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Abstract—This study aim to characterize melt-derived bioactive glass and to
determine the bioactive glass (BG) suitability for dental usage through
proliferative activity assessment of stem cells from human exfoliated deciduous
teeth (SHED) when exposed to bioactive glass conditioned medium. Bioglass
45S5 in mole percentages (46.13% SiO2, 26.91% CaO, 24.35% Na20 and
2.60% P20s) was synthesized through melt-derived and characterized using X-
ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR) to
confirm and identify its properties. SHED were used to evaluate the
biocompatibility of 45S5 by exposing the cells to various concentration of BG-
conditioned medium (1-10 mg/ml) using alamarBlue assay. The BG produced
has an amorphous structure as shown by XRD analysis. The Si-O-Si bending,
asymmetric Si-O stretching and asymmetric Si-O-Si stretching bands were
observed in the BG structure supporting the presence of silicate network. For
alamarBlue assay, SHED cultured in BG-conditioned medium showed high
proliferation rate when subjected to minimal powder content in the DMEM cell
culture medium. Hence, it can be concluded that SHED cultured in lower
powder content of the BG-conditioned media showed high proliferative activity

Malaysia3

Received 08 Nov 2016.
Revised 15 Nov 2016.
Accepted 21 Nov 2016.
Published Online 14 Dec 2016

*Corresponding author:
Siti Noor Fazliah Mohd Noor

E-mail: fazliah@usm.my

1 INTRODUCTION

Currently, many people are suffering from trauma
or bone diseases [1]. Hard tissue regeneration is
one of the options to replace missing tissue and is
currently the best option for promoting new bone
formation within the body [2]. Bone tissue
engineering (BTE) aimed to restore damaged
tissue to its original condition.

However, problem exists in the bone tissue
engineering due to the lack of availability of
replacement materials which is able to act as
templates for cell attachment. Implant made from
stainless steel and titanium is commonly used for
bone fixation. However, they do not possess
natural characteristics of human bone. Hence,
problem such as corrosion may predispose the
implant for removal from the body [3].

Many types of biomaterials are available
nowadays to promote hard and soft tissue growth.
Biomaterials are defined as materials which
promoted interfacial bonding between implantable
materials and the host [4]. Biomaterial is classified
into Class A and B [5]. Material which promotes
new bone formation away from the material and
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suggesting the potential of the BG for dental usage.

Keywords: alamarBlue, bioactive glass, proliferation, SHED.

bone interphase which bonds to hard and soft
tissues is classified as Class A which normally has
osteoconductive and osteoinductive properties.
While materials that bind only to the hard tissues
and promotes new tissue formation along its
surface is classified as Class B.

Bioactive glass falls under Class A category
[6]. The 45S5 also known as Bioglass® were first
developed by Hench consisting of 45% silica
(Si02), 24.5% calcium oxide (CaO), 24.5% sodium
oxide (Naz20), and 6% phosphorous pentoxide
(P20s5) in weight percentages (wt.%) which
corresponds to normal bone composition [5].
Changes in the original BG composition lead to
deviations in bioglass properties when compared
to standard 45S5 [7].

Studies have shown that dissolution
products of BG are able to promote bone cells
proliferation and differentiation [8]. Various forms
of bioglass are available for human use including
BG particle, disk and other three dimensional
shapes. Bioglass forms HA layer upon exposure to
simulated body fluid (SBF) where this layer helps
to create strong bonds between the bioglass and
human tissue. It has been shown that this HA layer
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contain similar compositions in relation to bone.
The mechanism of HA layer formation which
contain few stages results in the strong bond
between the host and the implant [9]. Conventional
bioglass fabrications method include melt-derived,
melt-annealed and sol-gel. The current project
produces 45S5 BG powder through melt-derived
method with composition 46.13% SiO2, 26.91%
CaO, 24.35% Na20 and 2.60% P20s in mole
percentages (mole %).

The fabrication of BG utlizes high
temperature to ensure proper glass melting which
is followed by direct quenching into water for
obtaining frits [9]. Rapid quenching is important in
order to prevent crystallization within the glass
structure [10]. HA layer is formed on the BG
surface at much faster rate at low pH due to faster
ion exchange. In contrast, higher pH may delayed
a HA formation [11].

This study aim to synthesize BG through
melt-derived method and to determine its
compatibility towards stem cells from human
exfoliated deciduous tooth (SHED). BG powders in
different weight ratio to the culture medium were
prepared and the BG-conditioned media was used
to culture SHED [12]. Moreover, SHED has higher
proliferation rate when compared to dental pulp
stem cell (DPSC) and is a suitable source for stem
cell-based therapy compared to DPSC and
BMMSCs [13]. According to Nakamura et al., the
proliferation rate of SHED was significantly higher
compare to DPSCs and BMMSCs. In addition to a
higher proliferation capability, SHED also has the
advantages of being abundant upon harvesting
from the pulp tissue and painless stem cell
collection with minimal invasion [13]. SHED was
also shown to possess higher multipotent stem
cells compared to adult tooth which is more
immature thus having higher proliferative capacity
[14]. Thus, SHED could be a desirable option as a
cell source for potential therapeutic applications.

2 MATERIALS AND METHODS

2.1 Preparation of Bioactive Glasses

Briefly, the 45S5 BG powder with composition of
silica (SiOz) 46.13%, calcium oxide (CaO) 26.91%,
sodium oxide (Naz20) 24.35% and phosphorus
pentoxide (P20s) 2.60% (in mole percentages)
were produced by a melt-quench route as
previously described [9]. BG powder was prepared
by mixing reagent grade Na2COs, CaCOs, SiO2
and P20s, raw materials (without further
purification) in a sealed polyethylene bottle for
overnight about 50 g per batch. Briefly, the
weighted batches were melted in alumina
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crucibles in an electric furnace at a temperature of
1400 * 10°C with soaking time of 3 hours and then
rapidly quenched in distilled water. Next, the glass
frit was dried in an oven at 110°C overnight. Then,
the glass frit was milled at 500 rpm for 10 min and
then followed by 30 min sieving in a mechanical
shaker to obtain glass powder with particles size
less than 38 pm.

2.2 Physical Analysis

2.2.1 X-ray Diffraction (XRD) Analysis

XRD analysis was carried out to identify the
crystalline phases of the BG sample. The BG
powder was subjected to phase analysis using an
X-ray diffractometer, adopting Ni filter and Cu
target with voltage of 40 KV and a current of 25
mA. The XRD patterns were recorded in a 26
range of 20 to 80° and XRD patterns obtained
were interpreted using the JCPDS - International
Centre for Diffraction Data Cards as a reference
data in the present work.

2.2.2  Fourier
spectroscopy

FTIR in transmission mode was used to identify
the chemical groups in the BG structures.
Approximately, 800 mg of grounded spectroscopic
grade KBr with 10 mg of the powdered sample
were mixed and pressed to make a transparent
KBr pellet. BRUKER VECTOR 33 spectrometer
was used to measure the IR spectra in the range
of 400 cm~" to 4000 cm~" at a resolution of 2 cm™".

Transform Infrared (FTIR)

2.3 Bioglass-based medium preparation

The prepared 45S5 BG powder was weighted on
a weighing boat. Then, the BG powder was
incubated with culture medium at different
concentrations from 1, 2, 4, 8 to 10 mg/ml and
placed in an incubator shaker at 37 °C for 4 hours.
Prior to keeping the BG-conditioned medium in a
4 °C fridge, the conditioned medium was filtered
using 0.22 um syringe filter. Then, the conditioned-
medium was supplemented with 10% (v/v) fetal
bovine serum and 1% antibiotic/antimycotic (A/A)
before being incubated in a CO: incubator at 37
°C.

2.4 Cell viability using alamarBlue® assay

The alamarBlue® (AB) assay was performed
following instructions from the manufacturer. Once
the SHED reached 80% confluence, the cells were
trypsinized and counted using haemocytometer
followed by seeding in 96-well plates (5x103
cellsicm?). SHED has been harvested from
previous project (304/CIPPT/6311045) under an

27


http://apps.amdi.usm.my/journal/

J. of Biomed. & Clin. Sci. December 2016 Vol 1 (1), 26-32

Original Article

ethical approval of USMKK/PPP/JEPeM
[233.3.3(09)] obtained from Internal Review Board
and was donated for use in this study. The cells
were exposed with BG-based conditioned media
and incubated in a CO:2 incubator with 5 % CO: at
37 °C. For each time points (1, 2, 4 and 7 days),
the cell-culture media from the well plates were
taken out and then followed by washing steps
using 100 pl of DPBS per well. Then,
approximately 150 pl AB dye (10 % v/v
alamarBlue® in DMEM with no phenol red, Gibco,
USA) was added into each well (including one with
no cells to be used as blank) and the well plates
were further incubated in an incubator at 37 °C for
2 hours. After 2 hours incubation period, 100 pl of
the reaction product was then transferred to a
black Costar 96-well plate. The fluorescence of
Alamar Blue was measured using microplate
reader (FLUOstar Omega, BMG Labtech) at 544
nm excitation and emission of 590 nm.

3 RESULTS

3.1 X-ray Diffraction Analysis

XRD result for 45S5 bioactive glass is shown in
Figure 1. Based on Figure 1, the 45S5 BG
structure was in amorphous phase since no
crystalline peaks were detected. It has been
proved by the presence of broad peak between
33° until 40°.

Intensity (a.u)

=0 4 50 &0
2 Theta (Degree)

Figure 1: XRD result for bioactive glass

3.2 Fourier Transform Infrared spectroscopy

Figure 2 showed the FTIR reflectance spectra of
45S5 bioactive glass between 400 until 4000 cm~".
The 45S5 bioactive glass was sampled from
bioactive glass that was melted in an alumina
crucible. Functional group Si-O-Si bending mode
is present in the 45S5 bioactive glass which was
located between 450 until 480 cmin Figure 2. The
functional group of Si-O-Si symmetric stretching
vibration is detected in the range of 725 to 800 cm-
1 in the 45S5 bioactive glass. Furthermore,
presence of Si—O-Si asymmetric stretching

http://apps.amdi.usm.my/journal/

vibration is observed between 1000 until 1200 cm-
1
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Figure 2 : FTIR reflectance spectra of 45S5 bioactive glass

3.3 Response of SHED towards BG-conditioned
medium

SHED showed higher proliferation rate when
exposed to BG-conditioned medium with the
powder and liquid concentration was between 1 to
2mg/ml as shown in Figure 3.
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Figure 3: Proliferation rate of SHED when exposed to BG-
conditioned medium.

Higher powder to liquid ratio resulted in lower
SHED proliferation rate. The relative proliferative
activity upon exposure of cells towards BG-
conditioned medium are expressed in relation to
the control medium (0 mg/ml BG). Following 24
hours (Day 1), SHED incubated with 1 mg/ml BG-
conditioned medium showed the highest
proliferative activity. However, SHED exposed to 2
mg/ml  BG-conditioned medium showed the
highest proliferative activity at Day 2. Meanwhile,
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the control sample showed the highest
proliferative activity at Day 4 and also followed by
Day 7.

In addition, we concluded that a higher dose of
powder to liquid ratio for the BG-conditioned
medium (8 to 10 mg/ml concentration) is not
compatible for cell growth but minimal dose of BG-
conditioned medium (1 to 2 mg/ml) concentration
promote cell growth based on Figure 3.
Meanwhile, Figure 4 shows a photographic
images of SHED exposed to the BG conditioned
medium from Days 2 to 7. There was an increase
in the proliferative activity of SHED upon exposure
to the BG-conditioned medium from Days 2 to 7
indicating the suitability of this bioactive glass for
biomedical applications.

4  DISCUSSION

A typical XRD pattern with no crystalline peaks
was detected from the powder obtained from 45S5
bioactive glass indicating the amorphous phase
(Figure 1). This is in concordance as reported
previously [15].

According to Fan et al., [16], because of the
amorphous nature of the glass, a broad band in
the range of 20° until 40° has been seen as no
diffraction maxima being detected. As expected,
the 45S5 bioactive glass that was produced from
our study through melt-derived method showed
amorphous phase and is free from any significant
crystalline phase based on the XRD result.

As shown in Figure 2, the band located for
45S5 bioactive glass showed that the Si—O-Si
bending mode is detected between 450 until 480
cmt. This phenomenon was also reported
previously by El-Kady [17]. In addition, our 45S5
BG powder showed the presence of Si-O-Si
bending in the range of 400 until 500 cm-! for FTIR
reflectance spectra of bioactive glasses and glass
— ceramics. This finding is in accordance with the
study of Srivastava [18].

Hence, the Si-O-Si bending mode is present
in the bioactive glass 45S5 which has been
showed between those ranges in Figure 2.
Moreover, the Si-O-Si symmetric stretching
vibration band is normally located between 725
until 800 cm, while the Si-O-Si asymmetric
stretching vibration band is identified between
1000 until 1200 cm* as reported previously [17].

In Figure 2, the 45S5 bioactive glass
showed the presence of Si-O-Si bending, Si-O-Si
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symmetric stretching vibration and Si—O-Si
asymmetric stretching vibration that appeared
between those ranges.

Nowadays, the potential application of
biomaterials as scaffolds, the addition of growth
factors and the presence of stem cells from various
sources are the triads commonly advocated in
tissue engineering towards the repair and
regeneration of dental structures.

SHED response to different BG
concentrations varies and is dose-dependent. The
lower powder to liquid ratio from 1 to 2 mg/ml
promoted SHED proliferation rate and vice-versa
for higher powder to liquid ratio from 4 until 8
mg/ml. This finding may suggest that there is a
suitable dose of BG for dental related stem cells
and requires further exploration.

For BG to be used as cavity liners or
injectable materials for root canal therapy and also
implantable materials in stimulating hard tissues
regeneration, the dose-dependent effect must also
be further explored.

Studies have shown that similarities exist in
the morphological characteristic of human dental
pulp tissues with the tissues produced from dental
stem cells seeded in tooth slice/scaffolds and
transplanted into mice after transplantation for 21-
28 days [19].

Many studies also showed that BG powder
on its own promoted hard tissue regeneration [7,
9]. However, newer studies showed that BG
nanoparticles could be combined with other
materials such polymeric materials, ceramic and
carbon nanotubes [20]. These researches
supported the use of the BG for potentials used in
orthopaedic  application along  with  the
implementation of BG scaffolds for tissue
engineering and regenerative medicine [20].
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Figure 4: SHED exposed to BG conditioned medium from Days 2 to 7
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5 CONCLUSION

The synthesis and characterization of 45S5 BG
using melt-derived method was achieved and the
BG powder sample produced showed typical
characteristics of amorphous structure and was
free from crystalline phase based on the XRD
result. Identification of Si-O-Si bending, symmetric
Si-O-Si  stretching and asymmetric  Si-O-Si
stretching bands in the BG supported the notion
that these bands is the main characteristic
features of silicate network in the BG as showed
by FTIR analysis. In relation to the SHED cell
culture, the suitable concentration was 1 mg/ml of
the 45S5 BG-conditioned medium based on the
SHED proliferative activity using the alamarBlue
assay. This study provides additional information
that the 45S5 BG fabricated in the current project
is biocompatible and has the potential to be used
for future dental hard tissue regeneration.
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