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Abstract

Context: UV radiation is a major external factor that harms the skin, causing photoaging and cancer through DNA damage and oxidative stress. This leads to
cellular senescence and photoaging. Syringaresinol (Syr), a potential antioxidant, has a high possibility of taking part in the prevention of these detrimental
effects from UV exposure.

Aims: To evaluate the protective effects of an antioxidant, Syr, on oxidative stress, DNA damage, and cellular senescence induced by UVB radiation in human
epidermal keratinocytes (HEKs).

Methods: HEKs were treated with Syr at 3, 10, and 30 uM for 24 hours before UVB irradiation at 40 mJ/cm?. The protective effects of Syr on irradiated cells were
assessed by measuring intracellular ROS levels with the DCFDA assay and identifying senescent cells with the SA-B-gal assay. Western blot analysis was
conducted to determine antioxidant enzymes, senescence markers MMPs and p21, transcription factors NF-kB and Nrf2, and MAPKs. ELISA was used to
measure pro-inflammatory cytokine levels and cyclobutane pyrimidine dimer (CPD) photoproducts.

Results: Syr significantly reduced UVB-induced oxidative stress by decreasing intracellular ROS levels and enhancing the cellular antioxidant system, including
Nrf2 and related enzymes. Syr also reduced UVB-induced DNA damage by lowering CPD photoproduct levels. Furthermore, Syr prevented cellular senescence
by reducing the number of senescent cells and levels of senescence-associated secretory phenotype products, including pro-inflammatory cytokines (TNF-a,
IL-1, IL-6), MMP-1, MMP-3, and p21. Additionally, Syr modulated key signaling molecules involved in UV-induced photoaging by decreasing phosphorylated
MAPKs (p38, pERK, pJNK) and nuclear NF-kB levels.

Conclusions: Syringaresinol demonstrated protective effects against UVB-induced oxidative stress, DNA damage, and cellular senescence in HEKs, suggesting
its potential as an antiphotoaging agent.

Keywords: cellular senescence; human epidermal keratinocyte; oxidative stress; syringaresinol; UVB.

Resumen

Contexto: La radiacién UV es un factor externo importante que dafia la piel, causando fotoenvejecimiento y cancer a través del dafio del ADN y el estrés
oxidativo. Esto conduce a la senescencia celular y el fotoenvejecimiento. El siringaresinol (Syr), un antioxidante potencial, tiene una alta posibilidad de
participar en la prevencidn de estos efectos perjudiciales de la exposicion a los rayos UV.

Objetivos: Evaluar los efectos protectores de un antioxidante, Syr, sobre el estrés oxidativo, el dafio del ADN y la senescencia celular inducidos por la radiacion
UVB en los queratinocitos epidérmicos humanos (HEK).

Métodos: Los HEK se trataron con Syr a 3, 10 y 30 uM durante 24 horas antes de la irradiacién UVB a 40 mJ/cm?. Los efectos protectores de Syr sobre las
células irradiadas se evaluaron midiendo los niveles intracelulares de ROS con el ensayo DCFDA e identificando células senescentes con el ensayo SA-B-gal.
Se realiz6 un analisis de transferencia Western para determinar las enzimas antioxidantes, los marcadores de senescencia MMP y p21, los factores de
transcripcion NF-kB y Nrf2, y las MAPK. Se utiliz6 ELISA para medir los niveles de citocinas proinflamatorias y los fotoproductos del dimero de pirimidina de
ciclobutano (CPD).

Resultados: Syr redujo significativamente el estrés oxidativo inducido por UVB al disminuir los niveles intracelulares de ROS y mejorar el sistema antioxidante
celular, incluyendo Nrf2 y enzimas relacionadas. Syr también redujo el dafio del ADN inducido por UVB al reducir los niveles del fotoproducto CPD. Ademas,
Syr previno la senescencia celular al reducir la cantidad de células senescentes y los niveles de productos del fenotipo secretor asociados a la senescencia,
incluyendo las citocinas proinflamatorias (TNF-a, IL-1, IL-6), MMP-1, MMP-3 y p21. Ademas, Syr modulé moléculas de sefializacién clave involucradas en el
fotoenvejecimiento inducido por UV al disminuir los niveles de MAPK fosforiladas (p38, pERK, pJNK) y NF-kB nuclear.

Conclusiones: Syringaresinol demostré efectos protectores contra el estrés oxidativo inducido por UVB, el dafio del ADN y la senescencia celular en HEK, lo
que sugiere su potencial como agente antifotoenvejecimiento.

Palabras Clave: estrés oxidativo; queratinocito epidérmico humano; UVB; senescencia celular; syringaresinol.
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Abbreviations: Syr: Syringaresinol; HEKs: human epidermal keratinocytes; DNA: deoxyribonucleic acid; ROS: reactive oxygen species;
DCFDA: 2',7'-dichlorofluorescein diacetate; SA-p-gal: senescence-associated beta-galactosidase; MMP: matrix metalloproteinase; NF-xB:
nuclear factor-kappa B; Nrf2: nuclear factor erythroid 2-related factor 2; MAPKSs: mitogen-activated protein kinases; ELISA: Enzyme Linked
Immunosorbent Assay; CPD: cyclobutane pyrimidine dimer; SASP: senescence-associated secretory phenotype; TNF-a; tumor necrosis
factor-a; IL-1: interleukin-1; IL-6: interleukin-6; ERK: extracellular signal-regulated kinase; JNK: Jun N-terminal kinases; p38:
phosphorylated p38, pERK: phosphorylated extracellular signal-regulated kinase; pJNK: phosphorylated Jun N-terminal kinases; UV:
ultraviolet; UVB: ultraviolet B; SOD: superoxide dismutase; CAT: catalase; GPx: glutathione peroxidase; HO-1: heme oxygenase-1; *O>-:
superoxide anion; H>Oz: hydrogen peroxide; O2: oxygen molecule; H.O: water; GST: glutathione S-transferase; GR: glutathione reductase;
GCL: y-glutamyl glutamate cysteine ligase; NQO1: NAD (P)H: quinone acceptor oxidoreductase 1; UGT: UDP-glucuronosyltransferases.

INTRODUCTION

The skin is the outermost layer of the body and is
exposed to solar UV radiation, which is considered
one of the major environmental threats (Nguyen and
Soulika, 2019). UV radiation can create a wide range
of skin damage by inducing erythema, edema, sun-
burn, keratinocyte hyperplasia, dryness, premature
wrinkles, or skin cancer (Parrado et al., 2019). Among
solar UV emissions that reach the Earth's surface,
UVB (280-320 nm) is considered more hazardous to
the skin than UVA (320-400 nm) (Anna et al., 2007;
Debacq-Chainiaux et al., 2012). UVB is mainly ab-
sorbed in the epidermis and penetrates the upper part
of the dermis (Cavinato and Jansen-Durr, 2017). Sev-
eral studies have reported that exposure of skin cells,
either epidermal keratinocytes or dermal fibroblasts,
to UVB irradiation causes oxidative stress and DNA
damage, resulting in inflammation, cellular senes-
cence, apoptosis, and gene mutations (Debacq-
Chainiaux et al.,, 2012). It is well documented that
UVB induces cellular oxidative stress by generating
ROS overproduction, which results in the damage of
intracellular proteins, lipids, RNAs, and DNA (Cadet
and Wagner, 2013; Gonzalez Maglio et al., 2016;
Schuch et al., 2017). UVB is a highly energetic photon
that directly damages DNA by generating DNA le-
sions called DNA photoproducts (Al-Sadek and
Yusuf, 2024). The two main photoproducts are cyclo-
butane pyrimidine dimers (CPDs) and pyrimidine (6-
4) pyrimidone photoproducts (6-4PPs). Unrepaired
DNA, after being damaged by both UVB and ROS,
can cause cell cycle arrest, cellular senescence, apop-
tosis, or carcinogenesis (Al-Sadek and Yusuf, 2024;
Cadet et al., 2015; Schuch et al., 2017).

UVB-induced skin photoaging or premature aging
is associated with several changes at the molecular
levels in epidermal keratinocytes. UVB-induced ROS
and DNA damage are involved in activations of main
signaling pathways, including MAPKs and NF-xB
activation (Anerillas et al., 2020; Ansary et al., 2021;
Zhang et al., 2016). Activation of these pathways con-
tributes to the cell cycle arrest and cellular senescence
with the senescence-associated secretory phenotypes
(SASP) or apoptosis. Senescent cells with SASP pro-
duce several secreted products, such as pro-
inflammatory cytokines (TNF-a, IL-1, and IL-6) and
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MMPs. Accumulating of senescent cells with SASP is
associated with the photoaging process (Anerillas et
al., 2020; Wang and Dreesen, 2018; Yasuda et al,
2022).

In response to UV-induced ROS overproduction,
skin cells have several intracellular antioxidants to
counterbalance ROS for maintaining redox homeosta-
sis. Endogenous antioxidants, superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx),
play essential roles in neutralized reactive molecules,
superoxide anion (*O2-) and hydrogen peroxide
(H20») to harmless molecules, oxygen molecules (O-)
and water (H2O) (Masaki, 2010). The basal and in-
duced expression of these and the other antioxidant
proteins are mainly regulated by a transcription fac-
tor, nuclear factor erythroid 2-related factor 2 (Nrf2)
(Gegotek and Skrzydlewska, 2015). Nrf2 is activated
by ROS, which induces the release of cytosolic Nrf2
from Kelch-like ECH-associated protein 1 (Keapl).
Nrf2 then translocates into the nucleus and binds to
the antioxidant response elements (AREs) on the
promoter regions of many antioxidant genes for up-
regulating the expression of these genes (Espinosa-
Diez et al., 2015; Furue et al, 2017; Gegotek and
Skrzydlewska, 2015).

Prevention of ROS overproduction is one of the
strategies for reducing the detrimental effects of solar
UVB on the skin. Previous studies have reported the
protective effects of many antioxidants on UV-
induced photoaging and skin cell damage (Calvo et
al., 2024; Dunaway et al., 2018). Syringaresinol (Syr,
Fig. 1) is a lignan compound found in various plant
species (Li et al., 2020; Liu et al., 2009; Nalinratana et
al., 2023; Park et al., 2015; Shen et al., 2009). Syr has
been reported to exhibit a wide range of pharmaco-
logical activities, including antimicrobials, anti-
inflammatory, and antioxidant activities (Bajpai et al.,
2018; Choi et al., 2022; Miyazawa et al., 2006). In der-
matology research, Syr demonstrated whitening,
wound healing, and anti-aging activities (Choi et al.,
2022; Hwang et al., 2023; Wang et al., 2011). A previ-
ous study revealed antiphotoaging of Syr isolated
from Panax ginseng on UVA-irradiated human
keratinocytes and human dermal fibroblast by inhibit-
ing the activation of MAPK signaling pathways and
the expression of pro-inflammatory cytokines and
MMP-1 (Oh et al., 2020). This study aimed to investi-
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gate the protective effects of Syr from Carallia brachiata
on UVB-induced oxidative stress, DNA damage, and
senescence with SASPs in human epidermal keratino-
cytes in order to provide more information on Syr on
UV-induced photoaging.

MATERIAL AND METHODS

Cell culture

Human epidermal keratinocytes (HEK) (Merck
Millipore, Germany) were maintained in EpiGRO™
human epidermal keratinocyte complete culture me-
dia kit (Merck Millipore, Germany) at 37°C in 5% CO»
with humidified. The cells were subcultured with
0.25% trypsin-EDTA (Gibco, U.S.A.) twice weekly.
Cells with more than 90% viability determined by
0.4% trypan blue (Gibco, U.S.A)) staining at 2 x 10°
cells/ml were used in all experiments in this study.

Syringaresinol

Syringaresinol was isolated from the stems and
barks of C. brachiata and well characterized by spec-
troscopic analysis as described by Nalinratana et al.
(2023).

Figure 1. Structure of syringaresinol.

Resazurin reduction assay

The effect of Syr on HEK viability was determined
by resazurin reduction assay (Bianchini Silva et al,,
2020). HEKs were treated with Syr or vitamin C (Vit
C) at 100 uM for 24 h. The treated cells were incubat-
ed with 50 pg/mL resazurin (Sigma-Aldrich, USA) at
37°C for 4 h. The absorbance was measured at 560 and
600 nm. The viability of the treated HEKs was deter-
mined by comparing them to viable cells in the medi-
um control (0.2% DMSO).

HEK treatment and UVB-irradiation procedure

HEKSs were maintained in the culture medium for
24 h. The cells were treated with Syr 3, 10, 30 uM or
100 pM Vit C for 24 h, washed twice with PBS, and
kept in a thin layer of PBS. The cells were irradiated
with a UVB lamp (Philips 311 nm, TL 20W/01RS;
Philips Lighting Holding BV, The Netherlands) at a
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maximum noncytotoxic concentration, 40 mJ/cm?,
measured by a UVB meter (Jedto Instruments, Thai-
land). The treated and irradiated cells were main-
tained in a fresh culture medium at 37°C for the ap-
propriate times of each experiment (Sobiepanek et al.,
2016).

For evaluating the noncytotoxic concentration of
UVB, HEKs were irradiated with UVB at the total
concentrations of 10 to 300 mJ/cm?. The viability of
the irradiated cells was determined by resazurin re-
duction assay to identify the appropriate noncytotoxic
concentration for this study (Zhao et al., 2022).

2',7'-Dichlorofluorescin diacetate (DCFDA) assay

Intracellular ROS levels were determined by
DCFDA (Sigma-Aldrich, USA) assay. The treated and
irradiated cells were incubated with 30 uM DCFDA at
37°C for 30 min and then washed twice with PBS. The
fluorescence intensities were determined at 485 nm
excitation and 535 nm emission using a fluorescence
microplate reader. Five mM of N-acetyl cysteine were
used as a positive control.

Senescence-associated B-galactosidase (SA-f-gal)
assay

HEKSs senescent was determined by SA-B-gal as-
say using a senescence [3-galactosidase staining kit
(Abcam, USA). The treated and irradiated HEKs were
maintained in the culture medium for 72 h, washed
once with PBS, fixed in 4% paraformaldehyde for 10
min at room temperature, washed twice with PBS,
and stained with staining mixture solution (staining
solution, staining supplement, and 20 mg/mL X-gal)
at 37°C for 24 h. The cell images were taken in at least
two fields (100% magnification ~200-300 cells/field,
total cells at least 500 cells) for each well plate using a
light microscope (Nikon, U.S.A)); at least two well
plates of cells for each condition were assayed in each
experiment. The number of SA-B-gal positive cells
was counted using the Image] software. The senes-
cence rate was determined as the percentage of the
SA-B-gal positive cells out of the total cells (Kim,
2016).

Enzyme-linked immunosorbent assay (ELISA)

The supernatants of the treated and irradiated cells
were collected after 24 h incubation to determine the
levels of TNF-q, IL-1, and IL-6 by ELISA kits (human
TNF-a, IL-1, IL-6) (Immuno Tools, Germany) accord-
ing to the manufacturing protocols.

CPD DNA photoproduct assays

The treated and irradiated HEKs were incubated
for 1 h, and CPD levels were determined by using
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OxiSelect™ UV-Induced DNA Damage ELISA kit
(CPD Quantitation; Cell Biolabs, Inc, USA). Briefly,
DNA was extracted from the cells using a NucleoSpin
Tissue, a mini kit for DNA from cells and tissue (Ma-
cherey-Nagel, Germany) and separated to become the
single strained DNA by incubating at 95°C for 10 min
and rapidly chilling on ice for 10 min. Fifty microliters
of 4 pg/mL of DNA samples were determined by the
CPD-DNA products by using OxiSelect™ UV-
Induced DNA Damage ELISA kit according to the
manufacturing protocol.

Western blot analysis

The levels of proteins of interest were determined
by Western blot analysis. The treated and irradiated
cells were incubated at appropriate times before de-
termining the levels of the proteins. The incubation
times were 1 h for MAPKs and phosphorylated-
MAPKSs (ERK, pERK, JNK, pJNK, p38, p-p38) (Abcam,
USA), 6 h for NF-«xB and Nrf2 (Cell Signaling, USA),
and 24 h for antioxidant enzymes (SOD, CAT (Cell
Signaling, USA), and HO-1 (Abcam, USA)), MMP-1,
MMP-3 (Elabscience Biotechnology Inc, USA), and
p21 (Cell Signaling, USA). Total proteins were isolat-
ed using RIPA buffer (Abcam, USA) containing a
protease and phosphatase inhibitor cocktail (Abcam,
USA), and protein contents were determined by the
bicinchoninic acid (BCA) method (Sigma-Aldrich,
Germany). The nuclear and cytosolic proteins were
isolated using NE-PER™ nuclear and cytoplasmic
extraction reagents (Thermo Scientific™, U.S.A)).
Twenty pg proteins were run on 10% SDS-PAGE gel
and transferred to nitrocellulose membranes. The
membranes were blocked with 5% nonfat dry milk
(blocking solution) for 1 h, incubated with the prima-
ry antibodies in the blocking solution overnight at
4°C, washed with TBST thrice for 5 min intervals,
incubated with horseradish peroxidase-conjugated
secondary antibody (Abcam, USA) in the blocking
solution for 1 h at 37 °C, washed with TBST thrice for
5 min interval, and determined the bands using a
chemiluminescence method. The amounts of the pro-
teins were acquired from images by Image Studio
software (LI-COR) (Gao et al., 2018; Sun et al., 2016;
Veeramani Kandan et al., 2020).

Statistical analysis

Results from three independent experiments were
presented as mean with standard error of the mean
(mean = SEM). The differences between the test com-
pounds and the suitable control were compared using
the analysis of variance (ANOVA) test followed by

https://jppres.com

Syringaresinol prevents UVB-induced cellular damaged in vitro

Dunnett’s post hoc test. SPSS version 22 was used for
statistical analysis. P-values less than 0.05 were con-
sidered to be statistically significant.

RESULTS

Syr prevented oxidative stress in UVB-irradiated
HEKs

UVB at 40 mJ/cm? induced oxidative stress in
HEKSs by increasing intracellular ROS level to 1.8-fold
at 30 min after irradiation (Fig. 2) and decreasing all
investigated antioxidant enzymes (SOD, CAT, and
HO-1) at 24 h after irradiation (Fig. 3A-C). Syr at 3, 10,
and 30 uM prevented the effects of UVB exposure. It
significantly prevented oxidative stress in irradiated
HEKSs by reducing the intracellular ROS to the basal
level of non-irradiated HEKs (Fig. 2). Syr also im-
proved antioxidant activity by increasing the levels of
all investigated antioxidant enzymes (Fig. 3A-C). The
increase of these enzymes was correlated to the in-
crease of the nuclear Nrf2 transcription factor (Fig.
3E). Both Syr and UVB radiation had no effects on
HEK viability, as demonstrated in Fig. 4A-B.

"'ﬂl i

N > N
P & & S &S
o > [\ o

N

=3

=3
)

h
=]
1

h
>
1

ROS (% of non UVB control)

<

UVB 40 mJ/cm?

Figure 2. Effect of Syr on the levels of intracellular
ROS in UVB-irradiated HEKSs.

The cells were treated with Syr, Vit C, or NAC for 24 h,
irradiated with 40 mJ/cm? UVB, maintained in the culture
medium for 30 min, and finally determined intracellular
ROS levels using DCFDA assay. The results are presented
as the mean + SEM of three independent experiments. The
statistical significance of differences was evaluated by
one-way ANOVA followed by Dunnett's test. **p<0.01
compared to the non-irradiated control; “p<0.05, *p<0.01
compared to the UVB-irradiated control.

Syr decreased CPD photoproducts in UVB-
irradiated HEKSs

The CPDs were detected in HEKSs at 1 h after UVB
irradiation. Pretreatment with Syr at 10 and 30 uM
significantly blocked the effect of UVB, as presented
in Fig. 5.
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Figure 5. Effect of Syr on direct UVB-induced DNA
damage in irradiated HEK cells.

The cells were treated with Syr, irradiated with 40 mJ/cm?
UVB, maintained in the culture medium for 1 h, and
determined by CPD-DNA assay.

Results are presented as the mean + SEM of three
independent experiments. Statistical differences: **p<0.01
compared to the non-irradiated control; #p<0.01 compared
to the UVB-irradiated control. CPD: cyclobutane pyrimidine
dimer; DNA: deoxyribonucleic acid.

Histopathological analysis

Syr reduced cellular senescence and the levels of
senescence-associated secretory phenotype (SASP)
products in UVB-irradiated HEKSs.

UVB induced 50% cellular senescence of HEKs at
72 h after irradiation (Fig. 6A-B). The radiation also
increased the protein levels of all investigated SASP
products, including pro-inflammatory cytokines
(TNF-a, IL-1, and IL-6) (Fig. 7A-C), MMPs (MMP-1
and MMP-3), and p21 at 24 h after irradiation (Fig.
8A-C). Pretreatment HEKs with Syr at 3 to 30 uM
before UVB irradiation significantly reduced the
numbers of HEK senescence (Fig. 6A-B) as well as the
SASP products (Fig. 7A-C and Fig. 8A-C). Syr at 30

Syringaresinol prevents UVB-induced cellular damaged in vitro

uM reduced almost all these senescence markers to
the basal levels of non-irradiated HEKSs.

Syr decreased the activation of MAPK signaling
pathways and NF-xB induced by UVB irradiation in
HEKs

UVB-activated MAPK signaling molecules in
HEKs at 1 h after irradiation. It profoundly increased
phosphorylated JNK (p-JNK) and significantly in-
creased p-ERK and p-p38 in the irradiated cells (Fig.
9A-D). It also activated NF-xB by increasing the nu-
clear level of NF-xB (Fig. 9E-F). Syr at 30 pM signifi-
cantly reduced all phosphorylated MAPKs (Fig. 9A-
C). Syr at 3, 10, and 30 pM completely blocked NF-kB
activation by decreasing the nuclear NF-xB to the
basal level of non-irradiated HEKSs (Fig. 9F).

DISCUSSION

It is well-established that oxidative stress is the
critical cause of extrinsic skin aging induced by UV
exposure (Rinnerthaler et al., 2015). Keratinocytes and
fibroblasts are the main cells of the epidermis and the
dermis, respectively, that are easily affected by solar
UVB emission (Cadet et al., 2015). It has been reported
that UV radiation induces ROS production in a dose-
dependent manner in keratinocytes and fibroblasts
(Ansary et al.,, 2021; Bosch et al., 2015; Choi et al,,
2017; Han et al., 2019; Olson et al., 2007; Son et al.,
2011). UVB radiation at high doses induces the over-
production of intracellular ROS, which oxidizes intra-
cellular macromolecules (proteins, lipids, and nucleic
acids), resulting in various harmful effects to the cells,
including cell cycle arrest, senescence with SASP, cell
transformation, and apoptosis (Ansary et al., 2021;
Lingappan, 2018; Qader et al., 2020; Son et al., 2011).
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Figure 6. Effect of Syr on the number of senescent HEKs induced by UVB irradiation.

The cells were treated with Syr or Vit C for 24 h, irradiated with 40 mJ/cm? UVB, and maintained in the fresh medium for 72 h; the senescent cells were
detected by a senescence-associated B-galactosidase staining kit. (A) Percentage of the senescent cells among the total cells in the same selected

The results are presented as the mean + SEM of three independent experiments. The statistical significance of differences was evaluated by one-way
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d control; *p<0.05, **p<0.01 compared to the UVB-irradiated control.
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Figure 9. Effects of Syr on activated MAPK signaling molecules and NF-kB activation in UVB-irradiated HEKs.
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In this study, UVB at a noncytotoxic dose of 40
mJ/cm? induced oxidative stress in the irradiated
HEKs. The radiation caused ROS overproduction and
significantly decreased antioxidant enzymes, SOD
and CAT, when compared to the non-irradiated
HEKs. We demonstrated that Syr can prevent oxida-
tive stress in UVB-irradiated HEKSs. In the irradiated
cells, Syr at 3 to 30 pM decreased intracellular ROS
levels but increased all investigated antioxidant en-
zymes; SOD, CAT, and HO-1. These effects of Syr

https://jppres.com

definitely decreased oxidative stress as well as im-
proved the cellular redox system of the irradiated
cells. We also revealed the effects of Syr on a key tran-
scription factor, Nrf2, of antioxidant proteins. Nrf2
plays a crucial role in the basal and induced expres-
sion of several antioxidant genes containing the anti-
oxidant response element (ARE) (Espinosa-Diez et al.,
2015; Gegotek and Skrzydlewska, 2015). Catalase
(CAT), glutathione S-transferase (GST), glutathione
reductase (GR), y-glutamyl glutamate cysteine ligase
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(GCL), heme oxygenase-1 (HO-1), NAD (P)H: qui-
none acceptor oxidoreductase 1 (NQO1), superoxide
dismutase (SOD) and UDP-glucuronosyltransferases
(UGT) are main cellular antioxidant enzymes that
their gene expression is regulated by Nrf2 (Furue et
al., 2017; Gegotek and Skrzydlewska, 2015). Under
physiological conditions, Nrf2 in the cytosol is inac-
tive and combines with Keapl, which regulates Nrf2
localization and degradation (Baird and Yamamoto,
2020). Intracellular ROS can activate by oxidizing
Keapl, resulting in free Nrf2 that can translocate to
the nucleus to upregulate the expression of its target
genes after binding to the AREs of the genes (Gegotek
and Skrzydlewska, 2015). We found that Syr in-
creased Nrf2 activity in the irradiated HEKs by in-
creasing the Nrf2 level in the nucleus. Several studies
have reported that many natural compounds partially
prevented skin photoaging by activating Nrf2 activity
(Boo, 2020; Chaiprasongsuk et al., 2019; Qader et al.,
2020). These results indicate that Syr decreased oxida-
tive stress in UVB-irradiated HEKSs by reducing intra-
cellular ROS levels while increasing antioxidant en-
zyme levels and Nrf2 activity.

It is evidenced that UVB directly causes DNA
damage and generates CPDs and 6-4PPs as the main
photoproducts (Mohania et al., 2017). High levels of
ROS generated by UVB also can induce oxidative
damage of DNA and generate 8-oxo-7,8-dihydro-2'-
deoxyguanosine (8-oxodG) as the main product.
These DNA lesions are usually removed by DNA
repair mechanisms (Andrés et al., 2023; Battie and
Verschoore., 2012). However, if these DNA damages
are too severe and are not adequately repaired, cells
will undergo cell cycle arrest, cellular senescence,
genetic mutations, cell transformation, or apoptosis
(Schumacher et al., 2021). In this study UVB radiation
at noncytotoxic dose caused direct DNA damage in
the irradiated HEKs by generating CPD photoprod-
ucts within 1 h after exposure. Syr significantly pre-
vented UVB-induced DNA damage by reducing the
levels of CPDs. It is highly possible that Syr may also
reduce oxidative DNA damage generated by UVB-
induced oxidative stress in the irradiated HEKS.
These results postulate that Syr may protect both di-
rect and indirect DNA damage induced by UVB radi-
ation.

The protective effects of Syr on cellular senescence
of the UVB-irradiated HEKs were also investigated in
this study. Senescence with SASP is one of the conse-
quences of UVB-induced DNA damage and oxidative
stress (Low et al., 2021). UVB at 40 mJ/cm? induced
HEK senescence about 56% within 72 h after irradia-
tion when compared to the non-irradiated HEKs.
UVB also generated the senescence-associated secre-
tory phenotype (SASP) products by increasing the

https://jppres.com

Syringaresinol prevents UVB-induced cellular damaged in vitro

levels of pro-inflammatory cytokines (TNF-a, IL-1p,
and IL-6), MMPs (MMP-1 and MMP-3), and p21.

Syr at 3 to 30 uM prevented the senescence of the
irradiated HEKs by significantly reducing the num-
bers of SA-B-gal positive cells. Syr at 30 pM reduced
the levels of all investigated SASP products in the
irradiated HEKs to the basal levels of the non-
irradiated HEKSs. It significantly decreased the levels
of pro-inflammatory cytokines, TNF-a, IL-1p, and IL-
6, in the irradiated HEKs. After UV irradiation, oxida-
tive stress and pro-inflammatory cytokines can stimu-
late the production of MMPs, which contribute to skin
photoaging by degrading extracellular matrix pro-
teins such as collagen (Borg et al., 2013; Pittayapruek
et al.,, 2016). Syr could reduce MMP-1 and MMP-3
levels in the irradiated cells. It also decreased the level
of p21, which is involved in the cell cycle arrest. These
results support the protective effects of Syr on HEK
senescence induced by UVB radiation.

Under oxidative stress conditions, intracellular
ROS can activate several signaling pathways involved
in inflammation, senescence, tumorigenesis, and
apoptosis (Liu et al., 2023). Several studies have
shown that MAPK pathways and NF-xB activation
are the main signaling pathways in UVB-induced skin
damage (Fang et al., 2022; Jin et al., 2023; Limtrakul et
al., 2016). UVB-induced ROS increased the phosphor-
ylation of ERK, JNK, and p38 MAPKSs. These phos-
phorylated enzymes trigger the activation of a tran-
scription factor AP-1 (Kwon et al., 2015). ROS also
plays a role in the activation of IxB kinase to phos-
phorylate IxB, which releases NF-xB and is rapidly
degraded by the proteasome. NF-kB becomes free and
translocates to the nucleus for functioning as a tran-
scription factor (Checa and Aran, 2020). Both AP-1
and NF-«xB are crucial transcription factors for the
expression of MMPs and cytokines involve in SASPs
(He et al,, 2022; Liu et al., 2023). In this study, UVB
profoundly activated JNK and p38 phosphorylation
in the irradiated HEKs within 1 h after irradiation. It
could increase ERK phosphorylation but to a lesser
extent. UVB also activated NF-xB activity in the irra-
diated HEKSs by increasing nuclear NF-xB level within
6 h after irradiation. Many antioxidants have been
demonstrated to reduce UV-induced photoaging by
suppressing MAPK activation, AP-1 and NF-xB activ-
ities, and the production of pro-inflammatory cyto-
kines and MMPs (Calvo et al., 2024; Fang et al., 2022;
Liu et al., 2023; Sun et al., 2016). Syr could reduced the
levels of phosphorylated forms of ERK, JNK, and p38
MAPKSs in the irradiated HEKSs. It is possible that Syr
may reduce the AP-1 activity from the suppression of
MAPK phosphorylation. Syr also suppressed NF-xB
activity by decreasing the level of nuclear NF-xB to
the basal level of the non-irradiated HEKs. These re-
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sults conclude that Syr prevents ROS-mediated
MAPK and NF-xB activation in UVB-irradiated
HEKs. A previous study revealed that Syr inhibited
UVA-induced inflammatory mediator and MMP-1
production in HaCaT keratinocytes by suppressing
the activation of MAPK signaling pathways, which
are upstream activators of AP-1 activation and in-
flammatory response (Oh et al., 2020). Our results
further demonstrated that Syr inhibited MAPK-
mediated cellular senescence with SASP in UVB-
irradiated HEKSs. It is postulated that Syr may have a
protective effect on both UVA- and UVB-induced
keratinocyte damage.

CONCLUSION

Syr revealed the potential antiphotoaging activity
on UVB-irradiated human epidermal keratinocytes by
reducing oxidative stress and suppressing the activa-
tion of MAPK signaling pathways and NF-xB. These
effects resulted in decreasing cellular senescence and
reducing SASP factors.
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