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Bone-marrow-derived human mesenchymal stem cells (hMSCs) which are important cell source for hard tissue regeneration stay
near periapical lesions of tooth, playing an essential role in periodontal regeneration. Since the biomineralization process of MSCs
is largely governed by the initial local environment, it is crucial to know the biological effects of dental bioceramic (mineral
trioxide aggregate (MTA)) right after implantation. +e purpose of this study was to evaluate the initial cytotoxicity of 4 different
commercially available MTA materials (Endocem MTA, Ortho MTA, ProRoot MTA, and MTA Angelus) against hMSCs during
or after setting using extracts of materials. +e materials were mixed separately and placed into disk-shaped Teflon split molds
(10mm diameter and 2mm thickness), and the sample discs were separated and eluted in the culture medium for 24 h. +e
extracts were exposed to hMSCs, and cytotoxicity was evaluated by theWSTassay. In the present study, all 4 MTA products tested
showed severe cytotoxicity at 100% and 50% extract, while 25% and 12.5% revealed 30∼100% depending on the MTA products.
Endocem MTA showed severe cytotoxicity at 12.5% extract, while others showed relatively higher cell viability compared to
EndocemMTA. Images of live and dead cells represented less live cells at 25% and 12.5%, confirming cell viability assay.+erefore,
careful consideration of the concentration of MTA extracts is necessary, especially when applying MTA to the elderly patients to
maintain the viability of hMSCs.

1. Introduction

When periapical tissues, which are alveolar bone and
periodontal ligament that surrounds the root of the tooth,
regenerate after pulp (soft tissue inside of tooth) infection
and periapical lesion due to tooth decay, mesenchymal stem
cells (MSCs) or osteoblastic precursors recruit and differ-
entiate into osteoblasts during healing process [1, 2]. +e
biomineralization process of MSCs is largely governed by
local environment such as stiffness, stress relaxation,
nanotopology, and chemicals [3–8]. +e setting time of the
materials applied in periapical lesion of tooth and the
consequent biological functions of MSCs during setting after
implantation are important for the healing process of

inflamed periapical lesions. Because the biological effects of
the implanted materials are largely dependent on the contact
time between materials and tissue, the ingredients and their
amounts released from implant biomaterials give contact
time dependent influence to MSCs’ behaviors and biological
functions [9–12].

Conventionally, a number of biomaterials such as zinc
oxide eugenol, gutta-percha, composite resin, and glass
ionomer have been used as root-end (periapical) filling
materials [13]. However, all of them are still suboptimal as
root-end filling materials due to their bioinert property or
less bioactivity [14]. +erefore, mineral trioxide aggregate
(MTA) has been developed and widely utilized in clinics for
perforation repair, pulpotomy, direct/indirect pulp capping,
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and apexification due to its good sealing ability, osteo-
genesis/odontogenesis, biocompatibility, and antibacterial
activity and bioactive property [15, 16].

Many studies have focused on the effects of MTA when
used for pulp healing, and researchers have majorly studied
biological effects (i.e., cytotoxicity) with human dental pulp
stem cells, not MSCs [17–21]. In addition, the concentrations
of the extracts used for cytotoxicity test against human dental
pulp stem cells were not diverse, which could not mimic
clinically available microenvironment [21–24]. However,
when MTA is applied for apical tissue regeneration, during
and after the setting, MSCs staying nearby play an important
role as critical cell source to fill the bone degraded due to
infection [9, 25]. However, limited studies have been per-
formed to investigate the cytotoxicity of MTA with MSCs (or
other stem cells) especially during setting [9, 21, 24].

+us, the purpose of this study was to evaluate the initial
cytotoxicity (24 hr) of 4 different commercially available
MTA materials (Endocem MTA, Ortho MTA, ProRoot
MTA, and MTA Angelus) against bone-marrow-derived
human mesenchymal stem cells (hMSCs) during or after
setting using the extracts of materials (Figure 1). +e null
hypothesis was that there are no differences of cytotoxicity
among MTA products.

2. Materials and Methods

2.1. Sample Preparation and Extraction. Materials used in
the study were Endocem MTA (Maruchi, Wonju-si, South
Korea), Ortho MTA (BioMTA, Seoul, South Korea), Pro-
Root MTA (Dentsply, Tulsa Dental, Tulsa, OK, USA), and
MTA Angelus (Londrina, Paraná, Brazil). 4 different ma-
terials were chosen from market (Table 1); ProRoot MTA as
a golden standard MTA, MTA Angelus as a MTA from
another continent (South America), and EndocemMTA and
OrthoMTA as two recently developedMTA fromAsia.+ey
were mixed separately on the bottom of Falcon 100mm cell
culture dish (Corning, NY, USA) for 1 minute of mixing
time and were placed into disk-shaped Teflon split molds
(10mm diameter and 2mm thickness). After 2 minutes of
packing time, the excess materials of the molds were re-
moved by compressing with a glass slide (Corning). To
examine the cytotoxicity of MTA during setting, the MTA
sample discs separated from the Teflon molds were im-
mersed completely in MesenPRO RS™ Medium (Gibco,
Carlsbad, CA, USA) for extraction. Meanwhile, for the after
setting group, MTAs in the same mold were incubated for
24 h, which indicates complete setting, and then immersed
in the medium. MesenPRO (Gibco) was composed of
MesenPRORS basal medium (Gibco), 1 bottle of MesenPRO
RS growth supplement (Gibco), 1% GlutaMAX (Gibco), and
1% penicillin/streptomycin (Invitrogen, Carlsbad, CA,
USA). +e volume of the extractant, 0.733ml, was de-
termined according to ISO standard 10993-5. +en, they
were incubated at 37°C in 5% CO2 and 95% air environment
for 24 h in sealed 50ml tubes and then filtered using 0.20 μm
pore size filters (Corning GmbH, Germany) and syringes.
+e medium for dilution was also incubated for 24 h and
filtered.

2.2. Cell Culture. Low-passage (4–8) hMSCs were collected
from a commercial company (RoosterBio, USA, MSC-003)
for this study, proved to have stem cell surface markers and
differentiation capacities as MSCs. Cell vials were removed
from nitrogen and thawed in 37°C water bath. After Mes-
enPRO RS™ Medium was added to the cells, they were
centrifuged at 2,000 rpm for 3 minutes. +en, the previous
medium was extracted. +e hMSCs were transferred to a
tissue culture flask containing MesenPRO RS™Medium and
incubated at 37°C in 5% CO2 and 95% humidity. All culture
systems used in the present study adhered to these condi-
tions. +e subcultures were made when they reached some
density.

2.3. Cytotoxicity Assay. +e cells were separated from the
flask according to the previous protocol and viability, and
the number of cells was determined using a LUNA-II au-
tomatic cell counter (Logos Biosystems, Anyang, South
Korea). When cell viability was above 70%, cells were seeded
at initial density of 1× 105 cells/ml in each well of a 96-well
plate (SPL Life Sciences, Pocheon, Gyeonggi-do, South
Korea). 5–10 columns and 5 rows of 5 different extract
concentrations (100%, 50%, 25%, 12.5%, and control) were
used for each plate. More than two independent experiments
were carried out. +e seeded cells were incubated in 5% CO2
and humidified air at 37°C for 24 h. +en, the medium was
extracted, and 100 μl of the filtered extracts was transferred
into each well of the 100% row of the 96-well plates. +e rest
of the extracts were diluted using the filtered medium. 100 μl
of the filtered medium was transferred into each well of the
control row.+e plates were incubated at 37°C in humidified
air and 5% CO2. After 24 h of incubation, the solution was
replaced with EZ-Cytox cell viability assay solution (Daeil
Lab Service, Guro, Seoul, South Korea) according to the
manufacturer’s instructions for water-soluble tetrazolium
salt (WST) assays. EZ-Cytox contains WSTs, which are
reduced only in viable cells of mitochondria’s electron
transport systems. Consequently, WSTs are transferred to
the orange-colored substance formazan.+e same volume of
100 μl of the mixture was put in each well containing cells, as
well as in several blank wells. +e plates were incubated in
the same condition. 2 h later, the viability of the cells was
measured using a multidetection microplate reader (Spec-
tramax M2e, Molecular Devices, Sunnyvale, CA, USA) at a
wavelength of 450 nm. Higher absorbance indicated greater
cell viability.

2.4.CellMorphologyAssessment. To assess the numerical cell
viability, images of live and dead cells were observed by a
semiconfocal laser scanning microscope (Celena, Logos
Biosystems, Anyang, South Korea). After removing the
media and washing with PBS, 0.5 μM calcein AM and 2 μM
ethidium homodimer-1 solutions were added to the cells.

Cells and extracts were prepared in the same way as for
the WST assay. +e extraction concentration investigated
was 25 and 12.5%, and the filtered medium was used as the
control group. After 24 h of growing, the extracts were
replaced with 100 μl of 2 μM ethidium homodimer-1 and
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0.5 μM calcein AM solutions and then dyed in the incubator
according to the same condition for another 30 minutes.+e
cell morphology was seen with 4x magnification.

2.5. Statistical Analysis. +e cytotoxicity data from different
extraction starting points were statistically analysed by re-
peated measures analysis of variance (ANOVA). ANOVA
was used for cytotoxicity comparison between serially di-
luted extract groups (100, 50, 25, 12.5, and 0%) within the
same product and extraction starting point. Tukey’s post hoc
test was used at levels of significance of P< 0.05. +e SPSS
PASW version 23.0 software program (SPSS Inc.) was used.

3. Results

Figures 2 and 3 show the results of the WST cell viability
assay. +e viability of hMSCs when immersed in the eluates
of four different MTAs was measured. Overall, all four MTA
products tested showed severe cytotoxicity at 100% and 50%

extracts, while 25% and 12.5% revealed 30∼100% depending
on the MTA products during setting. Endocem MTA still
showed severe cytotoxicity at 12.5% extract, while others
showed relatively higher cell viability compared to Endocem
MTA. In detail, for Endocem MTA, the control group
showed the highest cell viability followed by 12.5% and 25%
(75.3% and 27.9% cell viability, respectively). +e cell via-
bility of the 100% extract (5.3% cell viability) was higher than
the 50% dilution (3.4% cell viability). In Ortho MTA, the
12.5% concentration group (102.3% cell viability) was the
highest followed by the control group. +e sequence of the
viability of the rest was 25%> 50%> 100% (80.7, 5.4, and
1.2% cell viability, respectively), though the difference be-
tween the 50% and the 100% concentration groups was not
significant. In ProRoot MTA, there was no significant dif-
ference between the control and the 12.5% concentration
group (92.6% cell viability), and these two showed the
highest cell viability. +e 100% and the 50% concentration
groups (7.1% and 1.4% cell viability, respectively) were
placed on the lowest. +e 25% concentration group showed
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Figure 1:+emethodology used in the present study. To examine cytotoxicity of MTA during setting or after setting, theMTA sample discs
separated from the Teflon molds were immersed in media “during setting” (after 180 s) or “after setting” (24 hr later).

Table 1: +e properties of MTAs used in the present study.

Product
name

Mixing ratio (P/L)
(mg/ml)

Initial setting
time

Final setting
time Manufacturer Composition (%)

Endocem
MTA 300/0.12 2min (±30 s) 4min (±30 s) Maruchi (South

Korea)
Natural pure cement (80) and bismuth

trioxide (20)

Ortho MTA 200/0.2 180min 360min BioMTA (South
Korea)

Calcium carbonate (60∼80), silicon dioxide
(5∼15), aluminium oxide (5∼10), and

dibismuth trioxide (10∼30)
ProRoot
MTA 500/0.167 78min

(±5min)
261min
(±21min) Dentsply (USA) Portland cement (60∼90) and bismuth

oxide (10∼40)

MTA
Angelus 140/0.467 10min 15min Londrina (Brazil)

Tricalcium silicate (45∼60), dicalcium
silicate (5∼12), tricalcium aluminate

(5∼12), tetracalcium aluminoferrite (1∼7),
calcium oxide (0∼7), and bismuth oxide

(15∼30)
+e MTAs were mixed according to the manufacturer’s instructions. Composition of MTA was given by each manufacturer.
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Figure 2: Results of cell viability of hMSCs at the 100% concentration of extracts from each MTA after setting. ∗P< 0.05 and ∗∗P< 0.01
indicate statistically significant differences between cements and the control group. Each extract from four kinds of MTA after setting
showed no cytotoxicity compared to control (P> 0.05).
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Figure 3: Results of cell viability of hMSCs at various concentrations of extracts from each MTA during setting. ∗P< 0.05 and ∗∗P< 0.01
indicate statistically significant differences between cements and the control group. Cell viability from the extract during setting of all MTAs
was significantly compromised with 100%, 50%, and 25% (except MTA Angelus) extracts, while cell viability from the 100% extract from set
MTA was not compromised compared to control.

4 Advances in Materials Science and Engineering



cytotoxicity (81.1% cell viability). In the case of MTA An-
gelus, the 12.5% concentration group (111.2% cell viability)
was the highest followed by the 25% concentration group
(104.8% cell viability), and both showed higher viability than
the control group. +e pure extract and the 50% concen-
tration group showed 5.4% and 0.5% cell viability,
respectively.

To confirm cell viability of 25% and 12.5% cultured
conditions, a semiconfocal microscope was used. Live cells
appear green and dead cells are indicated in red in the images
(Figure 4).

Images of live and dead cells represented less live cells at
25% and 12.5%, confirming cell viability assay. Meanwhile,
the extracts of MTAs after setting showed similar cell via-
bility with the control group. Since there were few live cells at
100% and 50% extracts, images were not shown.

4. Discussion

Bone and periodontal regeneration is a complicated process
that requires the cooperation of myriad cells [25]. Mesen-
chymal stem cells (MSCs) or osteoblastic precursors recruit
and differentiate into osteoblasts when periapical tissues of
tooth surrounded by alveolar bone and periodontal ligament
regenerate after pulpal infection and inflammation at per-
iapical lesions due to tooth decay [1, 2]. Still, the bio-
mineralization process of MSCs is largely governed by local
environment [3–8]. During tissue repair, especially in bone,
blood vessels supply not only oxygen and nutrients but also
calcium and phosphate which are needed for mineralization
[26].+us, for healing inflamed periapical lesions, the setting
time of the materials applied in periapical lesion and con-
sequent biological functions of MSCs during setting are
important since the biological effects of the implanted
materials in periapical lesions are contact time-dependent
and extracts during setting influence MSCs’ behaviors [9–
12]. +erefore, the effect of MTA against hMSCs was in-
vestigated in the present study.

Elution of MTAs starts right after its application, and the
concentration of MTA eluents is expected to be high in the
clinical situation. +at is, when MTA is not completely set,
chances are that toxic elements of MTA leach out and exert
cytotoxicity. But before long, since the altering nature of the
oral cavity makes the cytotoxicity weak and initial setting
leads the materials to be structurally more stable, cytotox-
icity decreases. In other words, due to this property of MTA
elution, periradicular tissues are expected to be affected by a
lower concentration of eluents over time [10]. +is property
of MTA might explain why MTA showed cytocompatibility
in the previous studies but showed cytotoxicity in the
present study [9, 10]. Also, cell viability and proliferation are
time-dependent. +e longer the contact time, the better the
cell viability. However, this study did not consider the effect
of incubation time with extracts while previous studies
assessed cell viability after 3∼28 days [9, 10, 24].

To mimic clinical situation, the concentrations of the
extracts used in the present study were diverse unlike
previous studies [21–24]. +e present study showed dose-
dependent effects of Endocem MTA, Ortho MTA, ProRoot

MTA, and MTA Angelus on hMSCs during setting. At
12.5%, all materials evaluated except Endocem MTA
showed cytocompatibility (90∼110%). MTA Angelus
showed cytocompatibility even at 25% (104%). All four
materials tested after setting showed cytocompatibility.
+ese results agree with the previous ones showing non-
cytotoxicity [9, 10].

In contrast, all four materials tested during setting
resulted in the most cytotoxicity at 100 and 50% (∼5%)
which was quite different from previous studies [9, 24].+is
could be explained by the fact that the samples in those
studies were set for 24 h, which is enough time for the
materials to set, and then immersed in the media. Mean-
while, in the present study, the specimens were immersed
in culture media right after mixing for the condition of
“during setting”. Images of live and dead cells showed that
Endocem MTA had much more cytotoxicity compared to
ProRoot MTA along with previous compromised biological
effects or high pH from set Endocem MTA compared to
other set MTAs [27, 28]. Even though most of the reports
revealed no significant cytotoxicity among various types of
MTA, this cytotoxicity results from extract during setting
of MTA showed significant difference among the groups
[29]. +us, according to the results, the null hypothesis that
there are no differences of cytotoxicity among MTA
products was rejected.

Since ProRoot MTA was first developed and became
commercially available in the world, many researchers have
studied the effects of MTA on ROS 17/2.8 [24], MG-63
cells, human gingival fibroblasts [30], and human dental
pulp cells [31]. Few studies were conducted to investigate
the effects of MTA on hMSCs, which utilized completely set
MTA after 24 hr after from the start of mixing [9]. Here
eluates during or after setting of MTA were used with their
advantages, which mimic microenviroment when they are
implanted in periradicular lesion and affet cells
continuously.

By observing cell viability of serially diluted extract
groups (100%, 50%, 25%, 12.5%, and control), the result
showed that cytotoxicity is dose-dependent. +is also made
it possible to determine the most proper concentration
considering the sensitivity of hMSCs. 12.5% of Ortho MTA
and ProRoot MTA and 12.5% and 25% of Angelus MTA
show favorable results in this study.

Considering complex stages of wound healing and cy-
totoxicity of MTA in a particular situation, people whose
quality of vascular supply to bone decreases might experi-
ence delayed bone healing compared to healthy and young
people. +is explains one of the reasons of incomplete
healing with MTA associated with patients’ condition.
Further experiments regarding adverse effects to long-term
cytotoxicity, differentiation ability, or stemness of MSCs
from the extract of MTA will be necessary to investigate
MTA’s biological events depending on the tissue-MTA
interacting condition (after setting or during setting) or
types of MTA [8]. In addition, to reveal the mechanism
which ingredient was involved to show different biological
behaviors between “during setting” and “after setting” MTA,
pH value and ion concentration or type (hydroxyl ion, Ca, Si,
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Bi, Al, other impurity element ions, etc.) will be investigated,
which will be helpful for understanding MTA’s biological
effects during and after setting.

5. Conclusion

All four MTA products tested during setting showed
severe cytotoxicity at original and 50% extracts, while
25% and 12.5% revealed 30∼100% cell viability depending
on the MTA products. On the other hand, 100% extracts
from completely set MTAs showed similar cell viability
with the control group without cytotoxicity. To simulate a
clinical situation, cytotoxicity and biological functions of
MTAs to hMSCs during setting need to be considered.
Extreme cytotoxicity of MTA might delay periodontal
healing process, and this would happen more often with
patients whose quality of vascular supply to bone de-
creases. +us, careful consideration of cytotoxicity
depending on the products is necessary before applying
MTA to root apex.
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