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Abstract

Camargo SEA, Camargo CHR, Hiller K-A, Rode SM,
Schweikl H, Schmalz G. Cytotoxicity and genotoxicity of
pulp capping materials in two cell lines. International Endodon-
tic Journal, 42, 227-237, 2009.

Aim The aim of this study was to evaluate the
cytotoxicity and genotoxicity of the new castor oil
bean cement (COB) material in comparison to com-
monly used pulp capping materials.

Methodology Specimens of COB, calcium hydroxide
(Hydro C), and mineral trioxide aggregate (white and
gray MTA) were extracted in culture medium
(91.6 mm? sample surface mL™!). Transfected human
pulp cells (tHPCs) were exposed to dilutions of the
extracts for 1 h, and the generation of reactive oxygen
species (ROS) was determined by flow cytometry
(FACS) using H,DCF-DA as a dye. Survival of tHPCs
was measured photometrically using a crystal violet
assay after a 24-h exposure period. Genotoxicity as
indicated by the formation of micronuclei in V79 cells,
and the modification of the normal cell cycle by
extracts of the materials was analysed by FACS.

Results Clear cytotoxic effects were detected only
with extracts of Hydro C under the current experimen-
tal conditions. The two MTA preparations induced an
insignificant reduction in the number of cells. In
contrast, the extracts of COB slightly induced cell
proliferation. Extracts of Hydro C caused a twofold
increase in ROS production, whilst the other tested
materials were ineffective. An increase in the number
of micronuclei was not detected with any material
tested; Hydro C slightly increased the number of cells in
G1 and G2.

Conclusions The COB and the two MTA prepara-
tions did not negatively influence cell survival or ROS
production and may thus be further considered for pulp
capping studies.
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Introduction

One of the objectives of operative dentistry is to
maintain pulp health in compromised teeth, thus
reducing the need for root canal treatment and the
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potential for unwanted sequelae such as tooth loss.
Commonly used methods for this purpose are direct
pulp capping and pulpotomy, which consist of place-
ment of biocompatible materials and bio-inductors on
the exposed pulp tissue to preserve its health and
stimulate repair by mineralized tissue formation (Do-
minguez et al. 2003, Accorinte et al. 2008). New
materials are now available that claim to be biocom-
patible, have antibacterial properties, act as healing
inductors and provide appropriate sealing. Thus, these
materials may improve the higher longevity of the
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tooth after direct pulp capping and pulpotomy (Domin-
guez et al. 2003, Accorinte et al. 2008). The success of
such treatments depends, besides other factors, on the
applied material (Cohen & Hargreaves 2006). Several
materials are commonly recommended for this purpose
such as calcium hydroxide and more recently mineral
trioxide aggregate (MTA) (Dominguez et al. 2003,
Camilleri & Pitt-Ford 2006).

Calcium hydroxide has been the material of choice
for pulp capping and pulpotomy. It is assumed that the
material leads to initial change that causes undifferen-
tiated cells within the pulp to differentiate into odon-
toblasts, which then form a hard tissue barrier at the
pulp exposure site. The formation of reparative dentine
in response to calcium hydroxide may not be due to the
bioinductive capacity of the material but due to the
result of a defense mechanism by the pulp induced by
the irritant nature of calcium hydroxide (Goldberg et al.
2003, Almushayt et al. 2006).

The MTA has antibacterial properties in an aqueous
environment due to its high pH (12.5) and good
biocompatibility in cell cultures (Hauman & Love
2003). Thus, it has been used as root-end filling
material in apical surgery, as sealing material and for
pulp capping and pulpotomy (Dominguez et al. 2003,
Camilleri & Pitt-Ford 2006). In comparison to calcium
hydroxide, MTA induces the formation of a hard tissue
barrier at the pulp exposure site, but evokes a less
prominent inflammatory reaction (Hauman & Love
2003). Clinically, similar positive results have been
observed for MTA and for calcium hydroxide prepara-
tions (Accorinte et al. 2008).

Recently, a material based on a polymer derived from
the castor oil plant (Ricinus communis) was introduced
into endodontics. This material, castor bean polyure-
thane cement (COB), is composed of 81-96% triglyc-
eride of ricinoleic acid, and is considered a natural
polyol containing three hydroxyl radicals. This cement
has been reported to have antibacterial properties, is
compatible with living connective tissues, has the
potential to facilitate tissue healing, shows good
mechanical properties, and is available at low cost
(Carvalho et al. 1997, Barros et al. 2003). It has been
successfully used as a root-end filling material in apical
surgery, and as a sealer for root fillings (Pascon et al.
2001). Due to these positive characteristics, the mate-
rial is considered to be an excellent candidate for use in
pulp capping.

Ideally, pulp capping materials should be biocom-
patible and have satisfactory physico-chemical proper-
ties. As these materials will be in direct contact with
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pulp tissue for long periods of time, the biocompatibility
is of particular importance. A biocompatible material
should not only promote tissue repair, but should also
aid or stimulate the reorganization of injured structures
(Carvalho et al. 1997, Mantellini et al. 2003).

For the determination of biocompatibility of dental
materials a large number of methods have been
recommended, with the analysis of cellular reactions
in vitro generally considered to be the initial approach
(Schmalz 1994). This allows for the basic biological
characterization of a material and for analysis of the
underlying cellular mechanisms. Cellular actions of
interest are cellular toxicity (cytotoxicity) and the
influence of sublethal concentrations on heritable
DNA damage (genotoxicity). Recently, the generation
of elevated levels of reactive oxygen species (ROS) by
dental resin monomers has been related to the induc-
tion of cytotoxicity, genotoxicity, and to changes in the
normal cell cycle (Schweikl et al. 2006).

Therefore, the purpose of this study was to evaluate
the cytotoxicity and genotoxicity of the new COB
material in comparison to commonly used pulp capping
materials. The cytotoxicity of extracts of the various
materials was measured by staining surviving cells
with crystal violet, and analyzing the generation of
ROS as recorded by flow cytometry (FACS) using
transfected human pulp cells (tHPCs). The genotoxicity
was determined by the formation of micronuclei in V79
cells, and related effects of the materials on the normal
cell cycle were detected by FACS.

Material and methods

Preparation of extracts

The following materials were used: Calcium hydroxide
cement (Hydro C; Dentsply, Sao Paulo, SP, Brazil), gray
mineral trioxide aggregate (gray MTA; Angelus, Lond-
rina, PR, Brazil), white mineral trioxide aggregate
(white MTA), and castor oil bean cement (COB) (Ricinus
communis; Poliquil, Araraquara, SP, Brazil). Vitrebond
(3M ESPE Dental Products, St. Paul, MN, USA) was
used as a reference material. A list of the components of
the test materials is presented in Table 1. Samples of
the materials were prepared in Teflon rings (5 mm in
diameter, 2 mm high). Vitrebond specimens were light-
cured for 40 s (780 mW cm™2) from each side. Seven
material specimens were transferred immediately after
mixing into one insert (Millipore (Billerica, MA, USA),
0.4 um filter, 30 mm diameter) of a 6-well plate. The
test specimens were covered with 3 m cell culture
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Table 1 Principal components of the
pulp capping materials tested

Material

Components

Calcium hydroxide cement (Hydro C)
(Dentsply, Sao Paulo, SP, Brazil)
Lot no: 328439

Gray mineral trioxide aggregate (MTA)
(Angelus, Londrina, PR, Brazil)
Lot no: 5494

White mineral trioxide aggregate (MTA)
(Angelus, Londrina, PR, Brazil)
Lot no: 822, 7122

Castor oil bean cement (COB) (Poliquil,
Araraquara, SP, Brazil) Lot no: 14001011

Vitrebond (3M ESPE Dental Products,
St. Paul, MN, USA) Lot no: 20070205

Calcium tungstate; zinc oxide;
disalicylate ester of 1,3 butylene
glycol and calcium phosphate

Tricalcium silicate, dicalcium silicate,
tricalcium aluminate, tetracalcium
aluminoferrite, bismuth oxide, iron
oxide, calcium oxide

Tricalcium silicate, dicalcium silicate,
tricalcium aluminate, tetracalcium
aluminoferrite, bismuth
oxide, iron oxide, calcium oxide

Liquid Polymer: Vegetable polymer
extracted from oily Ricinus communis

Powder: Calcium carbonate

Powder: radiopaque, ion-leachable
fluoroaluminosilicate glass powder

Liquid: modified polyacrylic with pendant
methacrylate groups, HEMA (2-
hydroxyethylmetacrylate) water
and photoinitiator

medium [MEMo supplemented with 10% fetal bovine
serum (FBS), geneticin and penicillin/streptomycin]
and incubated in the dark for 24 h at 37 °C. Thus,
extracts of the test specimens were prepared at a ratio
of 91.6 mm?> sample surface area m ' cell culture
medium. After a 24-h extraction period, these original
extracts (1 : 1) were then serially diluted in cell culture
medium prior to testing.

Cytotoxicity testing

Primary human pulp-derived cells were originally
transfected with a plasmid containing coding sequences
of the SV40 large T-antigen. This resulted in the
establishment of a cell line with an extended of life span
(Galler et al. 2006). These tHPCs were routinely
cultivated in MEMa supplemented with 10% FBS,
geneticin and penicillin/streptomycin at 37 °C, and
5% CO, as described (Galler et al. 2006). In each well of
a 96-well plate, 8 x 10> cells were seeded and incu-
bated for 24 h at 37 °C. Then, the cell cultures were
exposed to 200 ul. of original extracts of the test
materials and serial dilutions of these extracts. Discard-
ing the exposure medium stopped the exposure of the
cell cultures after 24 h. Then, cell survival was
determined using a crystal violet assay. Cell cultures
were fixed with 1% glutaraldehyde, washed twice with
phosphate-buffered saline (PBS), and stained with
crystal violet (0.02% in water). The amount of crystal
violet bound to the cells was dissolved with 70%
ethanol, and optical densities were measured at

© 2009 International Endodontic Journal

600 nm in a multi-well spectrophotometer (Infinite
F200; TECAN, Crailsheim, Germany). Four replicate
cell cultures were exposed to each of the serial dilutions
of material extracts in three independent experiments.
Optical density readings were normalized to untreated
control cultures (=100%), and differences between
median values were statistically analysed using the
Mann—Whitney U-test (SPSS 15.0; SPSS, Chicago, IL,
USA) for pairwise comparisons among groups at the
0.05 level of significance.

Measurement of reactive oxygen species

The generation of ROS was measured using the
oxidation-sensitive fluorescent probe 2’7’-dichlorodihy-
drofluorescin diacetate (H,DCF-DA). Intracellular ester-
ase activity results in the formation of DCFH, a
nonfluorescent compound which emits fluorescence
when it is oxidized to DCF-DA (Demirci et al. 2008).
tHPCs (2 x 10°) were seeded into each well of a six-
well plate and incubated for 24 h at 37 °C. The cells
were then exposed to serial dilutions of the various
material extracts (2 mL per well) and pre-incubated for
30 min at 37 °C. Next, 2 uL. DCFH-DA (10 mmol L_l)
were added to the cell cultures for 30 min at 37 °C.
Untreated cell cultures were used as negative controls.
One well was used for each concentration and exposure
was stopped after 1 h. Then, cell cultures were
detached with Accutase (PAA; Laboratories GmbH,
Pasching, Austria), resuspended in 250 ul. CMF—PBS,
and DCF fluorescence was determined by FACS (BD
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FACSCanto, BD Biosciences, Heidelberg, Germany) at
an excitation wavelength of 495 nm and an emission
wavelength of 530 nm (FL-1). Mean fluorescence
intensities were obtained by histogram statistics using
the BD FACSDiva software. At least four independent
experiments were performed with each compound.
Mean fluorescence intensities were normalized to
untreated control cultures (=1.0), and differences
between median values were statistically analysed
using the Mann—-Whitney U-test for pairwise compar-
isons among groups at the 0.05 level of significance.

Micronucleus test in vitro

V79 Chinese hamster fibroblasts (3 x 10° cells) were
cultivated on microscopic glass slides in 4 mL MEMu
supplemented with 5% FBS, and penicillin/streptomycin
for 24 h at 37 °C and 5% CO,. Test materials were
extracted in V79 cell culture medium as described above.
Then, the cell cultures were exposed to dilutions of
extracts of Hydro C, gray MTA, COB and Vitrebond for
24 h. These dilutions were either mildly cytotoxic in
V79 cells or the most concentrated extracts available
under the present experimental conditions were used.
Ethyl methanesulfonate (EMS) served as a positive
control, and the number of micronuclei was determined
microscopically in 1000 cells/slide of two parallel cul-
tures (slides) per concentration as previously described
(Schweikl et al. 2001). At least four slides derived from
two independent experiments were analysed, and differ-
ences between median values were statistically analysed
using the Mann—Whitney U-test for pairwise compari-
sons among groups at the 0.05 level of significance.

Cell cycle analysis

V79 cells were incubated at an initial cell density of
0.25 x 10° per cell culture plate (150 mm in diameter)
at 37 °C and 5% CO,. Subconfluent monolayer cell
cultures were then exposed to two dilutions of extracts
of Hydro C (1 : 8 and 1:16), MTA (1 :1 and 1 : 2),
and COB (1:1 and 1 :2). TEGDMA (1.5 mmol L)
was used as a positive control. The distribution of the
number of cells among the three phases (G1, S, G2) of
the cell cycle was determined by FACS as previously
described (Schweikl et al. 2007). Statistical analyses of
differences between the DNA content of cells in G1, S or
G2 phase in untreated and treated cell cultures were
performed using the Mann—Whitney U-test for pairwise
comparisons among groups at the 0.05 level of
significance.
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Results

Cytotocixity of pulp capping materials and ROS
production

Original extracts of Hydro C reduced survival rates of
tHPC to 20.5%, and 9.8% of exposed cells survived after
exposure to a 1 :2 dilution of the original extract
(Fig. 1). Extracts of Hydro C were significantly more
toxic to pulp cells than extracts of COB and mineral
trioxide aggregate (gray and white MTA) samples for
both original extracts and their dilutions up to 1: 8
(P <0.001). Yet, it appeared as if the undiluted
extracts and a 1:2 dilution of gray MTA samples
caused a slightly more pronounced reaction in tHPC
than white MTA. While this difference between gray
and white MTA was not statistically significant, the
undiluted extract of COB actually significantly in-
creased cell numbers to 105.2% (P < 0.05). Vitrebond
was found to be the most toxic material tested in this
experiment, since the difference in survival rates
between Vitrebond and all other materials was statis-
tically significant for all dilutions (P < 0.01). Since the
pH values of all extracts varied between 7.0 and 8.5,
cytotoxicity was apparently not related to differences in
pH values of the extracts. Summarizing the results for
the crystal violet tests, the toxicity of the test materials
can be ranked in the following order from the most
toxic to the least toxic preparation: Vitrebond > Hydro
C >> white MTA = gray MTA >>> COB.

The generation of DCF fluorescence, which is indic-
ative of ROS production in tHPC, was determined after
a short exposure period of 1 h to extracts of the pulp
capping materials (Fig. 2). The original extracts as well
as dilutions (1 : 2) of Hydro C led to a twofold increase
in ROS production. In contrast, increased ROS produc-
tion was not detected in any extracts of gray and white
MTA or COB (P > 0.05). On the other hand, original
extracts of Vitrebond increased ROS production about
sevenfold (Fig. 2).

Formation of micronuclei and influence of pulp
capping materials on the cell cycle

The formation of micronuclei by extracts of the pulp
capping materials was analysed in V79 cell cultures
(Fig. 3). EMS, which was used as a positive control,
increased the number of micronuclei in treated cultures
about sevenfold compared to those detected in un-
treated controls. In contrast, no increase in the number
of micronuclei was detected with the dilutions of Hydro
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Figure 1 Cytotoxicity of pulp capping materials in tHPC after exposure to extracts. Original extracts (1 : 1) were serially diluted
with cell culture medium as indicated. The cell cultures were exposed for 24 h, and cellular survival in treated and untreated cell
cultures was determined in quadruplicate in three independent experiments (n = 12). Bars represent medians plus 25% and 75%

percentiles. Statistically significant differences between untreated and treated cell cultures are indicated by asterisks. UC, untreated
controls.
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Figure 2 Generation of ROS in tHPC after exposure to pulp capping materials. The production of ROS was measured using the
oxidation-sensitive fluorescent probe 2’7’-dichlorodihydrofluorescin diacetate (H,DCF-DA). The cell cultures were exposed to
increasing dilutions of pulp capping materials in cell culture medium for 1 h. Mean fluorescence intensities were normalized to
untreated control cultures (UC = 1.0). Bars represent medians (25% and 75% percentiles) calculated from four independent
experiments (n = 4). Statistically significant differences between untreated and treated cell cultures are indicated by asterisks.
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Figure 3 Induction of micronucleiin V79 cells after exposure to
pulp capping materials. The number of micronuclei caused by
the pulp capping materials were obtained from four to six treated
cell cultures (n = 4-6), and bars represent medians (25% and
75% percentiles). Median numbers of micronuclei were also
calculated for untreated controls (UC), and 5 mmol EMS
(n = 20). Statistically significant differences between untreated
and treated cell cultures are indicated by asterisks.

C, gray MTA and COB extracts tested here (P > 0.05)
(Fig. 3). Diluted extracts of Vitrebond specimens
increased the number of micronuclei about 2.5-fold
(P < 0.05). Higher concentrations of Hydro C and
Vitrebond tested cytotoxic in V79 cells, and micronu-
clei could not be counted.
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Extracts of the various materials were also analysed for
their influence on the cell cycle of V79 cells. About 33%
of the cells in untreated controls were found in the G1
phase of the cell cycle, and 12% of the cells were detected
in G2 phase (Fig. 4). The relatively high percentage
(55%) of cells in S phase indicated a high proliferative
activity of V79 cells. TEGDMA (positive control) caused a
delay of the V79 cell cycle. More than 45% of the V79
cells in cell cultures treated with 1.5 mmol L™ TEGDMA
arrested in G2, and only 10% of the cells were found in
G1 (Fig. 4). Dilutions of Hydro C slightly, but signifi-
cantly, increased the number of cellsin G1 and G2 (1 : 8)
compared with untreated control cultures. These min-
imal changes were associated with a small decrease in
the number of cells in S phase (Fig. 4). Extracts of gray
MTA (1 : 1) caused a minor increase in the number of
cells in G2 phase related to a slight decrease in the cell
population in S phase. Extracts of COB(1 : 1 and 1 : 2),
however, did not evoke any statistically significant
differences in the number of cells in G1, S and G2 in
treated cultures compared to those seen in untreated
control groups (P > 0.05).

Discussion
Cytotocixity of pulp capping materials and ROS
production

In the present study, extracts of Hydro C reduced the
number of tHPC to approximately 10%, and thus was
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Figure 4 Cell cycle analysis of V79 cells. The distribution of V79 cells between the three phases of the cell cycle (G1, S and G2) is
presented after exposure to extracts of pulp capping materials for 24 h. The percentages of cell numbers in each phase were
calculated from individual histograms in four independent experiments (n = 4). Bars represent medians (25% and 75%
percentiles), and asterisks indicate statistically significant differences of cell populations in G1, S or G2 from corresponding

untreated cell cultures.
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the material with the highest toxicity within the series
tested. In contrast to these results, it has been reported
that cell culture medium conditioned with Ca(OH),
cement did not decrease the number of human pulp
cells (Cavalcanti et al. 2005). The discrepancy between
these data and the present results may be explained by
differences in experimental procedures such as sample
preparation, extraction and cell culture methods. On
the other hand, Hydro C was much more cytotoxic
than the MTA preparations when tested under the
current conditions. This corresponds to reports on
the cytotoxicity of Portland cement, which is virtually
the same material as MTA. No cytotoxicity was
detected with Portland cement up to a 72-h exposure
period, but a calcium hydroxide preparation drastically
reduced cell viability (Min et al. 2007). It was also
observed that white MTA evoked higher cell prolifer-
ation than a Ca(OH), cement in human pulp cells
(Takita et al. 2006). The present result suggests that
Hydro C may interfere with pulp healing under certain
circumstances based on the pronounced cytotoxicity
observed under the present experimental conditions.

The MTA was repeatedly ranked as nontoxic or the
least cytotoxic root canal cement in various cell lines
and test systems (Osorio et al. 1998, De-Deus et al.
2005, Souza et al. 2006, Rezende et al. 2007). How-
ever, some authors reported that MTA may be able to
reduce cell viability after short exposure periods
(De-Deus et al. 2005, Guven et al. 2007). On the other
hand, there is also evidence that MTA induced the
expression of bone morphogenetic protein (BMP)-2 and
an osteogenic phenotype (Bonson et al. 2004, Guven
et al. 2007). Because of the reduced expression of
cytokines in pulp tissues exposed to MTA, an anti-
inflammatory effect of the material was suggested (Silva
et al. 2008).

The MTA is commercially available in two colours,
but most studies evaluated the gray preparation since
white MTA has only been marketed relatively recently.
These materials contain differences with respect to their
concentrations of aluminium, magnesium and iron
compounds. White MTA lacks the aluminoferrite phase
that imparts the gray colour to gray MTA (Camilleri &
Pitt-Ford 2006). It has been reported that oral epithe-
lial cells and cementoblasts may proliferate better on
the surface of white MTA than gray MTA (Oviir et al.
2006). In the present study, no significant differences
were detected between the gray and white MTA
preparations. Similarly, no such differences were
observed using different cell culture methods and
exposure periods of up to 28 days (Camilleri et al.
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2004, Ribeiro et al. 2005). Likewise, the induction of
apoptosis was not detected in odontoblast-like cells
(MDPC-23) and undifferentiated pulp cells (OD-21)
(Moghaddame-Jafari et al. 2005).

The COB is a natural polyurethane resin obtained by
polymerization of the polyester polyol derived from
Ricinus communis. COB or RCP (Ricinus communis
polyurethane) was originally developed as a biomate-
rial for bone repair and regeneration after local bone
damage. Animal studies have shown that RCP pro-
moted fibroblastic neoformation, which was progres-
sively replaced by bone around and inside the porosities
of the biomaterial. Late inflammatory reactions and
systemic toxic effects were not detected (Kojima et al.
1995). It was reported that RCP allowed for the
neoformation of bone after implantation into rat
alveolus. Nevertheless, retardation in the wound-heal-
ing process was observed in the presence of RCP in the
cervical third of rat alveolus (Carvalho et al. 1997).
Yet, it was originally suggested that the material is
compatible, because of its progressive integration into
the bone tissue (Carvalho et al. 1997). The generation
of mineralized bone matrix in close contact with the
RCP surface was repeatedly demonstrated (Barros et al.
2003). RCP was also coated with calcium carbonate or
calcium phosphate, and surgically implanted in rabbit
femurs. It was observed that osseointegration was
increased by RCP-CaCO5 after 16 weeks, and by RCP-
Caz(P0O4), after 8, 12 and 16 weeks. It appeared as if
the process of osseointegration was already completed
on RCP-Cas(PO4), after 8 weeks. Therefore, it was
suggested that the addition of calcium phosphate
improved the biocompatibility of the RCP. Compared
with hydroxyapatite, RCP was considered a bioinert
rather than a bioactive material (Barros et al. 2003).
Corresponding results were obtained in in vitro studies
on cell adhesion and proliferation on the same RCP
materials (Beloti et al. 2003). To further promote tissue
integration and stimulate tissue regeneration, RCP was
coated with alkaline phosphatase (ALP) and incubated
in synthetic body fluid (SBF) before responses of bone
marrow stem cells cultured in osteogenic medium were
analysed. Although the combination of RCP—ALP was
cytotoxic for unknown reasons, it was found that cell
viability was not affected by RCP, and RCP-ALP after
incubation in SBF. However, bone-like nodule forma-
tion was not observed. It was suggested that the
incorporation of ALP to the RCP followed by SBF
incubation could be a useful alternative for improving
the biological properties of the RCP (Beloti et al. 2008).
In the present study, cytotoxicity of COB was not
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detected in tHPC. In contrast, a slight increase in cell
numbers compared to untreated control cultures was
observed, suggesting that this material might be able to
promote proliferation. Based on the in vitro and in vivo
studies discussed above, the results add further evi-
dence that COB should be considered a promising
material for further pulp capping studies.

A large number of analyses showed the high
cytotoxicity of Vitrebond using different evaluation
methods (Schuster et al. 2001, Galler et al. 2005). On
the other hand, it was reported that Vitrebond allowed
for pulp healing and the formation of a calcified barrier
at the exposure site (Souza-Costa et al. 2003). How-
ever, it should be noted that these experiments were
normally performed on healthy pulp tissues, and the
use of the material for direct pulp capping was not
recommended by the manufacturer.

Data on the increased generation of ROS may
provide insight into one possible mechanism of cellular
toxicity. In the present study, neither gray and white
MTA, nor COB increased the amounts of ROS after a
1-h exposure period. This is in line with the lack of
cytotoxicity observed for these materials under the
current experimental conditions. These findings also
correspond to a recent report on the lack of ROS
production in macrophages exposed to MTA (Rezende
et al. 2007). Here, Hydro C caused only a small
increase in ROS levels, but extensive cytotoxicity was
observed. This effect is different from the reactions
observed with, for instance, Vitrebond and the resin
monomer TEGDMA (Demirci et al. 2008). Thus, cyto-
toxicity of materials like Vitrebond and resin monomers
appears to be closely associated with ROS production
whereas cytotoxicity of materials like Hydro C is based
on a different mechanism.

Influence of pulp capping materials on the formation
of micronuclei and the cell cycle

The in vitro micronucleus test is a suitable method for
testing the genotoxic potential of chemical substances.
It has also been previously used to check for the
induction of clastogenic effects caused by resin mono-
mers or dental materials (Schweikl et al. 2001, Demirci
et al. 2008). In the present study, Hydro C and gray
MTA did not increase the number of micronuclei in
V79 cells. Likewise, no genotoxic effects were detected
with COB. Our findings with MTA are in agreement
with studies using the single cell gel (comet) assay to
evaluate DNA damage. Furthermore, the clear geno-
toxic effect observed here with Vitrebond is in line with
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data reported in the literature as well (Ribeiro et al.
2006a,b).

It has been repeatedly shown that monomers of
dental composite resins are able to influence the normal
cell cycle, probably as a result of DNA damage
(Schweikl et al. 2007). Therefore, this biological end-
point was included in the present study. Here, COB had
no influence on the cell cycle of V79 cells. The
significant increase in the number of cells in G1 and
G2 phase caused by a 1 : 8 dilution of the Hydro C
extract can be correlated with a decrease in cell survival
as detected by the crystal violet assay. A slight influence
of gray MTA on the cell cycle was observed here.
Interestingly, it has been previously reported that MTA
induced a significant decrease in the number of pulp
cells in G1 phase and a slight but significant increase in
S and G2 phase, suggesting that MTA may have a
positive effect on the regeneration of the dentine-pulp
complex in vivo (Moghaddame-Jafari et al. 2005).

Conclusions

Cellular reactions to the pulp capping materials anal-
ysed here strongly depended on the material tested. It
appeared as if the cytotoxicity of the calcium hydroxide
preparation Hydro C was not related to an increased
generation of ROS. Therefore, it can be assumed that
the cytotoxicity of this preparation is modulated by a
mechanism different from, for instance, dental resin
materials. COB as well as the MTA preparations were
the materials showing the least cytotoxicity. Moreover,
no increase in ROS production, formation of micronu-
clei, or any influence on the mammalian cell cycle
could be detected. This lack of adverse cellular effects of
COB in the present study combined with the promising
reports from in vivo studies on osseointegration make
this material a promising candidate for future pulp
capping studies.

Acknowledgements

This study was supported by CAPES - Coordenagao de
Aperfeicoamento de Pessoal de Nivel Superior (Grant
032007-2), Brazil, and by the Department of Operative
Dentistry and Periodontology, University of Regens-
burg, Regensburg, Germany.

References

Accorinte MLR, Holland R, Reis A et al. (2008) Evaluation of
mineral trioxide aggregate and calcium hydroxide cement

International Endodontic Journal, 42, 227-237, 2009

235



236

Cytotoxicity and genotoxicity of pulp capping materials Camargo et al.

as pulp-capping agents in human teeth. Journal of Endodon-
tics 34, 1-6.

Almushayt A, Narayanan K, Zaki AE, George A (2006) Dentin
matrix protein 1 induces cytodifferentiation of dental pulp
stem cells into odontoblasts. Gene Therapy 13, 611-20.

Barros VMR, Rosa AL, Beloti MM, Chierice G (2003) In vivo
biocompatibility of three different chemical compositions of
Ricinus communis polyurethane. Journal of Biomedical Mate-
rials Research Part A 67, 235-9.

Beloti MM, Hiraki KR, Barros VM, Rosa AL (2003) Effect of the
chemical composition of Ricinus communis polyurethane on
rat bone marrow cell attachment, proliferation, and differ-
entiation. Journal of Biomedical Materials Research Part A 64,
171-6.

Beloti MM, de Oliveira PT, Tagliani MM, Rosa AL (2008) Bone
cell responses to the composite of Ricinus communis
polyurethane and alkaline phosphatase. Journal of Biomed-
ical Materials Research Part A 84, 435—41.

Bonson S, Jeansonne BG, Lallier TE (2004) Root-end filling
materials alter fibroblast differentiation. Journal of Dental
Research 83, 408-13.

Camilleri J, Pitt-Ford TR (2006) Mineral trioxide aggregate: a
review of the constituents and biological properties of the
material. International Endodontic Journal 39, 747-54.

Camilleri J, Montesin FE, Papaioannou S, McDonald F, Pitt
Ford TR (2004) Biocompatibility of two commercial forms of
mineral trioxide aggregate. International Endodontic Journal
37, 699-704.

Carvalho TL, Teofilo JM, Aradjo CA, Brentegani LG (1997)
Chronology of alveolar healing following immediate implan-
tation of Ricinus communis polyurethane resin: histometric
analysis in rats. Journal of Biomedical Materials Research 37,
449-52.

Cavalcanti BN, Rode SM, Marques MM (2005) Cytotoxicity of
substances leached or dissolved from pulp capping materi-
als. International Endodontic Journal 38, 505-9.

Cohen S, Hargreaves KM (2006) Pathways of the Pulp, 9th edn.
St Louis, USA: Mosby.

De-Deus G, Ximenes R, Gurgel-Filho ED, Plotkowski MC,
Coutinho-Filho T (2005) Cytotoxicity of MTA and Portland
cement on human ECV 304 endothelial cells. International
Endodontic Journal 38, 604-9.

Demirci M, Hiller K-A, Bosl C, Galler K, Schmalz G, Schweikl H
(2008) The induction of oxidative stress, cytotoxicity and
genotoxicity by dental adhesives. Dental Materials 24, 362—
71.

Dominguez MS, Witherspoon DE, Gutmann JL, Opperman LA
(2003) Histological and scanning electron microscopy
assessment of various vital pulp-therapy materials. Journal
of Endodontics 29, 324-33.

Galler K, Hiller K-A, Ettl T, Schmalz G (2005) Selective
influence of dentin thickness upon cytotoxicity of dentin
contacting material. Journal of Endodontics 31, 396-9.

Galler KM, Schweikl H, Thonemann B, D’Souza RN, Schmalz G
(2006) Human pulp-derived cells immortalized with Simian

International Endodontic Journal, 42, 227-237, 2009

Virus 40 T-antigen. European Journal of Oral Science 114,
138-46.

Goldberg M, Six N, Decup F et al. (2003) Bioactive molecules
and the future of pulp therapy. American Journal of Dentistry
16, 66-76.

Guven G, Cehreli ZC, Ural A, Serdar MA, Basak F (2007) Effect
of mineral trioxide aggregate cements on transforming
growth factor f1 and bone morphogenetic protein produc-
tion by human fibroblasts in vitro. Journal of Endodontics 33,
447-50.

Hauman CHJ, Love RM (2003) Biocompatibility of dental
materials used in contemporary endodontic therapy: a
review. Part 2. Root canal-filling materials. International
Endodontic Journal 36, 147-60.

Kojima KE, Ohara GH, Rossi JC, Telles ML, Soares TVC, Sanda
M (1995) Estudo experimental da biocompatibilidade do
poli'mero da mamona implantado intra-o’sseo e intra
articular em coelhos. Acta Ortopedica Brasileira 3, 62-8.

Mantellini MG, Botero TM, Yaman P, Dennison JB, Hanks CT,
Nor JE (2003) Adhesive resin induces apoptosis and cell-
cycle arrest of pulp cells. Journal of Dental Research 82, 592—
6.

Min KS, Kim HI, Park HJ, Pi SH, Hong CU, Kim EC (2007)
Human pulp cells response to Portland cement in vitro.
Journal of Endodontics 33, 163—6.

Moghaddame-Jafari S, Mantellini MG, Botero TM, McDonald
NJ, Nor JE (2005) Effect of ProRoot MTA on pulp cell
apoptosis an proliferation in vitro. Journal of Endodontics 31,
387-91.

Osorio RM, Hefti A, Vertucci FJ, Shawley AL (1998) Cytotox-
ixity of endodontic materials. Journal of Endodontics 24, 91—
6.

Oviir T, Pagoria D, Ibarra G, Geurtsen W (2006) Effects of gray
and white mineral trioxide aggregate on the proliferation of
oral keratinocytes and cementoblasts. Journal of Endodontics
32, 210-3.

Pascon EA, Sousa CJA, Langeland K (2001) Biocompatibility
of endodontic materials: cytotoxicity of a polyurethane resin
derived from castor bean oil. Brazilian Endodontic Journal 5,
5-12.

Rezende TMB, Vieira LQ, Cardoso FP et al. (2007) The effect of
mineral trioxide aggregate on phagocytic activity and
production of reactive oxygen, nitrogen species and arginase
activity by M1 and M2 macrophages. International Endodon-
tic Journal 40, 603-11.

Ribeiro DA, Matsumoto MA, Duarte MAH, Marques MEA,
Salvadori DMF (2005) In vitro biocompatibility tests of two
commercial types of mineral trioxide aggregate. Brazilian
Oral Research 19, 183-7.

Ribeiro DA, Sugui MM, Matsumoto MA, Duarte MAH,
Marques MEA, Salvadori DMF (2006a) Genotoxicity and
cytotoxicity of mineral trioxide aggregate and regular and
white Portland cements on Chinese hamster ovary (CHO)
cells in vitro. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontics 101, 258-61.

© 2009 International Endodontic Journal



Camargo et al. Cytotoxicity and genotoxicity of pulp capping materials

Ribeiro DA, Marques MEA, Salvadori DMF (2006b) Biocom-
patibility of glass-ionomer cements using mouse lymphoma
cells in vitro. Journal of Oral Rehabilitation 33, 912—7.

Schmalz G (1994) Use of cell cultures for toxicity testing of
dental materials — advantages and limitations. Journal of
Dentistry 22(Suppl. 2), 6-11.

Schuster U, Schmalz G, Thonemann B, Mendel N, Metzl C
(2001) Cytotoxicity testing with three-dimensional cultures
of transfected pulp-derived cells. Journal of Endodontics 27,
259-65.

Schweikl H, Schmalz G, Spruss T (2001) The induction of
micronuclei in vitro by unpolymerized resin monomers.
Journal of Dental Research 80, 1615-20.

Schweikl H, Spagnuolo G, Schmalz G (2006) Genetic and
cellular toxicology of dental resin monomers. Journal of
Dental Research 85, 870-7.

Schweikl H, Hartmann A, Hiller KA et al. (2007) Inhibition of
TEGDMA and HEMA-induced genotoxicity and cell cycle
arrest by N-acetylcysteine. Dental Materials 23, 688-95.

© 2009 International Endodontic Journal

Silva MJ, Vieira LQ, Sobrinho AP (2008) The effects of mineral
trioxide aggregates on cytokine production by mouse pulp
tissue. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontics 105, e70—6.

Souza NJA, Justo GZ, Oliveira CR, Haun M, Bincoletto C
(2006) Cytotoxicity of materials used in perforation repair
tested using the V79 fibroblast cell line and the granulocyte-
macrophage progenitor cells. International Endodontic Journal
39, 40-7.

Souza-Costa CA, Giro EMA, Nascimento ABL, Teixeira HM,
Hebling J (2003) Short-term evaluation of the pulpo-dentin
complex response to a resin-modified glass-ionomer cement
and a bonding agent applied in deep cavities. Dental
Materials 19, 739-46.

Takita T, Hayashi M, Takeichi O et al. (2006) Effect of
mineral trioxide aggregate on proliferation of cultured
human dental pulp cells. International Endodontic Journal
39, 415-22.

International Endodontic Journal, 42, 227-237, 2009

237



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



