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Abstract

Background: This study examines the cellular protective effects of scutellarin on HaCaT cells in which oxidative

stress was induced by ultraviolet A (UVA).

Methods: Cell viability and lipid peroxidation were measured using WST-1 and MDA assays, respectively. The
changes in cell number in the sub-G1 phase were assessed using cell cycle analysis, and tailed DNA levels were
measured using the comet assay to examine the degree of DNA damage. The difference in the mitochondrial
membrane potential was examined using JC-1 staining, and the regulation of BAX mMRNA expression levels was
examined using quantitative real-time polymerase chain reaction.

Results: Although UVA-irradiated cells resulted in a 3.63-fold increase in lipid peroxide, scutellarin-treated cells
showed concentration-dependent decreases of 2.06, 1.39, and 0.97 times at scutellarin concentrations of 1, 5, and
10 pM, respectively. The cell number in the sub-G1 phase increased by 227% when irradiated by UVA but
decreased to 187, 139, and 120% when cells were treated with scutellarin at concentrations of 1, 5, and 10 uM,
respectively. Tailed DNA also showed a protective effect. The mitochondrial membrane potential difference
decreased up to 36% when irradiated by UVA but recovered up to 58, 82, and 92% when cells were treated with
scutellarin at concentrations of 1, 5, and 10 uM, respectively. BAX gene expression levels increased 9.7-fold by UVA
but was downregulated to 7.4-, 4.71-, and 2.49-fold when cells were treated with scutellarin at concentrations of 1,

5,and 10 uM, respectively.

Conclusions: This study revealed the cellular protective effects of scutellarin on HaCaT cells. Further studies are
warranted to determine the use of scutellarin as a cosmeceutical ingredient.
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Background

As an organic and complex organ that protects biological
organs and has esthetic importance, the skin also reveals
various aging mechanisms. Signs of skin aging include in-
creasing wrinkles, loss in elasticity, pigmentation, and in-
creasing white hair, among others (Appelqvist et al. 2013).
Skin aging can be classified into two types: intrinsic aging,
where the structure and physiological functions of skin de-
teriorate over time independent of the external environ-
ment, and photoaging, which is caused by sunlight. Among
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the types of sunlight, ultraviolet is classified into three types
based on wavelength (UVA 320-400 nm, UVB 280-
320 nm, and UVC 200-280 nm), each with different reac-
tions to skin. As the ozone layer in the stratosphere is
consistently reduced by the pollutants in the air, the amount
of ultraviolet radiation that reaches the earth increases. With
the longest wavelength, UVA has an energy strength of 1/
1000 of that of UVB but is expressed 20 times more fre-
quently (Bernerd et al, 2011; Bruge et al, 2014; Chung 2003).
It reaches indoor spaces through glass and deeply invades
the dermis, epidermis, and subcutaneous fat layers. With
the amount of light almost unvarying throughout the year,
UVA uniformly irradiates the skin. In contrast to UVB,
UVA rarely is absorbed by DNA, but it may damage DNA,
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membranes, and other cells, as well as induce cancer by
generating reactive oxygen species (ROS) (Cross et al. 1987;
Dimri et al. 1996). Recent studies on UVA verified the rela-
tionship between UVA and the harmful effects on carcino-
genesis and immunosuppression (Fisher et al. 2002). As the
outermost wall of the human body, skin is damaged by the
primary invasion from the external environment to cause
aging by oxidative stress from UVA (Gibbs et al. 2014;
Giacomoni and Rein 2001). As skin is consistently exposed
to ultraviolet rays, the accumulated UV promotes skin aging
(Gruijl 2000). When exposed to excessive UV, mutations in
DNA sequences inhibit the synthesis between the DNA
structure and protein (Han et al. 2014). Damaged DNA de-
lays the transcriptional activation of the Bax gene and the
progression of the cell cycle (Haase et al. 2003). UVA and
UVB cause apoptosis through different signaling pathways
in HaCaT cells (Karran and Brem 2016). As they are most
closely involved, they are among the subjects of interest in
the field of esthetics (Marionnet et al. 2014). Oxidative
stress from UVA and the products of photochemical reac-
tions induce apoptosis in XP-A cells to induce skin aging
and cancer (Oltvai et al. 1993). UV-induced apoptosis acti-
vates the cellular tumor antigen p53, while other features
determine cell viability and apoptosis, including mito-
chondrial damages, cytochrome C release, caspase cascade
activity through TNF-related apoptosis-inducing recep-
tors, and the balance between apoptosis-inducing proteins
such as Bax, Bak, Bid, and anti-apoptosis proteins such as
Bcl-2, Bel-x], and Bcl-w (Ostling et al. 1984).

The epidermis acts as the moisturizing and defen-
sive wall on the outermost layer of the skin. Compris-
ing over 90% of the epidermis, keratinocytes play an
important role in moisturization and skin rebuilding
(O'Toole 2001; Podda and Grundmann-Kollmann
2001; Pustisek and Situm 2011; Rastogi et al. 2010).
These keratinocytes create oxidative stress through its
direct and consistent exposure to external irritants,
such as UV and pollution (Sander et al. 2002). Chemokine,
cytokine, and growth factors are secreted from the regions
of skin damage by physical and chemical irritations to in-
duce the proliferation and migration of keratinocytes.
Such activities regenerate skin cells and strengthen the
skin wall by promoting the proteins (including collagen)
that comprise the skin.

Oxidative stress from oxygen free radicals influences
almost every human disease. It is a major pathological
factor in gene mutations and skin cell aging that deterio-
rates the normal functions of skin and induces various
skin diseases, the functional deterioration of keratino-
cytes, inflammation, and necrosis of cells (Schultz and
Wysocki 2009). Many researchers are studying sub-
stances that protect skin cells from such oxidative stress.
Polyphenol compounds express antioxidant activity in
combination with giant molecules. Flavonoids, a type of
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polyphenol compounds, prevent oxidization of lipids
and eliminate oxygen free radicals to prevent aging.

Scutellarin, the subject of this study, is a type of flavonoid
and an ingredient contained in skullcap (Scutellaria indica
L.). Many previous studies have examined the protective
effects of scutellarin against oxidative stress and apoptosis,
but little attention has been paid to its effects on skin. This
study examines the anti-apoptotic effects of scutellarin
against oxidative stress induced by UVA in keratinocytes.
In relation to the anti-apoptotic effects of scutellarin, this
study examines the cell strains, loss in mitochondrial mem-
brane potential difference, and changes in tailed DNA in
HaCaT cells irradiated by UVA in the sub-G1 phase. In
addition, this study examines whether BAX gene expres-
sion is regulated by scutellarin in human keratinocytes that
are altered by UVA irradiation. The results reveal the anti-
apoptotic effects of scutellarin on human keratinocytes al-
tered by UVA and suggest the applicability of scutellarin as
an anti-aging cosmetic ingredient.

Methods

Cell culture and sample treatment

HaCaT cells (ATCC, USA) were used as human keratino-
cytes for this experiment. For cell culture, DMEM (Hyclone,
USA) was used as the medium, containing 10% fetal bovine
serum (FBS; Hyclone) and 1% penicillin/streptomycin,
cultured at 37 °C with 5% CO,. Scutellarin (Sigma-Aldrich,
USA) in powder form was dissolved in dimethyl sulfoxide
(DMSO; Sigma-Aldrich) for the experiment. UVA was irra-
diated at 10 J/cm? through a UV-A lamp (UVP, USA).

Measuring the cell viability

The EZ-Cytox cell viability assay Kit (Itsbio, Korea) was
used to test for cell toxicity of scutellarin. The WST-1
assay was used to measure the absorbance of formazan,
generated by the dehydrogenase of the mitochondria.
One hundred microliters of HaCaT cells (3 x 10® cells/
well) was divided into each well of a 96-well plate and
cultured for 24 h. Scutellarin and UVA were treated in
adequate concentrations and then cultured for 24 h. Ten
microliters of the EZ-Cytox kit reagent was added to the
cultured cells and then cultured for 1 h. Absorbance was
measured at 450 nm using a microplate reader (Bio-Rad,
USA). The experiment was repeated for three times to
calculate the mean of cell viability.

mRNA extraction and cDNA synthesis

mRNA was extracted from the cultured cells using the
Trizol reagent (Invitrogen, USA). The purity of the
extracted mRNA was measured with a Nanodrop (Maes-
trogen, USA), and only mRNA with a 260/280 nm ratio
of > 1.8 was used in the experiments. cDNA was synthe-
sized using M-MLV reverse transcriptase (Enzynomics,
Korea) using 1 pug of RNA.
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Quantitative real-time polymerase chain reaction

SYBR green (Invitrogen) was used to quantitatively
analyze the patterns of gene expression in BAX mRNA
caused by UVA and scutellarin in HaCaT cell. LineRNA
K (BioER, China) was used to perform the polymerase
chain reaction (PCR). The significance of the PCR re-
sults was verified with a melting curve. For each gene
expression, fS-actin was used as a standard for compari-
son. The primer sequences used for the experiment are
shown in Table 1.

MDA assay

The malondialdehyde level was measured through color-
imetry, while the lipid peroxidation (MDA) assay kit
(Abcam, UK) was used to determine which peroxided
lipid reacted with thiobarbituric acid (TBA) and was de-
tected through colorimetry. HaCaT (1 x 10° cells/ml) cells
were divided into a 96-well plate, where scutellarin was
pre-processed at concentrations of 1, 5, and 10 uM and
subsequently irradiated by UVA and then cultured for
24 h. The cells were homogenized in ice with MDA lysis
buffer, and 200 ul of the supernatant was separated by
centrifugation (13,000xg, 10 min). Six hundred microliters
of TBA solution was poured into each test tube and then
cooled to 95 °C for 1 h then in ice for 10 min for analysis
in 96 wells by 200 pl. A microplate reader (Bio-Tek, USA)
was used to measure absorbance at 586 nm.

Cell cycle analysis

A BD FACSCalibur flow cytometer (BD Biosciences, USA)
was used to measure cell number in the sub-G1, G1, S,
and G2/M phases to analyze the cell cycles. HaCaT cells
(2 x 10° cells/well) were inoculated onto a 60-mm culture
dish and then cultured for 24 h. Scutellarin at concentra-
tions of 1, 5, and 10 puM was added and irradiated by UVA
and then cultured for 24 h. The cultured cells were har-
vested, centrifuged for 5 min at 5000 rpm and 4 °C, and
precipitated. Next, the supernatant was removed, and the
cell pellet was suspended in 300 pl of PBS. While vortex-
ing, 700 pl of absolute ethanol was added slowly and then
stored at 4 °C for 3 h to immobilize the cells. One milli-
liter of PBS was added and centrifuged for 5 min at
5000 rpm at 4 °C to remove the supernatant. Two hun-
dred microliters of the pellet was released in propidium
iodide staining buffer (propidium iodide 50 pg/ml, RNase
0.1 pg/ml, 0.05% Triton X-100; all from Sigma-Aldrich)
and incubated at 37 °C for 1 h. After centrifugation at
5000 rpm and 4 °C for 5 min to remove the supernatant

Table 1 List of primers used in this study

Gene Forward primer Reverse primer
BAX CCcC CTACTTTGCCAGCAA  CCCGGAGGAAGTCCAATGT
B-actin  GGATTCCTATGTGGGCGACGA  CGCTCGGTGAGGATCTTCATG
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and a PBS wash, the pellet was released with 1 ml of PBS.
Finally, the cell number was measured in each phase of
the cell cycle with a flow cytometer.

Mitochondrial membrane potential assay

JC-1 (5,5',6,6 -tetrachloro-1,1",3,3"-tetraethylbenzimida-
zolylcarbocyanine iodide) mitochondrial membrane po-
tential assay kit (Cayman chemical, USA) was used to
perform an experiment on mitochondrial membrane
potential to examine the effects of the sample on mito-
chondria. After cell seeding, samples were cultured for
24 h and then re-cultured for an additional 24 h after
sample treatment and stimulus processing. Then, it was
incubated at 37 °C for 20 min after adding JC-1, a fluor-
escent dye, and then washed twice in DPBS buffer
(100 pl/ml of culture medium). Fluorescence was mea-
sured using a flow cytometer (red: excitation 550 nm,
emission 600 nm/green: excitation 485 nm, emission
535 nm). The red/green fluorescence ratio was measured
to determine mitochondrial depolarization.

Comet assay (single cell gel electrophoresis)

DNA tail was examined using a Comet assay reagent kit
(Trevigen, USA) by measuring DNA damage. As a research
method for studies on gene damage, the Comet assay was
first introduced by Ostling and Johanson (Apoptosis 2009)
to directly examine DNA damage across cellular levels. It
uses electrophoresis, such that the migration rate is in-
versely proportional to the molecular mass. The analytical
results show a comet-like shape through a microscope.
LMAgarose was completely melted for 5 min, wrapped
with a cap, and then sufficiently cooled in a water bath at
37 °C. LMAgarose (at 37 °C) was melted in 1 x 10° cell per
milliliter cells and mixed at 1:10 (v/v), and 50 pl was placed
on the comet slide at 4 °C for 10 min. The slide was
immersed in an alkaline solution at room temperature.
After the slide was placed and sealed in the alkaline electro-
phoresis solution, it underwent electrophoresis at 21 V for
30 min. After electrophoresis, it was immersed in distilled
water twice for 4 min, and then, the electrophoresis solu-
tion was removed before being immersed in 70% ethanol
for 5 min. It was dried at 37 °C for 15 min. The dry agarose
gel was placed in 100 pl of SYBR Gold and then stained in
a dark room for 30 min. Next, it was lightly rinsed in water
to remove the remaining stain. The completely dried agar-
ose gel at 37 °C was observed through a microscope.

Statistical analysis

All experiments for this study were repeated three times
under the same conditions. The findings are expressed as
mean * standard deviation. Statistical significance was
determined using a Students ¢ test, with significance
values reported as follows: *p <0.05, **p<0.01, **p<
0.001, #p < 0.05, ##p < 0.01, and ###p < 0.001.
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Results

Protection of scutellarin against cell toxicity following
UVA irradiation

To examine the cell toxicity of scutellarin in HaCaT
cells, scutellarin was treated in HaCaT cells at concentra-
tions of 0, 0.5, 1, 5, and 10 pM and cultured for 24 h
and cell viability was measured using WST-1. No cell
toxicity was detected at any of the concentrations (Fig. 1).
On the other hand, HaCaT cells cultured in the presence
of different concentrations of scutellarin following UVA
irradiation showed cell viability of 61% in HaCaT cells in
the UVA-irradiated group, in contrast to the non-treated
control group. However, the cell viability varied in a
concentration-dependent manner, with viabilities of 68,
75, 84, and 90% for concentrations of 0.5, 1, 5, and
10 uM, respectively (Fig. 2).

Changes in lipid peroxidation due to scutellarin in HaCaT
cells irradiated with UVA

This experiment confirmed the inhibitive effect of
scutellarin in intracellular lipid peroxidation induced
by UVA. When HaCaT cells were irradiated by UVA
(10 J/cm?), lipid peroxidation increased 3.63 times more
than that in the non-treated control group, whereas it
decreased in a concentration-dependent manner, with
values that were 2.06, 1.38, and 0.97 times greater due to
increasing concentrations of scutellarin (1, 5, and 10 pM,
respectively) (Fig. 3).

Changes in sub-G1 by scutellarin in HaCaT cells irradiated
by UVA

The cell cycle was analyzed to examine how scutel-
larin protects cells from toxicity following UVA
irradiation. HaCaT cells were stained with PI to
measure the cell cycle progress with a flow cyt-
ometer. The changes caused by scutellarin in UVA-
irradiated HaCaT cells in the sub-G1 phase were
examined. When irradiated by UVA (10 J/cm?), the
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Fig. 1 Cytotoxicity of scutellarin on HaCaT cells. HaCaT cells (3 x 10%)
were seeded on a 96-well plate and then incubated for 24 h. Then, the
cells were treated with 0.5, 1, 5, and 10 uM of scutellarin in each well.
After additional incubation, cell viability of scutellarin in HaCaT cells
was measured by the WST-1 assay. The graph represents the M + SD of
the relative cell viability in each sample from triplicate experiments
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Fig. 2 Cytotoxicity of scutellarin on HaCaT cells. HaCaT cells (3 x 10%)
were seeded on 96-well plate and then incubated for 24 h. Then, the
cells were treated with 0.5, 1, 5, and 10 uM of scutellarin in each well.
After additional incubation, cell viability of scutellarin in UVA-irradiated
HaCaT cells was measured by the WST-1 assay. The graph represents the
M+ SD of the relative cell viability in each sample from triplicate
experiments (*p < 0,05, **p < 001 compared with 10 J/cm?® UVA-
irradiated cells without scutellarin; ###p < 0.001 compared with negative
controls that were not treated with scutellarin and UVA irradiation)

number of HaCaT cells increased in the sub-Gl1
phase by 228%, in contrast to the non-treated con-
trol group, but decreased by 188, 140, and 120%, in
a concentration-dependent manner, in the experi-
mental group treated by scutellarin in the concentra-
tions of 1, 5, and 10 pM, respectively. Cell number
and apoptosis increased due to UVA in the sub-G1
phase but decreased when cells were pre-processed
with scutellarin to inhibit apoptosis. Scutellarin nor-
malized the cell cycle to protect the cells (Fig. 4).
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Fig. 3 Effect of scutellarin on UVA-induced lipid peroxidation in
HaCaT cells. The lipid peroxidation analysis was examined by the
lipid peroxidation (MDA) assay. Prior to UVA, the cells were
pre-treated with various concentrations of scutellarin. HaCaT cells
were homogenized on ice with the MDA lysis buffer and centrifuged
(13,000xg, 10 min) to separate the supernatant (200 ul). The TBA
solution (600 pl) was added to each test tube for 1 h at 95 °C, and
10 min on ice, and dispensed in a 96-well by 200 pl for analysis. A
microplate reader (Bio-Tek, USA) was used to measure in 586 nm.
(**p < .01, **p < 001, ##Hip < 001)
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Fig. 4 Effect of scutellarin on sub-G1 phase in UVA-induced HaCaT
cells. HaCaT cells (2 x 10°) were seeded on a 60-mm culture dish and
then incubated for 24 h. Prior to UVA, the cells were pre-treated with
various concentrations of scutellarin. Then, the cells were washed with
PBS and induced by 10 J/em? UVA. After further incubation for 24 h,
cell cycle was determined by the propidium iodide staining and flow
cytometry (*p < .05, **p < .01, **p < 001, ###p < .001)

BAX mRNA expression regulation by scutellarin in UVA-
irradiated HaCaT cells

The experiment confirmed that Bax mRNA was regulated
by scutellarin in UVA-irradiated HaCaT cells. Bax reacts in
the opposite way to Bcl-2 to promote apoptosis (Wang et al.
2016). When irradiated by UVA (10 J/cm?), the BAX mRNA
expression was upregulated by 9.7 times relative to the non-
treated control group, whereas it was downregulated by 7.4,
4.7, and 2.5 times in the experimental group treated across
the various scutellarin concentrations (1, 5, and 10 uM)
(Fig. 5). Scutellarin protected the cells by inhibiting apop-
tosis of keratinocytes through the intrinsic pathway.

Effect of scutellarin on mitochondrial membrane potential
in UVA-irradiated HaCaT cells

As a fluorescence stain, JC-1 is used for studies on mito-
chondrial membrane potential. It turns red in normal cells
that generate J-aggregate but turns green in apoptotic cells
due to the changes in membrane permeability, preventing
the synthesis of ATP and lowering the concentration of
JC-1 to exist in monomer. The changes in mitochondrial
membrane potential (4¥m) caused by scutellarin in UVA-
irradiated HaCaT cells were examined. When irradiated by
UVA (10 J/cm?), A¥m decreased in HaCaT cells by 36%,
in contrast to the non-treated control group. However, it
increased in the experimental group treated with scutel-
larin at concentrations of 1, 5, and 10 uM by 58, 82, and
92%, in a concentration-dependent manner (Fig. 6).

Changes in tailed DNA by scutellarin in UVA-irradiated
HaCaT cells

The comet assay was used to measure intracellular
DNA damage. When irradiated by UVA (10 J/em?),
DNA tail in HaCaT cells increased 3.7 times relative
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Fig. 5 Effect of scutellarin on Bax mRNA in UVA-induced HaCaT cells.
HaCaT cells (2 x 105) were cultured for 24 h after cell seeding and then
used in experiments. In order to examine the protective effects of
scutellarin against UVA, cells were pretreated with 1, 5, 10 uM of
scutellarin and then the cells were washed with PBS followed by UVA
irradiation. After further incubation for 24 h, the expression of BAX mRNA
was determined by the gRT-PCR. The graph represents the mean + SD
of the relative expression level of BAX mRNA in each sample from

triplicate experiments. (*p < .01, **p < 001, #i#p < .001)

to the non-treated control group, presumably due to
DNA damage by UVA irradiation. In the experimental
group, where scutellarin was treated at concentrations
of 1, 5, and 10 uM, DNA tail decreased by 2.2, 1.4,
and 1.3 times, respectively. As a result, increased
DNA damage due to UVA irradiation was protected
by scutellarin, which inhibited damage (Fig. 7).
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Fig. 6 Effect of scutellarin on 2¥m in UVA-induced HaCaT cells. JC-1
(5,5'6,6-tetrachloro-1,1',3,3"tetraethyl-benzimidazolylcarbocyanine
iodide) mitochondrial membrane potential assay kit (Cayman
chemical, USA) was used. HaCaT cells were cultured for 24 h after
cell seeding and re-cultured for another 24 h after sample and
stimulus processing to the cells. After adding JC-1 for reaction for
20 min in 37 °C, it was washed twice with DPBS buffer (100 pl/ml of
culture medium). Each florescence was measured by a flow
cytometer (red: excitation 550 nm, emission 600 nm/green:
excitation 485 nm, emission 535 nm). The red/green fluorescence
ratio was measured and indicated in mitochondrial depolarization

(*p < 01, **p < 001, ###p < 001)
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Fig. 7 Effect of scutellarin on tailed DNA in UVA-induced HaCaT cells.
Comet assay reagent kits (Trevigen, USA) were used. After completely
dissolving LMAgarose for 5 min, the cells at a concentration of 1 x 10°
and LMAgarose were mixed in a 1:10 (v/v) ratio. Then, 50 pL of the
mixture was placed on the Comet slide. With the slides in an alkaline
electrophoresis solution, the cells were electrophoresed at 21V for

30 min. They were dyed for 30 min with the dried agarose gel in SYBR
Gold. Then, the fully dried 37 °C agarose gel was observed using a
fluorescence microscope. The graph represents the mean =+ SD of the
relative expression level of tailed DNA in each sample from triplicate
experiments. (**p < .01, ###p < .001)

Discussion

Scutellarin is reported to prevent ischemic heart disease-
related damage by decreasing apoptosis and oxidative stress,
inhibiting MDA production, causing mitochondrial mem-
brane potential (MMP) loss, and increasing Bax gene ex-
pression in damaged cardiomyocytes (Wang et al. 2016).
Harmful reactive oxygen species are naturally produced in
vivo as a byproduct of oxygen consumption. In addition to
ultraviolet (UV) rays, external and internal environmental
factors disturb the balance of reactive oxygen species, and a
chain reaction caused by excess levels of reactive oxygen
species facilitates aging, skin thickening, wrinkle formation,
and inflammation, which lead to a variety of skin diseases
(Bickers and Athar 2006; Campisi 1998). In HaCaT, UVA
increases oxidative stress by decreasing glutathione (GSH)
levels (Assefa et al. 2005), which leads to DNA cleavage and
damage, chromosomal anomalies, and carcinogenesis
(Wischermann et al. 2008). Skin is susceptible to oxidative
stress because it is frequently exposed to UV rays and has a
high content of lipids, which are extremely vulnerable to at-
tacks by reactive oxygen species. Lipids destroyed by UV ex-
posure are highly reactive and have toxicity similar to that
of reactive oxygen species, and these lipid peroxides attack
and damage cells. To examine the antioxidant activity of
scutellarin in UVA-irradiated HaCaT cells, a lipid peroxida-
tion test was performed, and it showed that scutellarin has
an antioxidant activity. When apoptosis (which is different
from necrosis) occurs, double helical DNA in the nucleus is
cleaved at the junctions between nucleosomes, generating
truncated fragments of 180-200 base pairs (Vaux 1993).
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DNA cleavage between nucleosomes is regulated by en-
zymes, such as Ca/Mg-dependent restriction enzymes, de-
oxyribonuclease II, and Mg-dependent restriction enzymes
(Counis and Torriglia 2000). Diseases caused by the abnor-
mal suppression of apoptosis include cancers, autoimmune
diseases, and viral infections, whereas diseases caused by
the abnormal increase of apoptosis include acquired im-
mune deficiency syndrome (AIDS), Alzheimer’s disease,
myelodysplastic syndrome, and ischemia-related diseases
(Carson). Apoptosis progression in cells is dependent on
the extent of cellular damage, intracellular calcium levels,
and intracellular adenosine triphosphate (ATP) levels
(Eguchi et al. 1997). Bcl-2 family genes are divided into an
anti-apoptosis group, including Bcl-2 and Bcl-xl, which sup-
press cytochrome C release through a protein complex
located in the mitochondrial outer membrane, and a pro-
apoptosis group, including Bax, Bad, and Bid. The latter
move into the mitochondria and induce cytochrome C re-
lease following the death signal. As apoptosis progresses,
there is an increase in the number of sub-G1 phase cells,
which are typically absent, and the number of DNA tails in-
creases because of damaged DNA fragments, leading to the
loss of mitochondrial membrane potential (MMP) differ-
ence. Scutellarin decreases the viability of human colon can-
cer cells and induces apoptosis by controlling the mRNA
expression of p53, Bcl-2, and Bax (Yang et al. 2017). After
irradiating HaCaT cells with 10 mJ/cm? of UVA, the tran-
scriptional regulation of Bax mRNA was examined by qRT-
PCR. Although the level of Bax mRNA rapidly increased, it
decreased in a concentration-dependent manner in the
scutellarin-treated group. In addition, when human colorec-
tal cells were treated with Scutellaria barbata extracts con-
taining scutellarin and analyzed by flow cytometry, the
number of sub-G1 phase cells was significantly increased at
higher concentrations of the extracts in a concentration-
dependent manner, indicating that scutellarin induces apop-
tosis in human colon cancer cells (Goh et al. 2005). The
outer membrane of the mitochondria allows large mole-
cules to be embedded in the intermembrane space, whereas
the inner membrane is responsible for oxidative phosphor-
ylation. During oxidative phosphorylation, protons are
released from the mitochondrial matrix into the intermem-
brane space, producing an electrochemical gradient called
MMP (Evenson et al. 1982). If the mitochondria are ex-
posed to reactive oxygen species, membrane permeability is
changed to form permeation transition pores (Bernardi et
al. 1994). When these pores are opened, cytochrome C is
released from the mitochondria and acts as a cell death sig-
nal. In addition, due to the loss of MMP, ATP cannot be
synthesized and the intracellular Ca** level increases, lead-
ing to apoptosis (Zaidan and Sims 1994). MMP difference
was observed using JC-1, a fluorescent dye. JC-1 is present
as a monomer at low concentrations, when it displays green
fluorescence. At high concentrations, it forms J-aggregates
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that display red fluorescence. Therefore, when mitochondria
with high membrane potentials are observed under a fluor-
escence microscope, JC-1 fluorescence changes from green
to red. The effect of scutellarin on changes in the MMP was
investigated in HaCaT cells using JC-1. This showed that
UVA irradiation decreased the mitochondrial membrane
potential, inducing apoptosis. However, in the scutellarin-
pretreatment group, the membrane potential was rescued
sufficiently to prevent MMP loss. This demonstrates that
scutellarin has a protective effect against oxidative stress-
related apoptosis.

Conclusions

This study examined the cellular protective effects of scutel-
larin in keratinocytes damaged by UVA. No cell toxicity of
scutellarin was observed in keratinocytes, but UVA affected
keratinocytes and increased lipid peroxidation. Scutellarin
inhibited and gradually decreased lipid peroxidation. In
addition, the cell number was reduced in the sub-G1 phase,
which has been discovered rarely in a normal cell cycle. In
HaCaT cells pre-processed with scutellarin, Bax mRNA ex-
pression decreased to promote apoptosis. Finally, scutellarin
protected DNA from damage and decreased loss in mito-
chondrial membrane potential difference due to UVA ir-
radiation. As a consequence of these protective effects for
the skin, scutellarin is a potentially applicable ingredient for
anti-aging cosmetics to protect skin damage from UVA.
Additional studies are needed to verify various effects of
scutellarin for its commercialization.
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