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Abstract  

UV radiation can cause skin photoaging by damaging DNA and generating excess intracellular ROS in skin cells. 

This study aimed to evaluate the protective effects of syringaresinol (Syr) isolated from Carallia brachiata on UVB-

induced skin cell damage. Syr demonstrated potent antioxidant activity, IC50 16.90 ± 0.89 μM, by DPPH assay. To 

evaluate the protective effect of Syr, human dermal fibroblasts, BJ cells, were pretreated with Syr, at noncytotoxic 

concentrations (3 - 30 μM), for 24 h before UVB irradiation. Syr increased cell survival and the levels of antioxidant 

enzymes, including superoxide dismutase (SOD), catalase (CAT), and heme oxygenase-1 (HO-1) of the irradiated cells. 

It also increased the level of nuclear Nrf-2, an important transcription factor for antioxidant gene expression. Syr 

suppressed UVB-induced ROS production. It attenuated UVB-induced cellular senescence by decreasing the number of 

β-galactosidase (β-gal) positive cells, suppressing p21, and reducing senescence-associated secretory phenotype (SASP) 

including levels of pro-inflammatory cytokines and matrix metalloproteinases (MMP1, MMP3), and increasing the level 

of collagen-1A1 (COL-1A1). Syr prevented UVB-induced DNA damage by decreasing cyclobutane pyrimidine dimer 

(CPD) photoproducts. Syr also suppressed UVB-induced apoptosis of BJ cells by decreasing the levels of active caspase 

3, cleaved poly (ADP-ribose) polymerase (PARP). Syr remarkably inhibited the phosphorylation of extracellular signal-

regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and p38 mitogen-activated protein kinase (p38) proteins of the 

mitogen-activated protein kinase (MAPK) signaling pathway. It also inhibited the activation of nuclear factor kappa B 

(NF-κB). The results in this study suggest that Syr prevents UVB-induced dermal fibroblast damage, possibly via its 

antioxidant activity through down-regulating MAPK signaling and NF-κB activation. The protective effects of Syr lead 

to suppression of ROS production, DNA damage, senescence, and apoptosis of the UVB-irradiated cells. 

Keywords: Syringaresinol, UVB, Human dermal fibroblasts, Antioxidant system, Cellular senescence, Apoptosis, 

Photoaging 

 

Introduction 

 The skin is the body’s outermost layer and is 

directly exposed to solar UV radiation, a significant 

environmental threat [1]. This exposure can lead to 

various skin damage, including erythema, edema, 

sunburn, keratinocyte hyperplasia, dryness, photoaging, 

and even skin cancer [2]. Among the types of UV 

radiation that reach the Earth’s surface, UVB (280 - 320 

nm) poses a greater risk to the skin than UVA (320 - 400 

nm) [3]. 

 UVB radiation is well-known to induce cellular 

oxidative stress by causing the overproduction of 

reactive oxygen species (ROS), which damages 
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intracellular proteins, lipids, RNA, and DNA [4]. As a 

highly energetic photon, UVB directly harms DNA by 

forming DNA lesions known as photoproducts [5]. The 

primary types of these lesions are cyclobutane 

pyrimidine dimers (CPDs) and pyrimidine (6-4) 

pyrimidone photoproducts (6-4PPs). If this DNA 

damage remains unrepaired, it can lead to cell cycle 

arrest, cellular senescence, apoptosis, or even 

carcinogenesis [6-7]. UVB-induced ROS and DNA 

damage are involved in activating main signaling 

pathways, including MAPKs and NF-κβ activation. 

Activation of these pathways contributes to cell cycle 

arrest and cellular senescence [8-10]. The senescent 

cells undergo permanent cell cycle arrest and exhibit a 

senescence-associated secretory phenotype (SASP) 

characterized by releasing pro-inflammatory cytokines, 

growth factors, and proteases [11-13].  

Skin cells depend on their intracellular antioxidant 

systems to counteract UVB-induced ROS 

overproduction and maintain redox balance. 

Endogenous antioxidants such as SOD, CAT, and 

glutathione peroxidase (GPx) are critical for 

neutralizing harmful reactive molecules, including 

superoxide anions (•O2−) and hydrogen peroxide (H2O2), 

by converting them into harmless substances like 

oxygen (O2) and water (H2O) [8]. The regulation of 

these antioxidants is primarily governed by the nuclear 

factor erythroid 2-related factor 2 (Nrf2). ROS 

stimulates the release of Nrf2 from its cytosolic 

inhibitor, Kelch-like ECH-associated protein 1 (Keap1). 

Once dislocated, Nrf2 is translocated to the nucleus and 

binds to antioxidant response elements (AREs) in the 

promoter regions of antioxidant genes, enhancing their 

expression to combat oxidative stress [10,14]. Excessive 

ROS levels can disrupt redox balance, leading to 

oxidative modifications of Nrf2 or its regulators. This 

impairs the ability of Nrf2 to activate antioxidant 

defenses, worsening cellular damage and oxidative 

stress-related conditions [15]. 

Syringaresinol (Syr) is a plant-derived lignan 

found in several food and medicinal plants, such as 

Panax ginseng [16], Acanthopanax senticosus, Prunus 

mume [17], Magnolia thailandica [18], Rubia 

philippinensis [19], Ormosia hosiei [20], and Carallia 

brachiata [21]. This compound exhibits many 

pharmacological activities and beneficial effects on 

human health. These include antioxidant [22], anti-

tumor [23], anti-inflammatory [24-26], and 

cytoprotective effects [27,28]. The antioxidant and anti-

inflammatory activities of Syr have been reported in 

several studies to protect or attenuate age-related skin 

atrophy [29], hypoxia-induced cardiomyocyte injury 

[26], diabetic nephropathy [22], and inflammation in 

sepsis-induced cardiac dysfunction [27]. These 

activities are mediated by up-regulating antioxidant 

enzymes, suppressing ROS generation, modulating the 

Nrf-2-antioxidant pathway, inhibiting MAPK signaling 

pathways, and decreasing NF-κB activation. Syr has 

been reported to protect UVA-induced skin photoaging 

by suppressing MMP-1 and pro-inflammatory cytokine 

production and increasing collagen in human 

keratinocytes and human fibroblasts via attenuating 

MAPK signaling pathways and their downstream 

activator protein 1 (AP-1), which is composed of c-Fos 

and c-Jun transcription activity [30]. However, the 

effects of Syr on UVB-induced skin damage have not 

been reported. As UVB radiation is more detrimental to 

the skin than UVA, this study aimed to investigate the 

protective effects of Syr on UVB-irradiated human 

dermal fibroblasts through its antioxidant and anti-

inflammatory activities. 

 

Materials and methods 

Cell culture and maintenance  

BJ human dermal fibroblasts (Lot No. 70015964, 

ATCC®-CRL-2522, USA) at the 5th to 15th passages 

were used in this study. The cells were maintained in 

Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, 

USA) supplemented with 10 % fetal bovine serum 

(Gibco, USA), 1 % penicillin, and streptomycin Gibco, 

USA) and incubated at 37 ºC with 5 % CO2 in a 

humidified atmosphere. During use, the cells were 

subcultured using 0.25 % Trypsin-EDTA (Gibco, USA) 

twice weekly. Cells with more than 90 % viability were 

determined by 0.4 % trypan blue (Gibco, USA) staining 

at 1×105, 2×105, or 4×105 cells/mL were used in this 

study. 

 

Syringaresinol  

Syringaresinol, with >99.99 % purity at 254 nm, 

was isolated from stems and barks of C. brachiata 

collected in January 2018 from the botanical gardens of 

the Faculty of Pharmaceutical Sciences, Chulalongkorn 

University, Bangkok. The herbarium specimen was 
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deposited at the Department of Pharmacognosy and 

Pharmaceutical Botany, Chulalongkorn University. The 

handling and notification of stems and barks of C. 

brachiata were conducted according to the Plant Variety 

Protection Act B.E. 2542 (1999): Section 53, the 

Kingdom of Thailand. The isolation and 

characterization of Syr have been previously reported 

[21]. 

 

UVB-irradiation procedure and treatments  

BJ cells were maintained in a fresh culture 

medium in a cell culture plate for 24 h, then washed 

twice with PBS and added 50 µL (in 96 well plates) or 

500 µL (in 6 well plates) PBS to make a thin layer. The 

cells were irradiated using a UVB lamp (Philips 311 nm, 

TL 20W/01RS; Philips Lighting Holding BV (The 

Netherlands), positioned 12 cm above the plates with the 

total dose of UVB at 10 - 300 mJ/cm2 (25 s - 12 min 30 

s) determined by a UVB meter (Jedto Instruments, 

Thailand). The viability of irradiated cells was 

determined using a resazurin reduction assay to identify 

the maximum noncytotoxic and IC50 dose (UVB dose 

that causes 50 % cell inhibition from the maximal 

viability) for use in this study.  

To evaluate the effects of Syr on irradiated cells, 3 

defined concentrations of Syr were chosen based on its 

2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging 

activity. BJ cells were maintained in fresh medium for 

24 h and treated with Syr at 3, 10, and 30 µM or 100 µM 

vitamin C (Vit C) before irradiating with UVB radiation 

at the selected dose shown above. The irradiated cells 

were maintained at proper times before determining the 

parameters used to indicate the Syr activities. Untreated 

and non-irradiated BJ cells were used as the negative 

control in the study. 

 

DPPH scavenging assay 

The antioxidant activity of Syr was determined 

using a stable free radical DPPH scavenging assay. The 

final concentrations at 1 - 100 µM of Syr were used. A 

volume of 25 µL of Syr was mixed and reacted with 50 

µL of 0.2 mM DPPH (Sigma-Aldrich, USA) for 30 min 

under light protection. The absorbances of the mixtures 

were determined at 520 nm using a microplate reader. 

Vitamin C (Vit C) and 0.2 % DMSO were used as the 

positive and solvent controls, respectively. 

 

Resazurin reduction assay 

The viability of BJ cells, when needed to be 

evaluated, was determined by resazurin reduction assay. 

The Syr or Vit C-treated and UVB-irradiated BJ cells 

were incubated with 50 µg/mL resazurin (Sigma-

Aldrich, USA) for 4 h at 37 °C. The absorbance was 

measured at 560 and 600 nm. The viability of BJ cells 

was determined by comparing the percentage of viable 

cells with the solvent control.  

 

2′,7′-Dichlorofluorescin diacetate (DCFDA) 

assay 

Intracellular ROS levels were determined using 

2′,7′-Dichlorofluorescin diacetate (DCFDA) (Sigma-

Aldrich, USA). The treated and irradiated BJ cells were 

incubated with 30 µM DCFDA at 37 °C for 30 min, 

washed twice with PBS, and maintained in PBS. The 

fluorescence intensities were determined at 485 nm 

excitation and 535 nm emission using a fluorescence 

microplate reader. N-acetyl cysteine (NAC) at 5 mM 

was used as the positive control. UVB at the maximum 

noncytotoxic dose was used in this experiment. 

 

Senescence-associated β-galactosidase (SA-β-

gal) assay 

To determine the protective effects of Syr on 

UVB-induced cellular senescence, the treated and 

irradiated BJ cells were maintained in a culture medium 

at 37 °C for 72 h before using a senescence β-

galactosidase staining kit (Abcam, USA) to identify the 

senescent cells according to the manufacturing protocol. 

Briefly, the cells were washed once with phosphate 

buffered saline (PBS), fixed in 4 % paraformaldehyde 

for 10 min at room temperature, washed twice with PBS, 

and stained with a staining mixture solution (staining 

solution, staining supplement, and 20 mg/mL X-gal) at 

37 °C for 24 h. Images were taken in at least 2 fields 

(100× magnification ~200 - 300 cells/field, at least 500 

cells) for each well-plate using a light microscope 

(Nikon, USA). The number of SA-β-gal positive cells 

was counted using ImageJ software. The senescence rate 

was determined as the percentage of positive cells out of 

the cells. The maximum noncytotoxic dose of UVB was 

used in this experiment. 
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CPD-DNA assays 

Cyclobutane pyrimidine dimer (CPD) levels in 

treated and irradiated BJ cells were determined after 1 h 

of irradiation according to the manufacturing protocol. 

Briefly, DNA was extracted from the cells using a 

NucleoSpin Tissue, a Mini kit for DNA from cells and 

tissue (Macherey-Nagel, Germany), and converted to 

single-strand DNA by incubating at 95 ºC for 10 min 

and then rapidly chilling on ice for 10 min. A volume of 

50 µL of DNA at a concentration of 4 µg/mL was used 

to measure the CPD-DNA by using OxiSelect™ UV-

Induced DNA Damage ELISA Kit (CPD Quantitation) 

(Cell Biolabs, Inc, USA) according to the manufacturing 

protocol. Briefly, DNA samples were mixed with a 

DNA-binding solution in a DNA-high binding plate for 

24 h on an orbital shaker. The plates were washed twice 

with PBS and incubated with the assay solution for 1 h. 

The solution was then removed, and cells were 

incubated with 100 µL of anti-CPD antibody for 1 h on 

an orbital shaker, washed 5 times with washing buffer, 

and incubated with 100 µL secondary antibody-

horseradish peroxidase (HRP) conjugate for 1 h. The 

supernatant was removed, and cells were washed 5 

times with washing buffer and incubated with 100 µL 

substrate solution for 10 min, and the reaction was 

terminated with the stop solution. Finally, the 

absorbance at 450 nm was measured using a microplate 

reader. The maximum noncytotoxic dose of UVB at the 

maximum noncytotoxic dose was used in this 

experiment. 

 

Enzyme-linked immunosorbent assay (ELISA) 

Treated and irradiated BJ cells were incubated at 

37 °C for 24 h. Culture supernatants were collected to 

determine the levels of TNF- , IL-1, and IL-6 levels via 

enzyme-linked ELISA kits (human TNF- , IL-1, IL-6) 

(Immuno Tools, Germany) according to the 

manufacturer’s protocols. Briefly, plates were coated 

overnight with capture-antibody, removed the solution, 

blocked with a blocking buffer for 1 h at room 

temperature, incubated with the supernatants or the 

standard solutions for 2 h at room temperature, removed 

the solutions, washed, incubated with the detection 

antibodies for 2 h, washed and remove the solutions, 

incubated with poly-HRP-streptavidin for 30 min, 

incubated with TMB substrate for 10 min, added stop 

solution, and measured at 450 nm by using a microplate 

reader. The levels of TNF- , IL-1, and IL-6 were 

calculated from the standard curve for each cytokine. 

 

Western blot analysis  

BJ cells were treated with Syr (3, 10, and 30 µM) 

or Vit C (100 µM) for 24 h, followed by UVB irradiation 

at 2 specific doses, depending on the targeted protein 

analysis. The treated cells were irradiated with UVB at 

its IC50 dose, 200 mJ/cm2, to determine the proteins 

involved in apoptosis. After irradiation, cells were 

maintained in a fresh medium for 12 h before 

determining the levels of pro-caspase-3, cleaved 

caspase-3, PARP, and cleaved PARP using their 

specific antibodies, according to the company (Cell 

Signaling Technology, USA) recommendations with the 

following titers, anti-caspase-3 Ab (1:1000) and anti-

PARP Ab (1:1000). For determining the levels of other 

proteins, treated cells were irradiated with UVB at a 

noncytotoxic dose, 40 mJ/cm2, to avoid the confounding 

factor from cell death. After irradiation, cells were 

maintained in a fresh medium for the required time, 

according to previous studies, before protein levels were 

determined. The cells were maintained for 1 h before 

determining MAPKs, including ERK, JNK, p38, and 

their phosphorylated forms [31,32] using their specific 

antibodies, according to the company (Abcam, USA) 

recommendations with the following titers, anti-ERK 

Ab (1:2000), anti-pERK Ab (1:1000), anti-JNK Ab 

(1:1000), anti-pJNK Ab (1:1000), anti-p38 Ab (1:1000), 

and anti-p-p38 Ab (1:1000). Cells were maintained for 

6 h before determining NF-κB with its specific Ab 

(1:1000) and Nrf2 with its specific Ab (1:1000), 

according to the company (Cell Signaling Technology, 

USA) recommendations. For the left of the proteins of 

interest, the cells were maintained for 24 h before the 

protein determination with their specific antibodies, 

according to the company recommendations, including 

anti-SOD Ab (1:1000), anti-CAT Ab (1:1000), anti-

Col1A1 Ab (1:1000), and anti- p21 Ab (1:1000)  from 

Cell Signaling Technology, USA; anti-HO-1 Ab 

(1:1000)  from Abcam, USA; anti-MMP-1 Ab (1:1000) 

and anti-MMP-3 Ab (1:1000) from Elabscience 

Biotechnology Inc, USA. The timeline and experimental 

workflow are summarized in Figure 1. 
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Total proteins were isolated from cells using RIPA 

buffer (Abcam, USA) containing a protease and 

phosphatase inhibitor cocktail (Abcam, USA), and the 

protein contents were determined by using the 

bicinchoninic acid (BCA) method (Sigma-Aldrich, 

Germany). Nuclear and cytosolic proteins were isolated 

from cells using NE-PER™  nuclear and cytoplasmic 

extraction reagents (Thermo Scientific™ , USA). For 

each sample, 20 μg of protein aliquots were run on 10 % 

SDS-PAGE gel and transferred to a nitrocellulose 

membrane. The membranes were blocked with 5 % 

nonfat dry milk in Tris-HCL-based buffered saline with 

0.1 % Tween-20 (TBST blocking solution) for 1 h, 

washed with TBST 3 times for 5 min intervals, and 

incubated with the specific primary antibody against 

each protein of interest in the blocking solution 

overnight at 4 °C. Membranes were then washed 3 times 

with TBST for 5 min intervals before incubating with 

HRP-conjugated secondary antibody (Abcam, USA) in 

a blocking solution for 1 h. Immunoreactive bands were 

determined via the chemiluminescence method, and 

images were acquired using Image Studio software (LI-

COR).

 

 
Figure 1 Determination of the proteins of interest by Western blot analysis. BJ cells were treated with Syr or Vitamin C 

for 24 h, irradiated with UVB at a noncytotoxic dose 40 mJ/cm2 or at the IC50 dose 200 mJ/cm2, maintained in a fresh 

culture medium at the different times for determining the level of each protein of interest; 1 h for the MAPK signaling 

molecules, 6 h for Nrf2 and NF-κB, 12 h for the apoptotic markers (caspase-3, PARP, and their cleavage forms), and 24 

h for antioxidant enzymes, p21, MMPs, and collagen. The protein levels were compared to the UVB-irradiated control (n 

= 3). 

 

Statistical analysis 

Results from 3 independent experiments are 

presented as means and standard error of the means 

(mean ± SEM). Differences between test compounds 

and the suitable control were compared using the 

ANOVA (analysis of variance) test followed by 

Dunnett’s post hoc test. SPSS version 22 was used for 

statistical analysis. A p-value of less than 0.05 was 

considered statistically significant. 

 

Results and discussion 

Syr demonstrated antioxidant activity at 

noncytotoxic concentrations in BJ cells  

By using a DPPH scavenging assay, Syr exhibited 

potent antioxidant activity similar to that of Vit C, with 

their EC50 values at 16.90 ± 0.89 and 15.01 ± 0.81 µM, 

respectively (Table 1). The effect of Syr on BJ cell 

viability was determined by using the resazurin 

reduction assay. Syr and Vit C, at the concentrations of 

3, 10, 30, 100, and 300 µM, had no effect on BJ cell 

viability (Figure 2(A)).

 

Table 1 DPPH scavenging activities of Syr and Vit C. 

Compounds EC50 (µM) 

Vit C 15.01 ± 0.81 

Syr 16.90 ± 0.89 
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Identification of UVB doses for this study 

BJ cells were irradiated with UVB at 10 - 300 

mJ/cm2, then maintained in the culture medium for 24 h, 

and finally determined their viability by resazurin assay. 

The viability of the irradiated cells was significantly 

decreased when exposed to UVB at 50 - 300 mg/cm2 

with the maximum noncytotoxic dose at 40 mJ/cm2, and 

an IC50 value was 203.93 mJ/cm2 (Figure 2(B)). 

Therefore, UVB irradiation at 40 and 200 mJ/cm2 was 

selected to evaluate the protective effects of Syr on 

irradiated BJ cells. 

 

Syr decreased the ROS level in UVB-irradiated 

BJ cells 

Within 30 min after UVB irradiation (40 mJ/cm2), 

the intracellular ROS level in irradiated BJ cells was 

dramatically increased (2.5-fold) when compared with 

that in nonirradiated control. Syr at 10 and 30 µM and 

100 µM Vit C significantly decreased the ROS level in 

the irradiated cells to 1.4-, 1.2-, and 1.2-fold, 

respectively (Figure 2(C)). NAC at 5 mM, the other 

well-known antioxidant, was also used as the positive 

control. 

 

Syr reduced the senescence in UVB-irradiated 

BJ cells 

When BJ cells were UVB-irradiated and 

maintained for 72 h in the culture medium, the number 

of senescence cells (43.01 ± 3.53 %) was significantly 

higher than that in the non-irradiated control (0.26 ± 

0.02 %). Syr at 3, 10, and 30 µM significantly reduced 

the number of senescent cells to 24.70 ± 2.13, 16.91 ± 

2.73, and 12.08 ± 1.56 %, respectively, and Vit C 

significantly decreased the senescent cells to 12.03 ± 

1.22 % (Figures 2(D) and 2(E)).

 

 
Figure 2 The effects of (A) Syr and (B) UVB radiation on the viability of BJ cells. Syr protected against (C) UVB-

induced ROS generation and (D) UVB-induced increased percentage of senescent cells, which (E) representative figure 

of blue-stained senescent cells under a light microscope. *p < 0.05, **p < 0.01 compared to the non-irradiated control; #p 

< 0.05, ##p < 0.01 compared to the UVB-irradiated control. 

 

Syr improved the antioxidant system in UVB-

irradiated BJ cells 

Western blot analysis showed that UVB 

irradiation significantly decreased the levels of 

antioxidant enzymes, SOD (0.37 ± 0.01-fold), CAT 

(0.42 ± 0.02-fold), and HO-1 (0.44 ± 0.04-fold) in BJ 

cells. Syr at 3, 10 and 30 µM significantly increased the 

levels of SOD to 0.95 ± 0.22, 1.20 ± 0.19 and 1.49 ± 

0.23-fold; the levels of CAT to 0.81 ± 0.02, 0.88 ± 0.01, 

and 1.16 ± 0.13-fold; and the levels of HO-1 to 1.52 ± 

0.16, 1.81 ± 0.07, and 2.18 ± 0.21-fold of the non-

irradiated control (Figures 3(B) - (3D)). Vit C at 100 
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µM also significantly reversed the effect of UVB by 

improving the levels of SOD, CAT, and HO-1 to 0.99 ± 

0.11, 0.70 ± 0.06, and 1.27 ± 0.07-fold of the non-

irradiated control, respectively (Figures 3(B) - (3D)).  

The effect of Syr on Nrf2, an important 

transcription factor involved in upregulating the 

expression of several antioxidant proteins, was also 

evaluated. Syr at 30 µM increased the Nrf2 activity in 

the UVB-irradiated cells and significantly increased the 

level of nuclear NrF2 (3.87 ± 0.64-fold) (Figure 3(F)).

 

 

Figure 3 Effects of Syr on the levels of antioxidant enzymes and Nrf2 transcription factor. (A) Representative Western 

blots of antioxidant enzymes (SOD, CAT, and HO-1); (B) to (F): The levels of (B) SOD, (C) CAT, (D) HO-1, (E) cytosol 

Nrf2 and (F) nuclear Nrf2 are presented as the calculated densities relative to the non-irradiated control. *p < 0.05, **p < 

0.01 compared to the non-irradiated control; #p < 0.05, ##p < 0.01 compared to the UVB-irradiated control. 

 

Syr decreased the amount of CPD 

photoproducts in UVB-irradiated BJ fibroblasts 

CPD photoproducts were used as the markers of 

direct UVB-induced DNA damage. These products 

were not detected in non-irradiated BJ cells. However, 1 

h after UVB irradiation, the levels of CPDs were 

significantly increased in UVB-irradiated BJ cells to 

0.88 ± 0.05 ng/mL. Syr at 10 and 30 µM profoundly 
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protected cells from the effect of UVB-induced 

photoproducts by significantly deceased CPDs to 0.46 ± 

0.09 and 0.08 ± 0.02 ng/mL, respectively. Syr at 3 µM 

and 100 µM Vit C did not affect the UVB-induced CPD 

generation (Figure 4(A)). 

 

Syr prevented BJ cell senescence induced by 

UVB irradiation by modulating several molecules 

involved in senescence 

Syr decreased p21 level 

The results demonstrated the protective effect of 

Syr on UVB-induced p21 production. UVB 

dramatically increased the level of p21 in BJ cells to 

5.17 ± 0.52-fold of the non-irradiated control (Figure 

4(B)). Syr completely abolished this effect of UVB. Syr 

at 3, 10, and 30 µM significantly decreased the level of 

p21 to 1.53 ± 0.31, 1.09 ± 0.05, and 1.051.09 ± 0.08-fold 

of the non-irradiated control, respectively. Vit C at 100 

µM significantly reduced the p21 level to 1.42 ± 0.21-

fold (Figure 4(B)).

 

 
 

Figure 4 Effect of Syr on (A) direct UVB-induced DNA damage in irradiated BJ cells and (B) p21 level in UVB-irradiated 

BJ cells. *p < 0.05, **p < 0.01 compared to non-irradiated control; #p < 0.05, ##p < 0.01 compared to UVB-irradiated 

control. 

 

Syr decreased the levels of pro-inflammatory 

cytokines  

UVB significantly increased the levels of pro-

inflammatory cytokines; TNF-  (76.00 ± 7.73 pg/mL), 

IL-1β (132.04 ± 9.84 pg/mL), and IL-6 (176.63 ± 16.15 

pg/mL), determined by ELISA at 24 h after irradiation. 

Syr significantly prevented these effects of UVB.  In the 

irradiated BJ cells, Syr at 10 and 30 µM significantly 

reduced the levels of TNF-  to 52.11 ± 0.62 and 19.33 

± 2.83 pg/mL, IL-1β to 56.57 ± 9.82 and 13.98 ± 2.25 

pg/mL, and IL-6 to 119.57 ± 16.13 and 89.13 ± 4.14 

pg/mL, respectively. Syr at 30 µM completely inhibited 

the effect of UVB on these cytokines. The levels of these 

cytokines were almost similar to non-irradiated cells. 

Vit C at 100 µM significantly decreased the levels of 

TNF- , IL-1β, and IL-6 to 41.00 ± 5.60, 35.28 ± 9.07, 

and 124.41 ± 6.46 pg/mL, respectively (Figures 5(A) - 

5(C)). 

 

Syr decreased MMP-1 and MMP-3 levels and 

increased type I collagen levels 

UVB significantly increased the levels of MMP-1 

(1.75 ± 0.17-fold) and MMP-3 (2.20 ± 0.10-fold) and 

decreased the level of collagen 1A1 (Col1A1) to 0.31 ± 

0.06-fold of the non-irradiated control. Syr at all 

concentrations almost completely inhibited the effect of 

UVB on these enzymes. Syr at 3, 10, and 30 µM reduced 

the levels of MMP-1 to 1.45 ± 0.20, 1.13 ± 0.24, and 

0.85 ± 0.04-fold of the non-irradiated cells, respectively, 

and decreased the levels of MMP-3 to 1.45 ± 0.20, 1.13 

± 0.24, and 0.85 ± 0.04-fold, respectively. Vit C had no 

effect on UVB-induced MMP production in BJ cells 

(Figures 5(D) and 5(E)). Furthermore, Syr at 10 and 30 

µM almost completely inhibited the effect of UVB on 
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CollA1 in irradiated BJ cells by increasing the levels of 

Col1A1 to 0.78 ± 0.07 and 1.06 ± 0.03-fold, 

respectively. The level of this protein was not different 

from the non-irradiated control (Figure 5(F)). Vit C at 

100 µM did not modulate the effects of UVB on these 

proteins.

 

 
Figure 5 Effect of Syr on the levels of pro-inflammatory cytokines determining in the supernatants by ELISA; (A) TNF-

, (B) IL-1, and (C) IL-6, and the levels of (D) MMP-1, (E) MMP-3, and (F) Col1A1 determining the protein levels by 

Western blot analysis; in UVB-irradiated BJ cells. *p < 0.05, **p < 0.01 compared to the non-irradiated control; #p < 0.05, 

##p < 0.01 compared to the UVB-irradiated control. 

 

Syr decreased the activated forms of MAPK 

signaling molecules and NF-κB induced by UVB in 

BJ cells 

One h after UVB exposure, the levels of 

phosphorylated MAPKs, including phosphorylation of 

JNK (pJNK), p-38 (p-p38) and ERK (pERK) to 3.06 ± 

0.52, 1.59 ± 0.03, 1.57 ± 0.19 -fold, respectively, when 

compared with that in non-irradiated control. Syr 

significantly inhibited these effects of UVB. In the 

irradiated BJ cells, Syr at 3, 10, and 30 µM significantly 

decreased the levels of pERK to 0.81 ± 0.15, 0.75 ± 0.18, 

0.57 ± 0.09-fold of the non-irradiated control, 

respectively (Figure 6(B)), pJNK to 1.10 ± 0.35, 0.62 ± 

0.18, and 0.61 ± 0.24 folds, respectively (Figure 6(C)). 

Syr at 30 µM significantly decreased the level of p-p38 

to 0.76 ± 0.42 fold (Figure 6(D)), whereas Vit C at 100 

µM did not affect p38 phosphorylation induced by UVB 

in BJ cells. 

The effect of Syr on NF-κB activation was also 

investigated by determining the level of NF-κB in nuclei 

of UVB-irradiated cells. The level of nuclear NF-κB 

was significantly increased 6 h after UVB irradiation to 

1.64 ± 0.05-fold of the non-irradiated control. Syr at 30 

µM and Vit C at 100 µM significantly inhibited this 

effect by decreasing the nuclear levels of NFκB to 0.51 

± 0.10 and 0.68 ± 0.05-fold of the non-irradiated control, 

respectively, and the level of nuclear NF-κB was almost 

the same as that in the nonirradiated control (Figure 

6(F)).
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Figure 6 Effects of Syr on MAPK signaling pathways and NFκB activations in UVB-irradiated BJ cells. (A) 

Representative Western blots of MAPK signaling molecules (phosphorylated and total forms of ERK, JNK, and p38); B 

to D: The levels of phosphorylated and total forms of (B) ERK, (C) JNK, and (D) p38 are presented as the calculated 

densities relative to the non-irradiated control; E and F: The levels of (E) cytosolic NFκB and (F) nuclear NFκB. *p < 

0.05, **p < 0.01 compared to the non-UVB control; #p < 0.05, ##p < 0.01 compared to the UVB-irradiated control. 

 

Syr protected BJ cells from UVB-induced 

apoptosis  

UVB at its IC50 value, 200 mJ/cm2, was used in 

this experiment. UVB decreased BJ cell viability after 

24 h irradiation (51.43 ± 2.27 %) (Figure 7(A)). 

Cleaved caspase 3 and cleaved-PARP were used as the 

markers of apoptotic cells in this study. UVB 

significantly induced the generations of both cleaved-

caspase 3 (5.77 ± 0.12-fold) and cleaved-PARP (2.73 ± 

0.29-fold) (Figures 7(B) - 7(D)). Syr at 10 and 30 µM 
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significantly rescued BJ cells from the cytotoxic effect 

of UVB. It increased the viability of UVB-irradiated BJ 

cells to 69.15 ± 2.82 and 76.98 ± 2.03 %, respectively 

(Figure 7(A)). This protective effect of Syr was 

confirmed by the decrease of cleaved caspase 3 and 

cleaved-PARP levels in the irradiated cells (Figures 

7(B) - 7(D)).

 

 
Figure 7 Effects of Syr on UVB-induced apoptosis of BJ cells by determining cell viability by resazurin assay and 

apoptotic markers by Western blot analysis; (A) percentage of BJ cell viability compared to the untreated and non-

irradiated control. (B) Representative Western blots of apoptotic proteins, C and D: The levels of (C) pro-caspase 3 and 

cleaved caspase 3, and (D) PARP and its cleaved form are presented as the calculated densities relative to the non-

irradiated control. *p < 0.05, **p < 0.01 compared to the non-irradiated control; #p < 0.05, ##p < 0.01 compared to the 

UVB-irradiated control.  

 

It has been documented that both UVA and UVB 

are factors that induce photoaging. It is well-

documented that UV irradiation can cause intracellular 

oxidative stress by disrupting cellular redox 

homeostasis. It can induce intracellular ROS 

overproduction and decrease endogenous antioxidant 

capacities [32,33]. Oxidative distress state can 

compromise cellular homeostasis by causing genomic 

instability and DNA damage, protein degradation, 

membrane lipid abnormalities, and cellular dysfunction 

[33-35]. These detrimental effects can arrest the cell 

cycle, promote cell senescence, cause cell 

transformation, and induce cell death [36,37]. In this 

study, we identified the detrimental concentrations of 

the UVB radiation for human dermal fibroblasts and BJ 

cells and used these concentrations to evaluate its 

oxidative activities as well as to investigate the 

protective effects of Syr. We found that the IC50 and the 

maximum noncytotoxic concentrations of UVB 

radiation on BJ cells were 40 mJ/cm2, and 203.93 

mJ/cm2, respectively. UVB at 40 mJ/cm2 caused the 

imbalance of the cellular redox system in the irradiated 
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BJ cells. There was a profound increase in the ROS 

levels and a significant decrease in the levels of 

antioxidant enzymes, SOD, CAT, and HO-1, in the 

UVB-irradiated cells when compared to the non-

irradiated cells. The accumulation of high levels of ROS 

mediates skin cell damage, leading to skin aging or 

photoaging and carcinogenesis [38,39]. Therefore, it is 

highly possible that agents with antioxidant capacities 

may protect against UVB-induced skin damage. 

We used an in vitro DPPH-scavenging assay to 

demonstrate that Syr had potent antioxidant activity 

comparable to vitamin C, and effectively protects BJ 

cells from UVB-induced oxidative stress. We found that 

Syr scavenges ROS and significantly enhances 

antioxidant defenses by increasing levels of key 

enzymes (SOD, CAT, and HO-1) in irradiated cells. Syr 

also boosts Nrf2, the main regulator of antioxidant 

responses [40,41]. both in the cytosol and nucleus of 

UVB-exposed cells. This activation leads to the 

expression of antioxidant genes via the antioxidant 

response element (ARE) pathway, strengthening 

cellular defenses [42]. At physiological conditions, Nrf2 

activity is negatively controlled by Kelch-like ECH-

associated protein (Keap1) in the cytosol [43]. Keap1 

binds cytosolic Nrf2 to facilitate constitutive Nrf2 

degradation in the proteasome to maintain Nrf2 at the 

basal low level [44]. Upon oxidative stress, Keap1 is 

oxidized, undergoes conformation changes, and releases 

Nrf2. This causes Nrf2 stabilization and translocation to 

the nucleus to bind to the AREs and initiate the 

expression of antioxidant enzymes. Activation of Nrf2 

has been shown to play a protective role in skin cells by 

inducing the expression of antioxidant enzymes in 

response to oxidative stress caused by environmental 

insults, including UV radiation. Enhancing Nrf2 activity 

can mitigate oxidative damage and improve skin cell 

resilience against ROS [42,43]. Accumulating evidence 

indicates that many natural compounds could partly 

improve skin photoaging by modulating Nrf2 activity 

[8]. Our findings suggest that Syr not only provides 

direct antioxidant effects by scavenging ROS but also 

via an indirect antioxidant activity by directly activating 

the Nrf2-ARE pathway, enhancing endogenous 

antioxidant production and restoring the redox balance 

in UVB-damaged fibroblasts. 

UVB has been evidenced to cause DNA damage 

directly and indirectly via ROS in human skin cells. 

DNA directly absorbs UVB, which can induce UV-

signature lesions, including cyclobutane pyrimidine 

dimers (CPDs) and pyrimidine (6-4) pyrimidone dimers 

(6-4PPs) [45]. These lesions are majority removed by 

DNA mechanisms. However, CPD photoproducts, the 

main lesions, are less efficiently repaired than 6-4PPs. 

UVB also indirectly causes oxidative DNA damage 

through its generated ROS, which induces DNA lesions, 

including 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-

oxodG) [6,46]. Depending on the UVB intensity and the 

duration of skin exposure, UVB-induced DNA lesions 

of skin cells can either undergo cell cycle arrest and 

apoptosis as a protective mechanism, resulting in cell 

cycle arrest and senescence, or skin cell transformation 

as harmful effects [20,47]. We found that UVB at the 

noncytotoxic dose (40 mJ/cm2) generated CPD 6-4PPs 

within 1 h after exposure. Syr not only reduced UVB-

induced oxidative stress in BJ cells, as mentioned above, 

but also impacted CPDs, the main biomarkers of direct 

UVB-induced DNA damage. Syr at 30 µM reduced the 

levels of CPD photoproducts in the UVB-irradiated BJ 

cells, whereas Vit C at 100 µM did not demonstrate any 

protective effects on the direct UVB damage on the 

DNA. These results suggest that Syr can alleviate both 

direct and indirect DNA damage induced by UVB. 

We also demonstrated the protective effects of Syr 

on the consequences of DNA damage and oxidative 

stress induced by UVB at the noncytotoxic 

concentration in BJ cells. UVB-induced BJ senescence 

of more than 40 % within 72 h after irradiation when 

compared to the non-irradiated control. It also generated 

the senescence-associated secretory phenotype (SASP) 

in these irradiated cells by increasing the production of 

pro-inflammatory cytokines and MMPs, increasing the 

p21 level, and suppressing collagen synthesis. Syr could 

protect the irradiated cells from senescence by 

significantly reducing the number of SA-β-gal positive 

cells. Syr at 30 µM modulated the levels of all 

investigated senescent biomarkers to the basal levels of 

the non-irradiated cells. The compound significantly 

decreased the levels of pro-inflammatory cytokines, 

TNF-α, IL-1β, and IL-6, in the irradiated cells. UV 

radiation, oxidative stress, and pro-inflammatory 

cytokines are able to stimulate the production of MMPs, 

which contribute to skin photoaging by degrading 

extracellular matrix proteins such as collagen [48-50]. 

Syr could reduce the MMPs (MMP-1 and MMP-3) 
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levels in the irradiated BJ cells to their basal levels. 

Collagen is one of the principal supportive proteins for 

maintaining the elasticity and firmness of the skin. The 

decrease or decomposition of collagen results in skin 

wrinkles [51]. Col1A1 is decreased upon exposure to 

UV [52]. We found that UVB dramatically decreased 

the Col1A1 synthesis in UVB-irradiated BJ cells. Syr at 

30 µM completely protected the effect of UVB on the 

Col1A1 synthesis. It also decreased the level of p21, 

which is involved in cell cycle arrest. Taken together, 

Syr seems to have protective effects on senescence 

induced by UVB exposure in BJ cells.  

The cytotoxic effect of UVB interferes with 

normal skin functions and leads to skin cell damage and 

photoaging [53]. We investigated the effects of Syr on 

UVB-induced cell death. It has been reported that UVB 

induces apoptosis of dermal fibroblasts by causing DNA 

damage and by ROS [54,55]. These UVB-generated 

events trigger both the intrinsic and the extrinsic 

pathways of apoptosis and activate effector caspase 3 

with the destruction of various caspase substrates as well 

as PARP, resulting in apoptosis [56,57]. When we 

exposed BJ cells to UVB at its IC50 dose concentration 

(200 mJ/cm2), UVB increased pro-apoptotic markers, 

including cleaved caspase 3, cleaved PARP, and p21 

levels. Syr increased cell survival and demonstrated an 

anti-apoptotic effect by decreasing all these markers in 

the irradiated cells. These results suggested that Syr is 

able to attenuate UVB-induced apoptotic cell death in 

human dermal fibroblasts. This pro-survival effect of 

Syr seems to be the consequence of the protective effects 

against oxidative stress and DNA damage of the 

compound. 

The MAPK signaling pathways play crucial roles 

in UVB-induced skin damage [47,48] by activating 

ERK, JNK, and p38, which trigger transcription factors 

like AP-1 and NF-κB, leading to increased production 

of SASP-related cytokines and MMPs [56,57]. These 

pathways also modulated MAPK effector proteins, e.g., 

MK2 and MK5, which activate p53-independent DNA 

damage response (DDR) to promote cellular senescence 

[58,59]. It has been reported that antioxidants can 

counteract photoaging by blocking MAPK activation 

and reducing AP-1 and NF-κB activity [60,61]. In this 

study, Syr effectively inhibited the UVB-induced 

phosphorylation of ERK, JNK, and p38 MAPKs and 

suppressed NF-κB activity in the nucleus of irradiated 

BJ cells, suggesting it may also reduce AP-1 activity by 

inhibiting activated MAPKs to phosphorylate c-Fos and 

c-Jun, which are the components of AP-1. Syr has been 

reported to suppress UVA-induced inflammatory 

mediator and MMP-1 production in human dermal 

fibroblasts by targeting the MAPK signaling pathways, 

upstream activators of AP-1 activation and 

inflammatory response [30]. By targeting MAPK 

signaling, Syr reduced SASP factors and cellular 

senescence. These findings suggest that Syr may offer 

protective effects against both UVA- and UVB-induced 

skin damage, though further testing in human epidermal 

keratinocytes or skin models is recommended for 

broader application. 

 

Conclusions 

In conclusion, the results of this study reveal 

antioxidant and potential antiphotoaging properties of 

Syr at concentrations of 10 and 30 µM against UVB 

irradiation. Syr improved the balance of the oxidant-

antioxidant system in UVB-irradiated human dermal 

fibroblasts. It had protective effects on cell survival and 

cellular senescence with SASP production, and collagen 

synthesizes against detrimental UVB effects. It is 

possible that the antioxidant activity of Syr plays an 

important part in reducing oxidative stress, which results 

in suppressing MAPK-mediated cellular senescence and 

apoptosis in the irradiated dermal fibroblasts. 
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