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1. Introduction

Laser is widely used in oral surgery"?,
endodontics, periodontology” and restorative
dentistry”. Lasers can be classified as sur-
gical(high power) and non-surgical(low power)
according to therapeutic purposes. Parti-
cularly low-power laser, has been increa-
singly used for the treatment of injuries of
soft and hard tissue.

Low-power lasers are widely used as ti-
ssue stimulator, to improve wound repair
and anti-inflammatory and analgesic effects.
>% Experimental reports have also suggested
that laser would accelerate wound repair.

6~11

' This effect could be explained by chan-

ge in mitotic acivity.™"® Favourable results
were achieved in examinations of hard ti-
ssue, as bone fractures in mice showed a
faster formation of bone tissue with a
tighter mesh of trabeculae after three weeks
of daily irradiation with HeliumNeon la-
ser.'¥ And Ozawa et al.(1995) achieved a
significant increase in the total area of bone
nodules with a Gallium-Aluminium -Arse-
nide laser(GaAlAs) in a dose-dependent man-
ner.”” (10.8-108J/cm*/day) Another studies re-
port that low-power laser promotes growth
and differentiation of cells through many
experiments.”'***" This shows that low-
power laser may give positive effects in re-

generation of periodontal tissue by pro-
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moting growth and differentiation of cells
related to regeneration, especially hard

and this could be
22~24)

tissue regeneration,
applied in destroyed periodontal tissue.

The energy of wavelength of commercially
available COz laser is 10.6 ym which falls in
the far infrared range. This particular
wavelength of energy is effectively absorbed
by water. Consequently, the CO: laser would
appear to be the best choice for use on hyd-
rated, composite mineralized tissue such as
bone.” Also, low-power laser therapy using
CO» lasers is known to activate surrounding
cells and tissue. Shiozaki et al.(2005) achi-
eved that low-power COq lasers induced not
only mineralization but also osteoblast dif-
ferentiation.” And Tajima et al.(2003) re-
ported that low-power CO. laser accelerates
new bone formation within the marrow
cavity subjacent to the laser treatment

2 In spite of successful clinical and

site.
experimental results, the mechanisms un-
derlying low—power CO, laser effects are still
poorly understood.

The aim of this study is to evaluate the
effect of low-power CQOs laser in proliferation
of cultured human PDL fibroblast and to
further understand laser effect in perio-
dontal regeneration. In addition, this study
tried to find out the most effective degree of
energy and power density in which cell pro-
liferates and differentiates to osteoblastic
cells after laser irradiation. Through this,
we intend to make the base of clinical perio-
dontal regeneration procedure by low-power

COq laser therapy.

II. Materials and Methods

1. PDL cell separation and culture

The human PDL fibroblast was gathered
and cultured from a healthy premolar
extracted for orthodontic treatment. Before
extraction, plague and calculus were re-
moved with the use of a periodontal curette.
The extracted tooth was then rinsed with
HBSS to remove the blood and other foreign
bodies, the PDL cells were collected from
the middle portion of root surface.

a-MEM including 10% fetal bovine serum,
100U/ml penicillin, 100mg/ml streptomycin
and 0.5mg/ml amphotericin-B was used as
the culture media with an environment of 3
7C, 100% humidity and 5% CO.. Culture
medium was changed every 2 or 3 days.

2. Experiment design

The experiments were divided into 1)
MTT assay, 2) ALP detection assay and 3)
ALP activity assay. The control group was
not applied to laser. Experimental groups
were divided into 4 groups by applying
different irradiating distances from cultured
cell to laser tip; 2Cm(Focal spot=0.74mm),
3Cm(Focal spot=21.04mm) and different irra-

diating time: 1 second, 3 seconds.
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3. Application of Laser

Laser-treated specimens were irradiated
with a 0Oz laser’ using a focused beam of
0.74, 1.04mm diameter focal spot, wave-
length of 10.6 pm Laser parameters were
0.5W of power delivered at 50Hz with con-
tinuous mode. The operator wore the pro-
tection glasses for the risk of damaging the
eyes due to the direct vision of the laser
and the refraction of the beam.

4. MTT assay

After seeding PDL fibroblast at 96 well
plate, the cells were cultured it in «-MEM
including 5% FBS and was made sure that
cells were attached to the plate. One day
after seeding, laser was irradiated and MTT
assay was done every 0,3, and 5 days later.
Different laser treatment conditions were
applied with different distances from cul-
tured cell to laser tip and irradiating time.
The distances were 2cm and 3cm with time
condition of 1 second, 3 second. And the
control group was not exposed to laser.

The samples were measured by using cell
proliferation assay kit(CHEMICON International
Inc. Temecula, CA, USA) on absorbant of 570
nm wave, and prior to measuring, the cul-
tured cells were incubated by removing

reagent out of the kit as maker allowed.
5. ALP detection assay

After seeding PDL fibroblast at 24 well

plate, the cells were cultured it in e-MEM
including 10% FBS till it become semi-
confluenced. Laser was applied and ALP was
detected after 0,3, and 15 days. At this time
different laser treatment condition was
used. Different laser treatment conditions
were applied with different distances from
cultured cell to laser tip and irradiating
time. The distances were 2cm and 3cm with
time condition of 1 second, 3 second. And
the control group was not exposed to laser.

Detection was done by using TRACP &
ALP double-stain kit(Takara Bio Inc. Seta
3-4-1, Otsu, Shiga 520-2193, japan)and samples
were viewed under light microscope. Before
sample detection, the cells were incubated
by removing the reagent out of the kit as
the manufacturer allowed. And the control
group was not exposed to laser.

The samples obtained in accordance to

time were recorded by photographs.
6. ALP activity assay

After seeding PDL fibroblast at 6 well
plate, the cells were cultured in «-MEM
including 10% FBS till it become semi-
confluenced. Laser was applied and ALP was
detected after 0,3,5,7, and 10 days. At this
time different laser treatment condition was
used. Apply laser at distance, from cultured
cell to laser tip, of 2cm, 3cm and apply each
different irradiation time, lsec, 3sec. And
the control group was not exposed to laser.

ALP activity of the cell was measured by
the method of Lowry et al.”® with p-nitro-

* OPELASER 03811, Yoshida Dental MFG. CO.. Japan
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Table 1. MTT assay{group means + SD; O.D.: optical density)

Baseline 3rd day 5th day
control 0.493+0.066 0.510+0.022 1.193% +0.079
2cm 1sec 0.511+0.022 0.568+0.029 1.272% 0.103
2cm 3sec 0.52510.054 0.514+0.034 1.328% +0.114
3cm 1sec 0.469+0.022 0.533£0.045 1.278% +0.151
3cm 3sec 0.458+0.067 0.465£0.037 1.261% +0.082

phenyl phosphate as a substrate and was
normalized by the total protein content of
the cell which was determined by Bio-Rad
Protein assay kit.(BioRad 2000, Alfred Nobel
Drive Hercules, CA 94547, USA) Briefly, after
finishing the laser irradiation, the medium
was removed and the cells were washed
twice with Tris-buffered saline. The cells
were detached from the culture dish with a
scraper after the addition of Tris-buffered
saline. ALP activity was then assayed using
Alkaline Phosphatate Substrate Kit.(Wako

Pure Chemical Industries, Osaka, japan)

7. Statistical Analysis

1-way ANOVA and tukey’s test for mul-

tiple comparison was used to determine the

MTT assay
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statistical significance of MTT assays and
ALP activity between different treatment
groups at baseline and at indicated time
points after laser irradiation. Repeated
Measures ANOVA was used to determine the
statistical significance of the MTT and ALP
activity within groups in comparison with

baseline.

II. Results
1. MIT assay

On the bth day after laser irradiation,
statistically significant increase of cells were
found compared to the baseline.

At the baseline, 3rd day and 5th day of

laser irradiation there were no significant
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Figure 2. MTT assay

| (0.D.: optical density)
* 1 statistically significant differ~
ence compared to baseline(p{ 0.05)
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difference of cell increase among the groups
(Table 1, Figure 1).

2. ALP detection assay

On the 3rd and 15th day after laser
irradiation, ALP positive cells were found in
control group.(arrow head) More ALP positive
cells were found in laser irradiation groups
compared to control group on the 3rd day.
When it came to the 15th day, much more
ALP positive cells were found in Zcm,lsec
group than other groups on the 15th day.
(Figure 3, 4. 5)

3. ALP activity

Statistically significant increase of ALP
activity was seen on the 3rd, 5th, 7th, and
10th day after laser irradiation compared to
the baseline(Table 2). The control and 3cm,
3sec group showed statistically significant
decrease of ALP activity between the 3rd
and 5th day and no significant increase till
the 10th day.

On the other hand 2cm, 3sec and 3cm,

1sec groups showed statistically significant
decrease of ALP activity between the 3rd
and 5th day, and significant decrease of
ALP activity till the 10th day.

Especially 2cm, Isec group showed increase
of ALP activity not statistically significant
from the 3rd day to the 10th day.

On the 3rd day after laser irradiation
3cm, 1sec and 3em., 3sec group showed stati-
stically significant high score of ALP acti-
vity compared to other groups.

On the 5th day after laser irradiation,
statistically significant high score of ALP
actlvity was found in experimental groups
compared to control group and no statistical
difference of ALP activity was found experi-
mental groups.

On the 7th and 10th day 3cm,lsec , 3em,
3sec and 2cm, lsec group showed signifi-
cantly high score of ALP activity compared
to 2cm,3sec and control group. And the ALP
activity score increased as it went from 3cm,
Isec, 3cm, 3sec to 2cm, lsec group and
there was no significant difference between
3cm, 3sec and 2cm, 1sec group(Table 2. Figure
2).

Table 2. ALP activity (group means = SD; unit/mg)

5th day

Tth day

10th day

baseline 3rd day
control 0.039:0.006 0.312"£0.013
2Cmlsec 0.045+0.010 0.300" 0,035
2Cm3sec 0.039:0.007 0.365' +0.028
3Cmisec 0.0570.008 0.453 20,033
3Cm3sec 0.023+0.008 0.465"* £0.044

0.193" +0.025
0.306"* +0.024
0.306"* £0.015
0.275 * £0.013
0.290"* +0.017

0.202" +0.017
0.306" £0.018
0.195 £0.035
0.257 *£0.018
0.299"* £0.023

0.201" +0.017
0.337"* £0.024
0.181" +0.028
0.237 *+0.015
0.302" ¥ +0.020

+ © statistically significant difference compared to baseline(p<0.05)

¥ : statistically significant difference compared to control group(p<0.05)

1007



ALP activity test
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Figure 3. ALP activity test(unit/mg)
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IV. Discussion

Low-power laser has been widely used in
medicine, mostly on pathological tissues pre-
senting any degree of alteration, such as
healing or inflammatory processes.”” We de-
cided to grow the cells in a medium sup-
plemented with 5% concentration of FBS.
Serum is an important supplemented for
culturing ceHs,SO) and the best growth will
occur using medium containing at least 10%
FBS. MTT was performed to observe the
growth of PDL cells in this study. And to
get the least effect of FBS, medium with 5%
FBS was used to see the effect of laser.

Many studies tell us that low power laser
irradiation activates growth of various kinds

2.7-11,31) .
For example, there is a report

of cells.
that applying laser of 3J/cm’ and 4J/cm® to
cultured fibroblasts(NIH 3T3 cells) twice every
six hours resulted in 3 or 6 times increase of
cells compared to non-lasered group.”

Laser of 0.5W power was used for 1 se-

cond and 3 seconds in this study, thus the
energy was 0.5J/cm® and 1.5 J/cm® respec-
tively. This is less energy than usually
applied in other in-vitro study. And this
may have caused the cells to over stimulate
since power was stronger than 0.1W, which
is generally used in-vitro study.

As for the effect of single low-power COy
laser irradiation on cell proliferation, both
the experimental groups and control group
showed statistically significant increase of
cells on the 5th day compared th baseline
after laser irradiation and there was no
significant difference between experimental
group and control group. This means there
was a little cell proliferations effect with
low-power CO; laser in this experimental
condition despite different where total ener-
gy and power density.

2cm and 3cm irradiation distance results
in 116.3%(=W/T*), and 58.9% of power
density respectively according to the rela-
tionship between distance of lens and energy
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density’. The strength of energy transferred
to cells depends on power density even when
they have the same energy of laser irra-
diation. Actually lem distance irradiation
group was involved in this study. But cell
necrosis occured because of high energy that
reached to PDL cells. So lem distance irra-
diation group could not involve in experi-
ments.

It is not yet well understood how low-
power laser irradiation actually affects PDL
fibroblast’s differentiation to osteoblastic
cells. However it is Certain that PDL cell
has the ability to differentiate into various
kind of cells, that is it can change to cells
that makes alveolar bone, depending on
ziven conditions. According to the study of
Yuya Murakami et al. in 2003, isolating ALP
positive subpopulation is available in PDL
fibroblast by immunomagnetic method.” In
the preliminary study preparing for this
experiment, qualitative analysis of ALP was
used as a marker of hard tissue formation.
The medium containing ¢-MEM with 10%
FBS was used, and ALP positive sample was
obtained from contol group and other groups
which were irradiated to low-power lasers by
different application methods(Figures 3.4.5).
This shows the pluripotential characteristic
of PDL fibroblast mentioned before.

Cenerally, in order to see ALP activity
from PDL cells, materials like 1a,25-dihy-
droxyvitamin D3 needs to be added.™ Vari-
ous studies have shown that mechanical
stress like cyclic stretching decreases the
ALP activity.®* So it is necessary to find
out what kind of stimulus low-power laser
irradiation do to PDL cell differentiation,

and what changes the ALP activity and
whether there is a difference depending on
irradiation method.

In this study, single low-power COz laser
irradiation may play positive role of PDL
cell differentiation to osteoblastic cells. 2cm,
Isec irradiation condition was found to be
the most effective condition in this study.
And 3cm, 3sec was also found to be effi-
cient. Generally, when various factors relat-
ed to laser irradiation are changed, the
results of laser irradiation become different.
For example, according to the results of the
study by Ueda Y et al. in 2003, low-fre-
quency pulsed laser irradiation significan-
tly stimulates bone formation. And this
proved that the pulse frequency of low-
power laser irradiation is an important fac-
tor affecting biological responses in bone
formation.” In our study most parameters
related to the laser irradiation are constant
(e.z., wavelength, power output, irradiation area),
except power densities and related exposure
time. Distance between cultured cells and
laser tip is related to power density of
irradiation. And irradiation time is related
to total amount of energy that reach to
cells. That is, there is low energy if power
density is high, and high energy if power
density is low thereby more effects to cell
differentiation.

This result shows that among various
factors, CO laser irradiation, single or dou-
ble irradiation, with less energy than 3,4J/
em” at which acceleration of PDL cell proli—'
feration or synthesis of collagen takes place,
differentiation of PDL cells could be acti-
vated.
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The right time for laser irradiation to
achieve the most efficient effect of low-
power laser is not yet cleary defined even
though many studies on laser have been
carried out. A study using rat calvarial cell
reported that cell growth and differentiation
were affected by laser irradiation at early
stages of cell culture.”” Though not all cells
behaved in the same manner, we could
suggest that external stimulus like low-
power laser irradiation to cells at early
stage of growth or differentiation could
greatly influence to growth and differen-
tiation. In addition, this study showed that
differentiation of PDL cell to osteoblastic
cells was more influences than PDL cell
growth was.

Then what controls low-power laser’s
effect of cell proliferation and differentia-
tion? Most studies regarding the laser effect
on cells have reported specific intracellular

¥ Theses changes are mostly

changes.
related to the calcium metabolism, which
would be either affecting its concentration
or intracytoplasmic transport. Such altera-
tions would stimulate cell division, in detri~
ment of cell production, which could explain
the reason why the cell growth was altered.
However concrete mechanism of laser irra-
diation to proliferation and differentiation of
cells is not clear. We can guess that heat

3.39 given by laser

and photostimulation
might affect differentiation of cells, and
should clarify the effect of laser to differ-
entiation of cells through various kinds of
experimental design.

In conclusion, it is not possible to explain

proper mechanism. But in this study if

single low-power CO: laser irradiation is
done to human PDL fibroblast, cell proli-
feration was found in both experimental and
control group compared to baseline on the
5th day of laser irradiation. But, no signi-
ficant differences were found among groups.

In this study, low energy with high power
density and high energy with low power
density had more effects to cell differen-
tiation. Additionally, statistically significant
increase of ALP activity was found in 2cm.
Isec and 3cm, 3sec groups till the 10th day,
and it was found to be the most effective
way to PDL cell’s differentiation into osteo-

blastic cells.

V. Conclusion

The aim of this study is to evaluate the
effect of low-power CO: laser in growth and
proliferation of cultured human PDL fibro-
blast in vitro and to understand better
about the effect of laser on periodontal rege-
neration. The study also tried to find out
the most effective degree of energy and
power density where cell proliferation and
differentiation to osteoblastic cells highly
takes place after laser irradiation.

The experimental groups were divided into
4 groups by applying different irradiating
distances from cultured cell to laser tip:
2Cm(Focal spot=20.74mm), 3Cm(Focal spot=o
1.04mm) and different irradiating time: 1
second, 3 seconds. And they were applied to
laser at a power of 0.5W with 50Hz under
continuous mode. The control group was not
applied to laser. MTT and ALP activity test
were performed to observe the growth of
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PDL cells and cell differentiation to osteo-
blastic cells. The result are as follows.

1. On the 5th day after laser irradiation,
statistically significant increase of cells
were found in all groups. But, no sig-
nificant differences were found among
groups.

2. Statistically significant increase of ALP
activity was seen on the 3rd, 5th, 7th,
and 10th day after laser irradiation
compared to the baseline. Among this,
there were highest ALP activity on 3rd
day except 2cm,lsec group. Zcm,lsec
group showed increase of ALP activity
not statistically significant from the
3rd day to 10th day.

On the 7th and 10th day 3cm, 1sec, 3cm,
3sec and 2cm, lsec group showed significant
high score of ALP activity compared to 2cm,
3sec and control group.

In this study, there was a weak effect of
low-power COqg laser on cell proliferation but
there was a better effect on cell differen-
tiation. 2cm, lsec irradiation was found to
be the most effective condition for PDL cell
differentiation in this study and 3cm, 3sec
was found to be efficient.
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Figure 3.

Figure 4.

Figure 5.
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On the baseline after laser irradiation, ALP positive cells were barely

seen. (light microscope x 100)

A 3rd day control group
B: 3rd day 2cm.1sec group , C: 3rd day 3cm, Isec group
D: 3rd day 2cm,3sec group . E: 3rd day 3cm,3sec group

On the 3rd day after laser irradiation, ALP positive cells were found in con-
trol group.(A: arrow head) More ALP positive cells were found in laser irra-
diation groups compared to control group.(B,C,D,E)(light microscope x 100)

At 15th day control group
B: 16th day 2cm.1sec group , C: 15th day 3cm,lsec group
D: 15th day 2cm.3sec group . E: 15th day 3cm,3sec group

15th day control group(A) showed similar aspect as 3rd day control
group. (Figure 4-A) More ALP positive cells were found in experimental
groups(B,C,D.E) compared to control group.(A) And much more ALP pos-
itive cells were found in 2cm.lsec group(B) among other experimental

groups(light microscope x 100).
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