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ABSTRACT 
Ultraviolet (UV) irradiation generates reactive oxygen species (ROS) in cells, which induces sunburn cell for-

mation, melanoma, photoaging, and skin cancer. This study examines the anti-photodamage effects of kudzu 

root vinegar and adenosine in UVB-exposed human keratinocytes (HaCaT cells).  

 

UVB significantly decreased HaCaT cell viability, whereas kudzu root vinegar and adenosine did not exhibit 

cytotoxic effects and increased the viability of HaCaT cells.  

 

To investigate the protective effects of kudzu root vinegar and adenosine on UVB-induced oxidative stress in 

HaCaT cells, ROS, matrix metalloproteinases (MMPs), and mitogen-activated protein kinase (MAPK) were 

analyzed. 

 

UVB-induced treatment reduced the activity of antioxidant enzymes; however, kudzu root vinegar and adeno-

sine increased their activity. These results indicated that kudzu root vinegar and adenosine exert cytoprotective 

activity against UVB-induced oxidative stress in HaCaT cells. Moreover, they suppressed the UVB-induced 

downregulation of MMPs and inhibited the phosphorylation of MAPK induced by UVB-irradiation. Therefore, 

kudzu root vinegar and adenosine offer anti-oxidative effects, via lowering ROS production, suppressing JNK 

activation, and downregulating expression of MMPs. 

 

Our findings suggest that kudzu root vinegar and adenosine have potential application in preventing skin dam-

age owing to UVB exposure. 
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1. INTRODUCTION 

The skin, the largest organ in the body, can be divided 

into the epidermis, dermis, and hypodermis. The epi-

dermis is made of keratinocytes, which are consistent-

ly affected by various harmful environmental factors 

such as ultraviolet (UV) irradiation from the sun.[1] 

There are three kinds of UV irradiation: UVA (~320–

540 nm), UVB (~280–320nm), and UVC (~100–320 

nm) light. Among them, UVB exposure to the skin 

results in considerable mitochondrial malfunction, oxi-

dative stress, inflammation, and activation of apoptosis 

leading to skin aging.[2, 3] We may reasonably con-

clude that UVB exposure is a serious risk factor for 

skin cancer. Accumulated data indicate that UVB has 

a primarily deleterious effect on the induction of direct 

DNA damage or the production of reactive oxygen 

species (ROS).[4-7]  

 

ROS are known to be involved in a number of skin 

diseases, including tumor promotion and cancer, auto-

immune skin diseases, phototoxicity, photosensitivity, 

and aging.[8] The skin contains keratin, which increas-

es the horny skin supplement that is dissipated by 

ROS. The dermis consists of elastin and collagen, 

which are responsible for the strength and elasticity of 

the skin and are also reduced by ROS.[9] 

 

Direct ROS and DNA damage alter signaling path-

ways such as mitogen-activated protein kinase 

(MAPK) that are involved in cell proliferation and 

survival.[10, 11] MAPK is composed of extracellular 

signal-regulated kinase (ERK), Jun N-terminal kinase 

(JNK), and p38 kinase. The MAPK subfamily is high-

ly relevant to a variety of transcription factors, in par-

ticular the activated protein-1 (AP-1), as well as com-

plexes containing c-Fos and c-Jun, which are known to 

be activated by JNK, p38 MAPK, and matrix metallo-

protease (MMP)-9 expression, and are highly depend-

ent on AP-1.[12, 13] Accumulation of ROS induces 

changes in the MAPK signaling pathway and weakens 

the activity of antioxidant enzymes. UVB promotes 

ERK and p38 MAPK signaling in keratinocytes by 

increasing ROS generation.[14] 

 

ROS caused from UV radiation can induce activation 

of MMPs, by altering cellular responses. Namely, 

MMPs produced from keratinocytes, fibroblasts, and 

inflammatory cells can cause photoaging.[15] Togeth-

er with MMP-1, MMP-3 and MMP-9 can completely 

degrade mature fibrillar collagen of the skin.[16, 17] 

Therefore, UV irradiation of human skin induces ex-

tracellular matrix degradation via induction of tran-

scription factors, which in turn increase MMP produc-

tion.[18, 19]  

 

Kudzu root (KR, Pueraria lobate) is a perennial herb 

commonly known as “vidarikanda” and is distributed 

in the tropical parts of India.[20, 21] The plant’s tuber 

is widely used in ethnomedicine as well as in tradition-

al systems of medicine, particularly in Ayurveda. It 

has been used in a variety of Ayurvedic formulations 

as a restorative tonic that has antiaging, spermatogen-

ic, and immune boosting properties; it has been sug-

gested for the treatment of cardiovascular diseases, 

hepatosplenomegaly, fertility disorders, menopausal 

syndrome, sexual debility, and spermatorrhoea.[22] 

Therefore, we have studied its antiaging effects by 

developing KR vinegar (KRV) (Fig.1).  

Fig. 1. Sampling in manufacturing process. 
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In addition, adenosine (AD) is a well-known purine 

nucleoside that consists of an adenine molecule at-

tached to a ribose sugar molecule moiety.[23] It is 

present in all biological organs, tissues, and cells. 

Adenosine has been constituted that regulates cell 

proliferation, apoptosis, differentiation, angiogenesis, 

and metastasis in many tumors such as breast, colon, 

leukemia, liver, and melanoma.[24]  

 

Here, on the basis of the reported effects of KRV and 

adenosine (AD), the purpose of this study was to ex-

amine potential UVB-induced skin aging effects of 

KRV and AD in vitro by elucidating the underlying 

mechanism involved and develop a potential new 

antiaging therapy. 

  

2. MATERIALS AND METHODS  

2.1. Materials 

Antibodies for JNK and p-JNK were purchased from 

Cell Signaling Technology Inc. (Beverly, MA, USA). 

Adenosine, gelatin, and GAPDH antibody were ob-

tained from Sigma Chemical Co. (St. Louis, MO, 

USA). The 2′-7′ dichlorofluorescin diacetate (DCF-

DA) was procured from Invitrogen (Carlsbad, CA, 

USA). Hank’s balanced salt solution (HBSS) was 

purchased from the Meditech (Herndon, VA, USA). 

 

2.2. Cell culture and treatment 

Human keratinocytes (HaCaT cells) were obtained 

from American Type Culture Collection (ATCC) and 

maintained in Dulbecco’s modified Eagle’s medium 

(DMEM) supplemented with 10% fetal bovine serum 

and antibiotics (100 U/ml penicillin G and 100 mg/ml 

streptomycin) at 37°C in a humidified incubator con-

taining 5% CO₂ and 95% air. In all experiments, cells 

were seeded at 1×106 cells/well and incubated with 

KRV and AD at 50–60% confluence. All chemicals 

were dissolved in ethanol and the final ethanol con-

centration was less than 0.1%.  

 

2.3. KRV and AD treatment and UVB irradiation 

HaCaT cells were seeded in 96-well plates at densi-

ties of 2 × 103 cells/100 µl. Twenty-four hours later, 

the cells were pretreated with KRV at 37°C and then 

with AD 3 h later. The cells were washed twice with 

phosphate-buffered saline (PBS), and the cells were 

next exposed to UVB radiation (30 mJ/cm2) in PBS 

by using a Bio-link BLX (Vilber Lourmat, France). 

Control cells were subjected to the same treatment 

schedule without UVB irradiation.  

 

2.4. Cell viability 

The cell growth effect was measured by the 3-(4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2

-(4-sulfophenyl)-2H-tetrazolium (MTS) assay 

(CellTiter 96® aqueous non-radioactive cell prolifera-

tion kit; Promega, Wisconsin, USA). HaCaT cells (2 

× 103) were incubated in triplicate in a 96-well plate 

in the presence or absence of KRV and AD in a final 

volume of 100 µl at different time intervals for 24 h at 

37°C under 5% CO2. MTS solutions (5 mg/ml) were 

added to each well, and the cells were cultured for 

another 1 h, after which, the optical density was read 

at 492 nm (Tecan Trading AG, Switzerland). Cell via-

bility is presented as the relative percentage compared 

to the control. 

 

2.5. Annexin V staining 

Annexin V staining was performed using a fluoresce-

in isothiocyanate (FITC)-Annexin V staining kit (BD 

Biosciences, San Jose, CA, USA) following the man-

ufacturer’s instructions. Briefly, PA and adenosine-

treated cells were washed with PBS and resuspended 

in binding buffer containing Annexin V and propidi-

um iodide (PI). Fluorescence intensity was measured 

by flow cytometry (BD Biosciences).  

 

2.6. Measurement of reactive oxygen species 

(ROS) accumulation 

Cells were treated with KRV and AD, and then the 

cells were exposed to UVB radiation (30 mJ/ cm2) 3 h 

later and incubated for another 24 h; after this, cells 

were treated with 25 μM DCF-DA. After incubation 

for 30 min at 37°C in a 5% CO2 incubator, cells were 

washed twice with PBS solution, suspended in com-

plete media, and examined under a fluorescence mi-

croscope to detect intracellular ROS accumulation. 

 

2.7. Western blot analysis  

Cells were harvested and lysed in RIPA buffer, and 

the resulting protein samples were quantified by using 

the bicinchoninic acid protein assay kit (Pierce Bio-
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technology, Rockford, IL, USA). Equal amounts of 

protein extracts were denatured by boiling at 100°C 

for 5 min in sample buffer. The proteins were separat-

ed by 8–15% sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) and transferred to a 

polyvinylidene difluoride membrane. The membranes 

were blocked with 5% skim milk in Tris-buffered 

saline with Tween 20 buffer (TBS-T; 10 mM Tris, 

150 mM NaCl, pH 7.5, and 0.1% Tween 20) for 1 h. 

The membranes were washed 3 times for 10 min each 

with TBS-T buffer and incubated for 1 h with horse-

radish peroxidase-conjugated secondary antibodies. 

The membranes were washed 3 times for 10 min each 

with TBS-T buffer. Immunoblot membranes were 

incubated with Super-signal pico-chemiluminescent 

substrate or dura-luminol substrate (Thermo Scien-

tific, Waltham, MA, USA) according to the manufac-

turer’s instruction and visualized with ImageQuantTM 

LAS 4000 (Fujifilm Life Science, Japan).  

 

2.8. Gelatin zymography 

Gelatin zymography was accomplished in 10% poly-

acrylamide gel in the presence of gelatin (0.1% w/v) 

as a substrate for MMP-9. The protein samples were 

mixed with 5× loading buffer and separated on a 10% 

SDS-PAGE gel without denaturation. Later, the gel 

was washed with renaturing buffer (2.5% Triton X-

100) for 10 min, twice at room temperature, and incu-

bated for 48 h at 37°C in incubation buffer. After the 

enzyme reaction, the gel was stained with Coomassie 

blue R-250 buffer for 1 h and destained with 7.5% 

acetic acid solution containing 10% methanol. Areas 

of gelatinase activity were detected as clear bands 

against the blue-stained gelatin background.  

 

2.9. Senescence-associated β-galactosidase (SA-β-

gal) histochemical staining 

Cells were cultured in 6-well plates (2 × 105 cells/

well), pretreated with KRV and AD, and exposed to 

UVB. Cells were washed with PBS and fixed for 5 

min in 3% formaldehyde. SA-β-gal staining was de-

termined using a senescence β-galactosidase staining 

kit (Cell Signaling Technology, Danvers, MA, USA). 

The percentage of blue-stained senescent cells was 

determined using a light microscope. 

 

2.10. Statistical analysis 

Where appropriate, data are expressed as the mean ± 

SD of at least three independent experiments, and 

statistical analysis for single comparison was per-

formed using the Student’s t-test; p values less than 

0.05 were considered statistically significant.  

 

3. Results  

3.1. Effect of KRV and AD on HaCaT cell viability 

The cytotoxic effect of PA and AD on HaCaT cells 
was determined by the MTS assay (Fig. 2A, B). The 
cells were treated with various concentration of KRV 
(20, 50, and 100 µg/ml) and AD (20, 50, and 100 µl) 
for 24 h. As cell viability was within 80%, it was 
considered that there was no effect on viability. In 
addition, the protective effect of KRV and AD 
against UVB-induced cell toxicity was determined 
using the MTS assay. UV irradiation (30 mJ/cm2) 
induced cell death in HaCaT cells. Exposure of UVB 
(30 mJ/cm2) for 24 h reduced cell viability to approx-
imately 60%, as compared to the non-UV-irradiated 
group. However, following pretreatment with KRV 
and AD, the cell viability was increased. Based on 
these results, a KRV concentration of 100 µg/ml and 
100 µl of AD were used in further studies (Fig. 2C).  

Fig. 2. Cytotoxic effect of KRV and AD in HaCaT 
cells. (A) HaCaT cells were treated with the indicated 
concentrations of KRV for 24 h. Cell viability was 
determined by the MTS assay. (B) HaCaT cells were 
treated with the indicated concentrations of AD for 
24 h. Cell viability was determined by the MTS as-
say. (C) HaCaT cells were pretreated with KRV and 
AD, exposed to UVB radiation (30 mJ/cm2) 3 h later, 
and incubated for another 24 h. Cell viability was 
determined by the MTS assay. Values are expressed 
as means ± SD. *, p < 0.05, compared to the control. 
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3.2. Effect of KRV and AD on UVB-induced cell 

apoptosis and necrosis 

UVB-induced apoptotic and necrotic HaCaT cells 

were counted using quantitative flow cytometry with 

Annexin V and PI staining. As shown in Fig. 3A, in 

the cells irradiated with 30 mJ/cm2 UVB, the percent-

age of living cells was significantly reduced to 

69.12%. In contrast, KRV and AD treatment increased 

the viable cell count to 83.21%. The results indicated 

that pretreatment of cells with KRV and AD dramati-

cally decreased the percentages of apoptotic cells as 

compared to UVB-induced cells. Quantification of 

apoptotic cells is shown in Fig. 3B. 

Fig. 3. Effect of KRV and AD on UVB-induced cell 

apoptosis and necrosis in HaCaT cells. (A) The apop-

totic index (%) was determined by flow cytometry 

upon treatment of cells with KRV and AD, exposed to 

UVB radiation (30 mJ/cm2) 3 h later, incubated for 

another 24 h, and stained with Annexin V and propid-

ium iodide (PI). (B) This graph shows statistical anal-

ysis of apoptosis. Data are representative of three in-

dependent experiments. *, p < 0.05, **, p < 0.001, 

compared to the control. 

3.3. Effect of KRV and AD on intracellular ROS 

generation in UVB-irradiated HaCaT cells 

To estimate whether KRV and AD function as a scav-

enger of UVB-induced ROS generation, intracellular 

ROS was determined via the DCF-DA assay. Cells 

were pretreated with KRV (100 µg/ml) and AD (100 

µM) and then exposed to UVB radiation (30 mJ/cm2) 

3 h later and incubated for another 24 h. Cells were 

stained with DCF-DA for 30 min at 37°C in a 5% 

CO2 incubator; after incubation, ROS generation was 

measured by fluorescence analysis via flow cytome-

try. UVB-irradiated cells showed a strong DCF fluo-

rescence. In contrast, KRV and AD treatment signifi-

cantly decreased DCF fluorescence to about 30% the 

level of UVB-irradiated cells (Fig. 4A). Quantifica-

tion of ROS generation is presented in Fig. 4B. 

In addition, fluorescence microscopic observation 

showed that UVB-irradiated cells had the highest lev-

el of green fluorescence (Fig. 4C). 

Fig. 4. Effect of KRV and AD on UVB-induced intra-

cellular ROS generation in HaCaT cells. Cells were 

pretreated with KRV and AD, exposed to UVB radia-

tion (30 mJ/cm2) 3 h later, and incubated for another 

24 h. Later, cells were examined for intracellular accu-

mulation of ROS, (A) as measured by flow cytometry. 

(B) Quantification and statistical analysis of ROS gen-

eration after KRV and AD treatment. The experiment 

was performed in triplicate and the data presented as 

mean ± SD. *, p < 0.05, **, p < 0.001. (C) Images 

were acquired with a fluorescence microscope using 

the DCF-DA fluorescence staining method (×200).  
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3.4. Effect of PA and AD on the regulation of UVB

-mediated MMP 

A pivotal contribution to photoaging is precipitated as 

the activated MMPs cause degradation and synthesis 

inhibition of extracellular matrix (ECM), and of colla-

gen in connective tissues.[25] The effects of KRV 

and AD on MMP-9 in HaCaT cells were determined 

using zymography. UVB-induced HaCaT cells were 

pretreated with KRV and AD. Only UVB-exposed 

cells exhibited higher MMP-9 gene expression than 

UVB non-irradiated cells. However, MMP-9 gene 

expression of UVB-treated cells was appreciably de-

creased by KRV and AD (Fig. 5A). Quantification of 

MMP-9 is presented in Fig. 5B. From these experi-

ments, KRV and AD exhibited the most potent pro-

tective effect on UVB-mediated photodamage.  

Fig. 5. Effect of KRV and AD on UVB-induced p-

JNK and MMP-9 expression. HaCaT cells were pre-

treated with KRV and AD, exposed to UVB radiation 

(30 mJ/cm2) 3 h later, and incubated for another 24 h. 

(A) p-JNK levels were detected by western blot anal-

ysis. (B) The activity of MMP-9 was detected by gel-

atin zymography. 

 

3.5. Effect on UVB-induced SA-β-gal activity in 

HaCaT cells 

Levels of SA-β-gal, which represent the activity of a 

cellular senescence biomarker, in UVB-exposed Ha-

CaT cells were examined by an SA-β-gal histochemi-

cal staining assay. The number of senescent cells in 

non-UVB irradiated HaCaT cells was low; however, a 

significant decrease in SA-β-gal activity was ob-

served in non-UVB exposed cells. When the cells 

were exposed to UVB, SA-β-gal activity markedly 

increased; on the other hand, pretreatment with KRV 

and AD before UVB exposure blocked the increase in 

SA-β-gal activity (Fig. 6A). Quantification of SA-β-

gal is presented in Fig. 6B. 

 

Fig. 6. Effect of KRV and AD on SA-ß-gal activity in 

HaCaT cells. HaCaT cells were pretreated with KRV 

and AD, exposed to UVB radiation (30 mJ/cm2) 3 h 

later, and incubated for another 24 h. Cellular senes-

cence was assessed by SA-ß-gal activity staining. 

 

4. DISCUSSION 

Photoaging represents a group of mechanisms devel-

oped through an evolutionary process to minimize the 

oxidative damage that can occur in organs, including 

skin exposed to UV radiation. When the skin is ex-

posed to UV, oxidative stress causes skin cells to un-

dergo DNA damage, apoptosis, and MAPK dysregu-

lation, owing to increased production of intracellular 

ROS. In addition, MMPs that degrade collagen and 

elastin in ECM are also activated through the UV-

induced AP-1 pathway.[26-28]. This signal reduces 

skin elasticity and promotes skin aging, such as wrin-

kles.  
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Exposure of skin cells to UV can induce cell death. 

Pretreatment of skin cells with KRV and AD in-

creased the cell viability of HaCaT cells irradiated 

with 30 mJ/cm2 (Fig. 2C). ROS perform an important 

role in inducing UV-mediated cell senescence 

through DNA alteration.[29] Excess production and 

elimination of ROS provoked skin aging induced by 

UV irradiation.[30] UVB irradiation significantly 

stimulted ROS production, but treatment with KRV 

and DA suppressed these consequences. Thus, ROS 

production is thought to be a key mediator of cell 

death caused by UVB exposure. Although UVB irra-

diation significantly stimulated ROS generation, KRV 

and AD treatment suppressed the effect (Fig. 4).  

 

Based on previous studies, we measured the expres-

sion of MMPs and MAPK proteins markedly in-

creased in UVB (30 mJ/cm2)-irradiated HaCaT cells 

(Fig. 5). MAPKs play an important role in regulating 

cell growth and differentiation and modulating cellu-

lar responses to cytokines and stressors.[31, 32] Ex-

posure of HaCaT cells treated with UVB irradiation 

resulted in a substantial increase in the phosphoryla-

tion of JNK protein expression. When HaCaT cells 

were pretreated with KRV and AD, it was found to 

inhibit UVB-induced phosphorylation of JNK.  

UVB-induced ROS generation is well known for its 

important role in UVB-initiated signaling pathways 

that lead to MMP induction to induce connective tis-

sue destruction.[33] In particular, MMP-9 of the skin 

not only plays an important role in the final degrada-

tion of fibrin collagen after initial cleavage by colla-

genase but also in apoptotic development.[13, 34] In 

the present study, the inhibitory effect of KRV and 

AD on photodamage by UVB irradiation was also 

confirmed by its ability to block the expression of 

MMP-9. 

 

Cellular senescence is thought to contribute to aging 

when the cells lose reproductivity in the body. SA-β-

gal assays were performed in various cells and tissues 

to demonstrate the onset of celluar senescence.[35, 

36] In this study, treatment with KRV and AD inhib-

ited the increase in SA-β-gal activity in HaCaT cells 

exposed to UVB.  

 

In summary, the results of this study demonstrated 

that KRV and AD inhibit the harmful effects caused 

by UVB irradiation of human keratinocytes. These 

findings demonstrate that KRV and AD protect 

against UVB-induced oxidative skin damage, includ-

ing wrinkle formation, via the inhibition of ROS, 

MAPKs, and the MMP-9 signaling pathway.  
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