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Ginsenosides, also known as ginseng saponins, are responsible for most pharmacological effect of gin-
seng. Ginsenoside Rb1 (Rb1) exerts a variety of pharmacological properties, including anti-inflammatory,
antistress, anti-aging and anti-neurodegenerative activities. The aim of the present work was to assess
the skin anti-photoaging properties of Rb1in human dermal keratinocyte HaCaT cells. The anti-photoaging
activity was evaluated by analyzing the levels of reactive oxygen species (ROS) and matrix metallopro-
teinases (MMPs) as well as cell viability for HaCaT cells under UV-B irradiation. Rb1 was able to suppress
the ROS levels which were elevated under UV-B irradiation, and unable to influence cellular survival in
UV-B-irradiated HaCaT cells. Rb1 diminished the enhancement of MMP-2 gelatinolytic activity in condi-
tioned medium, which corresponded with the decreased MMP-2 protein levels in both conditioned medium
and cellular lysate prepared from UV-B-irradiated HaCaT cultures. Rb1 could restore the total glutathione
(GSH) and superoxide dismutase (SOD) activity diminished in UV-B-irradiated HaCaT cells. Ginsenoside
Rb1 possesses skin anti-photoaging properties through scavenging ROS and decreasing MMP-2 levels
possibly by enhancing antioxidant activity in keratinocytes under UV-B irradiation.

1. Introduction

Ginseng, the dried root of Panax ginseng C.A. Meyer (family
Araliaceae), is a popular herbal medicine which is used to treat a
wide variety of disorders, especially in Korea, China and Japan.
Since its supplementary use as a general tonic has been spread all
over the world, an interest in its pharmacological efficacies has
been broadened. Ginsenosides are a class of steroidal glycosides
which are categorized into three groups, such as protopanaxa-
diol (PPD)-, protopanaxatriol (PPT)- and oleanolic acid-type
ginsenosides, based upon the chemical structures of their agly-
cones. Ginsenoside Rb1 (Rb1, Fig. 1) is one of main PPD-type
ginsenosides that are most abundantly present in ginseng.
Although various kinds of pharmacological activities of Rb1
have been documented, most of them are originally based
upon its antioxidative activity. Rb1 is protecting chondrocytes
against hydrogen peroxide-induced apoptosis in part via the
inhibition of mitochondrial permeability transition and capase-
3 activity (Na et al. 2012). Rb1 exhibits a protective effect
against hydrogen peroxide-induced oxidative stress in rat artic-
ular chondrocytes (Kim et al. 2012). Rb1 has potent effects
on postoperative fatigue syndrome through improvement of
energy metabolism and suppression of skeletal muscle oxidative
stress (Tan et al. 2013). Rb1 exerts a cardioprotective effect on
hydrogen peroxide-induced oxidative injury in cardiomycetes,
which is associated with attenuated intracellular ROS gener-
ation and suppressed ROS-induced JNK activation (Li et al.
2012). Rb1 effectively protects human umbilical endothelial
cells from hydrogen peroxide-induced senescence through the
modulation of the hydrogen peroxide-altered caveolin-1 and

Fig. 1: Ginsenoside Rb1 (Rb1).

pAkt, two important regulators of endothelial nitric oxide syn-
thase expression and activity (Liu et al. 2012). Rb1 inhibits
�-amyloid-induced ROS overproduction and lipid peroxida-
tion, and enhances the Bcl-2/Bax ratio and attenuates caspase-3
activation, which plays a protective role against �-amyloid-
induced cell injury (Xie et al. 2010). Rb1 augments the cellular
antioxidant defenses through endoplasmic reticulum-dependent
heme oxygenase-1 induction via an estrogen receptor-related
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PI3K/Akt-Nrf2-dependent signaling pathway, thereby protect-
ing cells from 6-hydroxydopamine-induced oxidative stress
in human dopaminergic cells (Hwang and Jeong 2010).
Rb1 exhibits antioxidant effects and antagonizes hydrogen
peroxide-induced cellular senescence by increasing intracellular
superoxide dismutase activity and decreasing the malondialde-
hyde level and the production of intracellular ROS in hydrogen
peroxide-treated human umbilical vein endothelial cells (Liu
et al. 2011). Rb1 displays potent neuroprotective effects against
oxidative injury induced by t-butylhydroperoxide in rat neural
progenitor cells, implying its antioxidative effect through the
activation of Nrf2 (Ni et al. 2014). Rb1 prevents retinal gan-
glion cells from apoptosis against hypoxia and oxidative stress
through the mitochondrial pathway (Liu et al. 2013).
Among UV-A, -B and -C radiations, UV-B (280-315 nm) is pri-
marily involved in skin photoaging, the symptoms of which are
wrinkles, laxity, coarseness, mottled pigmentation, epidermal
thickening, degradation of matrix macromolecules, vasculariza-
tion and immunosuppression (Rabe et al. 2006). It acts chiefly
on the basal cell layer of the skin, leading the initiation of a pho-
tooxidation reaction which damages the antioxidant status of
the skin and enhances the cellular ROS levels (Ikehata and Ono
2011). UV-B-induced ROS sequentially brings about oxidative
damages to both epidermal and dermal cells, and may ultimately
cause apoptotic or necrotic dermal cell death (Rabe et al. 2006).
Matrix metalloproteinases (MMPs) are a complex family of
zinc-dependent endopeptidases, which are capable of degrad-
ing essentially all components of extracellular matrix (Curran
and Murray 1999). Skin photoaging is associated with deterio-
ration of the dermal extracellular matrix due to increased MMP
expression and decreased collagen synthesis under oxidative
stress (Chae et al. 2011; Kim et al. 2013). Collagen degrada-
tion, considered as a cause of aging in both naturally aged and
photoaged skin, is related to the induction of MMPs which are
secreted from epidermal keratinocytes and dermal fibroblasts
(Lee et al. 2009).
In the present work, we demonstrate that Rb1 possesses sup-
pressive properties on ROS and MMP-2 enhanced by UV-B
irradiation in human dermal keratinocytes, but enhances the total
GSH content and SOD activity diminished under UV-B irradia-
tion, implying its potential skin anti-photoaging properties.

2. Investigations and results

2.1. Suppression of UV-B-induced ROS elevation by Rb1

Cultured HaCaT cells were pretreated with varying concentra-
tions (0, 5.0, 12.0 or 30.0 �M) of Rb1 prior to the irradiation
with 70 mJ/cm2UV-B. As shown in Fig. 2A, UV-B irradiation,
in the absence of Rb1 treatment, could cause approximately
3.2-fold enhancement in the ROS levels over that in the non-
irradiated control cells. Rb1 attenuated the UV-B-induced ROS
enhancement in a concentration-dependent manner (Fig. 2A).
Pretreatment with Rb1 at 30.0 �M reduced the UV-B-induced
ROS elevation to 29.9% of that of the cells treated with UV-B
alone (Fig. 2A). As shown in Fig. 2B, the suppressive effect
of Rb1 was also confirmed by confocal microscopic analysis.
Treatment of Rb1 at 5.0, 12.0 and 30.0 �M could decrease the
ROS elevation to 83.0%, 70.6% and 56.9% of that of the cells
treated with UV-B alone, respectively (Fig. 2B). Collectively,
Rb1 suppressed ROS levels enhanced by UV-B irradiation in
dermal keratinocytes.

2.2. Cellular survival

To examine whether UV-B radiation at the used intensity and
Rb1 at the used concentrations display cytotoxicities on ker-

Fig. 2: Effect of Rb1 on reactive oxygen species (ROS) elevation in human HaCaT
keratinocytes under irradiation with 70 mJ/cm2 UV-B radiation. The
intracellular ROS levels were determined using DCFH-DA in a microplate
fluorometer (A) and dihydrorhodamine 123 in confocal microscopic analysis
(B). In A, ROS levels are represented as DCF fluorescence arbitrary units
expressed as percentage of control. In the lower panel of B, the
ROS-associated fluorescent signals were quantified using Adobe Photoshop
software. *, P < 0.05; **, P < 0.01; ***, P < 0.001 versus non-treated control
(UV-B irradiation alone).

atinocytes or not, their effects on the cellular viabilities of
keratinocytes were determined in a MTT assay. As shown in
Fig. 3, UV-B irradiation alone could not give rise to a change
in the cellular viabilities of keratinocytes, and their cellular
viabilities remained to be similar to that of the non-irradiated
keratinocytes. Rb1 was also unable to alter the cellular viabil-
ities of keratinocytes under UV-B irradiation (Fig. 3). Taken
together, neither UV-B irradiation nor Rb2, under conditions
used in this work, displays cytotoxicities on keratinocytes.

2.3. Down-regulation of matrix metalloprotenase-2
(MMP-2) by Rb1

Since irradiation with UV, including UV-B, is capable of
enhancing expression of certain MMP family members, such
as MMP-1, -2 and -9, which degrade collagen and other extra-
cellular matrix proteins that compose the dermal connective
tissue, chronic exposure to UV radiation impairs normal archi-
tecture of the skin, leading to skin photoaging (Quan et al.
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Fig. 3: Effect of Rb1 on cellular viability in human HaCaT keratinocytes under
irradiation with 70 mJ/cm2 UV-B radiation. The viable cell numbers,
represented as the relative percentages, were determined using MTT assay.

2009). Rb1 attenuated the UV-B-enhanced MMP-2 gelatinolytic
activity in a concentration-dependent fashion in keratinocytes
(Fig. 4). Since Rb1 appeared to decrease the UV-B-enhanced
MMP-2 gelatinolytic activity, MMP-2 protein levels in both
conditioned medium and cellular lysate of keratinocytes were
determined using western blotting analysis. The UV-B radi-
ation alone significantly enhanced the MMP-2 protein levels
in both conditioned medium and cellular lysate (Fig. 5). Rb1,
at the concentrations of 5.0, 12.0 and 30.0 �M, could dimin-
ish the UV-B-enhanced MMP-2 protein levels in conditioned
medium in a concentration-dependent manner (Fig. 5A). As
shown in Fig. 5B, Rb1, used at the same concentrations, was
able to attenuate the UV-B-enhanced MMP-2 levels in cellular
lysates. Collectively, Rb1 is able to down-regulate the UV-B-
enhanced MMP-2 of keratinocytes via modulating production
and subsequent secretion of MMP-2 protein.

2.4. Up-regulation of total GSH by Rb1

Consistent with a previous report (Zhu and Bowden 2004), total
GSH levels were diminished in keratinocytes irradiated with 70
mJ/cm2 UV-B (Fig. 6A). Treatment with 5.0, 12.0 and 30.0 �M
Rb1 was able to increase total GSH levels by 2.5-, 3.3- and
3.5-fold, respectively, compared to that of the UV-B-irradiated
keratinocytes that did not receive treatment (Fig. 6A). Taken
together, the GSH-enhancing property of Rb1 would be able

Fig. 5: Effect of Rb1 on matrix metalloproteinase-2 (MMP-2) protein levels in both
conditioned media(A) and cellular lysates (B) obtained from human HaCaT
keratinocyte cultures under irradiation with 70 mJ/cm2 UV-B radiation. The
MMP-2 proteins were determined using western blotting analysis with
anti-MMP-2 antibodies. GAPDH was used as a protein loading control. The
equal loading of conditioned media in A was shown in the right panel of Fig.
4. The relative band strength was determined with densitometry using the
ImageJ software.

Fig. 4: Effect of Rb1 on matrix metalloproteinase-2 (MMP-2) gelatinolytic activity in the conditioned media obtained from human HaCaT keratinocyte cultures under irradiation
with 70 mJ/cm2 UV-B radiation. Mammalian cells were subjected to fresh media with the indicated concentrations (0, 5.0, 12.0 or 30.0 �M) of Rb1 for 30 min prior to the
irradiation. The gelatinolytic activity of MMP-2 in conditioned medium was detected using gelatin zymography. In the right panel, the equal loading of conditioned media
was shown by the use of Coomassie Blue staining of the identical gel. The relative band strength was determined with densitometry using the ImageJ software.
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Fig. 6: Effect of Rb1 on total glutathione (GSH, A) and superoxide dismutase (SOD,
B) activity levels in cellular lysates prepared from human HaCaT
keratinocyte cultures under irradiation with 70 mJ/cm2 UV-B radiation. In A,
total GSH contents were expressed as �g/mg protein. In B, SOD activity,
expressed as relative percentages, was measured using a spectrophotometric
assay. #, P < 0.05 versus non-irradiated control: *, P < 0.05; **, P < 0.01; ***,
P < 0.001 versus non-treated control (UV-B irradiation alone).

to combat the deleterious effects of UV-B irradiation in dermal
keratinocytes.

2.5. Up-regulation of total superoxide dismutase (SOD)
activity by Rb1

As shown in Fig. 6B, total SOD activity was decreased by
irradiation with 70 mJ/cm2 UV-B in keratinocytes. This dimin-
ishment could be restored by treatment with Rb1. Rb1 at 5.0,
12.0 and 30.0 �M could enhance SOD activities by 1.8-, 2.8- and
5.2-fold, respectively, compared to that of the UV-B-irradiated
keratinocytes without the reception of Rb1 treatment (Fig. 6B).
In brief, Rb1 is capable of restoring SOD activity diminished
under UV-B irradiation in keratinocytes.

3. Discussion

In addition to the antioxidation-related activities of Rb1, its
diverse activities, especially on neuroprotection, have been
assessed using various experimental models. Rb1 possesses

potent neuroprotective effects against ischemia, glutamate neu-
rotoxicity, seizures, motor impairment, and cell loss in the
striatum (Cheng et al. 2005). Rb1 exhibits a neuroprotective
effect against glutamate-induced injury through the inhibition of
autophage in cortical neurons, which is linked with the diminish-
ment of autophage-related Beclin-1 by Rb1 (Chen et al. 2010).
Rb1 is effectively able to control stress-related hippocampal dys-
function through the suppression of the stress-mediated decline
of brain-derived neurotrophic factor and the enhancement of
the stress-mediated elevation of heat shock protein 70 level
(Kim et al. 2014). Rb1 protects neonatal rat cardiomyocytes
from hypoxia/ischemia injury in vitro via inhibiting apopto-
sis based upon the inhibition of the mitochondrial apoptotic
pathway (Yan et al. 2014). Rb1 modulates obesity-induced
inflammation and improves central leptin sensitivity in high fat
diet-induced obesity (Wu et al. 2014). ROS are implicated in
various inflammatory diseases including cancer, diabetes, car-
diovascular disease, autism, cataract, Alzheimer’s disease and
aging (Lû et al. 2012). Administration of Rb1 results in an
amelioration of the clinical arthritis score in collagen-induced
arthritis mice (Kim et al. 2007). Rb1 suppresses UV-induced
apoptosis of keratinocytes, which results from a reduction in
UV-specific DNA lesions due to the induction of DNA repair
(Cai et al. 2009). Homocysteine, an independent risk factor for
cardiovascular disease by its multiple effects on vascular cells
and thrombosis factors, inhibits endothelial proliferation with
increased generation of the superoxide anion, which is effec-
tively blocked by Rb1 (Ohashi et al. 2006). Rb1 can reduce
hydroxyl radical and hypochlorous acid, two strong ROS (Lû
et al. 2012). According to various reports on the antioxidative
properties of Rb1, Rb1 is assumed to be capable of scaveng-
ing diverse ROS, such as superoxide anion, hydrogen peroxide,
hydroxyl radical and hypochlorous acid. The present work
demonstrates that Rb1 exhibits an antioxidative activity also
on cultured dermal keratinocytes exposed to UV-B radiation by
decreasing the ROS elevation. This finding further supports that
most pharmacological activities of Rb1 might be ascribed to its
antioxidative properties.
Oxidative stress, which is caused by an imbalance between
pro-oxidant processes and antioxidant defense systems, dis-
turbs redox homeostasis in living cells. Chronic exposure of
the skin cells to UV light from the sun or artificial sources
gives rise to an oxidative stress, resulting in skin photoaging.
UV-A and UV-B radiation from sunlight is currently believed
to be responsible for approximately 90% of skin photoaging
of humans (Jenkins 2002; Ritté and Fisher 2002). In the present
work, when cultured dermal keratinocytes were subjected to UV-
B radiation, MMP-2 activity and production were significantly
enhanced. MMP-2 (64 kD), secreted as proMMP-2 (72 kD), is
located on the cell surface and requires activation to exert its
catalytic activity (Ellenrieder et al. 2000). After proMMP-2 is
recruited to the cell surface by interacting with tissue inhibitor of
metalloproteinase-2 (TIMP-2) bound to membrane type 1 MMP
(MT1-MMP) by forming a ternary complex, it is activated on
the cell surface by free MT1-MMP closely located to the ternary
complex (Nagase 1998). MT1-MMP is currently known to be
the most common physiological activator of proMMP-2 (Sato
and Takino 2010). Type 1 collagen stimulates proteolytic acti-
vation of constitutively secreted proMMP-2 on the cell surface
(Morley et al. 2007). The induction of TIMP-2 by cholesterol
causes the conversion of proMMP-2 into active MMP-2 through
the mediation of JNK and ERK in human dermal fibroblasts
(Kim et al. 2010). Independent of the MT1-MMP/TIMP-2 path-
way, activation of proMMP-2 by snake venom proteinases is
known to be another mechanism in human fibroblasts (Saravia-
Otten et al. 2004). Although the precise mechanism(s) on the
down-regulating properties of Rb1 on MMP-2 elevation in UV-
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B-irradiated keratinocytes remain unknown, scavenging of ROS
by Rb1 would be estimated to act as a crucial step.
As an intracellular small-molecular weight antioxidant, GSH
plays central roles in maintaining cellular redox homeostasis
and protecting living cells against oxidative stress and injury.
UV-B irradiation-induced GSH depletion in cultured human
keratinocytes mimics the pathogenesis of several cutaneous
disorders (Zhu and Bowden 2004). Decreased activity of �-
glutamylcysteine synthetase and diminished cysteine uptake
through the functional inhibition of the system Xc(-), a cys-
teine transporter on cell membrane (Zhu and Bowden 2004),
are implicated in pathogenesis. GSH depletion has also been
shown in a commercially available reconstituted human epi-
dermis model of UV-B radiation (Meloni and Nicolay 2003).
When mouse lenses are exposed to UV-B radiation, simultane-
ous diminishment in both ATP and GSH, which can be prevented
by caffeine, were observed (Varma et al. 2008). In the aquatic
organism Tubifex, UV-B radiation was found to induce produc-
tion of singlet oxygen, superoxide anions, and hydroxyl radicals,
and to decrease levels of GSH, DNA, RNA, and protein (Misra
et al. 2002).
Several pure ginsenosides were reported to restore GSH levels
after depletion caused by several kinds of stresses. Ginsenoside
Rg1 decreases malondialdehyde levels and intracellular ROS
and enhanced superoxide dismutase activity and total GSH in
colistin-treated rat pheochromocytoma cells, implying that neu-
roprotective effects may be mediated by inhibition of oxidative
stress (Jiang and Li 2014). Rg1 also enhances total GSH lev-
els in Schwann cells exposed to hydrogen peroxide (Ma et al.
2013), and Rb2, a PPD-type ginsenoside, decreases blood mal-
ondialdehyde and elevates total GSH in ovariectomized mice.
Re also restores GSH levels in serum of diabetic rats and atten-
uates diabetes-associated cognitive decline (Liu et al. 2012).
Ginsenoside Rd was shown to increase total GSH and pro-
mote antioxidant activities of catalase, superoxide dismutase,
and glutathione peroxidase in cultured hippocampal neurons
exposed to oxygen-glucose deprivation (Ye et al. 2009). Rd
also enhances total GSH and levels of �-glutamylcysteine syn-
thetase heavy chain in a rat hepatocyte cell line (Kim et al 2007).
Although GSH-restoring effects were not detected in the exper-
iments using UV-B irradiation, some ginsenosides were shown
to enhance GSH levels depleted by stresses.
Eukaryotic cells produce three different SOD isozymes which
regulate intracellular superoxide anion (O2

-•) levels by catalyz-
ing the dismuation of O2

-• to H2O2; Cu/ZnSOD in cytosol,
MnSOD within mitochondrial matrix, and an extracellular form
similar to Cu/ZnSOD (Frank et al. 2000). Based upon immuno-
histochemical studies, it was revealed that Cu/ZnSOD is chiefly
expressed in keratinocytes (Kobayashi et al. 1993), suggest-
ing that the SOD activity in cellular lysates, determined in the
present work, might arise from Cu/ZnSOD. Cu/ZnSOD exhibits
a crucial defensive role against UV-B-induced injury of HaCaT
cells (Sasaki et al. 2000). Ginkgo biloba extracts has a restor-
ing capability on SOD activity diminished in normal human
epidermal keratinocytes under trichloroethylene-induced stress
(Zhu et al. 2005). Likewise, Rb1 could up-regulate SOD
activity diminished under UV-B-induced oxidative stress in ker-
atinocytes, which might partly support the skin anti-photoaging
properties of Rb1.
The results presented herein imply that Rb1 restores GSH
and SOD depletion caused by exposure to UV-B radiation.
Although the mechanisms of these restoring activities remain
unknown, restoration of antioxidant components, such as GSH
and SOD, might be an initiating event that leads to low-
ering of ROS in dermal keratinocytes. In conclusion, Rb1
has skin photoprotective properties that may occur through
restoration of GSH and SOD levels, reduction of ROS ele-

vation, and down-regulation of MMP-2. Together, the results
propose that Rb1 should be considered as one of natural
resources for the manufacture of anti-photoaging cosmetics
which may have similar or enhanced activities with fewer side
effects.

4. Experimental

4.1. Reagents

Ginsenoside Rb1 (Rb1, purity ≥ 98%) was obtained from Ambo Institute
(Seoul, Korea). Bovine serum albumin (BSA), gelatin, Bradford reagent,
sodium dodecyl sulfate (SDS), GSH, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), 2’,7’-dichlorofluorescein diacetate
(DCFH-DA), dihydrorhodamine 123, cytochrome c, xanthine, and xanthine
oxidase were from Sigma-Aldrich Chemical Co. (St Louis, MO, USA).
Fetal bovine serum (FBS), Dulbecco’s modified Eagle’s medium (DMEM)
and penicillin-streptomycin were from HyClone Laboratories Inc. (Logan,
UT, USA). Cell lysis buffer was from Promega Korea (Seoul, Korea). All
other chemicals used in this work were of the highest grade commercially
available.

4.2. Cell culture

An immortalized human keratinocyte cell line, HaCaT (ATCC, Manassas,
VA, USA) was grown in DMEM containing 10% heat-inactivated FBS, 100
units/ml penicillin and 100 �g/ml streptomycin in a humidified atmosphere
with 5% CO2 at 37 ◦C. Prior to the treatments, the 1 x 105cells were typically
seeded on 24-well plates and cultured overnight, washed twice with 1 ml
phosphate-buffered saline (PBS), and replaced with 1 ml FBS-free medium.
After UV-B irradiation and/or Rb2 treatment, the mammalian cells were
grown under the same culture conditions described above.

4.3. UV-B irradiation

As a UV-B source, an ultraviolet lamp (peak, 312 nm; model VL-6 M, Vilber
Lourmat, Marine, France) was used. A radiometer (model VLX-3W, Vilber
Lourmat, Marine, France) with a sensor (bandwidth, 280 to 320 nm; model
CX-312, Vilber Lourmat, Marine, France) was used to monitor the radiation
intensity. The mammalian cells used in this work were irradiated with 70
mJ/cm2 UV-B radiation at 25 ◦C.

4.4. Preparation of cellular lysates

For preparation of cellular lysates, adherent cells were washed twice with
PBS and stored on ice for 5 min. The cells were harvested by scraping off
the bottom of the dish with a cell scraper and centrifuged at 15,000 rpm
for 10 min. The cell pellets were resuspended in cell lysis buffer [25 mM
tris-phophate (pH 7.8), 2 mM CDTA, 2 mM DTT, 10% glycerol, 1% Tri-
ton X-100] and stored for 30 min on ice. Cellular lysates were taken by
centrifugation at 15,000 rpm for 15 min.
Protein contents in cellular lysates were measured according to the procedure
of Bradford (1976) using BSA as a standard

4.5. Determination of intracellular ROS

To fluorometrically determine intracellular ROS in cultured keratinocytes,
a redox-sensitive fluorescent probe DCFH-DA, which produces the fluores-
cent 2’,7’-dichlorofluorescein (DCF; �excitation = 485 nm, �emission = 530 nm)
upon enzymatic reduction and subsequent oxidation by ROS, was used
as previously described (Royall and Ischiropoulos 1993). After the treat-
ment with Rb1 and/or 20 �M DCFH-DA for 30 min at 37oC, the cells were
washed twice with 1 ml FBS-free medium. The cells are resuspended in
1 ml FBS-free medium and irradiated with 70 mJ/cm2 UV-B. The intracel-
lular ROS levels were immediately quantitated by Multi-Mode Microplate
Reader (SynergyTM Mx, BioTek Instruments, Winooki, VT, USA).
In confocal microscopic analysis, the cells were treated with Rb1 and/or
20 �M dihydrorhodamine 123 for 30 min at 37oC, irradiated with 70 mJ/cm2

UV-B, and immediately analyzed using Confocal Laser Scanning Micro-
scope (Fluoview-FV300, Olympus, Tokyo, Japan). The assays were repeated
at least three times.

4.6. Cell viability assay

To determine the cellular survivals of the keratinocytes in the presence of
Rb1, the cell viability was determined using MTT assay which is used
to assess metabolic activity (Freshney 1993).The cells were treated with
Rb1 for 30 min. After removing the medium by suction, the cells were
treated with 5 �g/ml MTT in medium for 4 h. The cells were then lysed
with dimethyl sulfoxide, and the amount of formazan, generated from the
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reduction of MTT by the mitochondria of living cells, was quantitated by
the absorbance at a wavelength of 540 nm.

4.7. Gelatin zymography

The gelatinolytic activity of MMP-2 in culture supernatants was determined
using zymographic analysis as previously described (Kleiner and Stetler-
Stevenson 1994). The cells were further incubated for 24 h at 37oC, and
twice washed with 1 ml PBS. The cells in 1 ml FBS-free medium were
treated with Rb1 for 30 min and irradiated with 70 mJ/cm2 UV-B. The
culture supernatants, taken from the irradiated culture incubated for 24 h
at 37oC, were fractionated on 10% (w/v) SDS-PAGE gel impregnated with
1 mg/ml gelatin under a non-reducing condition. The proteins in the gel
were renatured by shaking with 2.5% triton X-100 at room temperature for
30 min, which was repeated two times, and incubated in incubation buffer
(50 mM tris buffer, pH 7.8, 5 mM CaCl2, 0.15 M NaCl, 1% Triton X-100) for
24 h. After the gel was stained with 0.1% Coomassie Brilliant Blue R-250,
gelatin-degrading enzyme activities were convinced as clear zones against
a blue background. MMP-2 activity band was identified in accordance with
its molecular mass, which was estimated by molecular mass markers.

4.8. Western blotting analysis

In order to detect MMP-2 in conditioned medium and cellular lysate, west-
ern blotting analysis was performed using anti-MMP-2 (ALX-210-753,
Enzo Life Sciences, Farmingdale, NY, USA) and anti-GAPDH (LF-PA0212,
Young In Frontier, Seoul, Korea) antibody as primary antibodies. Both cul-
ture supernatants and cellular lysates were run on 10% (w/v) SDS-PAGE
and electrotransferred to PVDF membranes. The membranes were blocked
with blocking buffer (2% BSA in 1x TBS-Tween 20), probed with pri-
mary antibody overnight at 4 ◦C, incubated with secondary antibody (goat
anti-rabbit IgG-pAb-HRP-conjugate; ADI-SAB-300, Enzo Life Sciences,
Farmingdale, NY, USA) for 1 h at room temperature, and developed with
the use of an enhanced West-save up TM (AbFrontier, Seoul, Korea)

4.9. Quantitation of total glutathione (GSH)

As previously described (Nakagawa et al. 1990), total GSH content was
determined using an enzymatic recycling assay based on GR (Sigma-
Aldrich, St Louis, MO, USA). The reaction mixture (200 �l), containing
175 mM KH2PO4, 6.3 mM EDTA, 0.21 mM NADPH, 0.6 mM DTNB, 0.5
units/ml GR and cellular lysate, was incubated at 25 ◦C. Absorbance at
412 nm was monitored using a microplate reader. Total GSH was reported
as �g/mg protein.

4.10. Determination of SOD activity

As previously described (Lee et al. 2002), total SOD activity in cellular
lysates was spectrophotometrically determined as reduction of cytochrome
c with xanthine/xanthine oxidase system. The reaction mixture (200 �l)
contained 50 mM phosphate buffer (pH 7.4), 0.01 units/ml xanthine oxidase,
0.1 mM EDTA, 1 �M catalase, 0.05 mM xanthine, 20 �M cytochrome c and
cellular lysate. A change in absorbance was monitored at the wavelength of
550 nm.

4.11. Statistical analysis

The results are presented as mean ± SD. Statistical comparisons between
experimental groups were performed using Kruskal-Wallis test, followed
by Dunn’s post hoc test for pairwise individual comparison. A P value less
than 0.05 was considered statistically significant.
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