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Biocompatibility of monocalcium silicate — glass ionomer cement compound

Wirej Sangsawatpong®, Jaruma Sakdee”, Punnama Siriphannon®, Suwit Wimonchit*

: Dipaﬂmﬁfﬁ of conservative and prosthodontic dentistry, Faculty of Dentistry, Srinakarinwirot University, Bangkok, Thailand
Department of ehemistry, Faculty of Science, King Monghkut's Institute of Technology Ladkrabang, Banghkok; Thailand

Abstract

Objectives: To investigate in vitro bivcompatibility of glass
fonomer cement containing 30% by weight CaSiO; (30%C5-
Gl compared to GIC and MTA.

Methods: Partiol set specimens of 30%CS-GL GIC and MTA
were immersed in complete DMEM for 72 howrs. Each extract
way collected and serial diluted 1:1 with DMEM into 4 con-
centrations. All concentrations of extracts were co-cultured
with human periodontal ligament fibroblast cell for 24 hours.
The cytoroxic level and cellular morphology was assessed by
MIT assay and phase contrast microscope. Data were com-
pared by one-way ANOVA,

Results: Cells exposed to undiluted extracts from GIC was
round-shaped and were significantly lesser in number than
those from 30%CS-GI and MTA. Most of the cells exposed to
undiluted extracts from 30%CS-GI and MTA were spindle-
shaped like normal cell morphology. Cells exposed to diluted
extracts (1:1, 1:2 and 1:4) showed higher level of eell viability
and normal cell morphology

Conclusion: The addifion of 30% monocalcivm silicate into
GIC can improve its biocompatibility.

Keywords :

calcium silicate, glass ionomer cement, MTA cement, bio-
compatibility

Introduction

latrogenic root canal perforation lowers the success rate of
oot canal treatment {11, Creating a good seal between roo!
canal space and periradicular tissue is an essential goal to
achieve good prognosis. Hence, repair materials should have
good sealing ability. Because the materials close contact with
the tissues including periodontal ligament and alveolar bone
for long period of time, they should be non-irritant and bic-
compatible.

Minerat trioxide aggregate (MTA) has been a material of
choice for perforation repair because of its sealing ability and
biocompatibility [2-5]. MTA was able to induce new cemental
tissue on its surface when applied to root defects in canines
[6,7] Nonetheless; MTA is refatively expensive, difficult to
handle and long setting time [81

Glass ionomer cement (GIC) has been used as restorative den-
tal material more than 30 years [9]. Breaul e of [10] recom-
mended GIC as endodontic perforation repair material due to

its leakage resistance properties and biocompatibility [11, 12].

Alhadainy & Himel [11] found that GIC provided 3 better seal
than amalgam or cavit. Koulaouzidou er of [12] demonstrated
that both GIC and MTA wereé biocompatible materials to §-
broblastic cell lines. However, some previously published
papers showed that GIC was more cytotoxic than
MTA[3,13,14]. Therefore, the simplest way fo improve the

biological properties of GIC is adding a new material that
could improve bioactivity and biocompatibility to GIC.
Recently, scientists found that adding some bioactive ceramics
such as Bioglass® [15], calcium aluminate [16] and hydroxya-
patite [17] into GIC could improve its biological and me-
chanical properties. Another bivactive glass ceramics is
monocaleium silicate (CaSi0y), which was found to rapidly
activate the formation of hydroxyapatite layer on its surface.
The formation rate was faster than that on some other bioac-
tive glass ceramics [18,19]. Thus, adding CaSi(; 1o GIC
might potentially improve biological properties as well.

The aim of this study is to investigate the i vitro cytotoxicity
of glass ionomer cement containing 30% by weight CaSiC;.

Materials and Methods

Cell culture

The protocol of the study was approved by the Ethics Com-
mittee of Faculty of Dentistry, Srinakarinwirot University.
Human pericdontal ligament (PDL) fibroblast cells were do-
nated from Ms. Ratchaporn Srichan (Head of Tissue Culture
section, Research Institute, Faculty of dentistry, Mahidol Uni-
versity, Thailand). Three cryogenic vials storing frozen human
PDL fibroblast cells from 3 unidentified persons were thawed
and transferred into tissue culture flasks (Nune, Thermo Sci-
entific, Denmark) containing culture medium. The culture
medium was Dulbecco’s modified Eagle medium (DMEM)
{Gibeo, Grand Island, NY) supplemented with 10% fetal bo-
vine serum (Hyclone, Thermo Scientific, Logan, UT, USA}
and 1% antibiotic/antimycotic solution (10,000 U penicillin,
10 pg streptomycin, 25 pg amphotericin B per mL). Cells
were maintained at 37°C, 5% CO, and 100% humidity in an
incubator. After a confluent monolayer was obtained, cells
were thsinixad and subcultured. The PDL fibroblast celis
from 47" passage were used in this study.

Preparation of beta-monocalcium silicate (B-CaSi() pow-
der

Beta-monocalcium silicate powder was prepared by a copre-
cipitation method as described by Siriphannon et af [201
Briefly, Ca(NO;)4H;0 and Si{OC:H ), {TEOS) were dis-
solved in 300 ml of ethanol under continueus stirring. The
precipitate was obtained by the addition of 0.33 mol/l NaOH
solutions into the above solution. The precipitated gel was
filtered, washed twice with distilled water, dried in an oven
at100°C overnight, and calcined at 500°C for 2 hours. The
caleined powder was fired at 900°C for 2 hours (o obtain bet=-
monocalcium silicate, low temperature crystalline phase. The
resultant powder was ground and sieved through 230-mesh
sieve before further use.




Preparation of fest materials

Ketac Molar (3M-ESPE Dental, Seefeld, Germany) was cho-
sen a5 the baseline reference and white ProRoot MTA
(Densply Tulsa, OK, USA) was served as control. Ketac Mo-
lar and CaSiO; powder were mixed to 73 by weight ratio.
Ketac Molar liquid was used to wet the mixed powders; the
powder/liguid ratic was 3:1for Ketac Molar powder and 2.5:1
for CaSiO; powder. Ketac Molar and white ProRoot MTA
were prepared according to manufacturers’ directions, The
details were shown in table 1,

Table 1 - The powder-liguid ratios of all groups

Groups Materials P:L (by weight)
GIC Ketac Molar 3
30%C8-GlL 30% CaSi0, 2.5:1

%% Ketac Molar 31
MTA White ProRoot MTA 3.3:1
Preparation of extracts

All groups of cement were mixed as previously described un-
der aseptic condition. After mixing, a total of 0.2 g of cements
was placed into a well of 24-well tissue culture plates. The
GIC and 30%CS-G specimens were kept in an incubator at 37
°C and 100% relative humidity for 30 minutes, whereas the
MTA specimens were kept for 4 hours in the same condition.
After incubating, the discs were exposed to ultraviolet light for
30 minutes to sterile. One milliliter of complete DMEM was
poured into each well containing each specimen and incubated
= the incubator for 72 hours, Afler ncubating, each extract
was transferred into 4 centrifugal vial for centrifugation for 5
minutes. The supernatant was collected and serially diluted

I:1 with DMEM to achieve a total of 4 concentrations of each
extracts. A series of extraets of different concentrations were
made to observe a possible dose-response relationship.

Cell viability test

Human PDL fibroblast cells were seeded into 96-well plates at
20,000 cells/well and incubated for 24 hours 1o allow attach-
ment. Then, 160 uL of extract was placed into the tissue cul-
fure well, Cells with 100 plL culture medium served as a con-
&ol. The experiment was repeated three times of each cell line.
After an incubation period of 24 hours, cell viability was
evaluated by 3-(4,5-dimethylthiazol-2- yir2,5-
diphenyltetrazolium bromide (MTT) assay. Reduced MTT
was measured spectrophotometrically at $70 nm in a micro-
siter plate reader (BIO-TEK Instrument Ine, Winooski, VT
The OD value of test wells and control wells were caloulated
Sy using the following formula;

% cell viability =

 Cell morphology

The images of PDL fibroblast cells treated with different con-
centration of three materfal groups were examined by using
Phase contrast microscope (Nikon TS-100-F, Nikon, Tokyo,
Zzpan)

Statistical analysis

The results were expressed as means + standard deviation.
Experimental data were analysed by one-way ANOVA at sig-
=ificant level of p < 0,05, Post hoc tests were done with
Scheffé’s test,
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MTT assays

The percentages of viable cells are shown in Fi gure 1. The
percentage of cell viability exposed to undiluted extracts from
GIC was 51.29%, which was significantly lesser than those
from 30%CS-Gl and MTA £90.48% and 94.4%, respectively).

The percentages of cell viability exposed to 1:1, 1:2 and 1:4
diluted extracts were not significantly different amongst all
three groups. The cell viability was fikely to depend on extract
concentration; the lower concentration, the higher level of cell
viabilily.

Cell morphology

The morphology of PDL fibroblast cells exposed to various
concentrations of extracts from three groups are shown in Fig-
ure 2. Most of the cells exposed to undiluted extracts from
GIC were round with fewer cytoplasmic extensions, whereas
those from 30%CS-GI and MTA were generally spindle-
shaped like normal cell morphology.
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Figure 1 - The percentage of cell viability exposed 1o 4 con-
centrations of extracts from all groups

Discussien

After perforation repair, the repair material can release some
leachable compounds into surrounding tissue and may cause
harmful effects to periradicular tissue, In the present study, we
simulated this condition by using the extraction of partially set
specimens and evatuated the in viro cytotoxicity by using
MTT assay. The specimen preparation followed 1SO 10993-
12:2607 standard [211, and the test protocol followed 1SO
10993-5:2009 for in vitro cytotoxicity test 221 However, we
used human periodontal ligament fibroblast cell instead of
immortaiized fibroblast cells to simulate the i vivo situation.
In addition, we also assessed cell merphology because the
alteration of cellular morphology could depict the physiologi-
cal state of the cells.

Ketac Molar was chosen to represent the GIC groups due to its
good biological properties comparing with other commercial
GICs [23]. Sengun ef of {24], who used dentin barrier test for
examining the cytotoxicity of conventional and resin-modified
GIC, showed that Ketac Molar had better pulp cell viability.
MTA is universally acknowledged to be biocompatibie to
PDL cell cultures [3-5, 12]. Additionally, MTA could induced
BMP2 expression and caleification in human PDL cell {25]
and was able to form new cementum over its surface in # vivo
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Figure 2 - From lefi 0 right, the cell morphology reated with undiluted, 1:1, 1:2 and 1:4 diluted concentration, respectively, from

GIC (24-2D), 30%C8-GI {2E-2H) , and MTA (21-2L) extracts

studies [6,71. All of above reasons, we decided to use MTA as
a standard control in this study.

In the present study, the percentage of viable PDL fibroblast
cell exposed to undiluted extracts from Ketac Molar was sig-
nificantly lower than the test group and MTA group. Our re-
sult is sirongly consistent with Vajrabhaya et ol [14] who in-
vestigated the cytotoxicity of MTA and Ketac Molar and
demonstrated that the inhibition of PDL cell proliferation by
the extracts of Ketac Molar was significantly greater than that
of MTA. Abdutiah er o [13] also reported that Sas-2 o8-
scosarcoma cell was round morphology and not able to adhere
10 GIC’s surface but there was an increase in cell number ad-
hering 1o MTA s surface.

An explanation for our result could come from the leachable
compounds of MTA and GIC. The hydration reaction of MTA
formed calcium silicate hydrate gel (C-5-H) and calcium hy-
droxide [26]. When immersed it in solution, caleium ions from
calcium hydroxide and C-S-H could release to the solution
{27]. The released calciumn jons stimulated the osteogenic dif-
ferentiation of human PDL cells [25] and reacted to phosphate
group in the solution to form hydroxyapatite [28,29]. The
presence of cementum on the surfice of MTA has proven this
explanation {6,7}.

GIC is hardened by acid-base reaction of calcium fluoroal-
minosilicate powder and polyacrylic acid solution

£361. Therefore, AP, F, Si- and unpolymerized acid are
mainly leachable compounds that might affect the cells and
tissues. Many previous studies have expressed of the toxicity
of the released components, Savarino ef al [3 1] reported that
the release of fluoride and aluminium ions in early setting
seaction combined with acidity make the GIC toxie. Consighio
et gl 1321 also found that released fluoride ions and acidic pH
A GIC inhibited protein synthesis of buman gingival fibro-

3

evel of 30%CS-GIC was similar to that of

as heen proven as one of bioactive glass ce-
its hydroxyapatite formation capacity. The
e 1o form hydroxyapatite within 1 day and

could rapidly released calcium ion and silicon ions to simu-
tated body fluid solution within 5 days [20]. Li ef af {33], whe
incorporated PHBV polymer with CaSi0; bioactive glass fos
bioactive porous composite scaffold, reported that pH of
CaSiO; powder was slightly basal pH and could peutralize the
acidic by-products from PHBV polymer and stabilize the p
of the simulated body fluid solution between 72-7.7. Forall
of these reasons, adding CaSiO; to GIC could reduce the ox-
icity of GIC.

In the present study, the percentages of viable cel] exposed 1
any diluted extracts from GIC, 30%CS-GIC and MTA were
not significantly different. Moreover, the eytotoxic level was
prone to adversely proportional to the concentration, which
associated with the amount of leachable compound. The
higher amount of toxic leachants, the more acidic pH of the
solution, which lead to the cell damage and death.

Rage on adding CaSiOs 1o GIC, this compound not only pos-
sesses biocompatibility, but also hypothetically possesses bio-
activity. For future study, it is important to examine the bioac-
tivity of the Ca8i0y-GIC compound,

Conclusion

Tn this study, the adding 30% by weight Ca8iO; to GIC can
improve biological properties of GIC.
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