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Dose-Response and Time-Course
of a-Tocoferol Mediating the
Cytoprotection Of Dental Pulp
Cells Against Hydrogen Peroxide

Fernanda da Silveira Vargas', Diana Gabriela Soares?, Fernanda Gongalves
Basso?, Josimeri Hebling?, Carlos Alberto de Souza Costa?

This in vitrostudy evaluated the potential protective effect of vitamin E alpha-tocopherol
(a-T) isomer against the toxicity of hydrogen peroxide (HP) applied on dental pulp cells.
Odontoblast-like MDPC-23 cells were seeded on 96-well plates for 72 h, treated with
different concentrations of a-T (1, 3, 5, and 10 mM) for different times (1, 4, 8, and 24
h) and then exposed or not to a 0.018% HP solution for 30 min. In positive and negative
control groups, cells were exposed to HP or culture medium (DMEM containing 5% DMSO0),
respectively. Cell viability was assessed by the MTT assay and the absorbance numeric
data, expressed as percentage values, were subjected to the statistical analysis by Kruskal-
Wallis and Mann-Whitney tests (o. =5%). Considering the cells in the negative control as
having 100% of cell viability, all combinations of a-T concentrations and pretreatment
times showed a protective effect against HP cytotoxicity. Significant reduction of cell
viability (59%) was observed in the positive control compared with the negative control.
The highest values of pulp cell viability were obtained after pretreatment with 1 and
3 mM o-T concentrations for 24 h followed by exposure to HP (126% and 97% of cell
viability, respectively). Under the tested conditions, the most effective cell protection
against the cytotoxic effects of HP was provided by the lowest concentrations of a-T (1
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and 3 mM) applied for 24 h.

Introduction

Hydrogen peroxide (HP) is a molecule with a well-known
oxidantintracellular activity during the biologic process of
cellular respiration. HP and other reactive oxygen species
(ROS) resulting from its degradation are highly reactive
and unstable, and have a rapid interaction with cellular
macromolecules such as proteins, lipids and nucleic acids.
Antioxidant enzymes act inactivating ROS in order to
maintain balance and permit an adequate functioning of
the cell (1).

High concentrations (30-40%) of HP have been widely
used in esthetic dentistry to treat discolored teeth because
of its capacity to oxidize the complex organic molecules of
the dental structure that respond for darkening of teeth.
Clinically, the use of these bleaching gels has been shown
to cause postoperative tooth sensitivity (2) and side effects
on dental pulp tissue, ranging from acute inflammatory
response to the formation of areas of necrosis (3,4), as a
result of HP diffusion through the dentinal tubules, reaching
the pulp chamber (5) and causing an oxidative stress to
pulp cells (6). In view of this, it has been suggested that
the application of antioxidant agents prior to bleaching
procedures could prevent extracellular and intracellular
oxidative damages caused to the pulp cells by HP leached
from bleaching gel components (7,8). Among the available

bleaching, vitamin E.

options, vitamins have aroused interest because they
participate in immune response regulation, acting as both
antiinflammatory and antioxidant agents (9). Vitamin
E (VE), which is involved in the prevention of oxidative
events is a blend of tocopherols and tocotrienols, both
presenting four isomers (o, B, v and 8) (10). Nevertheless,
it is known that the antioxidant action of VE is mediated
by its alpha-tocopherol (a-T) isomer, which has the
capacity to incorporate to the cell membrane and stop lipid
peroxidation propagation (11). Several researchers have
assessed the protective effect of a-T and confirmed its
capacity to prevent oxidative stress propagation, stabilize
the cell membrane, enhance cell viability and increase the
amount of endogenous antioxidants (12-17).

In dental research, Majd et al. (18) verified that treating
human gingival fibroblasts with the water-soluble a-T
isomer reduced significantly the oxidative stress generated
by resinous dental materials. In a recent study, Vargas et al.
(8) demonstrated that high a.-T concentrations presented a
protective action on odontoblast-like cells exposed to HP
after a short pretreatment time, but the toxic effect was
still observed. Based on the above considerations and due
to the scarcity of studies combining pulp cells, antioxidant
agents and bleaching gels, it was hypothesized that the
antioxidant action of VE, specifically its a-T isomer, could
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protect the pulp cells against the toxicity of HP, the main
component of bleaching products. Therefore, the aim of
this study was to evaluate and determine the effective
pretreatmenttime and a-T concentration to protect dental
pulp cells against HP aggression.

Material and Methods
Cell Culture

Odontoblast-like MDPC-23 cells were seeded in serum-
free Dulbecco's Modified Eagle's Medium (DMEM; Sigma
Aldrich Corp., St. Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco Co., Grand Island, NY, USA)
with 100 IU/mL penicillin, 100 pg/mL streptomycin and 2
mmol/L glutamine (Gibco) in an humidified incubator with
5% CO, and 95% air at 37 °C (Isotemp Fisher Scientific,
Pittsburgh, PA, USA). The MDPC-23 cells were sub-cultured
every 3 days until an adequate number of cells were
obtained for the study.

Evaluation of a-T Protective Effect Against HP Toxicity

In order to evaluate the protective effect of a-Tagainst
HP toxicity, solutions containing four a-T concentrations
were prepared by diluting a stock a-T solution (Sigma
Chemical Co.) in DMEM with 5% dimethyl sulfoxide (DMSO)
(18). Experimental groups to assess the protective role of
a-T against cell toxicity mediated by HP were formed
according to the combination of a-T concentrations (1, 3,
5, and 10 mM) and pretreatment times (1, 4, 8 and 24 h).
After the pretreatment with a-T, the MDPC-23 cells were
exposed or not to a 0.018% HP solution for 30 min. This HP
concentration has been proven to reduce cell viability by
approximately 50% (IC-50) (8) and was prepared by diluting
a stock 35% HP solution (Whiteness HP, FGM, Joinville, SC,
Brazil) in serum-free DMEM immediately before application
on the cells. In the negative and positive control groups,
DMEM containing 5% DMSO and 0.018% HP were applied
on the cells for 30 min, respectively.

After bleaching treatments, the MTT assay was
performed to evaluate cell viability by a cytochemical
demonstration of the succinic dehydrogenase enzyme
(SDH) (19). The solutions were aspirated and replaced by a
solution containing 90 uL DMEM and 10 ulL of MTT solution
(Sigma Chemical Co.) at a 5 mg/mL PBS concentration.
The cells remained in this solution for 4 h in a humidified
incubator containing 5% CO, and 95% air at 37 °C. After
4 h, the culture medium with MTT solution was aspirated
and replaced by 100 uL of an acidified isopropanol solution
(HCI0.04 N) to dissolve the formazan crystals resulting from
the MTT ring cleavage by the SDH enzyme in the viable
cells mitochondria. Spectrophotometry assessed the cell
viability as being proportional to the absorbance measured
at 570 nm in an ELISA reader (Thermo Plate, Shenzhen,
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Gandong, China). The obtained values were expressed as
percentage of the cells exposed to culture medium (mean
absorbance of negative control = 100% viability). Three
independent experiments were performed at different times
to demonstrate the reproducibility of data, and, in each
appointment, six replicates (n=6) were used for each group.

Statistical Analysis

The Kolmogorov-Smirnov (n>50) test was applied to
evaluate data distribution. Since the cell viability data
did not adhere to the normality curve, non-parametric
tests were applied. Kruskal-Wallis test followed by the
Mann-Whitney were used. Significance level was set at
5% with the null hypotheses that HP does not produce
toxic effects on odontoblast-like cells and that a-T is not
capable of eliminating or decreasing the oxidative effects
of the bleaching agent.

Results

Cell viability data obtained after cell pretreatment
with a-T followed or not by exposure to HP are shown
in Table 1. For the 1-h pretreatment time, a-T efficacy
was proportional to the concentration, i.e., the higher
the concentration, the greater the protective effect. No
statistically significant difference (p>0.05) was found
between 3 and 5 mM concentrations, while the highest cell
viability values were obtained for the 10 mM concentration
(p<0.05). For the 4-h and 8-h pretreatment times, the
3, 5 and 10 mM concentrations presented a statistically
similar protective effect (p>0.05), but all of them differed
significantly (p<0.05) from the positive control (HP). When
the cells were pretreated with a-T for 24 h, it was observed
that the lower its concentration, the greater its protective
effect. Considering the negative control group as having
100% of cell viability, the 1 and 3 mM concentrations
produced the highest values of metabolic activity at
this pretreatment time, with no statistically significant
difference (p>0.05) between them.

According to the results, both null hypotheses were
rejected.

Discussion

There is a consensus on vital tooth bleaching research
that HP and its byproducts released from bleaching agents
may diffuse through the mineralized dental tissues and
reach the pulp space (3,4). In contact with the pulp cells,
HP and the ROS resulting from its degradation produce a
direct oxidative damage and may generate a secondary
oxidative stress due to the imbalance between the amount
of ROS and intracellular antioxidants (1). The present
study evaluated the protective action of VE a-T isomer
at different concentrations (1, 3, 5 and 10 mM) used for



various pretreatment times (1, 4, 8 and 24 h) against the
toxicity of HP applied on MDPC-23 odontoblast-like cells.

This specific kind of pulp cell, which have odontoblast
phenotype, was used because odontoblasts are organized
in a monolayer that underlies the coronal and root dentin
of mammalian teeth (20). Therefore, any chemical agent
thatis capable to diffuse through the enamel and dentinal
tubules will interact first with these highly specialized
peripheral pulp cells (21). Odontoblasts are considered
as the first defense line of the pulp-dentin complex
because of their direct participation in pulp's immune and
inflammatory response (22). In addition, they have a key
role in maintaining the homeostasis of the pulp-dentin
complex by producing dentin both physiologically and as
a response to aggressive stimuli (21,22). Therefore, clinical
procedures on vital teeth should be effective without
being harmful to pulp cells (22). The toxicity of HP from
bleaching agents on cultured MDPC-23 odontoblast-like
cells has been extensively demonstrated. A 50-60% decrease
in cell viability has been show to occur when the toxic
components from the trans-enamel and trans-dentinal
diffusion of bleaching gels with high HP concentration
(35%) were applied for 1 h on these cells (23). Therefore,
the present study evaluated the protective effect of a-T
applied on MDPC-23 cell cultures before exposure to a
HP concentration (0.018%) known to cause almost 50%
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decrease in cell viability in the MTT assay (8).

In this study, all a-T tested concentrations produced a
decrease of HP-mediated aggression to the cells. The longer
the contact of cells with a-T, the lower the concentration
necessary to obtain an effective cell protection. The opposite
was also true, since shorter contact times required higher
a-T concentrations to provide cell protection. When 1,
4 and 8 h pretreatment times were used, there was a
significant increase in cell viability when the cells were
pretreated with 3, 5 and 10 mM concentrations before
exposure to HP, which presented similar behavior. However,
when the cells were pretreated for 24 h, the 1 and 3 mM
concentrations produced the highest cell viability of all
combinations, 97% and 1260%, respectively, considering the
negative control group (culture medium) as having 100%
of cell viability. Cells exposed to HP only, presented only
419 of cell viability. The capacity of a-T to incorporate to
cell membrane has been shown to enhance cell functional
balance, reducing membrane permeability by interacting
with its polyunsaturated fat acids and discontinuing lipid
peroxidation propagation (10,12). This VE isomer can
donate one of its electrons to free radicals, thus stabilizing
these radicals and stopping oxidative stress propagation.
Previous studies have demonstrated a-T efficacy against
HP-induced oxidative stress on different cell types, such
as astrocytes, placental cells, fibroblasts and hepatocytes

Table 1. Percentage of viability of MDPC-23 cells treated with different alpha-tocopherol (a.-T) concentrations followed by exposure or not to 0.018%

hydrogen peroxide (HP)

g;;ireatment HP exposure a-T concentration

time (30 min) None 1 mM 3 mM 5 mM 10 mM
No 103 (100-103)"@ 92 (89-95)» 92 (86-94) 91 (88-93)® 84 (77-95)°

ih Yes 34 (32-41)¢ 50 (48-54)bc 62 (58-70) 65 (63-67) 82 (74-97)?
Sig.” <0.001 <0.001 <0.001 <0.001 0.603
No 100 (93-105)? 95 (93-99) 85 (83-89)bc 88 (84-90)b° 74 (65-86)°

ah Yes 36 (33-45)b 53 (48-55)° 80 (65-101)? 74 (67-88)° 77 (70-82)?
Sig.” <0.001 <0.001 1.000 0.065 0.525
No 100 (97-104)? 96 (92-102)2b 84 (80-91)° 93 (85-103) 88 (74-97)»

ah Yes 37 (33-43)® 55 (50-65)? 64 (57-76) 64 (54-75)° 73 (65-79)?
Sig.” <0.001 <0.001 <0.001 <0.001 0.028
No 100 (97-105)? 84 (83-86)tc 112 (107-115) 97 (92-102)* 76 (59-82)¢

24N Yes 41 (37-47)P 126 (115-131)2 97 (95-108)? 67 (58-70) 46 (43-51)°
Sig.” <0.001 0.005 0.018 <0.001 <0.001

* values of percentage of viability of MDPC-23 cells are expressed as medians (25 percentile — 75 percentile), n=18. **p value (Mann-Whitney) that
allows comparison between exposure or not to hydrogen peroxide for the same alpha-tocopherol concentration and pretreatment time. 2same letters

can be compared in rows; medians with the same letter have no statistically significant difference (Mann-Whitney test, p>0.05).
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(13,14). Additionally, a-T increases the expression of
endogenous antioxidants, such as dismutase superoxide
and catalase (15-17), and reduces gene expression of
inflammatory mediators (9). In this way, a-T has an
effective role in antioxidant and antiinflammatory events
(24). Previous studies demonstrated that this VE isomer is
able to incorporate to the membranes of specific cell types
within 24 to 27 h (25). In view of this and considering the
functions and proprieties of a-T, it is possible to speculate
that the positive results obtained after pretreatment of cells
with 1 and 3 mM concentrations of this isomer for 24 h,
might have occurred because the time was sufficient for
incorporation of this antioxidant agent to cell membrane.
Asfar as tooth bleaching is concerned, a-T incorporation to
cell membrane could prevent the lipid peroxidation caused
by the ROS. It could be speculated that the protective
action for the 24-h pretreatment time occurred due to
a-Tincorporating to cell membrane; for shorter treatment
times (1, 4 and 8 h) the protective effect was possibly due
to a concentration-dependent extracellular action.

Although laboratory-based results cannot be directly
extrapolated to clinical situation, the original data obtained
under the tested experimental conditions demonstrated
that a-T was capable of protecting MDPC-23 pulp cells
against the harmful effects of HP, suggesting that the
application of this VE isomer before bleaching procedures
might have an important role in minimizing oxidative
damage to the pulp cells. Apart from its protective effect
against oxidizing agents, a-T has a broad therapeutic
potential, which includes an antiinflammatory action that
may avoid post-bleaching tooth sensitivity, a frequent
adverse effect of vital bleaching procedures. Further in
vivo studies are required, especially those evaluating
the relationship among tooth bleaching, postoperative
sensitivity and antioxidant agents, to corroborate the
potential protective effects of specific a-T concentrations
on the pulp tissue. According to the methodology used in
thisresearch, it was possible to conclude that VE a-T isomer
has a protective effect on the MDPC-23 odontoblast-like
cells against the toxicity of HP. The most effective cell
protection was provided by the lowest concentrations of
a-T (1 and 3 mM) with pretreatment time of 24 h.
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Resumo

Neste estudo, foi avaliado o potencial protetor do isdmero alfa-tocoferol
da vitamina E (a-T) contra a acfio toxica do peroxido de hidrogénio (PH)
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aplicado sobre células pulpares. Células odontoblastéides MDPC-23
foram semeadas em placas de 96 compartimentos por 72 h, tratadas
com diferentes concentraces de a-T (1, 3, 5 e 10 mM) por diferentes
periodos (1, 4, 8 e 24 h) e, entdo, expostas ou nio a uma solucdo com
0,0018% de PH por 30 min. Nos controles positivo e negativo, as células
foram expostas ao PH ou meio de cultura (DMEM contendo 5% de DMSO),
respectivamente. A viabilidade celular foi avaliada pelo teste do MTT e
os valores numéricos de absorbancia, expressos em porcentagem, foram
submetidos a analise estatistica pelos testes de Kruskal-Wallis e Mann-
Whitney (0.=5%). Considerando as células do grupo controle negativo
como apresentando 100% de viabilidade celular, todas as combinacdes
de a-T, nas diferentes concentracdes, e tempos de pré-tratamento
demonstraram um efeito protetor contra a citotoxicidade do PH. Reducéo
significativa da viabilidade (59%) foi observada para o grupo controle
positivo comparado ao controle negativo. Os maiores valores de viabilidade
celular foram obtidos apds pré-tratamento com 1 e 3 mM de o-T por
24 h seguido de exposicdo ao PH (126% e 97% de viabilidade celular,
respectivamente). Assim, de acordo com as condi¢bes experimentais, o
efeito protetor mais efetivo contra os efeitos toxicos do PH foi observado
para as menores concentragdes de a.-T (1 e 3 mM) aplicado por 24 h.
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