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In vitro effect of low intensity laser on 
the cytotoxicity produced by substances 
released by bleaching gel

Abstract: This in vitro study aimed to analyze the effect of different 
parameters of phototherapy with low intensity laser on the viability of 
human dental pulp fibroblasts under the effect of substances released by 
bleaching gel. Cells were seeded into 96 wells plates (1 x 103 cells/well) 
and placed in contact with culture medium conditioned by a 35% hydro-
gen peroxide bleaching gel for 40 minutes, simulating the clinical condi-
tion of the in-office bleaching treatment. Cells cultured in ideal growth 
conditions served as positive control group (PC), and the cells grown in 
conditioned medium and non-irradiated served as negative control group 
(NC). Cells grown in conditioned medium were submitted to a single 
irradiation with a diode laser (40 mW, 0.04 cm²) emitting at visible red 
(660 nm; RL) or near infrared (780 nm; NIR) using punctual technique, 
in contact mode and energy densities of 4, 6 or 10 J/cm². The cell viabil-
ity was analyzed through the MTT reduction assay immediately and 24 
hours after the irradiation. The data was compared by ANOVA followed 
by the Tukey’s test (p ≤ 0.05). The cell viability increased significantly 
in 24 hours within each group. The PC presented cell viability signifi-
cantly higher than NC in both experimental times. Only the NIR/10 J/
cm² group presented cell viability similar to that of PC in 24 hours. The 
phototherapy with low intensity laser in defined parameters is able to 
compensate the cytotoxic effects of substances released by 35% hydro-
gen peroxide bleaching gel. 

Descriptors: Tooth Bleaching; Fibroblasts; Phototherapy; Lasers

Introduction
The increasing demand for aesthetic treatments led the tooth bleach-

ing to be one of the most required dental procedures. However, this pro-
cedure can cause side effects such as external root resorption, oral irrita-
tion, alteration of enamel surface and, especially, post-treatment tooth 
sensitivity.1 The etiology of this sensitivity has not been fully elucidated 
and, among other factors, may be associated with hydrogen peroxide 
diffusion through mineralized dental structures.2-4 When it reaches the 
pulp chamber, it can trigger reversible inflammation.5,6

Tooth bleaching agents, carbamide peroxide or hydrogen peroxide, 
undergo ionization and decay, producing free radicals. Free radicals are 
highly unstable and exhibit remarkable ability to react with other or-
ganic substances7 and may even cause damage to cellular DNA.7,8 In fact, 
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damage to odontoblasts in vivo and fibroblasts in 
vitro has been reported after contact with bleaching 
agents.9-11 Therefore, bleaching agents can release 
substances that lead to alteration of cellular metabo-
lism and/or inflammation in dental pulp.

Phototherapy with low intensity laser is used in 
various areas of biological sciences to promote tis-
sue regeneration of injured tissues. This therapy re-
sults in analgesic, antiinflammatory and biomodula-
tory effects.12-14 The laser light within the red visible 
and near infrared wavelengths corresponds to the 
energy absorption spectrum of the respiratory chain 
components, increasing the cellular metabolism un-
der stress conditions.12,15-18

The photon energy is converted into chemical 
energy within the cell, forming ATP,5,16 which may 
lead to increased intracellular Ca+2.18,19 This will ul-
timately stimulate duplication of DNA,20,21 protein 
synthesis increase,13 induction of the action of en-
zymes that control the oxidative stress,12,17,22 modu-
lation of fibroblast growth factors production, which 
in turn will stimulate cell proliferation.15,17,21,23-25

Based on the above, phototherapy with low in-
tensity laser would be of importance for restoring 
the integrity of dental pulp after bleaching, espe-
cially for postoperative symptoms control. Thus, 
phototherapy with low intensity laser could be used 
as additional clinical procedure for tooth bleaching. 
However, it is imperative to test this therapy on cells 
and tissues sensitized by substances released by the 
bleaching agent capable of reaching the dental pulp. 
Therefore, this study aimed to evaluate the degree 
of cytotoxicity of substances released by a bleaching 
agent on human fibroblasts. Additionally, the abil-
ity of the phototherapy with low intensity laser in 
different parameters for compensating the cytotoxic 
effects of these substances will be assessed.

Material and Methods 
Cell culture 

This study was previously approved by the Uni-
versidade de São Paulo Ethical Committee, 89/2008 
(FR 18810). Dental pulp fibroblasts (FP5 cell lin-
eage) were grown in DME-HAM’s F12 medium 
(Sigma Aldrich, St. Louis, MO, USA) supplemented 
by 20% fetal bovine serum (Invitrogen Carlsbad, 

California, EUA) in incubator at 37°C in humid 
atmosphere containing 5% CO2 and 95% air. The 
cells grown in culture flasks were harvested and 
platted into 96 wells culture plates.

Conditioned medium
The culture medium conditioned by the bleach-

ing agent was obtained as described by Cavalcanti 
et al.26 For obtaining the conditioned medium, 0.2 g 
of 35% H2O2 (Ultradent, South Jordan, UT, USA) 
per 1 mL of culture medium was used. The condi-
tioning time was 30 minutes, and immediately after 
conditioning the conditioned medium diluted to 10-3 
was applied to the cell cultures. 

Experiments
For the experiments the fibroblasts were seeded 

in 6 plates of 96 wells (1x10³ cell/well). These wells 
were distributed in the plates with the maximum 
possible distance between each other in order to 
avoid interferences amongst the different experi-
mental groups. Control cultures were plated in cul-
ture plates not subjected to irradiation.

Twenty-four hours after the cell seeding the cul-
ture medium was exchanged by the conditioned 
medium, except for the control group that received 
fresh culture medium. The conditioned medium was 
remained in contact with the cells for 40 minutes, in 
order to simulate the bleaching procedure time of a 
clinical session. Then, the media of all wells were re-
placed by fresh culture medium and the cell cultures 
were or not (control) irradiated. 

The cell viability of all groups was measured im-
mediately (0 hour) and 24 hours later. This analysis 
was based on cell mitochondrial activity measured 
by the MTT (Invitrogen) based cytotoxicity assay.27 
Immediately after the end of the assay procedures 
the absorbance was read in a microplate reader (Bio-
trak II, Biochrom Ltd., Eugendorf, Austria) using 
a 562 nm filter. According to Freshney,28 this assay 
determines indirectly the cell viability. Thus, the ab-
sorbance data of the control group grown in ideal 
cell culture conditions indicates the maximum cell 
number in one well. The comparison of this data 
with those of the other experimental groups will 
indirectly indicate the number of viable cells in the 
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experimental wells. 

Statistical Analysis
The optical density data, corresponding to the 

cell viability, obtained in four replicates are pre-
sented as mean ± standard error of the mean (SEM). 
The data were compared by ANOVA test followed 
by the Tukey’s test. The level of significance was 5% 
(p ≤ 0.05).

Experimental groups
The experimental groups were, as follows:

•	Positive Control (PC): Cells grown in fresh me-
dium and non-irradiated. 

•	Cells grown in conditioned medium:
-- Negative Control (NC): non-irradiated 
-- RL1: irradiated: 660 nm, 4 J/cm²
-- RL2: irradiated: 660 nm, 6 J/cm²
-- RL3: irradiated: 660 nm, 10 J/cm²
-- NIR1: irradiated: 780 nm, 4 J/cm²
-- NIR2: irradiated: 780 nm, 6 J/cm²
-- NIR3: irradiated: 780 nm, 10 J/cm²

Phototherapy with low intensity laser
The phototherapy with low intensity laser was 

carried out with a diode laser (Twin Laser, MMOp-
tics, São Carlos, SP, Brazil) which emits irradiation 
in two wavelengths, as follows: 660 nm (AlGaInP) 
for the RL groups and 780  nm (GaAlAs) for the 
NIR groups. The output power was 40  mW, spot 
size of 0.04  cm², in contact using a punctual and 
continuous mode. The information of dosimetry is 
presented in Table 1. 

The LaserCheck powermeter (Coherent, Inc., 
Santa Clara, CA) was used to verify the output pow-

er of the laser equipment. The control groups were 
treated under identical conditions except that the la-
ser equipment was kept off.

Results
The cell viability in all groups increased signifi-

cantly in 24 hours (p < 0.01). The PC presented cell 
viability significantly higher than NC in both exper-
imental times (p < 0.01). 

In the first evaluation period (zero hour), the 
groups irradiated with the visible red laser presented 
cell viability similar to that of the NC, except for the 
RL3 group that reached cell viability values similar 
to those of PC. In 24 hours, all groups irradiated 
with red visible laser presented cell viability signifi-
cantly higher than that of NC (p < 0.01); however 
they did not reach the values of PC. 

Amongst the groups irradiated with near infra-
red laser, the NIR1 presented cell viability values 
similar to those of NC in both experimental times. 
The groups NIR2 and NIR3 presented cell viabili-
ties similar to those of NC in the time 0 (zero), and 
values significantly higher in 24 hours (p  <  0.01). 
Only the NIR3 group presented in 24 h cell viability 
values similar to those of PC.

The optical density values observed in the wells 
of all experimental groups in both experimental 
times are presented in Table 2, and illustrated in 
Figure 1. 

Discussion
The mechanisms of tooth bleaching involve the 

extracellular matrix degradation and oxidation of 
chromophores located in dentin and enamel. How-
ever, peroxide can lead to undesirable effects on the 

Groups
Wavelength 

(nm)
Fluency (J/cm²) / 

Energy (J)
Power 
(mW)

Time (s)
Irradiance 

(mW/s)

PC and NC - - - - -

RL1 660 4/0.16 40 4 	 10.0

RL2 660 6/0.24 40 6 6.6

RL3 660 	 10/0.40 40 	 10 4.0

NIR1 780 4/0.16 40 4 	 10.0

NIR2 780 6/0.24 40 6 6.6

NIR3 780 	 10/0.40 40 	 10 4.0

Table 1 - Dosimetry 
parameters used in 

the study.
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tooth and other oral tissues.29 With the aim of test-
ing a therapy that could contribute to control these 
undesirable effects, this study has used laser photo-
therapy with low intensity laser. Several parameters 
were tested and the viability of cultured human pulp 
fibroblasts that had been sensitized by substances 
released by bleaching gel prior to irradiation was 
measured. The results showed that these substances 
are cytotoxic in vitro. Moreover, the phototherapy 
with low intensity laser using specific parameters 
was able to compensate the cytotoxic effects of the 
gel. This could be resultant of either partial or even 
the total cell viability maintenance, or by stimulat-
ing the proliferation of surviving cells. 

The literature reports controversies about the ef-
fects of bleaching agents on dental structures. Thus, 
the in vitro results – although they cannot be di-
rectly extrapolated to clinical practice – can bring 
data to a better understanding about the effects of 
substances released by bleaching gel on pulp cells, as 
well as the influence of the phototherapy with low 
intensity laser in this clinical situation. Although 

this study had employed in vitro techniques, the 
parameters of this study were similar to those ap-
plied in the in-office bleaching procedure. In this re-
spect, medium conditioned by the gel was chosen to 
be used. This medium contains substances released 
by the gel, which would be those substances that ef-
fectively penetrate the enamel and dentin and that 
could lead to pulpal response. Another clinical pa-
rameter used in the methodology was related to the 
time of cell exposure to the conditioned medium, 
which was 40 minutes, in an attempt to observe the 
same time that the pulp is subjected to the action of 
the gel in vivo in the in-office bleaching session. In 
the methodology it was also considered that photo-
therapy with low intensity laser is unable to induce 
cell growth above that characteristic of cell culture 
grown in its ideal condition of cultivation, as dem-
onstrated by Almeida-Lopes et al.30 For this reason, 
in this study a control group grown in ideal condi-
tions of cultivation and irradiated was not consid-
ered, since the viability of this group would be simi-
lar to that of the non irradiated control group.

Experimental Time (hours)

M
TT

 u
ni

ts
 (O

D
)

0

0

0.2

0.4

0.6

0.8

1

1.2

24

RL1 NIR2

RL2 NIR3 

PC RL3

NC NIR1

Figure 1 - Graphic representation 
of the mean cell viability (optical 
densities) in function of the 
experimental time (hours).  
PC: Positive Control; NC: Negative 
Control: RL: Red Laser, NIR: Near 
InfraRed laser.  
[*Similar cell viabilities (p > 0.05). 
Bar means standard error of the 
mean.]

Table 2 - Cell viability of the different experimental groups in function of experimental times in hours (mean ± standard error 
of the optical densities) 

Time (hours) PC NC RL1 RL2 RL3 NIR1 NIR2 NIR3

0 0.56 ± 0.04 0.22 ± 0.03 0.36 ± 0.03 0.28 ± 0.02 0.44 ± 0.02 0.19 ± 0.02 0.23 ± 0.04 0.25 ± 0.01

24 1.05 ± 0.07 0.60 ± 0.04 0.83 ± 0.05 0.76 ± 0.05 0.78 ± 0.05 0.69 ± 0.02 0.80 ± 0.01 0.96 ± 0.03
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The toxic effect of bleaching agents is well doc-
umented. In fact, the findings of the current study 
showed that cultured cells that came into contact 
with the conditioned medium and did not receive ir-
radiation had significantly lower viability than cells 
grown under ideal conditions of cultivation. Thus, 
cell death caused by the bleaching agents could be 
partially responsible for the post-bleaching symp-
toms.

The bleaching agents probably lead to cell de-
struction in the pulp due to the inactivation of en-
zymes and disruption of normal cells, but the pulp 
changes are described as transient and clinically 
reversible.1,6 The present study also showed a cyto-
toxic effect of the substances released by the bleach-
ing gel, that was transient once the laser irradiation 
was able to offset this effect. In fact, different levels 
of cellular response to substances released by the 
bleaching agent were observed. The most striking 
response was the significantly decreased cell viabil-
ity in the negative control group. However, when 
cells exposed to conditioned medium were irradi-
ated with near infrared laser and 0.4  J, this effect 
was fully offset and the viability reached the positive 
control values within 24 hours.

It is described in the literature that hydrogen per-
oxide would cause an increase in the oxidative cell 
stress.7-9 The laser light emitting at the visible red 
spectrum stimulates the respiratory chain in cells 
under stress, leading to alterations in electron trans-
port by mitochondria.16,17,19,22,25 Then, besides the 
increase in ATP synthesis, there is signaling to the 
nucleus stimulating the production of antioxidant 
enzymes, proteins that stabilize cellular function 
and proliferation.20,21,16,17,22

On the other hand, irradiation in the infrared 
spectrum stimulates calcium channels of the cell 
membrane.18 The increase in intracellular Ca2+ gradi-
ent may explain the increased cell viability observed 
in the treated group compared to control subjected 
to the same stress conditions, where this stimulation 
facilitates the occurrence of cell proliferation.

In conclusion, it is possible to consider that the 
phototherapy with low intensity laser using specific 
parameters described in the current study was able 

to compensate the cytotoxic effects released by the 
bleaching gel. It is quite likely that two or more of 
the action mechanisms of phototherapy should have 
occurred simultaneously in irradiated cultures and 
were responsible for the observed biological re-
sponse. The increase of cellular activity by increas-
ing metabolism or proliferation in the irradiated 
groups can be considered as a beneficial effect of 
therapy, even if these results were obtained using in 
vitro systems and cannot be transported directly to 
the in vivo systems.

Based on the results of this study, the use of pho-
totherapy with low intensity laser in in vivo stud-
ies would be of relevance in order to extend the 
observations about the effects of this therapy in the 
control and prevention of undesirable side effects 
of tooth bleaching. From the parameters used here, 
which have shown effectiveness in offsetting the cy-
totoxicity of substances released by bleaching gel, 
one could study the pulpal response of teeth of ani-
mals subjected to tooth bleaching followed by pho-
totherapy with low intensity laser. New parameters 
could also be tested to determine efficient protocols 
for the application of this therapy that has been used 
in dental practice with important effects on several 
other clinical situations.

Conclusion
Based on the conditions of this study it was con-

cluded that:
1.	Substances released by the bleaching gel contain-

ing 35% hydrogen peroxide are cytotoxic to hu-
man cultured fibroblasts.

2.	The phototherapy with low intensity laser emit-
ting in the visible red (660 nm) in the parameters 
used in this study was able to compensate the 
cytotoxic effects of substances released by the 
bleaching gel containing 35% hydrogen perox-
ide. 

3.	The phototherapy with low intensity laser emit-
ting in the near infrared (780 nm) in the param-
eters used in this study was able to compensate 
the cytotoxic effects of substances released by 
the bleaching gel containing 35% hydrogen per-
oxide.
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