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ABSTRACT
Objective: Disinfection of the root canal system is a key factor in the success of regenerative endodontic treatment. However, dental irrigation
solutions must exert bactericidal effects while maintaining stem cell viability. This study aimed to compare the effects of solutions containing 2.5%
sodium hypochlorite, 17% ethylenediaminetetraacetic acid, and 2% chlorhexidine on the viability of dental pulp mesenchymal stem cells.

Methods: Primary cells were obtained from immature third molars and cultured. Subsequently, an immunofluorescence assay specific for the
mesenchymal stem cell marker STRO-1 was used to identify dental pulp mesenchymal stem cells in the cultures. These cells were exposed to the three
above-described solutions, after which cell viability was analyzed using an 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.

Results: The viabilities of dental pulp mesenchymal stem cells treated with the three irrigating solutions differed significantly from the viability of
control cells (P ≤ 0.05). However, no significant differences in cell viability were observed among the solutions (P ≥ 0.05).

Conclusion: All tested solutions had toxic effects on the viability of dental pulp mesenchymal stem cells.

Keywords: Dental pulp mesenchymal stem cell, Sodium hypochlorite 2.5%, Ethylenediaminetetraacetic acid 17%, Chlorhexidine 2%, Cell viability.
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INTRODUCTION
Ultimately, endodontic treatment aims to achieve biological healing
through the regeneration of pulp tissue [1]. However, conventional
endodontic treatments induce tissue repair through scar tissue formation
or the use of biocompatible synthetic materials but do not restore the
biological function and physical form of the damaged tissues [2,3].
Developments in biomolecular science and tissue engineering have
ushered in a new era in the generation of human body tissues [4].
Accordingly, some studies have addressed the issues of endodontic
tissue engineering and endodontic regeneration, a biological means
of replacing damaged tissues such as dentin, root, and pulpodentinal
complex. The goal of endodontic regeneration is to induce the
formation of new tissues that are anatomically and functionally similar
to the original tissues [5]. Various studies of endodontic regeneration
revealed the successful regeneration of the pulpodentinal complex
through tissue engineering methods [6].

In tissue engineering, stem cells play an important role because they
have the ability to renew and differentiate into new cells in a typedependent manner; Gronthos et al. were the first to successfully isolate
stem cells, and these efforts have been followed by many similar
studies [3,7]. Although dental pulp stem cells (DPSCs) were initially
isolated, adult teeth or extracted third molars are also important
sources of stem cells that are morphologically similar to fibroblasts.
Various studies have used primary cultured DPSCs, which remain highly
proliferative even after several rounds of culture passage. DPSCs, which
are self-renewing, form the pulp tissue, odontoblast, and ectopic dentin
as well as reparative dentin and bone marrow tissues. Thus, DPSCs play
an important role in endodontic regeneration [8-10].
Endodontic regeneration was initially performed in immature teeth
containing necrotic pulp, wherein regeneration occurred through

revascularization and development of the apex. Previously, immature
teeth were treated through apexification and with calcium hydroxide.
However, previous studies suggested that calcium hydroxide
decreased the root strength by denaturing collagen [11]. Furthermore,
apexification yielded incomplete root development and a thin dentin
wall. Accordingly, the paradigm has recently begun to switch from
apexification to tissue regeneration [11].

Some studies of endodontic regeneration have reported the greatest
successes with revascularization of the pulp tissue. This treatment begins
with root canal irrigation using minimal instrumentation, followed by
disinfection with an antibiotic. Subsequently, bleeding into the root canal
is triggered through over-instrumentation to induce a blood clot, which
is expected to act as a scaffold to which stem cells from the apical papilla
can adhere. Growth factors produced by platelets and the dentin walls
are expected to facilitate the stem cell differentiation process [12].
Previous studies of endodontic regeneration have attributed success
to the proper disinfection of the root canal [7], which should be
achieved through instrumentation, irrigation of the root canal, or the
use of root canal medications. According to van der Sluis et al. (2007),
only 40% of the wall within the oval root canal makes contact with a
rotational instrument [13]. Desai et al. (2009), Brito et al. (2009), and
Howard et al. (2011) further confirmed that most of the root canal
wall, particularly the apical third, does not make contact with dental
instruments [14]. Therefore, the materials used for root canal irrigation
play an important role in eliminating microorganisms, debris, and
necrotic tissue. These materials should mainly exhibit antibacterial
activity and have the capacity to dissolve organic tissues and debride
the root canal without causing apical tissue toxicity [1,15].
To optimize the endodontic regeneration process, irrigation materials
must exert bactericidal activity while maintaining stem cell viability [16].
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Sodium hypochlorite (NaOCl) and ethylenediaminetetraacetic acid
(EDTA) are currently widely used as irrigation materials, and various
studies have compared their effects on stem cell viability. In a study by
Trevino et al., a 17% solution of EDTA yielded good results in terms
of stem cell maintenance; by contrast, a 2% solution of chlorhexidine
(CHX) exhibited stem cell toxicity in the absence of other living cells,
and a 6% solution of NaOCl reduced the number of viable stem cells.
At present, a 2.5% solution of NaOCl is widely used, and Walton and
Rivera reported that 2.5% and 5.25% solutions of NaOCl are equally
effective [17]. Therefore, 2.5% NaOCl is currently used to retain the
antibacterial properties while reducing toxicity. Still, further research is
needed. This study aims to compare the effects of different methods and
irrigation material concentrations on stem cell viability.
METHODS

For this in vitro study, all tools, materials, and reagents such as
micropipettors, Schott bottles, and phosphate-buffered saline (PBS)
were sterilized in an autoclave (120°C, 20 min). All experimental
procedures were performed within a biohazard cabinet. Dulbecco’s
modified Eagle’s medium containing penicillin, streptomycin, and 20%
fetal bovine serum was used as the culture medium after filtration
through a 50 ml Sartorius Minisart single-use sterile syringe filter (pore
size: 0.2 µm) and storage in a refrigerator.

Primary cells were isolated from a freshly extracted (within 24 h)
immature third molar that had been cleaned and immersed in 30 ml of
complete culture medium. The teeth were cleaved using a carborundum
disc. Subsequently, pulp tissue was removed, cut into 2 mm × 2 mm
× 1 mm fragments, and incubated in petri dishes containing 0.25%
trypsin for 5 min. The dissociated cells were placed into 6-well plates
containing culture medium and incubated at 37°C temperature in an
atmosphere of 5% CO2 until they reached confluency. At that time, the
medium was discarded, and the cells were washed with PBS, treated
with 5 ml of trypsin, and incubated at 37°C for 5 min to detach the
cells. After inactivating the trypsin with 10 ml of culture medium, the
suspended cells were centrifuged in a 15 ml tube at 1500 rpm for 15 min.
The supernatant was discarded, and the cells were resuspended in a
25 ml bottle containing culture medium. The resuspended cells were
then plated in 96-well plates at a density of 5000 cells per well after
counting the cells using a hemocytometer. The cells were incubated for
24 h at 37°C in an atmosphere of 5% CO2.

For the immunofluorescence assay, the cells were grown at a density
of 5000 cells per chamber slide and incubated as described previously
for 3 days. Subsequently, the medium was removed, and the cells were
fixed in a solution of acetone and methanol solution for 2 min. After
fixation, the cells were washed thrice in PBS, with a final wash duration
of 5 min. After drying, the prepared cells were treated with primary
antibodies dissolved in PBS to concentrations of 100%, 50%, and 25%
(volume: 100 μl per chamber) and at 37°C temperature for 60 min to
allow antibody-antigen binding. Subsequently, the labeled cells were
washed in PBS as described above and incubated with a fluorescein
isothiocyanate-conjugated secondary antibody for 60 min at 37°C.
Finally, the labeled cells were washed in PBS, counterstained with Evans
Blue dye, and rinsed with double-distilled water before observation
with a fluorescence microscope.
In another experiment, the medium was removed from cultured cells
and replaced with 100 µL of each test solution. Three replications
were set for each experimental condition. The cells were incubated as
described above for 48 h. After removing the medium from the culture
plates, 100 μl of 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide) (MTT) was added to each well, followed by a 4 h incubation.
This solution was removed, and any formazan crystals in the wells
were dissolved with 70% ethanol. The optical density (OD) of each well
was measured using a microplate reader at a wavelength of 595 nm.
To determine cell viability, the OD of each experimental group was
normalized to that of the control group.
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For the statistical analysis, a one-way analysis of variance was performed
to evaluate differences between the control and the experimental
groups. These values were presented with 95% confidence intervals.
RESULTS

In this study, we compared the effects of a 2.5% NaOCl, 17% EDTA,
and 2% CHX solution on cultured dental pulp mesenchymal stem
cells. Initially, we performed an immunofluorescence assay specific for
STRO-1, a mesenchymal stem cell marker, to ensure that dental pulp
mesenchymal stem cells were used in our experiments. Representative
microscopic images of immunofluorescence analyses are shown in
Fig. 1.
The dental pulp mesenchymal stem cells were divided into two
groups: the control and experimental groups. In the latter, dental
pulp mesenchymal stem cells were exposed to solutions containing
2.5% NaOCl, 17% EDTA, or 2% CHX. Fig. 2 presents a representative
microscopic image of control-treated cells after a 2-day incubation.

a

b

c

d

Fig. 1: Representative microscopic images of the
immunofluorescence analysis of primary dental pulp
mesenchymal stem cells. (a) Control group (no labeling with
STRO-1 antibody), (b) Group I (undiluted primary antibody),
(c) Group II (2x dilution of primary antibody), (d) Group III
(4x dilution of primary antibody). The red color indicates no
primary antibody labeling. The green areas indicate positive
cytoplasmic STRO-1 antibody binding. The circle in (B) indicates
a colony of cells

Fig. 2: Microscopic image of control-treated cells in medium after
2 days incubation (×32). The circles indicate colonies of cells. The
arrow indicates small dental pulp mesenchymal stem cells with a
long, thin spindle shape
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Figs. 3-5 depict cells exposed to 2.5% NaOCl, 17% EDTA, and 2% CHX,
respectively. Note that no viable cells remained after exposure to 2.5%
NaOCl (Fig. 3), whereas viable cells were detectable in the cultures
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treated with the other irrigation solutions (Figs. 4 and 5). The average
OD values, viability results, and significance analyses are listed in
Table 1 according to the experimental irrigation solution. Notably, the
highest viability rate was obtained for dental pulp mesenchymal stem
cells exposed to a 2.5% NaOCl solution (34%), whereas the lowest was
obtained for cells exposed to 17% EDTA (22.3%).

The results presented in Table 2 demonstrate that all irrigation
solutions yielded significantly lower OD values relative to the control
group (P ≤ 0.05). Table 3, however, demonstrates the lack of statistically
significant differences (P ≥ 0.05) in the OD values when comparing
the 2.5% NaOCl group with the 17% EDTA group (p=0.108) or the 2%
CHX group (p=1.000) or the 17% EDTA group with the 2% CHX group
(p=0.183).
DISCUSSION

Fig. 3: Microscopic image of cells exposed to 2.5% sodium
hypochlorite for 2 days (×32)

As noted above, successful endodontic regeneration depends on
the use of irrigation materials with bactericidal effects and minimal
toxicity against stem cells [8]. In this study, we investigated the effects
of three commonly used irrigation solutions on the viability of dental
pulp mesenchymal stem cells harvested from extracted immature third
molars. The third molar, which is frequently the last tooth to erupt, is
normally extracted at an early stage of development and thus contains
a significant population of dental pulp mesenchymal stem cells [18]. We
selected primary cells for this study according to Perez et al. (2003), who
deemed primary cells superior to secondary cells, although the former
has a short life span and thus requires more sensitive handling  [19].
Most previous endodontic regeneration studies have used apical papilla
stem cells. However, according to Grontos et al. (2000), stem cells from
the pulp are more proliferative in vitro compared with stem cells from
the bone marrow and maintain this level of proliferation even after
several culture passages. Stem cells taken from the immature third
molar exhibit a high capacity for differentiation into actively migrating
Table 1: Average optical density values and cell viability rates in
the control and experimental groups

Fig. 4: Microscopic image of cells exposed to 17%
ethylenediaminetetraacetic acid for 2 days (×32). The arrow
indicates a viable dental pulp mesenchymal stem cell

Solution

n

Mean OD±SD

Cell Viability±SD (%)

p

Control group
NaOCl 2.5%
EDTA 17%
CHX 2%

3
3
3
3

0.103±0.007
0.035±0.002*
0.023±0.004
0.033±0.006

100±6.8
34±1.94*
22.3±3.88
32.04±5.83

0.000
0.000
0.000
0.000

OD: Optical density, SD: Standard deviation, CHX: Chlorhexidine,
EDTA: Ethylenediaminetetraacetic acid, NaOCl: Sodium hypochlorite

Table 2: Optical densities of the cells exposed to irrigation
solutions relative to the control

Comparison

Significance of OD (p)

Control versus. 2.5% NaOCl
Control versus. 17% EDTA
Control versus 2% CHX

0.000*
0.000*
0.000*

*Comparisons of all three irrigation solutions with the control
yielded significant results. OD: Optical densities, CHX: Chlorhexidine,
EDTA: Ethylenediaminetetraacetic acid, NaOCl: Sodium hypochlorite

Table 3: Comparison of optical densities between irrigation
solutions

Fig. 5: Microscopic image of cells exposed to 2% chlorhexidine
for 2 days (×32). The arrow indicates a viable dental pulp
mesenchymal stem cell

Comparison

Significance of OD (p)*

2.5% NaOCl versus 7% EDTA
2.5% NaOCl versus 2% CHX
17% EDTA versus 2% CHX

0.108
1.000
0.183

*No significant differences in ODs were observed between the
experimental groups. OD: Optical densities, CHX: Chlorhexidine,
EDTA: Ethylenediaminetetraacetic acid, NaOCl: Sodium hypochlorite
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and mineralizing odontoblasts. Although this molar contains a rich
zone of cells within which stem cells in the pulp and the apical papilla
are associated, both types of stem cells retain similar morphogenetic
properties despite having different characteristics, and both are highly
proliferative and capable of differentiating into odontoblasts. DPSCs
are advantageous for sampling because they are present in greater
numbers compared with stem cells from the apical papilla. In addition,
the location of the latter stem cells carries a higher risk of contamination
during tooth extraction [6,20].
The monoclonal STRO-1-specific antibody was used in this study
to identify a subpopulation of mesenchymal stem cells that share a
similar morphology with fibroblasts in vitro. STRO-1 is a marker of
osteogenic precursors in the human bone marrow stroma, as well as
erythroid precursors [10,21]. We note that the STRO-1 antigen has not
yet been classified, and thus, the research applications of this marker
are limited. Although STRO-1 expression decreases over time in longterm cultures, this protein plays an important role in the migration
and extracellular matrix adherence of mesenchymal stem cells [20].
Our immunofluorescence assay, which used an indirect technique
that is tenfold more sensitive than the direct technique, demonstrated
positive staining of the dental pulp mesenchymal stem cells by STRO-1
antibodies. Our technique was simple, featured a short procedure time
(1–3 h), and demonstrated an important prognostic value [22].
We additionally used the MTT tetrazolium salt assay, which measures
mitochondrial dehydrogenase activity, as a measure of cell viability.
This assay is simple, safe, rapid, minimally toxic, easily repeatable,
and widely used to evaluate cell viability and material cytotoxicity. In
addition, the MTT assay is considered superior for determining the
activity of mitochondrial dehydrogenase in living cells. As shown in
our data tables, the viability of dental pulp mesenchymal stem cells
decreased significantly in response to all tested irrigation solutions
relative to controls.

Our finding that treatment with 2.5% NaOCl decreased the viability of
dental pulp mesenchymal stem cells relative to the control is consistent
with previous reports by Alkahtani et al. and Longo et al. [23,24]. T he
previous research stated that NaOCl induced cellular damage and toxicity
in bone marrow mesenchymal stem cells, whereas the latter group
stated that NaOCl is cytotoxic to KB cells at high concentrations (2%) and
genotoxic (i.e., increase in micronuclei) at lower concentrations (1%).
This toxicity is attributed to the high level of hydroxyl ion activity, which
affects the integrity of the cytoplasmic membrane. Specifically, NaOCl
degrades the lipid structure of the membrane and inactivates proteins
through saponification and chloroamination. In addition, the latter
type of reaction produces free radicals such as hydroxyl ions that can
inflict biological stress on different parts of the cell and damage cellular
DNA, leading to chromosomal aberrations. Therefore, the observed
differences in cell responses according to the NaOCl concentration
can be attributed to the extent of exposure to free radicals, such that
cells exposed to a high concentration would suffer damage during the
first cell cycle, whereas cells exposed to lower concentrations would
experience damage during DNA formation. Furthermore, the finding that
NaOCl induced the smallest decrease in dental pulp mesenchymal stem
cell viability among the tested solutions was consistent with previous
findings [15]. The former group stated that NaOCl concentrations <2.6%
were less toxic than other irrigation materials, whereas the latter group
stated that 3% NaOCl was associated with relatively lower toxicity
compared with 2% CHX and MTAD.
We also found that EDTA reduced the viability of dental pulp
mesenchymal stem cells relative to the control group. According to
Alkahtani et al., EDTA-induced cytotoxicity is likely attributable to the
chelating and acidifying effects of this chemical, consistent with the
findings of Amaral et al. who determined that EDTA causes changes
in the macrophage cell membrane through the chelation of ions such
as Ca2+ and Mg2+ and thus accelerated cell apoptosis. In addition, EDTA
can indirectly affect cell metabolism by reducing the cell nutrition and
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the pH of the culture medium, which both reduce cell viability [24,25].
However, our finding differed from that of Trevino et al. who stated
that 17% EDTA yielded the best results in terms of cell viability and
attachment [8]. This discrepancy may be attributable to different
research methods, as Trevino et al. did not directly expose stem
cells to an irrigation solution but rather performed endodontic and
irrigation procedures in a simulated root canal system injected with
apical papillary stem cells and examined the surviving cells under a
microscope. In addition, the present study used an incubation time of
48 h, which likely affected the toxicity of the solution. This would be
consistent with the finding by Alkahtani et al. that EDTA-associated
toxicity increases with the duration of exposure [8,24].
Finally, we observed that CHX reduced the viability of dental pulp
mesenchymal stem cells, which we attribute to its component with the
cellular plasma membrane, which increases membrane permeability
and leads to a loss of lysosomal enzymes. CHX cytotoxicity was also
proposed by Lee et al., who stated that this chemical induces cytotoxicity
by inhibiting collagen cell synthesis. Our results are also consistent with
those of previous studies which claimed that CHX inhibits the synthesis
of proteins and collagen in fibroblasts. CHX, which is highly cationic,
affects the specific biosynthesis of proteins with inhibitory effects on
cells. Therefore, the ability of CHX to inhibit cell growth, proliferation,
and collagen synthesis may also cause it to inhibit tissue repair and
regeneration [24,26]
Our microscopic assessment of cell morphology revealed differences
among the treatment groups despite the lack of a significant difference
in the viability assay. Cells exposed to 17% EDTA and 2% CHX exhibited
lesser morphological changes compared with those treated with 2.5%
NaOCl. The former two groups had intact cell walls, indicating an early
stage of cell apoptosis, whereas the cells in the latter group exhibited
ruptured membranes or lysis indicative of necrosis. These findings are
consistent with a study by Alkahtani et al. which found that although
solutions of NaOCl, EDTA, and CHX were all cytotoxic, the different
compositions led to different cytotoxic effects. Specifically, cells
exposed to NaOCl exhibited characteristics of cell necrosis, whereas
those exposed to EDTA and CHX exhibited signs of apoptosis, a type
of programmed cell death characterized by cell shrinkage, nuclear
chromatin condensation, and nucleus fragmentation, although the
plasma membranes remain intact and cytoplasmic organelles appear
morphologically normal [24]. These results are consistent with our
findings.

We note that the results of this purely cellular study cannot be compared
directly with the findings of in vivo research and that this represents
a limitation of our study. Because all experiments involved cultured
cells, the results only represent the responses of isolated cells and do
not consider host defense mechanisms for detoxification. In addition,
the study was limited by an excessively long incubation time, which is
not representative of clinical applications and thus enhanced the toxic
effects. Therefore, further studies of both animals and humans are
needed to evaluate the cytotoxicity and biocompatibility of all solutions
in vivo.
CONCLUSION
Solutions containing 2.5% NaOCl, 17% EDTA, and 2% CHX all had toxic
effects on the viability of dental pulp mesenchymal stem cells. Notably,
2.5% NaOCl and 17% EDTA induced the smallest and largest reductions
in viability, respectively.
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