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a b s t r a c t

Background: BIOGF1K, a compound-K-rich fraction, has been shown to display anti-inflammatory ac-
tivity. Although Panax ginseng is widely used for the prevention of photoaging events induced by UVB
irradiation, the effect of BIOGF1K on photoaging has not yet been examined. In this study, we investi-
gated the effects of BIOGF1K on UVB-induced photoaging events.
Methods: We analyzed the ability of BIOGF1K to prevent UVB-induced apoptosis, enhance matrix met-
alloproteinase (MMP) expression, upregulate anti-inflammatory activity, reduce sirtuin 1 expression, and
melanin production using reverse transcription-polymerase chain reaction, melanin content assay,
tyrosinase assay, and flow cytometry. We also evaluated the effects of BIOGF1K on the activator protein-1
signaling pathway, which plays an important role in photoaging, by immunoblot analysis and luciferase
reporter gene assays.
Results: Treatment of UVB-irradiated NIH3T3 fibroblasts with BIOGF1K prevented UVB-induced cell
death, inhibited apoptosis, suppressed morphological changes, reduced melanin secretion, restored the
levels of type I procollagen and sirtuin 1, and prevented mRNA upregulation of MMP-1, MMP-2, and
cyclo-oxygenase-2; these effects all occurred in a dose-dependent manner. In addition, BIOGF1K
markedly reduced activator-protein-1-mediated luciferase activity and decreased the activity of mitogen-
activated protein kinases (extracellular response kinase, p38, and C-Jun N-terminal kinase).
Conclusion: Our results strongly suggest that BIOGF1K has anti-photoaging activity and that BIOGF1K
could be used in anti-aging cosmeceutical preparations.
� 2017 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 is an important barrier that protects the body from
external damage. A major cause of skin injury is UVB light. UVB
emits light with wavelengths ranging from 280 nm to 320 nm. UVB
irradiation of the skin results in various photoaging phenomena,
such as induction of apoptosis, enhancement of matrix metal-
loproteinase (MMP) expression, upregulation of inflammation, and
reduction of sirtuin (SIRT)1 expression [1e4]. In turn, activated
MMPs contribute to extracellular matrix (ECM) degradation and

synthesis inhibition, as well as that of collagen in connective tis-
sues, thereby making a crucial contribution to photoaging [5].
Suppression of SIRT1 expression leads to upregulation of apoptosis
and downregulation of cell survival [6,7]. These UVB-induced
photoaging events are regulated by the activator protein (AP)-1
signaling pathway [8,9], which is in turn activated by mitogen-
activated protein kinases (MAPKs), p38, extracellular response ki-
nase (ERK), and c-Jun N-terminal kinase (JNK). Moreover, upon UVB
irradiation, melanin is excessively synthesized by tyrosinase and
secreted upon stimulation with a-melanocyte stimulating
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hormone (MSH) from epidermal melanocytes [10]. Melanin syn-
thesis has also been shown to be predominantly regulated by the
AP-1 signaling pathway [11].

The root of Korean ginseng (Panax ginseng) has been prescribed
as an herbal medicine in East Asia. In addition to its anti-
inflammatory and anticancer effects, this root has also been used
as a cosmetic biomaterial due to its whitening, moisturizing, anti-
wrinkle, and antiaging effects [12e14]. We recently prepared a
fraction containing a high concentration of compound K, BIOGF1K,
and found that it displayed antioxidative and anti-inflammatory
activities [15]. To determine whether this fraction could have
additional applications in various fields, we aimed to test whether
BIOGF1K protected cells from UVB-induced photoaging events. To
this end, we investigated BIOGF1K effects on UVB irradiation-
induced apoptosis, morphological changes, melanin production,
enzyme downregulation, inflammatory gene expression, and AP-1
signaling.

2. Materials and methods

2.1. Materials

Phorbol-12-myristate-13 acetate (PMA) and (3-4-5-
dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide (MTT)
were obtained from Sigma Chemical Co. (St. Louis, MO, USA). The
luciferase construct harboring AP-1 and collagen (Col)1A1 pro-
moter binding sites was used as reported earlier [16,17]. TRIzol
reagent was purchased from Molecular Research Center (Mont-
gomery, OH, USA). Fetal bovine serum and Dulbecco’s modified
Eagle’smedium (DMEM)were purchased fromGibco (Grand Island,
NY, USA). The cell lines used in the present experiments (NIH3T3,
HEK293, and B16F10 cells) were obtained from American Type
Culture Collection (Rockville, MD, USA). All other chemicals were
obtained from Sigma Chemical Co. Total and phosphospecific an-
tibodies were purchased from Cell Signaling Technology (Beverly,
MA, USA). Plasmid constructs driving the expression of Smad3
(mothers against decapentaplegic homolog 3) were used as re-
ported previously [18].

2.2. Cell culture

Mouse embryonic fibroblast NIH3T3 and mouse melanoma
B16F10 cells were cultured in DMEM supplemented with 10% fetal
bovine serum and 1% antibiotics (penicillin and streptomycin) in a
CO2 incubator at 37�C. For experiments, cells were seeded in six-
well plates at 106 cells/well with fresh complete culture medium
[19].

2.3. Preparation of BIOGF1K

BIOGF1K, a compound-K-rich fraction, was prepared as
described previously [20].

2.4. Drug treatment

A stock solution of BIOGF1K was prepared in dimethyl sulfoxide
(DMSO) at a concentration of 100 mg/mL. Target concentrations
(15 or microgram/ml and 30 mg/mL) were achieved by dilutionwith
culture medium [21].

2.5. Cell viability assay

NIH3T3 cells were seeded onto 96-well plates at 105 cells/well
with fresh complete culture medium. To test the cytotoxicity
of BIOGF1K alone, cells were treated with 7.5, 15, or 30 mg/mL

BIOGF1K. To test the effect of BIOGF1KonUVB-induced toxicity, cells
were irradiated with 30 mJ/cm2 UVB and then cultured in complete
culture medium with 15 or 30 mg/mL BIOGF1K for a further
24 h. Cell viability was determined with a conventional 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay [22].

2.6. UVB irradiation

Cells were irradiated in six-well plates using a UVB lamp (Bio-
Link BLX-312; Vilber Lourmat, Collégien, France) with an emission
wavelength peak of 312 nm. Before UVB irradiation, culture me-
dium was replaced with 1 mL phosphate-buffered saline (PBS) per
well. After removing the plate lid, cells were irradiated at 30 mJ/
cm2. After UVB irradiation, PBS was replaced with complete culture
medium with the appropriate compound treatments prior to har-
vesting [3].

2.7. HPLC analysis

The concentrations of compound K in BIOGF1K were quantified
by HPLC as described previously [23,24].

2.8. Fluorescence-activated cell sorting

Apoptosis was analyzed by flow cytometry after different cell
treatments. Cells were treated with or without 15 or 30 mg/mL
BIOGF1K after UVB irradiation (30mJ/cm2) or subjected to a control
treatment. For staining, cells were washed twice with cold PBS and
resuspended in 1� binding buffer at a concentration of 106 cells/
mL. Next,100 mL of suspension (105 cells) was transferred to e tubes,
10 mL propidium iodide, and 5 mL fluorescein isothiocyanatee
Annexin V was added, and cells were incubated for 15 min at room
temperature in the dark. Finally, 400 mL 1� binding buffer was
added and fluorescence was assessed using a Guava easyCyte flow
cytometer (Millipore, Billerica, MA, USA) [25].

2.9. Plasmid transfection and luciferase reporter gene assay

For the luciferase reporter gene assay, HEK293 cells (105 cells/
well in 24-well plates) were transfected with 0.8 mg/mL plasmids
driving the expression of b-galactosidase, AP-1-Luc, Col1A1-Luc,
and FLAG-smad3. Cells were transfected using the poly-
ethyleneimine method and then incubated for 24 h. Finally,
HEK293 cells ware treated with 15 or 30 mg/mL BIOGF1K and
100 nM PMA for a further 24 h [15].

2.10. Analysis of mRNA levels by reverse transcription-polymerase
chain reaction

To quantify cytokine mRNA expression levels, NIH3T3 cells were
treated with or without 15 or 30 mg/mL BIOGF1K after UVB irra-
diation (30 mJ/cm2). Total RNA was then isolated with TRIzol re-
agent. Reverse transcription-polymerase chain reaction (RT-PCR)
was performed as described previously [26]. Primers used in this
study are listed in Table 1.

2.11. Immunoblotting

Total lysates prepared from NIH3T3 cells were subjected to
western blot analysis of the total and phospho-forms of JNK, ERK,
p38, IkBa, MAPK/ERK kinase (MEK)1/2, MAPK kinase (MKK)3/6,
and b-actin. Immunoreactive bands were visualized as described
previously [27].
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2.12. Tyrosinase assay

Fifty milliliters of 6 mM L-dopamine (dissolved in 50 mM po-
tassium phosphate buffer, pH 6.8), 50 mL DMSO (with or without
30 mg/mL BIOGF1K), and 200 mM kojic acid (dissolved in potassium
phosphate buffer) were mixed at room temperature for 15 min.
Mushroom tyrosinase (100 U/mL) dissolved in potassium phos-
phate buffer was then added to the mixture. The absorbance of the
mixture at 475 nm was immediately measured using a multi-
detection microplate reader [28].

2.13. Melanin formation and secretion test

For the melanin formation assay, B16F10 cells (105 cells/well in
12-well plates) were treated with 100 nM a�MSH, 30 mg/mL

BIOGF1K, or 1mM arbutin for 48 h. Melanin secretion was assessed
by measuring the absorbance of the culture medium at 475 nm
using a multidetection microplate reader. For melanin content
analysis, cells were lysed with 20 mL cell lysis buffer (50 mM Trise
HCl pH 7.5, 20 mM NaF, 25 mM b-glycerolphosphate pH 7.5, 120
mM NaCl, and 2% NP-40 in distilled water). The lysed pellets were
dissolved in 90 mL 1 M NaOH containing 10% DMSO for 30 min at
55�C, after which, the absorbance of the resulting solutions was
measured at 405 nm [12].

2.14. Statistical analysis

All data are presented as mean � standard deviation and each
experiment consisted of three or four replications. The Manne
Whitney U test was used to analyze the statistical difference be-
tween groups. A p value < 0.05 was regarded as statistically sig-
nificant. All statistical tests were performed using SPSS version
22.0, 2013 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. BIOGF1K effects on cell viability

We first investigated the effects of BIOGF1K on the viability of
NIH3T3 and B16F10 cells to determine the noncytotoxic BIOFG1K
concentrations. BIOGF1K was not cytotoxic at concentrations up to
30 mg/mL, implying that 30 mg/mL of this extract had no cytotoxic
effect (Figs. 1A, 1C). In addition, the level of compounds K and Y in
BIOGF1K was analyzed by HPLC. Compounds K and Y were
observed as major peaks at 67 min and 69 min in the BIOGF1K
extract, but another compound also was observed as the third
major peak at around 77.5 min (Fig. 1C).

Fig. 1. Effect of BIOGF1K on the viability of NIH3T3 and B16F10 cells. (A and B) NIH3T3 and B16F10 cells were treated with various concentrations (0e30 mg/mL) of BIOGF1K and
then incubated for 24 h. Cell viability was determined using the MTT assay. (C) The phytochemical profiles of compound K and compound Y in BIOGF1K were analyzed by HPLC.
MTT, (3-4-5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium bromide.

Table 1
Polymerase chain reaction primers used in this study

Name Sequence (50 to 30)

MMP1 F TCTGACGTTGATCCCAGAGAGCAG
R CAGGGTGACACCAGTGACTGCAC

MMP2 F CAAGTGGAGAGCAGTTGAGGACATC
R TGAGGACATCTCCCACGTCAA

Type 1 procollagen F AGGGCCAAGACGAAGACATC
R AGATCACGTCATCGCACAACA

SIRT1 F GCTCTAGCCACCATGGCGGACGA
R CGCGGATCCTGATTTGTTTGATGGATAGTT

COX-2 F CACTACATCCTGACCCACTT
R ATGCTCCTGCTTGAGTATGT

GAPDH F CACTCACGGCAAATTCAACGGCA
R GACTCCACGACATACTCAGCAC

COX-2, cyclo-oxygenase-2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;
MMP, matrix metalloproteinase; SIRT1, sirtuin 1
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3.2. Protective effects of BIOGF1K against UVB irradiation-induced
damage to NIH3T3 cells

To examine the ability of BIOGF1K to protect against UVB-
induced apoptosis in mouse embryonic fibroblasts, we

determined whether BIOGF1K decreased UVB-irradiation-induced
death of NIH3T3 cells using an MTT assay. Irradiation with UVB
(30mJ/cm2) significantly reduced the viability of NIH3T3 cells by up
to 40% (Fig. 2A). However, treatment with BIOGF1K (15 and
30 mg/mL) significantly increased the viability of UVB-exposed

Fig. 2. Protective effect of BIOGF1K against UVB-irradiation-induced damage in NIH3T3 cells. (A) NIH3T3 cells were irradiated with UVB (30 mJ/cm2) and then treated with BIOGF1K
(15 or 30 mg/mL) for 24 h. Cell viability was then determined using the MTT assay. (B) The antiapoptotic effect of BIOGF1K was assessed by analyzing the levels of apoptotic cells after
staining with Annexin VeFITC and PI for 15 min. (C) Images of NIH3T3 cells treated with BIOGF1K (30 mg/mL) for 24 h were obtained with a digital camera after irradiationwith UVB
(30 mJ/cm2). *p < 0.05 compared to the control group. **p < 0.01 compared to the normal group. FITC, fluorescein isothiocyanate; MTT, (3-4-5-dimethylthiazol-2-yl)-2-5-
diphenyltetrazolium bromide; PI, propidium iodide.
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fibroblasts; this effect occurred in a dose-dependent manner
(Fig. 2A). To determine whether this effect of BIOGF1K was due to
suppression of UVB-induced apoptosis, we performed flow cyto-
metric analysis of UVB-treated cells. Apoptosis was increased by
17.58% upon UVB irradiation; this increase was suppressed by
BIOGF1K treatment (Fig. 2B). In agreement with this finding, BIO-
GF1K treatment also reduced morphological changes in UVB-
treated NIH3T3 cells (Fig. 2C).

3.3. Antimelanogenesis effect of BIOGF1K in a-MSH-treated B16F10
cells

Since UVB irradiation induces melanin production by melano-
cytes, we also examined whether BIOGF1K treatment suppressed
this a-MSH-induced increase in melanogenesis. We used arbutin at
1mM concentration as a positive control drug, because arbutin is
well known tyrosine inhibitor suppressingmelanin production. The
level of secreted melanin and intracellular melanin contents in a-
MSH-stimulated B16F10 cells was increased up to twofold (Figs. 3A,
3B). While BIOGF1K (30 mg/mL) suppressed the secretion of
melanin, intriguingly, it did not affect melanin production upon
UVB irradiation (Figs. 3A, 3B). We used mushroom tyrosinase to
investigate whether BIOGF1K-mediated inhibition of melanin
secretionwas related to the suppression of the enzymes involved in
melanin production. BIOGF1K (7.5, 15, and 30 mg/mL) did not inhibit

the activity of tyrosinase, while kojic acid (200 mM; positive con-
trol) strongly inhibited tyrosinase activity by up to 90% (Fig. 3C).

3.4. Effect of BIOGF1K on collagen degradation and inflammatory
responses in UVB-irradiated NIH3T3 cells

To study the effect of BIOGF1K on collagen degradation in UVB-
irradiated NIH3T3 cells, cells were treated with 15 or 30 mg/mL
BIOGF1K at 24 h after UVB irradiation and the mRNA levels of
MMPs and type 1 procollagen were determined by RT-PCR. UVB
irradiation markedly enhanced the mRNA levels of MMP-1, MMP-2,
and cyclo-oxygenase (COX)-2 but downregulated the mRNA levels
of type 1 procollagen and SIRT1 (Figs. 4A, 4B). Interestingly, treat-
ment of UVB-exposed cells with BIOGF1K (15 or 30 mg/mL) for 24 h
downregulated themRNA levels of MMP-1, MMP-2, and COX-2, and
upregulated the mRNA levels of type 1 pro-collagen and SIRT1 to
normal levels; these effects occurred in a dose-dependent manner
(Figs. 3A, 3B). To assess whether BIOGF1K directly regulated
collagen synthesis at the transcriptional level, we performed a
luciferase reporter assay in HEK293 cells. This assay utilized a
luciferase construct harboring the binding sites of collagen
synthesis-regulatory transcriptional factor Col1A1, which is acti-
vated by Smad3, an upstream signal molecule of Col1A1, facilitating
Col1A1 synthesis. Smad3 increased luciferase activity up to

Fig. 3. Antimelanogenesis effect of BIOGF1K in a-MSH-treated B16F10 cells. (A, B) B16F10 cells were treated with BIOGF1K (30 mg/mL) and incubated for 24 h. The levels of melanin
secretion and production in B16F10 cells treated with a-MSH (100 nM) in the presence or absence of BIOGF1K (30 mg/mL) or arbutin (1 mM) for 48 h were then determined. (C) The
effect of BIOGF1K (0e30 mg/mL) or kojic acid (200 mM) on mushroom tyrosinase activity was determined by quantifying the activity of purified tyrosinase. *p < 0.01 compared to the
control group. alpha-MSH, a-melanocyte stimulating hormone; L-DOPA, L-dopamine.
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twofold, but BIOGF1K did not block this increase in luciferase ac-
tivity (Fig. 4C).

3.5. Effect of BIOGF1K on AP-1 activation and upstream signaling in
UVB-irradiated NIH3T3 cells

UVB irradiation has been reported to activate the AP-1 signaling
pathway. AP-1 is a critical transcription factor for upregulating
production of collagen-degrading enzymes and the proin-
flammatory factor COX-2 [8,9,29]. We therefore tested whether
BIOGF1K suppressed UVB-induced AP-1 signaling. BIOGF1K (30 mg/
mL) significantly suppressed PMA-induced luciferase activity
mediated by AP-1 (Fig. 5A). In addition, UVB-triggered phosphor-
ylation of MAPKs (JNK, ERK, and p38), and MKK3/6 was remarkably
suppressed by BIOGF1K (15 and 30 mg/mL; Figs. 5B, 5C). Interest-
ingly, we observed that total form of MKK4/7 was only increased in
the UVB-irradiated group (Fig. 5C). Finally, specific MAPK inhibitors
(SB203580, a p38 inhibitor; SP600125, a JNK inhibitor; and U0126,

an ERK inhibitor) were used to determine which MAPK was
responsible for the downregulation of collagen-degrading enzymes
and inflammatory genes. U0126 downregulated the expression of
all genes tested under UVB irradiation, while SB203580 and
SP600125 strongly suppressed the expression of COX-2 mRNA
(Fig. 5D).

4. Discussion

The objective of this study was to investigate the effects of
BIOGF1K on UVB-induced damage associated with aging, including
apoptosis, collagen degradation, and melanin formation. The
cellular and molecular events involved in UVB-induced mutagen-
esis, cancer, and aging have been extensively characterized [30e
34]. In particular, UVB affects the DNA repair system, apoptosis,
melanin formation, and the cell cycle [35e38]. In this study, we
examined the antiaging, antiapoptosis, and whitening activities of
BIOGF1K in UVB-treated NIH3T3 and B16F10 cells in vitro. To assess

Fig. 4. Effect of BIOGF1K on collagen degradation and the inflammatory response in UV-irradiated NIH3T3 cells. (A, B) NIH3T3 cells were irradiated with UVB (30 mJ/cm2) and then
treated with BIOGF1K (15 or 30 mg/mL) for 24 h. The mRNA levels of MMP1, MMP2, COX-2, SIRT1, and type 1 procollagen were then determined by reverse transcription-polymerase
chain reaction. (C) The promoter binding activity of the transcription factor Col1A1 was analyzed using a reporter gene assay. HEK293 cells were transfected with plasmids driving
the expression of Col1A1-Luc (1 mg/mL), b-galactosidase (as a transfection control), and FLAG-Smad3 (1 mg/mL) and then treated with or without BIOGF1K for 24 h. Luciferase
activity was measured using a luminometer. Relative intensity was calculated using total levels by the DNR Bio-imaging system. *p < 0.01 compared to the control group. **p < 0.01
compared to the normal group. Col1A1, collagen 1A1; COX-2, cyclo-oxygenase-2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MMP, matrix metalloproteinase; SIRT1,
sirtuin 1.
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the potential of BIOGF1K for use in antiaging and whitening rem-
edies, we also investigated the phenomenological effects and mo-
lecular mechanisms by which this extract acts.

Apoptosis is a type of programmed cell death regulated by
various proteolytic caspases [39]. Previous studies have demon-
strated that UVB irradiation induces caspase-3 activation, which in
turn is associated with DNA damage, apoptosis, and photoaging
[40e42]. UVB irradiation is also known to induce the production of
MMPs, which degrade native fibrillary collagen and inhibit the
construction of collagenous extracellular matrix [43]. The extra-
cellular matrix is composed of collagens, which are the major
components of bone, cartilage, and dentin. These collagens are
related to skin aging, wrinkles, and skin tumors [44e46]. Collagen
metabolism is important to these biological processes. Collagenases
are able to degrade triple-helical fibril collagens. MMPs are colla-
genases capable of degrading fibrillary collagen and are also
responsible for the destruction of collagenous extracellular matrix.
Thus, UVB is a major cause of collagen degradation and is respon-
sible for skin aging and wrinkling through upregulation of MMPs
and inhibition of collagen synthesis.

Interestingly, we found that the compound-K-rich fraction
BIOGF1K restored cell viability in the presence of UVB irradiation
and inhibited apoptosis in UVB-treated NIH3T3 cells (Fig. 2).
Moreover, the BIOGF1K fraction reduced UVB-induced production
of MMPs and restored procollagen expression without stimulating
collagen synthesis by activating the Smad3-dependent pathway
(Fig. 4). These findings imply that BIOGF1K might act specifically
against UVB-irradiation-induced photoaging processes. Moreover,
a-MSH-induced hyperpigmentation due to melanin secretion,
triggered by UVB irradiation, [47] was inhibited by BIOGF1K
(Fig. 3A), suggesting that BIOGF1K can act as an antimelanogenic
agent that suppresses melanin secretion. Although BIOGF1K was
revealed not to have direct suppressive action on melanin forma-
tion and tyrosinase activity, present results seem to raise a possi-
bility that BIOGF1K can have another potential merit for the
development of cosmetic products in addition to its antiphotoaging
properties. In fact, numerous cosmetic products contain fractions
previously prepared in Korea from P. ginseng (e.g., BG11001,
P. ginseng berry, and AP-SF) [48e50]. Studies on individual com-
pounds from P. ginseng have indicated that ginsenosides (G)-Rg2,

Fig. 5. Effect of BIOGF1K on AP-1 activation and upstream signaling in UV-irradiated NIH3T3 cells. (A) The promoter binding activity of the transcription factor AP-1 was analyzed
using a reporter gene assay. HEK293 cells were transfected with plasmids driving the expression of AP-1-Luc (1 mg/mL) and b-galactosidase (as a transfection control) in the
presence or absence of PMA (100 nM) and BIOGF1K (15 or 30 mg/mL) for 24 h. (B and C) The levels of phospho- and total forms of JNK, ERK, p38, IkBa, MEK 1/2, MKK 3/6, MKK4/7,
and b-actin in whole cell lysates of UVB-irradiated NIH3T3 cells treated with BIOGF1K were determined by immunoblotting. (D) The effects of MAPK inhibitors [SB203580 (p38
inhibitor, 20 mM), SP600125 (JNK inhibitor, 20 mM), and U0126 (ERK inhibitor, 20 mM)] on expression of MMP1, MMP2, and COX-2 in UVB-irradiated NIH3T3 cells were determined
by reverse transcription-polymerase chain reaction. Relative intensity was calculated using total levels by the DNR Bio-imaging system. *p < 0.01 compared to the control group. AP-
1, activator protein-1; COX-2, cyclo-oxygenase-2; ERK, extracellular response kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; JNK, C-Jun N-terminal kinase; MAPK,
mitogen-activated protein kinase; MEK, MAPK/ERK kinase; MKK, MAPK kinase; MMP, matrix metalloproteinase; p, phosphorylated; PMA, Phorbol-12-myristate-13 acetate.
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G-F2, G-Re, and G-Rb2 protect skin and possess additional cosme-
ceutical activities by suppressing melanin biosynthesis, enhancing
cyclic growth of hair follicles, improving skin barrier function, and
suppressing skin inflammation [51e53]. Therefore, ginsenosides in
BIOGF1K could contribute to its antiphotoaging activity, thereby
increasing the value of this fraction as a cosmeceutical biomaterial.
So far, it is unclear why BIOGF1K is capable of blocking the process
of melanin secretion. Since numerous studies have been explored
on how melanosomes are secreted [54e56], therefore, we will
further examine whether this preparation can modulate the func-
tional role of melanosome secretion regulatory proteins.

Many studies have demonstrated that UVB-induced apoptosis
and collagen metabolism are predominantly regulated by the AP-1
signaling pathway [8,9]. In addition, AP-1 upstream signaling
events mediated by MAPKs and their associated kinases are acti-
vated by UVB irradiation [57]. We also confirmed that UVB irradi-
ation of NIH3T3 cells increased phosphorylated JNK, ERK, and p38
levels, in addition to the phosphorylated levels of their upstream
kinases MEK1/2, MKK3/6, and MKK4/7 (Figs. 5B, 5C). As we ex-
pected, it was found that BIOGF1K is able to suppress the increased
levels of phospho-MKK3/6 and phospho-MKK4/7 during UVB
irradiation conditions, although total MKK4/7 was appeared to be
also inducible under UVB irradiation conditions (Fig. 5C). Intrigu-
ingly, BIOGF1K strongly suppressed the phosphorylation of these
enzymes, implying that these enzymes could be targeted by this
fraction. In particular, the finding that U0126 (an inhibitor of ERK)
strongly suppressed the expression of COX-2, MMP1, and MMP2
(Fig. 5D) indicated that BIOGF1K-mediated ERK inhibition could be
a critical factor in the suppression of UVB-induced photoaging
events mediated by AP-1. Nonetheless, it is not yet precisely clear
how BIOGF1K suppressed the enzymatic activity of MAPKs.
Therefore, future studies will focus on elucidating the exact mo-
lecular mechanisms of BIOGF1K action.

In summary, we demonstrated that BIOGF1K prevented UVB-
induced cell death, inhibited apoptosis, suppressed morphological
changes, downregulated melanin secretion, restored the levels of
type I procollagen and SIRT1, and reduced mRNA levels of MMP-1,

MMP-2, and COX-2 in UVB-irradiated NIH3T3 fibroblasts and a-
MSH-treated B16F10 cells. Moreover, immunoblot analysis and
luciferase reporter gene assays strongly indicated that BIOGF1K
suppressed AP-1 activity and the activities of its upstream regula-
tory enzymes, ERK, p38, and JNK (Fig. 6). Therefore, our results
strongly suggest that BIOGF1K can prevent photoaging and that this
fraction has potential applications in cosmeceutical preparations.
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