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ABSTRACT

Statement of the Problem: Endodontic materials that are placed in direct contact with liv-
ing tissues should be biocompatible. The cytotoxicity of Nano Fast Cement (NFC) com-
pared to ProRoot Mineral Trioxide Aggregate (ProRoot MTA) must be evaluated.

Purpose: This In vitro study aimed to assess the cytotoxic effects of NFC in comparison to
ProRoot MTA on L-929 mouse fibroblast cells.

Materials and Method: In this animal study, L-929 mouse fibroblast cells were grown in
Dulbecco's Modified Eagle's medium (DMEM) supplemented with 10% fetal bovine se-
rum (FBS) in an atmosphere of 5% €0,/95% air at 37 C. A total of 10* cells from the fourth
collection were plated in each well of a 96-well micro-titer plate. Materials were mixed
according to the manufacturer’s instruction and placed into the related plastic molds with 5
mm diameter and 3 mm height. After 24 hours and a complete setting, the extracts of the
tested materials were produced at six different concentrations and placed in the related wells.
Cells in DMEM served as the negative control group. DMEM alone was used as the positive
control group. Methyl-thiazoltetrazolium (MTT) colorimetric assay was conducted after 24,
48, and 72 hours. The absorbance values were measured by ELISA plate reader at 540 nm
wavelength. Three-way analysis of variance, post-hoc Tukey, LSD, and independent t-test
were used for the statistical analyses using SPSS software, version 16.0.

Results: There was no statically significant difference between MTA and NFC in cell viabil-
ity values at different concentrations and different time intervals (p= 0.649). Viability values
were significantly decreased after 72 hours, but there was no significant difference between
the first and second MTT assays (p= 0.987). Cytotoxicity significantly increased at concen-
trations higher than 6.25 pg/ml.

Conclusion: Cytotoxicity depends on time, concentration, and cement composition. There
was no statistically significant difference between NFC and MTA concerning their cytotoxic
effects on L-929 mouse fibroblast cells.
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Introduction

MTA is considered the "gold standard” among many

Mineral Trioxide Aggregate (MTA) was developed at endodontic types of cement owing to its ability to pro-
Loma Linda University in 1993. It was firstly used as a mote the regeneration of periodontal ligament (PDL)
root-end filling material, but the material has also been and hard tissue formation [2]. Several in vitro and in
employed in apexogenesis, apexification, root canal vivo studies have reported that MTA is biocompatible
perforation repair, and pulp capping procedures [1]. [3-5] and has a lower toxicity than superEBA and amal-
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gam when it is used as retro filling material [6]. The
minimum level of cytotoxicity makes MTA the best
choice in many treatment procedures [7-9]. It also pro-
vides a good seal [10-12] and has antimicrobial activi-
ties [13-14]. However, MTA has some disadvantages
such as long setting time [13], tooth discoloration [15],
difficult handling [16], and high cost. An endodontic
cement should ideally have a relatively short setting
time to avoid being washed out by saliva and body flu-
ids [17]. In some cases, more than one treatment session
is needed to place the final restoration for the tooth in
which MTA has been applied. Several new bioceramic
materials were introduced that seem to have shorter
setting times than MTA. Biodentine is a nano-particle
calcium silicate-base cement with excellent mechanical
properties and biocompatibility. It has a significantly
shorter setting time (10-12 minutes) and better handling
features compared to ProRoot MTA [18]. Biodentine is
a great alternative to MTA in some endodontic proce-
dures.

To overcome the inadequacies of the ProRoot MTA,
a new nano-particle calcium silicate-based cement
named Nano Fast Cement (NFC) (Sanat Avaran Vista,
Iran) was introduced by researchers at Shiraz Universi-
ty. NFC has practically the same chemical composition
as ProRoot MTA, although the size of its particles was
decreased with Wet Stirred Media Milling (WSMM) for
15 hours, and setting time and handling features were
enhanced to similar levels as Biodentine [19].

Endodontic materials that are placed in direct con-
tact with living tissues should be biocompatible [20].
The purpose of the present experiment was to evaluate
the cytotoxicity of NFC compared with ProRoot MTA.

Materials and Method

Test materials and sample preparation

Test materials used in this study were ProRoot MTA
white-colored formula (Dentsply Tulsa Dental, Tulsa,
Oklahoma, USA) and NFC (Sanat Avaran Vista, Iran).
After sterilization with an ultraviolet beam, the materi-
als were mixed according to the manufacturer's guide-
lines under aseptic conditions. Freshly mixed materials
were placed into the plastic molds with 5-mm diameter
and 3-mm height, and then incubated at 37 and 95%
humidity for 24 hours. After complete setting, extracts
of the materials were produced as follows: 5 ml of com-

plete Dulbecco's Modified Eagle Medium (DMEM;
Sigma Chemical Co., St. Louis, MO, USA) containing
10% Fetal Bovine Serum (FBS; Gibco, Grand Island,
NY, USA) was mixed with 1 mg of each test material in
sterile vials. The mixture was incubated at 37 at 100%
relative humidity for 72 hours. The medium was then
drawn off and filtered using sterile filters at 0.22 pm
(Millipore; Billerica, MA, USA). The extracts were
serially diluted 1:2 with complete DMEM to achieve a
total of six concentrations of each extract (neat, 1/2, 1/4,
1/8, 1/16, 1/32).

The cells in DMEM served as the negative control
group. DMEM alone, in 96 well tissue culture plates,
were used as the positive control group.

Cell cultures

L-929 mouse fibroblasts were grown in 75 cm? flasks in
DMEM containing 10% FBS, 10000 units of penicillin-
G/ml, 10 mg of streptomycin/ml, and 200 mM of L-
glutamine (Sigma chemical co. St. Louis, MO, USA) in
an atmosphere of 5% c0,/95% air at 37 . Cells were
collected by washing with serum-free DMEM before
being treated with 5 ml trypsin (0.1%) 0.1ml EDTA
(0.01%) solution in phosphate-buffered saline for 7-10
minutes. Cells from the forth collection were plated in a
96-well plate at a density of 10* cell per well and al-
lowed to attach for 24 h to a complete DMEM.

Metabolic assay

Methyl-thiazoltetrazolium (MTT) colorimetric assay
was used for the determination of the cytotoxicity of the
tested cements [21]. After 24 hours, complete DMEM
was removed and 100 pl of the extracts of the experi-
mental materials were placed in each well. After 24, 48,
and 72 hours of incubation, 25ul of MTT (Sigma-
Aldrich Co., St. Louis, MO, USA) stock solution was
added to each well, and the plate was incubated for 4
hours. Then, dimethylsulphoxide was added to each
well to solubilize the formazan crystals, and the absorb-
ance was determined at 540 nm using an ELISA plate
reader (PowerWaveTM X52, BioTek Instruments Inc.,
Potton, UK). Four wells were assigned to each experi-
mental group and six wells to the control groups. At 24,
48, and 72 hours, an MTT assay was conducted on the
relative plate. The cell viability was defined as the per-
centage of mean OD value of each cement compared
with the optical density values of the negative control
groups. The cell viability value of more than 90% was
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defined as non-toxic, 60-90% and 30-60% indicated
mild and moderate toxicity, respectively, and the cell
viability value of less than 30% was defined as toxic
[22-24].

Statistical analysis

All the analyses were performed using SPSS software,
version 16.0. Three-way analysis of variance was used
to assess the effect of cement type, concentration, and
time on the toxicity. Post-hoc Tukey, LSD and inde-
pendent t tests were used to determine the differences in
cell viability values. The level of statistical significance
was set at 5%.

Results

According to the results of the three-way analysis of
variance, concentration (p< 0.001), time (p= 0.03) and
type of cement played an important role in cell toxicity
compared to the control groups (p< 0.001). Changes in
these factors caused variations in cell viability.

Tukey test revealed no statistically significant dif-
ference between MTA and NFC in cell viability (p=
0.649). MTA was significantly distinct from the positive
(p= 0.003) and negative (p< 0.001) control groups.
There was a statically significant difference between
NFC and the control groups with respect to cell viability
values (p< 0.001).

LSD test was used to assess the effect of time on
cell viability. The results showed that there was a stati-

0.987). Cell viability decreased in the third MTT assay
in both of the tested cements.

Cell viability values at 1/16 and 1/32 concentrations
did not differ significantly (p= 0.911). Furthermore, cell
viability values at neat, 1/2, 1/4, and 1/8 concentrations
were almost similar (p= 0.802). There was a significant
difference in cell viability between these two groups.
Cell viability increased at lower cement concentrations.

As shown in Table 1 and Figure 1, MTT assay
showed that 24 hours after exposure, MTA and NFC
were highly toxic at neat and 1/2 concentrations, mod-
erately cytotoxic at 1/8 concentration and non-cytotoxic
at concentrations of 1/16 and 1/32. At 1/4 concentration,
MTA showed moderate toxicity, while NFC revealed
severe toxicity. Independent t test showed that cell via-
bility in the NFC group at 1/32 (p= 0.044) and 1/16 (p=
0.045) concentrations were significantly higher than the
negative control group.

After 48 hours, both MTA and NFC at concentra-
tions of 1/4, 1/2, and 1 were highly cytotoxic. They
were moderately cytotoxic at 1/8 concentration. MTA
revealed mild toxicity at 1/16 concentration, while NFC
was not cytotoxic at this concentration. At 1/32 concen-
tration, both cements were not cytotoxic. Furthermore,
NFC provoked cell proliferation at 1/32 (p= 0.009) and

Table 1: Percentage of cell viability following exposure to
different concentrations of the cements after 24, 48 and 72 hours

o i . C . 24 hours 48 hours 72 hours
cally significant difference between the third MTT as- oncentration —=m NFE T MTA NFC  MTA NEC
say (72 hours) with the first (24 hours) (p= 0.021) and 1 264 231 218 239 126 99

. L 172 268 264 203 239 134 129

second MTT assays (48 hours) (p= 0.022) in cell viabil- 1/4 302 252 9278 263 132 114
ity values. No statically significant difference was found 18 348 456 346 403 218 221
. 1/16 1153 1599 752 1405 623 723

between the first and second MTT assay values (p= 1/32 1183 1639 103.08 1615 743 818
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Figure 1: Percentage of cell viability following exposure to different concentrations of the cements (meanSD)
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Figure 2: percentage of cell viability following exposure to different concentrations of the cements (mean+SD)

1/16 (p= 0.021) concentrations. Also, significant cell
proliferation was noted at 1/32 concentration in the
MTA group (p= 0.046) (Figure 2) compared with the
negative control group (Table 1 and Figure 2).

After 72 hours, MTA and NFC were absolutely cy-
totoxic at concentrations higher than 1/16. Both of the
cements revealed low toxicity at 1/16 and 1/32 concen-
trations. After 72 hours, cell viability was lower than the
negative control group for both of the tested cements
(Table 1 and Figure 3).

In the current study, the Tukey test was used to
evaluate the effect of different concentrations on cell
viability.

Discussion

Different methods have been employed to evaluate the
cytotoxicity of dental materials. The MTT colorimetric
assay is a common technique for assessing the toxicity
of endodontic filling materials and endodontic cements
[25]. Mitochondrion absorbs the tetrazole, and then suc-
cinate dehydrogenase enzyme converts the tetrazole to
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formazan. Afterward, an acidified solution is added to
dissolve the formazan and create a colored solution. The
absorbance, optical density (OD), of this colored solu-
tion can be measured by an ELISA plate reader at a
certain wavelength [23]. This method is simple, rapid,
and highly accurate [7]. Moreover, MTA is a hydrophil-
ic material that releases various ions after contact with
fluids, and these ions can affect the intracellular en-
zymes [6]. For this reason, MTT method, which evalu-
ates the activity of the mitochondrial dehydrogenase
enzyme, was chosen. Different studies have used differ-
ent cell lines such as mouse gingival fibroblasts, human
pulp stem cells, human endothelial cells, and so on to
assess the cytotoxicity of endodontic materials [7, 22,
24]. Established laboratory mouse L-929 gingival fibro-
blasts were used, which are recommended by the Inter-
national Standard Organization for primary cytotoxic
evaluations [6]. To reproduce the in vivo situation, prim-
ary cell strains derived from vital human tissues are
necessary.

As we mentioned earlier, MTA is the gold standard
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Figure 3: Percentage of cell viability following exposure to different concentrations of the cements (meanSD)
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among many bioceramic cements, and its biocompati-
bility has been proven by many studies [3-6]. NFC is a
bioceramic cement with nanoparticles. It contains calci-
um oxide, silicon dioxide, zirconium dioxide (opacifi-
er), aluminum oxide, magnesium oxide, sulfur trioxide,
phosphorus pentoxide, titanium dioxide, and carbonic
acid. The size of these particles was decreased via mill-
ing due to Sanaee et al. method [19] tried to construct a
cement with a shorter setting time (15 minutes) and
simple handling compared with MTA.

In this study, a significant difference between the
third MTT assay (72 hours) with both first (24 hours)
and second (48 hours) MTT assays was noted. Cell via-
bility decreased significantly after 72 hours (72 hours<
48 hours=24 hours). Saberi et al. [26] evaluated the
cytotoxicity of several endodontic cements on stem cells
of the human apical papilla. They reported that cell via-
bility in the MTA group decreased over time. It was
reported that the maximum cell viability at 24 hours
belonged to the MTA group [24]. The viability of L-929
fibroblasts decreased after 48 hours. The results of our
study are in line with the results of Saberi et al.[26] and
Ghuddosi et al.[24], who found that longer exposure of
the target cells to the toxic elements such as bismuth
released from MTA and the decrease in the amount of
nutrients in the culture medium after 72 hours were pos-
sible reasons for reduction of cell viability over time
[27-28].

De Deus et al. [7] reported an increase in the viabil-
ity of endothelial cells exposed to MTA after 72 hours.
Another study [22] assessed the cytotoxicity of MTA on
the human pulp stem cells. They concluded that the
viability of the stem cells exposed to MTA increased
over time. Different target cells and different concentra-
tions of the cements used in those two studies can ex-
plain the controversy in the results. In the latter study
[22], cell density inside each well was much less (3000
cells per well) than our study. As a result, cell growth
conditions were more favorable, which could lead to
subsequent cell proliferation over time.

We found that cytotoxicity was dose-dependent. Cy-
totoxicity of the cements increased at higher concentra-
tions. This is consistent with another study [24], which
assessed the cytotoxicity of neat, 1/2, 1/10, 1/100 con-
centrations of MTA as well as Jaberiansari et al.’s study
[22]. Higher concentrations of calcium silicate base
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cements could create a high pH environment. This alka-
line pH could destroy the cell membranes and intracel-
lular enzymes [29]. Furthermore, target cells were ex-
posed to much more amount of cytotoxic ingredients
such as bismuth. This could explain the difference in
cell viability values at different concentrations. Ribeiro
et al. [8] evaluated the cytotoxicity of MTA and Port-
land cement at different concentrations. Cell viability
remained unchanged after exposure to different concen-
trations of MTA. They used a different method (single-
cell gel) and different target cells (Chinese hamster ova-
ry) for cytotoxicity assessment.

Our study compared the cytotoxic effect of MTA
and NFC at six different concentrations. There was no
statistically significant difference in cell viability be-
tween the tested cements at various concentrations. Via-
bility values were highest in the NFC group at 1/32 con-
centration. Statistical analysis of the OD values revealed
an increase in cell viability and proliferation in the NFC
group at 1/32 and 1/16 concentrations after 24 and 48
hours. Also, a significant increase in cell viability in
comparison to the negative control group was observed
in the MTA group at 1/32 concentration after 48 hours.
Jaberiansari et al. [22] reported significant cell prolifera-
tion in the MTA and CEM cement (BioniqueDent, Teh-
ran, Iran) group after 48 hours, which is consistent with
our results. Those findings indicated that some chemical
elements released from the tested cements, such as cal-
cium ions, can provoke cell proliferation. One study
showed the important role of calcium ions on the sur-
vival of mesenchymal stem cells [30]. Calcium has a
signaling ability and can up-regulate the cell function
[31-32]. Moreover, calcium silicate base cements can
act as a scaffold for cell attachment and subsequent cell
proliferation.

This study had some potential limitations. MTT as-
say, which was used for assessing the cell viability of
the fibroblast cells, cannot evaluate apoptosis and cell
necrosis. In addition, the human tissue environment
and defense mechanism can affect the cell response to
the cements. Therefore, more animal and in vivo stud-
ies are needed to investigate the exact cytotoxicity of
the NFC.

Conclusion
The MTA and NFC had a similar effect on L-929 mouse
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fibroblasts. Both cements were able to induce cell pro-
liferation at certain concentrations and specific times.
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