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Ultraviolet B (UVB) irradiation causes skin diseases by inducing cellular oxidative stress, photoaging,
and inflammation. This study aimed to investigate the protective effects of morin against UVB-induced
oxidative stress in normal human dermal fibroblasts (NHDFs). Morin has been reported to be a potential
therapeutic candidate for oxidative stress-mediated diseases, neurodegenerative diseases, and inflamma-
tion. Since morin has been identified as a potential antioxidant, we speculated that morin could alleviate
UVB-induced apoptosis in NHDFs. Cell viability and intracellular reactive oxygen species (ROS)
levels were measured using the MTT assay, H,DCFDA, and the DHE staining method, respectively.
Lipid peroxidation and protein carbonyl formation were tested using ELISA kits. DNA fragmentation
and comet assay were used to assess DNA damage. Apoptotic bodies were analyzed using Hoechst
33342 staining and TUNEL assay. The expression of apoptosis-related proteins was examined using
Western blot analysis. Morin showed a cyto-protective effect by scavenging UVB-induced ROS, in-
creasing the expression of antioxidant-related proteins and inhibiting UVB-induced oxidative alterations
such as lipid peroxidation, protein carbonylation, and DNA damage. Morin protects against UVB-in-
duced cell apoptosis by inhibiting Bcl-2-associated X protein, caspase-9, and caspase-3 expression,
while increasing the expression of the anti-apoptotic protein Bel-2. These effects of morin were con-
ferred through decreased phosphorylation of p38 and c-Jun N-terminal kinase 1/2. The results demon-
strated that morin may be developed as a preventive/therapeutic drug to be used to prevent UVB-in-

duced skin damage.
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Introduction

Nearly 90~99% ultraviolet A (UVA) and 1~10% ultra-
violet B (UVB) solar ultraviolet radiation can be observed
on the earth’s surface [1]. The skin, as the outermost organ,
faces external stress under solar light; therefore, maintaining
skin homeostasis is important to escape from solar light-in-
duced skin cancer [4]. UVB is a well-known inducer of re-
active oxygen species (ROS) that contributes to apoptosis,
photo-aging, and inflammation [6, 17, 36]. UVB has also
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been reported to accelerate skin photo-aging by altering ag-
ing-related protein expression in dermal fibroblasts [9].
Flavonoids have attracted the interest of researchers owing
to their oxygen radical scavenging and antioxidant properties
[5]. Morin (2',3,4',5,7-pentahydroxyflavone) is a yellowish
pigment belonging to the flavonoid family that exists in mills
(Prunus dulcis), fig (Chlorophora tinctoria), and other Mor-
aceae used as food and herbal medicine [31]. Furthermore,
morin plays various roles in oxidative stress-induced diseases,
including neurodegenerative diseases, myocardial ische-
mia-reperfusion injury, and airway inflammation [10, 18, 29].
Recently, many scientists have drawn attention to fla-
vonoid-containing foods, which are recognized as important
anti-cancer adjuncts [2]. In addition, recent studies have pro-
vided evidence that flavonoid products may reduce the risk
of skin cancer [22]. In this study, we explored the therapeutic
potential of morin in UVB-induced skin fibroblast damage

by assessing its antioxidant properties. We also attempted to
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elucidate the cyto-protective mechanism of morin in UVB-in-

duced apoptosis.

Materials and Methods

Cell culture and UVB irradiation

Normal human dermal fibroblasts (NHDF) (Lonza, Wal-
kersville, MD, USA) were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM) containing 10% fetal calf se-
rum and antibiotic-antimycotic solution at 37°C under 5%
CO,. The UVB source was a CL-1000M UV crosslinker
(UVP, Upland, CA, USA), which was used to apply UVB
radiation with an energy spectrum of 280~320 nm (peak in-
tensity, 304 nm).

Cell viability

Cells were treated with morin (Sigma-Aldrich Co., St.
Louis, MO, USA) at 5, 10, 25, 50, and 100 uM or exposed
to UVB (0, 25, 50, 100, 150, and 200 mJ/cmz) and incubated
at 37°C for 24 hr. At this time, 3-(4,5-dimethylthiazol-2- yl)-
2,5-diphenyltetrazolium bromide (MTT; Amresco Inc., Cleve-
land, OH, USA) was added to each well to obtain the for-
mazan crystals, which were dissolved in dimethyl sulfoxide
(DMSO). Finally, the absorbance was measured at 540 nm

using a scanning multi-well spectrophotometer [20].

UV/visible light absorption

To check the light absorption spectra of morin, it was di-
luted in DMSO at a ratio of 1:1,000 (v/v). The solution was
observed under UV light (range, 200~400 nm) using a Bio-
chrom Libra S22 UV/visible light spectrophotometer (Bio-
chrom Ltd., Cambridge, UK).

Intracellular H202 detection

The 2',7'-dichlorodihydrofluorescein diacetate (H,DCFDA;
Molecular Probes, Eugene, OR, USA) method was used to
detect intracellular H,O, level in NHDF cells. For H>O, fluo-
rescence detection, cells were plated on 96 well plate, in-
cubated for 16 hr, and then exposed with UVB (0, 25, 50,
100, 150, and 200 mJ/cmz) alone or co-cultured with morin
(0,5, 10, 25, 50, and 100 pM) followed by exposure to UVB
(100 mJ/ch). After incubation for 30 min, cells were treated
with 25 pM H,DCFDA (Molecular Probes, Eugene, OR,
USA) dye and incubated for another 30 min. DCF fluo-
rescence was measured with a PerkinElmer LS-5B spectro-
fluorometer (Waltham, MA, USA). For image analysis, cells
were seeded onto a chamber glass slide at 0.6x10° cells/well

and cultured for 16 hr. The cells were incubated for 1 hr
with morin (25 pM) and exposed with UVB (100 mJ/cmz).
H,DCFDA (100 uM) was added to each well, and the stained
cells were assessed under a FV1200 laser scanning confocal

microscopy (Olympus, Tokyo, Japan) [24].

Measurement of intracellular superoxide anion
radical level

To detect superoxide anion radical level in the cells, we
estimated the oxidation of dihydroethidium (DHE). The cells
were treated with morin and/or UVB and incubated with DHE
(10 uM) for 30 min. After incubation, fluorescence intensity
was analyzed using a FACSCalibur flow cytometer (BD
Biosciences, San Jose, CA, USA). The intensity of emission
in the red range was assessed based on histograms generated
using CellQuest Pro 5.1 software (Becton-Dickinson, Bed-
ford, MA, USA) and ModFit LT 3.2 software (Verity Soft-
ware House, Topsham, ME, USA).

Western blot analysis

Cells treated with morin and/or UVB were harvested. Then,
the cells were washed once with ice-cold phosphate-buffered
saline and lysed using lysis buffer. The supernatant contain-
ing proteins was collected, and protein concentrations were
determined. Next, the supernatant was divided into aliquots,
which were subjected to electrophoresis on 12% sodium do-
decyl sulfate-polyacrylamide gel. The separated proteins were
transferred onto nitrocellulose membranes and incubated with
the primary and secondary antibodies. Protein bands were ob-
tained with an X-ray film using the enhanced chemilumines-
cence Western blotting detection kit (Amersham, Buckin-
ghamshire, UK). The following antibodies were used: anti-ac-
tin (sc-8432), anti-Bcel-2 (sc-7382), Bcl-2-associated X pro-
tein (Bax; sc-7480), anti-catalase (sc-271803), anti-CuZn su-
peroxide dismutase (CuZnSOD) (sc-17767), anti-gluta-
matecysteine ligase catalytic subunit (GCLC) (sc-390811)
(Santa Cruz Biotechnology, Dallas, TX, USA), anti-caspase-3
(#9662), anti- caspase-9 (#9504), anti-heme oxygenase 1
(HO-1) (#70081), anti-phosphorylated c-Jun N-terminal kinase
(INK)1/2 (#9251), and anti-phosphorylated p38 (#4511) (Cell
Signaling Technology, Beverly, MA, USA).

Lipid peroxidation assay

Lipid peroxidation was detected by measuring the level
of 8-isoprostane, which is a stable end product of lipid perox-
idation, in the NHDF medium. The assay was performed ac-

cording to the instructions of the commercial enzyme im-



munoassay (Cayman Chemical, Ann Arbor, MI, USA) [23].

Protein carbonyl formation

NHDF were pretreated with morin for 1 hr. The cells were
then exposed to UVB radiation and incubated for 24 hr. The
extent of protein carbonyl formation was examined using the
Oxiselect™ Protein Carbonyl ELISA Kit (Cell Biolabs, San
Diego, CA, USA) [35].

DNA fragmentation

Cells were treated with morin and/or UVB was applied
to this experiment. Cellular DNA fragmentation was detected
by analyzing cytoplasmic histone-associated DNA fragments
using a DNA fragmentation assay kit (Roche Diagnostics,
Portland, OR, USA).

Single-cell gel electrophoresis (comet assay)

DNA damage was assessed using the comet assay [28].
The cell suspension was embedded in 1% low-melting agar-
ose and then applied to the surface of the slide with 1% nor-
mal melting agarose. After solidification, the slides were im-
mersed in a solution to lyse the cell membrane. Lysed cells
were subjected to electrophoresis. After washing 3 times with
neutralizing buffer, the slides were stained with ethidium bro-
mide for observation of broken DNA strands using a fluo-
rescence microscope and image analyzer (Komet 5.5, Kinetic
Imaging Ltd, Wirral, UK). The tail length and percentage
of total fluorescence in the comet tails were recorded for 50
cells per slide.

Nuclear staining with Hoechst 33342

The cells were treated with the DNA-specific fluorescent
dye Hoechst 33342 (Biomol GmbH, Hamburg, Germany) to
detect apoptotic bodies. After 10 min of incubation, images
of the nuclear condensation of NHDF were observed under
an Olympus 100 W Mercury Power Supply (Tokyo, Japan)
[20].

Terminal deoxynucleotidyl transferase-mediated
digoxigenin-dUTP nick end labeling (TUNEL) assay

TUNEL assay was performed using an in situ cell death
detection kit (Roche Diagnostics, Mannheim, Germany) ac-
cording to the manufacturer’s instructions [16]. Briefly, flow
cytometry analysis for the TUNEL assay was performed by
seeding the cells on a culture dish at a density of 2x10° cells/
mL. Sixteen hours after plating, cells were treated with morin
and/or UVB. Twenty-four hours later, cells were fixed with
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4% paraformaldehyde for 1 hr at 15~25°C and permeabilized
for 2 min in 0.1% sodium citrate solution containing 0.1%
Triton X-100. After washing in phosphate-buffered saline, the
sections were incubated with the TUNEL reaction mixture
for 1 hr at 37°C. The cells were analyzed using a flow
cytometer. The intensity of emission in the green range was
assessed based on histograms generated by CellQuest Pro 5.1
software (BD) and ModFit LT 3.2 software (Verity Software
House).

Statistical analysis

All measurements were performed in triplicate, and all val-
ues are presented as mean + standard error. Statistically sig-
nificant differences were analyzed using analysis of variance
(ANOVA) with Tukey’s test. A p-value <0.05 was considered
to be statistically significant.

Results

Cyto-protective effect of morin on UVB-exposed
NHDF cells

The cell viability was greater than 95% for all morin con-
centrations used. Therefore, morin was not cytotoxic to
NHDF cells (Fig. 1A). In contrast, the cells exposed to UVB
had low cell viability at doses over 100 mJ/em’, suggesting
intracellular cytotoxicity in NHDF cells (Fig. 1B). However,
morin protected the cells from UVB (100 mJ/cmz)-induced
cell death in a dose-dependent manner, with significantly high
cell viability at doses over 25 uM (Fig. 1C). To further inves-
tigate the cyto-protective effects of morin, we used 25 uM
morin as the optimal concentration for subsequent experi-
ments. Morin absorbed UVB, showing a maximum peak at
271 nm (Fig. 1D). These results indicated that morin protects
cells against UVB-induced cytotoxicity.

Antioxidant effect of morin on intracellular ROS in-
duced by UVB in NHDF cells

Cells were exposed to different doses of UVB to assess
intracellular H>O, generation, and the results showed that
UVB induced intracellular H,O, at a dose of 100 mJ/cm’
(Fig. 2A). Thus, we selected UVB at 100 mJ/em’ as the opti-
mal dose for subsequent experiments. Next, the ROS scav-
enging ability of morin was detected, and the results proved
that morin (25, 50, and 100 uM) significantly reduced UVB-
induced H,O, level (Fig. 2B). Furthermore, under a confocal
microscope, an increase in green fluorescence (intracellular

H>0,) induced by UVB was observed, and morin-treated cells
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Fig. 1. Cyto-protective effect of morin on UVB-exposed NHDF cells. (A) The viability of morin-treated cells at various concen-
trations (5, 10, 25, 50, and 100 pM) in NHDF cells was detected by MTT. (B) The viability of UVB-exposed cells
(25, 50, 100, 150, and 200 mJ/cmz) in NHDF cells was detected by MTT. *signiﬁcantly different from control cells
(p<0.05). (C) The protective effects of morin (5, 10, 25, 50, and 100 uM) in NHDF cells treated with UVB (100 rnJ/cmZ)
were assessed by MTT. *signiﬁcantly different from control cells (p<0.05); #signiﬁcantly different from UVB-exposed
cells (p<0.05). (D) The light/UV absorption of morin was detected by a UV/visible light spectrophotometer. Arrow indicates

the absorbance peak at 271 nm.

presented a low level of H,O, (Fig. 2C). In addition, DHE
staining revealed that UVB-induced superoxide anion radical
generation was blocked by morin (Fig. 2D). To investigate
whether the cyto-protective effect of morin against oxidative
stress was associated with antioxidant enzymes, antioxidant
enzyme-related proteins were measured by Western blot anal-
ysis in morin-and/or UVB-exposed cells. In the presence of
morin, the protein expression levels of catalase, CuZnSOD,
GCLC, and HO-1 were increased within 24 hr (Fig. 2E).
Although the protein expression levels of catalase, CuZnSOD,
GCLC, and HO-1 in UVB-exposed cells were lower than
those in control cells, morin treatment restored these protein
expression in UVB-exposed cells. These results further in-

dicated that morin exerted antioxidant effects in NHDF cells.

Protective effect of morin on macromolecules dam-
aged by UVB

UVB radiation-induced excessive intracellular ROS can

damage cellular macromolecules, such as proteins, mitochon-
dria, nuclear DNA, and lipids [19]. In addition, ROS-induced
8-isoprostane secretion can be detected in skin cells and used
as a specific indicator of lipid peroxidation [27]. The results
showed that 8-isoprostane level was significantly increased
in UVB-exposed cells, and were decreased by morin pretreat-
ment (Fig. 3A). Furthermore, in UVB-exposed cells, protein
carbonyl content was significantly high compared to control
cells; however, morin significantly inhibited UVB-induced
protein carbonyl formation (Fig. 3B). UVB radiation also
causes single- and double-strand breaks and DNA damage
[8]. It was also confirmed that DNA fragmentation, which
was induced by UVB exposure, was suppressed in the pres-
ence of morin (Fig. 3C). Damaged cellular DNA was vi-
sualized by electrophoresis, which produced an elongated nu-
clear tail. Compared with the control group, the cells had
a considerably long nuclear tail after UVB irradiation; how-

ever, in morin-pretreated cells, the nuclear tail was shortened
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Fig. 2. Antioxidant effect of morin on ROS induced by UVB. (A, B) The intracellular H,O, generation was examined by spectro-
fluorometry after H,DCFDA staining (A) in UVB (25, 50, 100, 150, 200 mJ/cmz)-exposed cells and (B) in UVB (100
mJ/cmz)—exposed cells after morin treatment at 5, 15, 25, and 50 pM. *signiﬁcantly different from control (p<0.05);
#signiﬁcantly different from UVB-exposed cells (p<0.05). (C) H,O, level was detected by a confocal microscope after
H>DCFDA staining. (D) Superoxide anion radical was detected by flow cytometry after DHE staining. *signiﬁcantly differ-
ent from control cells (p<0.05); *significantly different from UVB-exposed cells (p<0.05). (E) The expression levels of
catalase, CuZnSOD, GCLC, and HO-1 were monitored by Western blot analysis.

(Fig. 3D). Therefore, the results presented in Fig. 3 suggest
that morin shields lipids, proteins, and DNA from UVB-in-

duced oxidative damage.

Inhibitory effect of morin on UVB-induced apoptosis

To confirm whether morin inhibits UVB-induced apopto-
sis, we determined the amount of apoptotic bodies in UVB-
or morin-pretreated cells. In UVB-exposed cells, apoptotic
body formation was significantly upregulated. In contrast, in
morin-pretreated cells, the number of apoptotic bodies was
decreased (Fig. 4A). UVB-exposed cellular nuclei were stained
with TUNEL reagent and analyzed by flow cytometer. The
number of TUNEL-positive cells, a characteristic of apoptosis,
was significantly higher in UVB-exposed cells (TUNEL-pos-
itive index: 2.08) than in control cells (TUNEL-positive in-
dex: 1) (Fig. 4B). In contrast, TUNEL-positive cells were sig-
nificantly reduced in UVB-exposed cells pretreated with mor-
in (TUNEL-positive index: 1.27) compared to UVB-exposed

cells (TUNEL-positive index: 2.08) (Fig. 4B). Two typical
proteins, Bcl-2 and Bax, are involved in the suppression and
promotion of apoptosis, respectively [30]. In the mor-
in-treated group, Bcl-2 was upregulated and Bax was down-
regulated (Fig. 4C). It is well known that the caspase cascade
is activated during apoptosis caused by UVB exposure [36].
In the UVB-stimulated NHDF cells, the active forms, cleaved
caspase-9 and cleaved caspase-3 were upregulated, whereas
these were downregulated in the morin-pretreated cell group
(Fig. 4C). It was demonstrated that phosphorylation of p38
and JNK 1/2 is activated by UVB-induced apoptosis in der-
mal fibroblasts [21]. As shown in Fig. 4D, our data also re-
vealed that UVB induced phosphorylation of p38, and JNK
1/2. However, morin significantly inhibited the phosphor-
ylation of p38 and JNK following UVB exposure. These re-
sults indicate that morin protects cells against apoptosis in-
duced by UVB via inhibition of p38 and JNK signaling.
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Fig. 3. Protective effect of morin on macromolecules damaged by UVB. (A) Lipid peroxidation was detected by measuring
level of 8-isoprostane in each group. *signiﬁcantly different from control cells (p<0.05); #signiﬁcantly different from
UVB-exposed cells (p<0.05). (B) Carbonyl formation was assessed by the protein carbonyl ELISA Kkit. *signiﬁcantly
different from control cells (p<0.05); #signiﬁcantly different from UVB-exposed cells (p<0.05). (C) DNA fragmentation
was analyzed with the DNA fragmentation ELISA kit. *signiﬁcantly different from control cells (p<0.05); “significantly
different from UVB-exposed cells (p<0.05). (D) Comet assay assessed DNA damage in each group. The fluorescence
of the DNA tail was provided in each group. *signiﬁcantly different from control cells (p<0.05); #signiﬁcantly different

from UVB-exposed cells (p<0.05).

Discussion

UVB-induced cellular disorders can cause a variety of
harmful reactions, including erythema, immunosuppression,
pigmentation, and premature aging [12]. In the skin fibroblast
model, UVB-damaged cells induced senescence via the in-
duction of DNA damage and expression of matrix metal-
loproteinase-1 [14]. In addition, UVB could induce apoptosis
in mouse embryonic fibroblasts, which is regulated by the
p62 signaling pathway [7]. To identify potential protective
compounds, we conducted experiments to determine the pro-
tective effect of morin on UVB-induced apoptosis in NHDF.
This study demonstrated that morin protected NHDF against
UVB-induced oxidative stress and demonstrated that morin
can play a key role in alleviating ROS levels. Morin showed
efficient light absorption at 271 nm, within the UVB range
(280~320 nm). As a result, it is reasonable to presume that
the cyto-protective effects of morin can be applied to inhibit
UVB-induced cell damage.

A review pointed out that excessive ROS can damage vari-
ous macromolecules, such as DNA, lipids, and proteins [25].
Our data show that morin attenuates UVB-induced lipid per-
oxidation, protein carbonylation, and DNA damage in NHDF
cells. Moreover, morin has antioxidant and cyto-protective
effects in V79-4 cells and skin dermal fibroblasts upon oxida-
tive stress exposure [15, 32]. Our data showed that morin
increased the expression of antioxidant-related proteins, such
as catalase, CuZnSOD, GCLC, and HO-1. In addition, the
combination of ROS and DNA damage induced by UVB con-
tributes to skin cell apoptosis [33]. In addition, Bcl-2 is the
target of a UV-inducible apoptosis switch [11]. Our data also
showed a reduction in the formation of apoptotic bodies and
TUNEL-positive cells in morin- and UVB-co-treated cells
compared to UVB-treated cells. In addition, pretreatment with
morin markedly upregulated the expression of the anti-apop-
totic protein Bcl-2 and downregulated the expression of
pro-apoptotic proteins (Bax, active caspase-9, and active cas-
pase-3) induced by UVB. Furthermore, MAPK signaling
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morin inhibited UVB-induced ROS by activating the antioxidant system, and prevented the oxidation of intracellular
macromolecules. In addition, morin inhibited p38 MAPK and JNK1/2 of apoptotic signal pathway activated by UVB.
Thus morin can protect cells from UVB-triggered apoptosis.

plays an important role in controlling cell proliferation, sur-
vival, and death. The p38 and JNK are the main MAPK sub-

family in mammalian cells, and oxidative stress caused by

excessive ROS can initiate apoptotic signaling through phos-
phorylation of p38 and JNK [13, 26, 34]. This study revealed
that UVB-induced p38 and JNK activation was reduced in
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morin-pretreated cells, demonstrating the cyto-protective ef-
fect of morin by enhancing the antioxidant activity in UVB-
induced cells.

In summary, the cyto-protective activity of morin against
UVB radiation is related to the reduction in ROS by activat-
ing the antioxidant system and reducing oxidative damage
to cellular components, which leads to cellular apoptosis (Fig.
5). Therefore, morin can be used as a therapeutic agent to
protect human skin from the harmful effects of UVB irradi-
ation. The above findings can provide a foundation for future
studies to examine the bioavailability and photoprotective
function of morin in vitro to determine the underlying mecha-
nism. Therefore, the above findings provide evidence that
morin could be viewed as a potential therapeutic candidate

for photoprotection of the skin.

Acknowledgment

This research was supported by the 2022 scientific promo-

tion program funded by Jeju National University.

The Conflict of Interest Statement

The authors declare that they have no conflicts of interest

with the contents of this article.

References

1. Avila, A. J., Espinosa, G., Maria G. A. M. D., Benitez,
C. D. M., Hernandez, F. J. C., Flores, D. T., Campos, M.
S., Muiloz, C. J. and Garcia, B. A. M. 2014. Photoprotec-
tion of buddlejacordata extract against UVB-induced skin
damage in SKH-1 hairless mice. BMC Compelemt. Altern.
Med. 14, 281-289.

2. Cao, Z., Zhang, H., Cai, X., Fang, W., Chai, D., Wen, Y.,
Chen, H., Chu, F. and Zhang, Y. 2017. Luteolin promotes
cell apoptosis by inducing autophagy in hepatocellular car-
cinoma. Cell. Physiol. Biochem. 43, 1803-1812.

3. Chang, N. F,, Chen, Y. S., Lin, Y. J,, Tai, T. H., Chen,
A. N., Huang, C. H. and Lin, C. C. 2017. Study of hydro-
quinone mediated cytotoxicity and hypopigmentation ef-
fects from UVB-irradiated arbutin and deoxyarbutin. /nt.
J. Mol. Sci. 18, 10.

4. Holick, M. F. 2020. Sunlight, UV radiation, vitamin D,
and skin cancer: how much sunlight do we need? Adv.
Exp. Med. Biol. 1268, 19-36.

5. Huang, W., Wang, Y., Jiang, X., Sun, Y., Zhao, Z. and Li,
S. 2017. Protective effect of flavonoids from Ziziphus juju-
ba cv. Jinsixiaozao against acetaminophen-induced liver
injury by inhibiting oxidative stress and inflammation in
mice. Molecules 22, 1781.

10.

11.

12.

13.

14.

15.

16.

17.

. Hyun, Y. J, Piao, M. J., Ko, M. H., Lee, N. H., Kang,

H. K., Yoo, E. S., Koh, Y. S. and Hyun, J. W. 2013.
Photoprotective effect of Undaria crenata against ultra-
violet B-induced damage to keratinocytes. J. Biosci. Bio-
eng. 116, 256-264.

. Ito, S., Kimura, S., Warabi, E., Kawachi, Y., Yamatoji, M.,

Uchida, F., Ishibashi-Kanno, N., Yamagata, K., Hasegawa,
S., Shoda, J., Tabuchi, K., Sakai, S., Bukawa, H., Sekido,
M. and Yanagawa, T. 2016. p62 modulates the intrinsic
signaling of UVB-induced apoptosis. J. Dermatol. Sci. 83,
226-233.

. Jeayeng, S., Wongkajornsilp, A., Slominski, A. T., Jira-

watnotai, S., Sampattavanich, S. and Panich, U. 2017. Nrf2
in keratinocytes modulates UVB-induced DNA damage
and apoptosis in melanocytes through MAPK signaling.
Free Radic. Biol. Med. 108, 918-928.

. Kang, W., Choi, D. and Park, T. 2020. Decanal protects

against UVB-induced photoaging in human dermal fibro-
blasts via the cAMP pathway. Nutrients 12, 1214.
Kataria, R., Sobarzo-Sanchez, E. and Khatkar, A. 2018.
Role of morin in neurodegenerative diseases: a review.
Curr. Top. Med. Chem. 18, 901-907.

Kim, J., Kim, M. B., Yun, J. G. and Hwang, J. K. 2017.
Protective effects of standardized Siegesbeckia glabre-
scens extract and its active compound kirenol against UVB-
induced photoaging through inhibition of MAPK/NF-kB
pathways. J. Microbiol. Biotechnol. 27, 242-250.

Kim, K. M., Im, A. R., Lee, S. and Chae, S. W. 2017.
Dual protective effects of flavonoids from Petasites japo-
nicus against UVB-induced apoptosis mediated via HSF-1
activated heat shock proteins and Nrf2-activated heme
oxygenase-1 pathways. Biol. Pharm. Bull. 40, 765-773.
Knezevic, D., Zhang, W., Rochette, P. J. and Brash, D.
E. 2007. Bcl-2 is the target of a UV-inducible apoptosis
switch and a node for UV signaling. Proc. Natl. Acad.
Sci US4. 104, 11286-11291.

Lee, J. J., Kim, K. B., Heo, J., Cho, D. H., Kim, H. S.,
Han, S. H., Ahn, K. J, An, L. S., An, S. and Bae, S. 2017.
Protective effect of Arthrospira platensis extracts against
ultraviolet B induced cellular senescence through in-
hibition of DNA damage and matrix metalloproteinase-1
expression in human dermal fibroblasts. J. Photochem.
Photobiol. B 173, 196-203.

Lee, M. H., Cha, H. J., Choi, E. O., Han, M. H., Kim,
S. O, Kim, G. Y., Hong, S. H., Park, C., Moon, S. K.,
Jeong, S. J., Jeong, M. J., Kim, W. J. and Choi, Y. H.
2017. Antioxidant and cytoprotective effects of morin
against hydrogen peroxide-induced oxidative stress are as-
sociated with the induction of Nrf-2-mediated HO-1 ex-
pression in V79-4 Chinese hamster lung fibroblasts. Int.
J. Mol. Med. 39, 672-680.

Lee, M., Song, B. J. and Kwon, Y. 2014. Ethanol mediates
cell cycle arrest and apoptosis in SK-N-SH neuroblastoma
cells. J. Cancer Prev. 19, 39-46.

Lin, T. Y., Wu, P. Y., Hou, C. W, Chien, T. Y., Chang,
Q. X., Wen, K. C, Lin, C. Y. and Chiang, H. M. 2019.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Protective effects of sesamin against UVB-induced skin
inflammation and photodamage in vitro and in vivo. Bio-
molecules 9, 479.

Ma, Y., Ge, A., Zhu, W,, Liu, Y. N, Ji, N. F., Zha, W.
J., Zhang, J. X., Zeng, X. N. and Huang, M. 2016. Morin
attenuates ovalbumin-induced airway inflammation by
modulating oxidative stress-responsive MAPK signaling.
Oxid. Med. Cell. Longev. 2016, 5843672.

Madduma, H. S. R., Piao, M. J., Kim, K. C., Cha, J. W.,
Han, X., Choi, Y. H., Chae, S. and Hyun, J. W. 2015.
Galangin (3,5,7-trihydroxyflavone) shields human kerati-
nocytes from ultraviolet B-induced oxidative stress. Bio-
mol. Ther. 23, 165-173.

Maria, K., Gemma, A. B., Giovanna, B., Paul, K. T. L.
and Marie, G. 2016. Novel bisnaphthalimidopropyl (BNIPs)
derivatives as anticancer compounds targeting DNA in hu-
man breast cancer cells. Org. Biomol. Chem. 14, 9780-
9789.

Mavrogonatou, E., Angelopoulou, M., Rizou, S. V., Pratsi-
nis, H., Gorgoulis, V. G. and Kletsas, D. 2022. Activation
of the INKs/ATM-p53 axis is indispensable for the cyto-
protection of dermal fibroblasts exposed to UVB radiation.
Cell Death Dis. 13, 647.

Mohit, R., Praveen, K. K., Abhijeet, M. and Rana, P. S.
2018. Flavonoids inhibit chronically-exposed arsenic-in-
duced proliferation and malignant transformation of HaCaT
cells. Photodermatol. Photoimmunol. Photomed. 34, 91-101.
Morita, M., Naito, Y., Yoshikawa, T. and Niki, E. 2016.
Plasma lipid oxidation induced by peroxynitrite, hypo-
chlorite, lipoxygenase and peroxyl radicals and its inhibi-
tion by antioxidants as assessed by diphenyl-1-pyrenyl-
phosphine. Redox. Biol. 8, 127-135.

Ryu, Y. S., Fernando, P. D. S. M., Kang, K. A., Piao, M.
J., Zhen, A. X,, Kang, H. K., Koh, Y. S. and Hyun, J. W.
2019. Marine compound 3-bromo-4,5-dihydroxybenzal-
dehyde protects skin cells against oxidative damage via
the Nrf2/HO-1 pathway. Mar. Drugs 17, 234.

Singh, A., Kukreti, R., Saso, L. and Kukreti, S. 2019. Oxi-
dative stress: A key modulator in neurodegenerative dis-
eases. Molecules 24, 1583.

Son, Y., Kim, S., Chung, H. T. and Pae, H. O. 2013. Reac-
tive oxygen species in the activation of MAP kinases.
Methods Enzymol. 528, 27-48.

Suridjana, I., Herrmanna, N., Adibfarb, A., Saleema, M.,
Andreazzac, A., Ohd, P. I. and Lanctote, K. L. 2017. Lipid
peroxidation markers in coronary artery disease patients
with possible vascular mild cognitive impairment. J.
Alzheimer’s Dis. 58, 885-896.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Journal of Life Science 2023, Vol. 33. No. 4 313

Vercosa, C. J., Moraes Filho, A. V., Castro, {. F. A., Santos,
R. G. D., Cunha, K. S., Silva, D. M. E., Garcia, A. C.
L., Navoni, J. A., Amaral, V. S. D. and Rohde, C. 2017.
Validation of comet assay in oregon-R and wild type
strains of drosophila melanogaster exposed to a natural
radioactive environment in brazilian semiarid region.
Ecotoxicol. Environ. Saf. 141, 148-153.

Verma, V. K., Malik, S., Mutneja, E., Sahu, A. K., Bhatia,
J. and Arya, D. S. 2020. Attenuation of ROS-mediated
myocardial ischemia-reperfusion injury by morin via regu-
lation of RISK/SAPK pathways. Pharmacol. Rep. 72, 877-
889.

Wang, Q., Zhang, L., Yuan, X, Ou, Y., Zhu, X., Cheng,
Z., Zhang, P, Wu, X,, Meng, Y. and Zhang, L. 2016. The
relationship between the Bcl-2/Bax proteins and the mi-
tochondria-mediated apoptosis pathway in the differen-
tiation of adipose-derived stromal cells into neurons. PLoS
One 11, ¢0163327.

Xie, M. X., Long, M., Liu, Y., Qin, C. and Wang, Y. D.
2006. Characterization of the interaction between human
serum albumin and morin. Biochim. Biophys. Acta 1760,
1184-1191.

Yong, H. J. and Ahn, J. J. 2018. Antioxidant and skin
protection effect of morin upon UVA exposure. Biomed.
Dermatol. 2, 12.

Zhang, D., Lu, C,, Yu, Z., Wang, X., Yan, L., Zhang, J.,
Li, H., Wang, J. and Wen, A. 2017. Echinacoside alleviates
UVB irradiation-mediated skin damage via inhibition of
oxidative stress, DNA damage, and apoptosis. Oxid. Med.
Cell. Longev. 2017, 6851464.

Zhen, A. X., Hyun, Y. J., Piao, M. J., Fernando, P. D.
S. M,, Kang, K. A., Ahn, M. J., Yi, J. M., Kang, H. K.,
Koh, Y. S., Lee, N. H. and Hyun, J. W. 2019. Eckol in-
hibits particulate matter 2.5-induced skin keratinocyte
damage via MAPK signaling pathway. Mar. Drugs 17,
444.

Zhen, A. X., Piao, M. J,, Hyun, Y. J., Kang, K. A., Fernando,
P. D. S. M,, Cho, S. J.,, Ahn, M. J. and Hyun, J. W. 2019.
Diphlorethohydroxycarmalol attenuates fine particulate
matter-induced subcellular skin dysfunction. Mar. Drugs
17, 95.

Zhen, A. X., Piao, M. J,, Hyun, Y. J., Kang, K. A., Ryu,
Y. S, Cho, S. J., Kang, H. K., Koh, Y. S., Ahn, M. J.,
Kim, T. H. and Hyun, J. W. 2019. Purpurogallin protects
keratinocytes from damage and apoptosis induced by ultra-
violet B radiation and particulate matter 2.5. Biomol. Ther.
27, 395-403.



314

BB UTIX] 2023, Vol. 33. No. 4

P
J

(ARl BE REE OIZEAAZFE ZEI9| MY Q17 0| MROIME 2351}

o’ . x5! . gin|A? . 2o} - HEUE T} ClupA| Ato|gl opsEAE - F|2tA 2CiokMEHA
2clz| 230y stA’ - SR

i g

(AFdsta o#ost osta, A Fsta AFdAE FATFAH)

ZAE AEe] 48 2Ed 2, Fu3) dF5S fdste 98 J8s i
B Aotz A A9 B AR f 2 4Hsd 2Ed 2o i 2o
L BERE AEAE 2B 22 upfE A3 A B4 A8 459 AAF
o] LA ZE R EI Q7] B AFolixe o] 3 F A fofA oA
fTE o) ZEA2F 43518 F vty FSTh AZAEET AlX Y

HzDCFDA % DHE 3% @4 WS AHgste] SAs A &id 7}
EE A&3te] A3t DNA ¥4 H, comet assay= 4F8H2 DNA
Fal=dl /\}%Q ST}, Apoptosis /-2 TUNEL #4] 9 Hoechst 33342 AAH S AH83te] B354
COFEEA A TE ool B Western blot 48 AFE3FTH ZH 2 A9 BE fE2H &4
TS 11]7475‘}—’ ksl A A s SUMAA A Aks), el st2 g s} gl DNA &84S oA
st MEE BEsgrh 2de 7‘% OFZEA] 2~ whil A Bel-29] ¥d F7F  Bax, caspase-99t caspase-3
iR Xﬂ?ﬂ'oiw 291 BE A58 AZ AAEERE BREsA olH g EJJr— T3 p38 2 INK
129] Q4L Zhaof o3 wif=H AT wela 2do] A& BE fEd 37 &4 tig 4/ s
EE EE F UASES vERIT

N
Mo to

o, X
AN w

_O|L

> el

=

o 2

T

”

Ly

om%ﬂtm fotr iz

> 2 2
Lo 2B ol B4
ox AL of T fu Lo

ox mE | R4 X
ru

o o &

ﬁ_l}i
NJ}I_,[U

-VJ-Z
> =3

ﬁ;»—]
r—[u:

m

E L

w2

>

ﬁ

o
\l
i

O oo o & & fror2

[e5



