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The Biological Evaluation of Conventional and Nano-Hydroxyapatite-Silica
Glass lonomer Cement on Dental Pulp Stem Cells: A Comparative Study

Abstract

Background: Despite their lower strength, glass ionomer cements (GICs) are widely used as
restorative materials because of their anti-cariogenic properties, direct adhesion to tooth structure and
good biocompatibility. Recently, the addition of nano-hydroxyapatite (nano-HA)-silica to conventional
GIC (cGIC) has been shown to improve the strength of cGIC. However, the biocompatibility and cell
attachment properties of this material are unknown. Aims: This study aims to evaluate and compare
the cytotoxicity and cell attachment properties of cGIC and nano-HA-silica-GIC on dental pulp stem
cells (DPSCs). Methods and Materials: Material extracts of nano-HA-silica-GIC and cGIC were
prepared into seven serial dilutions and applied to 96 well plates seeded with DPSCs. After 72 h,
the cell viability was determined using MTT assay. The DPSCs cell attachment properties were
examined under scanning electron microscope (SEM) after 24 and 72 h. Kruskal-Wallis test was
used to analyse the data for MTT assay (P < 0.05). SEM images of cell attachment properties were
also described. Results: Nano-HA-silica-GIC and cGIC was shown to be slight to non-cytotoxic
at all concentrations, except 200 mg/ml. Moderate cytotoxicity has been observed at 200 mg/
ml concentration where nano-HA-silica-GIC and cGIC revealed cell viability values of 44.38 and
42.15%, respectively. Nano-HA-silica-GIC demonstrated better cell viability values than cGIC at
all concentrations except for 6.25 and 12.5 mg/ml. Nevertheless, the results were not statistically
significant (P > 0.05). SEM examination revealed the increasing numbers of DPSCs attached to both
groups with prominent filopodia, especially after 72 h. Conclusions: Nano-HA-silica-GIC exhibited
good biocompatibility which is comparable to ¢GIC and favoured the attachment of DPSCs.
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an anti-cariogenic agent, elasticity similar
to dentin and direct bonding to the tooth
structure.!*® Therefore, they are one of the
most popular dental materials in dentistry.
Despite these advantages, they have some
limitations such as brittle and mechanically
weak.] These limitations have led to the
restriction of their use as a filling material
in high stress-bearing area such as on
posterior teeth. As such, modifications have
. L been made to overcome the limitations of
and sometimes aesthetics.! : )
conventional GIC (cGIC). These include
Glass ionomer cements (GICs) were the incorporation of alumina, zirconia,
invented in 1969 and their use was reported  silicon carbide, hydroxyapatite (HA),
by Wilson in the early 1970s.") They are  glass fibre and bioactive glass into
used as restorative materials in paediatric GICs.""14 Nevertheless, these efforts did

dentistry, as lining and base, fissure sealants  not significantly improve their mechanical
and atraumatic restorative treatment (ART) strength.

materials.®”?  GICs  possess  excellent
properties such as  biocompatibility,
long-term release of fluoride which acts as

Introduction

Biomaterials are native or synthetic
polymers that act as scaffolds for tissue
regeneration and have great value in root
canal therapy, tooth repair, pulp therapy
and dental surgery.!” Certain basic
requirement of biomaterials for these
applications needs to satisfy some criteria
such as biocompatibility, strength, fatigue,
durability, non-toxicity, corrosion resistance

HA is a naturally occurring mineral form of
calcium apatite. It has an excellent biological
behaviour and its hardness is similar to
the natural tooth and intrinsic radiopaque
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response.l'>!'7 In addition, nano-hydroxyapatite (n-HAp)
crystals can favour remineralisation of enamel.'!" Due to
these excellent properties, HA has been used in many fields
of dentistry such as implant dentistry,?” caries prevention,?"
bone void fillers,”?! restoration of periodontal defects,?!
alveolar ridge augmentation,? endodontic treatment,
repair of mechanical furcation perforations,”?®! desensitising
agent and remineralising agent in toothpastes.?” Studies
have been conducted to evaluate the effect of HA added
to cGIC. It was shown that HA improves the physical
properties of cGIC including enhanced release of fluoride,
improves mechanical strength and bonding to tooth.!%16281

Biocompatibility of dental materials is an important
consideration for patients, clinicians, laboratory technician
and manufacturer. Dental material that is used in the oral
cavity should be harmless to oral tissues. Ideally, it should
not contain toxic or leachable substance that could possibly
release into the oral environment which may result in
systemic toxic responses or an allergic reaction. Hence,
the testing on the biocompatibility of any dental material
is necessary to ensure the safety of the material. A wide
range of in vitro cytotoxicity assays have been developed
to evaluate the biocompatibility of various biomaterials.
Among these are lactate dehydrogenase (LDH)
leakage assay, protein assay, neutral red assay and
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay.””» MTT assay is an in vitro assay, which is
a sensitive, quantitative and reliable colorimetric assay that
measures viability, proliferation and activation of cells.”
It can be performed on material extracts or through direct
contact and the results are reproducible. The basic principle
of this assay is MTT, yellow tetrazole is reduced to purple
formazan by succinate dehydrogenase. An acidified solution
is added to dissolve the insoluble purple formazan product
into a coloured solution. The absorbance of this coloured
solution can be quantified by its measurement at a certain
wavelength.?!

Cell attachment is the ability of a single cell to stick to
another cell or to an extracellular matrix (ECM). The
interactions between cells and the ECM components
allow signalling control for cell survival, proliferation and
differentiation.®>33] Besides MTT assay, scanning electron
microscope (SEM) can be used to give some additional
information related to biocompatibility. Asgary et al. in
2006 suggested that cell morphology and material—cell
interaction can be obtained with SEM.**! In this instance, it
can offer the view of how the cells interact with the material
of interest, in terms of its attachment and proliferation. As
such, in contrast to an optical microscope, SEM is applied
widely in many scientific applications as it enables a clearer
observation of very small surface structures.

Stem cells are unspecialised cells that are able to self-renew
and differentiate into various types of specialised cells.B
They can be identified in a number of adult tissues including
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dental pulp cells.’ Huang and Chang (2002) highlighted
that in vitro cytotoxicity tests should be performed using
cells that are homologous to human tissues of ultimate
concern.’”7 Among the cells that are largely present
in the dental pulp are dental pulp stem cells (DPSCs).
Moderate to large size cavities normally end up being near
to the pulp. As such, dental materials that is to be placed in
the tooth should support the native functions of DPSCs, as
these cells lie in close approximation to the area where the
dental material is to be placed.*®! Apart from that, leaching
of material substance, if present, should not be cytotoxic to
the pulp tissue, especially to these cells. For that reasons,
DPSCs were used as the cell of interests in this study to
determine the materials’ biocompatibility towards these
cells.

Recently, the application of nano-sized particles for
biomaterials is getting popular in dentistry.?”) A numbers of
studies have suggested that the incorporation of nano-sized
particles or ‘nanoclusters’ improve the mechanical
properties of ¢GIC."*?1 The production of nano-HA-silica
by the one-pot sol-gel technique has been reported
recently.**4?l Researchers proclaimed that the addition
of nano-HA-silica into ¢GIC improved the hardness of
cGIC by 73% compared to c¢GIC alone.” Transmission
electron microscope (TEM) and SEM micrographs further
demonstrated good distribution of the elongated HA
and spherical silica within the specimen.**! Moreover,
nano-HA-silica-GIC exhibited higher mechanical, physical
and chemical properties compared to cGIC.*#1 Despite
many studies have been conducted to investigate their
physical and mechanical properties, data with regards
to biocompatibility study of nano-HA-silica-GIC are
very limited. Moreover, no in vitro study has been
conducted to evaluate the cell attachment properties of
nano-HA-silica-GIC on DPSCs. Hence, the aim of this
study is to evaluate and compare the cytotoxicity and
cell attachment properties of HA-silica-GIC and ¢GIC on
DPSCs, by means of MTT assay and SEM.

Methods and Materials
Cement preparation

The nano-HA-silica-GIC and commercially available
cGIC Fuji IX GP (GC International, Japan) were used in
this study. Nano-HA-silica-GIC was prepared by adding
nano-HA-silica onto cGIC as described by Noorani
et al.¥" In the meantime, cGIC was prepared according to
the manufacturer’s instructions.

Nano-HA-silica powder was synthesised using the
one-pot sol-gel technique according to Ab Rahman
et al® About 100 mg of nano-HA-silica powder was
weighed and added to 1900 mg of cGIC powder to
obtain a 5% nano-HA-silica-GIC powder mixture. This
5% nano-HA-silica-GIC powder mixture was grounded
manually using a mortar and pestle. The Fuji XI liquid
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was added into powder mixture at a powder/liquid ratio
of 1:1 and mixed. The cement was then introduced into
an acrylic mould with internal perforation dimension of
10 mm x 2 mm. The cement was left undisturbed for 24 h
to allow setting.

In the meantime, ¢cGIC was made by spatulation of the
powder into the Fuji XI liquid at a powder/liquid ratio
of 1:1 and mixed. Similarly, they were introduced into
an acrylic mould with internal perforation dimension of
10 mm x 2 mm and left undisturbed for 24 h to allow
setting.

After 24 h of setting, the cements were removed from
the moulds. They were weighed and sterilised under UV
radiation for 30 min. Subsequently, they were introduced
individually into centrifuge tube with the suitable
amount of complete growth medium and standardised
at 200 mg/ml. The medium containing the materials was
incubated for 72 h at 37°C with 5% CO, following the
studies conducted by Ahmed et al™* After incubation,
the material extracts were filtered into centrifuge tube,
using a 0.22 wm syringe filter.

Cell culture

DPSCs purchased from AllCells, USA were used in
this study. DPSCs were cultured in Alpha Minimum
Essential Medium (a-MEM) (Gibco, Life Technologies,
USA) supplemented with 10% (v/v) fetal bovine
serum (FBS) (Gibco, Life Technologies, USA) and
1% (v/v) penicillin/streptomycin (Gibco, Life Technologies,
USA). Cell cultures were grown in 75 cm? tissue culture
flasks (Thermo Fisher Scientific) and incubated in a
humidified atmosphere at 37°C with 5% CO,. Media
was changed every 2-3 days. Upon reaching 70-80%
confluence, cell lines were passaged by trypsinisation.

MTT cell viability test

Cell viability experiments were performed with two
experimental groups, cGIC and nano-HA-silica-GIC.
The extracts of respective cement were exposed directly
to DPSCs for 72 h to assess cytotoxicity. Untreated
DPSCs (control) were included to calculate the percentage
cell wviability. The experiments were performed in
triplicates.

The protocol for MTT assay was followed according to
guidelines proposed by Mosmann.*! MTT assay (Gibco,
Life Technologies, USA) were performed in 96 well
plates (Nunc™, Denmark). Cells were seeded into each
well at a density of 10,000 cells/well. The plates were then
incubated at 37°C and 5% CO, for 24 h. For treatment
groups, the material extracts of nano-HA-silica-GIC and
cGIC were prepared at the concentration of 200, 100,
50, 25, 12.5, 6.25 and 3.125 mg/ml, which achieved by
serial dilution before adding it to the cells. The media
in the seeded 96 well plates were then replaced with the
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200 wl of material extracts. For negative control, only
complete growth medium were added into the wells
seeded with cells. The plates were then incubated for
72 h. After that, 20 ul of MTT (5 mg/ml) was added
into each well to a final concentration of 0.5 mg/ml and
incubated for 4 h. Then, all the content of each well
was discarded by pipetting. Following that, 100 ul of
dimethyl sulphoxide (DMSO) (Merck, Germany) was
then added immediately into each well and the plate was
shaken gently to ensure that the DMSO was completely
dissolved. The absorbance of each well was measured
using the enzyme-linked immunosorbent assay (ELISA)
reader (Sunrise, Tecan) at wavelength of 570 nm. Cell
viability was scored according to Table 1.1 The experiment
was performed in triplicate to validate data obtained. The
data were entered using the SPSS version 20 (IBM SPSS,
2013). Kruskal-Wallis test was used to analyse the data
obtained and the level of significance was set at P < 0.05.

Cell attachment properties

The cell attachment properties were examined as described
by Ahmed et alPF” Acrylic moulds were fabricated,
sterilised and the cements were added after mixing.
After 1 day of setting, each mould/cement assembly was
sterilised using UV for 30 min in six-well plates (Nunc™,
Denmark). Then, 250 ul of prepared medium having
100,000 cells was added on the top of the cement and
left for 30 min. Subsequently, 5 ml of prepared medium
was added slowly to each side of well and the plate was
incubated for 24 and 72 h.

Following that, the samples were washed by sterile
distilled water. After that, 2.5% glutaraldehyde (Merck,
Germany) was added for 2 h. Subsequently, the samples
were dehydrated in ethanol at five concentrations (30, 50,
70, 90 and 100%). The samples were rinsed with sterile
distilled water and dried overnight at room temperature.
The samples were fitted onto aluminium stubs via carbon
double-sided tape, coated with gold using a sputter coating
machine (Leica EM SCDO005, Czech Republic) and then
viewed under SEM (FEI, QUANTA FEG 450, Netherland).

Results
Cytotoxicity evaluation

Cell viability of DPSCs treated with nano-HA-silica-GIC
and cGIC after 72 h is shown in Figure 1. The results
demonstrated that the cell viability decreases when the

Table 1: Classification of the cell viability

Cell viability classification Percentage (%)
Severe <30
Moderate 30-59
Slight 60-90
Non-cytotoxic >90
Control 100
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concentration of nano-HA-silica-GIC and cGIC extracts
increases. At 3.125 and 6.125 mg/ml concentration,
nano-HA-silica-GIC was shown to be non-cytotoxic to the
DPSC cells. In contrast, cGIC showed slight cytotoxicity
and non-cytotoxic when the material extracts were at
3.125 and 6.25 mg/ml concentrations, respectively. In the
meantime, both materials had exerted slight cytotoxicity
effects to DPSCs at the concentrations of 12.5, 25, 50 and
100 mg/ml. Moderate cytotoxicity has been observed when
maximum concentration of the materials extracts (200 mg/
ml) were placed on DPSCs, with nano-HA-silica-GIC and
cGIC revealed cell viability values of 44.38 and 42.15%,
respectively. In general, nano-HA-silica-GIC demonstrated
better cell viability values than cGIC at all the concentration
except for 6.25 and 12.5 mg/ml. Nevertheless, the results
were not statistically significant (P > 0.05) [Table 2].

Cell attachment properties

DPSCs were cultured on surface of nano-HA-silica-GIC
and cGIC as well as on the top of the mould. The cells
were observed at 24 and 72 h. In general, analysis of

100
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50 -
40
30
20 -
10

Cell Viability (%)

3.125 6.25 125 25 50 100 200
Concentration (mg/ml)

® nanoHA-Silica-GIC m ¢cGIC

Figure 1: Cell viability of dental pulp stem cells treated with hydroxyapatite-
silica-glass ionomer cement (GIC) and conventional GIC after 72 h

results revealed that nano-HA-silica-GIC and c¢GIC favour
the attachment of DPSCs.

a. 24 h of incubation

DPSCs adhered over the top surface of the mould and
cGIC is shown in Figure 2. Meanwhile, DPSCs adhered
over the top surface of the mould and nano-HA-silica-GIC
was depicted in Figure 3. In cGIC, the cells exhibited
fibroblast-like shape at 1000 x and round shape at
5000 x magnification. In the meantime, DPSCs showed
fibroblast-like  shape on  nano-HA-silica-GIC. In
addition, the lamellipodia (indicated by white arrow) and
filopodia (indicated by black arrow) were observed for both
groups. Apart from that, membrane ruffles was evident on
cGIC samples at 5000 x magnification (indicated by black
arrow head).

b. 72 h of incubation

DPSCs adhered over the top surface of the mould and
cGIC is demonstrated in Figure 4. In the meantime,
DPSCs adhered over the top surface of the mould and
nano-HA-silica-GIC is shown in Figure 5. After 72 h, the
body of DPSCs appeared flattened in shaped, similar to a
sheet like structure, which was present on both materials.
In addition, there was an increase in the numbers of DPSCs
with abundant filopodia (indicated by black arrow), which
appeared to be in contact with the surface of test materials
and interacting with neighbouring cells. It was noted that
DPSCs were more confluent at the mould, compared to on
the surface of both materials.

Discussion

Cytotoxic activity can be determined using a number of
laboratory tests. The MTT assay has been used as an screening
assay and regarded as the gold standard of cytotoxicity
assays as it is highly sensitive.’!*! Tt is based on the ability
of mitochondrial dehydrogenase enzyme from viable cells to
cleave the tetrazolium rings of the pale yellow MTT. The dark

Table 2: Kruskal-Wallis test results for 72 h incubation period variable

Concentration (mg/ml) Materials Mean (SEM) Median (IQR) P

3.125 Nano-HA-silica-GIC 96.57 (3.06) 99.36 (9.43) 0.127
cGIC 89.68 (2.58) 87.82 (7.93)

6.25 Nano-HA-silica-GIC 92.21 (5.98) 97.81 (18.30) 0.827
cGIC 92.65 (3.24) 90.65 (10.68)

12.5 Nano-HA-silica-GIC 89.47 (7.48) 96.57 (22.80) 0.513
cGIC 89.93 (2.97) 88.41 (9.95)

25 Nano-HA-silica-GIC 85.22 (6.42) 90.12 (20.57) 0.513
cGIC 82.61 (3.53) 83.46 (12.14)

50 Nano-HA-silica-GIC 79.79 (4.06) 82.15 (13.47) 0.513
cGIC 76.93 (3.44) 77.42 (11.87)

100 Nano-HA-silica-GIC 72.29 (2.53) 73.69 (8.43) 0.127
cGIC 67.32 (1.60) 62.02 (5.07)

200 Nano-HA-silica-GIC 44.38 (4.61) 47.10 (15.25) 0.275
cGIC 42.15 (3.86) 36.56 (12.79)
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Figure 2: Scanning electron microscope images of conventional GIC (cGIC)
group after 24 h incubation. (a) Top of the mould (1000 x magnification); (b) top
of cGIC (1000 x magnification); (c) top of cGIC (5000 x magnification)

Figure 4: Scanning electron microscope images of conventional glass
ionomer cement (cGIC) group after 72 h incubation. (a) Top of the
mould (200 x magnification); (b) top of cGIC (1000 x magnification); (c) top
of cGIC (2000 x magnification)

blue formazan crystals formed is largely impermeable to cell
membrane, thus resulting in its accumulation within viable
cells. The number of viable cells is directly proportional to the
level of the formazan product created."”

Selection of an appropriate cell line is a very important part
of the study during in vitro cytotoxicity assessments. The
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Figure 3: Scanning electron microscope images of nano-hydroxyapatite
-silica-glass ionomer cement (nano-HA-silica-GIC) group
after 24 h incubation. (a) Top of the mould (2500x); (b) top of
nano-HA-silica-GIC (1000 x magnification); (c) top of nano-
HA-silica-GIC (5000 x magnification)

Figure 5: Scanning electron microscope images of nano-
hydroxyapatite-silica-glass ionomer cement (nano-HA-silica-GIC)
group after 72 h incubation. (a) Top of the mould (200x); (b) top
of nano-HA-silica-GIC (1000 x magnification); (c) top of
nano-HA-silica-GIC (2000 x magnification)

ISO 10993 standard, standardising in vitro studies, supports
the use of permanent cell lines.**534 DPSCs were selected
in this study because they act as target cells to simulate
the clinical situation and represent important populations
in the dental pulp tissue that are usually in contact with
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restorative materials. Besides that, DPSCs play significant
role in the preparation processes of damaged pulp.

The extraction dilution method was selected in this study
to examine the cytotoxic effects of leachable elements from
nano-HA-silica-GIC and cGIC on cells that are distant to
and in close contact with them. This method would also
stimulate the clinical situation where toxic component of
those materials may leach into the surrounding fluid and
into the bone crypt.

In the present study, the cell viability of both materials
increased with decreasing concentration of the material
extract. The cell viability for cGIC were >89% at lower
concentration (3.125, 6.25 and 12.5 mg/ml) after 72 h
incubation period, indicating that they were non-cytotoxic
and slightly cytotoxic at these concentrations. At the
maximum concentration (200 mg/ml), cGIC demonstrated
moderate cytotoxicity to the cells (42.15%). However, our
findings are contradicted with the other studies whereby
their cGIC exhibited cell viability >50% at concentration of
200 mg/ml which indicate slight cytotoxicity.! 7485

On the other hand, nano-HA-silica-GIC demonstrated
non-cytotoxicity to the cells as the cell viability was >90%
at lower concentrations (3.125 and 6.25 mg/ml). At
the highest concentration, nano-HA-silica-GIC caused
moderate cytotoxicity to the cells (44.38%). The
findings are in disagreement with previously reported by
Noorani et al™’ who reported that nano-HA-silica-GIC
demonstrated severe cytotoxicity (21.27%). These
contradictory results might be related to the use of different
types of media cultures in the studies. Noorani et al.'* and
Ahmed et al™® use mesenchymal stem cell (MSC) basal
medium with supplement to culture their DPSCs. On the
contrary, the current study uses complete o:-MEM media
instead of MSC basal medium. It has been agreed that
complete o-MEM media can be used as a common media
to test cytotoxicity for DPSCs and it has the advantage of
being cheaper than MSC basal medium.b%%”

In the current study, the moderate cytotoxicity of
nano-HA-silica-GIC ~at maximum concentration of
200 mg/ml might be related to the formation of byproduct/
component that may leaches out from cements into the
liquid medium. Consequently, the released components may
lead to a greater cytotoxic effect to the cells. Previous study
reported 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.*¥] As a consequence, lesser
glass particles are available to react with the polyacrylic
acid (PAA) during the setting of nano-HA-silica-GIC,
therefore causing more unreacted freely available PAA
molecules to be present in the set nano-HA-silica-GIC
matrix. These freely available PAA molecules may
be released from nano-HA-silica-GIC into the liquid
medium and cause cytotoxic to the cells.***”) However,
confirmation regarding the exact components released
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from nano-HA-silica-GIC into the culture medium could
not be verified as the chemical analysis of the released
component was not carried out in this study. A study by
Musa et al. in 20125% demonstrated that nano-HA-silica
alone demonstrated moderate to low level of cytotoxicity
at their highest concentration (100 mg/ml). Similarly,
nano-HA-silica-GIC in the current study also showed slight
cytotoxicity at this particular concentration.

Cell attachment onto biomaterials is one of the criteria
for the evaluation of their biological properties. The
biocompatibility of biomaterials is very closely related
to cell behaviour that comes in contact with them. In
particular, the attachment of cells to the material surfaces
has been shown to participate in cell proliferation,
migration and differentiation.”®” However, cell attachment
is difficult to quantify as most materials are non-transparent
and transmission microscopy could not be used for this
purpose. Besides that, contrast in reflection microscopy is
rather poor.®! As such, SEM has been suggested to become
a suitable form of cells attachment and viability evaluation
as it can improve visualisation and provides information in
establishing biocompatibility through observation of cell
morphology and material—cell interactions.”

Basically, cell adhesion/attachment is involved in stimulating
signals that regulate the cell cycle, differentiation,
migration and survival of the cells.[®'] Normally, the process
of cell adhesion and spreading involves four events which
are the attachment of cells at the point of contact with the
substratum, centrifugal growth of filopodia, cytoplasmic
webbing and flattening of the central mass. The
cytoplasmic surface extensions formed by cultured cells
can be filopodia, microvilli, lamellipodia or blebs.l*>4 On
the contrary, the rounded cells with little or no spreading
and vacuolisation of the cytoplasm indicate that the surface
of the material may be toxic.[63:6366]

In the present study, SEM examination on the both
materials showed DPSCs demonstrated the fibroblastic
phenotype, which 1is the typical MSC morphology.
The numbers of cells increase after 72 h of incubation,
indicating that both cements favour the attachment of the
cells [Figures 4 and 5]. Yan et al. in 2000%" has reported
similar findings about the cell attachment properties on
cGIC material. However, the study was performed using
the human gingival fibroblast instead of DPSCs.!*"!

In addition, SEM micrographs revealed that lamellipodia,
filopodia and membrane ruffles were found on both
nano-HA-silica-GIC and c¢GIC. Lamellipodia, filopodia
and membrane ruffles are essential for cell motility,
organisation of membrane domains, phagocytosis and
the development of substrate adhesions.[®® Lamellipodia
contains a quasi-two-dimensional actin mesh in which the
whole structure propels the cell across a substrate.[*! It was
speculated that the cytoskeletal protein actin projections
on the leading edge of the cell in both materials in our
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study was the lamellipodia [Figures 2-5: white arrows].
On the other hand, filopodia are slender cytoplasmic
projections that extend beyond the leading edge of
lamellipodia in migrating cells. Filopodia have roles in
sensing, migration and cell—cell interaction.’” Based on the
results of SEM study, there was an increased numbers of
filipodia attached on both cements particularly after 72 h
of incubation [Figures 2-5: black arrows]. The increased
numbers of filipodia indicated that the cells are active
and viable, and thus suggesting that the cell attachment
and migration process were taken place. On top of that,
membrane ruffling is the formation of a motile cell surface
that contains a meshwork of newly polymerised actin
filaments. At 24 h of incubation, the membrane ruffles
was detected in cGIC [Figure 2c: black arrow head]. The
result was in concordance with the fact reported by Ridley
in 1994, whereby the membrane ruffles is one of the
earliest structural changes that can be observed in the cell.
In summary, the surface of nano-HA-silica-GIC and cGIC
promotes DPSCs to attach and proliferate.

Conclusions

Nano-HA-silica-GIC exhibited good biocompatibility which
is comparable to ¢cGIC. Moreover, both materials favoured
the attachment and spreading of DPSCs with notable
filopodia. Nevertheless, further studies need to be carried
out to validate the potential use of nano-HA-silica-GIC in
clinical applications.
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