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Abstract Schizophragma hydrangeoides (S. hydrangeoides) is a

vine endogenous to Jeju Island and Ulleungdo, where it grows

attached to the foothills and rock surfaces. Previous research has

mostly focused on the whitening effect of S. hydrangeoides leaf

extract. In this study, we investigated S. hydrangeoides leaf extract

further, and detected four phytochemicals in the extract: chlorogenic

acid, quercetin-3-O-glucosyl-(1-2)-rhamnoside, quercetin-3-O-

xylosyl-(1-2)-rhamnoside, and quercitrin. We pretreated human

dermal fibroblast (HDFn) cells with previously established

concentrations of the four compounds for 1 h before ultraviolet A

(UVA) irradiation. Among the four compounds, quercetin-3-O-

glucosyl-(1-2)-rhamnoside (Q-3-GR) best inhibited matrix

metalloproteinase-1 (MMP-1) levels. Thus, we investigated the

protective effects of Q-3-GR on photoaging and its underlying

mechanisms. Q-3-GR significantly reduced MMP-1 production and

inhibited MMP-1 protein expression in UVA-irradiated HDFn cells.

Furthermore, Q-3-GR increased procollagen type I production and

protein expression. Q-3-GR exerted its anti-photoaging effects by

downregulating the mitogen-activated protein kinase/ activator

protein-1 signaling pathway, and upregulating the transforming

growth factor-β/Smad signaling pathway. Thus, S. hydrangeoides

leaf-derived Q-3-GR is a potential potent cosmetic ingredient for

UV-induced skin aging.

Keywords Collagen · Matrix Metalloproteinase-1 · Mitogen-

activated Protein Kinases

Introduction

Skin aging is a normal phenomenon of human aging that alters skin

function and appearance by intrinsic or chronological causes, and

extrinsic aging. Intrinsic aging occurs naturally with advancing age,

while the environmental factor primarily responsible for causing

extrinsic aging is photoaging [1-3]. Ultraviolet (UV) radiation is

divided into UVA, UVB, and UVC subtypes, based on their

wavelengths. UVA (320-400 nm) comprises more than 90% of the

UV that skin is exposed to, while some UVB (280-320 nm) and

almost all UVC (100-280 nm) are absorbed by the ozone layer.

Since UVB has a shorter wavelength than UVA, it does not reach

the skin dermis. Thus, UVA is primarily responsible for epidermal

photoaging as it can reach the dermal layer of the skin [4,5]. The

dermis contains fibrous proteins, such as collagen, and elastic fibers,

called the extracellular matrix (ECM) [6], which provide elasticity

and strength to the skin. UVA causes skin wrinkles by contributing

to the denaturation and decomposition of collagen and elastic fibers

[7,8].

Disruption of the skin collagen matrix by UV occurs due to

stimulation of collagen degradation as well as inhibition of

procollagen production [9]. Exposure of the skin to UVA causes

oxidative stress due to the generation of intracellular reactive

oxygen species (ROS), which activates the mitogen-activated

protein kinase (MAPK) signaling pathway, including extracellular

signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK),

and p38 kinase. The phosphorylation of MAPKs activated activator

protein-1 (AP-1), which is part of the c-Fos-c-Jun heterodimer

complex [10-12]. Activated AP-1 increased the production of
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matrix metalloproteinases (MMPs), such as MMP-1 (collagenase-

1), which led to the degradation of collagen and elastin fibers

[13,14]. Procollagen was produced through the transforming growth

factor-β (TGF-β)/Smad signaling pathway, and UV irradiation

downregulated this pathway by regulating Smads. Phosphorylated

receptor-regulated Smad (R-Smad) containing Smad 2 and 3,

formed a heterodimer complex with the common mediator Smad

(Co-Smad), such as Smad 4. This complex translocates to the

nucleus and induces procollagen synthesis [3,15,16]. Therefore,

identifying natural compounds that prevent collagen degradation

and induce procollagen production is important to prevent

photoaging.

Schizophragma hydrangeoides is a vine endogenous to Jeju

Island and Ulleungdo, and a previous study reported that a 70%

ethanol extract of S. hydrangeoides had a whitening effect [17].

However, the anti-photoaging effects of S. hydrangeoides extract

are unknown. Herein, we report that quercetin-3-glucosyl-(1-2)-

rhamnoside (Q-3-GR) isolated from S. hydrangeoides leaf extracts

mediates anti-photoaging effects, and describe the underlying

molecular mechanisms involved.

Materials and Methods

Chemicals and Reagents

Ethanol was purchased from Samchun Chemicals (Seoul, South

Korea). n-Hexane, chloroform, ethyl acetate, and n-butanol were

purchased from Daejung Chemicals (Siheung, Gyeonggi-do,

Republic of Korea). Sephadex LH-20 and methanol were purchased

from GE Healthcare (Chicago, IL, USA) and Cambridge Isotope

Laboratories Inc. (Tewksbury, MA, USA), respectively. Dulbecco’s

modified Eagle’s medium (DMEM), Ham’s F-12 Nutrient Mix,

penicillin/streptomycin, trypsin-ethylenediaminetetraacetic acid,

heat-inactivated fetal bovine serum (FBS), and bicinchoninic acid

(BCA) protein kits were purchased from Thermo Fisher Scientific

(Waltham, MA, USA). The MMP-1 human ELISA kit was

purchased from Abcam (Cambridge, UK), and the Procollagen type

I C-peptide (PIP) EIA kit was purchased from Takara (Tokyo,

Japan ). The protease inhibitor cocktail and anti-collagen primary

antibody were purchased from Sigma-Aldrich (St. Louis, MO,

USA). Phosphatase/protease inhibitor cocktail, primary antibodies

(MMP-1, P-ERK, P-JNK, P-p38, P-c-Jun, P-c-Fos, P-Smad 2/3,

ERK, JNK, p38, c-Jun, c-Fos, Smad 2/3, Smad 4, and β-actin), and

anti-mouse and anti-rabbit secondary antibodies were purchased

from Cell Signaling Technology (Danvers, MA, USA). 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),

dimethyl sulfoxide (DMSO), and tris-buffered saline (TBS) were

purchased from Biosesang (Seongnam, Korea). ECL solution was

purchased from iNtRON Biotechnology (Sungnam, Gyeonggi-do,

Korea).

Extraction and Isolation

S. hydrangeoides leaves were collected in May 2021 near the

Muljangol Bridge on Jeju Island, Korea. To identify the active

compounds, dried powdered leaves (600 g) of S. hydrangeoides

were extracted thrice with 70% ethanol and water for 24 h at room

temperature. The resulting ethanol solution was combined and

filtered. The filtrate was concentrated using a rotary evaporator at

37 oC to obtain 143 g extract. A portion of the extract (100 g) was

suspended in water, and successively fractionated into n-hexane,

chloroform, ethyl acetate, n-butanol, and water fractions. The n-

butanol layer was fractionated using medium-pressure liquid

chromatography (MPLC, Buchi, Flawil, Switzerland) on a C18

column with a water-methanol gradient to obtain 60 fractions

(MP1-MP60). Fraction MP51 was identified as compound 2 (120

mg), and fractions MP16-19 were purified by Sephadex LH-20

column chromatography (CC) with methanol to isolate compound 1

(38 mg). Fraction MP53 was subjected to Sephadex LH-20 CC with

chloroform-methanol (2:1) to obtain compounds 3 (14 mg) and 4

(10 mg). The separated compounds were structurally identified

using a nuclear magnetic resonance (NMR) system (JEOL, Tokyo,

Japan). 1H and 13C NMR were measured at 400 and 100 MHz,

respectively, using methanol-d4 (δH 3.31 and δC 49.1 ppm) as NMR

solvent.

Cell Culture and UVA Irradiation

Human dermal fibroblast (HDFn) cells were cultured in DMEM/F-

12 (3:1), supplemented with 10% FBS and 1% penicillin/

streptomycin at 37 oC and 5% CO2 in a humidified atmosphere.

Cells were exposed to a Bio-Link UV irradiation system (Vilber

Lourmat, Collegien, France) equipped with UVA sources. The cells

were washed with PBS and covered with PBS until they were

slightly submerged. The cells were exposed to UVA until 8 J/cm2.

PBS was replaced with fresh serum-free medium after UVA

irradiation, and the experiments were performed.

Cell Viability

HDFn cells were seeded in 24-well plates at a density of 7×104

cells/well and cultured for 24 h. After washing once, the cells were

treated with compounds 1-4 at the indicated concentrations in

serum-free media and incubated for 48 h. The supernatant was

removed and 500 µL of MTT reagent (0.4 mg/mL in serum-free

media) was added per well, and incubated for 4 h. After removing

the MTT reagent, DMSO was added to dissolve the formed

formazan crystals, and the absorbance was measured at 570 nm

using a microplate reader (Tecan, Salzburg, Austria).

Enzyme-Linked Immunosorbent Assay (ELISA)

HDFn cells were seeded in a 24-well plate at 7×105 cells/well and

incubated for 24 h. Cells were pretreated with compounds 1-4 at the

indicated concentrations, adenosine (100 µM), and ascorbic acid
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(100 µM) for 1 h. Adenosine was used as a positive control for

MMP-1 production, and ascorbic acid was used as a positive control

for procollagen type I production. After UVA irradiation, the cells

were treated with the four compounds at the indicated concentrations

for 48 h, and the cell supernatant was collected to measure MMP-

1 and PIP using ELISA kits. MMP-1 and PIP ELISA assays were

performed according to the manufacturers’ protocols.

Western Blot

HDFn cells were seeded in 6-well plates at 3×105 cells/well and

incubated for 24 h, followed by pretreatment with Q-3-GR (5, 10,

and 20 µM) for 1 h. After UV irradiation, the cells were treated with

Q-3-GR (5, 10, and 20 µM) to measure protein levels at different

time points. After washing with cold 1× PBS, cell lysates were

prepared using RIPA buffer containing a 1% protease/phosphatase

inhibitor cocktail. Lysis was performed at 4 oC for 20 min. Cells

were collected in a 1.5 mL tube, centrifuged at 15,000 rpm for 20

min at 4 oC to obtain the supernatants. Protein concentration was

quantified using a BCA protein assay kit. The loading samples were

prepared using sample buffer and heated at 100 oC for 5 min to

denature the proteins. The protein samples were subjected to

electrophoresis on sodium dodecyl sulfate-polyacrylamide gels to

separate proteins by size. The separated proteins were transferred

from the gel to a polyvinylidene fluoride membrane. After blocking

in blocking buffer for 1 h, the membranes were incubated with the

primary antibody at 4 oC for more than 20 h. The membranes were

then washed four times for 5 min each with 1x TBS-T, followed by

incubation with the secondary antibody diluted in 1× TBS-T at

room temperature for 1 h. The membranes were washed four times

for 5 min each, incubated with the ECL solution, followed by

protein detection using ChemiDoc (Vilber Lourmat, Collegien,

France).

Statistical Analysis

The results of all experiments are expressed as mean ± standard

deviation (mean ± SD) of three independent experiments. Statistical

differences were calculated using one-way analysis of variance

(ANOVA) to compare the control and treatment groups. Statistical

analysis was performed using Winks statistics software (TexaSoft,

Plano, TX, USA).

Results

Identification of Compounds Using NMR

We used chromatography purification to isolate four known

compounds, 1-4, and confirmed their chemical structures by

analyzing the NMR spectroscopic data. Compound 1 showed 16

signals in the 13C NMR spectrum, where eight sp2 carbons, four

oxygen-bearing sp3 carbons and two carbonyl carbons were

identified. The presence of two CH2 groups was indicated based on

the 1H (2.17-1.96, 4H, m, H-2', H-6') and 13C NMR signals (39.2

and 40.7 ppm) (Table 1). We confirmed compound 1 to be

chlorogenic acid (MW: 354.31 g/mol) by comparing the obtained

data with previously established values [18]. Compounds 2, 3, and

4 showed typical flavonoid derivative signals in their 1H and 13C

NMR spectra. The 1H NMR signals of compound 2 indicated the

presence of quercetin aglycone. This was confirmed by two doublet

signals at δ 6.92 (1H, d, J =8.2 Hz) and 7.35 (1H, d, J =2.3 Hz),

assigned to H-5' and H-2', respectively, and a dd signal at δ 7.32 (H-

6'). The presence of H-6 and H-8 was identified by two doublet

signals at δ 6.20 and 6.37. In the 1H-NMR spectrum, peaks at δ 4.38

(1H, d, J =7.8 Hz) and 5.64 (1H, brs) indicate specific peaks of

glucose and rhamnose, respectively. Based on previous literature,

we identified compound 2 as quercetin-3-O-glucosyl-(1-2)-rhamnoside

(MW: 610.52 g/mol) [19]. The 13C NMR spectrum of compound 3

was similar to that of compound 2, except for the presence of eleven

sugar carbon signals (Table 2). Thus, we identified compound 3 as

quercetin with combined xylose and rhamnose, and established it as

quercetin-3-O-xylosyl-(1-2)-rhamnoside (MW: 580.14 g/mol) based

on previous literature [20]. Similarly, we confirmed compound 4 to

be quercetin with rhamnose, identified as quercitrin (MW: 448.38 g/

mol) [21]. This is the first study to isolate these compounds from S.

hydrangeoides.

Effects of Compounds Isolated from S. hydrangeoides on MMP-

1 Production and Cell Viability in HDFn cells

We compared the effects of all four compounds isolated from S.

hydrangeoides to determine their efficacy in preventing photoaging:

(a) chlorogenic acid, (b) quercetin-3-O-glucosyl-(1-2)-rhamnoside,

(c) quercetin-3-O-xylosyl-(1-2)-rhamnoside, and (d) quercitrin (Fig. 1).

Table 1 1H-NMR and 13C-NMR chemical shifts of compound 1 in

CD3OD

Position
Compound 1

δH (multi; J [Hz]) δC

1 127.8

2 7.03 (d, J =1.8 Hz) 115.8

3 146.8

4 149.6

5 6.77 (d, J =8.2 Hz) 116.8

6 6.93(dd, J =1.8, 7.8 Hz) 123.1

7 7.56 (d, J =16.0 Hz) 146.9

8 6.29 (d, J =16.0 Hz) 115.3

9 169.1

1' 77.8

2' 2.17–1.96 (m) 39.2

3' 5.37 (m) 75.1

4' 4.13 (brs) 73.1

5' 3.69 (dd, J =10.0, 3.2 Hz) 72.6

6' 2.17-1.96 (m) 40.7

7' 180.8
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We observed that, of the four compounds, quercetin-3-glucosyl-

(1-2)-rhamnoside (Q-3-GR) inhibited MMP-1 production the most

at non-toxic concentrations (Table 3). Thus, we focused on

investigating the effects of Q-3-GR on inhibiting collagenase and

enhancing collagen production, along with the related signaling

pathways.

Effects of Q-3-GR on MMP-1 expression in UVA-irradiated

HDFn cells

UV irradiation induces collagen degradation by causing overexpression

of MMP-1. Therefore, reducing MMP-1 levels is a key factor in

preventing UVA-induced photoaging [22]. We investigated the

effects of Q-3-GR on MMP-1 production and protein expression

using ELISA and western blotting. UVA irradiation significantly

increased MMP-1 production (Fig. 2), and decreased adenosine

levels by 45.3±9.7%. Treatment with Q-3-GR decreased MMP-1

production by 48.7±7.2, 53.7±4.5, and 74.8±2.5% at 5, 10, and 20

µM, respectively (Fig. 2A). Western blotting revealed that Q-3-GR

decreased MMP-1 protein expression by 50% at 20 µM compared

to the UVA-irradiation group (Fig. 2B).

Effects of Q-3-GR on procollagen type I expression in UVA-

irradiated HDFn cells

Skin collagen is responsible for ECM structure and contributes to

skin elasticity [23]. Therefore, we performed ELISA and western

blotting to investigate the effects of Q-3-GR on procollagen type I

production and protein expression upon UVA-induced photoaging.

As expected, UVA decreased the production of procollagen type I,

Table 2 1H-NMR and 13C-NMR chemical shifts of compound 2-4 in CD3OD

Position
Compound 2 Compound 3 Compound 4

δH (multi; J [Hz]) δC δH (multi; J [Hz]) δC δH (multi; J [Hz]) δC

2 159.3 159.2 159.5

3 136.6 136.9 136.4

4 179.6 179.9 179.8

5 163.2 163.3 163.4

6 6.20 (d, J =2.1 Hz) 100 6.19 (d, J =2.1 Hz) 99.9 6.20 (d, J =2.1 Hz) 100

7 166.3 166 166.1

8 6.37 (d, J =2.3 Hz) 94.9 6.36 (d, J =2.3 Hz) 94.9 6.37 (d, J =2.3 Hz) 94.9

9 158.6 158.6 158.7

10 106 105.9 106

1' 122.9 122.9 123.1

2' 7.35 (d, J =2.3 Hz) 117 7.35 (d, J =2.3 Hz) 116.9 7.34 (d, J =2.3 Hz) 117.1

3' 146.6 146.6 146.6

4' 150 150 150

5' 6.92 (d, J =8.2 Hz) 116.6 6.92 (d, J =8.2 Hz) 116.6 6.91 (d, J =8.2 Hz) 116.5

6' 7.32 (d, J =2.1, 8.2 Hz) 122.9 7.30 (d, J =2.1, 8.2 Hz) 122.8 7.32 (d, J =2.1, 8.2 Hz) 123

1'' 5.64 (brs) 102.7 5.34 (brs) 103.4 5.34 (brs) 103.7

2'' 83 82.9 72.3

3'' 72.1 72 72.2

4'' 73.6 73.8 73.4

5'' 70.8 71.1 72.1

6'' 0.98 (d, J =6.4 Hz) 17.8 1.02 (d, J =5.9 Hz) 17.8 0.93 (d, J =5.9 Hz) 17.8

1''' 4.38 (d, J =7.8 Hz) 107.3 4.24 (d, J =7.3 Hz)

2''' 75.4

3''' 77.9

4''' 71.9

5''' 70.8

6''' 62.3

1'' 107.9

2'' 75.4

3'' 77.9

4'' 71.9

5'' 67.2
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while vitamin C (positive control) treatment increased procollagen

type I levels by 38.4±5.7%. Q-3-GR treatment increased procollagen

type I production by 13.7±4.9, 44.2±7.0, and 59.2±1.0% at 5, 10,

and 20 µM, respectively (Fig. 3A). Moreover, western blotting

revealed that Q-3-GR treatment also increased procollagen type I

protein expression in a concentration-dependent manner (Fig. 3B).

Effects of Q-3-GR on MAPK/AP-1 signaling pathway in UVA-

irradiated HDFn cells

The MAPK signaling pathway is stimulated by ROS, resulting in

activation of the AP-1 transcription factor, and formation of the c-

Fos and c-Jun heterodimer complex. Activated AP-1 stimulates the

production of MMPs, which in turn induces collagen degradation

[24,25]. Thus, we performed western blotting to investigate the

effect of Q-3-GR on the MAPK/AP-1 signaling pathway. As shown

in Fig. 4A, UVA irradiation induced phosphorylation of ERK, JNK,

and p38. Q-3-GR treatment reduced the expression of p-ERK in a

concentration-dependent manner (Fig. 4B), and significantly

suppressed the expression of p-JNK (Fig. 4C). However, it did not

inhibit the expression of p-p38 (Fig. 4D). Previous studies have

shown that c-Jun and c-Fos are regulated by the MAPK signaling

pathway. ERK and JNK are also involved in c-Fos and c-Jun

regulation, respectively [26,27]. We observed markedly increased

phosphorylation of c-Jun and c-Fos following UVA irradiation (Fig.

5A), while Q-3-GR treatment significantly inhibited c-Jun and c-

Fig. 1 Structures of isolated compounds from S. hydrangeoides; (A) chlorogenic acid; (B) quercetin-3-O-glucosyl-(1-2)-rhamnoside; (C) quercetin-3-O-

xylosyl-(1-2)-rhamnoside; and (D) quercitrin 

Table 3 Effects of S. hydrangeoides compounds on MMP-1 production and the viability of HDFn cells

No. Compound Concentration (µM) MMP-1 production (%) Cell viability (%)

1 Chlorogenic acid

10

20

40

76.6

65.2

67.6

96.8

103.5

100.7

2 Quercetin-3-glucosyl-(1-2)-rhamnoside

5

10

20

51.3

46.3

25.2

95.0

92.2

90.7

3 Quercetin-3-xylosyl-(1-2)-rhamnoside

5

10

20

48.5

35.5

23.7

73.0

55.1

45.7

4 Quercitrin

10

20

40

50.2

42.0

32.6

98.3

101.0

104.9
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Fig. 2 Effects of Q-3-GR on MMP-1 production and protein expression in UVA-irradiated HDFn cells. The cells were pretreated with Q-3-GR (5, 10,

and 20 µM) or adenosine (100 µM) for 1 h. After UVA irradiation, cells were incubated in the compounds for an additional 24 h. (A) MMP-1

inhibitory effect of Q-3-GR was measured by ELISA. Adenosine was used as a positive control. (B) Western blot results and (C) protein level of

MMP-1. MMP-1 and β-actin (loading control) levels were quantified using Image J. Data are presented as mean ± SD (n =3). ##p <0.01 vs. non-treated

control; **p <0.01 vs. UVA-irradiated group

Fig. 3 Effects of Q-3-GR on procollagen type I production and protein expression in UVA-irradiated HDFn cells. The cells were pretreated with Q-3-

GR (5, 10, and 20 µM) or vitamin C (100 µM) for 1 h. After UVA irradiation, cells were incubated with the compounds for an additional 24 h. (A)

Effect of Q-3-GR on procollagen type I was measured by ELISA. Vitamin C was used as a positive control. (B) Western blot results and (C) protein

levels of procollagen type I. Procollagen type I and β-actin (loading control) levels were quantified using Image J. Data are presented as mean ± SD

(n =3). ##p <0.01 vs. non-treated control; **p <0.01 vs. UVA-irradiated group
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Fos phosphorylation (Fig. 5B, 5C).

Effects of Q-3-GR on TGF-β/Smad signaling pathway in UVA-

irradiated HDFn cells

TGF-β binds to its cell surface receptor to activate the TGF-β/Smad

signaling pathway. Smad 2 and 3 form a complex with Smad 4, and

regulate the transcription of target genes, such as collagen [3]. UV

irradiation causes TGF-β receptor dysfunction to inhibit the TGF-β/

Smad signaling pathway. As shown in Fig. 6, UVA irradiation

decreased the phosphorylation of Smad 2/3, and the expression of

Smad 4, while Q-3-GR treatment induced the expression of p-Smad

2/3 (Fig. 6B) and Smad 4 (Fig. 6C) in a concentration-dependent

manner.

Discussion

With increasing life expectancy, there is increased interest in

studying compounds that affect skin aging. Research is underway to

identify new bioactive natural compounds to avoid side effects

caused by chemical cosmetic components [28-30]. Thus, we

attempted to identify phytochemicals with a preventive effect on

photoaging. A previous study described the whitening effect of S.

hydrangeoides extract [17]. However, its potential role in skin aging

has remained unexplored, and there is no report on the anti-

photoaging effects of Q-3-GR isolated from S. hydrangeoides.

Therefore, we investigated these potential effects of Q-3-GR, as

well as explored its mechanisms of action. We obtained four

compounds from S. hydrangeoides leaves which were identified

through NMR. We confirmed the MMP-1 production inhibitory

activity of the four compounds, Q-3-GR (compound 2) had the best

inhibitory effect at a non-toxic concentration. In subsequent

experiments, we confirmed the effects of Q-3-GR on the expression

of MMP-1 and procollagen type 1 through ELISA and western blot,

and the mechanism was confirmed by western blot.

We isolated and identified four phytochemicals from the BuOH

fraction of S. hydrangeoides, namely chlorogenic acid (compound

1), quercetin-3-O-glucosyl-(1-2)-rhamnoside (compound 2), quercetin-

3-O-xylosyl-(1-2)-rhamnoside (compound 3), and quercitrin

(compound 4). MMP-1 induced collagen breakdown in photoaging

Fig. 4 Effect of Q-3-GR on the MAPK/AP-1 signaling pathway in UVA-irradiated HDFn cells. Western blotting results of (A) MAPK and protein

levels of (B) P-ERK, (C) P-JNK, and (D) P-p38. The cells were pretreated with Q-3-GR (5, 10, and 20 µM) for 1 h. After UVA irradiation, cells were

incubated with the compounds for an additional 1 h. Protein levels were quantified using Image J. Data are presented as mean ± SD (n =3). ##p <0.01

vs. non-treated control; **p <0.01 vs. UVA-irradiated group
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skin [31], so we analyzed the MMP-1 production inhibitory activity

of each compound to compare their anti-photoaging effects. As a

result, Q-3-GR (compound 2) caused maximal inhibition of MMP-

1 at a non-toxic concentration (Table 3). Therefore, we selected Q-

3-GR for further analysis to investigate its protective effects on

UVA irradiated-HDFn cells.

Procollagen type I is a precursor of collagen, which is the

primary component of the ECM, and its breakdown results in skin

wrinkles. MMP-1 degrades collagen, and decreased MMP-1

expression and increased procollagen type I expression contribute to

skin elasticity [32,33]. ELISA and western blot analysis revealed

that Q-3-GR decreased the production of MMP-1, and inhibited the

expression of MMP-1 protein in UVA-irradiated HDFn cells (Fig.

2). Additionally, Q-3-GR increased procollagen levels and its

protein expression in UVA-irradiated HDFn cells (Fig. 3).

Therefore, our results showed that Q-3-GR prevents photoaging by

reducing the production of MMP-1 and inducing the expression of

procollagen type I.

The MAPK signaling pathway is activated by UV-induced ROS,

which in turn activates the transcription of c-Jun and c-Fos, which

form a heterodimer complex with AP-1. Activated AP-1 induces

the expression of MMP-1 [24]. Western blotting revealed that Q-3-

GR significantly inhibited ERK and JNK phosphorylation, but did

not affect p38 phosphorylation, in addition to inhibiting c-Jun and c-

Fos phosphorylation (Fig. 4, 5). These results demonstrated that Q-

3-GR inhibits the activation of the MAPK/AP-1 signaling pathway

by UVA irradiation, which results in blocking the production of

MMP-1 and prevention of collagen degradation.

The TGF-β/Smad signaling pathway is involved in collagen

synthesis. Smad 2/3 (R-Smad) forms a heteromeric complex with

Smad 4 (Co-Smad), is translocated into the nucleus, and is involved

in the synthesis of type I collagen [3]. We observed that Q-3-GR

significantly increased the phosphorylation of Smad 2/3 and Smad

4 (Fig. 6). These results suggested that Q-3-GR activated the TGF-

β/Smad signaling pathway and thereby increases collagen synthesis.

In conclusion, Q-3-GR isolated from S. hydrangeoides inhibits the

generation of MMP-1 through the MAPK/AP-1 signaling pathway

and increases procollagen type I through the TGF-β/Smad signaling

pathway in UVA-irradiated HDFn cells. Our study suggests that the

naturally derived Q-3-GR has protective effects against photoaging

and shows potential for use as an anti-photoaging agent in

cosmetics.

Fig. 5 Effect of Q-3-GR on the MAPK/AP-1 signaling pathway in UVA-irradiated HDFn cells. (A) Western blotting results and protein levels of (B) P-

c-Jun and (C) P-c-Fos. The cells were pretreated with Q-3-GR (5, 10, and 20 µM) for 1 h. After UVA irradiation, cells were incubated with the

compounds for an additional 24 h. Protein levels were quantified using Image J. Data are presented as mean ± SD (n =3). ##p <0.01 vs. non-treated

control; *p <0.05 and **p <0.01 vs. UVA-irradiated group
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