

 Hypothesis 1123.721 3 374.574 3.819 0.032* 0.433

 Error 1471.272 15 98.085b

Material * Concentration

 Hypothesis 1471.272 15 98.085 31.576 0.000* 0.831

 Error 298.202 96 3.106c
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whose cytotoxic effects are investigated. Primary cell cul-
tures or continuous cell lines are used in studies as a bio-
logical 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 mate-
rials used in dentistry, since they can be obtained more 
easily than primary cell cultures and have rapid repro-
duction potential. However, since primary cell cultures 

are more sensitive than continuous cell lines, they are 
biological systems that best reflect the original physi-
ological state, despite the difficulties that arise during the 
production phase and the long time to produce [30, 35, 
37–41]. For this reason, it was preferred to create a pri-
mary 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 

Table 2 (continued)
2 Way ANOVA

*Significant p-value at 0.05 level

Table 3 Univariate tests and pairwise comparisons of viable, early apoptotic, late apoptotic and necrotic cell rates of gingival epithelial 
cells between toothpaste groups in each concentration levels

Each F tests the simple effects of material within each level combination of the other effects shown. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means

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

Univariate Test; Tukey post-hoc Test

*Significant p value at 0.05 level

Variable Brands Concentration

0.40% 20% 50% 80%

Viable 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*

Early apoptotic Colgate 6+ 3.38 ± 2.01 9.75 ± 3.55 cd 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 0.290 0.000* 0.000* 0.000*

Late apoptotic 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*

Necrotic 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*
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in this study, since the majority of oral tissues that tooth-
pastes come into contact with during tooth brushing are 
gingival tissues.

In studies for the characterization of gingival epithelial 
cells, the method of determining epithelial cells specific 
CK13 and Vimentin genes by PCR, analysis of phenotypic 
properties of cells by transmission electron microscopy, 
determination of a specific epithelial marker cytokeratin 
by immunofluorescence method, staining of cells with 
Papanicolau staining method and analysis under light 
microscopy. methods were used [42]. 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 fixation with alco-
hol 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 exclu-
sion test, micronucleus are used to determine cell viabil-
ity [27, 28, 43–48]. Flow cytometry analysis is frequently 
recommended in terms of providing more reliable, faster 
and more sensitive results than other methods in evalu-
ating cell viability and cytotoxicity [29]. In addition to 

determining cell viability, information about different 
properties of cells such as immunophenotypic properties, 
enzyme activities, and specific markers of the cell can be 
obtained with this method [49, 50]. In addition, the sepa-
ration of apoptotic and necrotic cells with this method 
is important in terms of different biological responses 
of these two types of death [49, 51]. In this study, since 
gingival cells are labeled with Annexin V and propidium 
iodide dyes, since they give faster, more sensitive and reli-
able 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 flow 
cytometry analysis.

In the literature, changes caused by SLS, which is fre-
quently 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, 52–57]. In this 
study, SLS, sodium lauryl sarcosinate, sodium C14-16 
olefin sulfonate, CAPB containing toothpastes which are 
reported to be more biocompatible than SLS, toothpaste 
without detergent and CDMEM were selected as experi-
mental groups. While determining the concentrations of 

Fig. 8 Viable, early apoptotic, late apoptotic and necrotic cell rates of concentrations for different toothpastes
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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 min, since the brushing time was 2 min under normal 
conditions [27, 28, 43].

When the studies on detergents are examined; Her-
lofson et  al. found a positive relationship between oral 
desquamation and SLS in their study [58]. Melsen et al. 
examined the effect of SLS on monoflurophosphate, and 
it was stated that SLS reduced the amount of fluoride 
taken up by the enamel [59]. Rantanen et al. reported that 
toothpastes containing SLS have an irritating effect on 
the mucosa [60]. Shim et al. investigated the effect of SLS 
on recurrent aphthous stomatitis and showed that SLS 
significantly increased the incidence of ulcers, the dura-
tion of ulcers in the mouth, and the pain score [56].

In this study, when the viability rates of different 
detergent-containing children’s toothpaste solutions on 
human 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 tooth-
paste without detergent content, followed by toothpaste 
containing CAPB. The effects of this study on cell viabil-
ity Cvikl et al.’s findings 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 findings are also similar to the 
findings in our study.

In the literature, the effects of toothpastes on cells have 
been examined only in terms of living cell proportions 
[27, 28]. 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 Col-
gate 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 denatura-
tion of cellular proteins in this study, we think that the 

Table 4 Univariate tests and pairwise comparisons of viable, early apoptotic, late apoptotic and necrotic cell rates of gingival epithelial 
cells between concentration groups in each toothpaste groups

Each F tests the simple effects of concentration within each level combination of the other effects shown. These tests are based on the linearly independent pairwise 
comparisons among the estimated marginal means

A-B-C-D: There is no difference between the groups with the same

Univariate Test,; Tukey post-hoc Test

*Significant p value at 0.05 level

Variable Brands Concentration p

0.40% 20% 50% 80%

Viable Colgate 6+ 75.74 ± 3.18A 47.56 ± 3.49B 30.77 ± 4.26C 13.04 ± 2.98D 0.000*

Splat Juicy 90.14 ± 0.95A 85.1 ± 1.77B 84.82 ± 1.6B 83.19 ± 1.88B 0.000*

Sensodyne Pronamel 6+ 84.66 ± 1.58A 78.8 ± 1.16B 67.47 ± 1.68C 57.63 ± 0.83D 0.000*

Nenedent Kids 80.23 ± 0.93A 64.21 ± 0.91B 55.17 ± 1.2C 39.15 ± 0.91D 0.000*

Perlodent Junior 6+ 78.66 ± 1.84A 64.75 ± 0.91B 45.21 ± 1.81C 30.43 ± 4.05D 0.000*

Early apoptotic Colgate 6+ 3.38 ± 2.01A 9.75 ± 3.55B 33.83 ± 2.81C 28.11 ± 3.07D 0.000*

Splat Juicy 3.12 ± 1.48 2.52 ± 1.14 2.29 ± 0.78 1.97 ± 0.4 0.745

Sensodyne Pronamel 6+ 1.85 ± 0.53A 4.52 ± 0.67B 12.09 ± 1.11C 9.73 ± 0.57C 0.000*

Nenedent Kids 4.24 ± 0.98A 10.55 ± 1.79B 8.69 ± 1.36B 38.08 ± 1.27C 0.000*

Perlodent Junior 6+ 2.83 ± 0.67A 6.39 ± 1.14B 10.9 ± 0.99C 17.82 ± 3.44D 0.000*

Late apoptotic Colgate 6+ 5.73 ± 1.66A 11.23 ± 3.2B 10.29 ± 2.55AB 37.19 ± 2.68C 0.000*

Splat Juicy 1.93 ± 0.32 3.51 ± 0.65 3.87 ± 0.96 3.46 ± 0.97 0.238

Sensodyne Pronamel 6+ 0.70 ± 0.37A 1.5 ± 0.37A 5.25 ± 0.64B 11.96 ± 1.02C 0.000*

Nenedent Kids 0.89 ± 0.26A 7.65 ± 1B 12.31 ± 0.53C 7.65 ± 0.6B 0.000*

Perlodent Junior 6+ 6.13 ± 1.01A 3.66 ± 0.64A 10.9 ± 1.19B 18.78 ± 4.84C 0.000*

Necrotic Colgate 6+ 15.16 ± 2.4A 31.46 ± 4B 25.11 ± 2.91C 21.67 ± 2.84C 0.000*

Splat Juicy 4.79 ± 0.54A 8.86 ± 0.87B 9.03 ± 1.03B 11.39 ± 1.53C 0.000*

Sensodyne Pronamel 6+ 12.79 ± 0.96A 15.18 ± 1.09B 15.19 ± 1.28B 20.69 ± 0.91C 0.000*

Nenedent Kids 14.65 ± 0.61A 17.6 ± 1.1B 23.83 ± 0.7C 15.15 ± 0.92A 0.000*

Perlodent Junior 6+ 12.35 ± 0.68A 25.21 ± 1.3B 31.99 ± 1.2C 32.97 ± 3.99C 0.000*
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opening of the pores between cells may cause the release 
of apoptosis-inducing proteins into the cytosol and ulti-
mately stimulate apoptosis/necrosis mechanisms. It has 
been reported that stimulation of apoptosis and necrosis 
mechanisms in gingival epithelial cells may prevent peri-
odontal wound healing and prolong the healing period 
[61, 62]. In this study, it is thought that the increase in 
the ratio of apoptotic and necrotic cells of SLS-contain-
ing toothpaste may delay the healing time of periodon-
tal diseases and oral aphthous ulcers and adversely affect 
wound healing.

This study has some limitations due to the absence of 
saliva, the protective and immunological properties of 
tissue barriers. In addition, this study suggests that other 
ingredients in toothpaste may also have toxic effects, 
since detergent ingredients cannot be supplied in pure 
form. However, in order to eliminate this limitation, 
toothpastes used in similar age groups and having similar 
contents formed the study groups in our study.

Abbreviations
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