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ARTICLE INFO ABSTRACT

Keywords: Light-emitting diode (LED) irradiation has been used as a therapeutic technique for several diseases. It is known
Light that energy levels of light change according to different surfaces, colors and geometric shapes. However, more

Geometrical spiral information is needed regarding the effect of this change on the human body. This study was aimed to investigate

gi:;%?;::wma the effect of blue LED light applied through an optical path with special geometry on the human dermal
Apoptosis fibroblast (HDF) and cancer cell proliferation, apoptosis, migration, and cell cycle. The number of cancerous cells

was found to be lower and the rate of necrosis was determined to be significantly higher in the geometrical light-
treated group than in the direct light and non-light groups. The migration of HDF cells in blue LED light in the
geometrical tool group increased more than the other groups after 72 h of light irradiation. In cancer cells, the
wound closure rate of the non-light group was higher than light-exposed groups after 72 h. Blue LED light in-
duces a G1 phase peak followed by apoptosis in cancer cells 24 h after light irradiation, especially in the
geometrical tool group. These results indicate that blue LED irradiation applied through an optical path with a

Wound closure

special geometrical tool inhibits cancer cell proliferation, migration, and induces cell necrosis.

1. Introduction

Health promotion is one of the primary health issues in the world.
There are different types of approaches and interventions for health
promotion. Light therapy is one of these interventions. When light is
used properly, it has positive effects on human health. In the early
1900s, hospitals started using ultraviolet (UV) rays to kill bacteria in
patients. UV light has been used in the treatment of tuberculosis,
streptococcal infections, viral pneumonia, mumps, fungal infections in
the skin [1]. Nowadays, light, especially at 405-470 nm, has the po-
tential for the inactivation of various bacteria including Staphylococcus
aureus, Staphylococcus epidermidis, methicillin-resistant S. aureus, and
Escherichia coli without adversely affecting wound healing, in com-
prasion to ultraviolet irradiation [2-5].

Light-emitting diode (LED) has been widely used for light therapy
since it is a cost-effective, reliable and efficient solid-state light source,
and less harmful than UV, radiation therapy, chemotherapy, or magnetic
treatment [6]. Therapeutic applications of blue (400-495 nm), green
(500-565 nm), yellow (570-590 nm), and red (630-700 nm) LED could
be observed in medical treatments for various physical problems, such as
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acne, mucositis, wound healing, seasonal affective disorder, skin calm-
ing, and photoageing [7]. The efficacy of LED is dependent on various
factors, such as applied power, energy density, wavelength, and expo-
sure time. For example, blue light penetrates least efficiently through
tissue while green and red lights penetrate more deeply [8].

Some studies have investigated the effects of red LED light therapy
on fibroblast proliferation. Red LED light therapy is promising for the
treatment of keloid fibroblast cells because it decreases fibroblast pro-
liferation [9,10]. On the other hand, blue LED light therapy was inves-
tigated for its role in fibroblast proliferation. In one study, it was found
that blue LED inhibits the proliferation of keloid fibroblasts and reduces
cell viability [11].

LED light therapy has been investigated for cancer cells in recent
years [12-16]. In one study, blue LED light reduced the viability of
human cancer cells compared to green and red LED light colors [12]. In
another study, it was found that blue LED light decreased the cell density
in human cervical cancer cells compared to red and green LED lights
[13]. In addition, He et al. found that blue LED light reduced cell pro-
liferation and increased cell apoptosis in hepatoma cells by inducing
DNA damage [17].
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Light is an electromagnetic wave; therefore, light acts as a
synchronised oscillation of electric and magnetic fields. Frequency,
wavelength, and the speed of light can change as it passes through
different surfaces and shapes [18]. Colors are different frequencies of
light (some high, some low). Therefore, as a quantum effect, light can
have major effects on the clockwise or counter-clockwise spins of elec-
trons in certain surfaces or substances. This effect is called “double effect
in spin-orbit” [19].

The effect of light therapy with LED irradiation on fibroblast and
cancer human cells was searched through the literature, and it was
noticed that LED light is directly applied to human cell lines without any
guided optical path. We could not locate a study that used an optical
path with a special geometrical tool to apply light to human fibroblasts
or cancer cells. Although it is known that the energy levels of light in
different colors and wavelengths change, more information is needed
regarding the effect of this change with respect to geometry of irradia-
tion, materials, and duration of light at the cellular level in the human
body.

1.1. Purpose of the study

This study is aimed to investigate the effect of blue LED light applied
through an optical path with a special geometry on the activation of
dermal fibroblasts and cancer cells. The study questions the differences
between the dermal fibroblasts and cancer cell cultures in the
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experimental group and control groups in terms of the following para-
metres: (a) cell proliferation, (b) cell apoptosis test results, (c) cell cycle
analysis results (cell cycle), and (d) scratch wound test results (migra-
tion of cells).

2. Method

This study was an experimental study with an innovative content.
The research was conducted in a molecular haematology laboratory of a
university hospital between the Spring and Fall semester of 2020.
Human dermal fibroblasts (HDF) and human neuroblastoma cancer (SR-
SY5Y) cells were used for the study. Ethical committee approval of the
university (No: 24074710-033) was obtained for the research. The flow
chart of the study was given in Fig. 1.

Experimental groups:

E1A: Human dermal fibroblast (HDF) cell line irradiated with blue
LED light guided through an optical path with a special geometrical
tool.

E1B: Human neuroblastoma cancer (SR-SY5Y) cell line irradiated
with blue LED light guided through an optical path with a special
geometrical tool.

Control groups:

Approval of Ethical Committiee and
the University Hospital

Human Dermal Fibroblast (HDF) and Human
Neuroblastoma (SR-SYS5Y) Cells were Used
for Each Group

T,

-
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!
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E1A: HDF Cells
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1) Cell proliferation after 24, 48, and 72-hour of light irradiation
2) Apoptosis assay after 24-hour of light irradiation
3) Cell cycle assay after 24-hour of light irradiation
4) Scratch wound assay after 24, 48, and 72-hour of light irradiation

Fig. 1. Flow chart of the study.
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C1A: HDF cell line irradiated with a direct optical path with blue LED
light.

C1B: SR-SY5Y cell line irradiated with a direct optical path with blue
LED light.

C2A: HDF cell line in the dark.

C2B: SR-SY5Y cell line in the dark.

2.1. Cell culturing

Both cells were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) with phenol red, containing 10.0% fetal bovine serum (FBS),
1.0% penicillin/streptomycin, and 1.0% L-glutamine. Cells were
cultured in an incubator (95% humidified, temperature set up 37 °C, and
5.0% CO-) in two separate flasks for each cell type and subcultured
nearly once in three days (1:3 ratio) upon reaching 80% confluency.
After reaching confluency, the dermal and cancer cells were trypsinized
with 0.25% trypsin-EDTA, washed with PBS, and transferred to 3
separate 24-well plates with a refreshed medium. The cells were seeded
at 2 x 10° cells per well 24 h before the light exposure. They have
cultured for two days in these plates. The 1st plate was for the experi-
mental group, the 2nd plate was for the 1st control group, and the 3rd
plate was for the 2nd control group. HDF cells were placed in half (12-
well) of each plate and SR-SY5Y cells were in the other half.

2.2. Blue LED irradiation and placement of plates according to the groups
in an incubator

Two separate 6 h light irradiation to the cells of E1 and C1 groups
with 12 h interval (total 12 h light irradiation) was applied two days
after planting. Blue LED light, 3 W, 460 nm to 470 nm (Manufacturer:
Wayjun Technology, Shenzen, China) was used inside of the incubator
with a temperature of 37 °C. An aluminum cooler was installed to pre-
vent the blue LEDs from heating up. The plates of the E1 and C1 groups
were horizontal under the blue light sources with a distance of 5 cm. A
photo-radiometer was used to measure light intensity. The mean of the
light intensity was similar for E1 and C1 groups (10,540 lux vs 10,560
lux, respectively). The blue LED light temperature and light intensity
were measured via a real-time data collection system.

There is a specially drilled 2.0 cm diameter hole at the side of the
incubator’s wall to allow cable passage. After the cables of LED have
passed, the insulation of this hole has been provided to preserve the COo,
heat, and humidity inside of the incubator. Three plates were placed at
the same time in the incubator. The plates were placed in specially
designed black, plastic boxes with holes to prevent light exposure be-
tween the groups. Also, black clothes were covered on boxes to prevent
light exposure but allow to pass air and humidity. The blue LED light
was given to the E1 and C1 groups in the boxes. C2 group was excepted
from light exposure and provided a dark environment.

2.3. Geometric-shaped tool

The geometric-shaped tool was designed according to a special spiral
geometry that guided light through an optical path via plexiglass (Pic-
ture 1). Blue LED light source was placed inside of the spiral. Heat shrink
flexible tubing was used to cover the plexiglass to prevent the leakage of
light apart from the guided optical path. Blue LED light coming out from
the other end of the spiral was applied to the plate of the experimental
group.

2.4. Cells proliferation

After the light irradiation, the viability of the cells was determined by
trypan blue dye and the number of cells was counted via an automated
cell counter device (Invitrogen Countess). Cell proliferation was studied
according to the manufacturer’s instructions with an XTT-based kit

Journal of Photochemistry and Photobiology 8 (2021) 100087

(Biological Industries, cat. No: 20-300-1000) and measured spectro-
photometrically at 450/670 nm with the TECAN Sunrise instrument
three times at 24, 48 and 72 h after the end of light application.

2.5. Apoptosis assay

Apoptosis test was performed 24 h after the light application and it
was done to all groups. The cells were collected and washed with cold
PBS. Pharmingen FITC Annexin V Apoptosis Detection Kit was used for
the test according to the manufacturer’s instructions. In summary, the
obtained cells were suspended in 500 pl annexin V binding buffer with 5
ul of Annexin V-FITC Conjugate and 10 pl of Propidium Iodide Solution.
The cells were incubated in the tubes at room temperature for 15 min
and protected from light. The cells’ fluorescences were determined
immediately after the incubation with a flow cytometer (Beckman
Coulter - Navios). The apoptosis test was performed in triplicate.

2.6. Cell cycle assay

It was aimed to determine the G1-S and G2 phases of the cell cycle.
Abcam Cell Cycle Assay Kit (Fluorometric - Green) was used for the cell
cycle test according to the instructions. The test was performed on all
groups 24 h after the light application. The adherent cells (10° cells/ml)
were collected and washed with warm PBS. 200X Nuclear Green CCS1
(component A) was added to the washed cells. The cells were incubated
(37 °C, 5% CO5) for 30 min. After the incubation, the cells were washed
three times with a serum-containing growth medium. Then, they were
centrifuged at 1000 rpm for 4 min and they were re-suspended in 0.5 ml
of Assay Buffer (component B). The cell cycle analysis was done with
Beckman Coulter - Navios flow cytometer using the FL1 channel. Cells in
the G1, S, and G2 phases were analyzed with the Kaluza software
(Beckman Coulter).

2.7. Wound healing assay

A wound healing test was used to examine the effects of light
application on the migration of dermal fibroblasts and cancer cells. After
transferring of cells to three separate 24-well plates (for E1, C1, and C2
groups) at cell culture, the apparatus included in the Abcam Wound
Healing Assay Kit was placed in 3-well of HDF cells and 3-well of SR-
SY5Y cells at each plate. The standard protocol specified for wound
formation in the kit was applied to these wells. The apparatuses were
removed from the wells before applying light to the cells. The appara-
tuses formed horizontal and vertical lines on the surface. The locations
of the wells where the scratches were created were the same on 3 plates
to be able to view migration in wound closure (Zeiss 4 - Carl microscope
was used). The photos (AxioCam Icc 3, Axiovert 135 M) were taken from
the same distance immediately after the wound was created and 24, 48,
and 72 h later of the light irradiation. The images were transferred to the
AxioVison Rel 4.8 LE program. Image J 1.52v program (NIH, USA) was
used to monitor the rate of the wound closure.

2.8. Statistical analysis

Data obtained in the study were analyzed with the SPSS 20.0 (Chi-
cago, IL, USA), and the variables’ compliance with the normal distri-
bution was examined with visual (histogram and probability graphics)
and analytical (Kolmogorov-Smirnov) methods. For the comparison of
the data in the three groups which had continuous variables (ordinal),
the Kruskal-Wallis test was used for not normally distributed data and
one way ANOVA test was used for normally distributed data. Tukey test
was used for post-hoc analysis. The significance level was set at 0.05.

3. Results

Cell proliferation assay results performed 24, 48, and 72 h after light
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irradiation are presented in Table 1. The cell proliferation of healthy
human dermal fibroblast cells was determined to be higher in the non-
light-applied (C2A) group than the E1A and C1A groups after 24 h of
light irradiation (3.00 + 0.15, 2.84 + 0.04, and 2.50 + 0.06, respec-
tively) and the difference between the groups was statistically signifi-
cant (p < 0.05). The average proliferation in the C2A group decreased
48 h after light application and approached the other groups in the
subsequent hours. The mean proliferation of the HDF cells was 2.60 +
0.13 in the C2A group, 2.56 + 0.04 in the E1A group, and 2.51 + 0.04 in
the C1A group after 72 h of light irradiation. In the SR-SY5Y cells, cell
proliferation was found to be lower in the C1B group compared to the
E1B and C2B groups at 24, 48, and 72 h and the difference was found to
be statistically significant (p < 0.05).

The mean apoptosis scores of the groups of healthy human dermal
fibroblast and human neuroblast cells 24 h after light irradiation are
shown in Table 2. In human dermal fibroblast cells, the number of
healthy cells was similar in the non-light group (C2A = 71.60 + 0.34)
and light group with the geometrical tool (E1A = 69.76 + 0.87), and the
means were determined to be higher than for the direct light group (C1A
= 57.93 £+ 1.61) (p < 0.05). In the SR-SY5Y cells, the number of
cancerous cells was found to be lower in the geometrical light-treated
group (E1B) compared to the C1B and C2B groups (E1B = 69.56 +
0.25,C1B =77.3 £ 0.75,and C2B =72.3 £ 6.21) (p > 0.05). In addition,
the rate of necrosis was determined to be higher in the geometrical light-
treated group (E1B = 27.8 £+ 0.11) than in the direct light (C1B =19.9 +
0.40) and non-light (C2B = 14.5 + 5.25) groups (p < 0.05).

After 24 h light irradiation, the HDF and SR-SY5Y cells were sub-
jected to flow cytometric analyses for the cell cycle. The results showed
that the percentage of HDF cells in the G1 phase was lower in the light
group with the geometrical tool than the other groups (Table 3 and
Fig. 2A). Interestingly, a distinct G1 phase peak was found following a
24 h period of blue LED light treatment in the E1B and E2B groups,
compared to the C2B cells. Beside, the percentage of SR-SY5Y cells in the
S phase was lower in the light group with the geometrical tool (3.98%)
compared to the direct light (6.86%) and non-light (19.38%) groups
(Table 3 and Fig. 2B).

Images of the scratch wounds of the HDF (A) and SR-SY5Y (B) cells
before and 24, 48 and 72 h after light irradiation are presented in Fig. 3A
and B. We noticed that HDF cells in the E1A group migrated through the
direction of light in the well (light was coming from left sight) after 48 h
of light exposure. On the other hand, SR-SY5Y cells in the E1B and C1B
groups mostly migrated through the center of the wells and the cells at
the edges of the wells were very reduced after 72 h of light irradiation.

Closed wound area percentages of HDF (A) and SR-SY5Y (B) cells
before and after 24, 48, and 72 h of light irradiation are shown in Fig. 4A
and B. At baseline, the means of the scratch wound areas were similar in
all groups. The mean of the closed wound area of C1A group was higher
than the E1A and C2A groups after 24 h of light irradiation (p < 0.05).
The difference was detected between the E1A and C2A (p = 0.001), and
the C1A and C2A (p = 0.001) groups (post-hoc). The migration of the
HDF cells in the E1A group increased more (77.02%) than in the C1A
(73.83%) and C2A (68.15%) groups after 72 h of light irradiation (p <
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0.05). According to the post-hoc analysis, differences were determined
between the E1A and C1A (p = 0.004), and the E1A and C2A (p = 0.007)
groups. In the SR-SY5Y cells, the wound closure rate of the C1B group
(28.91%) was higher than the E1B (26.06%) and C1B (25.91%) groups
after 72 h of light exposure (p > 0.05).

4. Discussion

In this innovative study, we investigated the effect of blue LED light
applied through an optical path with special geometry on the human
cells. For the first time, we discovered that blue LED irradiation applied
through an optical path inhibits cancer cell proliferation and migration,
and induces cell necrosis. Light irradiation also showed an anti-tumour
effect on human cancer cells. Furthermore, we identified that the
migration of human fibroblast cells in the blue LED light group with
geometrical tool increased more than the other groups after 72 h of light
irradiation.

Some studies have investigated the effects of red LED light therapy
on fibroblast proliferation and viability in scar treatment in vitro. Red
LED light has been found to decrease fibroblast proliferation [9,10].
Therefore, this color light therapy is promising for the treatment of
keloid fibroblast cells. Blue LED light therapy has also been investigated
for fibroblast proliferation, viability, and migration. In one study, it was
found that blue LED inhibited the proliferation of and decreased the
migration speed of human skin fibroblasts [20]. In our study, we only
used blue LED light. The cell proliferation of healthy human dermal
fibroblast cells was determined to be higher in the non-light group than
the light group with the geometrical tool and direct light groups after 24
h of light irradiation (p < 0.05). The average proliferation in the
non-light-applied group decreased 48 h after light application and the
average proliferation approached the other groups in the following
hours. During human dermal fibroblast cells apoptosis, the number of
healthy cells was found to be similar in both the non-light group and
light group with the geometrical tool, and the means were determined to
be higher than for the direct light group (p < 0.05). It seems that blue
LED light applied with a geometrical tool has an effect on cell prolifer-
ation and apoptosis of dermal fibroblasts after 48 h of light exposure.

Cancer cells exposed to LED light have been mostly investigated in
recent years. Hopkins et al. examined the effects of blue, green, and red
LED light irradiation on the viability of human cancer cell lines. In their
study, they found that only blue light exhibited a reduction in viability
of some cancer types compared to dark control groups [12]. Three
colored LEDs were also investigated in another study and the cell density
exposed to blue LED light (11.19 + 2.51%) was much lower than for red
and green LED lights (81.71 + 9.92% and 61.81 + 4.09%, respectively)
for human cervical cancer cells [13]. The viability of colon cancer cells
was lower in the blue LED-irradiated cultures than in control cultures in
another study [14]. In our study, cancer cell proliferation was found to
be lower in the direct light group compared to the other groups at 24, 48,
and 72 h (p < 0.05). In addition, the number of cancerous cells was
found to be lower in the geometrical light-treated group compared to the
other groups. The rate of necrosis was also determined to be higher in

Table 1.
Comparison of cell proliferation averages of healthy fibroblast and neuroblast cells in groups after 24, 48, and 72 h of light irradiation.
24 h 48 h 72h
X+SS Min-max X+SS Min-max X+£SS Min-max
HDF
E1A 2.84 + 0.04 2.80-2.92 2.57 £0.03 2.54-2.63 2.56 = 0.04 2.50-2.63
Cl1A 2.50 £ 0.06 2.41-2.58 2.54 £0.03 2.51-2.59 2.51 £ 0.04 2.48-2.56
C2A 3.00 + 0.15 2.82-3.17 2.65 +0.14 2.49-2.84 2.60 +0.13 2.45-2.78
Test K-W = 10.063, p = 0.007 K-W = 2.463, p = 0.292 K-W =1.423,p = 0.491
SR-SY5Y
E1B 2.87 +0.01 2.87-2.89 2.61 + 0.04 2.56-2.64 2.61 + 0.55 2.55-2.66
C1B 2.37 £0.21 2.13-2.63 2.35+0.10 2.20-2.47 2.32+0.11 2.18-2.46
C2B 2.86 £ 0.03 2.83-2.89 2.57 £0.02 2.54-2.61 2.55 £+ 0.06 2.45-2.60

Test K-W = 8.736, p = 0.013

K-W =9.284, p = 0.01

K-W = 8.949, p = 0.01
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Table 2.
Comparison of healthy fibroblast and neuroblast cells in groups 24 h after light irradiation according to the apoptosis stages.
Healthy Cells Apoptosis* Necrosis
X£SS Min-max X£SS Min-max X+£SS Min-max
HDF
El1A 69.76 + 0.87 68.8-70.5 8.36 + 1.04 7.20-9.20 21.93 £+ 0.98 20.8-22.6
Cl1A 57.93 £1.61 56.9-59.8 26.6 +£1.81 24.5-27.7 15.46 £+ 0.20 15.3-15.7
C2A 71.60 £+ 0.34 71.4-72.0 8.86 + 0.20 8.70-9.10 19.5 £ 0.32 19.3-19.9
Test K-W= 7.261, p = 0.027 K-W= 5.355, p = 0.65 K-W= 7.200, p = 0.027
SR-SY5Y
E1B 69.56 + 0.25 69.3-69.8 2.63 £0.32 2.40-3.00 27.8 £0.11 27.8-28.0
C1B 77.3 £ 0.75 76.6-78.1 2.70 £ 0.36 2.40-3.10 19.9 + 0.40 19.5-20.3
C2B 72.3 £6.21 65.2-72.6 13.06 + 2.17 10.6-14.7 14.56 + 5.25 9.50-20.0
Test K-W=5.132,p = 0.77 K-W= 5.535, p = 0.063 K-W=6.305,p = 0.43

*Early and late apoptosis.

Table 3.
Percentage of cells in groups 24 h after light irradiation according to the cell-
cycle stages.

the geometrical light-treated group than in the direct light and non-light
groups (p < 0.05). Blue light with a geometrical tool has a therapeutic
benefit of inducing necrosis of cancer cells. Thus, blue LED light has
been shown to induce the increase of the G1 phase, followed by

gg’;"s G1% 5% G2% G2/G1 apoptosis, in cancer cells.
E1A 69.67 17.96 12.37 1.54 . In 2016, Oh e.t al. found tha.t blue LED light reduced cell viability and
ClA 72.90 13.91 13.19 1.54 induced apoptotic cell death in B cell lymphoma cells [15]. For colo-
C2A 72.09 19.13 8.78 1.54 rectal cancer cells, blue LED light intervention increased apoptosis and
SR-SY5Y decreased cell proliferation as well as cell migration [16]. Another study
E1B 82.96 3.98 13.06 1.51 . . L . .
ClB 80.64 6.86 125 154 1pvesF1gat§d .the migration and invasion of .tum(.)ur .ce.ells after b?ue L'ED
C2B 65.6 19.38 15.02 1.51 light irradiation and showed that blue LED light inhibited cell migration
and the invasion of cancer cells [21]. In our study, the migration of HDF
A Cell cycle analysis with HDF cells
60
80- ¢1dsOe2d
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Fig. 2. Percentage of HDF (A) and SR-SY5Y (B) Cells After 24 h Light Irradiation According to the Cell Cycle Stages.
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C1A
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72-HOUR

72-HOUR

Fig. 3. Images of the Scratch Wounds of HDF (A) and SR-SY5Y (B) Cells at Baseline (Before Light Irradiation) and 24, 48 and 72 h After Light Irradiation. The width
of the baseline wounds is taken as reference and in all images this reference range is shown between two dashed lines.

cells in the blue LED light group with geometrical tool increased more
than in the other groups after 72 h of light irradiation (p < 0.05). In the
SR-SY5Y cells, the wound closure rate of the non-light group was higher
than the light-exposed groups after 72 h (p > 0.05). Other interesting
results included that HDF cells in the blue LED light group with
geometrical tool migrated through the direction of light in the well after
48 h of light exposure and the groups with light exposure mostly
migrated though the centers of the wells in the SR-SY5Y cells after 72 h
of light irradiation. In the literature, it was reported that necrosis can
occur at the center of the well due to lack of nutrition and oxygen [22,
23]. We could say that blue LED light has an effect on the migration of
cells with a different pattern than non-light cells.

Each color, shape, surface, and direction of light creates different

electric and magnetic fields. We assumed that light has major effects on
human cells with combinations of these factors. In this study, we used a
spiral geometrical tool with blue LED color that could make a quantum
effect of electrons in spin orbit. We were, therefore, able to observe the
different effects of optically guided blue LED light on fibroblasts, as well
as on cancer cells, compared to direct light.

4.1. Strengths and limitations

This study was planned as an experimental study with an innovative
content. Because we could not locate a similar study in the literature,
this study provided new and original contribution based on evidence.
We designed a spiral tool and placed the LED and cooler inside of the
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Fig. 4. Closed wound area percentage of HDF (A) and SR-SY5Y (B) Cells Before and 24, 48, and 72 h After Light Irradiation. In order to determine the percentage of
scratch closure, area of cell free space according to the baseline reference was measured using ImageJ 1.52v programme. Data was shown mean =+ SD for each group.

*p < 0.05

spiral. One problem was that we had little space to insert all the appa-
ratuses inside of the spiral. We searched the LEDs that were convenient
to use in the spiral (i.e., products on the market that could be reached
were searched one by one according to our parametres, such as LED size,
LED power, resilience to heat, brightness of light at the other end of the
spiral). Therefore, as we had limited options, only photometric mea-
surements (photometric quantity-lux) were performed, and we could not
measure the radiometric quantity and spectral quantity.

The guided (spiral) LED had optical losses due to optical guide
coupling and path. To compensate for these losses and to achieve the
same illumination level for both guided and direct illumination, the
forward current value of direct illumination LED was decreased until the
two lux-metres provided the same value. For this, two lux-metres were
placed in similar places for both plates. The use of adjustable current
sources and the direct measurement of illumination by photo radio-
metres resulted in the achievement of similar illumination values at the
surface of the plates during the entire experiment time. We did not
measure the fluence value directly, but both the direct and guided
illumination paths emitted the same fluence value at the surface of the
plates. In addition, we did not use an optical filter for the photometric

measurements, so the overall spectral response of the system, including
the entrance optic and photodetector, could not match the V-lambda
curve. We aimed in this study, however, to apply the same light intensity
and we used the same LEDs and photometres on the light-exposed
groups.

5. Conclusion

It is a known fact that the energy level of light on different surfaces,
colors and geometric shapes changes. Therefore, we need more infor-
mation on the effect of this change on human health. We searched the
effects of blue LED light applied through an optical path with a special
geometry on the activation of dermal fibroblasts and cancer cells in this
study.

The number of cancerous cells was found to be lower and the rate of
necrosis was found to be higher in the geometrical light-treated group
compared to the direct light and non-light groups. The migration of HDF
cells in blue LED light group with a geometrical tool increased more than
the other groups after 72 h of light irradiation. In cancer cells, the wound
closure rate of the non-light group was higher than the light- exposed



E.K. Toruner et al.

groups after 72 h. The results of this study provided new information
and guidance on new treatment methods. It is recommended to inves-
tigate the effects of LED light with a geometrical tool on cell prolifera-
tion, apoptosis, migration, and cell cycle in different time zones, colors,
and light densities for future studies.
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