Lasers in Medical Science (2024) 39:9
https://doi.org/10.1007/510103-023-03954-4

ORIGINAL ARTICLE q

Check for
updates

An evaluation of photobiomodulation effects on human gingival
fibroblast cells under hyperglycemic condition: an in vitro study

Babak Iranpour’ - Kimia Mohammadi' - Mahshid Hodjat? - Neda Hakimiha3
Mohammad Javad Kharazi Fard? - Saeed Sadatmansouri' - Reem Hanna*>®

- Ferena Sayar’ -

Received: 12 February 2023 / Accepted: 11 December 2023
© The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2023

Abstract

An in vitro study was designed to evaluate the effects of photobiomodulation (PBM) with 915-nm diode laser on human
gingival fibroblast (HGF) cells under hyperglycemic condition. The HGF cells were cultured in Dulbecco’s modified eagle
medium (DMEM) medium containing 30 mM glucose concentration for 48 h to mimic the hyperglycemic condition. Sub-
sequently, the cells received three sessions of PBM (915 nm, continuous emission mode, 200 mW, energy density values of
3.2,6,and 9.2 J/cmz). Twenty-four hours post-irradiation, cell proliferation, expression of interleukin 6 (IL-6), and vascular
endothelial growth factor (VEGF) were assessed with MTT and real-time polymerase chain reaction (PCR) tests, respec-
tively. Also, reactive oxygen species (ROS) production was measured using CM-H2DCFDA fluorimetry. No changes were
detected in the cell proliferation rate between the high glucose control group and laser-treated cells, while VEGF and IL-6
gene expression levels increased significantly after PBM in the high glucose-treated cells group. ROS level was significantly
decreased in the irradiated cells in high-glucose medium compared with the high glucose control group. Our study revealed
the inductive role of 915-nm-mediated PBM on VEGF and the inflammatory response while concurrently reducing reactive
oxygen species production in HGF cells in hyperglycemic conditions.
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Periodontitis is an inflammatory disease of tooth-supporting
tissues. The risk of developing periodontitis in adult dia-
betic patients type 2 is about 2.1-3 times higher than in
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the healthy adult population [1]. Individuals with diabetes
often experience compromised immune function, rendering
them more susceptible to infections, including periodontitis.
Poorly controlled blood glucose levels create an environment
conducive to bacterial growth in the oral cavity, increasing
the risk of infections and exacerbating periodontal disease.
Moreover, the chronic inflammation associated with diabetes
can intensify the inflammatory response in the periodontal
tissue, contributing to the severity of periodontal issues [2].
Increased inflammation in periodontal tissue, hinders new
bone formation, and increases the expression of RANKL
(receptor activator of nuclear factor kappa beta), the bone
resorption factor. Additionally, diabetes-related factors such
as delayed wound healing, altered collagen metabolism,
and vascular changes can collectively negatively affect the
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structural integrity of periodontal tissues, making them more
prone to periodontitis [3].

In the periodontal wound healing process, there are sev-
eral interactions between different cells, including gingival
fibroblasts, osteoblasts, cementoblasts, and periodontal
ligament fibroblasts [4]. Among these cells, fibroblasts play
a crucial role in releasing multiple growth factors during
wound healing process [5].

The evidence shown that the development of periodon-
titis is associated with several molecular mechanisms [6].
Among them, angiogenesis has a vital role in the pathogen-
esis of inflammatory diseases such as periodontitis. There
is a direct relationship between an increasing number of
gingival blood vessels and the progression of chronic peri-
odontitis [7]. Vascular endothelial growth factor (VEGF) is
a pro-angiogenic factor that affects angiogenesis and the per-
meability of the blood vessels [8]. Several studies reported
a correlation between the concentration of the VEGF in the
gingival fluid and the clinical parameters in periodontitis;
therefore, it was considered a diagnostic biomarker of peri-
odontal disease progression [9]. It has been reported that
diabetes mellitus (DM) and hyperglycemic conditions may
be associated with increased VEGF gene expression [10].

In periodontitis, inflammatory cytokines regulate an
inflammation’s stability and progression through crosstalk
between the tissue and immune cells [11]. Interleukin 6
(IL-6) is one of the inflammatory cytokines with a destruc-
tive effect on the tissue cells that is mediated by increasing
matrix-metalloproteinase-1 (MMP-1) in the periodontal
inflamed tissues [12]. Additionally, an increase in the level
of IL-6 was observed in patients with chronic periodontitis
and type 2 DM compared with systemically healthy patients.
Hence, this can be one of the reasons linked to the symp-
toms’ severity in the diabetic population [13].

The polymicrobial complex within the sub-gingival bio-
film stimulates the production of various cytokines, increas-
ing the number and activity of polymorphonuclear leuko-
cytes (PMN). These PMNs produce reactive oxygen species
(ROS) as a kind of defense response to the local infection
and contribute to the oxidative killing of the pathogens [14].
Noteworthy, any imbalance between ROS and antioxidant
defense systems can trigger oxidative stress (OS) response
and act as upstream modulators of the autophagy involved
in the development of periodontitis by promoting cell death
or blocking apoptosis in the infected cells [15].

In the recent two decades, laser technology has gained
increasing attention from scholars in oral and dental clini-
cal applications. Lasers in a high-power mode can be uti-
lized for soft tissue surgeries [16]. Whereas a low power
mode, recently known as photobiomodulation (PBM), can
exert several beneficial effects in favor of alleviation of
pain [17], reduction of inflammation, immunomodulation,
and promotion of wound healing and tissue regeneration
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[18, 19] PBM has been used as an adjuvant therapy in
periodontitis following non-surgical periodontal treatment
[20]. As a non-thermal light therapy, PBM can initiate and
trigger many cellular responses depending on the chosen
wavelength and dosimetry [21].

Previous studies have indicated the in vitro efficacy of
PBM in modifying the associated signaling pathways and
underlying factors linked to periodontitis and diabetes,
including oxidative stress [22—-24]. In an in vitro study, it
was shown that PBM with 660-nm diode laser on cultured
HGFs in a high-glucose medium (35 mM) reduced the
expression of pro-inflammatory cytokines with no sig-
nificant effect on ROS [22]. However, in an investigation
on the effects of a 635/808-nm dual-wavelength semicon-
ductor laser PBM on human embryonic skin fibroblasts
(CCC-ESFs) in a high glucose environment, it was found
that PBM can enhance the proliferation of fibroblasts and
increase intracellular ROS production [23]. Also, the anti-
oxidant effect of PBM was highlighted in a study on cells
derived from a diabetic rat source [24]. Even with exten-
sive promising evidence of PBM effectiveness on human
gingival fibroblast (HGF) cells, it is still seeking evidence
due to insufficient data on PBM efficacy in challenging
conditions such as hyperglycemic medium [23] Hence, we
aimed to design the present in vitro study to investigate the
effects of 915-nm-mediated PBM on HGF cells in a hyper-
glycemic medium and explore its effects on cell viability,
ROS production, and VEGF and IL-6 expressions.

Materials and methods
Study design

An in vitro study was conducted to evaluate the effects
of 915-nm laser PBM on HGF cells in a hyperglycemic
medium. Ethical approval was obtained from the Ethical
Committee of Islamic Azad University (NO: IR.IAU.DEN-
TAL.REC.1400.104).

Cell culture

The HGF cells were obtained from pasture institute in Iran
and cultured in DMEM (Gibco, Germany) containing 10%
fetal bovine serum (FBS), 0.1-mg/ml streptomycin, and
100-U/ml penicillin at 37 °C and 5% CO,. Cells at 3-5
passages were used for all experiments, and the culture
medium was changed every 2 days [22]. For the induction
of hyperglycemic condition, the HGF cells were treated
with 30 mM glucose for 48 h, followed by PBM laser irra-
diation [23].
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Interventional and control groups

The HGF cells were utilized in eight groups in which six of
them were interventional irradiated with 915-nm PBM at
different laser dosimetry and treatment protocols, whereas
the remaining two groups that received no PBM irradia-
tion were in control (standard and high-glucose culture
mediums).

Photobiomodulation therapy protocol of interventional
and control groups

The near infra-red (NIR) PBM laser wavelength that was
employed in our study was 915-nm diode laser (PL-ADV-
PLD6W Pocket Laser Dental Diode Laser 88Dent Advance
Kit, Pero (MI), Italy). The cells in all the interventional
groups were irradiated with output power of 200mw in a
continuous emission mode, whereas the irradiation protocols
of the eight study groups were defined as follows:

Group 1: Without laser irradiation in standard culture
medium (control group).

Group 2: PBM with the irradiation time of 8 s corre-
sponding to 3.2 J/cm? energy density in standard culture
medium.

Group 3: PBM with the irradiation time of 15 s corre-
sponding to 6 J/cm? energy density in standard culture
medium.

Group 4: PBM with the irradiation time of 23 s corre-
sponding to 9.2 J/cm? energy density in standard culture
medium.

Group 5: Without laser irradiation in high-glucose culture
medium (control group).

Group 6: PBM with the irradiation time of 8§ s correspond-
ing to 3.2 J/cm? energy density in high-glucose culture
medium.

Group 7: PBM with the irradiation time of 15 s cor-
responding to 6 J/cm? in energy density high-glucose
culture medium.

Group 8: PBM with the irradiation time of 23 s corre-
sponding to 9.2 J/cm? energy density in high-glucose
culture medium.

All the irradiation experiments were performed under a
laboratory hood delivered with a bio-stimulation hand piece
(intraoral biostimulation tip code PL-B670-8A) of 8 mm
(0.5 cm™2 spot size) at a fixed distance of 1 cm from the
cells. To avoid light transmission to adjacent wells, one well
was left empty between each experimental one. The PBM
irradiation was repeated in three sessions at a time interval
of 24 h [25]. It should be noted that the output power of
the laser was checked and calibrated with a power meter
(laser point. s.r.1, Milano, Italy) at each session before its

application. Finally, 24 h after the last laser irradiation ses-
sion, the cell proliferation and gene expression rate were
assessed [26].

Methods of assessment
Cell proliferation

To assess cell proliferation, HGF cells were cultured in a
96-well plate at a concentration of 10* cells and 100 pl of
cell culture medium per well. The confluence was about
70% at the time of irradiation. The cells were seeded so that
there was only one empty well between the wells under laser
irradiation. On the day of the MTT assay, Tetrazolium salt
(3-4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (Sigma, Germany) was prepared at a ratio of 5 mg/ml
in PBS (phosphate-buffered saline) (Sigma Germany), and
100 pL solutions were replaced with the culture medium.
The plate was incubated for 3—4 h at 37 °C and 5% CO,.
Finally, the MTT solution was removed and replaced with
60 pL of DMSO (Merck. Germany). After shaking for
15 min, 50 pL of solution was transferred to a clean plate,
and the optical density was measured by spectrophotometer
(BioTek, USA) at of 570 nm wavelength [23]. Six replicates
were applied for the MTT assay, and cell proliferation was
reported as a percentage.

Real-time polymerase chain reaction

Real-time PCR was performed in 24 well- plates using 700 pl
of cell culture medium in each well. RNA was extracted
by phenol chloroform method, using RNA XPlus solution
(Cynogen). The concentration and quality of extracted RNA
were assessed using a Thermo Scientific Nanodrop 2000c
UV-Vis spectrometer (BioTek, USA). DNase-I and RNase
kits were used to remove genomic DNA. A total of 1000 ng
of RNA was converted to cDNA by the cDNA synthesis
kit according to the manufacturer’s instructions (Biofact,
China). In the next step, using specific primers (VEGF:
F-CTTCTGGGCTGTTCTCGCTTC, R-CCGCCTCAC
CCGTCCAT; IL-6: F-TTCTGCCAGTGCCTCTTTGCTG,
R-AGACAGCCACTCACCTCTTCAG:; beta actin: F-GAG
ACCTTCAACACCCCAGCC, R- AATGTCACGCACGAT
TTCCC. Beta actin was used as an internal control. Light
Cycler 96 system (Roche) qRT-PCR was performed based
on SYBR master mix. The relative expression was calculated
based on the following formula: 274AC formula [27]. Three
replicates were applied for real-time PCR.

Reactive oxygen species measurement

DA-DCFH kit (Digibonyan, Iran) was used to measure the
level of ROS according to the manufacturer’s protocol. In
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brief, the cells in 96-well plates were washed with a buffer
solution containing EDTA, HEPES, KCl, and sucrose. Then,
the DCFH-DA solution was added to each well, followed by
30 min of incubation at 37 °C. Finally, DCFH-DA solution
was removed, and the cells were washed with buffer. The
related fluorescence was measured using an ELISA fluorim-
eter (BioTek, USA) (excitation 488 nm; emission 525 nm).
The Values of each sample were normalized for total protein
concentration using the Bradford method [27].

Statistical analysis

To test the assumption of normality, we used the Shap-
iro-Wilks test. Then, the data were analyzed by one-way
ANOVA followed by the post hoc Turkey test to detect the
differences between the groups. IBM SPSS statistics 20
software (IBM Corp., Armonk, NY, USA). The statistical
significance level was defined as p value <0.05.

Results
Cell proliferation

The results showed that PBM laser irradiation did not signif-
icantly affect cell proliferation with different energy density
values (3.2, 6, and 9.2 J/cm?) in a hyperglycemic medium
(p=0.06). Whereas in the control group containing standard
glucose concentration, all three energy density values (3.2,
6, and 9.2 J/cmz) showed a significant increase in the rates
of the cell (P <0.001) with the highest proliferation rate in
9.2 J/cm? laser group compared with 3.2 J/cm? and 6 J/cm?
groups at p =0.029 and p =0.049 respectively (Fig. 1).

Fig. 1 The results of the cell
viability assessment measured
with the MTT test. (* repre-
sents statistically significant
difference at a p value <0.05:
comparison between PBM laser 225
irradiation at various energy 200
density values (3.2, 6, and 9.2 J/
cm.?) groups with no PBM laser
group in standard medium)

Percent of Viability
[
N
(9]
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Real-time PCR

The gene expression of VEGF and IL-6 were evaluated 24 h
after the last laser irradiation session. The results revealed
that PBM increased the VEGF expression in the hypergly-
cemic medium compared with the control group (p <0.001)
and with no significant difference among the three PBM
laser groups (p>0.5). VEGF was significantly upregulated
in the standard medium in all PBM groups (p <0.001). No
significant difference (p =0.936) existed between the energy
density values of 6 and 9.2 J/cm? (Fig. 2).

The expression of IL-6 was increased in all three PBM
laser groups following 24 h post-irradiation compared with
the control group in hyperglycemic medium (p <0.001).
Among the three PBM laser groups, only the group with the
energy density of 9.2 J/cm? exhibited a significantly higher
effect on IL-6 expression compared with 3.2 J/cm? energy
density group (p =0.016). PBM laser irradiation with all
three energy density values in the standard medium effec-
tively induced IL-6 expression (p <0.001). There were sig-
nificant differences among the three laser groups in a dose-
dependent manner (p < 0.001) (Fig. 3).

Reactive oxygen species

Twenty-four hours after the last PBM laser irradiation ses-
sion, the level of ROS in the hyperglycemic medium was
higher compared to the standard medium. Also, all PBM
groups in both hyperglycemic and standard culture medium
showed a significant reduction in ROS level compared with
the control groups (p <0.001), while there was no signifi-
cant difference among the three PBM laser groups (p >0.5)
(Fig. 4).

MTT

= Normal High glucose

L &g

laser 3.2 J/cm?2
Groups

laser 6J/cm?2 laser 9.2 J/cm2



Lasers in Medical Science (2024) 39:9

Page50f9 9

Fig.2 The results of real-time
PCR test regarding the expres-
sion of vascular endothelial
growth factor (VEGF) (* repre-
sents statistically significant dif-
ferences at a p-value of <0.05:
comparison between PBM laser
irradiation at various energy
density values groups with no
PBM laser irradiation group in
standard medium. Whereas #
represents a statistically signifi-
cant difference at p value <0.05:
comparison between PBM laser
irradiation at various energy
density values groups with no
PBM laser irradiation group in
high-glucose medium)

Fig.3 The results of real-time
PCR test regarding the expres-
sion of interleukin-6 (IL-6) (*
represents a statistically signifi-
cant difference at p value <0.05:
comparison between PBM laser
of various energy density with
no PBM laser irradiation group
in standard medium. Whereas

# represents a statistically sig-
nificant difference at a p value
of <0.05: comparison between
PBM laser of various energy
density values groups with no
PBM laser group in high-glu-
cose medium)

Fig.4 Reactive oxygen species
(ROS) production (* represents
a statistically significant differ-
ence at p <0.05: comparison
between PBM laser irradiation
at various energy density values
groups with no PBM laser
irradiation group in standard
medium. Whereas # repre-
sents a statistically significant
difference at p value <0.05:
comparison between PBM
laser of various energy density
values groups with no PBM
laser group in a high-glucose
medium)
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Discussion

Our study explored the effects of 915-nm laser PBM deliv-
ered at different energy density values on HGF prolifera-
tion, IL-6, and VEGF gene expression, and ROS produc-
tion under hyperglycemic conditions. This wavelength is
recently used in dental practice, and there is some limited
but encouraging data on the PBM effect of 915 nm on dif-
ferent cells, such as HGF [28] and osteoblast [29].

HGFs are the most abundant cells in the gingival con-
nective tissues, which play a pivotal functional role in
the health of the gingival tissues by contributing to the
immune and inflammatory cascades in periodontal dis-
eases [30]. Our findings showed that PBM effectively
increased the HGF cell proliferation rate in a standard
medium, whereas, in hyperglycemic conditions, no statis-
tically significant increase was detected compared with the
control. A recent similar study conducted by Chen et al.
[23] investigated the effects of PBM laser dual-wave-
lengths (635 nm/808 nm) and each wavelength alone on
human embryonic skin fibroblasts (HESF) under 33.3 mM
glucose medium. Their results showed that all the wave-
lengths except 635 nm laser (3 J/cm? and 12 J/cm?) were
ineffective in inducing cell proliferation, which coincided
with our findings. Contrarily, the results of a study con-
ducted by Esmaeelinejad et al. [31] showed stimulatory
effects on the proliferation of human skin fibroblasts were
reported following PBM irradiation with HeNe laser deliv-
ered at the following energy density values: 0.5, 1, and 2 J/
cm? in a high glucose medium of 15 mM, which had dif-
ferent PBM protocol with much lower glucose concentra-
tion compared with our study. Notably, the reported PBM
parameters in the current study were calculated at the end
of the laser handpiece. As we irradiated the cells from the
top of each well and considering the used wavelength and
type and thickness of culture medium, we had an effective
transmission of about 73%, according to the study of Silva
et al. [32].

Glucose is a vital component in commercial cell cul-
ture media, serving as the primary energy source for cells.
Its concentration plays a pivotal role in influencing cell
growth and metabolism. The range of glucose levels in
cell culture formulations varies widely, typically spanning
from 1 g/L (5.5 mM) to as high as 10 g/L (55 mM) [33].
In the context of in vitro models for diabetes, the choice
of glucose concentration can vary considerably based on
the specific objectives and design of the study. Indeed,
various research investigations have employed distinct
glucose concentrations to replicate the hyperglycemic
conditions associated with diabetes. Commonly utilized
concentrations for modeling prediabetic conditions typi-
cally hover around 10 mM, while for diabetic conditions,
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concentrations of 25 mM (equivalent to 450 mg/dL) and
even higher are often employed [33]. However, including
antioxidants in commercial cell culture formulations can
potentially influence glucose levels and their effects in an
in vitro model of hyperglycemia. Some in vitro studies
aim to replicate the physiological range of glucose levels
in individuals with diabetes. Since antioxidants present in
cell culture formulations can shield cells from oxidative
stress induced by elevated glucose levels, there may be
an inclination to utilize higher glucose concentrations in
such scenarios [34]. Therefore, in the present study, we
used a 30 mM glucose concentration as a diabetic model
[35]. It is noteworthy that this concentration, in our study,
did not inhibit cell proliferation, which coincided with the
findings of studies conducted by Xuan et al. [36] and Lee
et al. [22] on human foreskin primary fibroblast and HGF
cells respectively. Interestingly, the study conducted by
Lee et al. [22] showed no difference in the morphological
changes of HGF cells in a high-glucose medium and no
short-term reduction in the cells’ viability or cytotoxicity.

High glucose concentrations can have varying effects on
cell proliferation in cell culture, depending on the cell type
and the time of exposure [22, 36]. In some cell types, pro-
liferation particularly in those with a high glucose such as
fibroblasts, elevated glucose levels may provide increased
energy substrates for cellular processes, potentially promot-
ing cell metabolism rate. Conversely, high glucose concen-
trations can induce cellular stress and causing oxidative
stress. This oxidative stress may negatively impact cell pro-
liferation. In general, persistent exposure to high glucose,
as seen in conditions like diabetes, can influence cellular
behavior [22]. In our study, fibroblast cells were exposed
to a high glucose condition for a brief period of 48 h. It is
conceivable that prolonging this exposure time would hinder
cell proliferation. Overall, our in vitro study utilizing photo-
biomodulation revealed interference of PBM in the cell cycle
and proliferation of cells exposed to high glucose.

Altered synthesis and secretion of the proteins of the
VEGF family are the typical findings in hyperglycemia [37].
In this context, a study by Tsai et al. [38] utilized human
synovial fibroblasts and showed increased VEGF levels in a
high-glucose medium.

This finding was suggested to be associated with ROS,
PI3K, Akt, c-Jun, and AP-1 signaling pathways. In our
study, an increase in the levels of VEGF was detected in
the hyperglycemic condition compared with the standard
medium. Comparing the PBM groups with the control,
PBM groups showed a higher VEGF expression with
no priority among the three energy density values. It is
essential to report that the findings of a study conducted
by Chen et al. [23], where an increase in the level of
VEGF expression at an energy density of 3 J/cm? in all
laser groups coincided with our study’s findings, except
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at energy density values of 6 and 12 J/cm? where a sig-
nificant decrease in the level of VEGF expression in all
the samples was initiated. Although the wavelength and
origin of fibroblast cells differed from our study, PBM at
higher energy density may exert an inhibitory effect on
VEGEF expression.

Interleukin 6 (IL-6), as an inflammatory factor, plays
a significant role in the progression of periodontitis and
bone loss [39]. Our study observed an increase in IL-6
in the hyperglycemic medium compared with the control
group of standard glucose. This finding was also consist-
ent with previous studies [40, 41]. In both high and low
glucose mediums, PBM irradiation increased the level of
IL-6 expression with the highest effect in the group of
energy density of 9.2 J/cm?. In this context, however, there
is conflicting data in the literature. A study conducted by
Chen et al. [23] showed a similar pattern to our study
in detecting IL-6 expression at 3 J/cm? with 808 nm and
dual wavelengths of 635 nm/808 nm. However, an inhibi-
tory effect on IL-6 expression was detected when PBM
irradiation at higher energy densities of 12 and 24 J/cm?
was employed.

A study conducted by Esmaeelinejad et al. [25] showed
that human skin fibroblast irradiation with PBM delivered
with helium—neon laser at an energy density of 0.5 and 2 J/
cm? stimulated the release of IL-6 in a high glucose medium
compared with those unirradiated with PBM. Moreover, a
single irradiation with 660 nm at 8 J/cm? on HGF cells in
35 mM glucose concentration showed a significant decrease
in the level of IL-6 expression [22]. Contravetioanlly, a
study by Goéralczyk [42] showed no significant effect of
PBM (630 nm and 830 nm, 2 J/cm?) on IL-6 expression
compared with unirradiated cells. These differences may
be linked to using different wavelengths, PBM dosimetry,
treatment protocols, or assessment of different time points.
IL-6 is essential in regulating the host response to bacte-
rial infection in periodontitis [11]. Concurrently, IL-6 can
trigger tissue destruction by increasing MMP-1 levels in an
inflamed periodontal tissue [12].

ROS production was another outcome measure in our
study. Our findings showed a significant ROS elevation in
a high glucose medium compared with a standard medium,
which coincided with a study conducted by Chen et al. [35].
ROS is a double-edged sword in periodontal diseases. Low
ROS concentration has a stimulatory effect on cellular pro-
liferation and differentiation. Whereas at higher concentra-
tions, they may have cytotoxic effects [43].

In our study, following 915 nm PBM irradiation of
the HGF cells with all three energy density values (3.2,
6, and 9.2 J/cm?), a notable decrease in ROS production
was detected in both high and normal glucose mediums.
Contravertionally, a study by Chen et al. [35] showed a
dose-dependent increase in the level of ROS production

in both low and high glucose mediums was reported on
HESF irradiated with PBM of the following diode laser
wavelengths: 635 nm, 808 nm, and 635 nm/808 nm.

After reviewing the evidence in the literature, there are
conflicting data and contradictory effects of PBM on ROS
production concerning different wavelengths. In a study
conducted by George et al. [44], the quantities of ROS
generated by 636-nm laser irradiation on human primary
dermal fibroblasts at energy density values of 5, 10, 15,
20, and 25 J/cm? were much lower than those of unirradi-
ated cells. However, after 825-nm laser irradiation, ROS
production was significantly increased compared with the
control group. They concluded that ROS generated within
the biological systems depends more on laser wavelength
than energy density. PBM irradiation with 808 nm on
human endothelial cells showed an increase in the level
of ROS production [45], which coincided with the find-
ings of a study conducted by George et al. [44], but in
contrast with our findings, which ultimately confirmed
“wavelength-dependent results”.

Finally, the comparison between our results that demon-
strated the efficacy of 915 nm PBM irradiation at different
energy density values on HGF cells under hyperglycemic
conditions with the findings of the current evidence in the
literature revealed that our applied PBM protocol showed
to have beneficial effects on controlling OS, which was
measured by ROS production in hyperglycemic condition.
Moreover, IL-6, an inflammatory cytokine, and VEGF
were upregulated in the irradiation groups at the measured
timepoints and were well-defined in our study.

It is important to note that the induction of interleu-
kin-6 (IL-6) and other inflammatory responses in peri-
odontitis can be both a natural defense mechanism and, if
prolonged or excessive, detrimental. It is essential to strike
a balance between the necessary inflammatory response
for infection control and preventing excessive, chronic
inflammation that could contribute to the progression
of periodontal disease [11]. Our data based on in vitro
study revealed the inductive role of PBM on VEGF and
the inflammatory response while concurrently reducing
reactive oxygen species production. As a result of differ-
ent signaling pathway interactions, various cytokines and
growth factors regulate the cellular response in challeng-
ing conditions such as hyperglycemia. Hence, the over-
all interpretation of the results and the efficacy of PBM
should be taken with caution, and it remains challenging
to recommend PBM for the treatment of diabetes-related
periodontitis in clinical settings. In this context, future
studies exploring the effect of PBM delivered with 915-
nm wavelength on other cytokines and signaling pathways
associated with hyperglycemia and comparing the results
with other PBM protocols are highly recommended to
identify the optimal PBM protocol.
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Conclusion

Our results, for the first time, demonstrated the efficacy of
PBM delivered with a 915-nm diode laser in inhibiting ROS
production in favor of controlling OS response in HGF cells
under hyperglycemic conditions. Moreover, our PBM pro-
tocol did not significantly affect cell viability and survival
in a high-glucose medium. However, upregulation of IL-6
and VEGF was observed in PBM groups in both standard
and hyperglycemic conditions. Hence, further studies are
warranted to validate our work.
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