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Abstract: This study aimed to evaluate the proliferation and migration of fibroblast cells derived from chronic
wounds and investigate the impact of low-level laser therapy (LLLT) on their growth and migration. A total of
60 dermal samples were obtained from three sites of chronic pressure ulcers and diabetic ulcers in 20 patients.
Following collection in the operating room, the dermal samples were isolated using the procedure described
by Freshney RI. Fibroblasts from the wound base (Site 1) exhibited a slow proliferation rate and a decrease in
proliferative capacity. Fibroblasts from wound margins (Site 2) and adjacent healing skin (Site 3) could be
successfully isolated and maintained for multiple generations without any morphological changes. Fibroblasts
from chronic wounds at Sites 2 and 3 showed slower proliferation rates and reduced migration capabilities
compared to normal dermal fibroblasts (control samples). The fibroblast cells were exposed to LLLT at different
energy levels (2.5, 3, and 3.5 J/cm?). The laser-treated groups demonstrated a significantly higher increase in
cell count compared to the control sample, with the highest increase observed at an energy level of 3 J/ecm?
These findings suggest that LLLT at an energy level of 3 J/ecm? could effectively enhance fibroblast migration,
indicating its potential as a therapeutic intervention for chronic wounds.

Keywords: chronic wounds; dermal samples; fibroblast cells; low-level laser therapy (LLLT);
migration; proliferation; therapeutic intervention; wound healing; wound margins; wound tissue

1. Introduction

The incidence of chronic wounds is positively correlated with age and often associated with
chronic diseases. In the United States, approximately 5.7 million people were affected by chronic
wounds in 2017, resulting in an estimated annual cost of $20 billion for their treatment. These chronic
wounds significantly impact the quality of life for patients and their families. Patients often
experience pain and psychological disorders due to the effects of chronic wounds, leading to social
isolation. In some cases, hospitalization may be necessary for long-term treatment or to prevent
mortality [1].

Treating wounds, especially chronic wounds, poses a significant challenge. Despite the
availability of various methods ranging from traditional to modern approaches [2], there is a crucial
need to explore and apply new treatment modalities to support existing methods. Low-level laser
therapy (LLLT), alternatively referred to as photobiomodulation (PBM), is a medical modality that
elicits advantageous clinical effects by stimulating cellular function. LLLT exhibits a distinctive
biphasic dose-response relationship, wherein lower light doses frequently engender superior
outcomes compared to higher doses. Effective implementation of LLLT necessitates meticulous
consideration of numerous parameters, such as wavelength, fluence, irradiance, illumination
duration, and timing, as they significantly impact the therapeutic effectiveness of this technique [3].
Furthermore, it is important to note that LLLT should not be confused with photodynamic therapy,
as they are distinct treatment modalities with different mechanisms of action. While LLLT involves
stimulating cellular function using low-level laser energy, photodynamic therapy relies on the
activation of exogenously administered photosensitizers by light to generate toxic reactive oxygen
species (ROS) [4]. LLLT has been found to stimulate the activity of stem cells, resulting in enhanced
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tissue healing. This cellular stimulation has been effective in treating a range of dermatological
conditions, such as wrinkle reduction, acne scar improvement, hypertrophic scar reduction, burn
healing, vitiligo treatment, psoriasis management, and acne control [5].

Human skin fibroblasts are vital in various wound healing processes. Recent studies have
focused on exploring the potential of LED and laser technologies to enhance fibroblast activity and
collagen synthesis, aiming to develop a cost-effective and practical approach for wound repair that
does not rely on expensive and stationary light systems currently used in therapy. Since fibroblasts
play a critical role in wound healing, many published studies on LLLT have investigated its impact
on fibroblast cell growth, migration, and collagen production [6-8]. Experimental findings have
shown that near-infrared (NIR) LED light treatment enhances mitochondrial oxidative metabolism
in vitro and accelerates cell and tissue repair in vivo [9-13].

LLLT holds promise for enhancing the management of chronic wounds in patients, thus
emerging as a valuable treatment modality for healthcare systems in Vietnam and other countries.
To provide further evidence of its efficacy, this study aimed to evaluate the effectiveness of LLLT at
the cellular level (fibroblast cells) in vitro, specifically focusing on wound development and healing
processes.

2. Materials and Methods

The study sample consisted of tissue samples obtained from 10 patients diagnosed with pressure
ulcers and 10 patients diagnosed with diabetic foot ulcers who received inpatient treatment at the
Vietnam National Institute of Burns. The inclusion criteria were patients aged 18 years and older with
stage IV ulcers. Additionally, healthy fibroblast cells derived from the foreskin of children were used
as a control group.

2.1. Biopsy for fibroblast cell collection

For optimal biopsy sample suitability, it is crucial to effectively cleanse the biopsy site. Patients
are recommended to undergo a thorough full-body shower 24 hours prior to the biopsy procedure.
The biopsy site must be carefully cleaned and prepared following the specific instructions provided
in the medical guidelines [14,15]. The skin surrounding the biopsy site is carefully washed using
Microshield medical soap (Schulke, India) and sterile water. Subsequently, the actual biopsy site is
treated with Povidone solution (Pharmedic, Vietnam) and thoroughly rinsed with sterilized 0.9%
saline solution. Finally, the area is gently dried by blotting, ensuring proper care is taken during the
process [16].

Biopsy procedures were conducted at three distinct locations within each wound: the wound
base (Site 1), the wound margin (Site 2), and the surrounding healthy skin (Site 3). Each biopsy
specimen, measuring 0.5 x 0.5 cm, encompassed the complete skin thickness, comprising the
epidermis, dermis, and subcutaneous tissue [17]. Immediately following collection, the tissue
samples were immersed in Dulbecco's modified Eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and collagenase. To preserve their integrity, the samples were stored at a
temperature of 4°C until further isolation and subsequent culture of fibroblast cells could be
performed [9].

2.2. Tissue culture, isolation, and preservation of fibroblast cells:

The established protocol developed by Freshney [18] was employed for the isolation and
cultivation of fibroblast cells. Initially, the skin samples underwent cleansing with Phosphate
Buffered Saline (PBS) solution (Invitrogen, USA) and were subsequently sectioned into 2 mm-sized
specimens [9].

The tissue specimens were placed in a 25 cm? Corning cell culture flasks (Corning, USA)
containing 5 ml of DMEM culture medium with 10% (FBS) and collagenase. The flask was then
incubated under controlled conditions at 37°C with 5% CO2 [19]. Following a 2-day incubation
period, an additional 1 ml of culture medium was added to facilitate cell growth. During the culture
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transition phase, typically lasting 3-5 days, the medium volume was adjusted to reach a total volume
of 5 ml. Regular medium changes were conducted every 3-4 days, and the cell population was
diligently monitored until achieving at least 50% confluence on the flask surface [16].

For preservation, fibroblast cells derived from the third passage culture were selected and stored
using DMEM storage medium supplemented with 10% dimethyl sulfoxide (DMSO) under cryogenic
storage conditions utilizing liquid COz [16].

2.3. Determining the number, viability, and quality of cells

2.3.1. Counting living cells in the Neubauer counting chamber

The cell quantification for appropriate seeding and assessment of cell proliferation was
conducted utilizing a Neubauer counting chamber following the protocol outlined by Bich Phuong
et al. [16]. Cells were stained with a 0.4% trypan blue dye solution and enumerated under a
microscope within a unit area of 1 mm?2 The cell density was determined using the formula:

C=nx10*

where C denotes the cell density (cells/mL) and n signifies the number of cells counted in the
Neubauer counting chamber.

2.3.2. Determining the viability of cultured fibroblast cells

The viability of fibroblast cells at various culture stages was evaluated according to the protocol
outlined by Bich Phuong et al. [16]. A 0.4% Trypan Blue staining solution (Gibco, USA) was utilized
for assessing viability. This stain selectively permeates the membranes of impaired (nonviable) cells,
resulting in their visualization as blue entities that can be differentiated under microscopic
examination [20].

To perform the cell viability assessment, 1 mL of the cell suspension was transferred to a
centrifuge tube, and 50 pL of a 0.4% Trypan Blue stain was added. The mixture was incubated for 5
minutes. Subsequently, the solution was transferred to a hemocytometer and examined under an
inverted microscope for the quantification of both the total cell count and the number of cells stained
blue, indicating non-viable cells [16].

The cell viability percentage (%) is calculated using the formula:

Total number of viable cells (non-stained cells)

Cell viability percentage = Total number of cells x 100

2.4. Evaluation of Fibroblasts Proliferation at Wound Sites and the Effect of LLLT on Fibroblasts
Proliferation

The proliferation of fibroblasts, specifically wound base fibroblasts, was evaluated using a
modified model based on the research conducted by Pansani et al. in 2014 [21]. The cells from the
third generation (G3) were cultured in a 6-well plate (Corning, USA) at a density of 5X10* cells per
well in 2 mL of DMEM supplemented with 10% FBS and 1% AB 1X (Gibco, USA). The cell culture
was maintained at 37°C with 5% CO:. The number of viable cells, cultured for 24 hours, was
determined using the previously described method [16].

To assess the impact of low-level laser therapy (LLLT) on fibroblast cell proliferation, the cells
were seeded into a 6-well plate and divided into two groups: a control group without laser irradiation
and an LLLT group. The LLLT group was further divided into subgroups with varying energy levels
(2.5, 3, 3.5, 4, and 5 J/cm?) of 808nm laser and corresponding irradiation times (60, 48, 42, 36, and 30
seconds). Laser irradiation was administered daily for three consecutive days.

The B-Cure Laser Pro device (Good Energies®, Israel) was utilized for LLLT in the study. The
laser employed in the research belonged to the GaAlAs category, which refers to Gallium Aluminum
Arsenide and represents a solid-state laser diode. The maximum power output of the laser was 250
mW, ensuring the intensity of the laser irradiation. The wavelength of the laser fell within the infrared
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range and measured 808 nm, enabling effective penetration into the target tissues. The pulse
frequency was set at 13 kHz, indicating the rate at which laser pulses were emitted per second.
Furthermore, the laser pulse duration was 26 s, signifying the duration of each individual laser
pulse. To maintain a consistent distance between the laser probe and the sample surface, a distance
of 1 cm was maintained throughout the experiments. These specific laser parameters were
deliberately selected and implemented to deliver the desired effects of LLLT in the study.

Following the final irradiation, the number of viable cells in both the control group and the LLLT
group was determined using the trypan blue staining method described earlier. The cell count was
performed at the wound sites and compared with the control group, which did not undergo laser
irradiation.

2.5. Statistical analysis

The statistical analysis of the research findings was performed using SPSS 22 statistical software.
The cell count was presented as the mean value (+) standard deviation. The non-parametric Mann-
Whitney test was employed for data analysis, with a significance level set at p < 0.05 to determine
statistical significance.

3. Results

3.1. Culturing of primary fibroblast cells

The results of culturing primary fibroblast cells from various sites, including the wound base
(Site 1), the wound margin (Site 2), and the surrounding healthy skin (Site 3) are presented. There
was no evidence of bacterial or fungal contamination in any of the three sites, indicating that the cell
culture procedure was conducted under aseptic conditions, ensuring the absence of microbial
growth. The number of viable fibroblast cell samples remained consistent across all sites, with 20 cell
samples observed in each site. This consistency suggests that the primary fibroblast cells were
successfully cultured and maintained their viability throughout the entire culturing process.
Furthermore, no non-proliferating cell samples were detected in any of the sites, indicating the
potential of the fibroblast cell samples to undergo proliferation and division. This characteristic is
essential for their vital role in wound healing and tissue regeneration. In summary, the presented
data table demonstrates the successful culturing of primary fibroblast cell samples from different
sites, with no contamination and a substantial number of viable cells. These findings serve as a solid
foundation for further investigations into the behavior and functions of fibroblast cells in the context
of wound healing at various sites.

3.2. Culturing and Isolation of Fibroblast Cells across Generations

3.2.1. Growth time and comparison of fibroblast cell generations at different sites for pressure
ulcers, diabetic ulcers, and control groups

Figure 1a depicts the data pertaining to the initiation phase of fibroblast cell culture. This
experiment encompassed three groups: the pressure ulcers group, the diabetic ulcers group, and the
control group. The objective was to evaluate fibroblast cell growth at different sites (Site 1, Site 2, and
Site 3) over a specific duration, using days as the unit of measurement. In the pressure ulcers group,
the mean growth values at Site 1, Site 2, and Site 3 were 6.2+2.35, 5.6+2.46, and 4.4+1.08. The p-values
indicated no statistically significant differences between Site 1 and Site 2 (p > 0.05), and between Site
2 and Site 3 (p > 0.05). However, there was a statistically significant difference between Site 1 and Site
3 (p = 0.038). For the diabetic ulcers group, the mean growth values at Site 1, Site 2, and Site 3 were
7.5£1.65, 5.5£1.58, and 4.5+1.78. The p-values indicated a statistically significant difference between
Site 1 and Site 2 (p =0.013), between Site 1 and Site 3 (p = 0.001), but no significant difference between
Site 2 and Site 3 (p > 0.05). The p-values comparing the pressure ulcers group to the control group
were all greater than 0.05, indicating no significant differences. However, in the comparison between
the diabetic ulcers group and the control group, there was a statistically significant difference
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between Site 1 and the control group (p = 0.007), but no significant differences between Site 2 or Site
3 and the control group (p > 0.05). Overall, Figure 1a provides an overview of the fibroblast cell
culture's initiation phase at distinct sites. The results underscore variations in cell growth between
the pressure ulcers group, the diabetic ulcers group, and the control group. These findings offer
valuable insights into the behavior and characteristics of fibroblast cells during the initial phase of
cell culture, particularly within the context of wound healing and related conditions.
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Figure 1. Growth Time of Fibroblast Cell Generations in Vitro. The figure represents the average
growth time (in days) of fibroblast cell generations cultured in vitro for each sample group at different
site. (a) The initiation phase of cell culture; (b) The growth phase of the first generation (G1); (c) The
growth phase of the second generation (G2; (d) The growth phase of the third generation (G3).

Figure 1b illustrates the average growth time of the 1t generation fibroblasts (G1) at different
sites for the pressure ulcers group, diabetic ulcers group, and control group. In the pressure ulcers
group, the growth time of the 2nd generation fibroblasts was 9.7+4.9 days at Site 1, 8.6+2.79 days at
Site 2, and 7.6x+1.27 days at Site 3. However, the p-values for the comparisons between different sites
within this group were greater than 0.05. Similarly, the p-values comparing the growth time between
the diabetic ulcers group and the control group were less than 0.05 for Site 1 and Site 2, indicating
significant differences in growth time between these groups. For Site 3, the p-value was also less than
0.05, indicating a significant difference in growth time between the diabetic ulcers group and the
control group.

Figure 1c presents the average growth time of the 2" generation fibroblasts (G2) at different sites
for each group. Within the pressure ulcers group, the growth time of the 3rd generation fibroblasts
was 14+1.41 days at Site 1, 6.2+2.39 days at Site 2, and 5.8+2.04 days at Site 3. The p-values for the
comparisons between different sites within this group were 0.028 and 0.031, indicating significant
differences in growth time. However, the p-value was greater than 0.05, indicating no significant
difference in growth time between Site 2 and Site 3. Similarly, in the diabetic ulcers group, the growth
time of the 3rd generation fibroblasts was 6.33+1.15 days at Site 1, 6.25+£1.16 days at Site 2, and 7.5+3.86
days at Site 3. The p-values for the comparisons between different sites within this group were all
greater than 0.05, indicating no significant differences in growth time. The p-value comparing the
growth time between the pressure ulcers group and the control group was 0.044 for Site 1, indicating
a significant difference in growth time between these groups. However, for Site 2 and Site 3, the p-
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values were greater than 0.05, indicating no significant differences in growth time between the
pressure ulcers group and the control group. The p-values comparing the growth time between the
diabetic ulcers group and the control group were all greater than 0.05, indicating no significant
differences in growth time between these groups. Overall, the data presented in Figure 1c provide
insights into the growth time of the 3rd generation fibroblasts at different sites, facilitating
comparisons and analysis of growth time differences between the groups.

Figure 1d showcases the growth time of the 3rd generation fibroblasts (G3) at different sites for
each group. Within the pressure ulcers group, no growth was observed at Site 1. The growth time of
the 4th generation fibroblasts was 6.1+1.59 days at Site 2 and 4.6+1.07 days at Site 3. The p-value for
the comparison between Site 2 and Site 3 was significant (p = 0.038), indicating a notable difference
in growth time between these two sites. In the diabetic ulcers group, no growth was observed at Site
1. The growth time of the 4th generation fibroblasts was 5.5+1.38 days at Site 2 and 5.89+2.8 days at
Site 3. The p-value for the comparison between Site 2 and Site 3 was not significant (p > 0.05),
indicating no substantial difference in growth time between these two sites.

3.2.2. Fibroblast samples cultured over generations for different patient groups and sites

The data presented in Figure 2 illustrates the percentage of fibroblast samples cultured over
generations for different patient groups and sites. The table provides information on the percentage
of fibroblast samples cultured at each site over three generations: the first generation (G1), the second
generation (G2), and the third generation (G3). In the pressure ulcer group, during the first generation
(G1), 90% of the fibroblast samples were cultured at Site 1, while 100% were cultured at both Site 2
and Site 3. For the diabetic ulcer group in the first generation (G1), 50% of the fibroblast samples were
cultured at Site 1, 80% at Site 2, and 100% at Site 3. Moving to the second generation (G2), the
percentage of fibroblast samples cultured decreased for both patient groups. In the pressure ulcer
group, only 20% of the samples were cultured at Site 1, while 100% were cultured at both Site 2 and
Site 3. Similarly, in the diabetic ulcer group, 30% of the samples were cultured at Site 1, 80% at Site 2,
and 100% at Site 3. In the third generation (G3), no growth was observed for the pressure ulcer group
at Site 1. However, 90% of the fibroblast samples were cultured at Site 2, and 100% were cultured at
Site 3. For the diabetic ulcer group in the third generation (G3), again, no growth was observed at Site
1, but 60% of the samples were cultured at Site 2, and 90% were cultured at Site 3.
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Pressure ulcer group =
Diabetic ulcer group ;
Pressure ulcer group ;

|

Diabetic ulcer group e
|

Pressure ulcer group el

0 20 40 60 80 100
Percentage of samples growth (%)

(GI)

(G3)

The third |The second| The first
generation | generation | generation
(G2)

@Site 1 [@OSite2 MW Site 3

Figure 2. The percentage of fibroblast samples cultured over generations for different patient groups
and sites.

Analyzing the data, it can be observed that the percentage of fibroblast samples cultured
generally decreased from the first generation (G1) to the second generation (G2). This trend suggests
that there may be a decrease in the proliferation or availability of fibroblast cells for culture in
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subsequent generations. Additionally, the absence of growth in certain sites in the third generation
(G3) for both patient groups indicates potential limitations in the ability of fibroblasts to proliferate
at those specific sites. These findings highlight the importance of considering the generation and site-
specific differences in fibroblast cell culture when studying wound healing and related conditions.
Further investigations into the factors influencing the growth and viability of fibroblast cells over
generations are warranted to better understand their behavior and potential implications for tissue
regeneration.

3.2.3. Morphology and growth characteristics of fibroblast cells in the third generation of cell
culture

Figure 3 demonstrates the morphology and growth characteristics of fibroblast cells in the third
generation of cell culture. The fibroblast cells exhibited a diamond-shaped morphology and adhered
to the surface of the culture dish, forming a monolayer. The images presented in Figure 3 provide
visual evidence of the fibroblast cell proliferation and adherence patterns at different time points. It
is worth noting that these fibroblast cells were derived from the third generation of fibroblasts
cultured from samples taken from Pressure Ulcer Wounds.

Site 2 Site 3 Control

5t day

Figure 3. Proliferation of Fibroblast Cells from Site 2, Site 3, and Control Samples on Day 1
(Magnification: 200X) and Day 5 (Magnification: 100X). These cells were derived from the third
generation of fibroblasts cultured from Pressure Ulcer Wound samples.

Figure 4 shows the average cell count (X105) of cell proliferation in samples from Site 2, Site 3,
and the Control group derived from pressure ulcer wounds after 5 days of cultivation in the 3rd
generation. The p-value indicates statistical significance when compared to the Control group. The
Figure 4 displays the mean cell count for each site along with the corresponding standard deviation.
The average cell count for Site 2 is (4.29 + 0.46) X 105. Similarly, Site 3 has an average cell count of (4.39
+0.25) X105, showing slightly higher cell count compared to Site 2. In comparison, the Control group
has an average cell count of (5.0 + 0.32) X10°, indicating a slightly higher cell count compared to both
Site 2 and Site 3.

The statistical significance is indicated by the p-value being less than 0.05 when compared to the
Control group. This suggests that there is a statistically significant difference in cell count between
the experimental sites (Site 2 and Site 3) and the Control group.
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Figure 4. Average cell count (X10%) of cell proliferation in samples from site 2, site 3, and control
derived from pressure ulcer wound after 5 days of cultivation in the 3! generation.

3.3. The Impact of LLLT on Fibroblast Cell Growth

Figure 5 presents the data on the impact of Low-Level Laser Therapy (LLLT) on the growth of
fibroblast cells at different energy levels. The experiment involved culturing fibroblast cells and
subjecting them to varying levels of energy during LLLT. The growth of fibroblast cells was measured
and compared between the different energy levels and a control group (in units of total cells X10%).

On the starting day, the average cell counts were relatively similar across all energy levels and
the control group, ranging from 0.47+0.04 to 0.50+0.01 X105 total cells. However, on the third day of
culture, significant differences in cell growth were observed among the energy levels. The average
cell counts varied across the different energy levels, with values ranging from 2.80+0.54 to 4.31+1.06
X 10° total cells. Statistical analysis using p-values was conducted to compare each energy level with
the control group. The p-values indicate the significance of the differences observed.

The analysis revealed that at energy levels of 3, 3.5, and 4 J/cm?, there was a significant increase
in cell growth compared to the control group (p <0.05). At the energy level of 2.5 and 5 J/cm?, although
there was an increase in cell growth compared to the control group, the difference was not statistically
significant (p < 0.05).
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Figure 5. The Impact of LLLT on Fibroblast Cell Growth at Different Energy Levels.

Overall, the data presented in Figure 3 demonstrate the impact of LLLT on fibroblast cell growth
at different energy levels. The results indicate that specific energy levels, such as 4, 3.5, and 3 J/cm?,
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can significantly enhance cell growth, while other energy levels may not have a significant effect. It
can be concluded that the use of the 3 J/cm? energy level in Low-Level Laser Therapy (LLLT) has the
most beneficial effect on fibroblast cell growth. This is evident from the significantly higher average
cell count observed on the third day of culture compared to the control group. The 3 J/cm? energy
level during LLLT can positively influence fibroblast cell growth. This provides valuable guidance
for selecting an optimal energy level in LLLT to promote fibroblast cell growth, which has
implications in tissue engineering and regenerative medicine applications.

4. Discussion

Based on current research, investigations into therapeutic approaches for chronic wounds
primarily focus on healthy fibroblast cells due to evidence suggesting reduced proliferation and
premature aging in fibroblast cells derived from chronic wounds [22]. Successful isolation of
fibroblast cells from chronic wounds serves as a fundamental basis for experimental studies exploring
potential cell-based therapies for managing chronic wounds. Previous research publications have
documented the successful isolation of fibroblast cells from venous ulcers, diabetic ulcers, and
pressure ulcers [17,23,24]. There are two commonly utilized techniques for tissue sample separation
in isolation procedures: purely mechanical techniques and enzyme-based techniques. Purely
mechanical techniques are limited in their suitability to certain tissue types and often yield a low
quantity of cells. On the other hand, enzyme-based techniques are easier to implement and can result
in a higher cell yield, albeit at a higher cost [18]. In this particular study, 60 biopsy samples were
collected from pressure ulcers and diabetic ulcers in 20 patients. Prior to sampling, all tissues were
prepared following an established protocol to ensure they were free from infection. The trypan blue
method is a straightforward approach used to evaluate cytotoxicity. Nevertheless, this method is not
without its limitations. These limitations include potential errors in calculating results for individual
samples, challenges in distinguishing between dead cells and stained debris, inconsistencies among
operators, and the time and labor-intensive nature of processing multiple samples [25].

In this study, a total of 60 fibroblast cell samples were examined. Among these samples, only at
Site 1 (wound base), the third-generation cell regeneration was not sustained. Fibroblast cells
obtained from the surrounding healthy skin (Site 3) and wound margin (Site 2) exhibited no
noticeable morphological changes, appearing spindle-shaped and forming a single layer when
adhered to the culture dish. Cells from Sites 2 and 3 demonstrated robust proliferative capacity,
allowing their isolation up to the third, fourth, and fifth generations. Notably, Brem et al. observed
that fibroblast cells isolated from four tissue samples of patients with venous ulcers retained their
characteristic phenotype. Fibroblast cells from the surrounding healthy skin displayed the most
favorable response, while those from the wound base exhibited an average response, and the cells
from the wound margin showed comparatively less development [17].

Cellular aging is characterized by a decline in growth capacity and morphological alterations.
Comparing the proliferation process between Site 2 (wound margin) and Site 3 (surrounding healthy
skin) with healthy fibroblast cells revealed no significant differences. However, fibroblast cells
derived from chronic wounds exhibited a noticeable deceleration in proliferation compared to
healthy fibroblast cells (p < 0.05). The cell count in samples from Sites 2 and 3 was significantly lower
than that of the control group (p < 0.05), indicating a slower proliferation rate of fibroblast cells from
chronic wounds compared to healthy fibroblast cells. These findings are consistent with seminal
studies conducted by Miriam Loots et al., which demonstrated a reduced proliferative capacity of
fibroblast cells isolated from type II diabetic ulcers [23]. Wall et al. also observed decreased
proliferation, impaired wound closure ability, and premature aging in fibroblast cells from chronic
wounds compared to normal fibroblast cells. Additionally, they highlighted the accumulation of
senescent fibroblast cells, accounting for over 15%, in both chronic wounds and non-wounded skin
[24]. Vande Berg and Robson found that fibroblast cells in decubitus ulcers and venous ulcers
exhibited reduced proliferation and displayed signs of cellular senescence. Fibroblast cells from
decubitus ulcers demonstrated a slower rate of replication compared to normal fibroblast cells as well
[26].
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Studying fibroblast cells derived from chronic wounds provides a foundation for investigating
experimental interventions, such as Low-Level Laser Therapy (LLLT), for wound treatment.
Numerous studies have demonstrated the effectiveness of LLLT in promoting wound healing, with
outcomes dependent on the dosage and wavelength employed [27-29]. In this study, we applied laser
irradiation (808 nm) at various energy levels to fibroblast cells, aiming to determine the optimal
dosage that stimulates the potential biological effects of LLLT on fibroblast proliferation. The results
revealed a significant increase in cell count following LLLT treatment with dosages of 2.5, 3, and 3.5
J/em?, with the 3 J/cm? dosage yielding the most favorable outcome (p < 0.05). These findings align
with previous research by Basso and colleagues [30-32], which explored the impact of LLLT on the
proliferation and migration of gingival fibroblast cells in humans and identified the optimal energy
dosage as 3 J/em?2. A comprehensive review of cell culture studies conducted by AlGhamdi et al. [33]
further supported these findings, demonstrating that LLLT at energy levels ranging from 0.5 to 4.0
J/em2 enhanced the proliferation rate of various cell lines. Kreisler et al. [34] also observed an increase
in fibroblast cell proliferation in vitro following direct and continuous Low-Level Laser Therapy
(LLLT) irradiation. Similarly, Ma et al. [35] demonstrated that irradiation of healthy fibroblast cells
with an 830nm laser wavelength promoted both cell proliferation and collagen synthesis. These
findings are consistent with previous investigations highlighting the beneficial effects of LLLT on
cells through the upregulation of growth factor expression [31,36].

5. Conclusions

In chronic wounds and diabetic ulcer ulcers, fibroblasts can be isolated at the edge of the wound
and healthy skin without changing its morphology during cultivation. However, the proliferation
and migration rate of fibroblasts in chronic wounds wounds is lower than in healthy individuals.
Low-power laser (808 nm) with an energy level of 3 J/cm? does not change cell morphology and
stimulates proliferation and migration of fibroblasts samples derived from chronic wounds patients.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: Fibroblast Cell Cultures under LLLT Influence.
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