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Introduction

There are two main types of skin aging; intrinsic aging

and extrinsic aging [1]. In relation to the former, intrinsic

skin aging presents as a decrease in the thickness of the

epidermis and dermis [2], with overall levels of collagen

and elastin diminishing, coupled with a concurrent increase

in the quantity of collagen cross-linked fibers [3, 4]. Intrinsic

aging will typically be observed in the form of only light

wrinkles [2, 5], and is not associated with increased

pigmentation or deep wrinkles [6]. By contrast, extrinsic

aging, also referred to as ‘photoaging’ [2], can be found

with clinical presentations which include skin dryness,

sallowness, laxity, atrophy, elastosis, mottled pigmentation,

and deep coarse wrinkles [7]. In photoaging, irradiation

with UVB increases the generation of reactive oxygen

species (ROS), which serve to increase the breakdown of

collagen [8]. This occurs when the UV irradiation induces

AP-1, which increases reactive oxygen species production

and results in subsequent collagen breakdown [9]. At the

same time, matrix metalloproteinase-1 (MMP-1) production

increases [7, 10], as the oxidative stress triggers MMP

secretion from dermal fibroblasts [11]. MMP-hydrolyzed

extracellular matrix (ECM) proteins include collagen fibers.

MMP-1 is important for initiating the breakdown of type I

collagen and, in particular, yielding the degradation of

ECM [10]. UVB absorbed by skin molecules produces

harmful substances, ROS, which cause oxidative damage to

cellular components such as cell walls, lipids, mitochondria,

and DNA [7, 12, 13]. Moreover, in addition to metabolism

and other biochemical reactions in live cells, ROS can be

continuously produced as a result of external factors [14].

Nuclear factor-erythroid 2-related factor-2 (Nrf2) is

critical for regulating cellular defense responses when cells

are under oxidative stress [15]. In other words, Nrf2 is a

redox-sensitive transcription factor that regulates the

expression of a variety of antioxidant enzymes. Nrf2 is

usually present in the cytoplasm, in an inactive complex

with Kelch-like ECH-associated protein 1 (Keap1) [15, 16].

However, when activated it dissociates from Keap1 and
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Pueraria montana var. lobata is a bioactive substance with various beneficial health effects and

has long been extensively used as a traditional medication for the treatment of fever, acute

dysentery, diabetes, and cardiovascular diseases in Northeast Asian countries. The purpose of

this study was to evaluate the cytoprotective activity of Pueraria montana var. lobata ethanol

extract (PLE) for ultraviolet B (UVB)-induced oxidative stress in human dermal fibroblasts

(HDF). It was hypothesized that PLE treatment (25-100 µg/ml) would reduce intracellular

reactive oxygen species (ROS) levels as well as increase collagen production in UVB-irradiated

HDF. The results confirmed this theory, with collagen production increasing in the PLE

treatment group in a dose-dependent manner. In addition, regulators of cellular ROS

accumulation, including HO-1 and NOQ-1, were activated by Nrf2, which was mediated by

PLE. Hence, intracellular levels of ROS were also reduced in the PLE treatment group in a

dose-dependent manner. In conclusion, PLE increases collagen production and maintains

hyaluronic acid (HA) levels in human dermal fibroblasts exposed to UVB-irradiation, thereby

inhibiting photoaging.
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translocates to the nucleus [15-17]. Nrf2 then binds to the

antioxidant response element (ARE) to increase the

expression of antioxidant enzymes, such as heme oxygenase 1

(HO-1), and NAD(P)H: quinone oxidoreductase 1 (NQO1)

[18, 19]. One of the enzymes up-regulated by Nrf2, HO-1, has

both powerful antioxidant and anti-inflammatory properties,

while also possessing the ability to catalyze the rate limiting

reaction in heme degradation [19-21]. The expression of

NQO1, another downstream enzyme, is very strongly

induced by free radicals generated by UVB irradiation [22].

Pueraria montana var. lobata, also widely known as Pueraria

lobata has long been used medicinally in Northeast Asian

countries such as Japan, China, and Korea. Pueraria montana

var. lobata is known as ‘kudzu’ in Japan, while the roots of

Pueraria montana var. lobata are included in the Chinese

Pharmacopoeia (‘Gegen’; Radix Puerariae montana var.

lobataa). In Korea it has been utilized under the name

‘kalgeun.’ The genus Pueraria is a rich source of isoflavones,

the most abundant isoflavonoid in the root of Pueraria

montana var. lobata. It has been known to provide relief for

fever, dysentery, and cardiovascular diseases such as

hypertension, myocardial infarction and arrhythmia [23].

This study was performed to empirically investigate the

effects of Pueraria montana var. lobata extract (PLE) on the

production of type I procollagen in UVB-irradiated HDFs,

to determine the underlying antioxidant mechanisms, and

ultimately to elucidate the inhibition effect of PLE on

photoaging. 

 

Materials and Methods

Chemicals and Reagents

The fetal bovine serum (FBS) and Dulbecco’s Modified Eagle’s

Medium (DMEM) used in this study were purchased from

Corning (USA). Penicillin-Streptomycin (PS) was acquired from

Gibco (USA). Primary antibodies against β-actin (sc-1616), Nrf2

(sc-722), HO-1 (sc-10789), NQO-1 (sc-32793) and Keap-1 (sc-15246)

were procured from Santa Cruz Biotechnology (USA). Primary

antibodies against COL1A1 (ab34710) and MMP-1 (ab38929) were

sourced from Abcam (USA). For secondary antibodies, donkey

anti-goat immunoglobulin G (IgG)-horseradish peroxidase (HRP)

(GTX232040-01) and rabbit IgG antibody HRP (GTX213110-01)

were obtained from Gene Tex (Insight Biotech, UK). Lastly, goat

anti-mouse-IgG-HRP conjugate (W 402B) was purchased from

Progema (USA).

Preparation of PLE

The PLE used in this study was kindly provided by SCM Tech

(Incheon, Namdong-gu, Korea). Fully-dried roots of Pueraria

montana var. lobata were collected and powdered using an electric

grinder. One hundred grams of powdered material was kept in

1 L of 70% ethanol solution and incubated at 60°C in a reciprocating

shaker for 24 h. Then, the extract was filtered by Whatman no. 1

filter paper with final filtration utilizing a vacuum pump. The

solvent from the extract was removed via a rotary vacuum

evaporator. Finally, the residues were collected and made use of

in the experiments.

Cell Culture and UVB-Irradiation

Human dermal fibroblasts (HDFs) were obtained from ATCC

(pcs-201-010) and prepared in accordance with the manufacturers’

instructions. HDFs were cultured in DMEM containing 10% FBS

and 1% PS under a humidified atmosphere of 5% CO2 at 37oC.

Human dermal fibroblasts from the 6th to the 10th passage were

used for assays. Cells, at 1 × 106 cells/10 cm, were seeded in

culture dishes.

Cell culture experiments were conducted 24 h after seeding.

Irradiation was performed once, 24 h post cell culturing. Prior to

UVB irradiation, the cells were rinsed twice with sterile

phosphate-buffered saline (PBS). The cells were exposed to UVB

radiation under a thin film of PBS without culture dish lids. Cells

were irradiated with UVB at a dose of 20 mJ/cm2 using a UVB CL-

1000 ultraviolet cross-linker (UVP Inc, USA). Immediately

thereafter the medium was replaced.

Cell Viability Assay

Cell viability was assessed with a 3-(4,5-dimethylthiazol-2-yl)-5-

(3-carboxymethoxy-phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)

reagent, in accordance with the manufacturer’s instructions.

Human dermal fibroblasts were plated in 96-well culture plates at

a density of 1×104 cells/well for 24 h. After 24 h incubation, cells

were treated with various concentrations of PLE (25, 50, and

100 μg/ml) for 24 h. After 24 h incubation, the cell medium was

replaced with 15 μl MTS reagent in 100 μl DMEM and incubated

at 37oC with 5% CO2 for 2 h. Absorbance at 490 nm was measured

using a microplate reader (Biotek, USA). 

Measurement of Intracellular ROS Production

Cells were plated at 1 × 106 cells/well in 60 mm culture dishes

with DMEM containing 10% FBS and 1% PA for 24 h. Compounds

were treated at 24 h, using serum free media, before UVB

irradiation. After triplicate washings with PBS, cells were

irradiated with UVB at a dose of 20 mJ/cm2, without lids. After

being exposed to UVB for 24 h, cells were incubated with 10 μM of

2’,7’-dichlorofluorescein diacetate (H2DCFDA) (D399; Invitrogen,

USA) in culture media at 37oC for 30 min. Culture media were

then removed and the pellets were suspended in 500 μl PBS.

Transference to 5 ml FACS tube (SPL Life Sciences, Korea) then

occurred. The cell suspension was examined by a FACSCalibur

flow cytometer (Becton Dickinson, USA) equipped with a Nikon

bandpass filter with an excitation wavelength of 488 nm and

Cell Survival Rate
Absorbance in PLE treated group

Absorbance in control group
-----------------------------------------------------------------------------------------------

⎝ ⎠
⎛ ⎞ 100%×=
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emission wavelength of 530 nm. Data analyses were based on

10,000 detected events using Cell Quest software (USA).

Measurement of Total Collagens

A Sircol soluble collagen assay kit (Biocolor Ltd., UK) was used

to quantify total soluble collagens in culture medium. Collected

culture medium was centrifuged at 13,000 g for 10 min to drop the

ECM, followed by the mixing of 100 μl supernatant with 1 ml of

Sircol dye for 30 min and centrifuging at 13,000 g for 10 min to

drop the formed collagen-dye complex. After removing the

suspension, the pellets were dissolved in 250 μl Sircol alkali

reagent and vortexed. Relative absorbance was measured at 555 nm

using a microplate reader (Biotek). The collagen content was

calculated from a standard curve of the measured absorbance.

Hyaluronic Acid Assay

The Hyaluronan Quantikine ELISA kit (R&D Systems, USA)

was used to analyze the hyaluronic acid (HA) concentration of the

supernatants of the HDF culture media. At near confluence, 50 μl

aliquots of the HDF cell culture supernatants were prepared and

50 μl aliquots of the Assay Diluent RD1-14 were added to each

well, as were, subsequently, the samples and then the buffer from

the kit. Finally, stop solution was added, and the relative

absorbance was measured at 540 nm. The HA concentration was

calculated from a standard curve of the measured absorbance.

Western Blot Analysis

After being exposed to UVB for 1 h, the cell pellets were

collected. Human dermal fibroblasts cells were lysed in 60 μl of

NP40 (Invitrogen, USA) containing protease inhibitors and then

incubated on ice for 30 to 40 min. Protein concentrations of whole

cell lysates were measured using bicinchoninic acid (BCA) protein

assay kits (Thermo Fisher Scientific, USA). Equal concentrations

of protein (12 μg) were separated by sodium dodecyl sulfate

polyacetylamide gel electrophoresis (SDS-PAGE) and transferred

to polyvinylidene fluoride (PVDF) membranes (Merck Millipore,

Germany). The membranes were blocked with 5% bovine serum

albumin (BSA) in Tris-buffered saline (TBST) containing 0.5%

tween-20 (TBST) for 1 h at room temperature (RT). After blocking,

incubation with 1:1000 dilution of primary antibodies for 4 h at

RT, or 16 h at 4oC, occurred. The membranes were washed in

triplicate in TBST for 15 min. Then they were incubated with

secondary antibodies for 1 h at RT. After washing three times with

TBST, separated protein bands were detected with an ImageQuant

LSA 4000 (GE Healthcare, USA) using ECL solution (Dyne, Korea).

Immunocytochemistry

Cells were seeded at 3 × 104 cells/well in sterile 4-chamber

slides (Lab-Tek, Thermo Fisher Scientific, USA) with DMEM

containing 10% FBS and 1% PS for 24 h. Cells were treated with

compounds in serum-free DMEM for 24 h before UVB irradiation.

After treatment, cells were washed in triplicate with PBS, then

irradiated with UVB at a dose of 20 mJ/cm2 without lids.

Immediately after irradiation, cells were given fresh media

containing 10% FBS and 1% PS. After 1 h incubation, the cells

were co-stained for COL1A1, antioxidant marker NQO1, and cell

nuclei with 4’,6-diamidino-2-phenylindole. Images were taken

using an LSM 880 confocal laser scanning microscope (Zeiss,

Germany) and processed with Zen black/blue software (Zeiss).

Statistical Analysis

All experiments were performed in triplicate, and all values are

expressed as mean ± standard error (SE) for n = 3. Data were

compared using the student’s t-test. All analyses were conducted

using SAS statistical software, version 9.1 (SAS Institute Inc,

USA), and all statistical tests were two-sided, with statistical

significance determined as p-value < 0.05.

Results and Discussion

Cytotoxicity of PLE on HDF

The results of the MTS assay on HDF are illustrated in

Fig. 1. The cells were treated with various concentrations

ranging from 5 to 100 µg/ml, the same concentrations used

in the experiments performed using common extract. HDF

did not exhibit a significant cytotoxicity, even at a very

high concentration of 100 µg/ml. The cells demonstrated a

little less than 10% cytotoxicity at all the treated

concentrations of PLE, except at a concentration of 5 µg/ml.

As shown in the cytotoxicity results, PLE was not shown to

have a significant effect on cell viability. Thus, it was

decided that three concentrations; 25, 50, and 100 µg/ml,

were to be used in this study. 

Effect of PLE on Collagen Production

To determine the effect of PLE on collagen production,

total soluble collagen levels and cellular collagen type 1

Fig. 1. Cell viability of HDF treated with various concentrations

of Pueraria lobata extract (PLE) was assessed by MTS assay. 

Data represent the mean ± standard error (n = 3). Asterisks indicate

significant (p < 0.05) decreases in cell viability in comparison with

non-treated group (0 µg/ml).
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levels were measured using a Sircol soluble collagen assay

kit and western blotting, respectively. According to the

experimental results, increases in both the total soluble

collagen and the collagen type 1 expression levels were

observed in the ethanol extract treatment group, but the

difference was not statistically significant (Fig. 2). The

quantity of collagen in HDF was reduced by UVB

irradiation, an effect that was recoverable by quercetin or

PLE treatment. In the case of the PLE-treated group, total

soluble collagen synthesis increased in a dose-dependent

manner (Fig. 2A). Because type 1 collagen contributes to

almost 80% of adult human dermis [24], it is important to

measure the amount of type 1 collagen as well as the

amount of total soluble collagen. Type I collagen, found in

extensible connective tissue, such as the skin, respiratory,

and vascular systems, is a fibrillar collagen that plays an

important role in skin elasticity [8]. The effects of PLE on

type 1 collagen expression were assessed. PLE increased

type I collagen production in a dose-dependent manner in

HDF (Figs. 5B and 5C).

Thus, these results demonstrate that UVB irradiation

decreases collagen levels and that PLE treatment can

restore not only total collagen levels, but also type 1

collagen expression, suggesting that PLE can recover UVB-

induced collagen damage in HDF. 

Effect of PLE on Cellular Hyaluronic Acid Synthesis

Hyaluronic acid (HA) is a polymer substance that forms

the structure of cells. It is a polar molecule that contains

moisture that helps preserve the structure of skin. In the

present study, the production of HA was observed in HDF.

Interestingly, among the experimental groups, only the

quercetin (Q) group (positive control) showed a statistically

significant decrease in the production of HA. All other

groups; the UVB group irradiated with UVB, the control

(C) group which had no treatment, and the experimental

group treated with PLE, exhibited no significant changes

(Fig. 3). Moreover, in the PLE-treated group, the production

of HA did not alter regardless of concentration changes in

PLE. It can be deduced that UVB irradiation does not

significantly affect the production of HA in HDF, as the

amount of HA produced in the UVB treatment group did

not decrease. Since the cells maintain an appropriate

amount of HA, PLE does not excessively increase the

Fig. 2. Effect of PLE on collagen production was measured in UVB irradiated-HDF. 

Quercetin (Q) was used as a positive control. UVB group was irradiated only with 20 mJ/cm2 of UVB; Q group was treated with quercetin as a

positive control, and the experimental groups were treated with the compound 24 h before UVB irradiation. (A) Total soluble collagens were

determined in culture medium after 48 h of culture. (B) Type 1 collagen expression was measured using western blotting. Data represent the mean

± standard error (n = 3). Asterisks indicate significant (p < 0.05) increases in collagen level compared with the UVB-treated group (0 µg/ml).
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amount of HA in the cells. The reduction in HA observed

in the quercetin-treated group can be explained by the

quercetin inducing a change in the membranous structure

of the cells [25].

Inhibition of Intracellular ROS Production of PLE

The intracellular ROS measurements were based on the

principle that green fluorescence is generated when ROS,

which increases by metabolism in the cells, reacts with

H2DCFDA. HDF was cultured in DMEM, and then incubated

with PLE for 24 h. After UVB irradiation (20 mJ/cm2),

intracellular ROS levels were measured by FACS. As

shown in Fig. 4, it was observed that ROS in the UVB group,

which was irradiated by UVB with no other treatment,

accumulated at a relatively high concentration. However,

in the experimental group treated with PLE extract, a

decrease in the intracellular ROS level could be observed.

The changes, in the intracellular ROS level in accordance

with treatment concentrations of PLE, might confirm the

inhibition effect of PLE on ROS production in HDF.

During photoaging, oxidative damage is induced by

UVB irradiation, which increases collagen breakdown [8].

Thus, reduction of ROS generation can be an effective

approach for the prevention of cellular damage caused by

photoaging. 

Fig. 3. Effect of PLE on relative HA production was estimated

using ELISA. 

HA concentration of the supernatants of HDF culture medium was

measured at 540 nm. Quercetin was used as a positive control. Data

represent the mean ± standard error (n = 3). Asterisk indicates

significant (p < 0.05) changes in HA production compared with the

UVB-treated group (0 µg/ml).

Fig. 4. Intracellular ROS levels were estimated by flow cytometric analysis of DCF fluorescence after staining cells with DCFDA. 

(A) Flow cytometric distribution of DCFDA-stained HDF. (B) Cell granularity of DCF-fluorescence was evaluated. Data analyses were based on

10,000 detected events using the Cell Quest software. Data represent the mean ± standard error; asterisks indicate significant (p < 0.01) changes in

ROS reduction as compared to UVB-treated group (0 µg/ml). PLE, Pueraria lobata extract treatment group cultured in medium; Q, quercetin group

used as a positive control.
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Effect of PLE on Expression of Antioxidant Enzymes 

To investigate the effects of PLE on the expression of a

variety of antioxidant enzymes in UVB-irradiated HDF, cells

were treated with a number of concentrations of PLE, and

incubated for 24 h. After UVB irradiation (20 mJ/cm2), the

expression of protein was examined using western blotting.

Fig. 5. Expressions of antioxidant enzymes on Pueraria lobata treated HDF. 

(A) Expressions of enzymes were examined using Western blotting analysis. (B) The graph above is a densitometry of repeating western blotting

three times. Data represent the mean ± standard error; asterisks indicate significant (p < 0.05) changes in expression of Nrf2, HO-1, and NQO-1 as

compared to the UVB-treated group (0 µg/ml). PLE, Pueraria lobata extract treatment group cultured in medium; Q, quercetin group was used as a

positive control.
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Nrf2, a key transcription regulator of antioxidant

enzymes, which regulates the expression of antioxidant

enzymes such as NQO-1 and HO-1, binds to the Keap1

protein under normal conditions and is present in the

cytoplasm. However, when the amount of oxidative stress

in the cell increases, as seen in UVB irradiation, the Keap1

protein is degraded and releases Nrf2, which translocates

to the nucleus. Then, Nrf2 mediates the expression of

antioxidant enzymes in the ARE region of the gene [19].

As shown in the experimental results (Fig. 5), the overall

expression of Nrf2 was seen to be increased when

compared with the control. Interestingly, however, the

expression pattern of Nrf2 slightly increased with PLE in a

dose-dependent manner (Fig. 5B). The reaction of Nrf2 is

very transient, activated by external oxidative stress or

antioxidative substances to translocate to the nucleus and

activate downstream antioxidant enzymes [19]. Therefore,

the expression level of Nrf2 is not considered high because

Nrf2 is degraded after the antioxidant enzyme is expressed

after being transferred to the nucleus. The expression of

HO-1 and NQO-1 also slightly increased (Figs. 5C and 5D).

Therefore, it can be deduced that Nrf2 levels at the initial

stage were relatively high, and these translocated to the

nucleus and regulated the expression of downstream

antioxidant enzymes, and then decreased their levels. This

conclusion is consistent with previous findings, where

concentrations of Nrf2 were closely dependent on cellular

ROS levels and were very finely regulated [26]. 

Antioxidative Effects of PLE and Correlation with Collagen

Synthesis

Confocal microscopy showed that stimulation of PLE

induced the expression of NQO-1, the downstream

antioxidant enzyme of Nrf2, and COL1A1, type I collagen

(Fig. 6). The nuclei were stained with blue, as shown. The

merged image of the 0.1% PLE-treated group appears

Fig. 6. Confocal microscopy images of NQO-1 (red) and COL1A1 (green) in UVB-irradiated HDF. 

PLE, Pueraria lobata extract treatment group cultured in medium; Q, quercetin group used as a positive control; blue indicates DAPI which stains

cell nucleus; NQO-1, NAD(P)H: quinone oxidoreductase 1; COL1A1, collagen type 1 alpha 1.
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almost the same as that of the control, which had a good

distribution of NQO-1 and COL1A1. Thus, it can be

concluded that treatment with PLE regenerated cellular

collagen through the activation of NQO-1. Despite the

relatively low level of Nrf2 expression in HDF when

compared with the control, PLE conclusively demonstrated

a strong activity in the reduction of ROS levels in HDF,

through the Nrf2 cytoprotective pathway. 

PLE reduced HDF intracellular ROS levels via Nrf2-

mediated downstream antioxidant enzymes, including

HO-1 and NQO-1. Furthermore, PLE increased collagen

production and maintained HA levels after UVB irradiation,

hence inhibiting photoaging in HDF. This study has also

provided useful data for the future use of Pueraria montana

var. lobata as a potential antioxidant reagent. Previously, a

number of studies have been carried out, including skin

whitening, use of fermented product, and anti-inflammatory

effects of Pueraria lobata on skin [27-29]. In the present

study, it was the first in which Pueraria lobata was shown to

have the effect of inhibiting photoaging by activating Nrf2,

a defense mechanism in the human body.
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