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Cytotoxicities of Different Resin Modified
Glass Ionomer Cements Evaluated

with MTT Test

Farkli Rezin Modifiye Cam lonomer
Simanlarin MTT Testi ile
Sitotoksisitelerinin Degerlendirilmesi

ABSTRACT Objective: Resin-modified glass ionomer cements were developed by adding resin to
conventional glass ionomer cements to improve its physical and mechanical properties. However
this also produces negative properties such as poor biocompatibility. The potentially cytotoxic ef-
fects of resin cements are primarily due to the 2-hydroxyethyl methacrylate content. The purpose
of this study was to determine and compare the cytotoxicity of three different resin-modified glass
ionomer cements. Material and Methods: Three different resin-modified glass ionomer cements;
Advance (Dentsply-Caulk, Milford, USA), Vitremer (3M Dental Products, St. Paul, USA), and Pro-
tec-CEM (Vivadent Ets., Schaan, Liechtenstein) were used in this study. Specimens of each type we-
re prepared, each with 10 mm. diameter and 1mm. depth. These specimens were stored in deionized
water for 10 minutes, 1 hour, 24 hours and 7 days. Eluates were collected and serial dilutions of the
original (undiluted) eluates (1:2, 1:4, 1:8, 1:16) prepared. Solutions were passed through 0.22 pm
(Millipore) sterile filters. Cytotoxicity levels were determined using the MTT method on 1929 fi-
broblastic cell cultures in 96 well plates. Results: Evaluation of the data with the Kruskal-Wallis test
revealed significant differences between the material groups and dilution subgroups were impor-
tant (p< 0.05). Vitremer (3M) was the most cytotoxic for all four deionized water storage times.
Eluates of Advance (Dentsply-Caulk) showed lower cytotoxic response than eluates of Protec-CEM
(Vivadent Ets) from 10 minutes to 1 hour, (p< 0.05). Conclusion: Within the limitations of this in-
vestigation, eluates from three resin-modified glass ionomer cements (Advance, Vitremer, and Pro-
tec-CEM) were found to be cytotoxic to L-929 cell cultures.
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OZET Amag: Konvansiyonel cam ionomer simanlarin fiziksel ve mekaniksel 6zelliklerini gelistir-
mek i¢in rezin ilave edilerek rezin modifiye cam ionomer simanlar {iretilmistir. Bununla birlikte bi-
ouyumsuzluk gibi negatif zellikler goriilmiistiir. Onceki caligmalar 2-hidroksietil metakrilat
igeriginin olmasinin sitotoksik 6zelligi arttirdigini gostermistir. Bu ¢aligmanin amaci ti¢ farkl re-
zin modifiye cam ionomer simanin sitotoksisitelerinin saptanarak karsilagtirilmasidir. Gereg ve
Yontemler: Bu calismada 3 farkli rezin modifiye cam iyonomer siman; Advance (Denstply-Caulk,
Milford, ABD), Vitremer (3M Dental Products, St. Paul, ABD), Protec-CEM (Vivadent Ets., Scha-
an, Liechtenstein) kullanilmistir. Her gruptan 10 mm ¢apinda ve 1 mm derinliginde 6rnekler ha-
zirlanmistir. Bu 6rnekler deionize suda 10 dakika, 1 saat, 24 saat ve 7 giin siiresince bekletilmistir.
Her bekletme siiresi sonunda 6rneklerin bekletildigi sudan 6rnek sivilar alinip 1:1, 1:2, 1:4, 1:8, 1:16
oraninda diltisyonlar hazirlanmigtir. Seyreltilmis bu soliisyonlar 0.22 mikrometre milipor steril fil-
trelerden gecirilmistir. Orneklerin sitotoksisiteleri 96 kuyucuklu platelerde fibroblastik hiicre kiil-
tiirlerinde (L-929) MTT testi kullanilarak degerlendirilmistir. Bulgular: Elde edilen degerler Kruskal
Wallis yontemi ile istatistiksel olarak analiz edilmistir. Buna gére biitiin grup ve alt gruplar arasin-
da belirgin fark bulunmustur (p< 0.05). 10 dakika, 1 saat, 24 saat ve 7 giinliik degerlerin hepsinde
Vitremer en toksik degerlere sahip olmustur. Advance simanin 10 dakika ve 1 saat degerleri Pro-
tec-CEM’e gore daha az toksik degerler gostermistir. Sonug: Bu galigmanin sinirlari igerisinde kul-
lanilan Advance, Vitremer, Protec-CEM rezin modifiye cam iyonomer simanlardan elde edilen
soliisyonlar1 L-929 hiicre kiiltiirii tizerinde sitotoksik etki gostermistir.

Anahtar Kelimeler: Sitotoksisite testleri, immiinolojik; malzemelerin denenmesi
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lass-ionomer cements (GICs) are a type of
G_bioactive dental material introduced in the

early 70s. GICs are esthetic dental materi-
als widely used as restorative, luting, lining, bas-
ing, fissure sealant and core build-up materials due
to their ease of manipulation, fluoride release, che-
mical adhesion to enamel and dentin and their bi-
ocompatibility."> However; GICs have several
inherent shortcomings; they have short working
and long setting times; they show consistent sen-
sitivity to dehydration, especially before maturati-
on; they are susceptible to early moisture
contamination; and they are brittle.? To overco-
me these disadvantages of conventional GICs, re-
sin-modified glass ionomer cements (RMGICs)
were developed by combining conventional glass
ionomer with resin composite components. RMG-
ICs have improved physical and mechanical prop-
erties and handling characteristics yet retain the
advantages of conventional GICs. RMGICs conta-
in poly(acrylic)acids, photocuring monomers 2-
(HEMA) or a
photocuring side chain grafted onto the poly(acr-
ylic)acid, and ion-leaching glass.* RMGICs bond to
tooth structure by both ion exchange reaction and

hydroxyethyl methacrylate

micro-mechanical interlocking.* However, the re-
sins are known to release free monomers such as 2-
hydroxyethyl methacrylate. These monomers
diffuse through dentin to the pulp space because
of their hydrophilicity and low molecular we-
ight.*> Such resins have direct toxic effects on pul-
pal cells in vivo and can cause allergic responses in
patients and dental workers.* ¢ Finally, previous in
vitro studies have shown that both fluoride ions or
resin monomers can exhibit toxicity to cultured
cells.” Cell culture tests are frequently used to eval-
uate the cytotoxic effects of dental materials. MTT
(tetrazolium salt 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphnyltetrazolium bromide) assay is a good
indicator of cell viability and was first described
by Mosmann.? The MTT assay involves the reduc-
tion of water-soluble tetrazolium salt to water-in-
soluble formazan; after which formazan is
dissolved in ethanol and quantified spectrophoto-
metrically.”!! The purpose of this in vitro study
was to evaluate the cytotoxicity potentials of the
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three different resin-modified glass ionomer ce-
ments .

I MATERIAL AND METHODS
SAMPLE PREPARATION

Cylindrical samples of the three different resin-mo-
dified glass ionomer cements, Advance (Dentsply-
Caulk, Milford, USA), Vitremer (3M Dental
Products, St. Paul, USA), and Protec- CEM (Viva-
dent Ets., Schaan, Liechtenstein ) were prepared in
a special jig (10X1mm), allowing the preparation of
standard samples. The powder/liquid ratio of each
material was as follows (according to the manufac-
turers’ directions): Protec-CEM 2/6, Vitremer 1/1,
and Advance 1/3. Each sample was then placed in
a test tubes containing 5 ml. of de-ionized double
distilled water and stored for 10 minutes, 1 hour,
24 hours and 7 days. Eluates were collected at the
end of each time interval and serial dilutions of the
original (undiluted) eluates (1:2, 1:4, 1:8, 1:16) we-
re prepared and sterile-filtered (Millipore 0,22 pm).
The test groups are summarized in Table I.

CELL PROLIFERATION

The cells used for the experiment were 1.929 mou-
se fibroblastic cell culture. These were grown as
monolayer cultures in 25T-flasks (Corning, Lowell,
MA, USA) in Dulbecco’s Modified Eagle’s Medi-
um/F12 (DMEM/F12) (Sigma Chemical Co. St. Lo-
uis, MO, USA) containing 10% fetal calf serum
(Biochrom AG, Berlin, Germany) in a humidified
atmosphere of 95% air and 5% CO, at 37°C. After
the second passage, the L929 fibroblastic cell line
was plated in 96-well culture plates at an initial
density of 30000 cells/ml and incubated in the same
medium and the same humidified atmosphere. Cells
cultured without test material were used as a con-
trol group. One sample was used for each well. At
the end of each period, the culture medium was re-
moved, and the cells were collected from the surfa-
ce of the culture dish using 0.25% trypsin-EDTA
(Sigma Chemical Co., St. Louis, MO, USA). L929
cells were counted with trypan blue (Sigma Chem-
ical Co., St. Louis, MO, USA) and examined under
a light microscope. Each experiment was repeated
three times for each test material and control group.
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TABLE 1: Glass ionomer cements used in the study.

Material Chemical Composition Type Clinical Application Manufacturer

Advance Powder: Strontium alumino flurosilicate glass Resin modified glass-  Luting Denstply-Caulk Milford, U.S.A.
Liquid:oxiethyl methacrylate acid monomer ionomer cement

Vitremer Powder: Fluroalumino silicate glass Resin modified glass-  Luting 3M Dental Pruducts,
Liquid: Methacrylate modified Policarboxylate acid, ionomer cement St. Paul ,U.S.A.
hydroxyethyl methacrylate

Protec-Cem  Powder: Ba-Al-Fluorosilicate glass, Yiterbium trifluoride, ~ Resin modified glass-  Luting Vivadent Ets, Schaan,
highly dispersed silicon dioxide, pigments ionomer cement Liechtenstein
Liquid: Deionized water, hydroxyethyl methacrylate, Di-
methylacrylate, Methacrylate modified Polyacrylic acid

CYTOTOXICITY (MTT ASSAY)

1929 fibroblastic cell line was plated in 96-well cul-
ture plates at an initial density of 30.000 cells/ml
with test materials and incubated in Dulbecco’s
Modified Eagle’s Medium/F12 (DMEM/F12) (Sig-
ma Chemical Co., St. Louis, MO, USA) containing
10% fetal calf serum (Biochrom AG, Berlin, Ger-
many) in a humidified atmosphere of 95% air and
5% CO, at 37°. After 24 hours, the medium was re-
moved from the wells and equal volumes of eluate
were added. Cells cultured without the test mate-
rial were used as the control group. The culture
medium was removed from the wells and 100 pl
RPMI-1640 without phenol red (Sigma Chemical
Co. St. Louis, MO, USA) containing 12.5 pl MTT
(tetrazolium salt 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphnyltetrazolium bromide) was filtered thro-
ugh a 0.22 um filter and were added to each well.
Culture plates were covered with aluminum foil
and the cells were incubated in darkness for four
hours at 37°C in a CO, incubator. The MTT soluti-
on was then removed from the wells and 100 pl di-
methyl sulfoxide (DMSO) was added to each well.
Succinic dehydrogenase activity was measured as
absorbance at 540 nanometer using an Ultra Violet
visible spectrophotometer.

Statistical analysis

The data were analyzed with the SPSS 10.0 statis-
tics program for Windows. The mean, median, mi-
nimum, maximum and standard deviations were
calculated. Results were analyzed by Kruskal-Wal-
lis test. The differences between the groups and the
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FIGURE 1: The biocompatibility of materials at different time intervals (let-
ters show statistical differences between groups).

dilutions were significant (p< 0.05). The results of
Duncan’s test were also statistically significant (p<
0.05).

I RESULTS

The results of the MTT assay showed that resin-
modified glass ionomer cements are cytotoxic to L
929 cell cultures. Eluates from three resin-modifi-
ed glass ionomer cements were cytotoxic to L 929
cell cultures when disks were collected from elua-
tes after 10 minutes, 1 hour, 24 hours and 7 days
exposure times (p< 0.05). Vitremer was the most
cytotoxic for all four exposure times (p< 0.05). Elu-
ates of Advance showed a lower cytotoxic respon-
se than Protec-CEM after 10 minutes and 1 hour
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exposure times (p< 0.05). The leaching of toxic sub-
stances was markedly diminished in the 24-hour
exposure conditions. In general, the rank order
with respect to cytotoxicity at 7 days was as fol-
lows: Vitremer, Advance, Protec-CEM. The result
showed that eluates from disks of Vitremer produ-
ced a significantly greater decrease in viable cell
numbers than other eluates from 10 minutes to 7
days (p< 0.05) (Figure 1).

Samples were investigated under light micros-
cope. For the Advance cement, eluates exposed for
10 minutes and 7 days at 0.5 dilution, and eluates
exposed for 1 hour and 24 hours at 0.25 dilution
had a toxic effect on cell culture. For the Vitremer
cement, eluates exposed for 10 minutes, 1 hour, and
7 days at 0.5 dilution and eluates exposed for 24 ho-
urs at 0.25 dilution showed toxic effect on cell cul-
ture. For the Protec-CEM, the greatest toxic effect
was observed from eluates exposed for 7 days, in
which even a 0.0626 dilution had a toxic effect on
cell cultures. Eluates exposed for 10 minutes at
0.125 dilution, for 24 hours at 0.25 dilution, and for
1 hour at 0.5 dilution showed toxic effects on cell
culture. For the negative control group, even dilu-
tion of 0.00048828 had no toxic effect on cell cul-
tures.

I DISCUSSION

RMGICs have demonstrated reduced moisture sen-
sitivity, improved mechanical strength, extended
working time, and ease of clinical handling; howe-
ver, those RMGICs containing low molecular we-
ight substances such as HEMA, have been found
more cytotoxic than GIC.'> '3 Resin-based restora-
tive materials can constantly release substances
after extended exposure to an aqueouos environ-
ment, possibly causing moderate cytotoxic reacti-
ons and contributing to pulpal irritation. However,
the cytotoxicity of resin-based restorative materials
depends on the product tested, especially on the
quality of leachable components. Therefore, opti-
mum polymerization is necessary for those mate-
rials. Furthermore, the extractable amounts of
leachable components should be reduced.!* HEMA
is a necessary component in RMGIC formulation
as it enhances water solubility. HEMA release from
RMGICs can diffuse dentinal tubules and exhibit
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cytotoxic effects on dental pulp tissue and osteob-
lasts and cause cell death by inducing apoptosis in
cultured fibroblasts.>"

The current study was designed to assess the
possibility that leachable components from resin-
modified glass ionomer cements might diffuse
through dentin and cause cytotoxic effects on pul-
pal cells. Although the dynamics of pulpodentinal
complex cannot be reproduced under in vitro con-
ditions, it is probable that results from the indirect
technique better reflect the risk for pulpal irritati-
on when resin-modified glass ionomer cements are
used.'®

There are a variety of differences between in
vitro test models for the screening of biomaterials
for cytotoxicity. In direct contact tests, the bioma-
terial contacts the cell system directly, without bar-
riers; in indirect contact tests, there is a barrier
between the biomaterial and the cell system; whi-
le, in extract tests, eluates from materials are expo-
sed to the cells.!”

Differences in toxicity patterns at the various
elution times may depend upon the degree of set-
ting. This would be reflected in the rate of compo-
nent leaching. Thus, the measurement of extracts
taken after different exposure times could help to
determine the long-term cytotoxicity of resin-mo-
dified glass ionomer cements.' In this study, the
cytotoxicity of three resin-modified glass ionomer
cements was evaluated by MTT assay using extracts
in 1929 fibroblastic cell culture. The MTT assay has
several advantages; it is optimized in the 96-well
format, complete dose response curves and greater
sample comparisons can be made rapidly, and the
method is economical in time and cost. Further-
more, the MTT method is based on intracellular bi-
ochemical changes, measuring cell viability rather
than cell morbidity. This assay measured the reduc-
tion of MTT by those cells that remained viable af-
ter exposure and incubation with a test chemical

or device.”!®

Exposure time may significantly influence the
biocompatibility of dental resins. In this study, a va-
riety of extract concentrations of 1929 mouse fib-
roblasts were exposed for different periods of time.
It has been demonstrated in laboratory situations
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that leaching is essentially complete after 24 hours.
However, while initial leaching may occur quickly,
slower continued release is possible.’ As other in-
vestigations have determined the quantities of leac-
hed monomers under specific in vitro experimental
conditions with different elute types, sample sizes,
and preparations, using different cytotoxicty test
methods, an in vitro comparison between the cyto-
toxicity findings for RMGICs is not possible.

Nevertheless, although the cell systems, mate-
rials, and methods have differed, the cytotoxic na-
ture of these materials was clearly shown.

Previous studies have shown that RMGICs are
more cytotoxic than GICs.**?? Lan et al.?? have fo-
und Protec-CEM, Compoglass, and Fuji II LC the
most toxic to dental pulp cells. Kan et al.! found one
RMGIC (Vitremer) highly cytotoxic, while a con-
ventional GIC showed intermediate levels of toxi-
city and a second RMGIC (Fuji II LC) and a resin
composite were not cytotoxic.! Previous studies fo-
und that resin-modified glass ionomers cytotoxic
to cultured cells.” The results of this study were in
agreement with previous studies, showing that
RMGIC:s are cytotoxic to L929 fibroblastic cell cul-
ture. Eluates from three resin-modified glass iono-
mer cements were cytotoxic to L-929 cell cultures
when collected in disks from eluates at 10 minutes,
1 hour, 24 hours and 7 days time periods (p< 0.05).
Vitremer was the most cytotoxic at 10 minutes, 1
hour, 24 hours and 7 days.

CYTOTOXICITIES OF DIFFERENT RESIN MODIFIED GLASS IONOMER CEMENTS EVALUATED...

However, the formulation of RMGICs usually
includes a vinyl-modified polyalcenoic acid wa-
ter-soluble metacrylate, such as hydroxyethyl
methacrylate, an ion-leaching glass, and water.
HEMA may be a major contributor to pulp toxi-
city. HEMA can diffuse through the dentin, espe-
cially if it is thin or acid-treated and this may be
relevant to the risk of adverse pulp reacti-

OHS.10’21’23

In vitro screening tests are very helpful in as-
saying the biologic effects of dental materials but
may be limited in their ability to simulate clinical
conditions. RMGICs could constantly release sub-
stance after exposure to an aqueous environment
for extended periods, possibly causing cytotoxic re-
actions and contributing to pulpal irritation. How-
ever, the cytotoxicity of RMGICs varies depending
on the product tested and the types of leachable
components. Optimum polymerization is necessary
for those materials to reduce the extractable amo-
unts of these components.

I CONCLUSION

Within the limitations of this investigation, elua-
tes from three resin-modified glass ionomer ce-
ments were cytotoxic to L 929 cell cultures when
collected from eluates at 10 minutes, 1 hour, 24
hours and 7 days time periods. Vitremer was the
most cytotoxic at 10 minutes, 1 hour, 24 hours and
7 days.
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