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Original Article

In Vitro Cytotoxicity Evaluation of
Novel Nano-Hydroxyapatite-Silica

Incorporated Glass lonomer Cement

ABSTRACT

Introduction: Glass lonomer Cements (GIC) are among the
most popular restorative materials, but their use in dentistry is
limited due to their physical properties. The hardness of GIC
was improved by incorporation of nano-hydroxyapatite-silica
into GIC, to expand its applicability.

Aim: To evaluate the cytotoxic effects of nano-hydroxyapatite-
silica incorporated glass ionomer cement (HA-SiO,-GIC) on
human Dental Pulp Stem Cells (DPSC) and compare it with
conventional GIC and resin modified GIC.

Materials and Methods: Material extracts of Fuiji IX, Fuji Il LC
and HA-SiO,-GIC were prepared into seven serial concentrations
and applied to 96-well-plates seeded with DPSC. The 96-well-
plates were incubated for 24 and 72 hours. The morphology
of DPSC was observed under the inverted phase contrast
microscope, and the cell viability was determined using MTT

INTRODUCTION

GIC are one of the most popular materials among current dental
restoratives [1]. These cements have been successfully applied in
dentistry for more than 25 years, ever since their invention [1-4].
These cements are successful because they have unique properties
like direct adhesion to the tooth structure and base metals [5],
thermal compatibility [6] and low cytotoxicity [7-10]. Even though
these Conventional Glass lonomer Cements (CGIC) have numerous
advantages, their use as a restorative material is limited due to
brittleness, poor abrasion resistance and lower flexural and tensile
strengths [3,6].

While maintaining the advantageous properties of CGIC, Resin-
Modified Glass lonomer Cements (RMGIC) was developed, to
overcome the limitations of CGIC. RMGIC demonstrated reduced
moisture sensitivity, improved mechanical strengths, extended
working time and ease of clinical handling [1,11]. However, they
were found to be more cytotoxic than CGIC [9,12,13].

The incorporation of micron range sized particles, such as, alumina,
zirconia or glass fibers into CGIC are some efforts made to improve
the mechanical strength of CGIC [14-17]. Nevertheless, it did not
significantly improve their mechanical strength. These days, the
application of nanoscale biomaterials in dentistry is becoming
highly popular and favourable. Interestingly, these materials have
been reported to exhibit better properties in terms of strength,
polishability and aesthetic value as compared to commercial ones
[18,19]. Meanwhile, hydroxyapatite is a naturally occurring mineral
form of calcium apatite. Synthesis of nanosized hydroxyapatite has
now become possible due to various technological advances [20].
As hydroxyapatite has been used as filler in various biomaterials;
biocompatibility, hardness analogous to natural tooth structure
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assay at both time intervals. Kruskal-Wallis test was performed
for statistical analysis.

Results: At maximum concentration, DPSC appeared fewer in
number, but the normal spindle morphology was maintained
in all groups except for Fuji Il LC. At lower concentrations,
DPSC appeared normal and more confluent in all groups. The
cytotoxic effects of all groups were dose dependent. Fuji IX
demonstrated the lowest cytotoxicity, followed by HA-SIO,-GIC.
Fuji Il LC demonstrated the highest cytotoxicity. The difference
was significant between all groups at 200 mg/ml concentration
(p<0.05). At concentration <100 mg/ml, cytotoxicity of HA-SiO,-
GIC was comparable to that of Fuji IX and lower than that of
Fuiji Il LC.

Conclusion: HA-SIO,-GIC showed a favourable cytotoxicity
response and thus holds promise as a future potential restorative
material in clinical dentistry.

Keywords: Biocompatibility, Dental pulp stem cells, MTT assay

and intrinsic radiopaque response are some of the benefits that
hydroxyapatite (HA) has provided to the field of restorative dentistry
[21-24].

There have been many attempts to improve the mechanical
properties of CGIC. Improvements in their compressive strength,
diametral tensile strength [22], flexural strength [23], toughness,
bonding and fluoride-release properties [21] have been reported
after the addition of HA into the material. Likewise, the authors
have reported a study, wherein the improvement in hardness of
commercially available CGIC Fuiji IX GP (GC International, Japan)
was attempted by incorporating nano-HA-silica powder into it
[25,26]. In this case, nano-HA-silica was synthesized locally by one
pot technique [25]. Consequently, a 73% increase in hardness of
GIC was reported. It is believed that within the GIC matrix, the voids
between the hexagonal HA particles are filled in by the nano silica
particles. This enhanced the packing density and thus increased its
hardness [25,26]. Despite many studies conducted on their physical
and mechanical properties, to the best of our knowledge, no studies
have been conducted to assess the cytotoxicity or biocompatibility
of nano-HA-silica incorporated GIC, particularly on human DPSC. It
is well known that the incorporation of resin into GIC has resulted in
an increase in its cytoxicity [12,13]. Thus, it may be speculated that
the incorporation of nano-HA-silica into GIC and its reaction may
result in formation and release of by products or components that
are cytotoxic or genotoxic.

Biocompatibility of any dental material should be tested before
their use in patients. Animal experiments and cell culture tests are
available for testing the biocompatibility of biomaterials or dental
materials. While animal experiments are relatively expensive and
require extended periods of experimentation, cell culture methods
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can be performed at lower costs, are relatively faster and easier
to perform, and can be reproduced easily [27]. A wide range of in
vitro assays have been developed in recent years to evaluate the
biocompatibility of various biomaterials. MTT {3-(4,5-dimethythiazol-
2-yl)-2,5-diphenyl tetrazolium bromide} is one such in vitro assay,
which is a sensitive, quantitative and reliable colorimetric assay that
measures viability, proliferation and activation of cells [28]. In living
cells, yellow water soluble MTT is reduced to dark blue formazan
product by mitochondrial dehydrogenase enzyme [28]. The amount
of formazan produced is directly proportional to the number of
viable cells present. Hence, measuring the optical density will help
in determining the amount of formazan produced and the number
of viable cells present, this forms the basis of MTT assay [28].

Restorative materials that are used to replace and restore the loss
of tooth structure in the oral cavity normally lie in close proximity to
the dental pulp. As such, biocompatibility is one of the important
properties that any dental restorative materials should possess.
Since dental pulp stem cells play an important role in maintaining
a healthy dental pulp [29], substances leaching out from these
materials should not be cytotoxic to the pulp tissue, especially to
these cells. Hanks CT et al., reported that the reaction of cultured
cells to restorative materials is influenced by the type of cells
used [30]. Similarly, Huang FM and Chang YC suggested that in
vitro cytotoxicity tests should be performed using cells that are
homologous to human tissues of ultimate concern [29]. Based on
these reasons, the human DPSC were chosen as the cells of interest
in this study. Therefore, the purpose of this study were to evaluate
the cytotoxic effects of nano-hydroxyapatite-silica incorporated
glass ionomer cement (HA-SIO,-GIC) and compare it with the
commercially available CGIC and RMGIC, on human DPSC using
MTT assay.

MATERIALS AND METHODS

This was an in vitro comparative experimental study carried out over
a period of three months at Craniofacial Science Laboratory, School
of Dental Sciences, Universiti Sains Malaysia, Kubang Kerian,
Kelantan, Malaysia.

A 5% HA-SIO,-GIC was prepared locally as described by Rahman,
et al, [25]. Fuji IX GP and capsulated Fuji Il LC were purchased
from GC Corporation (Japan). Commercially available DPSC were
obtained from ALLCELLS (USA). Mesenchymal stem cell (MSC) Basal
Medium and supplements were purchased from ALLCELLS (USA).
Tryp LE express was purchased from Invitrogen (California, USA). For
MTT test, MTT {3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide} powder was obtained from Calbiochem (Darmstadt,
Germany), dimethylsulphoxide (DMSO) from Merck (Germany) and
ELISA plate reader from Tecan (Switzerland).

Cell culture: Commercially available DPSC were obtained from
ALLCELLS (USA) and cultured with MSC Basal Medium +
supplements (ALLCELLS, USA). The cells were incubated at 37°C,
5% CO,Culture medium was changed every 3-4 days until the
cells reached confluence. The adherent cells were then detached
with TrypLE express (Invitrogen, USA) and the cells were then
passaged. The sub cultured cells of 6™ passage were used for this
experiment.

Preparation of the test material and their extracts: The materials
tested were 5% HA-SIO,-GIC, Fuiji IX (Fuji IXGP, GC, Japan) and Fuji
Il LC (Fuji Il LC, GC, Japan). A 100 mg of nano-HA-silica powder
was added to 1900 mg of Fuiji IX powder (Fuji IX GP, GC Japan), to
obtain a 5% HA-SIO,-GIC powder mixture. This 5% HA-SIO,-GIC
powder mixture was ground manually using a motor and pestle for
10 minutes [25]. The HA-SIO,-GIC cement was then prepared by
spatulation and mixing of the 5% HA-SIO,-GIC powder into the Fuiji
Xl liquid (Fuji IX GP, GC Japan) at a powder/liquid ratio of 1:1. The
cement was then introduced into a mold to prepare standardized
round shaped specimens of 10.0 mm diameter and 2.0 mm height.
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This mold with HA-SIO,-GIC was then interposed between two
glass slides and compressed to obtain flat round specimens [25].
Similarly, round shaped specimens of Fuji IX and Fuiji Il LC were also
prepared following the manufacturer’s instructions. After complete
setting, the specimens were removed from the molds and subjected
to ultraviolet radiation (Purifier Class Il Biosafety Cabinet, Labconco,
USA) for 30 minutes to sterilize them. The specimens were then
weighed and introduced into sterile glass bottles with MSC Basal
Medium + supplements and incubated for 72 hours at 37°C, 5%
CO,. The weight to volume ratio was 200 mg/ml, which was set
according to the ISO standards [31]. After incubation, the material
extracts were passed through a filter (20 pm) into another sterile
glass bottle. The extracts were then serially diluted and added to 96
well culture plates seeded with DPSC.

Evaluation of cytotoxicity using MTT assay: The MTT assay
was carried out as described in a previous study [32]. DPSC
were seeded in 96 well culture plates at 5 x 10° cells per well with
100 pl of MSC Basal Medium + supplements (ALLCELLS, USA)
and incubated for 24 hours at 37°C, 5% CO,. The medium was
then replaced with 200 pl of fresh medium containing different
concentrations of material extracts (200, 100, 50, 25, 12.5, 6.25
and 3.125 mg/ml), prepared by serial dilution. Plain culture medium
was used as negative control. Two sets of 96 well culture plates
were prepared for each of the three material extracts and each of
the two sets were incubated for 24 hours and 72 hours respectively
at 37°C, 5% CO,

After incubation, the morphology of cells in 96 well culture plates
were observed under the inverted phase contrast microscope (Carl
Zeiss, Germany). The effect of the material extracts on the cell
mitochondrial function was measured by MTT assay. A 20 pl of MTT
(5 mg/ml) was added into each well to a final concentration of 0.5
mg/ml, and incubated for four hours at 37°C, 5% CO,. Subsequently,
the wells were evacuated and 100 pl of Dimethyl Sulphoxide
(DMSQ) was added to each of the wells. Optical density (OD,, ) of
each well was measured using ELISA plate reader (Sunrise, Tecan,
Switzerland) at 570 nm wavelength with reference wavelength of
630 nm. The relative viability of the cells compared to the control
was calculated using the following formula.

% Cell Viability= {OD,,, of treated cells} x 100%/ {OD,,, of control
cells} [31].

STATISTICAL ANALYSIS

Data were entered using SPSS Version 2.0 (IBM SPSS, 2013).
Kruskal-Wallis test complemented by Mann-Whitney test was used
to analyse the data obtained and the level of significance was set
at p<0.05.

RESULTS

[Table/Fig-1a-g] is a set of photomicrographs showing morphology
and density of cells after culturing with material extracts for 72
hours. At highest concentration (200 mg/ml), DPSC appeared fewer
in number in all groups. However, normal spindle morphology was
lost in cells cultured with highest concentration of Fuiji Il LC material
extract only (200 mg/ml). Cell density increased with decreasing
concentration of the material extract for all groups. As for, Fuiji Il LC,
normal cell morphology was maintained at all concentrations<200
mg/ml.

Cell viability (%) determined by MTT assay was found to be the
highest with Fuiji IX extract at all concentrations after both incubation
periods, followed by HA-SIO,-GIC. The least cell viability (%) was
found with Fuji Il LC extract. The cell viability (%) was significantly
different between Fuji X vs. Fuiji Il LC and HA-SIiO,-GIC vs. Fuji Il LC
at 200 and 100 mg/ml concentration, after both incubation periods
(p<0.05). In the meantime, no statistically significant difference in
cell viability (%) was found between HA-SIO,-GIC vs. Fuji IX at any
concentration, except at the maximum concentration (200 mg/ml)
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[Table/Fig-1]: Photomicrographs showing cell morphology and density (200x
magnification) after culture with different concentration of extracts for 72 hours: (a)
Negative control; (b) 200 mg/ml Fuiji Il LC extract; (c) 200 mg/ml Fuji IX extract; (d)
200 mg/ml HA-SiO2-GIC extract; (e) 50 mg/ml Fuiji Il LC extract; (f) 50 mg/ml Fuiji IX
extract; (g) 50 mg/ml HA-SIO2-GIC extract.

(p<0.05). At all concentrations < 50 mg/ml, no significant differencein
cell viability (%) were found between Fuji IX vs. Fuiji Il LC and HA-
SiO,-GIC vs. Fuji ll LC (p>0.05). The results of statistical analysis are
presented in [Table/Fig-2-5]. [Table/Fig-6a,b] shows cell viability (%)
against material extract concentration after 24 hours and 72 hours
incubation period respectively.

DISCUSSION

In vitro cytotoxicity tests have been used widely to evaluate the initial
biocompatibility of dental materials. In this study, DPSC were used
to evaluate the in vitro cytotoxicity of locally produced HA-SIO,-GIC
and compare it with the in vitro cytotoxicity of commercially available
products, Fuji IX (CGIC) and Fuiji Il LC (RMGIC) using MTT assay.
Additionally, cells were observed under the inverted phase contrast
microscope to observe changes in the morphology and density of
cells following exposure to material extracts. The cells exposed to
200 mg/ml concentration of Fuji Il LC extract demonstrated the
lowest cell density with loss of normal spindle morphology as well.
Similar changes in morphology following exposure to extracts of
Fuji Il LC have also been reported previously by other author [33].
Maximum concentration (200 mg/ml) of Fuji IX and HA-SIO,-GIC
extract also reduced the cell density. However, their normal spindle
morphology was maintained. The changes in morphology together
with reduction in cell density indicate that the cytotoxic effects were
most significant with extracts of Fuji Il LC. This is possibly due to the
release of substantial amounts of residual unset monomers such
as HEMA from Fuji Il LC into the culture medium. Studies found
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Conc. Material Mean (SD)% Median (IQR)% o
mg/ml (n=15) 24 hrs 24 hrs P
Fuji IX 63.94 (14.14) 66.11 (26.44)
Fuiji Il LC 24.21 (8.27) 26.89 (15.89)
200 <0.001*
HA-SiO,-GIC 30.85 (9.11) 35.22 (14.57)
Fuiji IX 67.15 (12.11) 67.31 (25.24)
Fuiji Il LC 51.43 (12.08) 55.01 (22.00)
100 0.021*
HA-SIO,-GIC 60.97 (19.76) 68.02 (43.72)
Fuiji IX 70.35 (11.99) 75.72 (21.63)
Fuiji Il LC 62.27 (14.27) 64.79 (6.11)
50 0.147
HA-SIO,-GIC 69.79 (18.41) 75.30 (32.79)
Fuiji IX 74.36 (12.74) 79.33 (18.03)
Fuji Il LC 68.70 (13.82) 75.79 (24.45)
25 0.152
HA-SIO,-GIC 75.06 (16.77) 80.16 (30.36)
Fuiji IX 78.13 (11.74) 80.53 (22.84)
Fuji Il L 75.79 (12. .68 (23.2
125 uji Il LC 5.79 (12.59) 80.68 (23.23) 0.760
HA-SIO,-GIC 77.73 (16.11) 83.81(29.15)
Fuiji IX 83.01 (16.10) 91.35 (28.85)
6.25 | FujillLC 79.71 (15.33) 88.02 (28.12) 0.481
HA-SIO,-GIC 82.91 (13.66) 86.23 (24.29)
Fuji IX 90.79 (15.50) 96.15 (26.44)
3.125 | FujillLC 81.90 (14.89) 90.46 (30.56) 0.119
HA-SiO,-GIC 86.88 (14.52) 87.45 (26.72)

[Table/Fig-2]: Kruskal wallis test results for 24 hours incubation period variable.

* Statistically significant.

237:1] Comparison Z-statistic p-value
Fuji IX / Fuji I LC -4.670 <0.001*

200 Fuji IX/ HA-SIO,-GIC -4.590 <0.001*
Fuji Il LC/ HA-SIO,-GIC -2.432 0.015*

Fuji IX / Fuji Il LC -2.845 0.004*

100 Fuji X/ HA-SIO,-GIC -0.685 0.051
Fuji Il LC / HA-SIO,-GIC -1.725 0.089

[Table/Fig-3]: Mann whitney test results for 24 hours incubation period variable.

* Statistically significant.

that substantial amounts of HEMA were released from various
commercially available RMGIC into the liquid medium, when studied
using liquid chromatography [34,35]. The current study also found
that the density of cells increased with decreasing concentration
of all the material extracts. The cell morphology and density were
similar after both incubation periods, suggesting that cells behave in
a similar manner when exposed to material extracts for both short
and long incubation periods.

The results of the cell viability determined by using MTT assay
were consistent with the observation noted when the cells were
observed under the inverted phase contrast microscope. The cell
viability was found to be the lowest in the culture wells with 200
mg/ml concentration of Fuji Il LC extract. This is possibly due to
the release of residual monomers such as HEMA from Fuiji Il LC,
as stated earlier. Another study that tested the cytotoxicity of Fuiji Il
LC showed that the cytotoxicity of Fuji Il LC reduced considerably
when monomers such as HEMA were removed from Fuiji Il LC using
ethanol elution [12]. As such, Stanislawski L et al., [12] concluded
that residual monomers released from Fuiji Il LC is the main cause of
its cytotoxicity. The cytotoxic effects of RMGIC have been confirmed
with similar findings by other previous studies too, but using various
cell lines [9,383,35,36].

FujilXand HA-SIO,-GIC also demonstrated some degree of reduction
in cell viability. However, the cell viability was more than 50%, even
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Conc. Material Mean (SD)% Median (IQR) _value
mg/ml (n=15) 72 hrs % 72 hrs P
Fuiji IX 57.83 (11.07) 63.90 (23.30)
200 Fuji Il LC 9.86 (2.99) 11.32 (4.96) <0.001*
HA-SIO,-GIC 21.27 (7.16) 25.04 (11.99)
Fuiji IX 70.58 (9.88) 76.25 (16.95)
100 Fuiji Il LC 45.92 (5.89) 48.84 (7.79) < 0.001*
HA-SiO,-GIC 69.91 (17.12) 80.39 (33.85)
Fuiji IX 76.79 (13.81) 85.08 (26.48)
50 Fuiji Il LC 69.18 (10.02) 75.04 (19.11) 0.243
HA-SIO,-GIC 75.91 (15.53) 84.98 (31.73)
Fuji IX 80.89 (15.16) 90.02 (30.71)
o5 Fuiji Il LC 76.29 (13.69) 84.24 (26.90) 0.665
HA-SIO,-GIC 80.51 (17.21) 89.92 (34.56)
Fuiji IX 85.36 (16.82) 94.96 (33.89)
Fuiji Il LC 79.38 (15.46) 89.19 (29.38)
0.567
125 | HA-SI0,-GIC 84.11 (16.08) 92.74 (29.97)
Fuiji IX 90.56 (15.49) 99.20 (31.07)
Fuiji Il LC 84.85 (16.09) 94.15 (32.92)
6.25 0.609
HA-SIO,-GIC 87.14 (15.56) 95.91 (26.80
Fuiji IX 93.41 (12.99) 100.61 (25.06)
3.125 | Fujill LC 89.26 (13.86) 97.33 (23.71) 0.095
HA-SIO,-GIC 91.84 (12.16) 98.38 (19.04)
[Table/Fig-4]: Kruskal wallis test results for 72 hours incubation period variable.
* Statistically significant.
Sl Comparison Z-statistic p-value
mg/ml
Fuji IX / Fuiji Il LC -4.670 < 0.001*
200 Fuji X/ HA-SIO,-GIC -4.670 < 0.001
Fuiji Il LG/ HA-SIO,-GIC -3.246 < 0.001*
Fuji IX'/ Fuiji Il LC -4.420 < 0.001*
100 Fuji X/ HA-SIO,-GIC -1.474 0.141
Fuji Il LC / HA-SIO,-GIC -2.803 0.005*

[Table/Fig-5]: Mann whitney test results for 72 hours incubation period variable.

* Statistically significant.

at the maximum concentration (200 mg/ml) for Fuiji IX after both
24 hours (63.94+14.14) and 72 hours (57.83+11.07) incubation
period. This indicates that Fuji IX (CGIC) exhibited a moderate to
low cytotoxicity even at the highest concentration allowed by I1ISO
standards [37]. Similar findings have also been reported previously
by other authors [9,32,33]. Additionally, the cell viability of Fuiji X also
increased with decreasing concentration of the material extract. The
cell viability for Fuji IX was over 90% at lowest concentration (3.125
mg/ml) after 24 hours and 72 hours incubation period, indicating
that it was non-cytotoxic at this concentration. All these findings
suggest that the components released from Fuiji X are non toxic or
only slightly toxic to the cells.

Theoretically, since it does not contain monomers, HA-SIO,-GIC
group should not be cytotoxic or should only show mild cytotoxicity
like CGIC. However, HA-SIO,-GIC demonstrated a moderate to
high cytotoxicity value at maximum concentration (200 mg/ml).
We can speculate that the incorporation of nano-HA-silica into GIC
may have resulted in the formation and release of by-products or
components that may be toxic to the cells at this concentration (200
mg/ml). Based on a study by Shiekh RA et al., it was demonstrated
that there was a presence of a high degree of cross linking of silyl
species between the nanosilica and glass particles in the GIC matrix
[38]. As a result, lesser and fewer glass particles are available to
react with the Polyacrylic Acid (PAA) during the setting of HA-SIO,-
GIC, thus causing more un-reacted freely available PAA molecules
to be present in the set HA-SIO,-GIC matrix. These freely available
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[Table/Fig-6]: Cell viability (%) vs. material extract concentration (mg/ml). Cell
viability values obtained after incubation with various concentrations of material

extracts, statictical analysis carried out using Kruskal Wallis test: (a) 24 hours incu-
bation; (b) 72 hours incubation
* Statistically significant

PAA molecules may be released from HA-SIO,-GIC into the liquid
medium. However, no chemical analysis was undertaken in this
study to identify the exact components released from HA-SIO,-GIC
into the culture medium. Nevertheless, we speculate that the release
of freely available PAA molecules from HA-SIO,-GIC into the liquid
medium may be the cause of the cytotoxic effects induced by HA-
SiO,-GIC at 200 mg/ml concentration, which can only be confirmed
by chemical analysis study in future. Despite that, the cell viability
demonstrated by HA-SiO,-GIC was significantly higher than the cell
viability demonstrated by Fuiji Il LC at maximum concentration (200
mg/ml). Thus, it is assumed that the residual monomers released
from RMGIC (Fuji Il LC) are comparatively more toxic to the cells
than any of the components released from HA-SIO,-GIC.

At 100 mg/ml concentration, the cell viability demonstrated by HA-
SiO,-GIC was comparable and not significantly different from Fuiji
IX. In contrast, HA-SIO,-GIC still has significantly higher cell viability
compared to Fuiji Il LC. In addition, no significant difference was
noted at all other lower concentration. Thus, at concentrations< 100
mg/ml, HA-SIO,-GIC seems to exhibit favourable and comparable
findings similar to CGIC and has demonstrated better results
compared to RMGIC. A previous study that tested the cytotoxicity
and genotoxicity of nano-HA-silica alone, before incorporation into
Fuji IX reported a moderate to low cytotoxicity and no genotoxicity
at their highest concentration (100 mg/ml) [31]. Similarly, a moderate
to low cytotoxicity value of HA-SiO,-GIC was also demonstrated at
100 mg/ml concentration in the current study. Thus, our findings
correlate with the findings of a previous study that tested the
cytotoxicity and genotoxicity of nano-HA-silica alone [31].

Journal of Clinical and Diagnostic Research. 2017 Apr, Vol-11(4): ZC105-ZC109
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The current study indicates that the cytotoxicity of the materials
tested was dose dependent. Similar findings have been reported
previously for CGIC and RMGIC [12,33]. As mentioned earlier, to
the best of our knowledge, no previous study has reported the
cytotoxicity or biocompatibility of nano-HA-silica incorporated GIC.

LIMITATION

The results of this in vitro cytotoxicity testing should be extrapolated
to a clinical situation only with extra caution, as the protective effects
of the dentine and the defense and repair mechanisms of the pulp
are not considered in this study. Additionally, Commercial primary
cells used in this study may not be a representative of the cells
derived from the patient and their behaviour may change during
passaging.

CONCLUSION

Fuiji IX was found to be the most biocompatible material in terms of
its cytotoxicity, followed by HA-SIO,-GIC. On the other hand, Fuji Il
LC demonstrated the least biocompatibility in terms of cytotoxicity. A
favourable biological response was demonstrated by HA-SIO,-GIC,
whichis comparable to that of CGIC. HA-SIO,-GIC may be considered
as promising potential restorative material, however, its potential use
needs to be validated by further in vitro and in vivo investigations.
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