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Background: The antioxidant effects of Panax ginseng have been reported in several articles; however,
little is known about the antimelanogenesis effect, skin-protective effect, and cellular mechanism of
Panax ginseng, especially of P. ginseng calyx. To understand how an ethanol extract of P. ginseng berry
calyx (Pg-C-EE) exerts skin-protective effects, we studied its activities in activated melanocytes and
reactive oxygen species (ROS)—induced keratinocytes.
Methods: To confirm the antimelanogenesis effect of Pg-C-EE, we analyzed melanin synthesis and
secretion and messenger RNA and protein expression levels of related genes. Ultraviolet B (UVB) and
hydrogen peroxide (H,0,) were used to induce cell damage by ROS generation. To examine whether this
damage is inhibited by Pg-C-EE, we performed cell viability assays and gene expression and transcrip-
tional activation analyses.
Results: Pg-C-EE inhibited melanin synthesis and secretion by blocking activator protein 1 regulatory
enzymes such as p38, extracellular signal-regulated kinases (ERKs), and cyclic adenosine mono-
phosphate response element—binding protein. Pg-C-EE also suppressed ROS generation induced by H,0;
and UVB. Treatment with Pg-C-EE decreased the expression of matrix metalloproteinases, mitogen-
activated protein kinases, and hyaluronidases and increased the cell survival rate.
Conclusion: These results suggest that Pg-C-EE may have antimelanogenesis properties and skin-pro-
tective properties through regulation of activator protein 1 and cyclic adenosine monophosphate
response element—binding protein signaling. Pg-C-EE may be used as a skin-improving agent, with
moisture retention and whitening effects.

© 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The skin has three layers of ectodermal tissue: epidermis, dermis,
and subcutaneous tissue (hypodermis). The epidermis layer is the

Our body surfaces are defended by epithelia, which impose a
physical barrier between the internal milieu and the external world
that contains pathogens. Epithelial cells are held by tight junctions,
which effectively form a seal against the external environment
including infection with pathogens and excessive water loss [1]. In
humans, the skin is the largest organ of the integumentary system.

outer layer of the skin and contains merkel cells, keratinocytes,
melanocytes, and langerhans cells. This layer plays an important
role in maintaining the body temperature. The dermis layer, located
beneath the epidermis layer, contains many nerve endings, hair
follicles, sweat glands, sebaceous glands, apocrine glands, lymphatic
vessels, and blood vessels. The subcutaneous tissue lies beneath the
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dermis layer and consists of loose connective tissue, adipose tissue,
elastin, fibroblasts, macrophages, and adipocytes [2]. Melanin in the
basal layer of the epidermis plays an important role in the deter-
mination of skin color and melanogenesis. Melanin is produced
within the skin in cells called melanocytes. Although melanogenesis
is not fully understood, substances that stimulate melanin produc-
tion are known, such as melanocyte-stimulating hormone, for-
skolin, cholera toxin, isobutylmethylxanthine, diacylglycerol
analogs, ultraviolet (UV) irradiation, and vitamin D metabolites [2],
which trigger melanogenesis and severe diseases such as Cushing’s
disease and melanocytic tumor. Tyrosinase, a melanogenesis-
related enzyme, is an oxidase that controls melanin production.
This enzyme is involved in the hydroxylation of a monophenol and
the conversion of an o-diphenol to the corresponding o-quinone,
which in turn is converted to melanin through several reactions.
Tyrosinase is found inside melanosomes together with tyrosinase-
related protein-1 (TRP-1) and tyrosinase-related protein-2 (TRP-
2). Genes associated with melanogenesis include microphthalmia-
associated transcription factor (MITF), melanophilin (MLPH), ras-
related protein Rab27a, and myosin-5A (Myo5A). Tyrosinase, TRP-
1, and TRP-2 are involved in melanin synthesis, whereas MLPH,
Rab27a, and Myo5A play a role in melanin secretion [3—5].

UV irradiation induces photoaging and reactive oxygen species
(ROS) generation in addition to melanogenesis. UV irradiation
damages the human skin and induces the synthesis of matrix
metalloproteinases (MMPs) in fibroblasts and keratinocytes. MMPs
mainly play a role in augmentation of dermal collagen degradation
during UV exposure. Increased expression of MMPs causes severe
problems including dermal photoaging and carcinogenesis [6,7].
Types of MMPs expressed in skin cells are MMP-1 (interstitial
collagenase), MMP-2 and -9 (gelatinase-A and -B), and MMP-3
(stromelysin 1) [8]. In addition, exogenous ROS can be produced
by exposure to hydrogen peroxide (H,0,) and UV irradiation. ROS
stimulate the transcription of genes encoding proinflammatory
cytokines such as interleukin (IL)-1p, IL-6, IL-8, and cyclooxygenase-
2 (COX-2) as well as MMPs via mitogen-activated protein kinases
(MAPKs) [9,10]. In particular, HyO, regulates heme oxygenase 1 and
nuclear factor 2 via oxidative stress and damage [11]. As mentioned
previously, moisture retention plays important roles in the skin.
Natural moisture factors (NMF) such as hyaluronic acid (HA) are
involved in skin moisture retention and are an essential component
of the extracellular matrix (ECM). Genes related to NMF production
are filaggrin (FLG, epidermal barrier protein), transglutaminase-1,
and hyaluronic acid synthase (HAS)-1, -2, and -3 [12]. In contrast to
HAS genes, hyaluronidase (HYAL)-1, -2, -3, and -4 catalyze the
degradation of HA. Hyaluronidase is known to be overexpressed
during UV photoaging [13].

Panax ginseng has been used as an herbal medicine in Korea,
China, and Japan for a very long time. The value of ginseng as a
medicinal herb is attributed to an effective group of compounds
called ginsenosides. Ginsenosides consist of protopanaxadiol and
protopanaxatriol, which have known pharmacological features and
physiological activities including antioxidant, immunomodulation,
antidiabetic, and anticancer effects [14,15]. P. ginseng calyx is the
peduncle between the berry and root of ginseng. Ginseng calyx is
not usually used in ginseng industries; therefore, it is mostly
removed in large quantities during the process of harvest of
ginseng roots. Nonetheless, because various kinds of ginsenosides
were found to be highly existing in the ginseng calyx part, its in-
dustrial application has been proposed. Indeed, previous studies
have shown that P. ginseng calyx contains the highest amount of G-
Re (6%) among protopanaxatriol compounds [16] with skin barrier
functions [17]. The antioxidant effects of P. ginseng have been re-
ported in several articles [18,19]. However, little is known about its

antimelanogenesis and skin-protective effects or the cellular
mechanism, especially for P. ginseng calyx.

2. Materials and methods
2.1. Materials

B16F10, HaCaT, and HEK293 cells were purchased from the
American Type Culture Collection (Rockville, MD, USA). Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serum, phosphate-
buffered saline (PBS), and penicillin-streptomycin were purchased
from HyClone Laboratories Inc., (Logan, UT, USA). 3-(4-5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
was purchased from Amresco (Brisbane, Australia). a-Melanocyte-
stimulating hormone (a-MSH), arbutin, L-dopa-(phenyl-d3) (L-
DOPA), mushroom tyrosinase (tyrosinase), kojic acid, retinol, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), L-ascorbic acid, phorbol 12-
myristate 13-acetate (PMA), forskolin from Coleus forskohlii (for-
skolin), and polyethylenimine were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Hydrogen peroxide (H,0,; 35%) was purchased
from JUNSEI (Chuo-ku, Tokyo, Japan). SB203580 (SB), SP600125
(SP), and U0126 were purchased from Calbiochem (La Jolla, CA,
USA). TRIzol reagent was purchased from MRCgene (OH, USA), and
the cDNA synthesis kit was purchased from Thermo Fisher Scien-
tific (Waltham, MA, USA). The primer sets (forward and reverse) for
polymerase chain reaction (PCR) were synthesized by Macrogen
(Seoul, Korea), and PCR premix was purchased from Bio-D Inc.
(Seoul, Korea). The luciferase assay system was purchased from
Promega (Madison, WI, USA). Polyvinylidenedifluoride membrane
was from Merck Millipore (Billerica, MA, USA). Antibodies were
purchased from Cell Signaling Technology (Beverly, MA, USA) and
Abcam (Cambridge, MA, USA). Pg-C-EE was prepared as described
in a previous report [16].

2.2. Cell culture

B16F10 and HaCaT cells were cultured in DMEM with 10% fetal
bovine serum and 1% penicillin-streptomycin at 370C in a 5% CO,
humidified incubator.

2.3. Cell viability assay

B16F10 cells were seeded at 1 x 10 cells per well in 96-well
plates for 24 h and then treated with Pg-C-EE for 48 h. HaCaT cells
were seeded at 3.5 x 104 cells per well in 96-well plates for 24 h and
then treated with Pg-C-EE for 24 h. Cell viability was measured
using the conventional MTT assay. Cells were incubated with 10 pL/
well of MTT solution for 3—4 h and then 100 uL MTT stop solution
(10% sodium codicil sulfate containing 1M HCl) was added. After 8 h,
solubilized formazan was measured by measuring the absorbance at
570 nm using an optical density reader (BioTek, VT, USA).

2.4. Melanin content and secretion analysis

B16F10 cells were seeded at 1 x 10° cells per well in 12-well
plates for 24 h and then treated with 100 nM a-MSH, Pg-C-EE,
and 1 mM arbutin for 48 h. For the melanin secretion assay,
absorbance of culture media was measured using an optical density
reader at 475 nm. The cells used for the melanin secretion assay
were lysed with 100 mL cell lysis buffer and pelleted by centrifu-
gation (12,000 rpm, 5 min). The pellets were dissolved in 100 mL
dissolving buffer (1 M NaOH, 10% dimethyl sulfoxide (DMSO)) and
melted at 55°C for 30 min. Absorbance was measured at 405 nm
using an optical density reader.
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Table 1 Table 2
List of primers used in this study (mouse species) List of primers used in this study (human species)

Name Sequences (5’ to 3') Name Sequences (5’ to 3')

MITF F 5'- AACTCATGCGTGAGCAGATG -3/ MMP-1 F 5/- CACAGCTTCCCAGCGACTC -3/
R 5'- TACCTGGTGCCTCTGAGCTT -3 R 5'- GTCCCGATGATCTCCCCTGA -3/

TYRP-1 F 5'- ATGGAACGGGAGGACAAACC -3/ MMP-2 F 5/- CCATGAAGCCTTGTTTACCA -3/
R 5/- TCCTGACCTGGCCATTGAAC -3/ R 5/- TCCATACTTCTTATCCCGGT -3/

TYRP-2 F 5'- CAGTTTCCCCGAGTCTGCAT -3 MMP-3 F 5'- ATCCTACTGTTGCTGTGCGT -3’
R 5'- GTCTAAGGCGCCCAAGAACT -3/ R 5'- CATCACCTCCAGAGTGTCGG -3/

Tyrosinase F 5'- GTCCACTCACAGGGATAGCAG -3’ MMP-9 F 5/- TCTTCCCCAAAGACCTGAAA -3/
R 5'- AGAGTCTCTGTTATGGCCGA -3/ R 5/- TGATGTTATGATGGTCCCAC -3/

MLPH F 5'- ATCTTCGCGAAACCCGTGAT -3/ COX-2 F 5'- CAAAAGCTGGGAAGCCTTCT -3
R 5'- AGAATCACAGCGAGATGGCTT -3/ R 5/- CCATCCTTCAAAAGGCGCAG -3/

Myo5a F 5'- AAGCCATCCAACCCAAGGAT -3/ Sirt-1 F 5/- CAGTGTCATGGTTCCTTTGC -3/
R 5'- GCTGTTGCCGGTTGTTTTCT -3/ R 5'- CACCGAGGAACTACCTGAT -3/

Rab27a F 5'- TCTGGGGTAGGGAAGACCAG -3/ IL-6 F 5/- TACCCCCAGGAGAAGATTCC -3/
R 5'- AGCAGGAAACCCATAGCGTC -3/ R 5/- TTTTCTGCCAGTGCCTCTTT -3/

GAPDH F 5'- CAATGAATACGGCTACAGCA -3’ IL-8 F 5/- AAGGTGCAGTTTTGCCAAGG -3
R 5'- AGGGAGATGCTCAGTGTTGG -3 R 5'- CAACCCTCTGCACCCAGTTT -3/

/. !

F, forward; MITF, microphthalmia-associated transcription factor; MLPH, melano- HO-1 F 5,_ GCCATGAACTTTGTCCCCTG _3,
hilin; Myo5A, myosin-5A; R, reverse; TYRP, tyrosinase-related protein R 5= TITCGTTGGGGAAGATGCCA -3
phiiin; Ayo>a, my R ' "y P NRF-2 F 5'- CAGTCAGCGACGGAAAGAGT -3/

R 5/- AAGTGACTGAAACGTAGCCGA -3/
2.5, Tyrosinase assay FLG F 5- AAGGAACTTCTGGAAAAGGAATTTC -3’
R 5'- TTGTGGTCTATATCCAAGTGATCCAT -3/
For the tyrosinase assay, 50 mL of 2 mM L-dopamine, 50 mL of Pg- TeM- ; 2 iﬁgg?gﬁ?ggﬁ?gﬁfgﬁg&: 3
C-EE at different doses (0 pg/mL, 100 pg/mL, 200 pg/mL, and 400 pg/ HAS-1 F 5/- CCACCCAGTACAGCGTCAAC -3/
mL), or 300 mM kojic acid was mixed with mushroom tyrosinase R 5'- CATGGTGCTTCTGTCGCTCT -3/
(100 U/mL) for 15 min at room temperature. Absorbance of each HAS-2 F 5'- TCTTTATGTGACTCATCTGTCTCACCG -3/
sample was measured at 475 nm using an optical density reader. R 5~ ATTGTTGGCTACCAGTITATCCAAACG -3'
: HAS-3 F 5'- TATACCGCGCGCTCCAA -3/
R 5’- GCCACTCCCGGAAGTAAGACT -3’
2.6. messenger RNA analysis by reverse transcription polymerase HYAL-1 F 5/- CAGAATGCCAGCCTGATTGC -3/
chain reaction R 5'- CCGGTGTAGTTGGGGCTTAG -3’
HYAL-2 F 5'- TACACCACAAGCACGGAGAC -3/
. . R 5/- ATGCAGGAAGGTACTGGCAC -3
For messenger RNA (mRNA) analysis of melanogenesis-related HYAL-3 F 5/ CCAGGATGACCTTGTGCAGT -3/
genes, B16F10 cell pellets were used under the same conditions R 5'- CCATCTGTCCTGGATCTCGC -3/
as for the melanin secretion experiment. All mRNA analyses using HYAL-4 F 5'- TGAGCTCTCTTGGCTCTGGA -3
HaCaT cells were conducted in 6-well plates. HaCaT cells were R 5'- AGGCAGCACTTTCTCCTATGG -3'
. . . Col1A1 F 5'- CAGGTACCATGACCGAGACG -3’
ex.posed to UVB irradiation and hydrogen peroxide and treated R 5/ AGCACCATCATTTCCACGAG -3
with Pg-C-EE (0 pg/mL, 100 pg/mL, 200 pg/mL, and 400 pg/mL) or Col2A1 F 5/ GCAACGTGGTGAGAGAGGAT -3/
retinol (10 ug/mL). Total mRNA was precipitated using TRIzol re- R 5'- CCTGTCGTCCGGGTTCAC -3
agent according to the manufacturer’s instructions. Complemen- GAPDH F 5'- GCACCGTCAAGGCTGAGAAC-3'
R 5/- ATGGTGGTGAAGACGCCAGT-3/

tary DNA was synthesized using a cDNA synthesis kit. Reverse
transcription polymerase chain reaction was conducted using
specific forward and reverse primers. All sequences of primer sets
are listed in Table 1 (mouse) and Table 2 (human).

2.7. Preparation of cell lysates and immunoblot analysis

B16F10 and HaCaT cells were treated at the indicated time
points with Pg-C-EE. The treated cells were washed, harvested in
PBS, centrifuged, and lysed in cell lysis buffer (1 M Tris-HCI pH 7.5,
0.5 M NaF, 1 M B-glycerolphosphate pH 7.5, 4 M NaCl, 100% NP-40,
2 ug/mL leupeptin, 2 pg/mL aprotinin, 2 pg/mL pepstatin A, 0.1 mM
Na3V04, 1 mM benzamide, 0.1 mM phenylmethanesulfonyl fluoride
(PMSF), and 1.6 mM pervanadate) for 1 h at 4°C. Total protein ly-
sates were pelleted by centrifugation (12,000 rpm, 10 min, 4°C),
and the protein content of the supernatants was measured using
the Bradford assay [20] and adjusted for concentration differences
among the samples. Proteins were analyzed by immunoblotting.
Proteins were separated on 10% sodium dodecyl sulfate—
polyacrylamide gels and transferred to polyvinylidenedifluoride
membranes. Levels of phospho or total p38, extracellular signal-
regulated kinase (ERK), Jun N-terminal kinase (JNK), and cyclic
adenosine monophosphate response element—binding protein
(CREB) and levels of tyrosinase, TRP1, and 2, and MITF were
determined using previously published methods [21]. B-Actin was
used as an immunoblotting loading control.

Col1A1, collagen, type 1, alpha 1; Col2A1, collagen, type II, alpha 1; COX-2, cyclo-
oxygenase 2; FLG, filaggrin; F, forward; HAS, hyaluronic acid synthase; HO, heme
oxygenase; HYAL, hyaluronidase; IL, interleukin; MMP, matrix metalloproteinase;
NRF2, nuclear factor 2; R, reverse; Sirtl, NAD-dependent protein deacetylase
sirtuin-1; TGM, transglutaminase

2.8. DPPH analysis

A DPPH decoloration assay was conducted as in a previous
report [22]. To measure radical-scavenging activity, 200 pL DPPH
solution (0.2 mM in methanol) and 200 pL of different concentra-
tions of Pg-C-EE (0 pg/mL, 50 pg/mL, 100 pg/mL, 200 pg/mL, and
400 pg/mL) or 200 pL of 0.5 mM ascorbic acid were mixed and
shaken in the dark at room temperature for 30 min. Absorbance
was measured at 517 nm. Results were expressed as percentage
inhibition: DPPH scavenging effect = [(Acontrol — Asample)/
Acontrol] x 100%; Acontrol is the absorbance of DPPH, and Asample is
absorbance of the sample (Pg-C-EE or ascorbic acid).

2.9. UVB irradiation

HaCaT cells were seeded at 7 x 10 cells per well in 6-well plates
and subjected to 24 h of starvation using serum-free MEM. Before
UVB irradiation, HaCaT cells were pretreated with Pg-C-EE for
30 min. After 30 min, HaCaT cells were washed with PBS and exposed
to UVB irradiation (UVB lamp: Bio-link crosslinker BLX-312; Vilber
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Fig. 1. Antimelanogenesis effect of Pg-C-EE on B16F10 cells. (A) B16F10 cell viability was measured by MTT assay in the Pg-C-EE—treated group. (B and C) B16F10 cells were treated
with o-MSH (100 nM) and various concentrations of Pg-C-EE (100, 200, and 400 pg/mL), or arbutin (1 mM) for 48 h. Melanin secretion was measured by absorbance of cell su-
pernatant (0.D) at 475, nm and melanin content was measured by absorbance of cell pellets (0.D) at 405 nm. (D) The effects of Pg-C-EE (100-400 pg/mL) or kojic acid (300 pM) on
tyrosinase enzyme activity were confirmed by treatment with L-DOPA and detection of tyrosinase at 475 nm. (E) mRNA expression of genes related to melanin synthesis (MITF,
TYRP-1, TYRP-2, and tyrosinase) and melanin secretion (MLPH, MyoVa, and Rab27a) were determined in B16F10 cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL),
arbutin (1 mM), and a-MSH (100 nM) using RT-PCR. (F) The levels of melanogenesis-related protein (tyrosinase, TRP-1, TRP-2, and MITF) were confirmed by immunoblot analysis of
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Fig. 1. (continued).

Lourmat, Collegien, France). The energy of UVB irradiation was
30 mJ/cm? or 100 mJ/cm?. After UVB irradiation, Dulbecco's Modified
Eagle's medium (DMEM) containing Pg-C-EE was added to the cells
and incubated for 24 h and 48 h.

2.10. Hy0, treatment

HaCaT cells were seeded at 7 x 10° cells per well in a 6-well
plate and subjected to 24 h of starvation using serum-free MEM.
HaCaT cells were pretreated with Pg-C-EE for 30 min and then
incubated with 1 mM H,0, for 24 h.

2.11. Morphological changes

To observe morphological changes, HaCaT cells were plated at
7 x 10° cells per well in 6-well plates and treated with Pg-C-EE,

H,0,, or UVB. After the indicated time, cell images were captured
using an inverted phase contrast microscope (Olympus Co., Tokyo,
Japan) attached to a video camera with National Institutes of Health
(NIH)imaging software.

2.12. Luciferase reporter gene assay

HEK293 cells were seeded at 1.2 x 10* cells per well in 24-well
plates. After 24 h, cells were transfected with p-galactosidase and
NF-kB-Luc, AP-1-Luc, CREB-Luc, or Col1A1-Luc for 24 h. Poly-
ethylenimine was used as a transfection reagent. The cells were
treated with Pg-C-EE for 24 h except in conditions of PMA or
forskolin induction when the cells were pretreated with Pg-C-EE
for 30 min and then treated with PMA or forskolin for 6 h.
Luciferase assay was conducted using the Luciferase Assay System
(Promega).

B16F10 cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL), arbutin (1 mM), and o-MSH (100 nM) for 48 h. (G) Upstream proteins associated with melanogenesis
were identified by treatment of B16F10 cells with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL), arbutin (1 mM), and o-MSH (100 nM) for 24 h. (H) Levels of melanin secretion
and content were determined from supernatants and pellets of B16F10 cells treated with Pg-C-EE (400 pg/mL), SB203580 (p38 inhibitor, 20 pM), SP600125 (JNK inhibitor, 20 pM),
UO0126 (ERK inhibitor, 20 pM), or arbutin (1 mM) with a-MSH (100 nM) for 48 h. *p < 0.05 and **p < 0.01 compared with control.

o-MSH, a-melanocyte—stimulating hormone; cAMP, cyclic adenosine monophosphate; CREB, CAMP response element binding; ERK, extracellular signal-regulated kinase; JNK, c-Jun
N-terminal kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; L-DOPA, L-dopamine; MITF, microphthalmia-associated transcription factor; mRNA, messenger RNA;
MLPH, melanophilin; MTT, 3-(4-5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; MyoVa, myosin Va; Pg-C-EE, Panax ginseng calyx ethanol extract; RT-PCR, reverse
transcription polymerase chain reaction; TRN, tyrosinase; TYRP, tyrosinase-related protein.
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2.13. Statistical analysis 3. Results
Results were analyzed using analysis of variance and Mann— 3.1. Antimelanogenesis effect of Pg-C-EE
Whitney tests. A p value <0.05 was considered statistically signif-
icant. All statistical tests were performed with the SPSS software We first measured the cytotoxicity of Pg-C-EE in B16F10 cells and
package (version 22.0, 2013, IBM Corp., Armonk, NY, USA). All ex- showed no cytotoxicity at Pg-C-EE concentrations up to 400 pg/mL
periments were carried out in triplicates. (Fig. 1A). Arbutin (1 mM) was used as a positive control for
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Fig. 2. Antiphotoaging effect of Pg-C-EE against UVB irradiation in HaCaT cells. (A) Viability of HaCaT cells was measured by MTT assay in Pg-C-EE—treated group. (B) HaCaT cells
were treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and UVB irradiation (30 mJ/cm?) for 24 h. Cytoprotective effects of Pg-C-EE against UVB were observed. (C)
mRNA expression of MMP-1, MMP-2, MMP-3, and MMP-9 in HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and UVB (30 mJ/cm?) was determined by RT-
PCR. (D) mRNA expression of COX-2 and Sirt1 in HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and UVB (30 mJ/cm?) was determined by RT-PCR. (E)
mRNA expression of IL-6 and IL-8 in HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and UVB (30 m]/cm?) was determined by RT-PCR. (F) The levels of
phospho and total forms of MAPK (p38, ERK, and JNK) in whole cell lysates were determined by immunoblot analysis after treatment of HaCaT cells with Pg-C-EE (100 pg/mL,
200 pg/mL, and 400 pg/mL) and UVB (30 mj/cm?) for 48 h. (G) The effects of MAPK inhibitors SB203580 (20 uM), SP600125 (20 uM), and U0126 (20 uM) on expression of MMP-9 in
UVB-irradiated HaCaT cells were identified by RT-PCR.

COX-2, cyclooxygenase-2; ERK, extracellular signal-regulated kinase; IL-6, interleukin-6; JNK, c-Jun N-terminal kinase; MAPK, mitogen-activated protein kinase; MMP, matrix
metalloproteinase; mRNA, messenger RNA; MTT, 3-(4-5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Pg-C-EE, Panax ginseng calyx ethanol extract; RT-PCR, reverse
transcription polymerase chain reaction; Sirtl, NAD-dependent protein deacetylase sirtuin-1; UVB, ultraviolet B.



J.-0. Lee et al | Skin protective effects of Pg-C-EE 395

antimelanogenesis activity as it is known to effectively inhibit
tyrosinase activity. The inhibitory effects of Pg-C-EE on melanin
secretion and synthesis were examined in o-MSH—treated B16F10
cells. The levels of inhibition of melanin secretion were 10% for Pg-C-
EE 100 pg/mL, 28.5% for Pg-C-EE 200 pg/mlL, 36.2% for Pg-C-EE
400 pg/mL, and 36.7% for arbutin 1 mM (Fig. 1B). The levels of inhi-
bition of melanin content were 16.5% for Pg-C-EE 200 pg/mL, 50.2%
for Pg-C-EE 400 pg/mL, and 49% for arbutin 1 mM (Fig. 1C). The
photographs (upper graph) and graphs show that melanin secretion
and synthesis were suppressed by Pg-C-EE treatment in a dose-
dependent manner (Figs. 1B, 1C). To investigate the activity of en-
zymes involved in melanin production, we used mushroom tyrosi-
nase. The inhibitory effect of Pg-C-EE on tyrosinase activity was 11.8%
(100 pg/mL), 13.7% (200 pg/mL), and 21.9% (400 pg/mL), whereas
kojic acid (300 uM) inhibited tyrosinase activity by up to 87.9%
(Fig. 1D). In reverse transcription polymerase chain reaction analysis
of the inhibitory effect of Pg-C-EE on the expression of genes related
to melanin production (MITF, TYRP-1,2, tyrosinase, MLPH, MyoVa,
and Rab27a), Pg-C-EE did not show a significant inhibitory effect on
mRNA expression, but the mRNA expression of TYRP-2, tyrosinase,
and MLPH was slightly decreased at Pg-C-EE 400 pg/mL (Fig. 1E).
Although Pg-C-EE did not affect the mRNA expression of genes
associated with melanin production, it showed a significant inhibi-
tory effect at the level of protein expression. Especially, the protein
expression of tyrosinase, TRP-1, and TRP-2 was dose-dependently
decreased by Pg-C-EE treatment (Fig. 1F). Because Pg-C-EE inhibi-
ted the expression of melanin production—related proteins, we then
examined whether Pg-C-EE blocked the upstream proteins regu-
lating melanogenesis by measuring the phosphorylation of p38, ERK,
and CREB at different time points (48—24 h). Pg-C-EE dose-depen-
dently decreased levels of phosphorylated p38, ERK, and CREB that

were stimulated under o-MSH conditions (Fig. 1G). To demonstrate
that p38 and ERK inhibit melanin production, we examined the
levels of melanin secretion and content in the presence of SB203580
(p38 inhibitor), SP600125 (JNK inhibitor), and U0126 (ERK inhibitor).
Melanin production was suppressed with SB203580 and U0126
treatment similar to Pg-C-EE treatment but was not inhibited in the
SP600125-treated group (Fig. 1H).

3.2. Skin-protective activity of Pg-C-EE against UVB irradiation

To investigate the skin-protective activity against UVB irradia-
tion using HaCaT cells, the cytotoxicity of Pg-C-EE was measured by
MTT assay. Pg-C-EE did not show cytotoxicity in HaCaT cells up to a
concentration of 400 pg/mL (Fig. 2A). Images of cells captured with
a camera attached to the microscope showed that Pg-C-EE pro-
tected against UVB-irradiated HaCaT cell damage (Fig. 2B). To
elucidate the UVB-mediated skin damage—protective mechanisms
of Pg-C-EE, the expression levels of MMP-1, -2, -3, and -9 were
measured under conditions of UVB irradiation, which is known to
increase skin aging through upregulation of MMPs. In UVB-
irradiated HaCaT cells, Pg-C-EE at 400 pg/mL reduced the mRNA
expression of MMP-1, MMP-2, MMP-3, and MMP-9 (Fig. 2C). Pg-C-
EE also decreased the expression of inflammation regulatory genes
COX-2, IL-6, and IL-8. After UVB irradiation with 100 mJjcm?, COX-2
expression was decreased in the Pg-C-EE-treated group, whereas
Pg-C-EE did not affect the Sirt1 gene (Fig. 2D). After UVB irradiation
with 30 mJ/cm?, Pg-C-EE reduced the gene expression of IL-6 and
IL-8, the most important inflammatory genes in skin cells (Fig. 2E).
To investigate the regulatory mechanisms of proteins involved in
UVB-mediated cell damage, such as MMPs, COX-2, and IL-6, we
performed the Western blot analysis of MAPK proteins (p38, JNK,
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Fig. 3. Antioxidant effect of Pg-C-EE against H,0,-induced damage in HaCaT cells. (A) Images of HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and H,0,
(1 mM) for 24 h were obtained with a camera attached to the microscope. The number of cells in each image was counted (right panel). (B) Expression of MMP-1, MMP-2, MMP-3,
MMP-9, HO-1, and NRF2 was confirmed by RT-PCR analysis of HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and H,0;, (1 mM) for 24 h. (C) The
antioxidative activity of Pg-C-EE (50 pg/mL, 100 pg/mL, 200 pg/mL, and 400 pug/mL) and ascorbic acid (500 uM) was measured by DPPH assay. (D) The effects of MAPK inhibitors
SB203580 (20 uM), SP600125 (20 uM), and U0126 (20 uM) on expression of MMP-3 in H,0, (1 mM)-treated HaCaT cells were identified by RT-PCR. MAPK inhibitors were used to

confirm the cytoprotective effect by MTT assay.

DPPH, 2,2-diphenyl-1-picrylhydrazyl; H,0,, hydrogen peroxide; HO-1, heme oxygenase-1; MAPK, mitogen-activated protein kinase; MMP, matrix metalloproteinase; MTT, 3-(4-5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NRF-2, nuclear factor (erythroid-derived 2)-like 2; Pg-C-EE, Panax ginseng calyx ethanol extract; RT-PCR, reverse tran-

scription polymerase chain reaction.
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and ERK), which are upstream of the activator protein 1 (AP-1)
signal. Expression of phospho-p38, phospho-JNK, and phospho-
ERK decreased after Pg-C-EE treatment under UVB induction con-
ditions (Fig. 2F). These results were confirmed by examining the
expression of MMP-1 and MMP-9 in UVB irradiation conditions
using MAPK inhibitors (SB203580, SP600125, and U0125).
SP600125 and UO0126 reduced the expression of MMP-1, and
SB203580 decreased the expression of MMP-9, to the same extent
as Pg-C-EE treatment (Fig. 2G).

3.3. Skin-protective activity of Pg-C-EE against hydrogen peroxide

To examine whether Pg-C-EE protects against HO»-induced
damage, HaCaT cells were treated with H,0, with and without Pg-
C-EE and photographed (Fig. 3A) The number of HaCaT cells under
each condition was 202 for the untreated group, 49 for 1 mM H,0,,
91 for 1 mM H,0; plus 100 pg/mL Pg-C-EE, 115 for 1 mM Hy0; plus
200 pg/mL Pg-C-EE, and 111 for 1 mM H;0; plus 100 pg/mL Pg-C-EE
(Fig. 3A, right panel). These data confirmed that Pg-C-EE inhibited
H,05-induced cell damage. In general, H,O; is involved in the
production of ROS in cells. ROS promote skin aging through MMPs.
Treatment with Pg-C-EE under H,0,-induced conditions decreased
the expression levels of MMP-1, MMP-3, MMP-9, and heme oxy-
genase-1 in a dose-dependent manner. There was no change in the
expression of nuclear factor 2 (Fig. 3B). To study the radical-
scavenging activity of Pg-C-EE, we conducted a DPPH assay using
ascorbic acid (500 uM) as a radical-scavenging positive control. The
scavenging levels of Pg-C-EE were 3.25% (50 pg/mL), 2.87% (100 pg/
mL), 6.72% (200 pg/mL), and 11.97% (400 pg/mL), whereas ascorbic
acid showed a scavenging effect of 88.5% (Fig. 3C). To clarify pre-
vious results, the expression levels of MMP-3 and MMP-9 under
H,0, treatment conditions were measured in the presence of
MAPK inhibitors (SB203580, SP600125, and U0125). SB203580,
SP600125, and U0126 reduced the expression of MMP-3 to the
same extent as Pg-C-EE treatment. However, the expression of
MMP-9 was inhibited only by SB203580 among the MAPK in-
hibitors (Fig. 3D).

3.4. Effect of Pg-C-EE on skin moisture retention activity and
collagen synthesis

A natural moisturizing factor (NMF) that enhances skin hydra-
tion is HA. HAS is widely known as a gene that synthesizes NMF.
The mRNA levels of genes related to NMF production, filaggrin
(FLG), transglutaminase-1, and HAS-1, 2, 3 were not altered by Pg-
C-EE treatment (Fig. 4A). However, expression of hyaluronidase
(HYAL), which is known to degrade HA, was decreased by Pg-C-EE.
Especially, HYAL-4 was significantly reduced to the same extent as
retinol (as a positive control) (Fig. 4B). Col1A1 (collagen, type I,
alpha 1) had no effect on Pg-C-EE treatment; however, Col2A1
(collagen, type II, alpha 1) tended to increase the effects of Pg-C-EE
(Fig. 4C).

3.5. Effect of Pg-C-EE on transcription factor regulation

Melanogenesis and ROS-induced cell damage are associated
with AP-1 signaling proteins, such as MAPKs. To support the
aforementioned results, we measured luciferase activity using an
AP-1-Luc plasmid construct. Interestingly, Pg-C-EE dose-depen-
dently inhibited AP-1—mediated luciferase activities triggered by
PMA (100 nM) (Fig. 5A). CREB signaling associated with melano-
genesis was analyzed using a CREB-Luc plasmid. The forskolin-
triggered CREB-mediated luciferase activity was decreased by
Pg-C-EE in a dose-dependent manner (Fig. 5B). Without stimula-
tion, HEK293 cells were transfected with each luciferase plasmid

[Nuclear factor-kB (NF-kB) and (Col1A1)] and treated with Pg-C-
EE. NF-kB- and Col1A1-mediated luciferase activities showed no
difference according to the absence or presence of Pg-C-EE
(Figs. 5C, 5D).

4. Discussion
Skin cells are the cell type that is mostly affected by external

environmental factors and are important at all ages throughout life.
This study was carried out to examine skin cell protection and

A HaCaT cells (24 h)

Pg-C-EE (ng/mL) - 100 200 400 -
Retinol (10 pg/mL) - - - - +

FLG
TGM-1
HAS-1
HAS-2
HAS-3
GAPDH

B HaCaT cells (24 h)

UVB (30 mJ/lcm?) - + + + + -
Retinol (10 pg/mL) - - - - - +
Pg-C-EE (ug/mL) - - 100 200 400 -

HYAL-1
HYAL-2
HYAL-3

HYAL-4

GAPDH

C

HaCaT cells (24 h)

Pg-C-EE (ug/mL) - 100 200 400 -
Retinol (10 pg/mL) - - - - +

COL1A1
COL2A1
GAPDH

Fig. 4. Effect of Pg-C-EE on moisture retention and collagen synthesis in HaCaT cells.
(A) Expression of NMF synthesis—related genes (FLG, TGM-1, and HAS-1, -2, and -3)
was measured by RT-PCR in HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL,
and 400 pg/mL) and retinol (10 pg/mL) for 24 h. (B) mRNA expression of HYAL-1, -2, -3,
and 4 was determined by RT-PCR in HaCaT cells after irradiation with UVB (30 mJ/cm?)
for 24 h and treatment with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL) and
retinol (10 pg/mL). (C) Col1A1 and Col2A1 mRNA expression was analyzed using RT-
PCR in HaCaT cells treated with Pg-C-EE (100 pg/mL, 200 pg/mL, and 400 pg/mL)
and retinol (10 pg/mL) for 24 h.

Col1A1, collagen, type I, alpha 1; Col2A1, collagen, type II, alpha 1; FLG, filaggrin; HAS,
hyaluronic acid synthase; HYAL, hyaluronidase; NMF, natural moisturizing factor; Pg-
C-EE, Panax ginseng calyx ethanol extract; RT-PCR, reverse transcription polymerase
chain reaction; TGM-1, transglutaminase-1; UVB, ultraviolet B.



J.-0. Lee et al | Skin protective effects of Pg-C-EE 397

>

B

35 1 HEK293 cells (12 h)

o ]

2

=

©

(]

§§ 25 l

o ©

w— O

S5 20

3 g *%
T3T 15 1
a’ —

58

g 10

£

\n 5

o

< 0 ——

PMA (100 nM) - + + +

Pg-C-EE (ug/mL) - - 200 400

@
v

2 8 | HEK293 cells (24 h) *k
2 I
©

©

&~ 6

g0

&g

£ 0

2g 4

g

® O

§ w

£ 2

é L - T

¥ l—'—l

w

z 0

Pg-C-EE (ng/mL) - 100 200 400
Retinol (10 ug/mL) - - - -

N
3]

HEK293 cells (12 h)

2.0 ]

1.5

*%

10 I I

(Fold increase)
—

0.5

CREB-mediated luciferase activity

0.0

Forskolin (100 nM) - + + +
Pg-C-EE (pg/mL) - - 200 400

3.0 1 HEK293 cells (24 h)

*%

2.5

2.0

1.5

(Fold increase)

1.0 1

0.5

Col1A1-mediated luciferase activity

0.0

Pg-C-EE (ng/mL) -
Retinol (10 pg/mL) -

200 400 -

100
- - - +

Fig. 5. The effect of Pg-C-EE on transcription factor—mediated luciferase activity in Human embryonic kidney (HEK) HEK293 cells. (A) HEK293 cells were transfected with AP-1-Luc
(1 pg/mL) and B-gal plasmid in the presence or absence of PMA (100 nM) and Pg-C-EE (200 pg/mL and 400 pg/mL) for 12 h. (B) CREB promoter binding activity was determined by a
reporter gene assay with CREB-Luc construct (1 pg/mL) and p-gal plasmid (as a transfection control) in the presence or absence of forskolin (100 nM) and Pg-C-EE (200 pg/mL and
400 pg/mL) for 12 h. (C) HEK cells were transfected with NF-kB-Luc and B-gal plasmid construct with Pg-C-EE (0 pg/mL, 100 pg/mL, 200 pg/mL, and 400 pg/mL) and retinol (10 pg/
mL) for 24 h. (D) HEK cells were transfected with Col1A1-Luc and p-gal plasmid construct with Pg-C-EE (0 pg/mL, 100 pg/mL, 200 pg/mL, and 400 pg/mL) and retinol (10 pg/mL) for

24 h. *p < 0.05 compared with control. **p < 0.01 compared with control.

AP-1, activator protein 1; p-gal, B-galactosidase; cAMP, cyclic adenosine monophosphate; Col1A1, collagen, type I, alpha 1; CREB, cAMP response element binding; Pg-C-EE, Panax
ginseng calyx ethanol extract; PMA, phorbol 12-myristate 13-acetate; NF-kB, nuclear factor-«B.

maintenance in a healthy state. External stimuli can be divided into
physical or chemical stimuli. Among physical stimuli, UV irradia-
tion is known to be involved in melanogenesis and wrinkle for-
mation. Wrinkle formation is associated with the degradation of
the ECM [23], and UV irradiation easily destroys the ECM. Among
the UV spectrum, UVB with a wavelength of 280—315 nm is known
to penetrate the upper dermis layer. The penetrative power of UVB
is more effective than that of UVA of 315—400 nm wavelengths and
UVC of 100—280 nm wavelengths [24]. UVB penetrates the dermis
layer and degrades the ECM, resulting in photoaging of the skin. The
photoaged skin layer shows various consequences of this damage,
including inhibition of collagen synthesis, degradation of collagen,
upregulation of MMP expression, DNA mutations, production of
melanin, and local immunosuppression [25]. The DNA damage
caused by UV irradiation leads directly to DNA single-strand breaks
via formation of thymidine dimers [26] and indirectly to ROS
generation via depletion of cellular antioxidants and antioxidant
enzymes (superoxide dismutase, catalase) [27]. Consistent with the

increase in MMPs with UV irradiation, MMPs function as collage-
nases, gelatinases, stromelysins, and membrane-type MMPs (mt-
MMP) in skin cells. The MMPs can be subdivided according to
functional differences. The collagenases are able to degrade triple-
helical fibrillar collagens and include MMP-1 (interstitial collage-
nase), MMP-8 (neutrophil collagenase), and MMP-13 (collagenase
3). The gelatinases are distinguished by the presence of an addi-
tional domain inserted into the catalytic domain and include MMP-
2 (gelatinase-A) and MMP-9 (gelatinase-B). The stromelysins,
including MMP-3 (stromelysin 1), MMP-10 (stromelysin 2), and
MMP-11 (stromelysin 3), show a broad ability to cleave extracel-
lular matrix proteins; however, these enzymes are unable to cleave
the triple-helical fibrillar collagens. Therefore, regulation of MMP
expression is a very important factor in aged cells such as those
with photoaging. UV irradiation increases ROS production and the
expression of MMPs in the cells. The roles of ROS in the cells include
host defense [28], wound repair, maintenance of blood homeostasis
(to recruit platelets), damage of DNA or RNA, oxidation of amino
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Fig. 6. Pathway by which Pg-C-EE inhibits melanogenesis and ROS generation.
a-MSH, a-melanocyte—stimulating hormone; AP-1, activator protein 1; cAMP, cyclic
adenosine monophosphate; CREB, cCAMP response element binding; ERK, extracellular
signal-regulated kinase; HO-1, heme oxygenase-1; HYAL, hyaluronidase; JNK, c-Jun N-
terminal kinase; L-DOPA, L-dopamine; MMP, matrix metalloproteinase; Pg-C-EE, Panax
ginseng calyx ethanol extract; PKA, Protein kinase A; ROS, reactive oxygen species;
TYRP, tyrosinase-related protein; UVB, ultraviolet B.

acids, oxidative deactivation of specific enzymes, accelerated aging
[29], and induction of cancer [30—32]. In addition, exogenous ROS
can be produced from hydroxyl radical, hydrogen peroxide, su-
peroxide radical, and ultimately oxygen. Above all, hydrogen
peroxide is formed in mammals as a short-lived product in
biochemical processes and is toxic to cells. Hydrogen peroxide can
cause irritation and allergic reactions and in high concentrations
can cause blisters, redness, and other skin damage. The cause of
cytotoxicity is oxidative stress processes in skin cells. Oxidative
stress is involved in many human diseases, such as heart disease
and Alzheimer’s disease, in addition to the aging process. Cyto-
toxicity results from oxidation of proteins, membrane lipids, and
DNA by the peroxide ions. For these reasons, it is important to
maintain antioxidant levels in skin cells.

UV irradiation induced melanin production through the acti-
vation of melanocytes and ROS generation. Initiation of melano-
genesis by exposure to UV irradiation causes skin tanning. The
melanin is able to disperse approximately 99.9% of absorbed UV
radiation [33]; therefore, melanin has skin-protective activity
against UV radiation damage. However, melanin is associated with
an increased risk of malignant melanoma, a cancer of melanocytes.
The synthesis of melanin involves a chain of enzyme-catalyzed
chemical reactions and nonenzyme-catalyzed reactions [34—36].
The main precursor of melanin is the conversion of L-tyrosinase to
L-DOPA, which is catalyzed by the enzyme tyrosinase [36,37].
Different kinds of enzymes also involved in melanin synthesis
include tyrosinase-related protein 1 (TRP-1 and TYRP1 and
tyrosinase-related protein 2 (TRP-2 and TYRP2). According to Kegg
pathways, melanogenesis is under complex regulatory control by
multiple agents. The most important positive regulator of mela-
nogenesis is the MC1 receptor with its ligands melanocortic pep-
tides. MC1 receptor activates the CREB [38,39]. Increased
expression of MITF and its activation by phosphorylation
stimulate the transcription of tyrosinase (TYR), TRP-1, and dop-
achrome tautomerase, which produce melanin. Melanin synthesis
occurs within intracellular organelles called melanosomes [40—42]
and is regulated through this pathway. Melanin overproduction can

cause skin spots and some diseases. Recently, women have shown
considerable interest in skin whitening, and many companies are
studying agents that inhibit melanin production.

Many studies have indicated that Korean ginseng and Korean
Red Ginseng have beneficial activity [43]. However, to date, only
inflammatory regulatory activity or phytochemical ingredients of
Pg-C-EE have been studied. In this study, we examined the effects
of Pg-C-EE on melanogenesis, photoaging, oxidative stress, mois-
ture retention, and wrinkle formation using o-MSH—induced
B16F10 cells and hydrogen peroxide— and UVB-induced HaCaT
cells. We determined that Pg-C-EE can be used as skin-protective
agent because it suppresses melanin secretion and melanin syn-
thesis as effectively as arbutin (Figs. 1B, 1C) [44]. We also deter-
mined that activities of mushroom tyrosinase, which is the most
important enzyme in the production of melanin, were decreased
in the Pg-C-EE—treated group to the same extent as by kojic acid
(Fig. 1D). Then, we examined the mRNA levels of melanogensis-
related genes and found that mRNA levels were not significantly
changed in the Pg-C-EE—treated group (Fig. 1E). We therefore
confirmed the protein levels of tyrosinase, TRP-1, 2, and MITF
under 48-h Pg-C-EE treatment conditions and phospho- and total
p38, ERK, and CREB under 24-h Pg-C-EE treatment conditions. All
protein levels were decreased dose dependently in the Pg-C-EE—
treated group (Figs. 1F, 1G). Therefore, we have confidence that
Pg-C-EE has antimelanogensis activity in B16F10 cells. In our
study, Pg-C-EE was found to have effective antioxidant and anti-
photoaging activity. Interestingly, the mRNA levels of MMPs were
attenuated dose dependently in the Pg-C-EE—treated group under
both UVB- and hydrogen peroxide—induction conditions (Figs. 2C,
3B). Under UVB induction conditions, Pg-C-EE also reduced the
expression of IL-6, the most important factor in inflammatory skin
cells (Fig. 2E). Even more surprisingly, Pg-C-EE inhibited cell death
due to hydrogen peroxide treatment (Fig. 3A). In the DPPH assay,
Pg-C-EE showed similar antioxidative effects to other P. ginseng
extracts (Fig. 3C) [45]. We determined that the mRNA levels of
HYAL2 and HYAL4 in UVB induction conditions were attenuated in
cells treated with Pg-C-EE (400 pg/mL) (Fig. 4B), indicating that
Pg-C-EE can regulate moisture retention in skin cells. Surprisingly,
we also found that Pg-C-EE can help the formation of collagen
(Fig. 4C). We examined which transcription factors regulated the
aforementioned process through the luciferase system. By trans-
fection with NF-kB and Col1A1 luciferase, respectively, and
treatment with Pg-C-EE, we confirmed that NF-kB- and Col1A1-
driven luciferase activities were affected by Pg-C-EE (Figs. 5C,
5D). We also showed that AP-1 mediated luciferase activity with
PMA induction and CREB mediated luciferase activity with for-
skolin induction. Both luciferase activities were decreased with
Pg-C-EE treatment (Figs. 5A, 5B). These results show that Pg-C-EE
has a skin-protective effect through AP-1 and CREB. Several ex-
periments carried out using AP-1 inhibitors (MAPK inhibitor;
SB203580, SP600125, and U0126) [46—48]| verified the results
from Figs. 1-3 (Figs. 1H, 2G and 3D).

In summary, we found that Pg-C-EE exerted skin-protective
effects through antimelanogenesis activity in a-MSH—induced
B16F10 cells, antiphotoaging activity in UVB-irradiated HaCaT cells,
and antioxidant activity in hydrogen peroxide—induced HaCaT
cells. In addition, Pg-C-EE inhibited AP-1 and CREB transcription
factors and their upstream activation pathway (MAPK and CREB). A
brief summary of each activity is shown in Fig. 6. These results
suggest that Pg-C-EE can be helpful as a skin-improving ingredient
through blockade of AP-1 and CREB signaling proteins.
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