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Abstract: Stem cells from human exfoliated deciduous teeth (SHED) can be used as a cell-based therapy in
regenerative medicine and in immunomodulation. Pulp from human deciduous teeth can be stored as a source
of SHED. Glass ionomer cements (GICs) are commonly used in restorative dentistry and in cavity lining. GICs
have lower biocompatibility and are cytotoxic for dental pulp cells. In this study, seven commonly used GICs were
tested for their cytotoxic effects on SHED, for their potential to arrest mitosis in cells and induce chromosome
aberrations, and were compared with the effects of composite. Fuji II, Fuji VIII, Fuji IX, Fuji plus and Vitrebond
had significantly higher cytotoxic effects on SHED than composite. Only SHEDs that have been treated with
Fuji I, Fuji IX, Fuji plus and composite recovered the potential for proliferation, but no chromosome aberrations
were found after treatment with GICs. The cytotoxic effects of GICs on SHEDs were in strong correlation with
combined concentrations of released fluoride, aluminum and strontium ions. Fuji I exhibited the lowest activity
towards SHEDs; it did not interrupt mitosis and did not induce chromosome aberrations, and was accompanied
by the lowest levels of released F, Al and Sr ions.
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INTRODUCTION

The main function of dental pulp is the formation
of dentin. In this process, dental pulp mesenchy-
mal stem cells differentiate into odontoblasts, the
cells that deposit collagen matrix for further min-
eralization. Pulp also continues to produce dentin
in order to repair damage (Briso et al., 2006). For
these reasons, it is important to protect the pulp
during restorative dentistry, applying several lay-
ers of specific materials between the restorative
material and the dental tissue (Briso et al., 2006;
Modena et al., 2009). Calcium hydroxide-based
products have been largely used to protect the
pulp, due to their ability to stimulate sclerotic
and reparative dentin formation and protect the
pulp against antibacterial action (Foreman and
Barnes, 1990; Stanley et al., 1997). Glass ionomer
cements (GICs) were introduced by Wilson and
Kent in 1971 as a mixture of calcium or strontium
aluminofluorosilicate glass powder (base) and a
water-soluble polymer (acid) as a convenient ma-
terial for prevention of pulp tissue damage and
the penetration of bacteria (Wilson and Kent,
1971). Conventional GICs have valuable advan-
tages over other materials used in dentistry: low
solubility, ability to release fluoride, good adhe-
sion to dentin and coefficients of thermal expan-
sion and elasticity modes similar to dentin (Maijer
and Smith, 1998). GICs also uptake fluoride from
topical fluoride applications, allowing them to act
as long-term fluoride-releasing agents (de Souza
Costa et al., 2003). Several variations of GICs have
been developed. The addition of resinous com-
pounds, 2-hydroxyethyl methacrylate (HEMA),
to conventional GICs improved their mechanical
properties and enhanced flexural and diametral
tensile strength, elastic modulus and resistance to
wear (Xie et al., 2000). However, modified GICs
have a very important disadvantage: reduction
in biocompatibility due to the release of uncured

monomers causing pulp irritation and higher cy-
totoxicity in comparison with conventional GICs
(Stanley et al., 1967).

Dental pulp tissues of human exfoliated de-
ciduous teeth contain a mesenchymal stem cell
(MSC) population, called stem cells from human
exfoliated deciduous teeth (SHED) (Miura et al.
2003). These cells have typical stem cell proper-
ties: clonogenicity, self renewal and multipotency
to differentiate into osteoblasts, adipose tissue
and neural cell-like cells (Miura et al., 2003); they
also have immunomodulatory properties. MSCs
isolated from different fetal and adult tissues
are considered the most appropriate source for
cell-based therapy (Porada and Almeida-Porada,
2010). It was shown in vivo that SHEDs govern
bone repair in bone defects in mouse calvarias
(Seo et al., 2008) and swine mandible (Yamaza
et al. 2010). When applied systemically, they at-
tenuate autoantibody levels and IL-17 produc-
tion (Yamaza et al., 2010). SHEDs also express
the capacity to form a dentin/pulp complex
when subcutaneously transplanted into immu-
nocompromised mice (Miura et al., 2003). More
importantly, SHED can be reprogrammed into
iPS (inducible pluripotent stem) cells at a higher
rate than fibroblasts (Yan et al., 2010). The recent
finding has shown that SHED obtained from the
cryopreserved dental pulp tissue of human de-
ciduous teeth retained the main MSC properties:
self-renewal, multipotency, in vivo dentin/bone-
regeneration and in vitro immunomodulatory
function (Ma et al., 2012). Furthermore, SHEDs
that have been isolated from recovered dental
pulp tissue showed therapeutic efficiency in vivo
on immune disorders in MRL/Ipr mice and also
in skeletal and bone defects in the calvarias of
immunocompromised mice (Ma et al., 2012).

We have previously reported the cytotoxic ef-
fects of GICs on dental pulp stem cells (DPSC)
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isolated from postnatal pulp (Kanjevac et al,,
2012). Exfoliated deciduous teeth are easily ac-
cessible tissues and cryopreserved dental pulp
tissues of human exfoliated deciduous teeth
could be an important source for SHEDs, which
could be used for syngeneic cell-based tissue en-
gineering and immune therapy. In this study, we
examined the cytotoxic and genotoxic effects of
commonly used GICs, Fuji I, Fuji II, Fuji VIII,
Fuji IX, Fuji Plus, Fuji Triage and Vitrebond,
on SHEDs and compared them with effects of
composite. We found significant cytotoxic effect
of Fuji II, Fuji plus, Fuji VIII, Fuji IX and Vit-
rebond on SHEDs, while Fuji II, Fuji VIII, Fuji
Triage and Vitrebond inhibited further mitosis of
SHED. In addition, we found no genotoxic effects
of the examined GICs on SHED.
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Fig. 1. The cytotoxicity of GIC eluates on SHEDs evaluated
through the MTT assay. The percentages of dead SHED after 24-h
exposure to GIC eluates are expressed as the means + standard er-
ror (SE) from 9 independent experiments (each dilution was per-
formed in triplicate per experiment). (A) Dose-dependent curves
show that Fuji I, Fuji triage and Composite had no cytotoxic ef-
fect if they were used in dilution 1:2, while Fuji II, Fuji VIII, Fuji
IX, and Fuji plus were not cytotoxic in dilution 1:8. Vitrebond
retained a cytotoxic effect even in dilution 1:32. (B) at 1:1 Fuji II,
Fuji VIIL, Fuji IV dilution, the Fuji triage and Vitrebond eluates
exerted significantly higher cytotoxic effects on SHED compared
with the composite eluates (* p<0.001), as evaluated by the MTT
assay. 1C) Mean values + standard error (SE) of optical density
from 9 independent experiments. Optical density of the cells ex-
posed to tested eluates is shown, and the cells cultured only in
growth medium.

MATERIALS AND METHODS

Tested materials

Eight biomaterials, Fuji I, Fuji II, Fuji VIII, Fuji
IX, Fuji plus, Fuji Triage (GC Corporation, To-
kio, Japan), Vitrebond (3M ESPE, London, UK)
and Te-Econom composite (Ivoclar Vivadent AG,
Liechtenstein) were used in this study. Separate
GIC samples were prepared according to the
manufacturers’ directions at room temperature
and then placed into open plastic rings 5 mm in
diameter and 2 mm deep. After consolidation,
the samples were removed from the rings and
dry heat sterilized for 1 h at 170°C. The samples
were then incubated in complete culture medium
(150 pL per sample) for 72 h at the 37°C and in
a 5% CO, atmosphere. The sample dimensions
and immersion conditions were chosen to ap-
proximate the GICs mass and the dentin-exposed
surface area typically used in restorative dentistry
patient procedures. Sterilization of samples in
70% ethanol was also done. Since there was no
difference in the concentration of released ions
and pH value of medium between sterilized sam-
ples, the medium exposed to each heat sterilized
GICs was used for testing in a cell-culture system.

Culture of human SHED

Human SHED purchased from AllCells, LLC
(Emeryville, California, USA) were cultured in
Dulbecco’s Modified Eagle Medium (DMEM)
containing 10% FBS, 100 I.U./mL penicillin G
and 100 pg/mL streptomycin (Sigma-Aldrich
chemical, Munich, Germany). SHEDs in 4 pas-
sages were used throughout these experiments.

MTT assay for cytotoxicity

The effects of GICs on SHED viability were de-
termined using the MTT colorimetric technique
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(Mosmann, 1983). SHEDs were diluted with
DMEM medium to 1 x 10° cells/mL and aliquots
(1 x 10* cells/100 uL) were placed in individual
wells in 96-multiplates. The next day, medium
was exchanged with 100 uL of each GIC eluate,
differently diluted in growth medium (dilutions
from 1:1 to 1:32). Each eluate was tested in trip-
licate. Cells were incubated at 37°C in a 5% CO,
incubator for 24 h. Cells cultured in growth me-
dium only were used as control.

After incubation, the GIC eluate, or medium
for control, was removed and 15% MTT solution
(5 mg/mL in PBS) in pure DMEM was added to
each well. After a additional 4 h of incubation at
37°Cin a 5% CO, incubator, the MTT solution
was removed and DMSO (150 puL) with glycine
buffer (20 uL) was added to each well to dis-
solve the crystals. The plates were shaken for 10
min. The optical density of each well was deter-
mined at 595 nm using an Anthos Zenyth 3100
Microplate Multimode Detector. The percentage
of cytotoxicity was calculated using the formu-
la: percentage of cytotoxicity = 100-((E-B)/(C-
B)*100), where B is optical density of medium
alone, C is optical density of cells cultured in
growth medium, and E is optical density of cells
exposed to GIC eluates, so that the percentage of
cytotoxicity of each GIC eluate is calculated in
relation to the cytotoxicity of the medium alone
which was 0%.

Apoptosis assay

For detection of apoptosis, the Annexin V bind-
ing capacity of treated cells was examined by flow
cytometry using an Annexin V FITC Detection
Kit (BD Pharmingen, San Jose, CA, USA) accord-
ing to the manufacturer’s protocol. After SHED
reached subconfluency, the medium was replaced
with GIC eluate diluted 1:1 in complete DMEM

(volume, 4 mL). SHEDs exposed to GIC eluate
were placed at 37°C in a 5% CO, incubator for
24 hours. Cultured cells were washed twice with
cold phosphate-buffered saline (PBS, Sigma Al-
drich) and resuspended in 1 x binding buffer (10
x binding buffer: 0.1 M Hepes/NaOH (pH 7.4),
1.4 M NaCl, 25 mM CacCl,) at concentration 1 x
10° per mL. Annexin FITC and propidium iodide
(PI) were added to the 100 pL of cell suspension
and incubated for 15 min at room temperature
(25°C) in the dark. After incubation, 400 pL of
1 x binding buffer was added to each tube and
stained cells were analyzed within 1 h using
FACS Calibur (BD, San Jose, USA) and Flow Jo
software (Tri Star). Since Annexin V FITC stain-
ing precedes the loss of membrane integrity that
accompanies the later stage identified as Annexin
V FITC and PI positive; viable cells are Annexin
V FITC and PI negative. Cells that are in late
apoptosis or already dead are both Annexin V
FITC and PI positive.

Cytogenetic Analysis

To test eventual chromosome abnormalities in-
duced by GICs, cytogenetic analysis was done
(Foudah et al., 2009). After exposure to GIC elu-
ates (dilution 1:4) for 24 h, SHEDs were incubat-
ed in growth medium without GIC eluate for 48
h (5% CO,, 37°C) to recover proliferation. Then
vinblastine (1 pg/ml) was added to the culture
flask to arrest the cell cycle in mitosis and incu-
bated for another 48 h. After exposure to mitotic
arrestant, the cells were dislodged from the flask
using trypsin-EDTA 1 x in PBS (Gibco, Invit-
rogen) for 3 min at 37°C, collected into 15-ml
centrifuge tubes, and pelleted by centrifugation at
125 G for 10 min. The pellet was suspended in 9
ml of 0.56% KCl for 15 min at 37°C. Following in-
cubation, 1 ml of freshly prepared fixative (meth-
yl alcohol-glacial acetic acid, 3:1) was added,
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and the suspension was centrifuged at 125xg for
10 min. The pelleted cells were uspended in 5
ml of fresh fixative for 30 min at room tempera-
ture, then centrifuged at 125xg for 10 min and
again suspended in fresh fixative. This procedure
was repeated three times. Finally, the pellet was
suspended in 70% acetic acid. About three drops
of cell suspension were dropped onto cold, dry
slides tilted at an angle of 30° and air-dried for
2-3 days. This procedure allowed metaphase
spreads in which the two chromatids of each
chromosome lay close together and were rela-
tively long. The slides were placed in a cuvette
with 5N HCI for 10 min, washed in water and
stained with 10% Giemsa. One hundred mitoses
were analyzed per sample.

623

Quantification of fluoride, aluminum
and strontium ions in medium exposed
to GICs

The fluoride (F) concentrations of each eluate
were assayed by high performance liquid chro-
matography using a ChromeleonR Chroma-
tography Workstation (Dionex, Wien, Austria)
equipped with a GP50 gradient pump, conduc-
tivity detector, ASRS ultra 4 mm. An Ionpac
AS15 column and an AG15 guard column were
used. Potassium hydroxide was used as the elu-
ent. The flow rate was 1.0 mL/min. All results
were analyzed on Chromeleon 6.7 Chromatog-
raphy Management Software. Aluminum (Al)
and strontium (Sr) concentrations were assayed

0219018

Untreated cells

D17 1.001

3

D172.002

- SFujil

< . h 3 Y . . : o ‘Fuijill
1 10 1 10 1 = { 2 g = g g ™
AnnasinFITC : " waiene L : LT u
- D17 3003 - D17 4.004 - D175.005
23 B S = DEEN e 2 T [T T
o 78.18% | =3 " A41.90% =i T73.57%
= o B - =
a2y 27 | a2
27 ! 27 21
Fuji vill FujilX FujiPlus
- - . e
° T T - E] T T - = T v T
[ 10! 102 10% ! T 10! 102 10° 104 1 10! 10% 10? 10t
AnnexinFITC Annexin FITC AnnexinFITC
ve D17 6,006 ve D17 7.007 vo D17 8.008
e TOT e e e N =] Eoh R
% 26.24% | =
= : =
=27 e
27 27 21
- Fujitriage | _ Vitrebond - . Composite
e T T T e T T T ] T T e,
il 10! 102 10% ! T 10! 102 10° 104 & 10! 10% 10? 10t
Annexin FITC AnnexinFITC Annexin FITC

Fig. 2. The representative dot plots of the apoptosis assay with percentages of late apoptotic cells. The highest percentage of late apop-
totic cells (propidium iodide (+) AnnexinV (+)) was attained after treatment with Vitrebond (96.34%), Fuji VIII (88.48%) and Fuji Plus
(79.57%). A moderate percentage of late apoptotic cells was attained after treatment with Fuji IX (41.90%) or Fuji II (43.51%). The lowest
percentage of late apoptosis was attained after treatment with Fuji I (21.96%), Fuji triage (26.24%) and composite (22.40%). The results

of a representative experiment are presented.
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by inductively coupled plasma-optical emission
spectroscopy (ICP-OES) using a Thermo Scien-
tific iCAP 6500 Duo ICP (Thermo Fisher Sci-
entific, Cambridge, UK) according to manufac-
turer’s instruction.

Statistical analysis

One-way ANOVA tests and Student’s t test were
used to analyze the data. Bivariate correlation
was used for correlation between the concentra-
tion of a single ion and cytotoxicity, while cor-
relation between combined ions and cytotoxic-
ity was analyzed with partial correlation: p <0.05
was considered statistically significant. Correla-
tion was expressed by Pearson’s coefficient (r).
All statistics were carried out using SPSS 13.0 and
SPSS 19.0 for Windows software.

RESULTS

Glass ionomer cements had significant
cytotoxic effect on SHED

The cytotoxic effects of GIC eluates on stem
cells from human exfoliated deciduous teeth
(SHED) were evaluated by MTT assay. The re-
sults clearly show the cytotoxic activity of all
tested GICs against SHED. There is a significant
difference in cytotoxicity among the tested GICs.
The cytotoxicity of GICs decreases with its in-
creasing dilution (Fig. 1A). There is no cytotox-
icity of GIC eluates diluted 8, 16 and 32 times.
Concentrated eluates had low pH and induced
maximal cytotoxic effect, almost 100% (data not
shown), and for further analyses the dilution
1:1 was used. Fuji I and Fuiji triage (dilution 1:1)
had some cytotoxic effect on SHED but was sig-
nificantly lower than the other tested GICs (Fig.
1B). Comparison of the cytotoxicity of GICs and

composite (Te-Econom) on SHED showed sig-
nificantly stronger (p<0.001) cytotoxicity of Fuji
Plus (98.5% cytotoxicity), Vitrebond (97.92%),
Fuji VIII (92.06%), Fuji IX (82.71%) and Fuji
I (71.07%) than of composite (Te-Econom).
There was no significant difference in cytotoxic-
ity on SHED among Fuji I (25.88%), Fuji Triage
(20.38%) and composite (20.76%) (Fig. 1B).

The comparison of the cytotoxic effects of
GICs with results obtained previously (Kanjevac
etal., 2011) showed significantly more cytotoxic
effects of GICs on SHED than on DPSC. Fuji II
(p<0.05), Fuji VIII (p<0.005), Fuji plus (p<0.005)
and Fuji Triage (p<0.05) exerted significantly
stronger cytotoxicity on SHED when compared
with their effect on DPSC.

SHED exposed to glass ionomer cements
were in late apoptosis

Another assay was used to analyze the cytotoxic
effects of GICs on SHED cells. Similar results
were obtained using an apoptosis assay (Fig. 2).
Most of the SHED cells were in late apoptosis
(Annexin V+ PI-). The highest percentage of
cells in late apoptosis was found after treatment
with Fuji VIII (88.18%), Vitrebond (96.93%),
and Fuji Plus (79.57%). The lowest toxic effect
was observed with Fuji I, Fuji triage was simi-
lar to Composite, as evaluated by the apoptosis
assay. These results were in good correlation
with cytotoxicity obtained using the MTT assay
(r = 0.808).

GICs eluates do not induce aberrations
in chromosomes of SHED in vitro

In order to test the eventual mutagen potential
of GICs, classical cytogenetic analysis was done
with chromosomes obtained from SHED treat-
ed with GIC eluates (dilution 1:4) for 24 h and
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subsequently incubated in growth medium to
eventually recover proliferative potential.

It was impossible to obtain chromosomes in
mitosis from cells treated with Fuji II, Fuji VIII,
Fuji Triage and Vitrebond. SHED treated with
Fuji I, Fuji IX, Fuji plus and Te-Econom recov-
ered proliferative capacity (evaluated by phase
contrast microscopy) and chromosome aberra-
tions were not found (Fig. 3).

GICs cytotoxicity is in correlation with con-
centration of coupled fluoride, aluminum and
strontium ions

There was a strong correlation between the
concentration of fluoride and the cytotoxic ac-
tivity of GIC eluates on SHED evaluated by
MTT assay (Pearson’s correlation coefficient (r
=0.815, p<0.05). The GIC eluates with the most
toxic effects (Fuji Plus, Vitrebond and Fuji VIII))
released the highest amount of fluoride while op-
posite results were found for composite and Fuji
I (Fig. 3). A correlation between the aluminum
and strontium ion concentration in eluates and
cytotoxicity on SHED was not found.

Interestingly, a stronger correlation was found
between the combination of fluoride and stron-
tium ions in eluates and their cytotoxic activity,
while the strongest correlation with cytotoxicity
on SHED was found for the combination of all
three tested ions (r = 0.900).

A similar result was found for the correlation
between the cytotoxic effect on DPSC and the
combined concentration of fluoride and stron-
tium (Kanjevac et al., 2012).

DISCUSSION

SHED is a population of highly proliferative, clo-
nogenic cells, differentiating into a diversity of
cell types including dentin/bone-forming cells
(Miura et al., 2003; Sakai et al., 2010), endothe-
lial cells (Sakai et al., 2010), neural cells (Nour-
bakhsh et al., 2011) and myocytes (Kerkis et al.,
2008) in vitro and in vivo. SHED express STRO-1
and CD146, two MSC markers also present in
DPSC, but SHED exhibited higher proliferation
rates than DPSC. Another difference between

Fig. 3. Chromosome analysis after exposure to GIC eluates. Representative images of chromosomes from untreated cells and cells exposed
to Fuji I eluates with no observed chromosome aberrations.
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SHED and DPSC is the expression of markers of
embryonic stem cells (Oct4, Nanog, SSEA-3 and
SSEA-4) on SHED (Kerkis et al., 2006). SHED
cells have been also applied for tissue engineer-
ing in large animals, including bone defects,
muscular dystrophy and dentin defect (Zheng et
al., 2009; Zheng et al., 2012), as well as in small
animal models for bone defect and spinal cord
injury (Seo et al., 2008, de Mendonga Costa et
al., 2009, Sakai et al., 2012).

Glass ionomer cements are widely used for
crown cementation, intracoronal restoration,
in the orthodoncy, cavity lining, etc. However,
there is much evidence of their toxic effects.
GICs contain organic monomers and different
ions that can diffuse through the dentin tubules
and reach the pulp tissue. These molecules can
affect the vitality of the odontoblasts and inter-
tere with pulp homeostasis and healing (Bouil-
laguet, 2006, Teti et al., 2009). Resin-modified
glass ionomer can cause the inhibition of cell
growth and differentiation in vitro (Imazato et
al., 2009., dos Santos et al., 2012), while in vivo
studies have indicated their low biocompatibility,
Vitrebond induced necrosis and intense inflam-
matory infiltrate (do Nascimento et al., 2000).

Our MTT assay results clearly showed the
dose-dependent cytotoxic effect of GIC eluates
on SHED cells. All tested GIC eluates in dilu-
tions from 1:1 to 1:4 had toxic effects on SHED,
while dilutions 1:8, 1:16 and 1:32 had no effect.
Statistical analysis of the cytotoxic effects of
eluates (dilution 1:1) showed the significantly
stronger effect of Fuji Plus (98.5% dead cells),
Vitrebond (97.92%), Fuji VIII (92.06%), Fuji IX
(82.71%) and Fuji II (71.07%) on SHED than the
control (Te-Econom composite, 20.76%), but
also Fuji Triage (20.38%) and Fuji I (25.88%).
Comparison of the effects of GIC eluates on

SHED and our previous results (Kanjevac et
al., 2012) indicates that SHED is significantly
more sensitive than DPSC. A statistically sig-
nificant difference between the effects of GICs
on SHED and DPSC was found for the eluates
of Fuji II (p<0.05), Fuji VIII (p<0.005), Fuji
plus (p<0.005) and Fuji Triage (p<0.05). These
results are in line with previous reports about
the in vitro cytotoxic effects of GICs (especially
RMGIC) on odontoblasts (Aranha et al., 2006,
de Souza Costa et al., 2003), fibroblasts (Souza
et al., 2006., Thonemann et al., 2002), macro-
phages (Meryon et al., 1983), mouse lymphoma
cell lines (Ribeiro et al., 2006a), dental pulp cells
(Stanislawski et al., 1999; Kong et al., 2009) and
mouse embryonic stem cells (Nguyen Ngoc et
al., 2012) evaluated by MTT assayThe results
of apoptosis assay are, in general, very similar
to those obtained with MTT assay. Slight dif-
ferences between the percentages of dead cells
measured by MTT assay and late apoptotic cells
measured by flow cytometry are results of the
different assay principles. Enzymatic activity is
measured by MTT assay, while flow cytometry
of cells stained with Annexin V and propidium
iodide detects changes in the cell membrane.

Eluates of Fuji II, Fuji VIII, Fuji Triage and
Vitrebond inhibited mitosis in the remaining live
cells. Two days after exposure to GICs, no mitosis
was detected. In the remaining cells exposed to
eluates of Fuji I, Fuji IX, Fuji plus and Te-Econom
composite there was normal mitotic activity with
no detected chromosome aberrations. There are
no literature data about the effects of GICs on
chromosome aberrations in SHED cells, but the
genotoxic effects of some GICs were found in
Chinese hamster ovary (CHO) cells (Ribeiro et
al., 2006b), normal cultured human lymphocytes
(Bakopoulou et al., 2009) and mouse fibroblasts
(Angelieri et al., 2012).
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There is a strong correlation between the
fluoride ion concentration in eluates and the
cytotoxic effect on SHED (measured by MTT
assay) of these eluates (Pearson’s correlation co-
efficient (r = 0.815, p<0.05)). This is in line with
our previous report that GIC-induced SHED
necrosis correlates with fluoride concentration
(Kanjevac et al., 2011). Aluminum concentra-

tion in the eluates was highest for Fuji plus, Fuji
triage and Fuji VIII, while the lowest aluminum
concentrations were found for composite, Fuji
I1, Vitrebond, Fuji IX and Fuji I. These results
are in correlation with previous results (Vieira
et al., 1999; Nicholson and Czarnecka, 2009; Bil-
lington et al., 2006; Kovarik et al., 2005). There
is no correlation between the concentration

150
Fujil
100 - M Al ppm
M Sk ppm
M Fppm
50 - M percentage of dead cells
.o -
1:1 1:2 1:4 1:8 1:16 1:32
™ Fuji VIII
ujli
150 {_ L J
100 -
-
50 - _
[l -
1:1 1:2 14 1:8 1:16 1:32
300 + .
Fuji plus
200 -
T
100
.
0 -
1:1 1:2 14 1:8 1:16 1:32
150 1 .
T Vitrebond
100
.
50 -
0 -
1:1 1:2 14 1:8 1:16 1:32

150 -
Fujill

100

1:1 1:2 14 1:8 1:16 1:32
200 -
150 T

100 -

1:1 1:2 14 1:8 1:16 1:32

400 - Euiitri
ujitriage
300 - ! 9
200 -

100

1:1 1:2 14 1:8 1:16 1:32

30
Te econom
20

0 - . “ [ 5 ] =

1:1 1:2 14 1:8 1:16 1:32

Fig. 4. Cytotoxic effect of GIC eluates on SHEDs correlates with the coupled concentrations of fluoride, aluminum and strontium. Bars
represent the percentages of cytotoxicity (MTT assay) of GIC eluates in different dilutions and concentrations of F (measured by HPLC),
Al and Sr (measured by ICP-OES) for each GIC in appropriate dilution. Concentrations of F, Al and Sr in medium only were below detect-
able levels. There is a strong correlation between the concentration of released F ions and the cytotoxic effect of GIC eluates on SHEDs
(Pearson’s correlation coefficient (r = 0.815, p<0.05)) measured by the MTT assay. However, a stronger correlation existed between SHED
cytotoxicity and the coupled concentrations of released aluminum, strontium and fluoride ions (r = 0.900).
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of Alions and the cytotoxicity of SHED. Similar
results were found for strontium concentrations,
i.e. there is no correlation with cytotoxicity. The
lowest concentrations were found in composite,
Vitrebond, Fuji IT and Fuji IX eluates while high-
est concentrations were found in Fuji triage, Fuji
plus, Fuji VIII and Fuji I eluates. Concentrations
of Sr ions released in the given time and vol-
ume are in line with previous reports (Kudalkar
and Damle, 1997). However, there is significant
correlation between coupled concentrations of
fluoride, aluminum and strontium and the per-
centage of dead SHED, and the strongest correla-
tion was found for the coupled concentration of
fluoride and strontium (r = 0.900).

The concentrations of released fluoride in
GIC eluates were several times higher than con-
centrations proven to be cytotoxic. Although the
released fluoride concentration declines over
time (Markovic et al., 2008), the fluoride concen-
trations in saliva after GIC restoration are several
times higher in comparison to salivary concen-
trations in a control group (Seo et al., 2008; Koch
et al., 1990; Chatzistavrou et al., 2010).

CONCLUSION

The results of our study indicate the potential
harmful effects of GICs on SHED, the cells that
could be isolated from stored pulp and could be
used in cell-based therapy in a syngeneic host.
These results indicate caution in the usage of
GICs in restorative dentistry, especially if used
near pulp tissue.
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