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Abstract

Low-level laser therapy has been investigated as a possible stimulus for enhancement of proliferation and differentiation of various cell types,
but few reports relate undifferentiated mouse pulp cells (OD-21) response to irradiation in in vitro models. The aim of this study was to analyze
the influence of low-level laser therapy (A=660 nm), with three different irradiation times, on the behavior of OD-21 cell line. The cells were
cultivated and divided into three groups: non-irradiated/control (group I); irradiated with 88 s (group II); irradiated with 177 s (group III) and
irradiated with 265 s (group IV). Cell growth and viability were assessed after 7 and 10 days. Data were analyzed by Kruskal-Wallis and Mann-
Whitney tests (0=.05). At day 7, there was a higher cell growth in groups I and II, as compared to group IV (p<.01). At the 10th day, group I
showed a higher cell growth as compared to group II (»p<.05). Cell viability in group IV was significantly lower at the 7th day, as compared to
groups I (p<.001), I (p<.01) and III (p<.001). Cell viability in all the groups was over 80%, except in group IV at day 7. Irradiation time of
group I influenced positively the proliferation and viability of OD-21 cells in late cell culture period.
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Resumo

A terapia a laser de baixa intensidade tem sido investigada como possivel estimulo para aumento da proliferagdo e diferenciagdo de varios
tipos de células, mas poucos relatos relacionam a resposta de células indiferenciadas da polpa dentaria de camundongos (OD-21) a irradiagdo
em modelos in vitro. O objetivo deste estudo foi analisar a influéncia do laser de baixa intensidade (A=660 nm), com trés periodos de
irradiagdo diferentes, no comportamento das células da linhagem OD-21. As células foram cultivadas e distribuidas em trés grupos: ndo
irradiado / controle (grupo 1); irradiado com 88 s (grupo 1), irradiado com 177 s (grupo 111) e irradiado com 265 s (grupo IV). O crescimento
e a viabilidade celular foram avaliados apos 7 e 10 dias. Os dados foram analisados pelos testes de Kruskal-Wallis e Mann-Whitney (o
= 0,05). No dia 7, houve crescimento celular maior nos grupos I e Il, em comparagdo ao grupo 1V (p <0,01). No décimo dia, o grupo |
apresentou crescimento celular superior ao grupo II (p <0,05). A viabilidade celular no grupo 1V foi significativamente menor no sétimo dia,
em comparagdo aos grupos I (p <0,001), II (p <0,01) e Il (p <0,001). A viabilidade celular em todos os grupos foi superior a 80%, exceto no
grupo IV no dia 7. O tempo de irradiagdo do grupo I influenciou positivamente a proliferagdo e a viabilidade das células OD-21 no periodo
mais tardio da cultura celular.

Palavras-chave: Laserterapia de Baixa Intensidade. Cultura Celular. Células Tronco.

1 Introduction potentiality to differentiate into odontoblast-like cells, under
. . . appropriate conditions, which might be a favorable source for
Recent advances in tissue and cell engineering have been PPLop &
ribufing ¢ . tion of iniured £ by Pulp therapy.t
contributing to repair or regeneration of injured tissues, .
. & P g . ! Y Low level laser therapy (LLLT), whose biomodulatory
using mesenchymal stem cells'?, which have been known ¢
by the self ] o iferat ” effects were firstly demonstrated by Mester et al.f, has been
y the self-renewing properties (i.c., proliferation without a extensively investigated as a possible stimulus for enhancement

change in phenotype) and the capacity to differentiate into one of proliferation and differentiation of various cell types® *!'.

or many different specialized cell types (i.e., changing into Low level lasers are light sources whose wavelengths are

a new phenotype)’. In the Dentistry field, stem cells derived
from dental pulp have been isolated and investigated as
possible sources for regeneration of injured tissues*>.

pulp (OD-21)¢  are
undifferentiated mesenchymal stem cells derived from fetal

Immortalized murine cells

molar papillae’. It has been suggested that OD-21 lineage has
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situated in red and near-infrared region of electromagnetic
spectrum. The photobiological reactions at cellular level
via the activation of mitochondrial respiratory chain are
considered as the major action mechanism of those lasers."
Although this mechanism has not been fully clarified, the most
accepted theory is that photons of a specifically wavelength
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enter the cell and are readily absorbed by chromophores (such
as cytochrome ¢ oxidase) located either in the mitochondria
or in the cell membrane, generating electronic excitation
inside the respiratory chain, leading to an increase in oxidative
metabolism'>".

The photonic energy is converted to chemical energy
within the cell, in the form of ATP, which enhances cellular
functions and cell proliferation rates. Light situated at the
visible red region of electromagnetic spectrum is absorbed by
the mitochondria while near-infrared light is absorbed by the
cellular membrane, causing alterations in permeability, increase
in ATP levels and the synthesis of DNA, RNA, proteins, enzymes
and other products needed to repair or regenerate the cell®.

The laser biomodulation effects magnitude depends on
the wavelength used as well as the physiological cell state at
the irradiation moment, that is, if the cellular environment
is optimal or near optimal (nonpathological), the effects of
LLLT will not be so pronounced®. The LLLT effects are also
dependent of other parameters, such as time of irradiation,
power, irradiance and number of applications'®. Considering
the LLLT biomodulatory properties and the lack of works
focusing on the functional activity of OD-21 lineage after low
level laser irradiation, the aim of this preliminary study was to
evaluate in vitro the effect of a low-level laser, with a wavelength
situated at the red region of electromagnetic spectrum, applied
with different irradiation times, on murine undifferentiated
pulp cells (OD-21), by means of the analysisculture growth
and cell viability. The results of this investigation may
contribute significatively with dental clinics, especially
with Endodontics, with the hypothesis that low level laser
therapy could stimulate the dental pulp cells differentiation
in odontoblasts resulting in new dentin matrix, helping
dentin repair after injuries such as traumas or caries lesions.

2 Material and Methods
2.1 Cell culture

The OD-21 cells were kindly granted by Professor Jacques
Eduardo Nor and colleagues (School of Dentistry, The University
of Michigan, USA) and were cultivated in 75 cm? flasks
containing Dulbecco’s Modified Eagle’s medium (DMEM,
Gibco BRL, Grand Island, NY), supplemented with 10% fetal
bovine serum (Gibco, USA) and 100 TU mL"! penicillin/50
mg mL-! streptomycin in a humidified 5% CO, incubator at
37°C. When they reached subconfluence, the cells were treated
with 1 mM EDTA (Gibco, USA) and 0.25% trypsin (Gibco,
USA), and subcultured in 24-well polystyrene plates (Falcon,
Franklin Lakes, NJ) at a density of 10* cells/well (n=5). Each
experimental group was cultured in different plates, and the cell
cultures were distributed in five wells at an adequate distance
from each other to avoid undesirable irradiation adjacently.
DMEM supplemented with 10% fetal bovine serum, 100 TU
mL- ! penicillin/50 mg mL" " streptomycin, 5 ug/mL ascorbic
acid (Gibco) and 7mM [-glycerophosphate (Sigma-Aldrich, St.
Louis, MO) were added to each well. Control (non-irradiated)
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and irradiated groups were harvested at the same manner.
Culture medium from all the plates was changed every two days.
Distribution of the experimental groups is presented in Table 1.

Table 1- Distribution of the experimental groups.

Group Treatment
1 Non-irradiated (control)
11 Irradiated (88 s)
111 Irradiated (177 s)
)\ Irradiated (265 s)

Source: Research data.

2.2 Laser irradiation

An interval of 24 h was waited before the first irradiation,
for cell adhesion at the base of the wells. The irradiation
sessions occurred by completing the first and second days of
culture. Low-level laser irradiation was performed using an
Indium Gallium Aluminum Phosphide (InGaAlP) diode laser
(Twin Flex Evolution, MM Optics, Sdo Carlos, SP, Brazil)
emitting a wavelength light of 660 nm (at the red region of
the electromagnetic spectrum) in continuous mode. The laser
beam was expanded with the aid of a 20x magnification
objective lens (Carl Zeiss Meditec, Jena, Germany) attached to
the conventional laser handpiece, in order to perform irradiation
of the entire surface of each well at the same time. Laser was
applied with the aid of a support device, specially developed
for this purpose, which held the emission tip firmly, thus
standardizing the irradiation distance. The distance between
the beam output and the bottom of the culture plates was
13.3 cm and the light was concentrated in an area of 2.3 cm?,
allowing a uniform irradiation of the cell monolayer. Control
and irradiated groups were exposed to the same conditions
such as temperature, humidity, time outside the incubator and
light, being the plates covered by a black box during irradiation,
exposing only the area to be irradiated. During irradiation, the
plates were maintained inside the laminar flow, and the laser
irradiation was performed by only one operator. The real power
delivered by the laser device was periodically checked with the
aid of a powermeter (FieldMaster, Coherent, Santa Clara, CA).
Irradiation parameters are presented in Table 2.

Table 2- Irradiation parameters

Groups

I I v
Power at equipment display (mW) 40 40 40
Output power (mW) 26 26 26
Irradiance (mW/cm?) 11.3 11.3 11.3
Energy density (J/cm?) 1 2 3
Number of sessions (24-h interval) 2 2 2
Total cumulative energy/well (J) 4.6 9.2 13.8

Source: Research data.

2.3 Cell number and viability

The Trypan blue exclusion assay was used to determine
the total number of cells and cell viability of non-irradiated
and irradiated cells after 7 and 10 days in culture. This
is a standardized protocol already used previously in our
laboratory.'” Briefly, cells were enzymatically detached using
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1 mM EDTA and 0.25% trypsin solution. After Trypan blue
staining, the number of viable and unviable cells were counted
using a hemocytometer. Cell growth was expressed as total
number of cells x 10* per well. Cell viability was determined
as percentage of viable cells.

2.4 Statistical analysis

The statistical analysis was performed using IBM SPSS
Statistics for Windows, version 21.0 (IBM SPSS, IBM Corp.,
Armonk, NY, USA). Data were compared by the Kruskal-
Wallis test followed by the Mann-Whitney test, being the level
of significance established at p<.05

3 Results and Discussion

The present study aimed to assess the influence of different
irradiation times on OD-21 lineage by means of cell growth
and viability. Because this was a preliminary study, other
cellular functions were not analyzed at this time.

Figure 1 shows that cells proliferated increasingly from 7%
to 10 day. At day 7%, there was a higher cell growth in groups
I and II, as compared to group IV (p<.01). At the 10" day,
group I showed a higher cell growth as compared to group
II (»p<.05). Figure 2 shows that cell viability in group IV was
significantly lower at the 7" day, as compared to groups I
(p<.001), IT (p<.01) and III (p<.001). Cell viability in all the
groups was over 80%, except in group IV at day 7.

Figure 1- Proliferation of mouse undifferentiated pulp cells (OD-

21) after different irradiation times
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Source: Research data.

Figure 2- Viability of mouse undifferentiated pulp cells (OD-21)
after different irradiation times
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Cellular
parameters have been reported to be determinant factors
for light-induced biological effects . Although some
authors showed that laser irradiation presented better
effects on stressed cells'>!®, in the present experiment cells

environmental conditions and irradiation

were cultured without nutritional stress, that is, the culture
medium was supplemented with fetal bovine serum at an
adequate percentage for normal cell growth'. The addition of
ascorbic acid and B-glycerophosphate to the culture medium
(biochemical inducers) aimed to stimulate OD-21 cells
differentiation®.

Regarding laser parameters, the wavelength of 660
nm (InGaAlP laser), situated at the visible red region of
the electromagnetic spectrum, was chosen because of its
shallower penetration as compared to the near infrared lasers,
since irradiation was performed directly to the cell monolayer,
with no need for a deep penetration. The output power and
irradiance were kept fixed while the time of irradiation varied,
thus causing a variation in the energy density and in the total
cumulative energy per well. Several studies investigated
the effects of LLLT on cell cultures employing different
irradiation times and energy densities, keeping output power
and irradiance fixed?!?2.

Laser application was performed through the bottom of
the optically clear 24-well plates. Therefore, the laser beam
did not transpose the culture medium, being applied straight
onto the cell monolayer at a fixed distance®. For this purpose, a
device that could expand the laser beam and irradiate the entire
well area was used. Irradiation using the original laser spot
size (0.04 cm?) would result in multiple points of application,
which would be unviable due to the difficulty irradiating
the cells uniformly and the considerable increase of total
irradiation time. The expanded beam showed to be uniform,
with a loss of around 35% of its original power, due to the lens
assembly presence and the culture plate acrylic. The output
power was periodically checked by means of a power meter.
Finally, laser irradiation was carried out in partial darkness
without light influence other than laser®.

According to the results of the present study, the shortest
irradiation time (88 s), comprising 1 J/cm? energy density,
resulted in a lower cell growth after 10 days in culture, without
adversely affect the cell viability, as compared to the non-
irradiated group. A decrease in cell proliferation rate without
affecting cell viability was also reported by Pereira et al."”, after
irradiating a mouse odontoblast-like cell line (MDPC-23) with
an infra-red laser (830 nm, 25.5 mW, 85 mW/cm?, 10's, 0.8 J/
cm?). Nogueira et al.” also observed that LLLT (780 nm, 10
mW, 3 J/cm?, total energy 0.12 J), in combination with a high
concentration of steroid, inhibited osteoblasts proliferation.
The cell growth restriction might be related to the beginning
of cell differentiation, as suggested by other authors®.
According to Andreeff et al.”®, stem cell differentiation
results in two types of changes: the expression of specialized,
differentiation-specific gene products and a partial or complete



restriction of the cell’s capacity for further proliferation. The
longest irradiation time (265 s), corresponding to an energy
density of 3 J/cm?, resulted in a lower cell growth at the seventh
day, with a considerable decrease in cell viability, suggesting
that these parameters could have affected somehow the cell
cycle in this period. These results differed from others, in
which cells irradiated with low level laser presented a higher
proliferation rate than non-irradiated cells®*?%?’. Meanwhile,
other studies demonstrated that irradiation with low-level
laser did not interfere significantly in cell viability and
proliferation as compared with the non-irradiated controls.
Differences in methodology, such as cell type, cell culture
conditions, wavelength and irradiation parameters, might have
contributed to the divergences in the results. However, most
authors agreed with the fact that lower energy densities were
better for cell stimulation®*

4 Conclusion

It can be concluded that, within the conditions and limits
of the present study, the irradiation time of 88 seconds,
irradiance of 11.3 mW/cm?, energy density of 1 J/cm?, 2
sessions and total energy of 4.6 J influenced positively the
proliferation and viability of OD-21 cells in late culture period
(10 days). However, further studies are necessary for the
establishment of the best irradiation parameters for OD-21
lineage, by means of the analysis of other cellular functions,
as well as of differentiation markers.
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