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Physico-chemical and Biological Properties of a New Portland
Cement-based Root Repair Material
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Carlos Nelson ELIAS

ABSTRACT

Objective: To propose bismuth carbonate, a radiopacifying agent, as a new endodontic root repair material
that was added to Portland cement (PC) at 2 wt%, 5 wt%, 10 wt% and 15 wt%, and physicochemical and
biological properties of each formulation were evaluated in comparison to MTA-Angelus.

Methods: Mixed and powder samples were analysed by scanning electron microscopy (SEM) and X-ray pow-
er diffraction (XRD), and the semiquantitative constitution of the powder was determined by energy-disper-
sive spectrometer (EDS). Setting time was evaluated by Vicat needle and radiopacity analysed with digital
X-ray. The pH of all tested materials was observed after immersion in water for 3, 24, 48, 72 and 168 h (or 7
days). Solubility and calcium release were measured after immersion in water for 24 h. A multiparametric
assay XTT-NR-CVDE was used to evaluate the cytotoxicity of the materials in human periodontal ligament
(HPDL) fibroblasts. HPDL fibroblasts were exposed to PC 15% and mineral trioxide aggregate (MTA), and the
expression of proinflammatory cytokines (IL1A, IL6, IL8, TNF) and bone formation genes (ALP, COL1, RUNX2)
was evaluated by real-time PCR. Mineralisation of HPDL fibroblasts cocultured with PC, PC 15% and MTA was
evaluated with Von Kossa staining.

Results: PC-based groups presented more irregular and larger particles than MTA. PC and MTA showed similar-
ities as observed by XRD and EDS. Setting time of PC-based groups was increased with the addition of bismuth
carbonate. All tested materials were alkaline, and pH tended to reduce over time. All cements had solubility lower
than recommended, with no difference between them (P>0.05) and showed calcium release. PC 15% had similar
radiopacity when compared with MTA (P>0.05). Cell viability was higher for the tested materials than the positive
control (P<0.001), but there was no difference when they were compared with negative control (P>0.05). Gene
expression levels were similar for all tested groups (P>0.05). Analysed cements had positive Von Kossa staining.
Conclusion: Overall, the addition of 15% of bismuth carbonate did not result in significant changes to its
physicochemical and biological properties when compared with MTA, except for the setting time, and may
be considered a potential substitute for MTA.
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INTRODUCTION

Mineral trioxide aggregate (MTA) is a root
repair material with Portland cement (PC)
and bismuth oxide as major components
(1). Several studies have shown that both
MTA and PC present similar physicochem-
ical and biological properties (2-5). PC has
been proposed as an alternative material
to MTA, but its major disadvantage is that
it does not achieve the radiopacity level
required to be distinguished from the sur-
rounding anatomical structures, thus requiring the addition of a radiopacifying agent prior to
its use as an endodontic material (6).

HIGHLIGHTS

. PCand MTA had similar chemical constitution.

«  Setting time was increased by the addition of
bismuth carbonate to the PC.

«  Radiopacity of PC plus 15 wt% of bismuth
carbonate was similar to MTA.

+  PC-based groups and MTA were not cytotoxic
to HPDL fibroblasts.

Previous studies have shown that bismuth oxide, the radiopacifying agent in ProRoot MTA and
MTA-Angelus, decreased the mechanical properties of the cement (1, 7) and caused discolouration
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(8, 9). Therefore, bismuth carbonate has been proposed as
radiopacifying agent in PC (6), but the physicochemical and
biological properties of this combination have not yet been
thoroughly investigated.

The aim of this study is to create a new PC-based material as-
sociated with bismuth carbonate to be used as an alternative
to MTA. The physicochemical and biological properties of PC
with varying concentrations of bismuth carbonate were com-
pared with commercial MTA-Angelus.

METHODS
There was no need for ethics committee approval and in-
formed consent for the present study.

Physicochemical Properties

Water-To-Powder Ratio

Samples of PC (Construcola, Rio de Janeiro, Brazil) and PC
mixed with 2 wt% (PC 2%), 5 wt% (PC 5%), 10 wt% (PC 10%)
and 15 wt% (PC 15%) of bismuth carbonate [(BiO),CO,] (B'Her-
zog, Rio de Janeiro, Brazil) were prepared. The water-to-pow-
der ratio was established by weighing the amount of powder
required for obtaining cement with ideal clinical consistency
when mixed with 0.20 mL of distilled water. This procedure
was repeated five times. MTA-Angelus (Angelus, Londrina,
Brazil) was prepared according to the manufacturer’s instruc-
tions.

Setting Time

Setting time was determined using a Vicat apparatus (Conten-
co, Sao José da Lapa, MG, Brazil), as recommended by ANSI/
ADA 57 (10). Mixed cements were placed into stainless-steel
rings (10 mm in diameter and 2 mm in height) and kept in
a cabinet at 37°C+1°C and 95% relative humidity. The Vicat
needle was lowered and placed in contact with the material
surface for 5 s. This procedure was repeated every 60 s, until
the indentation on the material surface was no longer visible.
This test was repeated three times, and the setting time was
established as the mean value obtained.

Scanning Electron Microscopy (SEM) and
Energy-dispersive X-ray Spectroscopy (EDS)

Powder samples and freshly mixed cement placed into Teflon
moulds (7.75 mm in diameter and 1.5 mm in height) were ob-
served at the FEI Quanta™ 250 FEG (Field Emission Gun) (FEI,
Germany) with a magnification of 1000°. Samples were placed
on top of SEM conductive tapes and coated with a thin layer
of carbon (Balzers CED 030, Bal-tec Union Ltd., Liechtenstein).
The semiquantitative composition of the powder was done
with an EDS Bruker e-Flash (FEI, Germany).

X-ray Diffraction (XRD)

Powder and mixed samples of each group were placed onto
the XRD apparatus of the diffractometer (PANalytical, X'pert
Pro MPD model). Mixed samples were placed into a stain-

less-steel ring (10 mm in diameter and 1 mm in height) and
incubated at 37°C+1°C and 95% relative humidity for 24 h.
The CuKa X-ray source was used with a voltage of 45 kV and a
current of 40 mA. The scan range was set at 5° to 80° in a con-
tinuous scan with a speed of 0.02°/s. The phase identification
was executed with the X'Pert HighScore Plus, which compares
the obtained patterns with the ICDD (International Center for
Diffraction Data) database.

Radiopacity

Samples were mixed and placed into a stainless-steel ring (10
mm in diameter and 1 mm in height), followed by an incuba-
tion at 37°C+1°C and 95% relative humidity for 24 h as pre-
viously described (11). Briefly, samples were positioned onto
an occlusal phosphor plate with an aluminium stepwedge.
Focus™ X-ray (Instrumentarium Dental, Tuusula, Finland) was
used to obtain radiographic images of all samples. Three sam-
ples were prepared per group. Three distinct points from the
samples and stepwedge were analysed with AxioVision Rel.
4.6 Software (Zeiss, Jena, Germany) regarding the grey pixel
values and an average were obtained. The average pixel val-
ues were converted into mm of Al, as previously described
(12).

pH Analysis

Freshly mixed samples were placed into plastic tube (1.0 mm
of internal diameter and 1 cm of length) with an endodontic
file, as previously described (11). Briefly, samples were placed
in a glass vial with 10 mL of distilled water and kept in the incu-
bator for 3, 24, 48, 72 and 168 h (or 7 days). pH was evaluated
with a pH meter (Accumet basic AB 15, Fisher Scientific, Pitts-
burgh, PA) after each period, and the sample was immersed in
fresh water. Five samples were prepared for each group.

Solubility and Calcium lon Release

Mixed samples were placed into Teflon moulds (7.75 mm in
diameter and 1.5 mm in height), and a nylon thread was at-
tached to the cement surface. After incubation at 37°C+1°C
and 95% relative humidity for 24 h, the samples were weight-
ed, and the nylon thread was attached to the vial's lid, and the
mould was immersed in the vial with 7.5 mL of distilled water
and kept in suspension for 24 h. Next, samples were dried and
placed into a desiccator. After 24 h, they were weighted, and
the solubility was calculated as a function of the weight loss.
Five samples were prepared for each group. The concentra-
tion of the calcium ion released on the distilled water after the
solubility assay was measured with the ICP-2100-DV (Perkin
Elmer, Waltham, MA).

Biological Properties

Preparation of Cement Elutes (Extract Media)

Samples were mixed and inserted into 1000-uL pipette tips
(VWR, Radnor, PA), as previously described (11, 13). Briefly, the
tip with the cement was attached to the lid of a microcentri-
fuge tube so that 1 mm of the tip was immersed in containing



40 de Souza et al. New Root Repair Material

EUR Endod J 2018; 3: 38-47

0.5 mL of Dulbecco’s Modified Eagle Medium (DMEM) (ATCC,
Manassas, VA) supplemented with 10% (v/v) heat-inactivat-
ed foetal bovine serum (FBS) (Gibco, Grand Island, NY), 100
U/mL penicillin (PEN) and 100 mg/mL streptomycin (STREP)
(Sigma-Aldrich, Saint Louis, MO). The samples were incubated
at 37°C, 95% humidity and 5% Co, for 24 and 48 h. After each
incubation period, the samples were removed from the media
and the extracted media were briefly vortexed, transferred to a
new microcentrifuge tube and frozen at -20°C until further use.

Cell Culture

Human periodontal ligament (HPDL) fibroblasts were kindly
provided by Dr. Isabel Gay, Department of Periodontics, Uni-
versity of Texas Health Science Center at Houston School of
Dentistry. Cells were cultured in DMEM supplemented with
10% FBS, 100 U/mL PEN and 100 mg/mL STREP and incubated
at 37°C, 95% humidity and 5% CO,

Cell Viability Assays

HPDL fibroblasts were seeded at a density of 2 ~ 10 cells/well
in a 96-well plate and incubated for 24 h, as published else-
where (11, 13). Briefly, 200 pL of extract media was added to
the wells and incubated for 24 h. Fresh media were used as a
negative control and 0.1% sodium dodecyl sulfate (SDS) (Bio-
Rad, Hercules, CA) as a positive control. All experiments were
done in triplicates and in three independent reactions.

A multiparametric assay kit (In Cytotox XTT-NR-CVDE, Xeno-
metrix, Allschwill, Switzerland) was used to evaluate the cyto-
toxicity of the materials performed following the manufactur-
er's recommendations, and the results were analysed using an
ELISA plate reader (Dynex Technologies, Chantilly, VA).

Gene Expression Assays

HPDL fibroblasts were seeded at a density of 100,000 cells/
well in 6-well plate and incubated for 24 h. Next, culture media
were replaced by the 24-h extract media of PC 15% and MTA.
Cells cultured with fresh media were used as controls. Follow-
ing incubation for 24 h, RNA extraction and cDNA synthesis
were performed using the PowerSYBR® Green Cells-to-CT kit
(Ambion, Warrington, UK) according to the manufacturer’s in-
structions.

We evaluated the mRNA expression of the following proin-
flammatory cytokine [interleukin-1a (IL1A), interleukin-6 (IL6),
interleukin-8 (IL8) and tumour necrosis factor (TNF)] and bone
formation [alkaline phosphatase (ALP), collagen type 1 (COLT)
and runt-related transcription factor 2 (RUNX2)] genes. Prim-
er sequences are presented in Table 1. Real-time quantitative
polymerase chain reaction (PCR) was performed in a ViiA7 Se-
quence Detection System (Life Technologies, Foster City, CA)
using SYBR® Green chemistry (Life Technologies, Foster City,
CA). Reaction conditions were: 95°C (10 min), 40 cycles at 95°C
(15 s), 60°C (1 min), 95°C (15 s), then 60°C (1 min) and a final
stage at 95°C (15 s). GAPDH (glyceraldehyde-3-phosphate de-

hydrogenase) was used as a housekeeping gene for normali-
sation. Reactions were performed in a final volume of 20 pL in
triplicate experiments. Data were obtained as threshold cycle
(C) values. Expression levels were calculated using the com-
parative 222 method (14).

Von Kossa Staining

HPDL fibroblasts were seeded at a density of 50,000 cells/well
in a 6-well plate and incubated for 24 h (15). After the incu-
bation period, media were replaced by an osteogenic media
consisting of DMEM supplemented with 10% FBS, 100 U/mL
PEN, 100 pg/mL STREP, 50 ug/mL ascorbic acid (Sigma-Aldrich,
Saint Louis, MO), 10 nmol/L dexamethasone (Sigma-Aldrich,
Saint Louis, MO) and 10 mmol/L B-glycerophosphate (Sig-
ma-Aldrich, Saint Louis, MO) (16). PC, PC 15% and MTA were
mixed, placed into Teflon rings (3.5 mm in diameter and 3.5
mm in thickness) and incubated for 24 h at 37°C, 95% humidi-
ty and 5% CO,. Teflon rings containing the test materials were
then placed on insert wells (3.0 um) (Corning, Lowell, MA),
into the 6-well plate and incubated for 15 days (15). The ex-
periment was performed in duplicates. The Von Kossa stain-
ing (American MasterTech, Lodi, CA) was done according to
the manufacturer’s instructions and analysed using an IX-71
inverted microscope (Olympus, Center Valley, PA).

Statistical Analysis
All data were submitted to a normality test, which indicat-
ed the use of parametric tests (data not shown). The wa-

TABLE 1. Primer sequences

Gene Forward and reverse primers
GAPDH 5'- ACA ACTTTG GTATCG TGG AAG G -3’
5'- GCC ATC ACG CCACAGTTTC-3’
IL-1A 5'- AGATGC CTG AGATAC CCA AAA CC-3’
5'- CCA AGC ACA CCC AGT AGT CT -3’
IL-6 5- ACT CACCTCTTC AGA ACG AATTG -3’
5'- CCATCTTTG GAA GGTTCA GGTTG -3’
IL-8 5’- ACT GAG AGT GAT TGA GAG TGG AC -3’
5'- AAC CCT CTG CACCCAGTTTTC-3’
TNF 5'- GAG GCC AAG CCCTGGTAT G -3
5’- CGG GCC GATTGATCT CAGC-3’
ALP 5'- CCA CAA GCC CGT GACAGA -3’
5'- GCG GCA GACTTT GGTTTC -3
COoL1 5-GCCCTGTCT GCTTCCTGT A -3’
5-TTT GGG TTG GTT GTCTGTTT -3’
Runx 2 5'- CTT CATTCG CCT CACAAAC-3’

5'- GTC ACT GCG CTG AAG A -3’
GAPDH: glyceraldehyde-3-phosphate dehydrogenase; IL1A: interleukin-1a;

IL6: interleukin 6; IL8: interleukin 8; TNF: tumour necrosis factor; ALP: alkaline
phosphatase; COL1: collagen type 1; RUNX2: runt-related transcription factor 2
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ter-to-powder ratio, solubility and calcium ion release were
analysed by analysis of variance (ANOVA). ANOVA and Tukey's
were used to analyse setting time, pH variation, radiopacity
and cytotoxicity. For mRNA expression, results were depicted
as the mean average mRNA expression of triplicate measure-
ments, normalised to the endogenous gene expression of
GAPDH. Statistical analysis was performed using ANOVA fol-
lowed by Tukey’s multiple comparison test as implemented in
GraphPad Prism 6.0 (GraphPad Software Inc., La Jolla, CA). The
significance level was established at 5% (P<0.05).

RESULTS

Water-to-Powder Ratio

Table 2 presents the mean and standard deviation of powder
required to obtain cement with ideal consistency when mixed
with 0.20 mL of distilled water for the groups of PC pure and
associated with 2 wt%, 5 wt%, 10 wt% and 15 wt% of bismuth
carbonate. Statistically significant differences were not ob-
served between the groups (P<0.05).

Setting Time

Table 2 shows the mean setting time and standard deviation,
in minutes, for all groups. Significant differences were ob-
served between the following groups: MTA and PC, MTA and
PC 2%, MTA and PC 5%, MTA and PC 10%, MTA and PC 15%,
PCand PC 2%, PCand PC 5%, PC and PC 10%, PC and PC 15%,
PC 2% and PC 10%, PC 2% and PC 15%, PC 5% and PC 10%,
and PC 5% and PC 15% (P<0.05). No differences were found
between groups PC 2% and PC 5% and PC 10% and PC 15%
(P>0.05).

SEM and EDS

Scanning electron micrographs revealed that PC presented
larger and more irregular particles, whereas MTA presented
as more homogenous and with smaller particles (Figure 1).
Freshly mixed samples showed the presence of crystalline
(yellow arrow) and amorphous (red arrow) phases in all sam-
ples (Figure 2). The hydration process of analysed materials
occurs through the dissolution of the powder followed by
crystallisation, which consists of the formation of cubic and
needle-shaped crystals.

EDS showed that the major chemicals components of PC were
calcium, oxygen, silicon and aluminium. MTA-Angelus and PC-
based materials showed the same constituents plus bismuth.

XRD

XRD patterns of the powder forms of all groups are presented in
Figure 3.The main constitution of PC was tricalcium silicate (JCPDS
01-073-0599), dicalcium silicate (JCPDS 01-083-0460) and tricalci-
um aluminate (JCPDS 00-038-1429). The PC-based materials had
the same constituents plus bismuth carbonate (JCPDS 01-073-
6504) and MTA-Angelus had bismuth oxide (JCPDS 01-076-1730).
The powder form of all cements showed more peaks, and they
were more intense compared to the hydrated form (Figure 4).

Radiopacity

The results for the mean value and standard deviation of the
radiopacity in mm Al of the tested materials are shown in Ta-
ble 2. No statistical significant differences were observed be-
tween PC and PC 2% and PC 15% and MTA (P>0.05).

pH
The pH of all tested cements was alkaline (Table 3) and tended
to decrease over time.

Solubility and Calcium lon Release

Table 2 presents the solubility as a function of the weight loss
and the calcium ion release for all groups. There were no statis-
tical differences between the groups for both assays (P>0.05).

Cell Viability Assays

The cell viability was calculated in function of the negative
control ]Cell viability% = mean optical density (OD) of test
sample " 100/mean OD of negative control]. A reduction in
cell viability by more than 30% is considered a cytotoxic ef-
fect, according to the ISO standard number 10993-5 (17). In
this study, the cell viability remained above 70% for all tested
materials considering the three assay parameters (XTT, NR,
and CVDE). No significant differences were observed between
each of the test materials and the negative control group
(P>0.05). On the other hand, the differences in cell viability be-
tween each test material and the positive control group (SDS)
were statistically significant (P<0.001) (Figure 5).

TABLE 2. Radiographic studies on the prevalence of pulp stones in several populations

Sample preparation (g)  Setting time (min)

Radiopacity (mm Al)

Solubility (%) Calcium concentration (mg/l)

PC 0.55+0.02a 92.0+1.00a 1.59+0.05a 1.83+0.42a 31.86 +5.6a
PC 2% 0.52+0.0Ta 106.0 £ 1.00 b 206+0.15a 1.89+0091a 30.55+7.0a
PC 5% 0.53+0.04a 106.3+£1.15b 2.88+0.23b 244+ 1.78a 28.32+4.0a
PC10% 0.54+0.02a 125.3+2.08 c 3.68+0.39¢c 1.86 + 1.8a 30.61+8.3a
PC15% 0.56+0.03a 123.3+1.53c 446 +0.05d 144 +031a 2830+ 2.2a
MTA - 220+1.00d 486+0.19d 2.86+1.76a 25.25+4.5a

PC: Portland cement; PC 2%: Portland cement plus 2 wt% of bismuth carbonate; PC 5%: Portland cement plus 5 wt% of bismuth carbonate; PC 10%: Portland
cement plus 10 wt% of bismuth carbonate; PC 15%: Portland cement plus 15 wt% of bismuth carbonate; MTA: mineral trioxide aggregate

Different superscript letter represent statistical differences between groups (P < 0.05).
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Figure 2. Scanning electron micrograph of freshly mixed samples of PC (A), PC 2% (B), PC 5% (C), PC 10% (D), PC 15% (E) and MTA (F) (mag-

nification, 1000X%). Presence of crystalline (yellow arrow) and amorphous (red arrow) phases in all samples (magnification, T000X).
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mRNA Expression

No statistically significant differences were observed for the
expression of the proinflamatory cytokines IL1A, IL6, IL8 and
TNF and bone formation genes ALP, COLT and RUNX2 in HPDL
cells treated with PC 15% or MTA or control cells (Figure 6).

Von Kossa Staining

The presence of calcified mineral deposits, represented as
dark nodules, was observed in the HPDL cells treated with PC,
PC 15% and MTA (Figure 7).

DISCUSSION

Root repair material must have a radiopacity level that allows
the dentist to distinguish the material from the surrounding an-
atomical structures. Because PC does not have the required ra-
diopacity level, a radiopacifying agent should be added in order
to be used as an endodontic material (6). Alternative materials,
including bismuth carbonate and others, have been proposed
to substitute bismuth oxide (6); therefore, bismuth carbonate
was chosen as the radiopacifying agent for this study.

As there were no statistical differences for the water-to-pow-
der ratios between the groups, the arithmetic mean was
made with the means of each group in order to obtain only
one water-to-powder ratio for all PC groups. Therefore, the
water-to-powder ratio used in all tests of this study was 0.54
g of cement powder to 0.20 mL of distilled water. This wa-
ter-to-powder ratio is in accordance with previous study (3).

The setting time of a root repair material is an important factor
because it allows the clinician to plan the clinical intervention.
In order to avoid being washed out, the ideal setting time
should be reduced. However, an extremely reduced setting
time may result in difficult handling during application of the
material (4, 18). According to the manufacturer, the final set-
ting time of white MTA-Angelus is 15 min. In the present study,
the final setting time obtained for the MTA was 22 min, similar
to those obtained in other studies (18-20).

PC-based groups had higher setting time than MTA-Angelus and
increased proportionally with the amount of bismuth carbonate,
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Figure 3. Results of XRD analysis of the powder form of PC, PC 2%, PC 5%, PC 10%, PC 15% and MTA
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TABLE 3. Means and standard deviations of pH values for all groups at different time periods

PC PC 2% PC 5% PC 10% PC15% MTA
3 hours 9.90 + 0.04a 10.01+0.14a 9.71+0.31ab 9.77 £0.13a,b 9.47 £0.09b,c 9.37+0.17c
24 hours 8.53 +0.06a,c 8.57 £0.99a,b,c 8.37+0.10a 8.92+0.39b,c 8.40 +£0.04a 8.85+0.23c
48 hours 7.92+0.22a 8.56 + 0.33b 8.05+0.30a 8.28 +0.16a,b 7.97 £0.16a 8.15+0.10a,b
72 hours 8.08 £ 0.08a,b 8.12+0.13a 7.95+0.11a,b 7.88+0.12a,b 7.82+0.19b 8.05+0.13a,b
7 days 7.98 +0.15a 8.04£0.0% 798 +0.12a 7.90+0.12a 7.86+ 0.08a 8.03 £ 0.06a

PC: Portland cement; PC 2%: Portland cement plus 2 wt% of bismuth carbonate; PC 5%: Portland cement plus 5 wt% of bismuth carbonate; PC 10%: Portland
cement plus 10 wt% of bismuth carbonate; PC 15%: Portland cement plus 15 wt% of bismuth carbonate; MTA: mineral trioxide aggregate

Different superscript letter represent statistical differences between groups (P < 0.05).

which was also observed by other studies (21, 22). The addition of
radiopacifying agents increases the setting time because it pre-
vents cement from particle packing, and therefore the time for
the formation of the cement matrix will be increased (21). Never-
theless, studies have shown that the addition of nanoparticles of
some radiopacifying agents to PC has decreased the setting time
of the mixture (23, 24). Li et al. (23) suggested that the hydration
reaction is accelerated due to the presence of heterogeneous nu-
cleation sites on the nanoparticles surface.

SEM images showed that the PC-based groups had larger and
more irregular particles when compared to MTA, corroborat-

ing with the findings of Hwang et al. (4, 5). The difference in
particle shape could explain the higher setting times for the
PC-based groups, as smaller particles have larger surface area,
and therefore faster setting time (25). EDS results from this
study are in accordance with previous findings (4, 5, 26) and
further confirm that MTA and PC have the same major com-
ponents, which are calcium, oxygen, silicon and aluminium.

The similarity between PC and MTA was also observed by the
XRD, which is in agreement with numerous reports (26). The
hydrated forms of all cements had less intense peaks than
the powder forms, as described elsewhere (1, 27). During the
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Figure 5. Results of XTT (2,3-bis(2-methoxy-4-nitro-5-sulfopheny)-2H-
tetrazolium-5-carboxyanilide inner salt), NR (nheutral red) and CVDE (crys-
tal violet dye elution) cytotoxicity assays on HPDL fibroblasts exposed to
PC, PC 2%, PC 5%, PC 10%, PC 15% and MTA. Culture media were used
as negative control and 0.1% SDS as positive control. Note that cell viability
was greater than 70% for all the tested materials as required by the Inter-
national Standardization Organization (ISO) (dashed line) in all three assay
parameters

* significantly different from all groups

cement hydration, the components are dissolved in water,
which results in reduction of peak intensity as well as in the
appearance of an amorphous phase (1, 27), which fails to be
identified by the XRD analysis.

ANSI/ADA specification n°57 (10) establishes that an end-
odontic material must have a radiopacity above 3 mm Al. The
obtained results showed that the PC associated with 0 wt%, 2
wt% and 5 wt% bismuth carbonate did not have the required
radiopacity to meet the criteria of an endodontic material.
However, if associated with 10 wt% or 15 wt% of bismuth car-
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Figure 6. Results of gene expression assays for proinflammatory cyto-
kines (IL1A, IL6, IL8 and TNF) and mineralisation genes (ALP, COL1 and
RUNX2) in HPDL fibroblasts treated with MTA and PC 15%. No signifi-
cant differences were found for cytokine or mineralisation gene expression
between the groups in comparison to control tissues. Although not signifi-
cant, PC15% showed higher expression of RUNX2 compared to MTA

bonate, the required radiopacity by ANSI/ADA was achieved
(3.68+0.39 and 4.46+0.05 mm of Al, respectively). Statistical
analysis showed no difference between the radiopacity levels
of MTA and PC 15%.

The pH of all tested materials was alkaline, varying from 7.5 to
10.2. Other studies using similar methodology present similar
findings (18, 20). Higher pH values have also been reported,
and discrepancies among study results may be explained, in
part, by the different methodologies used (2). The alkaline pH
in these materials promotes an antimicrobial action in the sur-
rounding tissues creating an unfavourable environment for
bacteria survival (28).

ISO 6876 (29) recommends that an endodontic material should
have solubility lower than 3%, which was observed for all
groups. Even though no statistical significant differences were
found between the groups, the solubility of the MTA was higher
than PC, which was also observed by Ricci Vivan et al. (18).

All groups showed calcium ion release, and this release may
justify the good biological properties of the MTA and PC-
based groups (18, 20).

The model selected to obtain extract media for the biological
property assays simulated a clinical scenario, and the use of
HPDL cells also reflects a relevant clinical scenario (11, 13). The
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Figure 7. Images of Von Kossa staining results in HPDL fibroblasts cocultured with (A) PC, (B) PC plus 15 wt% of bismuth carbonate (PC 15%)c
and (C) MTA-Angelus. Note the formation of mineral deposits (dark nodules) in all groups (original magnification, 10x)

multiparametric cytotoxicity assay kit used allows the evalu-
ation of the material toxic effects in the same cells through
three different parameters: mitochondrial metabolism and
respiratory toxicity (XTT); lysosomal integrity and membrane
permeability (NR); and cell proliferation and presence of DNA
(CVDE). This assay provides information on the specific biolog-
ical mechanisms through which the cements may be cytotox-
ic(11,13, 30, 31).

Results for the cell viability assays showed no statistical-ly
significant differences between the tested materials and
negative control group for both 24- and 48-h experimental
periods, suggesting that the addition of bismuth carbonate
up to a 15 wt% concentration to PC is biocompatible and not
damaging to HPDL cells. All of the tested materials maintained
cell viability and proliferation, and no evidence of damage to
the cell membrane and DNA was found. Corroborating with
our findings, previous studies have shown that ProRoot MTA,
MTA-Angelus and PC were not cytotoxic, allowing a cell via-
bility of 70% or higher, as required by the ISO guidelines (4,
30-33).

Additional biological properties, such as anti-inflammato-
ry and osteoconductive properties, are also desirable for
MTA-substitute materials. Once the PC 15% provided excel-
lent radiopacity and cell biocompatibility, we decided to anal-
yse the effects of PC 15% on the expression of inflammatory
cytokine and bone formation genes, as well as its ability to
induce mineralisation.

No significant differences were observed for mRNA expres-
sion of the proinflammatory cytokines IL1A, IL6, IL8 and TNF
between MTA, PC 15%, and control groups. These results
are in agreement with Pereda et al. (34) who reported that
MTA-Angelus did not induce higher cytokine gene expres-
sion in murine macrophages in comparison to controls.
Similarly, the expression of ALP, COLT and RUNX2, markers
of fibroblast differentiation and bone formation, was also
not significantly different between the groups, although
the expression of RUNX2 in the cells exposed to PC 15% was
notably higher. In a previous study, the incubation of HPDL
cells with ProRoot MTA for 5 days resulted in higher COL1

and RUNX2 mRNA expression than in controls, and it was
suggested that ProRoot MTA is able to induce the differen-
tiation of PDL cells to cementoblast/osteoblast (35). Pérard et
al. (36) also evaluated the expression of bone formation genes
in dental pulp cells in the presence of ProRoot MTA for 7 days
and observed decrease in COLT expression when compared
to the control, whereas no differences were found for the
expression of RUNX2 and ALP. Any discrep-ancies in the
results of our study and previous reports may be related to
differences in the time of material exposure to the cells and
the different effects observed for cell dif-ferentiation.

Nonetheless, using Von Kossa staining, we observed the
pres-ence of mineralisation nodules in the HPDL fibroblasts
cocul-tured with PC, PC 15% and MTA. These results are
consistent with previous studies, where mineral deposits
were found in cells cultured with ProRoot MTA (15, 37, 38).

CONCLUSION

The results of the present study demonstrated that the
ad-dition of 15 wt% of bismuth carbonate to Portland
cement did not result in sig-nificant changes to its
physicochemical properties when compared to MTA-
Angelus, except for the setting time, while maintaining cell
viability and proliferation, and inducing min-eralisation and
new bone formation. Therefore, it may be con-sidered a
potential substitute for MTA.
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