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Research Article / Arastirma Makalesi

Evaluation of Wound Healing Potential of
Galangin on L929 Mouse Fibroblast Cell Lines
Using In Vitro Scratch Assay

Galanginin L929 Fare Fibroblast Hiicre Hatlari Uzerindeki
Yara lyilestirme Potansiyelinin in Vitro Cizik Testi Kullanilarak
Degerlendirilmesi

ABSTRACT

Objective: This study aimed to examine the impact of galangin, a compound recognized for its anti-
inflammatory and antioxidant properties, on cell proliferation and migration using a scratch wound healing
model in the L929 cell line.

Methods: In this study, we investigated the effects of different concentrations of galangin on cell
proliferation and viability in the L929 cell line using the MTT method. We then examined the effects of
different concentrations of galangin on wound closure in the wound line created by the scratch wound
healing test. At 0, 12, 24 and 36 hours, microscopic images of the wound line were taken. Wound closure
rates were calculated and a percent wound closure graph was created. At the end of our study, TGF-$8
levels of all groups were measured using ELISA kits.

Results: According to the viability percentages determined by the MTT method in L929 cells, 10, 25 and 50
UM concentrations of galangin significantly increased cell viability at 24, 48 and 72 hours. In the scratch
wound healing model in which these three concentrations of galangin were applied as treatment, it was
observed that 25 and 50 uM concentrations of galangin showed a nearly complete closure at the end of
the experiment. When the measured TGF-f levels were analyzed, a significant decrease was observed in
the galangin-treated groups compared to the control group.

Conclusion: In the in vitro scratch wound healing model, the observed reduction in TGF-( levels at end of
the experiment in the galangin-treated groups, compared to the control group, suggests that the healing
process is nearly completed, resulting in a concomitant decrease in cytokine release. These findings are
consistent with the percentage closure rates assessed microscopically across the different treatment
groups.
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Amag: Bu ¢alismada, anti-enflamatuar ve antioksidan 6zellikleriyle taninan bir bilesik olan galanginin, L929
hiicre hattinda gizik yara iyilesme modeli kullanilarak hiicre proliferasyonu ve gocu tzerindeki etkisinin
incelenmesi amaglanmigtir.

Yontemler: Bu ¢alismada, farkli galangin konsantrasyonlarinin L929 hiicre hattinda hiicre ¢cogalmasi ve
canhhgi Gzerindeki etkilerini MTT yéntemini kullanarak arastirdik. Daha sonra, gizik yara iyilesme testi ile
olusturulan yara hattinda farkli galangin konsantrasyonlarinin yara kapanmasi Uzerindeki etkilerini
inceledik. 0, 12, 24 ve 36. saatlerde yara hattinin mikroskobik gorintileri alindi. Yara kapanma oranlari
hesaplandi ve yilizde yara kapanma grafigi olusturuldu. Calismamizin sonunda tiim gruplarin TGF-B
seviyeleri ELISA kitleri kullanilarak 6lguldi.

Bulgular: L929 hiicrelerinde MTT yontemi ile belirlenen canlilik ylizdelerine gére, galanginin 10, 25 ve 50
UM konsantrasyonlari 24, 48 ve 72. saatlerde hicre canlligini 6nemli 6l¢lide artirmistir. Galanginin bu Ug¢
konsantrasyonunun tedavi olarak uygulandigi gizik yara iyilesme modelinde, galanginin 25 ve 50 pM
konsantrasyonlarinin deney sonunda neredeyse tamamen kapanma gosterdigi gézlemlenmistir. Olgiilen
TGF-B seviyeleri analiz edildiginde, galangin uygulanan gruplarda kontrol grubuna kiyasla anlamli bir diisis
gozlenmistir.

Sonug: in vitro ¢izik yara iyilesme modelinde, galangin ile tedavi edilen gruplarda deney sonunda TGF-B
seviyelerinde kontrol grubuna kiyasla gozlenen azalma, iyilesme siirecinin neredeyse tamamlandigini ve
sitokin saliniminda eszamanli bir azalmaya neden oldugunu gostermektedir. Bu bulgular, farkl tedavi
gruplarinda mikroskobik olarak degerlendirilen ylizde kapanma oranlariyla tutarhdir.

Anahtar Kelimeler: Galangin, migrasyon, fare deri fibroblasti, ¢izik yara deneyi
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Introduction

The skin is responsible for regulating homeostasis and
protecting the body against physical stimuli from the
environment, pathogens and dehydration (Proksch et al., 2008).
The skin can be injured for various reasons. After injury, wound
healing mechanisms are activated to repair and reconstruct the
damaged tissue (De Jesus et al., 2016). The wound healing
process can be delineated into overlapping stages, comprising
inflammation, proliferation, and remodeling (Yan et al., 2024).

Pipette tip

Culture cell image acquisition *,

Figure 1. The process of making wound

The inflammation process starts with homeostasis, which
prevents blood loss from the wound. Neutrophils traveling to the
site of injury provide a favorable environment for wound healing
and remove bacteria and debris (Berman et al., 2017). During the
proliferative phase, keratinocytes, fibroblasts, and endothelial
cells undergo migration and proliferation. This process is initiated

by the release of growth factors, including transforming growth
factor-B (TGF-B) and vascular endothelial growth factor (VEGF)
(Bielefeld et al., 2013). The remodeling phase represents the
concluding step of wound healing, necessitating a careful balance
between the apoptosis of existing cells and the proliferation of
new cells (Wang et al., 2018). Despite its complexity, recovery is
often successful. If the cascade goes awry at any point in the
healing process, pathological conditions such as non-healing
wounds or fibrosis can occur (Bochaton-Piallat et al., 2016; Darby
& Hewitson, 2007). It is critical that type Il collagen, initially
secreted by myofibroblasts stimulated by TGF-B, is degraded and
replaced by type-1 collagen. Any deviation during this stage can
result in either excessive wound healing or the formation of
chronic wounds (Plikus et al., 2017; Tsai et al., 2018).

A review of recent studies reveals that current treatments
aimed at promoting wound healing and preventing chronic
wound development remain inadequate. Consequently, there is
a need for novel pharmacological agents in the treatment of
wounds (El Ayadi et al., 2020). Galangin is a natural flavonoid
primarily extracted from propolis and the roots of Alpinia
officinarum Hance (Rampogu et al.,, 2021). It is also used in
modern clinical therapy due to its antioxidant, anti-inflammatory
and proapoptosis effects (Ru et al., 2021; Yu et al., 2018). In
addition, bioflavonoids have been reported to alleviate fibrosis in
kidney and kidney organs (Cao et al., 2018). A recent study in
rabbits suggested that galangin may potentially prevent
hypertrophic scar formation (Ru et al., 2021). Numerous studies
have been conducted to investigate the therapeutic effect of
galangin, but little is known about its effect on wound healing. In
addition, no studies are showing the effect of galangin on wound
healing at the cellular level. Considering the bioactivity and
pharmacological effects of galangin, it is suggested that it may
have positive effects on the wound healing process and
encourages research.

In summary, this study aimed to explore the effects of
galangin on cell viability in L1929 fibroblast cells, as well as to
evaluate its role in fibroblast migration and wound closure during
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Figure 2. Cell viability results obtained from MTT test. * p<.05, ** p<.01 and *** p<.001 according to Tukey's post-hoc test.
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the wound healing process.
Methods
Cell Culture

The L929 cell line, acquired from the American Type Culture
Collection (ATCC, USA) and cryopreserved in a Cryotube, was
thawed from liquid nitrogen storage and transferred into a T75
cm? flask containing DMEM supplemented with 10% fetal bovine
serum (FBS). The flask was subsequently incubated at 37°C in a
humidified atmosphere with 5% CO2.

Assessment of Cell Viability

A total of 5 x 10® cells were added to each well of a 96-well
plate. The cells were incubated for 24 hours to allow adhesion to
the bottom of the wells. At the end of this period, galangin was
dissolved in DMSO, and different concentrations (1, 10, 25, 50,
100, 250, and 500 uM) were prepared. At 24, 48, and 72 hours,
measurements were taken using the MTT method with a
microplate reader (Epoch Microplate Spectrophotometer,
BioTek, USA) at an absorbance wavelength of 570 nm. Cell
viability rates were analyzed by comparing them to control wells.

Control 10 uM 25 uM 50 uM

Oh

12h

24h

36h

Figure 3. Photographs of scratch test after 0, 12, 24 and 36
hours.

Scratch Wound Healing Experiment

A total of 2 x 105 cells were added to the wells of a six-well
culture plate and incubated overnight. An in vitro wound model
was established by creating a scratch across the monolayer cell
layer formed by fibroblast cells in each well of a six-well culture
plate using a sterile pipette tip in a single motion. During the
scratching procedure, the upper medium was removed to
eliminate debris, and the wells were washed with sterile
phosphate-buffered saline (PBS) before adding fresh medium. A
healthy group without a wound line and a control group with a
wound line were formed. Galangin was applied to cells at 10, 25
and 50 uM concentrations. Images of all wells were taken using a
Leica Inverted Microscope (Leica, DMIL LED) before and at 12, 24

and 36 hours after galangin treatment. Wound closure rates were
calculated using the following formula (Figure 1).

% wound closure=[(At=oh-At=Ah)/At=0h]*100
At=0h: Wound length measured at Oth hour (um)
At=Ah: Wound length measured at Ath hour (um)
Determination of TGF-f1 Amount

At the end of the experiment, the supernatants of all
experimental groups in the 6-well plate were taken. TGF-B1 levels
were measured using ELISA kits on Epoch Spectrophotometer
System and Take3 Plate. The ELISA procedure was conducted
following the steps outlined in the kit protocol.

Statistical Analysis

The data were analyzed using IBM SPSS version 27 (27 (IBM
SPSS Corp., Armonk, NY, USA). Statistical analysis was performed
using One-way ANOVA, followed by Tukey's post-hoc multiple
comparison test. Results are reported as the arithmetic mean +
standard deviation, with a p-value of <0.05 considered
statistically significant.

Percentage of wound closure

< 12H 24H 36H

—e— Control ~#~10UM =e=25uUM =e-50uM

Figure 4. Wound Closure Percentage at 12, 24, and 36 Hours
Results

When the MTT findings of our study are examined; it is seen
that galangin concentrations of 1 uM (p<.01), 10 uM (p<.001), 25
UM (p<.001) and 50 uM (p<.001) significantly increased the
percent viability of the control group at 24 hours. Galangin
concentrations of 100, 250 and 500 uM significantly decreased
the percent viability compared to the control group (p<.001)
(Figure 2A). At 48 h; 1 uM (p<.01), 10 uM (p<.001), 25 uM (p<.001)
and 50 uM (p<.01) galangin concentrations significantly increased
the percent viability compared to the control group. When
compared to the control group, 100, 250 and 500 uM
concentrations of galangin significantly decreased the percent
viability (p<.001), similar to the results obtained at 24 h (Figure
2B). At 72nd; 10 (p<.01), 25 (p<.05) and 50 pM (p<.05)
concentrations of galangin significantly increased the percent
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viability compared to the control group. Compared to the control
group, 100, 250 and 500 pM concentrations of galangin
significantly decreased percent viability (p<.001), similar to the
findings at 24 and 48 hours (Figure 2C).

In the scratch wound healing model, we created in our study,
images of the wells were taken at 0, 12, 24 and 36 hours and
wound closure percentages were calculated according to the
formula mentioned above (Figure 3,4). When the graph is
analyzed, the wound closure percentages calculated from the
images taken at the 12th hour are higher in the groups treated
with 10, 25 and 50 pM galangin compared to the control group.
The 50 uM galangin treatment group showed a higher percentage
of closure compared to the other groups. When the wound
closure percentages calculated from the images taken at 24 hours
are examined, it is seen that the closure percentage is 50% in the
25 uM galangin treated group and 55% in the 50 uM galangin
treated group. At the end of the 36th hour, a nearly complete
closure percentage was observed in the 25 and 50 uM galangin-
treated groups.

When the TGF-B levels measured from the supernatants taken
at the end of the experiment were analyzed; it was observed that
TGF-B levels were significantly increased in the control group
compared to the healthy group (p<.05). TGF-B levels were
substantially lower in the groups treated with 25 and 50 uM
galangin compared to the control group (p<.001) (Figure 5).
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Figure 5. TGF-B1 ELISA results at 36th hour of scratch test. *, 6
p<.05, ** 00 p<.01 and ***, 006 p<.001, according to Tukey's
post-hoc test.

Discussion

In this study, we investigated the effect of galangin on cell
viability in L929 skin fibroblast cells and examined its effect on cell

Current Research in Health Sciences

migration in scratch wound healing assay. When the findings of
our study are examined, it is seen that in the dose study with
galangin; 10, 25, and 50 uM concentrations significantly increased
the viability of L929 skin fibroblast cells. In the scratch wound
healing test performed with these doses, it was shown that at the
end of 36 hours, 25 and 50 pM concentrations of galangin
provided nearly complete closure. TGF-B levels measured at the
end of the experiment showed a dose-dependent decrease in the
treatment groups compared to the control.

Fibroblast cells are among the most extensively researched
cell types in the context of wound healing (Borges et al., 2017;
Teplicki et al., 2018). The MTT assay is commonly employed to
assess cell viability, making it a preferred method for analyzing
both cell proliferation and cytotoxic effects (Cangul et al., 2020;
Ozdemir et al., 2009). In our study, we evaluated the impact of
galangin at various concentrations (1, 10, 25, 50, 100, 250, and
500 uM) on the viability of L929 skin fibroblast cells using the MTT
assay. Measurements taken at 24, 48, and 72 hours indicated that
the 10, 25, and 50 uM concentrations of galangin significantly
increased cell viability compared to the control group.

The scratch wound assay is a widely used, reproducible
method for assessing key parameters of cell migration, including
velocity, persistence, and polarity. Once the cells have reached
confluence on the bottom of the plate, a thin wound is created
using a sterile pipette tip (Cory, 2011). Numerous studies have
employed this method to investigate wound healing (Jagiello et
al., 2023; Pinto et al., 2019). Wound healing occurs in all tissues
and organs of the body, with many of these repair processes
being common across various tissue types. While the healing
process is continuous, the physiological events occurring within
the wound and the surrounding tissue can be categorized into
distinct stages (Richardson, 2004). The wound healing process
can be delineated into overlapping stages, comprising
inflammation, proliferation, and remodeling (Yan et al., 2024). If
any disruption occurs within the cascade during the healing
process, it may lead to pathological conditions such as chronic
non-healing wounds or fibrosis (Bochaton-Piallat et al., 2016;
Darby & Hewitson, 2007). When the studies on wound healing are
examined; positive results have been obtained in studies with
substances with antioxidant and anti-inflammatory properties
(Hecker et al., 2022; Kant et al., 2015). In our study, the effects of
galangin, which is known to have antioxidant and anti-
inflammatory properties, on wound healing were investigated. In
an in vivo study, Ru et al. reported that galangin may potentially
prevent hypertrophic scar formation (Ru et al., 2021). In our
study, in the scratch wound healing model, 25 and 50 uM
concentrations of galangin provided a nearly complete closure of
the wound line at the end of the experiment. It was shown in vitro
that galangin has positive effects on wound healing.

It is well known that growth factors and cytokines have
important roles in all stages of wound healing (Everts et al., 2006).
TGF-B1 plays a pivotal role in wound healing by facilitating key
processes such as inflammation, angiogenesis, re-
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epithelialization, and connective tissue regeneration. Research
has indicated that its expression significantly rises at the initial
stages of injury (Kane et al., 1991; Kopecki et al., 2007). TGFB
plays a pivotal role in maintaining skin homeostasis by inhibiting
keratinocyte proliferation and regulating their differentiation.
Upon wounding and disruption of the epidermal barrier, TGF
signaling continues to exert significant effects on keratinocyte
function and the regulation of wound re-epithelialization
(Ramirez et al., 2014). in vitro studies demonstrate that TGF-B1
plays a crucial role in the initiation of granulation tissue formation
by upregulating the expression of genes related to extracellular
matrix formation, such as fibronectin, fibronectin receptors,
collagen, and protease inhibitors (Greenwel et al., 1997; Mauviel
et al.,, 1996; White et al., 2000). Furthermore, in vitro studies
indicate that TGF-B1 contributes to wound contraction by
promoting fibroblast-mediated contraction of the collagen matrix
(Meckmongkol et al., 2007). In the remodeling phase, which is the
last phase of wound healing, collagen Type-3 is converted to
Type-1 and TGF- B differentiates myofibroblasts and closes the
wound (Desmouliere et al., 1993; Hosokawa et al., 2003; Ronnov-
Jessen & Petersen, 1993). At the end of the wound-healing
process, growth factors and cytokines decrease. The reduction in
these growth factors and cytokines suggests that the wound-
healing process has been completed (Nogueira et al., 2020). In
our study, the TGF-B1 levels measured after the experiment were
significantly reduced in the groups treated with 25 and 50 uM
galangin compared to the control group. Additionally, in line with
the microscopic observations, wound closure was nearly
complete in these groups, suggesting that galangin effectively
supported the healing process.

Conclusion

In the in vitro scratch wound healing model, the observed
decrease in TGF-B levels at the end of the experiment in the
galangin-treated groups, relative to the control group, indicates
that the healing process is approaching completion, which is
associated with a reduction in cytokine release. These results are
in line with the microscopically measured percent closure rates
by group. However, this effect of galangin should also be
evaluated by in vivo experiments. Experimental and clinical
studies are needed to evaluate the effects and mechanisms of
galangin on wound healing.
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