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Abstract

Objective: To investigate the in vitro cytocompatibility and osteogenic potential of an experi-
mental calcium silicate-based cement and the inflammatory response in human periodontal
ligament stem cells (hPDLSCs).

Methods: Cellular responses, osteogenic-related gene expression, and the production of inflam-
matory cytokines including interleukin (IL)-6 and IL-8 were studied in hPDLSCs exposed to the
experimental root canal-filling material C-Root, the commercial tricalcium silicate-based material
BioRoot RCS, and the epoxy resin-based material AH Plus. Differences were analyzed using
one-way ANOVA with Bonferroni-adjusted pairwise comparison.

Results: Exposure to BioRoot and C-Root caused time-dependent increases in cell proliferation.
Significantly more mineralized nodules were formed in cells exposed to AH Plus and BioRoot
compared with the negative control. Alkaline phosphatase (ALP) activity was significantly lower in
AH Plus cells compared with negative control, BioRoot, and C-Root cells. ALP, osteocalcin
(OCN), and runt-related transcription factor2 (RUNX2) mRNA expression levels were all
significantly higher in C-Root compared with AH Plus cells at day 7. IL-6 and IL-8 levels differ-
ed significantly among the experimental groups, with the highest IL-8 levels in BioRoot cells at
days 7 and 14.

Conclusion: The experimental root canal-filling material C-Root has similar in vitro cytocompat-
ibility to BioRoot and better osteogenic potential than AH Plus.

Corresponding author:
Prasanna Neelakantan, Discipline of Endodontology,

'"The Fifth Division, Peking University School of Faculty of Dentistry, The University of Hong Kong, The
Stomatology, Beijing, China Prince Philip Dental Hospital, 34, Hospital Road, Sai Ying
Discipline of Endodontology, Faculty of Dentistry, The Pun, Hong Kong SAR.

University of Hong Kong, Hong Kong SAR Email: prasanna@hku.hk

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0001-9584-0587
https://orcid.org/0000-0001-7249-9830
https://orcid.org/0000-0003-3025-7598
mailto:prasanna@hku.hk
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519894801
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

Cytocompatibility, periodontal ligament stem cell, root canal, calcium silicate, osteogenic, inflam-

matory cytokine

Date received: |5 May 2019; accepted: |2 November 2019

Introduction

A root canal sealer in combination with a
core material are used to seal voids and
canal spaces in dentistry, to prevent coronal
and apical penetration of fluids and micro-
organisms. However, the sealers may be
extruded out via the apical foramen
during root canal treatment, or toxic com-
pounds may leach out of them causing irri-
tation and delaying the healing of
periodontal tissue and alveolar bone.'
It has therefore been recommended that
endodontic  sealers should be non-
cytotoxic and biocompatible, and be well
tolerated by periapical tissues without caus-
ing severe inflammatory reactions.”
Various endodontic sealers have been
examined in preclinical studies and com-
mercialized for clinical applications. These
sealers are mainly classified based on their
composition, including zinc oxide eugenol,
glass ionomer, resin-based, calcium hydrox-
ide, and calcium silicate-based materials.
AH Plus (AH-P) is an epoxy resin-based
sealer that has gained popularity in clinics
due to its high radio-opacity and antimicro-
bial properties.> > However, AH-P tends to
shrink during setting, resulting in bacterial
or fluid microleakage as well as early
debonding from the root canal wall.>®
Substantial developments in materials
science have led to the introduction of
calcium silicate-based root canal sealers.
Calcium silicate-based materials have dem-
onstrated superior characteristics in terms
of biocompatibility and bioactivity,” and the
tricalcium silicate-based sealer BioRoot RCS
(BIO-R) has been shown to be bioactive in

inducing the mineralization of dentinal struc-
tures.® BIO-R induces the production of oste-
ogenic growth factors by human periodontal
ligament cells” and creates a favorable micro-
environment for periradicular tissue repair.’
A novel material using a calcium silcate-
based setting system, C-Root (C-R), has
recently been developed by Beijing C-root
Dental Medical Devices Co. Ltd. (Beijing,
China) and has gained increasing interest.
It is mainly composed of strontium silicate,
calcium dihydrogen phosphate, potassium
dihydrogen phosphate, zirconium dioxide fill-
ers, and a glycol-based gel. As a hydrophilic
sealer, C-R uses moisture within the canal to
complete the setting reaction and does not
shrink on setting. BIO-R and the novel mate-
rial C-R have been recommended as root
canal sealers, in contrast to traditional min-
eral trioxide aggregate (MTA), which was
introduced as a root repair material and
was later incorporated into root canal sealers.
It is therefore important to test the cytocom-
patibility and mineralization potential of C-R
prior to its introduction for commercial use.

In this study, we examined the in vitro
cytocompatibility, osteogenic potential,
and inflammatory response of the experi-
mental bioactive material C-R and com-
pared it with BIO-R and AH-P, using
human periodontal ligament stem cells
(hPDLSCs).

Materials and methods

Selection and preparation of specimens

Single rooted maxillary premolars (n=74)
from an existing pool of collected teeth were
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used in this study. The teeth had been
extracted from patients with periodontitis
or undergoing orthodontic treatment, after
obtaining written informed consent for
extraction of the teeth and their use in
experimental studies. The crowns were sec-
tioned and root lengths were standardized
at 12mm. The root canals were shaped
using ProTaper nickel titanium rotary
instruments to size F5 (Dentsply Sirona
Endodontics, York, PA, USA) and modi-
fied with Gates Glidden drills (sizes 2 and
3) to achieve an apical diameter of 0.8 mm.
The canals were irrigated with SmL of
5.25% sodium hypochlorite solution during
instrumentation. Once instrumentation was
completed, the root canals were rinsed with
2mL of 17% ethylenediaminetetraacetic
acid (EDTA) for 2 minutes. All canals
were then rinsed with 5mL of sterile saline,
dried with absorbent paper points (Dentsply
Sirona Endodontics), and autoclave steril-
ized at 135°C for 35 minutes. The study pro-
tocol was approved by the Institutional
Review Board of The University of Hong
Kong (UW13-120).

Root canadl filling

All sealers were mixed according to the
manufacturers’ instructions. C-R powder

(Beijing C-root Dental Medical Devices
Co. Ltd., Beijing, China) was first mixed
with polyethylene glycol-based gel and
then homogenized with a LR-5 homogeniz-
er (Yekeey, Wuxi, China) for 15 minutes at
3500 xg. All procedures were performed by
the same operator and the root canals were
filled under sterile conditions in a laminar
flow hood using BIO-R (Septodont, Saint-
Maur-des-Fosses, France), C-R, or AH-P
(Dentsply De Trey, Konstanz, Germany)
(n=28 per group). The compositions of
the materials are given in Table 1. Excess
filling materials were removed with a sterile
scalpel. Teeth with unfilled root canals
(n=10) served as a negative control. For
sterilization, the teeth were irradiated with
ultraviolet light for 4 hours and stored in an
incubator at 37°C and 100% humidity for
24 hours to achieve complete setting.

Cell culture

The hPDLSCs used in this study were a
kind gift from Dr. Chongshan Liao (The
University of Hong Kong), and have been
previously characterized by our research
group.'® All experimental protocols involv-
ing the use of hPDLSCs were approved by
the Institutional Review Board of The
University of Hong Kong (UW13-120).

Table I. Composition of materials used in this study.

Lot no.

Components

Paste A: bisphenol-A
epoxy resin, bisphenol-
F epoxy resin, calcium
tungstate, zirconium
oxide, silica, iron oxide
pigments

Paste B: dibenzyldiamine,

aminoadamantane tri-
cyclodecane-diamine,
calcium tungstate, zir-
conium oxide, silica
silicone oil

Powder: tricalcium silicate, zirconium oxide and

povidone

Liquid: aqueous solution of calcium chloride and

polycarboxylate

Powder: calcium silicate compound, strontium silicate,

Material Acronym Manufacturer
AH Plus Jet™ AH-P  Dentsply DeTrey 1504000319,
Mixing Syringe GmbH, 03-17
Konstanz,
Germany
Bio-Root RCS BIO-R  Septodont, Saint B15847,
powder Maur-des- 06-17
Fosses, France
C-Root (experi-  C-R Beijing C-Root Experimental
mental Dental Medical
material) Devices Co.
Ltd, China

calcium dihydrogen phosphate, potassium dihydro-
gen phosphate, magnesium oxide, zirconium dioxide
Liquid: polyethylene glycol, water-free liquid
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hPDLSCs at passage 3—7 were used for all
experiments. hPDLSCs were cultured in
alpha minimum essential medium (a-MEM)
supplemented with 10% (v/v) fetal bovine
serum (FBS) and 1% (v/v) penicillin—strepto-
mycin antibiotic solution at 37°C in a humid-
ified 5% CO, incubator. The culture medium
was replaced every 3 to 4 days, and confluent
monolayers were dissociated with 0.5% (w/v)
trypsin/EDTA for routine cell passage. For
osteogenic/odontogenic induction, hPDLSCs
were seeded at a density of 1 x 10° or 2 x 10*
cells in 6-well plates and cultured in o-MEM,
10% (v/v) FBS, and 1% (v/v) penicillin—
streptomycin  supplemented with 107° M
dexamethasone, 10 mM B-glycerophosphate,
and 50 pg/mL ascorbic acid for 21 days. The
induction medium was replaced every 3 days.
Negative controls were established with
hPDLSCs cultured for 21 days in the absence
of test materials under non-osteogenic-
inducing conditions in normal culture
medium, to ensure methodological validity.

Root canal-filling model apparatus

A root canal-filling model apparatus was
fabricated based on previously published
studies.'""!? Briefly, the lower 3- to 5-mm
proportion of polypropylene Eppendorf
tubes (ExtraGene, Taichung City, Taiwan)
(volume 1.5 mL) was cut to allow 5 mm of
the apical third of the root to protrude into
a 6-well cell culture plate. A rubber O-ring
was used to adjust the position of the tooth
and the extent of immersion into the cell
culture.

Alizarin red S assay

Calcium mineralization in the cell cultures
was measured by Alizarin red S assay
after 14 days of osteogenic/odontogenic
induction. Briefly, the culture medium
was removed from each well and the
hPDLSCs were washed three times with
I x phosphate-buffered saline, and then

fixed with 4% (w/v) paraformaldehyde for
15 minutes at room temperature. The fixa-
tive was removed and the specimens were
washed with deionized water, cleaned, and
stained with 1% (w/v) Alizarin red S (pH
4.1-4.2) at room temperature.

After additional rinsing in deionized
water, the cells were observed under a
phase contrast microscope. Calcium miner-
alization in the cultured cells was quantified
by the addition of 10% (w/v) acetic acid to
each well, followed by incubation for
around 30 minutes at room temperature
with gentle shaking. The cytolysates were
collected in a microcentrifuge tube and vor-
texed for 30 seconds. Samples were heated
to 85°C for 10 minutes and then incubated
on ice for 5 minutes. The slurry was centri-
fuged at 2000 x g for 15 minutes and the
absorbance was measured at 405 nm using
a SpectraMAX 340® microplate reader
(Molecular Devices, Sunnyvale, CA, USA).

Alkaline phosphatase (ALP) staining assay

ALP activity was detected wusing a
SensoLyte® pNPP Alkaline Phosphatase
Assay Kit (AnaSpec, Inc., Fremont, CA,
USA). Briefly, hPDLSCs were cultured in
osteogenic/odontogenic induction medium
for 14 days and then washed twice with 1x
assay buffer. Triton X-100 (20 pL) was added
into 1x assay buffer (20 mL) and 0.15 mL of
1x assay buffer was additionally added to
the cells. Adherent cells were scraped off
and the cell suspensions were collected into
microcentrifuge tubes. Upon dephosphoryla-
tion, the para-nitrophenylphosphate turned
yellow and was detected at an absorbance
of 405 nm using a SpectraMAX 340® micro-
plate reader. The protein concentration of
the cell suspensions was measured by bicin-
choninic acid assay (Thermo Scientific,
Waltham, MA, USA), according to the man-
ufacturer’s protocol. ALP activity was
expressed in units per mg protein.
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Cell proliferation assay

The proliferation of hPDLSCs was evaluated
after 24 hours of exposure to the test materi-
als using a Cell Counting Kit-8 (CCK-g;
Dojindo, Japan) assay according to the man-
ufacturer’s protocol, after 1, 3, 5, and 7 days
of culture. Briefly, hPDLSCs were seeded at
a density of 2 x 10* cells per well into 6-well
plates and maintained under normal culture
conditions from days 1 to 7. For each
sample, 50yl CCK 8 was mixed with
500 pL culture medium. After incubation at
37°C for 4 hours, three 110-uL aliquots of
the solution were transferred from each well
to a 96-well plate and the absorbance was
measured at 450 nm using a SpectraMAX
340® microplate reader.

Quantitative real time polymerase chain
reaction (qRT-PCR)

hPDLSCs were seeded at a density of
1 x 10° cells per well into 6-well plates and
incubated with the test materials in osteo-
genic/odontogenic induction medium for
7 and 14 days. Total RNA was isolated
using an RNeasy Plus Mini Kit (Qiagen,
Valencia, CA, USA) and then reverse tran-
scribed into cDNA using Super Script
VILO Master Mix (Life Technologies,
Grand Island, NY, USA). qRT-PCR was
performed using SYBR Select Master Mix

(Applied Biosystems, Grand Island, NY,
USA) on a Step One Real-Time PCR
System (Applied Biosystems). The follow-
ing marker genes were analyzed: ALP,
osteocalcin (OCN), runt-related transcrip-
tion factor 2 (RUNX2), and dentin matrix
protein 1 (DMP1), and the internal control
housekeeping gene glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH). The corre-
sponding primer sequences for these genes
are listed in Table 2. The amplification
parameters for qRT-PCR were as follows:
2 minutes at 50°C, 20 seconds at 95°C, and
40 cycles of 3 seconds at 95°C followed by
30 seconds at 60°C. The relative cycle
threshold was determined using the 2724
cycle threshold method and normalized
against the endogenous GAPDH gene.

Enzyme-linked immunosorbent assay
(ELISA)

Serum concentrations of the inflammatory
cytokines interleukin (IL)-6 and IL-8 were
quantified using commercial ELISA Kkits
(Human IL-6 Duo Set and Human
IL-8/CXCL8 Duo Set, respectively; R&D
Systems Inc., Minneapolis, MN, USA),
according to the manufacturer’s instruc-
tions. The reactions were read at 540 nm
or 570nm using a SpectraMAX 340°
microplate reader.

Table 2. Primer sequences of gene markers used in this study.

Gene Primer sequence

ALP Forward: 5'-CCTCGTTGACACCTGGAAGAG-3’
Reverse: 5-TTCCGTGCGGTTCCAGA-3'

OCN Forward: 5'-CACTCCTCGCCCTATTGGC-3’
Reverse: 5'-CCCTCCTGCTTGGACACAAAG-3

RUNX2 Forward: 5'-TCTTAGAACAAATTCTGCCCTTT-3'
Reverse: 5-TGCTTTGGTCTTGAAATCACA-3

DMPI Forward: 5'-CTCCGAGTTGGACGATGAGG-3’
Reverse: 5'-TCATGCCTGCACTGTTCATTC-3’

GAPDH Forward: 5'-GGCATGGACTGTGGTCATGAG-3’

Reverse: 5'-TGCACCACCAACTGCTTAGC-3’
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Statistical analyses

All data were normally distributed and were
analyzed using parametric tests. Statistical
analyses were performed using one-way
ANOVA with Bonferroni-adjusted pairwise
comparisons for each time-point. A value of
P <0.05 was considered significant.

Results

Cell proliferation

Cell proliferation varied with time and
among the different materials (Figure 1).
There were significant differences in cell
proliferation among the groups from days
1 to 7 (P<0.05). Cells exposed to BIO-R
showed the highest proliferation rate from
days 1 to 5 (P < 0.05), whereas cells exposed
to AH-P showed the lowest proliferation
rate (P <0.05) from days 3 to 7. The pro-
liferation of cells exposed to BIO-R was
comparable to that in the negative control
group before day 5, but was significantly
lower at day 7 (P <0.05).

gRT-PCR
mRNA expression levels of ALP, OCN,

and DMP1 in hPDLSCs different
4 - @-Con
g AH-P *
3 - w=ms B1O-R g
=== C-R

Absorbance (0.D. 450 nm)
[\%]

Day1 Day3 Day5 Day?7
Figure 1. Cell proliferation assay using Cell
Counting Kit (CCK)-8. *P < 0.05 among the groups.
O.D,, optical density; Con, negative control; AH-P,
AH Plus; Bio-R, BioRoot RCS; C-R, C-Root.

significantly among the groups after 7
days of osteogenic induction (P <0.05)
(Figure 2). Among the different materials,
AH-P-exposed cells exhibited the lowest
expression of ALP and OCN (P < 0.05) at
day 7, while BIO-R-exposed cells exhibited
the highest expression of OCN (P < 0.05).
Compared with BIO-R, C-R-exposed cells
displayed significantly higher ALP and
DMP1 mRNA levels at day 7 (P <0.05).
RUNX2 mRNA levels were about two-
fold higher in BIO-R- and C-R-exposed
compared with AH-P-exposed cells, but
the difference was not significant. At day
14, OCN and DMP1 mRNA levels were
higher in the BIO-R and C-R groups com-
pared with the AH-P and negative control
groups, but the differences among the
groups for all four osteogenic-related
genes were not significant.

Alizarin red S assay

Alizarin red S staining revealed significant
differences among the groups (P <0.05)
(Figure 3). Compared with the negative
control group, all three experimental
groups showed significantly more mineral-
ized nodules (P < 0.05). In addition, AH-P-
exposed cells showed significantly more
mineralized nodules than the BIO-R and
C-R groups (P <0.05).

ALP activity

ALP activity differed significantly among
the groups (P < 0.05) (Figure 4). ALP activ-
ity was significantly higher in the BIO-R
and C-R groups compared with the AH-P
group (P < 0.05).

ELISA

There were no significant differences in IL-6
secretion among the groups at days 1 and 3.
However, IL-6 production differed signifi-
cantly at days 7 and 14. IL-6 levels were
highest in the AH-P group at day 7 and in
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Figure 2. Gene expression profiles of ALP, OCN, RUNX2, and DMPI in human periodontal ligament stem
cells treated with the test materials, analyzed using qRT-PCR. *P < 0.05 among the groups. ALP, alkaline

phosphatase; OCN, osteocalcin; RUNX2, runt-related transcription factor 2; DMPI, dentin matrix protein
I, DMPI; glyceraldehyde 3-phosphate dehydrogenase; Con, negative control; AH-P, AH Plus; Bio-R, BioRoot

RCS; C-R, C-Root.

the C-R group at day 14 (P <0.05). IL-8
levels also differed significantly among the
groups at days 7 and 14, with the highest
levels in the BIO-R group (P < 0.05).

Discussion

A good apical seal is key to the long-term
clinical success of root canal therapy.
However, sealers or their eluents in con-
tact with the periapical tissues may release
toxic substances, resulting in severe
inflammation or even cell necrosis." In
vitro testing of the cell-material interac-
tion is therefore an indispensable

precursor to understanding the cytocom-
patibility of new root canal sealers. In
this study, we assessed the biological
responses of hPDLSCs to three different
endodontic materials: BIO-R, AH-P, and
C-R. We showed that the new experimen-
tal root canal filling material, C-R, had
comparable in vitro cytocompatibility to
BIO-R and higher osteogenic potential
than AH-P. We used hPDLSCs in this
study because these are the predominant
cell types present in the periodontal liga-
ment and may have direct contact with
the sealers during apical sealing.
hPDLSCs are also multipotent cells able
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Figure 3. (a, b) Alizarin red S and (c) alkaline phosphatase assays demonstrating the osteogenic differen-
tiation potentials of the materials evaluated in this study. *P < 0.05 among the groups. ARS, Alizarin red S;
ALP, alkaline phosphatase; O.D., optical density; Con, negative control; AH-P, AH Plus; Bio-R, BioRoot RCS;
C-R, C-Root.
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Figure 4. Immunomodulatory potential of the tested materials evaluated using ELISA. *P < 0.05 among the
groups. Con, negative control; AH-P, AH Plus; Bio-R, BioRoot RCS; C-R, C-Root; IL, interleukin.

to differentiate into collagen-forming and The present study also used an in vitro
cementoblast cells,"* !> and are thus suit- root canal filling model for cell culture
able for evaluating the osteogenic/odonto- adapted from previous studies, which was

genic potentials of the sealing materials. superior to the conventional 2-D culture



Jing et al.

system for mimicking the in vivo cellular
microenvironment.!'"'> However, further
improvements are needed, given that the
hPDLSCs in the current root canal model
still formed a monolayer, potentially result-
ing in contact inhibition. The combination
of a 3-D scaffold together with a root
canal model may therefore be required to
support cell growth and biological cell
functionality.'"'?

In this study, we evaluated cell prolifer-
ation by CCK-8 assay, which is considered
to have better detection sensitivity and
accuracy than 3-[4, 5-dimethylthiazol-2-yl]-
2,5 diphenyl tetrazolium bromide (MTT)
assay.'® AH-P resulted in the lowest cell
proliferation rate among the three types of
endodontic sealers. Notably, the number of
viable cells decreased significantly from
days 1 to 3 and from days 5 to day 7, indi-
cating a potential cytotoxic effect of AH-P
on the hPDLSCs. Indeed, the cytotoxicity
of AH-P has been well documented in dif-
ferent cell populations.®'”'” AH-P was
previously shown to be cytotoxic to prima-
ry human oral fibroblasts'” and inhibited
the growth of hPDLCs from days 1 to 7.'8
This may be due to the release of formalde-
hyde from AH-P during setting®® and to the
epoxy resin component, which is a mutagen
potentially able to damage the cellular
DNA.?! In contrast however, other studies
have suggested that AH-P has little or no
cytotoxicity.” AH-P was initially moder-
ately cytotoxic, mildly cytotoxic at day 7,
and nontoxic after 14 days in an in vitro
model using L929 and HeLa cells.***** Our
current results indicated that hPDLSCs
exposed to C-R and BIO-R showed signif-
icantly higher rates of cell proliferation than
those exposed to AH-P from days 1 to 7.
This may be attributed to the lower toxicity
of the BIO-R and C-R eluents and to the
constant release of calcium ions from the
materials.?

Notably, in vitro cytotoxicity tests are
not necessarily effective indicators of the

performance of sealing materials in vivo,*

and the concentration of toxic substances is
likely to be decreased by tissue fluids under
clinical situations.?” Additionally, wide var-
iations in experimental methods and condi-
tions may produce conflicting results. The
root canal model used herein had a much
smaller contact area with the cells than the
2-D normal culture system, and may thus
reduce the apparent toxic effects of the root
canal sealers.

We assessed four osteogenic-associated
markers, ALP, OCN, DMP1, and RUNX2,
to investigate the mineralization potentials of
the three sealers. ALP is an early marker
of osteoblast differentiation,”®*°  while
OCN is regarded as a critical marker of
mature osteoblasts.”” In the present study,
hPDLSCs exposed to BIO-R and C-R
showed significantly higher expression levels
of ALP and OCN mRNA than cells exposed
to AH-P after 7 days of osteogenic induction.
ALP activity results were consistent with the
gene expression results for AH-P, BIO-R,
and C-R, further suggesting that BIO-R
and C-R exhibited higher osteogenic differ-
entiation potentials than AH-P. Unlike the
bioinert AH-P, BIO-R and C-R are bioactive
and release calcium ions, which may diffuse
into periapical tissues, thereby inducing the
mineralization of PDLCs* and mesenchy-
mal stem cells.’’ BIO-R also simulated
hPDLC:s to secret bone morphogenetic pro-
tein 2,>? a potent growth factor inducing the
differentiation of mesenchymal stem cells
and bone formation.* Both BIO-R and
C-R significantly increased DMP1 expression
at 14 days, while C-R significantly increased
DMPI1 expression in the short term (7 days)
compared with BIO-R. This result is clinical-
ly relevant, given that DMP1 plays important
roles in dentin bridges and periapical barriers
induced by cements.*

An ideal root canal sealer should not
cause severe inflammation in living tissue
or impair the healing process.'® However,
emerging evidence suggest that eluates



10

Journal of International Medical Research

from sealers in contact with periapical cells
induce production of the inflammatory
mediators IL-6 and IL-8.'%3>3¢ [L-6 is pro-
duced by osteoblasts as a pro-inflammatory
cytokine to simulate bone resorption,’-*®
while IL-8 plays an critical role in recruiting
neutrophils to induce acute inflammation®
and promotes the formation of new blood
vessels.*” Consistently, IL-6 and IL-8 pro-
duction were detected following exposure to
all three types of sealers used in this study.
IL-6 secretion levels were similar in BIO-R
and negative control cells but relatively high
in AH-P-exposed cells at days 7 and 14, and
IL-8 levels were highest in BIO-R-exposed
cells. However, most in vitro studies evalu-
ating the cytocompatibility of root canal
sealers have been conducted over a short
period (usually from freshly mixed to 14
days), and this interval may be too short
to predict the inflammatory and biologic
responses of cells to extruded sealers that
remain in contact with periradicular tissues
for decades.

The solubility and setting time of a sealer
critically determines the long-term outcome
of apical sealing. A long setting time would
lead to dissolution of sealer in contact with
tissue fluids, creating gaps within and
between the material and the root dentin
and thereby leading to leakage, bacterial
colonization, and reinfection.*'** Calcium
silicate-based sealers have displayed high
solubility.***> The solubilities of iRoot-SP,
EndoSequence, Smartpastebio, and MTA-
Fillapex increased significantly over time,
and exceeded the American National
Standards  Institute/American  Dental
Association tolerance of 3% by mass.***¢
However, calcium silicate sealers have
been claimed to provide good apical sealing
as a result of their setting expansion.?* The
high hydrophilicity of calcium silicate pro-
motes water ingress and subsequent expan-
sion of the materials, thus improving
the seal along the interface between the
materials and dentin. However, high water

sorption is likely to increase porosity,
making the sealer more susceptible to
microleakage.”**' Limited evidence is
currently available regarding to the
evidence-based clinical outcomes of calcium
silicate-based sealers. Despite their favor-
able properties, these materials therefore
need more investigation before their routine
use as root canal fillings, and further studies
are required to clarify the physiochemical
behaviors of bioactive sealing materials.

Conclusions

This in vitro study concluded that BIO-R
and C-R were more cytocompatible in
terms of cell proliferation than AH-P.
Importantly, C-R showed a comparable
osteogenic differentiation capacity to BIO-
R, and may thus be a promising alternative
for future root canal treatments.
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