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Abstract
Objective Compositional modifications may alter the biological and physicochemical characteristics of calcium silicate-based
sealers (CSBS) and, ultimately, their bioactivity. Themain objective of this study was to evaluate the biological properties of three
CSBS: EndoSequence BC Sealer, Ceraseal, and Endoseal mineral trioxide aggregate.
Materials and methods Human periodontal ligament stem cells (hPDLSCs) were exposed to several eluates of CSBS. The ion
release profile and pH were determined, and metabolic activity and cell migration were assessed using the MTT and wound
healing assays. hPDLSCs were cultured in direct contact with the surface of each material, and cell morphology and attachment
were analyzed by scanning electron microscopy (SEM). Bioactivity potential was assessed by RT-qPCR and mineralization
assays. Statistical differences between biomaterials were assessed using one- or two-way ANOVA (α < 0.05).
Results All materials showed an alkaline pH, although Endoseal exhibited a significantly higher pH compared with the other
CSBS (p < 0.05). Ceraseal released significantly more Ca2+ (p < 0.05) than EndoSequence BC Sealer and Endoseal. Interestingly,
Endoseal induced a significant reduction in cell viability and cell migration compared with the control (p < 0.001). Moreover,
SEM showed abundant cells adhering to EndoSequence BC Sealer and Ceraseal surfaces, whereas very few round cells were
detected on the surface of Endoseal. Finally, Ceraseal and EndoSequence induced ALP, CAP, and CEMP-1 expression and a
significantly higher mineralization capacity than Endoseal (***p < 0.001).
Conclusions The eluates from EndoSequence BC Sealer and Ceraseal displayed higher cell viability, cell attachment, cell
migration rates, and ion release rates than Endoseal. Ceraseal and EndoSequence BC Sealer exhibited significantly more gene
expression and mineralization capacity than Endoseal.
Clinical relevance The results obtained in the present work suggest that EndoSequence BC Sealer and Ceraseal possess biological
properties that make them suitable materials for root canal treatment.

Keywords Bioactivity . Cytotoxicity . Calcium silicate-based sealers . Human periodontal ligament stem cells . Mineralization
capacity

Introduction

Since the first clinically approved formulation of mineral tri-
oxide aggregate (MTA), several products have been

developed for use in clinical procedures including endodontic
sealers [1, 2]. New formulations and additives have been pro-
posed to improve problems such as working time, cost, and
handling difficulties [3]. These new sealers, named calcium
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silicate-based sealers (CSBS), also facilitate biomineralization
[4], the process by which a living organism synthesizes min-
eral substance. One important challenge facing endodontic
today is precisely the correct formation of hard mineral tissue.
To achieve this, it is essential that the materials used in end-
odontic treatments be bioactive [5, 6]. Bioactivity involves the
synthesis of calcium phosphate deposits on the material sur-
face placed in a mimic body fluid, e.g., a buffer solution with
an ion concentration similar to the values found in human
blood plasma [7].

Compositional modifications could alter the biological and
physicochemical characteristics of CSBS and finally their bio-
activity [8]. To predict and elucidate potential clinical behaviors
of such materials, their biocompatibility and cytocompatibility
are usually tested both in vivo and in vitro models [9, 10]. As
bioactive materials are assumed to directly interact with pulp
and/or periapical cells, or through the diffusion of components
within the living periradicular tissue, it is critical to assess their
biocompatibility in order to ascertain their potential influence in
reparative/regenerative responses [11]. Stem cells from peri-
odontal ligament (hPDLSCs) are considered a good model
for cytotoxicity studies involving endodontic sealers because
these cells may be in direct contact with unintentional sealer
extrusions [12]. hPDLSCs have also been found to have mul-
tidirectional differentiation abilities and could be induced into
cementoblast-like cells, osteoblast-like cells, adipogenic-like
cells, and chondrogenic-like cells. When transplanted into im-
munocompromised mice or rats, hPDLSCs were seen to gen-
erate a cementum/PDL-like structure, contributing to apical
healing [13].

EndoSequence BC Sealer (BC; Brasseler USA, Savannah,
GA, USA) is a new premixed, injectable CSBS, whose major
components include tricalcium silicates, dicalcium silicates,
calcium hydroxide, zirconium oxide, and thickening agents.
As a sealer, it possesses good biocompatibility and antimicro-
bial activities, is easy to handle, and has the ability to promote
the osteoblastic differentiation of periodontal ligament cells,
although our knowledge of this sealer is still limited [14, 15].
Endoseal MTA (ES; Maruchi, Wonju, Korea) is another
premixed CSBS that has shown adequate physicochemical
properties, good sealing ability, and good bond strength per-
formance, although the reports on its cytocompatibility are
contradictory [16, 17]. It contains calcium silicates, calcium
sulfates, calcium aluminates, radiopacifier, and thickening
agent. Ceraseal (Meta Biomed Co., Cheongju, Korea) is a
newly launched premixed endodontic sealer containing calci-
um silicates, zirconium oxide, and thickening agent. To date,
however, there have been no published studies using this new
endodontic sealer.

Considering the relevance of the biocompatibility of end-
odontic sealers for successful root canal treatment, the aim of
this work was to test the cytocompatibility, bioactivity, and ion
release of these three premixed CSBS. The null hypothesis

was that there would be no significant differences in the bio-
logical properties among the studied CSBS.

Material and methods

Material extracts

The CSBS used in this study were EndoSequence BC Sealer
(Brasseler USA, Savannah, GA, USA), Ceraseal (Meta
Biomed Co., Cheongju, Korea), and Endoseal MTA
(Maruchi, Wonju, Korea). Their chemical compositions, as
supplied by the manufacturers, are listed in Table 1.

Under aseptic conditions, the sealers were mixed according
to the manufacturers’ recommendations, placed in cylindrical
molds of 2-mm height and 5-mm diameter, and stored in a
dark container at 37 °C for 48 h to allow complete setting (n =
30). After this period, sample disks were stored in the culture
medium (DMEM) for 24 h at 37 °C, 5% CO2, and humid
atmosphere. This procedure was carried out according to the
International Organization for Standardization (ISO) guide-
line 10993-12, and the ratio of the specimen surface area
was 1.5 cm2/mL (ISO 10993-5). The extracts obtained were
filtered and diluted (undiluted, 1:2, 1:4) before being used in
the MTT assay, migration, qPCR analysis, and Alizarin Red
experiments.

Isolation and culture of hPDLSCs

Multipotent PDLSCs were isolated from human periodontal
ligament tissue (n = 5) as described previously [18]. Informed
consent was obtained from all donors, and the experiment was
approved by the Ethical Committee of the Faculty of
Medicine, University of Murcia, following the Helsinki
Declaration guidelines. Upon tooth extraction, periodontal lig-
ament tissue was enzymatically digested with collagenase A
for 1 h at 37 °C. The cell suspension was gently mixed every
15 min to facilitate dissociation of the tissue. Then, cells were
seeded into T-25-cm2 flasks in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco, Grand Island, NY, USA) contain-
ing 10% fetal bovine serum (FBS) (Gibco), 100 U/mL peni-
cillin G, and 100-mg/mL streptomycin (Gibco).

Ion release analysis and pH

Three samples from each material type measuring 5-mm di-
ameter and 2-mm height were prepared in 5 mLMilli-Q water,
and the presence of aluminum, silicon, sulfur, calcium, and
zirconium was assessed using inductively coupled plasma
mass spectrometry (ICP-MS Agilent 7900, Stockport, UK).
The pH of the different extracts was determined using a twin
pH meter (GLP21+, Crison, Barcelona, Spain). Results are
represented as the mean ± standard deviation.
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Analysis of expression of mesenchymal
immunophenotype andmultipotential differentiation
properties

The immunophenotype of hPDLSCs was evaluated by flow
cytometry after passage 2, and the expression of mesenchymal
stem cell surface markers was analyzed using flow cytometry.
Briefly, hPDLSCs were washed with PBS and incubated in
the dark for 15 min at 4 °C with the following antibodies:
APC-conjugated anti-CD73, FITC-conjugated anti-CD90,
PE-conjugated anti-CD105, and PerCP-conjugated anti-
CD34, CD45, CD14, and CD20 (Miltenyi Biotec, Bergisch
Gladbach, Germany). After labeling, cells were washed twice,
resuspended in PBS, and analyzed in a FACS Canto flow
cytometer. The results were analyzed using FlowJo software
(FlowJo LLC, Ashland, OR, USA). [18]. The medium was
refreshed every 3 days. Also, to analyze the in vitro multipo-
tential differentiation ability of hPDLSCs, cells were cultured
in OsteoDiff media, AdipoDiff media, and ChondroDiff me-
dia (Miltenyi Biotec) for 4 weeks to induce osteogenic,
adipogenic, and chondrogenic differentiation, respectively.
Osteogenesis was demonstrated by mineralization and
assessed by Alizarin Red staining (Sigma-Aldrich, St. Louis,
MO, USA) and alkaline phosphatase (ALP) with 5-bromo-4-
chloro-3-indolyl-phosphate/nitro blue tetrazolium
(BCIP/NBT) (Sigma-Aldrich). Adipogenesis was evaluated
with Oil Red O solution (Sigma-Aldrich) to detect accumula-
tion of neutral lipid droplets. Finally, chondrogenic differenti-
ation was verified with Alcian Blue staining (Sigma-Aldrich)
to detect glycosaminoglycans.

MTT assay

The cytotoxicity of the extracts toward the hPDLSCs was
assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay. The eluates from three
discs of each material were obtained after immersing them
in culture medium for 24 h. Briefly, 1 × 104 hPDLSCs were
added to 96-well plates with 180 μL of DMEM and left for
24 h. Then, extracts of the materials (1:1; 1:2, and 1:4) were
added, and the cells were incubated at 37 °C in a 5% CO2 for
24, 48, or 72 h. The samples were incubated with 1 mg/mL of

MTT for 4 h at the indicated time points. Then, 0.2 mL of
dimethyl sulfoxide (DMSO) was added to each well to solu-
bilize the formazan crystals obtained as a result of MTT re-
duction by the viable cells. The optical density value was
measured by spectrophotometer (Synergy H1, BioTek,
Winooski, VT, USA) at 570 nm (Abs570). The data obtained
for each group were normalized based on cells + medium.

Wound healing assay

Cell migration and motility were evaluated by a scratch
wound assay as previously described [17]. The eluates from
six discs of each material were obtained after immersing them
in culture medium for 24 h. The hPDLSCs were cultured on
12-well plates and grown to confluence to obtain a cell mono-
layer. The monolayers were scratched using a sterile 100-μL
pipette tip and washed twice with PBS to eliminate detached
cells. The healing process was allowed to proceed in the ab-
sence (control group) or presence of the different CSBS elu-
ates (1:1; 1:2, and 1:4). Observation of the “wound area” was
performed at 24, 48, and 72 h. The wound closure areas were
measured with ImageJ (National Institutes of Health,
Bethesda, MD, USA) to calculate the percentage of wound
area after 24, 48, or 72 h relative to the total wound area
measured at 0 h in the same well. Migration distances were
analyzed separately during periods 0–24 h (migration during
first 24 h period), 24–48 h (during second 24 h period), and
48–72 h (during third 24 h period). In order to avoid scratch
width variation, “relative wound closure” area (RWC) was
calculated (RWC (%) = wound closure area (pixel) × 100
(%)/× (pixel)).

Scanning electron microscopy

Fifteen disks (2-mm height and 5-mm diameter) of the differ-
ent CSBS were subdivided into three groups (n = 5). A total of
5 × 104 hPDLSCs were directly added to each disk and cul-
tured for 72 h. The cells were fixed using 4% glutaraldehyde
in PBS for 4 h at 4 °C. Subsequently, the samples were
dehydrated in increasing ethanol solutions before critical point
drying. Specimens were mounted on aluminum stubs, follow-
ed by gold-palladium (Au-Pd) coating (Bio-Rad Polaron

Table 1 Tested materials

Materials Manufacturer Composition Lot number

Endoseal MTA Maruchi, Taejanggongdan-gil, Wonju-si,
Gangwon-do, South Korea

Calcium silicates, calcium aluminates, calcium
sulfate, radiopacifier, thickening agent

CI170710A

Ceraseal Meta Biomed Co., 270,Osongsaengmyeong
1-ro, Osong-eup, Heungdeok-gu, Cheongju-si,
Chungcheongbuk-do, South Korea

Calcium silicates, zirconium oxide, thickening agent CS18020501

EndoSequence BC Sealer Brasseler USA Dental, LLC, One Brasseler
Boulevard Savannah, Georgia 31419, USA

Zirconium oxide, tricalcium silicate, dicalcium
silicate, calcium hydroxide

18002SP
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e5400 SEM Sputter Coating System, Kennett Square, PA,
USA). Finally, the samples were observed with scanning elec-
tron microscopy (SEM) to elucidate the cell-material
interaction.

Bioactivity assays

RT-qPCR gene expression analysis

The expression values of cementoblastic/osteoblastic-related
genes (CEMP-1,CAP, and ALP) were measured by RT-qPCR.
For this purpose, six discs were immersed in culture medium
for 24 h. In order to determine differences in the expression of
the above mentioned genes, transcript levels were quantified
in cDNA obtained from cell cultures after exposure to the
endodontic sealers (dilution 1:1) for 3, 7, 14, and 21 days
and from the same cells grown in mediumwithout endodontic
sealers (control). The differential expression was calculated
with respect to expression in the control using the delta-delta
cycle threshold (ΔΔCT) method, normalizing for GAPDH
(endogenous control).

For RT-qPCR, total RNA was isolated using the RNeasy
Mini Kit (Qiagen, Hilden, Germany), and cDNAwas synthe-
sized from 1 μg of RNA by using iScript™ Reverse
Transcription Supermix for RT-qPCR (Bio-Rad).

Real-time PCR was performed in triplicate with an ABI
PRISM 7700 instrument (Applied Biosystems) using
SYBR® Premix Ex Taq™ (Takara, Clontech) following the
supplier’s recommendations as we previously reported [19].
Primer sequences for human genes encoding cementum pro-
tein 1 (CEMP1), cementum-derived attachment protein
(CAP), alkaline phosphatase (ALP), and glyceraldehydes-3-
phosphate dehydrogenase (GAPDH) were as follows (for-
ward/reverse): CEMP1 (5 ′-GGGCACATCAAGCA
CTGACAG-3′/5′-CCCTTAGGAAGTGGCTGTCCAG-3′);
CAP (5′-TTTTTCTGGTCGCGTGGACT-3′/5′-TCAC
CAGCAACTCCAACAGG-3 ′ ) ; ALP ( 5 ′ - TCAG
AAGCTCAACACCAACG-3′/5′-TTGTACGTCTTGGA
GAGGGC-3′); GAPDH (5′-TCAGCAATGCCTCCTGCAC-
3′/5′-TCTGGGTGGCAGTGATGG-3′).

Alizarin Red S (ARS) mineralization assay

Alizarin Red S was performed to evaluate cell mineralization.
For this purpose, six discs were immersed in culture medium
for 24 h. hPDLSCs (2 × 105/well) were seeded in a 24-well
plate, and after 90% confluence, the cells were treated with
extracts of CBSBS (dilution 1:1) for 21 days, and changing
the medium was changed every 3 days. A negative control
(without extracts) and a positive control for osteogenic differ-
entiation using OsteoDiff media (Miltenyi Biotech) were car-
ried out. Next, hPDLSCs were fixed with 70% ethanol for 1 h
at 4 °C, washed 3 times for 10 min in phosphate-buffered

saline, and stained for 30 min with 2% Alizarin Red solution
(SigmaAB,Malmö, Sweden) before washing three times with
ultrapure water. Absorbance was measured at 550 nm using a
spectrophotometer.

Statistical analysis

The statistical analyses were conducted using SPSS version
22.0 software (SPSS, Inc., Chicago, IL, USA). Each experi-
ment was performed with three replicates in three to six sep-
arate experiments. Quantitative data are presented as the mean
± standard deviation (SD). After verifying the homogeneity of
variances, MTT, cell migration, and qPCR assays were
assessed using two-way ANOVA followed by a Tukey post
hoc test. Data of ARS were submitted to one-way ANOVA
and the Tukey tests. The results were deemed significant when
p < 0.05.

Results

Analysis of ion release and pH

At 1 h, Endoseal showed the highest pH (pH 9.66), followed
by Ceraseal (pH 8.22) and EndoSequence BC Sealer (pH 6.3).
At the final time point (7 days), all endodontic sealers showed
an alkaline pH, although the pH of Endoseal was significantly
higher (10.18) the values of the other CSBS (p < 0.05)
(Table 2). Ca2+ release was higher in the case of Ceraseal than
with EndoSequence BC Sealer and Endoseal (p < 0.05).
However, the release of Zr was more pronounced in
Ceraseal. In addition, the presence of aluminum only was
detected in Endoseal (Table 3).

Table 2 Mean and standard deviation (± SD) of pH values measured in
different experimental periods of Endoseal, Ceraseal, and EndoSequence
BC Sealer

Time Materials

Endoseal Ceraseal EndoSequence BC Sealer

1 h 9.66 ± 0.20AB 8.22 ± 0.15A 7.87 ± 0.17B

3 h 9.64 ± 0.22AB 8.61 ± 0.31AC 8.01 ± 0.20BC

24 h 9.39 ± 0.32AB 8.27 ± 0.27A 7.79 ± 0.17B

3 days 9.68 ± 0.64AB 8.49 ± 0.28A 8.01 ± 0.15B

7 days 10.18 ± 0.77AB 8.39 ± 0.46A 8.00 ± 0.13B

Uppercase A indicates significant difference (p < 0.05) between Endoseal
and Ceraseal

Uppercase B indicates significant difference (p < 0.05) between Endoseal
and EndoSequence BC Sealer

Uppercase C indicates significant difference (p < 0.05) between Ceraseal
and EndoSequence BC Sealer
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Characterization of hPDLSC immunophenotype

Analysis flow cytometry results indicated that mesenchymal
stem cells isolated from periodontal ligament expressed the
characteristic mesenchymal stem cell markers CD90,
CD105, and CD73, but not the hematopoietic cell markers
CD34, CD45, CD14, and CD20. Also, after the induction of
osteogenic, adipogenic, and chondrogenic differentiation,
hPDLSCs showed positive staining with Oil Red O, Alizarin
Red, ALP, and Alcian Blue, thus confirming the
multipotentiality of the isolated cells (Fig. 1).

MTT assay

The results presented in Fig. 2 show the effects of the CSBS
extracts on cell viability. Extracts of Ceraseal and
EndoSequence BC Sealers exhibited similar rates to the con-
trol. Interestingly, at 72 h, a small but significant increase in
viability was observed for hPDLSCs cultured with undiluted

Ceraseal and EndoSequence BC Sealer 1:2 (*p < 0.05),
whereas all dilutions of Endoseal produced a statistically sig-
nificant reduction in cell viability after 24, 48, and 72 h of
incubation (***p < 0.001).

Migration assay

The wound area was determined after removal of the scarring
insert, and the percentage of open wound area was determined
during the course of following 72 h. The results show that
after 24 and 48 h, wound healing had progressed in all the
experimental conditions, except for a pronounced deceleration
in cell migration in the case of Endoseal (**p < 0.01;
***p < 0.001). Interestingly, treatments involving 1:1 and
1:2 dilutions of EndoSequence BC Sealer induced a higher
cell migration rate at 72 h than the control complete medium
(*p < 0.05) (Fig. 3). Taken together, these results showed that
EndoSequence BC Sealer and Ceraseal allowed hPDLSCs
migration.

a

b

Fig. 1 a Expression of the typical
mesenchymal stem cell markers
CD90, CD73, and CD105
displayed by hPDLSCs.
Representative histograms
obtained in n = 3 separate
experiments are shown. b
Multipotential differentiation
ability toward the adipogenic (Oil
Red O), osteogenic (Alizarin Red,
ALP), and chondrogenic (Alcian
Blue) mesodermal lineages of
hPDLSCs and their specific
staining are shown. Scale bar
100 μm

Table 3 Assessment of ICP-MS
of CSBS extracts Sample name 27 Al (He)

Conc. (ppm)

28 Si (He)

Conc. (ppm)

34 S (He)

Conc. (ppm)

44 Ca (He)

Conc. (ppm)

91 Zr (He)

Conc. (ppm)

Endoseal 12.18 ± 0.02AB 54.48 ± 0.01B 14.03 ± 0.00AB 42.20 ± 0.00AB 0.14 ± 0.00A

EndoSequence
BC Sealer

< 0.000A 25.22 ± 0.00C 35.09 ± 0.00B 170.76 ± 0.02BC 0.10 ± 0.00C

Ceraseal < 0.000B 43.32 ± 0.00BC 46.82 ± 0.01A 261.87 ± 0.00AC 2.76 ± 0.00AC

Uppercase A indicates significant difference (p < 0.05) between Endoseal and Ceraseal

Uppercase B indicates significant difference (p < 0.05) between Endoseal and EndoSequence BC Sealer

Uppercase C indicates significant difference (p < 0.05) between Ceraseal and EndoSequence BC Sealer
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Fig. 2 Determination by MTT assay of cell viability after treatment with the different endodontic extracts for the indicated times. Absorbance values
were significantly different from the control group (*p < 0.05; **p < 0.01; ***p < 0.001, respectively, by two-way ANOVA and Tukey’s post hoc test)

Fig. 3 Effect of endodontic cement eluates on cellular migration in
wound healing assays. Confluent hPDLSC monolayers were cultured in
the absence (control) or presence of different dilutions of the material

extracts for up to 72 h. Cell migration was determined and expressed as
the open wound area percentage for each condition compared with the
control (*p < 0.05; **p < 0.01; ***p < 0.001, respectively)
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Cell attachment on materials

As shown in Fig. 4, cells adhering to all the material surfaces
were detected after 72 h of culture. At × 100 and × 300 mag-
nifications, flattened cells with multiple prolongations prolif-
erated on the surface of Ceraseal and EndoSequence BC
Sealer, whereas only few and rounded cells were detected on
Endoseal surfaces.

Ceraseal and EndoSequence induced ALP, CAP,
and CEMP-1 expression

The ability of the sealers to produce hPDLSC differentiation
was assayed by reverse transcription quantitative PCR (RT-
qPCR) of well-known markers. Thus, ALP gen was selected
as a marker of osteogenesis and CEMP-1 and CAP as indica-
tors of cementogenesis gene expression.

The expression of these selected genes was analyzed by
RT-qPCR in total RNA extracted from cells grow in the pres-
ence of EndoSequence or Ceraseal and compared with total
RNA isolated from cells grown without sealers as a negative
control. Cells were grown during 3, 7, 14, and 21 days be-
cause of the analysis included early (ALP) and late markers
(CEMP-1 and CAP). The RT-qPCR assays showed an early
significant overexpression of ALP gen at 3 and 7 days in the
presence of EndoSequence and Ceraseal (p < 0.001, two-way
ANOVA test) (Fig. 5). Moreover, the sealers induced an up-
regulation of cementogenesis gene expression. Thus, these
assays showed a significantly increase of relative fold change
expression compared with the control of CAP both in the

presence of EndoSequence (p < 0.05 at 3 days, p < 0.001 at
7, 14, and 21 days, two-way ANOVA test) and Ceraseal
(p < 0.001 at 3, 7, 14, and 21 days, two-way ANOVA) (Fig.
5). As regards CEMP-1, EndoSequence induces a statistically
significant increase in its expression at 7 and 14 days
(p < 0.05, two-way ANOVA test). In the presence of
Ceraseal, the result showed a statistically significant increase
in CEMP-1 expression from 3 to 21 days (p < 0.001 at 3, 7,
14 days; p < 0.05 at 21 days, two-way ANOVA test). These
results demonstrated that the three genes, ALP, CAP, and
CEMP-1, are strongly induced in the presence of both sealers.

ARS for matrix calcium deposition analysis

Matrix calcium deposition was verified by Alizarin Red stain-
ing. EndoSequence BC Sealer, Ceraseal, and OsteoDiff
groups exhibited a significantly higher level of Alizarin Red
staining than the control after only after 21 days of cultures
(***p < 0.001; Fig. 6). It should be noted that the highest
degree of mineral izat ion was observed with the
EndoSequence BC Sealer group compared with Ceraseal,
OsteoDiff , and Endoseal (*p < 0.05; **p < 0.01;
***p < 0.001, respectively). Indeed, no mineralization was
detected in the Endoseal group.

Discussion

Cytocompatibility, biocompatibility, and regenerative/
reparative potential are assumed to be inherent to calcium

Fig. 4 Scanning electron microscopic photomicrographs showing hPDLSCs cultured on discs of EndoSequence BC Sealer (a), Ceraseal (b), and
Endoseal (c) for 72 h. Scale bars × 100 and × 300
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silicate-based materials [20, 21]. However, the development
of new CSBS with different formulations may alter their bio-
logical properties, jeopardizing apical healing. In this study,
we tested the biological properties of three CSBS in terms of
cell viability, cell migration, cell adhesion, and ion release. In
addition, their bioactivity potential in terms of gene expression
and mineralization capacity was evaluated.

Previous reports have used other types of cell culture to
investigate CSBS cytotoxicity in vitro, most commonly fibro-
blasts [22, 23]. However, we considered it necessary to eval-
uate the reaction of these new materials when in direct contact
with cell types that are more closely associated with a clinical
situation, such as hPDLSCs or osteoblasts.

Regarding ion release, Ceraseal induced a high degree of
Ca2+release, followed by EndoSequence BC Sealer and
Endoseal. Bioactive cements have the ability to release ions
and an acid neutralization capability that favors tissue healing.
In addition, it is well known that Ca2+ is actively involved in
the differentiation of MSCs and tissue mineralization [24, 25].
All calcium silicate-based sealers evaluated in this study had
zirconium oxide as radiopacifying agent. These radiopacifiers,
as components of calcium silicate-based sealers, have been
demonstrated to have acceptable radiopacity and physico-
chemical properties, in agreement with the ISO 6876/2001
specifications [16, 24, 26, 27]. Previous reports have been
shown that materials containing zirconium oxide induced the
proliferation of fibroblasts and accelerated the regression of
inflammatory reactions [28], while studies point to the cyto-
toxic effects of bismuth oxide in odontoblast-like cells [29]
and in human dental pulp cells [30]. However, high levels of
aluminum were detected in Endoseal, and previous reported
have associated the presence of aluminum in dental materials
with genotoxicity or toxicity in animals [16, 31].

The cytotoxicity results obtained in the present work sug-
gest that EndoSequence BC Sealer and Ceraseal had a com-
parable effect to that of the control. In agreement with our
results, previous studies found that EndoSequence BC
Sealer promoted an adequate biological response on
hPDLSCs in terms of cell proliferation, morphology,

migration, and attachment [32], whereas Endoseal showed a
certain degree of cytotoxicity compared with BioRoot RCS on
human PDL cells and better cytocompatibility than AH Plus
on mouse osteoblasts [17, 32]. However, there are no current
studies evaluating Ceraseal which makes it difficult to com-
pare results.

Wound healing involves complex interactions among in-
flammatory mediators and cells, whose angiogenesis and tis-
sue remodeling capacity play an important role in this process
[33]. Correlating the cell cytotoxicity assays with the wound
healing data, we found that EndoSequence BC Sealer and
Ceraseal displayed similar cell migration rates to the control,
while Endoseal induced a lower level of cell migration. This
phenomenon was evident in a previous study, which pointed
to lower cell viability and cell migration in the presence of
Endoseal [17]. Conversely, some authors have reported that
Endoseal is cytocompatible using other types of cells, e.g.,
gingival cells [16].

Ce l l a dhe s i on i s ano t h e r good i nd i c a t o r o f
cytocompatibility since this process plays a crucial role during
periradicular repair [34] and is closely related with cell viabil-
ity, migration, and differentiation for tissue repair [35, 36]. At
72 h, a large number of cells were detected spread over the
surface of EndoSequence BC Sealer and Ceraseal disks. Other
studies reported similar degrees of cell attachment using
EndoSequence BC Sealer and others CSBS [16, 17, 37]. In
fact, human mesenchymal bone marrow cells exposed to
EndoSequence BC Sealer and BioRoot RCS presented well
extending morphologic conditions [38].

The expression of ALP, CAP, and CEMP-1 is related to
the formation of cementum and bone tissue and has been
previously reported to promote osteoblastic and/or
cementoblastic differentiation in PDLSCs in vitro. Its ex-
pression is restricted to cementoblasts and mesenchymal
stem cells of the human periodontium, and it regulates
cell viability, differentiation, deposition rate, composition,
and morphology of the hydroxyapatite crystals formed by
these cells [19]. In our study, Ceraseal induced significant
upregulation of CEMP-1 compared with the control,
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Fig. 5 RT-qPCR gene expression analysis. The expression values of cementoblastic/osteoblastic-related genes (CEMP-1,CAP, andALP) weremeasured
by RT-qPCR (*p < 0.05; **p < 0.01; ***p < 0.001, by two-way ANOVA and Tukey’s post hoc test)

Clin Oral Invest



OsteoDiff, and EndoSequence BC extracts, especially at
3, 7, and 14 days. In the context of tissue regeneration,
cement production is essential for the formation of re-
placement tissue, also known as a biological seals, and
considered the “ideal scenario” for endodontic treatment
repair. Thus, the induction of cement deposition by end-
odontic materials is considered a beneficial process. In
our study, EndoSequence BC Sealer and Ceraseal upreg-
ulated the gene expression of CAP and ALP, in agreement
with numerous studies that have demonstrated the repair
potential stimulated by bioceramic-containing materials
[15]. Furthermore, the Alizarin Red staining revealed that
Ceraseal and EndoSequence BC Sealer had a stronger
mineral izat ion capaci ty than the control group,

OsteoDiff, and Endoseal MTA. In the same line,
Giacomino et al. [15] showed that EndoSequence BC
Sealer promoted mineralization of osteoblast precursor
cells.

Conclusions

EndoSequence BC Sealer and Ceraseal eluates displayed
higher cell viability and induced greater cell attachment and
migration rates than those obtained using Endoseal. Also,
Ceraseal and EndoSequence BC Sealer released significantly
more Ca2+ and favored hPDLSC differentiation and mineral-
ization compared with Endoseal.
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Fig. 6 Mineralization assay.
Quantification of Alizarin Red
staining after 21 days. Data are
presented as the mean ± standard
deviation percentage of staining
compared with the control
(*p < 0.05; **p < 0.01;
***p < 0.001, by one-way
ANOVA and Tukey’s post hoc
test). Highest mineralization was
observed in EndoSequence BC
Sealer group in comparison with
Ceraseal, OsteoDiff, Endoseal,
and control (Scale bar × 100)
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