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Abstract

Introduction: Antimicrobial photodynamic therapy (aPDT) is an adjunctive non-invasive procedure for the management of peri-
odontal tissue infection and deep periodontal pocket decontamination. However, the effects of this procedure on periodontal cells like
osteoblasts that play a role in periodontal tissue repair and regeneration is not yet clear.

Aim: This study aimed to investigate aPDT based on indocyanine green (ICG) on MG-63 osteoblast-like cells in vitro.

Materials and methods: MG-63 cells were treated in 9 different groups: 1) Control (untreated cells), 2) ICG alone at a concentration
of 1000 ug/mL, 3) ICG alone at a concentration of 2000 pg/mL, 4) diode laser irradiation alone for 30 s, 5) laser irradiation for 30 s
combined with ICG with a concentration of 1000 pg/mL, 6) laser irradiation for 30 s combined with ICG at a concentration of 2000 pg/
mlL, 7) laser irradiation alone for 60 s, 8) laser irradiation for 60 s combined with ICG at a concentration of 1000 pg/mL, and 9) laser
irradiation for 60 s combined with ICG at a concentration of 2000 pg/mL. Cell viability was assessed by MTT assay in different groups.

Results: In groups that were treated with 2000 pg/mL of ICG or diode laser irradiation at fluency of 39 J/cm2 for 60 s alone or in com-
bination during ICG-aPDT, osteoblast-like cells viability decreased, remarkably.

Conclusions: IGC-mediated aPDT with 1000 ug/mL of ICG combined with diode laser irradiation at fluency of 39 J/cm2 for 30 s is safe
for MG-63 human osteoblast-like cells; however, higher concentration of ICG or laser irradiation time will increase cells death. There is
still a need for more in vivo studies.
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INTRODUCTION

Periodontal disease is known as a common oral inflam-
matory pathological condition in response to a chronic
infection that engages the soft tissue and hard tissue that
support the teeth and its prognosis depends on factors
such as bacterial biofilm, patient’s response to inflamma-
tion and some other risk factors.!!! The complex anatomy
of the multi-rooted tooth especially in the furcation area is
difficult to access for removing microbial plaque and tartar
deposits by conventional scaling and root planning without
periodontal surgeries.l?! Periodontal surgical treatments
result in significant long-term improvement, but they are
aggressive procedures and cause some morbidity, includ-
ing post-treatment pain and edema.!?! Another procedure
such as the antimicrobial photodynamic therapy (aPDT)
is mentioned as an alternative method for eliminating mi-
croorganisms in deep pockets that are created following
advanced periodontal diseases."!

aPDT is a non-invasive technique that produces reactive
oxygen radicals to damage living agents such as bacteria or
microbes. A light-activated molecule or photosensitizer (PS)
has a major role during this process. After being exposed to
light, it changes to an excited state and causes the release of
reactive oxygen species when it decays. An adequate combi-
nation of light and PS as well as PS properties such as high
absorption coefficient, long triplet state of appropriate ener-
gy and high photostability take part in aPDT results.>4!

Low power lasers have biological effects including ac-
celerating wound healing, collagen synthesis and neovas-
cularization in periodontal tissue. Diode laser is known to
enhance the periodontal ligament fibroblasts survival and
has been successfully used for the treatment of periodon-
tal diseases; it also has been used as a light source during
aPDT.[>8]

Indocyanine green (ICG) is a water-soluble dye with a
strong absorption band around 800 nm near the infrared
region that has been approved by the United States Food
and Drug Administration (US FDA) for some medical
diagnostic procedures.l! Despite very low toxic effects, it
could be used as a PS during aPDT for producing reactive
oxygen species as near infrared light penetrates deep into
tissue without causing significant heating.!-!!)

There are still many questions about aPDT parameters
including type of PS, PS concentration, light dose, time and
energy and its effect on periodontal cells survival, especial-
ly the osteoblast cells that play a role in bone regenerative
therapies for replacing damaged and lost bone tissue with
functional bone, so understanding the effect of IGC-me-
diated aPDT on osteoblast proliferation or differentiation
would be beneficial.[#12-14]

AIM

The present study aimed at investigating the effect of aPDT
with ICG and diode laser with a wavelength of 808 nm on
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MG-63 osteoblast-like cells viability and to find optimal
ICG concentration and laser beam irradiation time in vitro.

MATERIALS AND METHODS

Cell culture

MG-63 human osteoblast-like cells (code NCBI: C555)
were obtained from the National Cell Bank of Iran, Pasteur
Institute (Iran, Tehran). Cells were cultured in Dulbecco’s
modified Eagle’s medium/Nutrient Mixture F-12 (Gibco,
Grand Island, USA) without phenol red supplemented by
10% fetal bovine serum (FBS) and 1% antibiotic antimy-
cotic solution (Sigma, St. Louis, MO, USA) in the standard
atmosphere (5% CO,, 95% humidity, 37°C). Culture media
was changed every 3 days. Trypsinization was done with
0.25% trypsin-EDTA solution (Sigma, St. Louis, MO, USA)
after cells reached confluence. Cell densities were 5x10°
cells per well in 24-well microplates (Greiner Bio-One, Ger-
many). After seeding, cells were maintained for 24 hours in
the incubator for adhesion before any treatment.!”)

ICG solution preparation

ICG powder (Green +I, Novateb Pars, Iran) was dissolved
in 0.5 mL sterile PBS and to obtain a fresh stock solution
(2000 pg/mL). It was kept in the dark and was diluted to the
desired concentrations (1000 pg/mL) just before perform-
ing the experiments.!®!

Light source

An 808-nm diode laser (DX82, Konftec, Taiwan) with an
output of 250 mW in continuous mode was used in this
experiment. Laser power was measured and checked with
a power meter (Coherent, USA) before and after each
treatment during the study, instantly. The laser probe was
moved 1 mm above the microplate and light was distrib-
uted homogeneously on four wells of a 24-well plate at a
time. Power density throughout the target area measured
using a power meter (Coherent, USA). The tests wells were
separated from each other by wells that were filled by meth-
ylene blue. Black paper sheet was placed under the plates
to reduce laser beam scattering. The plates were protected
from room light during all procedures.

Photodynamic therapy of cells

The culture medium was aspirated and cells were washed
with buffered PBS (Ph=7.4) twice, then 100 pL ICG solu-
tion with desired concentration was added to microplate
and cells were incubated for 5 min in incubator (37°C, 95%
humidity and 5% CO,) in dark conditions before laser ap-
plication. At the end of incubation period, the cells in the
presence of ICG solution in microplates were immediately
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exposed to the diode laser at 250 mW for 30 s (19.5 J/cm?)
or 60 s (39 J/cm?) at room temperature (25+2°C).

Experimental groups

Following nine groups were tested:
1. Control (no exposure to either ICG or irradiation)
. ICG alone at a concentration of 1000 pg/mL
. ICG alone at a concentration of 2000 pg/mL
. Laser irradiation for 30 s without ICG
. Laser irradiation for 30 s with ICG at a concentration
of 1000 pug/mL
. Laser irradiation for 30 s with ICG at a concentration
of 2000 pug/mL
7. Laser irradiation for 60 s without ICG
8. Laser irradiation for 60 s with ICG at a concentration
of 1000 pug/mL
9. Laser irradiation for 60 s with ICG at a concentration
of 2000 pug/mL
These energy doses of irradiation were chosen based on
our previous studies and literature.[16-18]

[SARN O I 8]

(o)}

MTT test

MTT assay (Sigma, St. Louis, MO, USA) was employed to
calculate cells viability rate. MTT assay is a colorimetric
test that is based on the ability of mitochondrial dehydro-
genase enzyme from vital cells to metabolize yellow MTT
solution to violet formazan crystals. 10 gL of MTT solution
(5 mg/ml) was added to each well containing 100 gL medi-
um. After 4 hours of incubation (37°C, 95% humidity and
5% CO,) in darkness, the formazan crystals were dissolved
with 150 gL of DMSO, and the absorbance was measured
at 570 nm with microplate reader (iMark, Bio-Rad Lab.,
USA).[% The MTT assay for all groups was performed at
day 7 for all groups.

Statistical analysis

All of the experiments were carried out in triplicate. The
results are represented as mean values + standard devia-
tions (means + SD). Statistical analysis was done using the
Statistical Package for the Social Sciences (SPSS) v. 22.0
(SPSS Inc., Chicago, IL). Data were found to be normally
distributed based on the Shapiro-Wilk test. To determine
the significant differences between the groups and possi-
ble interaction between ICG and laser irradiation two-way
analysis of variance (two way ANOVA) followed by the
Tukey test was performed. Differences were considered to
be significant at p<0.001, p<0.05, respectively.

RESULTS

The ICG toxicity alone without laser irradiation or dark
toxicity was assessed with a concentration of 1000 pg/mL
and 2000 pg/mL. Higher ICG concentration caused more
cell death, significantly (p=0.004).

Laser irradiation with 808 nm wavelength, 250 mW
power was evaluated at 30 s and 60 s. Higher laser irradia-
tion time caused more cell death, significantly (p=0.008).

For light-combined experiments, cells were incubat-
ed for 5 min with different ICG concentrations (0, 1000,
2000 pg/mL) and then irradiated with laser light (Fig. 1).
According to the MTT results, cell viability was signifi-
cantly decreased following laser irradiation for 60 s. It
appears that both increasing laser irradiation time and
ICG concentration significantly decreased cell viability;
however, these two parameters did not have interaction
or synergic effect on each other base on two way ANOVA
analysis (p=0.116).

Figure 1. MG-63 cells viability in different groups. * p<0.005, sig-
nificantly different from control group.

Based on Tukey analysis, the highest cytotoxicity was
seen in the group with 2000 ug/mL concentration of ICG
combined with 60 s laser irradiation time.

DISCUSSION

aPDT has been developed as a promising, non-invasive
treatment method in treating some skin-related cancers,
age-related macular degeneration and infectious diseas-
es.1920) aPDT also is mentioned as an adjunct for peri-
odontal therapy as it kills periodontal pathogens or might
decrease their virulence, so help clinicians to improve
treatment outcomes.?!) Gharesi et al.??! investigated the
effect of aPDT based on ICG with an 808-nm diode laser
on apoptosis-related genes expression in human gingival
fibroblasts (HGF) as they play a role in the periodontal tis-
sues repair and regeneration. Expression of BAX and BCL-
2 genes that are involved in cell apoptosis were assessed
and compared by real-time quantitative reverse transcrip-
tion PCR in 4 different groups of monolayers of HGF cells
including ICG alone (1000 pg/mL), 60 s laser irradiation
alone, combined ICG, and laser irradiation and control.
They concluded that ICG-aPDT with a 1000 pg/mL con-
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centration of ICG and 60 s exposure time for diode laser
would induce HGF apoptosis as it caused the significant
expression of BAX; however, treatment with ICG or laser
irradiation alone did not change BCL-2 and BAX genes
expression significantly and appeared to be safe for HGF
cells. In our study, ICG with a 1000 pg/mL concentra-
tion and laser irradiation for 30 s alone both were safe for
MG-63 cells, too; however, increasing ICG concentration
to 2000 pug/mL or laser irradiation time for 60 s alone or
combination of them during aPDT caused cytotoxicity.

Mokhtari et al.l?3) studied the expression of basic fi-
broblast growth factor (bFGF) gene after aPDT in hu-
man gingival fibroblasts by real-time quantitative reverse
transcription PCR (qRT-PCR). The cells were treated in 4
different groups: 1) ICG alone, 2) diode laser irradiation
alone, 3) combined ICG and laser irradiation (aPDT), and
4) control. They concluded that ICG-PTD treatment at a
concentration of 1000-2000 pg/mL ICG combined with
laser irradiation at fluency of 31.25 J/cm? for 60 s and la-
ser irradiation for 60 s alone, both increase the expression
of bFGF gene which can reflect gingival fibroblast higher
metabolism that play a role in the periodontal tissue regen-
eration; however, gene expression following ICG treatment
with different concentration of 500 to 2000 pg/mL was not
changed, remarkably. In our study, laser radiation with the
same duration (60 s) but different intensity (39 J/cm?) alone
or combined with ICG caused more cell death, which may
be due to higher laser energy dose or different cells type.
Also in our study, ICG with 2000 pg/mL concentration
caused more cell death that may be a result of different cells
type in our study.

Pourhajibagher et al.?*! conducted a study to evaluate
the effect of aPDT based on ICG combined with curcum-
in on human gingival fibroblast cell viability by neutral
red assay. Cells were incubated in different experimen-
tal groups with a concentration of ICG ranged from 500
to 2000 ug/mL and curcumin amount ranged from 3 to
20 mM and then exposed to diode laser in three differ-
ent modes (30 s, 60 s and 2x30 s irradiation at an interval
of 1 min) and one group exposed to LED light for 5 min.
The cells were incubated with chlorhexidine (CHX) - a
gold standard antimicrobial agent for periodontal disease
- assumed as a control group. Despite CHX not caused a
remarkable change in the cell viability; but a combination
of ICG and curcumin reduced HGF cells viability at con-
centrations below 1000 pg/mL and 10 mM, respectively.
Cells viability was lower in the groups that were exposed
to a diode laser for 2x30 s in comparison to other groups.
They suggest low doses of ICG and curcumin combination
with the lowest exposure time of light source as an effec-
tive way for aPDT. In our study, higher laser exposure time
decreased cell viability, too. However, 1000 pg/mL of ICG
was not toxic for cells that may be due to the difference in
the cells type being studied.

There is still a need for an in vivo study to evaluate aP-
DT’s applicability in clinical periodontics and to find the
ideal ICG concentration and laser dose.

Indocyanine Photodynamic Therapy Cytotoxicity

CONCLUSIONS

aPDT with ICG concentration of 1000 ug/mL and an 808-
nm diode laser for 30 seconds was safe for MG-63 osteo-
blast-like cells. However, higher ICG concentrations like
2000 pg/mL or 808-nm diode laser radiation for 60 s would
increase cell death. As a result, aPDT is suggested based on
ICG at a concentration of 1000 pg/mL with 808 nm low
power laser radiation for 30 s.
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Pe3tome

BBefieHne: Aurtumukpo6Has porogunamudeckas repamvs (a®IT) ApsgeTcs [ONOTHUTEIHHOI HEVHBAa3UBHOI IPOLIE/yPOIL TeYeHN
nHQeKLUN TKaHell apofoHTa 1 0be33apaXkiMBaHMsA [IYOOKNUX MAPOJOHTANTbHBIX KapMaHOB. OFHAKO BMsHME 9TOIl IPOLEAYPhI Ha
KJIETKV TTAPOJIOHTA, TaKMe KaK 0CTe0OIacThl, KOTOpble UTPAIOT PO/Ib B BOCCTAHOB/IEHUM U pereHepaiyy TKaHell IapoJOHTa, eljé He
BBIACHEHO.

Lienb: 9o nccnenoBanme 66110 HanpasieHo Ha usydenne a®JIT Ha ocHoBe nHAoLMaHKHa 3enéHoro (ICG) Ha ocTeo6macTonoK06HBIX
knetkax MG-63 in vitro.

Matepuanbi n metofbl: Kietku MG-63 o6pabarbiBani B 9 pa3nuuHbIX IPyINIax: 1) KOHTponb (Heo6paboTaHHbIE KIIETKI), 2) TOIBKO
ICG B xoHueHTpanym 1000 pg/mL, 3) Tonbko ICG B koHIeHTpanmy 2000 ug/mL, 4 ) ToNbKO [UONHOE NMa3epHOe OOTydeHNe B TeUeHNe
30 cexk., 5) masepHoe obmydenue B TedeHue 30 cex. B coueranyy ¢ ICG B konneHTpanyy 1000 ug/mL, 6) masepHoe 06/1ydeH1e B TeUeHMe
30 ex.c B couetanuu ¢ ICG B koHLeHTpauuyu 2000 pg/mL, 7) TonbKo ma3epHOe 06nydeHue B TedeHue 60 cex., 8) masepHoe ob6mydeHme
B Teuenue 60 cex. B coyeranuu ¢ ICG B konuenTparmy 1000 pg/mL 1 9) masepHoe o6mydenue B TedeHne 60 cex. B cogetanuu ¢ ICG B
koHUeHTparym 2000 pg/mL. JK13Hecroco6HOCTb K/IETOK OLieHMBau ¢ moMouibio MTT-aHanmm3a B pasHbIX IPYIIaXx.

Pesynbtartbl: B rpynmax, nonygasmux 2000 ug/mL ICG mnu 06/1ydeHne FMORHBIM TA3€POM C IVIOTHOCTBIO TTOTOKa 39 J/cm? B TedeHue 60
CeK. OTZie/IbHO 1M B KoMOuHaiuy Bo Bpems ICG-aPDT, x13HecrIoco6HOCTb 0CTe00/I1acTOMOAOOHBIX KIETOK 3HAUNTENIbHO CHUSMIACD.

3akntoueHue: IGC-onocpenosannas a®T ¢ 1000 pg/mL ICG B cogeTannu ¢ 06/1ydeHneM ANOSHBIM J1a3ePOM C ITIOTHOCTBHIO TOTOKA
39 J/cm? B Teuenue 30 cek. 6esomacHa 1 0CTe06MACTONONOOHBIX KIeTOK MG-63 yesioBeka; OffHaKo 6osee BBICOKAs KOHIEHTPALNA
ICG wnu BpeMst T1a3epHOTO 00/TydeHNsl YBeMINBAIOT I16eb KiIeToK. [1o-IpeXxHeMy CylecTByeT HOTPeOHOCTD B JOIIOTHUTEIbHBIX
VICCTIENOBAHMAX in Vivo.

KnwoueBble cnoBa

aHTUMUKPOOGHAs GOTOAMHAMIYECKAS TEPAINS, XKU3HECIOCOOHOCTD KIIETOK, IUTOTOKCUYHOCTD, JVOIHBI Ta3ep, MHIOLNAHNH 3€/1é-
HbII1, K1eTK MG-63, KIeTK1 0cTe00/1acThl
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