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Abstract: This study evaluated the cytotoxic effects of a carbamide peroxide (CP) bleaching

gel at different concentrations on odontoblast-like cells. Immortalized cells of the MDPC-23

cell line (30,000 cells/cm
2
) were incubated for 48 h. The bleaching gel was diluted in DMEM

culture medium originating extracts with different CP concentrations. The amount (lg/mL) of

hydrogen peroxide (H2O2) released from each extract was measured by the leukocrystal violet/

horseradish peroxidase enzyme assay. Five groups (n 5 10) were formed according to the CP

concentration in the extracts: G1-DMEM (control); G2-0.0001% CP (0.025 lg/mL H2O2); G3-

0.001% CP (0.43 lg/mL H2O2); G4-0.01% CP (2.21 lg/mL H2O2); and G5-0.1% CP (29.74 lg/
mL H2O2). MDPC-23 cells were exposed to the bleaching gel extracts for 60 min and cell

metabolism was evaluated by the MTT assay. Data were analyzed statistically by one-way

ANOVA and Tukey’s test (a 5 0.05). Cell morphology was examined by scanning electron

microscopy. The percentages of viable cells were as follows: G1, 100%; G2, 89.41%; G3,

82.4%; G4, 61.5%; and G5, 23.0%. G2 and G3 did not differ significantly (p > 0.05) from G1.

The most severe cytotoxic effects were observed in G3 and G4. In conclusion, even at low

concentrations, the CP gel extracts presented cytotoxic effects. This cytotoxicity was dose-

dependent, and the 0.1% CP concentration caused the most intense cytopathic effects to the

MDPC-23 cells. ' 2009 Wiley Periodicals, Inc. J Biomed Mater Res Part B: Appl Biomater 90B: 907–912,

2009
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INTRODUCTION

Dentistry has experienced remarkable advances over the

last years, especially regarding esthetic materials and tech-

niques.1 Traditionally, two techniques are used for vital

tooth bleaching therapies.2 In the in-office technique, a gel

based on high concentrations of hydrogen peroxide (H2O2)

or carbamide peroxide (CP) is applied by the dentist during

a clinical treatment session, being either activated or not by

a light source. Home tooth bleaching involves having the

patient wear custom-made trays filled with the same perox-

ide-based gels at lower concentrations, under the dentist’s

supervision.3 Another treatment option is the use of bleach-

ing strips that are applied directly on the buccal surface of

the teeth.4

Some authors have demonstrated that even at low con-

centrations, H2O2 penetrates easily into enamel porosities

and is capable to diffuse deeply through dentin, reaching

the pulp tissue. In addition, the trans-dentinal diffusion of

H2O2 may be increased quantitatively by the contact of the

bleaching agent with dentin exposed in areas of gingival

recessions, abrasions, erosions, areas of wear or enamel
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defects, and gaps at the cementoenamel junction or tooth/

restoration interface.5–7 The effects of CP are similar to

those of H2O2 because CP is readily dissociated into hydro-

gen peroxide and urea on contact with water.8 The ioniza-

tion and degradation of these chemical compounds of

bleaching agents may cause tissue damage with the release

of free radicals, which are highly instable and have a great

capacity to react with other organic substances.9

Immortalized odontoblast cell lines have been used to

investigate the potential trans-dentinal cytotoxic effects of

dental materials and their soluble components10–12 because

in mammalian teeth, following odontogenesis, these cells

are organized in a monolayer that underlies the coronal and

root dentin, being responsible for the maintenance of tooth

integrity due to its capacity to produce new dentin layers.13

Therefore, any residual cytotoxic component leached from

a dental material that is capable to diffuse through the den-

tinal tubules will first interact with these peripheral pulp

cells and cause damage. For these reasons, cell types with

odontoblast phenotype have been considered as the most

indicated to evaluate potential cytotoxic effects of dental

materials and/or their individual components.14 To evaluate

the cytotoxicity of bleaching gels on odontoblast-like cells

is important not only to establish safe indications for the

clinical application of CP-based vital bleaching therapies

but also to contribute to the search of mechanisms that can

eliminate or minimize the deleterious effects caused by re-

sidual cytopathic components these agents. The purpose of

this study was to evaluate the cytotoxic effects of a CP

bleaching gel at different concentrations on odontoblast-

like cells.

MATERIALS AND METHODS

Culture of MDPC-23 Cells

Immortalized cells of the MDPC-23 cell line15,16 were cul-

tured in Dulbecco’s Modified Eagle’s Medium (DMEM;

Sigma Chemical Co., St. Louis, MO) supplemented with

10% fetal calf serum (Gibco, Grand Island, NY), with 100

IU/mL penicillin, 100 lg/mL streptomycin and 2 mmol/L

glutamine (Gibco) in an humidified incubator with 5% CO2

and 95% air at 378C (Isotemp Fisher Scientific, Pittsburgh,

PA). The MDPC-23 cells were subcultured at every 3 days

until an adequate number of cells were obtained for the

study. The cells were then seeded (30,000 cells/cm2) in 60

wells of three sterile 24-well dishes (Costar Corp., Cam-

bridge, MA), which were maintained in the humidified in-

cubator with 5% CO2 and 95% air at 378C for 48 h.

Analysis of H2O2 Concentration and Collection
of the CP Extracts

A 10% CP bleaching gel (Whiteness, FGM, Joinvile, SC,

Brazil) was used in this experiment. The amount (lg/mL)

of H2O2 released from the CP gel was measured by the

leukocrystal violet/enzyme horseradish peroxidase (LCV/

HRP) assay. For such purpose, acetate buffer solutions

were prepared with different CP concentrations from the

commercial 10% CP bleaching gel. One hundred microli-

ters of 0.5 mg/mL leukocrystal violet (Sigma Chemical

Co., St. Louis, MO), and 50 lL of 1 mg/mL enzyme horse-

radish peroxidase (Sigma Chemical Co.) were added to the

solutions, according to the method described in Ref. 17.

The optical density of the resultant blue color in the tubes

was measured by a UV spectrophotometer (UV–Vis spec-

trophotometer UV-1203; Shimadzu, Kyoto, Japan) at the

wavelength of 596 nm. The optical density values obtained

from the samples were converted into micrograms equiva-

lent to the H2O2 concentration in each solution. The results

are presented in Table I.

After measuring the amount of H2O2 released from CP

gel in acetate buffer, the same CP concentrations were

diluted in pure culture medium (DMEM-2% fetal calf

serum-FCS) to obtain the extracts to be analyzed. The fol-

lowing groups were formed: G1 (control): DMEM-FCS;

G2: 0.0001% CP extract (0.025 lg/mL H2O2); G3: 0.001%

CP extract (0.43 lg/mL H2O2); G4: 0.01% CP extract

(2.21 lg/mL H2O2); and G5: 0.1% CP extract (29.74 lg/
mL H2O2).

Analysis of Cell Metabolism (MTT assay)

The control extracts (G1) and those obtained from the dilu-

tion of the CP gel in DMEM (G2, G3, G4, and G5) were

applied on the cultured MDPC-23 cells. The cells in con-

tact with the extracts were maintained in a humidified incu-

bator at 378C with 5% CO2 and 95% air for 60 min and

then rinsed carefully in phosphate buffered saline (PBS).

Eight specimens of each group were used to evaluate

cell metabolic activity by the methyltetrazolium (MTT)

assay,18 which determines the activity of the succinate de-

hydrogenase (SDH) enzyme produced by the mitochondria

of viable cells. In a vertical laminar flow hood, the culture

media in contact with cells was aspirated and 900 lL of

complete DMEM plus 100 lL of the MTT stock solution

(5 mg methyltetrazolium salt in 1 mL PBS) were applied

to the cells in each well. The cells in contact with the

DMEM/MTT solution were incubated at 378C for addi-

tional 4 h. After this period, the DMEM/MTT solution was

aspirated and replaced by 600 lL of acidified isopropanol

solution (0.04N HCl) to dissolve the blue crystals of forma-

zan present in the cells resulting from the cleavage methyl-

tetrazolium salt by the SDH enzyme produced in the

TABLE I. Amount (lg/mL) of Hydrogen Peroxide Released by
the Different Carbamide Peroxide Concentrations

CP Concentrations (%) H2O2 (lg/mL)

0.0001 0.0257

0.001 0.2547

0.01 2.2207

0.1 29.8143
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mitochondria of the viable cells. After agitation and confir-

mation of the homogeneity of the solutions, three 100-lL
aliquots of each well were transferred to a 96-well dish

(Costar Corp., Cambridge, MA). Cell viability was deter-

mined as being proportional to the absorbance measured at

570-nm wavelength with an ELISA plate reader (Mul-

tiskan, Ascent 354, Labsystems CE, Lês Ulis, France).

The data obtained from the MTT assay were analyzed

statistically by one-way analysis of variance and Tukey’s

test at a level of significance of 5%. The mean value of the

production of SDH calculated for each group was trans-

formed into percentage of cellular viability reduction by

considering the control group (G1) as 100% of cellular via-

bility. The percentages represent the inhibitory effect of the

mitochondrial activity of the cell for the tested CP concen-

trations.

Analysis of Cell Morphology by Scanning
Electron Microscopy

The other two specimens were selected for analysis of cell

morphology by SEM. For such purposes, sterile 12-mm-

diameter cover glasses (Fisher Scientific, Pittsburgh, PA)

were placed on the bottom of the wells of 24-well dishes

immediately before seeding of the MDPC-23 cells (30,000

cells/cm2).12 The extracts were applied on the cells accord-

ing to each group, in a similar way as performed for the

analysis of cell viability. Thereafter, the extracts were aspi-

rated and the viable cells that remained adhered to the

glass substrate were fixed in 1 mL of buffered 2.5% glutar-

aldehyde for 120 min. Next, the cells were submitted to

three 5-min rinses with 1 mL PBS, post-fixed in 1% os-

mium tetroxide for 60 min and processed for examination

with a scanning electron microscope (JMS-T33A, JEOL,

Tokyo, Japan).

RESULTS

The mean of SDH enzyme activity in the control and ex-

perimental groups are presented in Table II. The 0.1% CP

concentration (G5) presented the most severe toxic effect

to the MDPC-23 cells, reducing their metabolism by 78%.

For the CP concentrations of 0.001% (G3) and 0.01% (G4),

the metabolic activity of the viable cells decreased by

17.6% and 38.5%, respectively, with significantly differ-

ence between these groups (p \ 0.05). For the 0.0001%

concentration (G2), a decrease of only 10.5% in cell metab-

olism was observed. There was no statistically significant

difference (p [ 0.05) in the reduction of cell metabolism

between G2 and G3 or between these groups and the con-

trol group (G1). The results of cell viability obtained from

the analysis of cell metabolism (MTT assay) after exposure

of the MDPC-23 cells to different CP concentrations may be

summarized in a decreasing order as follows: 0.1%CP [
0.01%CP [ 0.001%CP 5 0.0001%CP 5 control. Consid-

ering that the control group (G1) had 0% of dead cells, the

percentage of decrease of metabolic activity of the MDPC-

23 cells was calculated for the different experimental

groups, as shown in Figure 1.

Cell Morphology (SEM)

In the control group (G1), it was possible to observe a

large number of MPDC-23 cells organized as epithelioid

nodules and adhered to the glass substrate. The cells were

near confluence and exhibited a large cytoplasm with

numerous short cytoplasmatic prolongations originating

from the cell membrane (Figure 2). In G2 and G3, the

MDPC-23 cells presented morphology similar to that of the

control group. In G3, however, cytoplasmatic membrane

debris was observed, probably from lethally damaged cells

that detached from the glass substrate (Figures 3 and 4).

G4 presented a smaller number of cells adhered to the glass

substrate. Part of these cells presented a round-shaped mor-

phology and a large amount of cell membrane debris

(Figure 5). In G5, the number of MDPC-23 cells that

remained adhered to the glass substrate decreased signifi-

cantly, and a large amount of dead cell debris was

observed in this group. The metabolic activity of the few

MDPC-23 cells that remained viable after incubation with

the extracts had a marked decrease of 78%. These cells

lost part of their cytoplasm and exhibited a round-shaped

TABLE II. Means 6 Standard Deviation of the Succinate
Dehydrogenase (SDH) Enzyme Activity Represented by
Absorbent Value in the Control and Experimental Groups

Groups (n 5 10) SHDa

G1 (Control) 0.6251 6 0.14179a

G2 (0.0001% CP) 0.5589 6 0.08870a

G3 (0.001% CP) 0.5151 6 0.11528a

G4 (0.01% CP) 0.3844 6 0.06657b

G5 (0.1% CP) 0.1437 6 0.07892c

a Different letters indicate statistically significant difference (Tukey’s test, p \
0.05).

Figure 1. Graphic presentation of the percent reduction of cell
viability as a function of the different concentrations of carbamide

peroxide.
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morphology with few or no cytoplasmatic prolongations

originating from the cell membrane (Figure 6).

DISCUSSION

PC-based products are employed for tooth bleaching thera-

pies at different peroxide concentrations, depending on the

treatment modality (in-office or at-home bleaching). Home

bleaching techniques use gels that contain CP at low con-

centrations (10%), and the bleaching action is achieved by

the dissociation of CP in 3.5% H2O2 (active agent) and

urea.19

Dental enamel is the hardest and most compact tissue of

the human body and has a lower permeability compared to

dentin.6 Nevertheless, it has been demonstrated that when

applied on enamel, bleaching agents and/or the products of

their degradation may diffuse through enamel and dentin,

reaching the pulp tissue. This diffusion may be increased in

areas of exposed dentin and at the tooth/restoration inter-

face.5–7 Therefore, under clinical conditions, cytotoxic

components released from bleaching agents may cause tis-

sue damage and a local pulpal inflammatory reaction.20

Hanks et al. (1993) have demonstrated the strong cytotoxic-

ity of H2O2 to fibroblast cultures. The authors evaluated

different molarities of H2O2 applied directly on the cells,

and several concentrations of products containing H2O2 and

CP were applied in vitro on dentin discs, being determined

by the trans-dentinal diffusion of these chemicals (indirect

assay) as well as by their direct cytopathic effects on the

cell cultures. In both methods of evaluation (direct and

indirect), the products released from the bleaching agents

were highly toxic to the fibroblasts. Therefore, based on

the fact that components of the bleaching gels may diffuse

through the hard dental tissues and considering that some

of these chemicals, such as H2O2, are toxic to MDPC-23

Figure 2. Group 1 (Control): it can be observed that numerous

MDPC-23 cells with a large cytoplasm are near confluence on the

glass substrate (31000).

Figure 3. Group 2 (0.0001% PC): large number of cells with normal

morphology adhered to the glass substrate. Note the presence of

numerous thin cytoplasmatic prolongations originating from the cell
membrane (31000).

Figure 4. Group 3 (PC 0.001%): MDPC-23 cells organized as epi-

thelioid nodules on the glass substrate, with some cell membrane

fragments of covering them (31000).

Figure 5. Group 4 (0.01% PC): discrete reduction in the number of
cells on the substrate and a larger amount of cell membrane debris

(31000).
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cells, it has been suggested that the reversible initial pulp

inflammation would be responsible, at least in part, for the

occurrence of postoperative sensitivity.20 The role of odon-

toblasts on dentinal hypersensitivity has been demon-

strated.13 Therefore, it is important to evaluate the toxic

effects of different dental materials, such as bleaching

agents and the products of their degradation, on the odonto-

blast-like cell line (MDPC-23), which are organized in a

layer that underlies the dentin and are thus the first cells to

be damaged by potentially cytotoxic compounds released

by dental materials that diffuse through enamel and dentin

and reach the pulp space. In the present study, MDPC-23

cells were exposed to different concentrations of a bleach-

ing gel based on CP. The low concentrations of CP were

tested to simulate the concentrations of this chemical that

have been reported to reach the pulp tissue after application

on enamel and dentin.5,6,21 Therefore, considering the con-

trol group (G1) as having 100% of cell metabolism, no

statistically significant differences were observed from G2

(0.0001% CP) and G3 (0.001% CP). However, when the

CP concentration increased to 0.01% (G4) and 0.1% (G5),

there was a decrease of 38.5% and 78% in the metabolic

activity of the MDPC-23 cells, respectively. This important

toxic effect observed in G4 and G5 can be attributed to the

action of the hydroxyl radicals (OH-) resulting from the

degradation of the bleaching gel.9 It has been reported that

oxidative damage to the cells may be caused by a direct

attack of oxygen-derived reactive species, such as H2O2

and OH2, during the process of cellular stress oxidative,22

which is characterized by a severe unbalance between the

production of reactive oxygen species (ROS) and the pres-

ence of endogenous and exogenous antioxidants.23 The

OH2 groups may attack double bonds of unsaturated fatty

acids from cell membrane lipids, causing an immediate oxi-

dative lesion.24 The lipid-radical interactions produce per-

oxides that are instable and reactive, triggering an

autocatalytic reaction denominated as lipid peroxidation,

which may cause extensive damage to the cell membrane

and even cell death.24

In this study, SEM analysis of the morphology of the

cells exposed to extracts containing different concentrations

of CP revealed that the components of the bleaching gel

caused direct cell damage. It was characterized especially

in G5, in which a significant detachment of cells from the

glass substrate was observed, as well as the presence of

fragments of the membrane of dead cells. Therefore, it may

be suggested that components of the bleaching gel solubi-

lized in culture medium caused a direct damage on the cell

membrane, acting as true free radicals.24

G4 and G5 presented a marked reduction in cell metabo-

lism and differed significantly from the control group (G1).

The amount of H2O2 (2.21 lg/mL) released from the

0.001% CP extract (G4) was consistent with the values

reported in previous studies to diffuse through enamel and

dentin, reaching the pulp tissue.5,6,21 In this group, a 38.5%

reduction in cell metabolism was observed. The greater

amount of H2O2 (29.74 lg/mL) released from the 0.1% CP

extract (G5) has been detected in the pulp tissue after

bleaching treatment in some situations.6

The cell metabolic activity of G2 and G3, in which

extracts with low CP concentrations were used (0.0001%

and 0.001%, respectively), did not differed significantly

from that of the control group (G1). However, in spite of

the release of smaller amounts of H2O2 (G2 5 0.025 lg/
mL and G3 5 0.43 lg/mL) from the extracts, these results

should not be disregarded because there was a decrease in

cell production of the SDH enzyme, characterized by a

reductions of 10.5% (G2) and 17.6% (G3) in cell metabo-

lism.

The intensity of the adverse effects of tooth bleaching

vary from tooth to tooth and from patient to patient.6,7 A

number of variables should be taken into account: (1)

whether the dentinal tubules are directly exposed to the

action of the bleaching gel; (2) the thickness and area of

dentin exposure; (3) localization of dentin exposure; and

(4) previous inflammatory and microcirculatory conditions

of the pulp tissue.7 The findings of this study showed that,

even at low concentrations, PC was toxic to odontoblast-

like cells MDPC-23 culture. These results are important to

add information about the potential undesirable collateral

effects of bleaching systems, especially on the pulpodenti-

nal complex. Further research should be performed to elu-

cidate the effects and mechanisms of action of the

components of bleaching agents on MDPC-23 cells to es-

tablish manners to eliminate or at least minimize the dam-

age caused to the teeth by vital bleaching therapies.

CONCLUSIONS

Under the tested conditions, it may be concluded that even

low concentrations of a CP gel presented significant cyto-

toxic effects on odontoblast-like cells MDPC-23. A CP

Figure 6. Group 5 (0.1% PC): few MDPC-23 cells are observed,

exhibiting rounded morphology and loss of the cytoplasmatic pro-
longations. Fragments of the cell membrane can be observed in the

spaces previously occupied by cells (arrows) (31000).
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concentration of 0.1% CP was highly cytopathic, casing a

decrease of almost 80% in cell metabolism.
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