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Despite a large number of studies reporting a variety of biological and pharmacological activities ofMomordica charantia, its skin
protective properties are poorly understood. The present study aimed to explore the skin protective properties of Momordica
charantia methanol extract (Mc-ME) and the underlying mechanism in keratinocytes, fibroblasts, and melanocytes. Mc-ME
exhibited an antioxidative property by decreasing radical levels in HaCaT keratinocytes and a cytoprotective property in H

2
O
2
-

damaged HaCaT cells, which was mediated by increasing the expression or activation of Kelch-like ECH-associated protein 1
(KEAP1), HO-1, p85/PI3K, and AKT. Mc-ME was also active against wrinkle formation by regulating the activity or expression
of tissue remodeling factors such as elastase, type 1 collagen, and matrix metalloproteinase (MMP)-1 and -9 and tissue-protecting
enzymes such as hemeoxygenase-1 (HO-1) and sirtuin 1 (SIRT1) inNIH3T3 fibroblasts andHaCaT cells, in addition to increasing the
proliferation of HaCaT cells. Mc-ME also showed antidehydration properties by inducing the expression of natural moisturizing
factors such as filaggrin (FLG), transglutaminase-1 (TGM-1), and hyaluronic acid synthase (HAS)-1, -2, and -3 in HaCaT cells.
Moreover, Mc-ME showed an antimelanogenic property by inhibiting the synthesis and secretion of melanin from B16F10
melanoma cells via suppression of tyrosinase activity. Taken together, these results suggest that Mc-ME plays a skin protective
role through its antioxidative, cytoprotective, skin remodeling, moisturizing, and antimelanogenic properties and might be a new
and promising skin protective cosmeceutical.

1. Introduction

Skin is the outer thin layer of tissue covering the animal
body that protects the body from environmental stresses
and dangers, including infectious pathogens, ultraviolet (UV)
light, harmful chemical agents, and mechanical stimulation,
in addition to maintaining body temperature and moisture.
Chronic and repeated exposure of skin to these stresses causes
detrimental damage, resulting in ageing and cancers of skin
[1–3]. Skin damage involves various physiological changes in
skin tissues. UV and oxidative stress induce inflammation
and oxidation in skin tissues by generating nitric oxide
(NO) and free radicals such as reactive oxygen/nitrogen
species (ROS/RNS) [4–7]. Increased inflammatory responses
and oxidation facilitate apoptotic cell death [8], which is

considered one of the major causative factors of ageing
and ageing-associated diseases [9, 10]. UV also induces skin
tissue remodeling and wrinkle generation by modulating the
expression of tissue remodeling factors such as procollagen,
matrix metalloproteinases (MMPs), and elastase [11–13]. Skin
ageing induces dehydration in skin tissues, and hyaluronic
acid (HA) has been reported as a key molecule involved
in skin hydration through regulating the expression of
hyaluronic acid synthases (HASs) [14]. In addition, filaggrin
(FLG) and transglutaminase-1 (TGM-1) have been reported
as natural moisturizing factors with moisturization and skin
barrier functions [5, 15]. Melanin is a dark pigment that is
synthesized inmelanocytes by the oxidation of L-tyrosine and
protects the skin from external stimuli such as UV [16, 17].
Although the primary role ofmelanin is to protect skin tissues
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fromUV irradiation, excessive production of melanin causes
the generation of age spots and freckles, and many efforts
have been made to develop preparations that reduce melanin
synthesis for use as whitening constituents [5, 18–20].

Momordica charantia, also known as a bitter melon or
African cucumber, is a vine belonging to the Cucurbitaceae
family. It iswidely found in tropical and subtropical regions of
the world, such as Caribbean, Asian, and East African coun-
tries, and is used in traditional medicines [21, 22]. Various
active biological components have been identified, includ-
ing charantin, vicine, mormordin, flavonoids, polyphenols,
carotenoids, vitamin C, and plant insulin [23]. Momordica
charantia has been reported to have various biological
functions, including anti-inflammatory, immunostimulatory,
antioxidative, antibacterial, antiviral, antifungal, antidiabetic,
cardioprotective, hypoglycemic, hypocholesterolemic, and
antitumor activities [22, 24–27]. However, there are limited
studies on the skin-protective activity ofMomordica charan-
tia and the underlying mechanism. Therefore, the present
study explored the skin-protective effect of Momordica cha-
rantia methanol extract (Mc-ME) by examining its antiox-
idative, cytoprotective, skin tissue remodeling, moisturiz-
ing, and antipigmentation activities in HaCaT keratinocytes,
NIH3T3 fibroblasts, and B16F10 melanocytes. Moreover, the
mechanism of Mc-ME–mediated skin protective activity was
further investigated in these cells.

2. Materials and Methods

2.1. Materials. HaCaT, NIH3T3, and B16F10 cells were
purchased fromAmerican Type Culture Collection (Rockville,
MD, USA). Dulbecco’s Modified Eagle’s medium (DMEM),
fetal bovine serum (FBS), phosphate-buffered saline (PBS),
streptomycin, penicillin, and L-glutamine were purchased
from Gibco (Grand Island, NY, USA). 2,2-Diphenyl-1-
picrylhydrazyl (DPPH), sodium nitroprusside (SNP), 2󸀠,7󸀠-
dichlorofluorescin diacetate (H

2
DCFDA), ascorbic acid, 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), sodium dodecyl sulfate (SDS), hydrogen peroxide
(H
2
O
2
), 3𝛽-hydroxy-12-ursen-28-ic acid (ursolic acid), N-

succinyl-Ala-Ala-Ala-p-nitroanilide (STANA), phorbol-12-
myristate-13-acetate (PMA), retinol (RE), epidermal growth
factor (EGF), LY294002, L-3,4-dihydroxyphenylalanine (L-
DOPA), 5-hydroxy-2-hydroxymethyl-4H-pyranone (kojic
acid), monophenol monooxygenase (mushroom tyrosinase),
4-hydroxyphenyl-𝛽-D-glucopyranoside (arbutin), and 𝛼-
melanocyte stimulating hormone (𝛼-MSH) were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). TRI
reagent� was purchased from Molecular Research Center
Inc. (Cincinnati, OH, USA). MuLV reverse transcriptase
was purchased from ThermoFisher Scientific (Waltham,
MA, USA). Primers specific for matrix metalloproteinase
(MMP)-1, MMP-9, hemeoxygenase-1 (HO-1), type 1 pro-
collagen (COL1A1), filaggrin (FLG), transglutaminase-1
(TGM-1), hyaluronic acid synthase (HAS)-1, HAS-2, HAS-3,
and GAPDH for semiquantitative reverse transcriptase-
polymerase chain reaction (RT-PCR) were synthesized at
Bioneer Inc. (Daejeon, Korea). Antibodies specific for total
and phospho-forms of Kelch-like ECH-associated protein

1 (KEAP1), HO-1, p85/PI3K, Src, AKT, and 𝛽-actin were
purchased from Cell Signaling Technology (Beverly, MA,
USA) or Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Enhanced chemiluminescence reagents were purchased
from AbFrontier (Seoul, Korea).

2.2. Preparation of Mc-ME. M. charantia methanol extract
(Mc-ME, Code No.: 034-065) was obtained from the
Korean Plant Extract Bank (KPEB) in the Plant Diversity
Research Center (http://extract.kribb.re.kr/, e-mail:
plantext@kribb.re.kr Daejeon, Korea). Briefly, dried whole
plant (100 g) ofMomordica charantia, collected at Cheolwon
area (longitude: 127.313 and latitude: 38.146), Korea, in 2008,
was pulverized to powder using a mechanical grinder after
dried at 60∘C for 24 h, passed through a 60-mesh sieve, and
extracted with 95% methanol (1 l x 3) for 48 h in the soxhlet
apparatus. The extract was then filtered with filter paper,
concentrated under reduced pressure in rotary evaporator,
and finally dried in Vacuum Freeze Dryer Clean-Vac 12
(Biotron, Gangneung, Korea). The yield of the extract was
approximately 12.9%. The crude extract was stored in 4∘C to
use in the experiment.

2.3. Cell Culture. HaCaT, a human keratinocyte cell line;
NIH3T3, a murine embryo fibroblast cell line; and B16F10, a
murine melanoma cell line, were cultured in DMEM supple-
mented with 10% FBS, streptomycin (100mg/ml), penicillin
(100U/ml), and L-glutamine (2mM) at 37∘C in a 5% CO

2

humidified incubator.

2.4. MTT Assay. Cell viability was determined by a con-
ventional MTT assay as previously reported [28]. Briefly, to
test Mc-ME cytotoxicity, HaCaT, NIH3T3, and B16F10 cells
were treated with Mc-ME (0–400 𝜇g/ml) for 24 h. To test
the antioxidative activity of Mc-ME (0–200𝜇g/ml), HaCaT
cells were treated with Mc-ME in the absence or presence
of H
2
O
2
(50𝜇M) and LY294002 (20𝜇M) for 24 h. To test

the cytoprotective activity of Mc-ME, HaCaT cells pretreated
with Mc-ME (0–200𝜇g/ml) for 30min were treated with
H
2
O
2
(50𝜇M) for 24 h.

2.5. Radical Scavenging Assay. Radical scavenging activity
of Mc-ME was determined by a DPPH assay as previously
reported [29]. DPPH (150𝜇M)wasmixed with either Mc-ME
(0–200𝜇g/ml) or ascorbic acid (100𝜇M) and incubated for
20min at room temperature. Absorbance was determined at
517 nmusing a SpectraMax 250microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

2.6. ROS Generation Assay. The effect of Mc-ME on ROS
generation was determined by a H

2
DCFDA assay. HaCaT

cells were pretreated with Mc-ME (0–200𝜇g/ml) for 30min
and then treated with SNP (200 𝜇M) for 24 h, followed by
incubation with H

2
DCFDA (10𝜇M) at 37∘C for 20min. The

cells were washed with PBS three times, and fluorescence
was determined using a flow cytometer (EMDMillipore Co.,
Billerica, MA, USA).

2.7. Elastase Inhibitory Assay. Elastase inhibitory activity
of Mc-ME was carried out according to previous report

http://extract.kribb.re.kr
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[30]. Briefly, elastase (0.3 units/ml) and the substrate STANA
(5mM) were mixed with either Mc-ME (0–400𝜇g/ml) or
ursolic acid (50𝜇M) and incubated for 15min at room tem-
perature. NIH3T3 cells in the absence or presence of Mc-ME
(0–200 𝜇g/ml) were irradiated at 30mJ/cm2 for 10 sec using a
UVB lamp (Bio-Link BLX-312, VILBER LOURMAT, France)
and further incubated for 24 h. Cell lysate was mixed with
elastase (0.3 units/ml) and STANA (5mM) and incubated for
15min at room temperature.The absorbance was determined
at 410 nm using a Spectra Max 250 microplate reader.

2.8. Semiquantitative RT-PCR. HaCaT cells were pretreated
with Mc-ME (0–200𝜇g/ml) for 30 min and then treated with
either H

2
O
2
(50𝜇M) or PMA (100 nM) for 6 h. HaCaT cells

were also treated with either Mc-ME (0–200𝜇g/ml) or RE
(10𝜇g/ml) for 6 h. Total RNA was extracted from these cells
using TRI reagent� according to the manufacturer’s instruc-
tions and stored at -70∘C until use. cDNA was synthesized
from total RNA (1𝜇g) using MuLV reverse transcriptase
according to the manufacturer’s instructions. Semiquantita-
tive RT-PCR was conducted as previously described [5, 12],
and the sequences of the primers used in this study are listed
in Table 1.

2.9. Cell Proliferation Assay. HaCaT cells were treated with
either Mc-ME (0–200𝜇g/ml), RE (5 𝜇g/ml), or EGF (1 ng/ml)
for 72 h, and the cell numbers were counted every 24 h using
a hemocytometer.

2.10. Western Blot Analysis. HaCaT cells were pretreated
with Mc-ME (0–200𝜇g/ml) for 30min and then treated
with H

2
O
2
(50𝜇M) for 24 h. For western blot analysis,

total cell lysates were prepared as previously described [31],
subjected to SDS-polyacrylamide gel electrophoresis, and
transferred to polyvinylidene fluoride membranes. Total and
phosphorylated forms of target proteins were detected using
specific antibodies and visualized using enhanced chemilu-
minescence reagents.

2.11. Tyrosinase Activity Assay. B16F10 cells were treated with
either Mc-ME (0–400 𝜇g/ml) or kojic acid (300𝜇M) for
24 h, and total cell lysates were incubated with mushroom
tyrosinase (100 units/ml) and L-DOPA (1mg/ml) for 15min
at room temperature. Tyrosinase activity was determined by
measuring the absorbance of the mixture at 475mm using a
Spectra Max 250 microplate reader.

2.12. Melanin Generation Assays. B16F10 cells were treated
with 𝛼-MSH (100 nM) and either Mc-ME (0–400𝜇g/ml) or
arbutin (1mM) for 48 h. To determine melanin content in
the cells, the cells were lysed using lysis buffer (50mM Tris-
HCl pH 7.5, 20mM NaF, 25mM 𝛽-glycerophosphate pH 7.5,
120mM NaCl, and 2% NP-40), followed by centrifugation
(13,000 × g for 10min). The cell pellets were resuspended in
10% DMSO in 1 N NaOH and incubated for 30min at 50∘C.
The final cell pellets were collected by centrifugation (13,000
× g for 10min), and the melanin content was determined by
measuring the absorbance at 405 nm using a SpectraMax 250

microplate reader. To determine melanin secretion from the
cells, the absorbance of the cell culture media was measured
at 475 nm using a Spectra Max 250 microplate reader.

2.13. Statistical Analysis. All data are presented as a mean ±
standard deviation (SD) of at least three independent experi-
ments. A Mann-Whitney test was used to compare statistical
differences between experimental and control groups. A P
value < 0.05 was considered statistically significant (∗P <
0.05, ∗∗P < 0.01). All statistical analyses were conducted
using the SPSS program (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Antioxidative and Cytoprotective Effects of Mc-ME in
HaCaTCells. Antioxidative and cytoprotective effects ofMc-
ME on skin were investigated in HaCaT keratinocytes. First,
the cytotoxicity of Mc-ME was evaluated by treating HaCaT
cells with increasing doses of Mc-ME (0–400𝜇g/ml) for
24 h. Results of the MTT assay demonstrated that these
concentrations of Mc-ME did not show significant cytotox-
icity in HaCaT cells (Figure 1(a)). Next, the antioxidative
effect of Mc-ME was examined by measuring the radical
scavenging activity and inhibition of ROS generation in
HaCaT cells. DPPH radicals (150 𝜇M) were incubated with
either increasing doses of Mc-ME (0–200𝜇g/ml) or ascorbic
acid (100𝜇M), as a positive control, for 20min. Mc-ME
significantly reducedDPPH radical level in a dose-dependent
manner (Figure 1(b)). In addition, HaCaT cells were pre-
treated with increasing doses of Mc-ME (0–200 𝜇g/ml) for
30min and then treated with SNP (200 𝜇M) for 24 h, and
ROS generation induced by SNP in the cells was decreased
by Mc-ME in a dose-dependent manner (Figure 1(c)). The
protective effect of Mc-ME on oxidative stress-induced cyto-
toxicity of skin cells was further examined. HaCaT cells were
pretreated with increasing doses of Mc-ME (0–200𝜇g/ml)
and then treated with H

2
O
2
(50𝜇M) for 24 h. H

2
O
2
–induced

cytotoxicity of the HaCaT cells was reduced by Mc-ME
in a dose-dependent manner (Figure 1(d)). To examine
the molecular mechanism of the Mc-ME–mediated cyto-
protective effect in H

2
O
2
–treated HaCaT cells, the activ-

ities of p85/PI3K and AKT were evaluated by western
blot analysis. Mc-ME increased the phosphorylation of
p85/PI3K and AKT in H

2
O
2
–treated HaCaT cells in a

dose-dependent manner (Figure 1(e)). In addition, Mc-ME
increased protein expression of KEAP1 (50𝜇g/ml Mc-ME)
and HO-1 (50–200 𝜇g/ml Mc-ME) in H

2
O
2
–treated HaCaT

cells (Figure 1(e)). LY294002, a selective p85/PI3K inhibitor,
suppressed the Mc-ME–mediated cytoprotective effect on
H
2
O
2
–treated HaCaT cells in a dose-dependent manner

(Figure 1(f)), confirming the role of p85/PI3K in the Mc-
ME–mediated cytoprotective effect.

3.2. Regulatory Effect of Mc-ME on Skin Tissue Remodeling
Factors in NIH3T3 and HaCaT Cells. The effect of Mc-ME
on the factors responsible for skin tissue remodeling was
investigated in NIH3T3 fibroblasts. First, the cytotoxicity
of Mc-ME was evaluated by treating NIH3T3 cells with
increasing doses of Mc-ME (0–400𝜇g/ml) for 24 h, and no



4 Evidence-Based Complementary and Alternative Medicine

0 50 100 200 400

C
el

l v
ia

bi
lit

y 
(%

 o
f c

on
tro

l)

Mc-ME (g/ml)
25

0

20

40

60

80

100

120

(a)

Ra
di

ca
l s

ca
ve

ng
in

g 
ac

tiv
ity

(%
 o

f c
on

tro
l)

Ascorbic acid (100 M) - - - - -

Mc-ME (g/ml)

+ + + +
0

20

40

60

80

100

120

+

- 25 50 100 200

+

+

-

DPPH (150 M)

∗
∗∗

∗∗
∗∗

∗∗

(b)

0

20

40

60

80

100

120

RO
S 

ge
ne

ra
tio

n
(%

 o
f c

on
tro

l) 

SNP (200 M) - + + ++

-Mc-ME (g/ml) 100 20050-

∗

∗∗
∗∗

(c)

Cy
to

pr
ot

ec
tiv

e a
ct

iv
ity

(%
 o

f c
on

tro
l)

H2O2 (50 M) +
0

20

40

60

80

100

120

- ++

- 100 200Mc-ME (g/ml) -

∗∗
∗∗

(d)

H2O2 (50 M)

HO-1

-

-actin

+ + + +

p-p85/PI3K

p-AKT

KEAP1

AKT

p85/PI3K

-Mc-ME (g/ml) 100 200- 50

NRF2

(e)

H2O2 (50 M)
Mc-ME (g/mL)

0

20

40

60

80

100

120

- 100 200

C
el

l v
ia

bi
lit

y
(%

 o
f c

on
tro

l)

- ++
-

LY294002 (20 M) +- +- +

- 50 100 20050
+ + + + +

+ - - -
-

-

+
+

∗
∗
∗

∗

∗ ∗
∗

∗
∗

∗
∗∗

∗∗

∗

(f)

Figure 1: Antioxidative and cytoprotective effects of Mc-ME in HaCaT cells. (a) HaCaT cells were treated with increasing doses of Mc-ME
(0–400𝜇g/ml) for 24 h, and cell viability was determined by a conventional MTT assay. (b) DPPH (150𝜇M) was mixed with either increasing
doses of Mc-ME (0–200) or ascorbic acid (100𝜇M) and incubated for 20min. The radical scavenging activity was determined by measuring
the absorbance at 517 nm. (c) HaCaT cells were pretreated with increasing doses of Mc-ME (0–200𝜇g/ml) for 30min and then treated with
SNP (200𝜇M) for 24 h.The cells were incubated with H

2
DCFDA (10𝜇M) at 37∘C for 20min, and ROS levels were determined by measuring

fluorescence using a flow cytometer. (d) HaCaT cells were pretreated with increasing doses of Mc-ME (0–200 𝜇g/ml) and then treated with
H
2
O
2
(50mM) for 24 h. Cell viability was determined by a conventional MTT assay. (e) HaCaT cells were pretreated with increasing doses of

Mc-ME (0–200𝜇g/ml) and then treated with H
2
O
2
(50𝜇M) for 24 h. Levels of total and phosphorylated KEAP1, HO-1, p85/PI3K, and AKT

in the total cell lysates were determined by western blot analysis. (f) HaCaT cells were treated with H
2
O
2
(50mM) and/or LY294002 (20 𝜇M)

in the absence or presence of increasing doses of Mc-ME (0–200𝜇g/ml) for 24 h and cell viability was determined by a conventional MTT
assay. ∗P < 0.05, ∗∗P < 0.01 compared to control.
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Table 1: Sequences of primers used in semiquantitative RT-PCR.

Name Primer Sequence (5󸀠 to 3󸀠)

MMP-1 Forward TCTGACGTTGATCCCAGAGAGCAG
Reverse CAGGGTGACACCAGTGACTGCAC

MMP-9 Forward GCCACTTGTCGGCGATAAGG
Reverse CACTGTCCACCCCTCAGAGC

HO-1 Forward TGAAGGAGGCCACCAAGGAGG
Reverse AGAGGTCACCCAGGTAGCGGG

COL1A1 Forward AGGGCCAAGACGAAGACATC
Reverse AGATCACGTCATCGCACAACA

FLG Forward AGGGAAGATCCAAGAGCCCA
Reverse ACTCTGGATCCCCTACGCTT

TGM-1 Forward AGGGAAGATCCAAGAGCCCA
Reverse ACTCTGGATCCCCTACGCTT

HAS-1 Forward GAAATGCGGCAGATGACGAC
Reverse AACTCCCCAGCGTCTGATTG

HAS-2 Forward CCACCCAGTACAGCGTCAAC
Reverse CATGGTGCTTCTGTCGCTCT

HAS-3 Forward TTCTTTATGTGACTCATCTGTCTCACCGG
Reverse ATTGTTGGCTACCAGTTTATCCAAACG

SIRT1 Forward TCGCAACTATACCCAGAACATAGACA
Reverse CTGTTGCAAAGGAACCATGACA

GAPDH Forward CACTCACGGCAAATTCAACGGCAC
Reverse GACTCCACGACATACTCAGCAC

cytotoxicity was observed for all concentrations of Mc-ME
(Figure 2(a)). To examine the effect of Mc-ME on elastase
activity, elastase was mixed with its substrate and either
increasing doses of Mc-ME (0–400 𝜇g/ml) or ursolic acid
(50𝜇M), as a positive control, and elastase activity was
measured. Mc-ME inhibited elastase activity in a dose-
dependent manner (Figure 2(b); left panel). The effect of Mc-
ME on elastase activity was further examined in NIH3T3
cells irradiated with UV in the presence or absence of Mc-
ME (0–200 𝜇g/ml). Mc-ME significantly inhibited elastase
activity in a dose-dependent manner (Figure 2(b); right
panel).The effect ofMc-MEonmRNAexpression of COL1A1,
MMPs, HO-1, and SIRT1 in HaCaT cells was examined by
semiquantitative RT-PCR. Mc-ME (0–200 𝜇g/ml) increased
the mRNA expression level of COL1A1 that was decreased
by PMA in a dose-dependent manner (Figure 2(c)). Mc-
ME (0–200 𝜇g/ml) also increased the mRNA expression
level of HO-1 and decreased the mRNA expression levels of
MMP-1 and MMP-9 that were increased by H

2
O
2
in HaCaT

cells in a dose-dependent manner (Figure 2(d)). Similarly,
Mc-ME (0–200 𝜇g/ml) dose-dependently decreased mRNA
expression levels of MMP-1 and MMP-9 that were increased
byUV irradiation (Figure 2(e)) and increased mRNAexpres-
sion level of SIRT1 that was decreased by UV irradiation
(Figure 2(e)) in HaCaT cells. Finally, the effect of Mc-ME on
cell proliferation was examined by treating HaCaT cells with
either increasing doses of Mc-ME (0–200𝜇g/ml) or EGF, a

positive control, for 72. Mc-ME at both 100 and 200 𝜇g/ml
induced HaCaT cell proliferation at 72 h (Figure 2(f)).

3.3. Regulatory Effect of Mc-ME on Moisturizing Factors in
HaCaT Cells. To examine the effect of Mc-ME on mRNA
expression levels of moisturizing factors, HaCaT cells were
treated with either increasing doses ofMc-ME (0–200𝜇g/ml)
or RE (10 𝜇g/ml), as a positive control, andmRNA expression
levels of moisturizing factors such as FLG, TGM-1, HAS-1,
HAS-2, and HAS-3 were determined by semiquantitative RT-
PCR. Similar to the effects of RE,Mc-ME upregulated mRNA
expression of FLG, TGM-1, HAS-1, HAS-2, and HAS-3 genes
in HaCaT cells at both 100 and 200𝜇g/ml (Figure 3).

3.4. Antimelanogenic Effect of Mc-ME in B16F10 Cells. The
effect of Mc-ME on melanogenesis was investigated in
B16F10 melanoma cells stimulated with 𝛼-MSH. First, the
cytotoxicity of Mc-ME was evaluated by treating B16F10
cells with increasing doses of Mc-ME (0–400𝜇g/ml) for
24 h, and no cytotoxicity was observed at all concentrations
(Figure 4(a)). To examine the effect of Mc-ME on tyrosinase
activity, lysates of B16F10 cells treated with either increasing
doses of Mc-ME (0–400𝜇g/ml) or kojic acid (300𝜇M) as
a positive control were incubated with mushroom tyrosi-
nase and its substrate, L-DOPA, and tyrosinase activity
was determined. Mc-ME suppressed tyrosinase activity in a
dose-dependent manner (Figure 4(b)). Moreover, Mc-ME
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Figure 2: Continued.
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Figure 2: Regulatory effect of Mc-ME on skin tissue remodeling factors in NIH3T3 and HaCaT cells. (a) NIH3T3 cells were treated with
increasing doses ofMc-ME (0–400𝜇g/ml) for 24 h, and the cell viabilitywas determined by a conventionalMTT assay. ((b); left panel) Elastase
(0.3 units/ml) and STANA (5mM) were mixed with either increasing doses of Mc-ME (0–400𝜇g/ml) or ursolic acid (50𝜇M), followed by
incubation for 15min. ((b); right panel) NIH3T3 cells were irradiated at 30mJ/cm2 for 10 sec in the absence or presence of increasing doses
of Mc-ME (0–200𝜇g/ml) followed by incubation for 24 h. Cell lysates were incubated with elastase (0.3 units/ml) and STANA (5mM) for
15min. Elastase activity was determined by measuring the absorbance at 410 nm. (c) HaCaT cells were pretreated with increasing doses of
Mc-ME (0–200𝜇g/ml) for 30min and then treated with PMA (100nM) for 24 h. mRNA expression level of COL1A1 was determined by
semiquantitative RT-PCR. (d) HaCaT cells were pretreated with increasing doses of Mc-ME (0–200𝜇g/ml) for 30min and then treated with
H
2
O
2
(50𝜇M) for 24 h. mRNA expression levels of MMP-1, -9, and HO-1 were determined by semiquantitative RT-PCR. (e) HaCaT cells

were irradiated at 30mJ/cm2 for 10 sec in the absence or presence of increasing doses of Mc-ME (0–200𝜇g/ml), and mRNA expression
levels of MMP-1, -9, and SIRT1 were determined by semiquantitative RT-PCR. (f) HaCaT cells were treated with increasing doses of Mc-ME
(0–200𝜇g/ml), RE (10𝜇g/ml), or EGF (1ng/ml) for 72 h, and the cell proliferation level was determined by measuring cell viability with a
conventional MTT assay every 24 h. ∗P < 0.05, ∗∗P < 0.01 compared to control.

significantly reduced melanin content (Figure 4(c)) and
melanin secretion (Figure 4(d)) induced by𝛼-MSH inB16F10
cells.

4. Discussion

Momordica charantia (Cucurbitaceae) is widely grown and
has long been used in traditional medicines in tropical and
subtropical countries [21, 22]. Moreover, a large number of
studies have demonstrated that Momordica charantia has
anti-inflammatory, immunostimulatory, antioxidative, anti-
bacterial, antiviral, antifungal, antidiabetic, cardioprotective,
hypoglycemic, hypocholesterolemic, and antitumor activities
and can ameliorate the symptoms of various human diseases
[22, 24–27]. In spite of studies reporting a variety of biological
and pharmacological activities ofMomordica charantia, there
are few reports of the protective effects of Momordica cha-
rantia on skin. Therefore, the present study aimed to explore
the skin protective activity of Momordica charantia and the
underlying mechanism using keratinocytes, fibroblasts, and
melanocytes under conditions of stimulation to induce skin
damage.

Oxidative stress is one of the critical causative fac-
tors of skin damage [32]; therefore, we first evaluated the
antioxidative effect of Mc-ME in HaCaT keratinocytes. For
many agents, cytotoxicity is one of the major hurdles for
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Figure 3: Regulatory effect of Mc-ME on moisturizing factors in
HaCaT cells. (a) HaCaT cells were treated with either increasing
doses of Mc-ME (0–200𝜇g/ml) or RE (10𝜇g/ml) for 24 h, and
mRNA expression levels of FLG, TGM-1, HAS-1, -2, and -3 were
determined by semiquantitative RT-PCR.

drug development despite a good pharmacological effect.
We first demonstrated that Mc-ME did not show significant
cytotoxicity in HaCaT cells (Figure 1(a)). Next, we evaluated
the antioxidative effect of Mc-ME by measuring its radical
scavenging and ROS inhibitory activities. Mc-ME not only
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Figure 4: Antimelanogenic effect of Mc-ME in B16F10 cells. (a) B16F10 cells were treated with increasing doses of Mc-ME (0–400 𝜇g/ml) for
24 h, and cell viability was determined by a conventional MTT assay. (b) Total lysates of B16F10 cells treated with either increasing doses of
Mc-ME (0–400𝜇g/ml) or kojic acid (300𝜇M) for 24 h were incubated with mushroom tyrosinase (100 units/ml) and L-DOPA (1mg/ml) for
15min, and tyrosinase activity was determined bymeasuring the absorbance at 475 nm. (c) B16F10 cells were pretreatedwith either increasing
doses of Mc-ME (0–400𝜇g/ml) or arbutin (1mM) for 30min and then treated with 𝛼-MSH (100 nM) for 48 h. The melanin content in the
cells was imaged by photography and determined quantitatively by measuring the absorbance at 405 nm. (d) B16F10 cells were pretreated
with either increasing doses of Mc-ME (0–400𝜇g/ml) or arbutin (1mM) for 30min and then treated with 𝛼-MSH (100nM) for 48 h. The
level of melanin secreted from the cells into culture media was assessed by photography to compare the color of the medium and determined
quantitatively by measuring the absorbance at 475 nm. ∗P < 0.05, ∗∗P < 0.01 compared to control.

significantly induced radical scavenging (Figure 1(b)), but
also inhibited ROS generation in HaCaT cells stimulated by
the oxidative inducer SNP (Figure 1(c)) in a dose-dependent
manner, indicating thatMc-MEmay contribute to prevention
of skin damage caused by oxidative stress inducers.

Oxidative stress markedly induces severe damage of
cellular structures, resulting in permanent cell death [32],
implying that inhibition of skin cell death is a protective
mechanism to prevent skin tissues from detrimental risk

factors such as an oxidative stress. We showed that Mc-
ME exhibited cytoprotective effects in H

2
O
2
–induced HaCaT

cells in a dose-dependent manner (Figure 1(d)). We further
investigated the molecular mechanism by which Mc-ME
plays an antioxidative and cytoprotective role in keratinocytes
under oxidative stress and showed that Mc-ME increased the
expression of antioxidative proteins such as KEAP1 [33] and
HO-1 [34] in the H

2
O
2
–induced HaCaT cells (Figure 1(e)).

p85/PI3K and AKT, downstream molecules of p85/PI3K, are
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critical intracellular signaling proteins in cell survival and
proliferation [35, 36], and Mc-ME dramatically induced acti-
vation of p85/PI3K and AKT in H

2
O
2
–induced HaCaT cells

(Figure 1(e)). Accordingly, Mc-ME increased the viability of
H
2
O
2
–induced HaCaT cells in a dose-dependent manner,

and this effect was significantly decreased by inhibition of
p85/PI3K using its selective inhibitor, LY294002 (Figure 1(f)).
These results suggest that Mc-ME plays cytoprotective and
skin regenerative roles in oxidative stress–induced skin cells
by increasing the expression of antioxidative proteins and
by activating the p85/PI3K-AKT signaling pathway that is
critical for cell survival and proliferation.

A wrinkle is a fold or crease in the skin, and formation
of skin wrinkles is one symptom of the ageing process.
Several factors are involved in wrinkle formation during the
ageing process, including genetics, hormonal alteration, and
external stresses such as UV and inflammatory or oxidative
inducers [37]. Regarding the cellular andmolecular aspects of
wrinkle formation, reduction in keratinocytes and fibroblasts
in the extracellular matrix is a major cause. In addition,
regulation of the expression or activities of extracellular
matrix proteins such as collagens, MMPs, and elastases
is strongly associated with the loss of extracellular matrix
protein in skin tissues, resulting in wrinkle formation [38].
Therefore, we next investigated the effect of Mc-ME on
the activity and expression of extracellular matrix proteins
in NIH3T3 fibroblasts. First, we confirmed that Mc-ME
exerted no cytotoxicity in NIH3T3 cells (Figure 2(a)). Mc-
ME decreased elastase activity (Figure 2(b); left panel) and
reduced the UV irradiation–induced increase in elastase
activity in NIH3T3 cells (Figure 2(b); right panel). Mc-ME
also increased mRNA expression of type 1 collagen that was
reduced by the inflammation inducer PMA (Figure 2(c)),
and decreased mRNA expression of MMP-1 and -9 that was
induced by the oxidative stress H

2
O
2
(Figure 2(d)) in HaCaT

cells. As expected, mRNA expression of the antioxidative
protein HO-1 [34] was increased by Mc-ME in HaCaT cells
(Figure 2(d)). Moreover, Mc-ME reduced mRNA expression
of MMP-1 and -9 that was induced by UV irradiation and
induced mRNA expression of SIRT1, which was reported
to attenuate tissue atrophy [39], that was suppressed by
UV irradiation in HaCaT cells (Figure 2(e)). These results
strongly suggest that Mc-MEmay prevent wrinkle formation
through its activities in fibroblasts and keratinocytes by
suppressing and downregulating the activity and expression
of elastases and MMPs that induce wrinkle formation as well
as upregulating the expression of collagen, HO-1, and SIRT1
that prevent wrinkle formation in skin tissues. Since impaired
proliferation of skin cells is one of the main causes of wrinkle
formation during the ageing process, we also evaluated the
effect of Mc-ME on the proliferation of keratinocytes and
showed that Mc-ME increased the proliferation of HaCaT
cells (Figure 2(f)). This result indicates that, together with
preventing degradation of the extracellular matrix, Mc-ME
may suppresswrinkle formation by inducing the proliferation
of skin cells.

Dehydration is another detrimental factor that damages
skin tissues during the ageing process. We investigated the
effect of Mc-ME on moisturization of skin tissues and

showed that Mc-ME induced mRNA expression of natural
moisturizing factors, such as FLG, TGM-1 [5, 15], and HAS
family members, including HAS-1, -2, and -3 [14], in HaCaT
keratinocytes (Figure 3). It was reported that RE induces
the expression of natural moisturizing factors, HAS family
members, and HA in human skin tissues [40]. Interestingly,
the effect of Mc-ME on the expression of FLG, TGM-1,
HAS-1, -2, and -3 was comparable to that of RE (Figure 3),
suggesting that Mc-ME might be a new and promising
antidehydrating agent for skin tissues during the process of
ageing.

In spite of the skin-protective role of melanin against UV
irradiation, hyperproduction of melanin causes the forma-
tion of age spots and freckles, which has driven a number of
studies to develop preparations that suppress melanin gener-
ation for use as whitening constituents [5, 18–20]. Therefore,
we finally investigated the effect of Mc-ME on the melanin-
induced pigmentation of skin tissues using melanoma cells.
Like keratinocytes (Figure 1(a)) and fibroblasts (Figure 2(a)),
Mc-ME did not exhibit cytotoxicity in B16F10 melanoma
cells (Figure 4(a)). As tyrosinase is a critical determinant
of melanin synthesis in melanocytes [41], we examined the
effect of Mc-ME on tyrosinase activity and showed that
Mc-ME dose-dependently suppressed tyrosinase activity in
B16F10 cells (Figure 4(b)). We next examined the effect of
Mc-ME on the production of melanin from melanocytes by
measuring melanin content and secretion in B16F10 cells
stimulated with 𝛼-MSH, which induces melanogenesis by
activating melanogenesis-specific transcription factor and
enzymes associated with melanin synthesis [42, 43]. As
expected, Mc-ME effectively suppressed the production and
secretion of melanin from melanocytes induced by 𝛼-MSH
(Figures 4(c) and 4(d)). These results indicate that Mc-ME
suppresses the production and secretion of melanin from
melanocytes by inhibiting the activity of tyrosinase, a critical
enzyme for melanogenesis in melanocytes.

In conclusion, we demonstrated a skin-protective activity
of Mc-ME and elucidated the underlying mechanisms under
various conditions that induce skin damage, such as oxidative
stress, UV irradiation, inflammatory stress, and melanogenic
inducers. Our data showed that the skin-protective property
ofMc-MEwasmediated through various activities. First,Mc-
ME exhibited antioxidative and cytoprotective activities in
keratinocytes via increased expression of antioxidative pro-
teins such as KEAP1 and HO-1 and activation of intracellular
kinases responsible for cell proliferation such as p85/PI3K
and AKT. Second, Mc-ME exhibited antiwrinkle formation
activity by not only regulating the activity and expression
of skin remodeling factors and the proteins responsible for
reducing oxidative stress and tissue atrophy, but also inducing
cell proliferation in fibroblasts and keratinocytes. Third, Mc-
ME showed moisturizing activity through increased expres-
sion of natural moisturizing factors such as FLG, TGM-1, and
HAS family members in keratinocytes. Finally, Mc-ME sup-
pressed melanin generation and secretion from melanocytes
by inhibiting the activity of tyrosinase, a critical enzyme in
the induction of melanogenesis in melanocytes. These skin-
protective activities of Mc-ME in keratinocytes, fibroblasts,
andmelanocytes are summarized in Figure 5, as shown in the
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Figure 5: Schematic summary demonstrating the pathways of Mc-ME-mediated skin-protective property.

case of treatment with Artemisia asiatica ethanol extract [44].
Taken together, these results strongly indicate that Mc-ME
plays a protective role against various skin damaging stresses
and suggest that Mc-ME could have potential applications in
cosmeceutical preparations.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Authors’ Contributions

Sang Hee Park and Young-Su Yi contributed equally to this
work. Sang Hee Park, Mi-Yeon Kim, and Jae Youl Cho
conceived and designed the experiments; Sang Hee Park and
Young-Su Yi performed the experiments; Sang Hee Park,
Young-Su Yi, Mi-Yeon Kim, and Jae Youl Cho analyzed the
data; Mi-Yeon Kim contributed reagents/materials/analysis
tools; Young-Su Yi and Jae Youl Cho wrote the paper.

Acknowledgments

This research was supported by Basic Science Research
Program (2017R1A6A1A03015642) through the National
Research Foundation of Korea (NRF) funded by the Ministry
of Education, Korea.

References

[1] J. D’Orazio, S. Jarrett, A. Amaro-Ortiz, and T. Scott, “UV
radiation and the skin,” International Journal of Molecular
Sciences, vol. 14, no. 6, pp. 12222–12248, 2013.

[2] A. T. Slominski, M. A. Zmijewski, C. Skobowiat et al., “Sensing
the environment: regulation of local and global homeostasis
by the skin’s neuroendocrine system,” Advances in Anatomy,
Embryology, and Cell Biology, vol. 212, pp. 1–115, 2012.

[3] U. Blume-Peytavi, J. Kottner, W. Sterry et al., “Age-associated
skin conditions and diseases: current perspectives and future
options,”
e Gerontologist, vol. 56, supplementary 2, pp. S230–
S242, 2016.

[4] J. Oh, J. H. Kim, J. G. Park et al., “Radical scavenging activity-
based and AP-1-targeted anti-inflammatory effects of lutein
in macrophage-like and skin keratinocytic cells,” Mediators of
Inflammation, vol. 2013, Article ID 787042, 8 pages, 2013.

[5] E. Kim,K.Hwang, J. Lee et al., “Skin protective effect of epigallo-
catechin gallate,” International Journal ofMolecular Sciences, vol.
19, 2018.

[6] R. Ganceviciene,A. I. Liakou, A.Theodoridis, E.Makrantonaki,
and C. C. Zouboulis, “Skin anti-aging strategies,” Dermato-
Endocrinology, vol. 4, no. 3, pp. 308–319, 2012.

[7] E. Birben, U. M. Sahiner, C. Sackesen, S. Erzurum, and O.
Kalayci, “Oxidative stress and antioxidant defense,” World
Allergy Organization Journal, vol. 5, no. 1, pp. 9–19, 2012.

[8] S. H. Zeisel, “Antioxidants suppress apoptosis,” Journal of
Nutrition, vol. 134, no. 11, pp. 3179S–3180S, 2004.

[9] H. R. Warner, “Apoptosis: a two-edged sword in aging,” Annals
of the New York Academy of Sciences, vol. 887, pp. 1–11, 1999.

[10] Y. Higami and I. Shimokawa, “Apoptosis in the aging process,”
Cell and Tissue Research, vol. 301, no. 1, pp. 125–132, 2000.

[11] W. Gao, P. Lin, E. Hwang et al., “Pterocarpus santalinus L. reg-
ulated ultraviolet B irradiation-induced procollagen reduction
and matrix metalloproteinases expression through activation
of TGF-𝛽/smad and inhibition of the MAPK/AP-1 pathway
in normal human dermal fibroblasts,” Photochemistry and
Photobiology, vol. 94, no. 1, pp. 139–149, 2018.

[12] Y. H. Hong, D. Kim, G. Nam et al., “Photoaging protective
effects of BIOGF1K, a compound-K-rich fraction prepared
from Panax ginseng,” Journal of Ginseng Research, vol. 42, no.
1, pp. 81–89, 2018.

[13] K. Madan and S. Nanda, “In-vitro evaluation of antioxidant,
anti-elastase, anti-collagenase, anti-hyaluronidase activities of
safranal and determination of its sun protection factor in skin
photoaging,” Bioorganic Chemistry, vol. 77, pp. 159–167, 2018.

[14] E. Papakonstantinou, M. Roth, and G. Karakiulakis, “Hyalu-
ronic acid: a key molecule in skin aging,” Dermato-Endo-
crinology, vol. 4, no. 3, pp. 253–258, 2012.



Evidence-Based Complementary and Alternative Medicine 11

[15] A. V. Rawlings and C. R. Harding, “Moisturization and skin
barrier function,” Dermatologic 
erapy, vol. 17, supplement 1,
pp. 43–48, 2004.

[16] Y. Miyamura, S. G. Coelho, R. Wolber et al., “Regulation of
human skin pigmentation and responses to ultraviolet radia-
tion,” Pigment Cell Research, vol. 20, no. 1, pp. 2–13, 2007.

[17] M. Brenner and C. Berking, “Principles of skin pigmentation.
Biochemistry and regulation of melanogenesis,” Der Hautarzt,
vol. 61, no. 7, pp. 554–560, 2010.

[18] H.-H. Ko, Y.-C. Chiang, M.-H. Tsai et al., “Eupafolin, a skin
whitening flavonoid isolated from Phyla nodiflora, downregu-
lated melanogenesis: role of MAPK and Akt pathways,” Journal
of Ethnopharmacology, vol. 151, no. 1, pp. 386–393, 2014.

[19] T. Fujii and M. Saito, “Inhibitory effect of quercetin isolated
from rose hip (Rosa canina L.) against melanogenesis by mouse
melanoma cells,” Bioscience, Biotechnology, and Biochemistry,
vol. 73, no. 9, pp. 1989–1993, 2009.

[20] J. Kim, S. Y. Cho, S. H. Kim et al., “Effects of Korean ginseng
berry on skin antipigmentation and antiaging via FoxO3a
activation,” Journal of Ginseng Research, vol. 41, no. 3, pp. 277–
283, 2017.

[21] L.M.Giron, V. Freire, A. Alonzo, andA.Caceres, “Ethnobotani-
cal survey of the medicinal flora used by the Caribs of Guate-
mala,” Journal of Ethnopharmacology, vol. 34, no. 2-3, pp. 173–
187, 1991.

[22] J. K. Grover and S. P. Yadav, “Pharmacological actions and
potential uses of Momordica charantia: a review,” Journal of
Ethnopharmacology, vol. 93, no. 1, pp. 123–132, 2004.

[23] C. R. Shobha, V. Prashant, P. Akila, R. Chandini, M. N. Suma,
and H. Basavanagowdappa, “Fifty percent ethanolic extract
of Momordica charantia inhibits adipogenesis and promotes
adipolysis in 3T3-L1 pre-adipocyte cells,” Reports of Biochem-
istry and Molecular Biology, vol. 6, no. 1, pp. 22–31, 2017.

[24] B. C. Panda, S. Mondal, K. S. P. Devi et al., “Pectic polysac-
charide from the green fruits of Momordica charantia (Karela):
structural characterizationand study of immunoenhancing and
antioxidant properties,”Carbohydrate Research, vol. 401, pp. 24–
31, 2015.

[25] M. Raish, “Momordica charantia polysaccharides ameliorate
oxidative stress, hyperlipidemia, inflammation, and apoptosis
during myocardial infarction by inhibiting the NF-𝜅B signaling
pathway,” International Journal of Biological Macromolecules,
vol. 97, pp. 544–551, 2017.

[26] M. Raish, A. Ahmad, B. L. Jan et al., “Momordica charantia
polysaccharides mitigate the progression of STZ induced dia-
betic nephropathy in rats,” International Journal of Biological
Macromolecules, vol. 91, pp. 394–399, 2016.

[27] P. Chaturvedi, “Antidiabetic potentials of momordica charantia:
multiple mechanisms behind the effects,” Journal of Medicinal
Food, vol. 15, no. 2, pp. 101–107, 2012.

[28] T. Mosmann, “Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays,”
Journal of Immunological Methods, vol. 65, no. 1-2, pp. 55–63,
1983.

[29] S. B. Kedare and R. P. Singh, “Genesis and development of
DPPHmethod of antioxidant assay,” Journal of Food Science and
Technology, vol. 48, no. 4, pp. 412–422, 2011.

[30] N. Tsuji, S. Moriwaki, Y. Suzuki, Y. Takema, and G. Imokawa,
“The role of elastases secreted by fibroblasts in wrinkle for-
mation: Implication through selective inhibition of elastase
activity,” Photochemistry and Photobiology, vol. 74, no. 2, pp.
283–290, 2001.

[31] J. G. Park, Y.-S. Yi, Y. H. Hong et al., “Tabetri� (Tabebuia avel-
lanedae ethanol extract) ameliorates osteoarthritis symptoms
induced by monoiodoacetate through Its Anti-Inflammatory
and Chondroprotective Activities,” Mediators of Inflammation,
vol. 2017, Article ID 3619879, 14 pages, 2017.

[32] M. Birch-Machin and A. Bowman, “Oxidative stress and age-
ing,” British Journal of Dermatology, vol. 175, supplement 2, pp.
26–29, 2016.

[33] M. Ben Yehuda Greenwald, S. Anzi, S. Ben Sasson, H. Bianco-
Peled, and R. Kohen, “Can nitroxides evoke the Keap1-Nrf2-
ARE pathway in skin?” Free Radical Biology &Medicine, vol. 77,
pp. 258–269, 2014.

[34] Y. C. Hseu, C. W. Chou, K. J. Senthil Kumar et al., “Ellagic
acid protects human keratinocyte (HaCaT) cells against UVA-
induced oxidative stress and apoptosis through the upregu-
lation of the HO-1 and Nrf-2 antioxidant genes,” Food and
Chemical Toxicology, vol. 50, no. 5, pp. 1245–1255, 2012.

[35] J. H. Kim, Y. Lee, M.-Y. Kim, and J. Y. Cho, “4-(Tert-butyl)-
2,6-bis(1-phenylethyl)phenol induces pro-apoptotic activity,”
Korean Journal of Physiology & Pharmacology, vol. 20, no. 3, pp.
253–259, 2016.

[36] Y. Jung, Y. S. Yi, D. S. Yoo et al., “8-(Tosylamino)quinoline
inhibits tumour progression through targeting phosphoino-
sitide-3-kinase/Akt pathway,” Die Pharmazie, vol. 68, pp. 146–
152, 2013.

[37] T. M. Callaghan and K.-P. Wilhelm, “A review of ageing and
an examination of clinical methods in the assessment of ageing
skin. Part 2: Clinical perspectives and clinical methods in the
evaluation of ageing skin,” International Journal of Cosmetic
Science, vol. 30, no. 5, pp. 323–332, 2008.

[38] T. M. Callaghan and K.-P. Wilhelm, “A review of ageing and
an examination of clinical methods in the assessment of ageing
skin. Part I: Cellular andmolecular perspectives of skin ageing,”
International Journal of Cosmetic Science, vol. 30, no. 5, pp. 313–
322, 2008.

[39] X. Kou, J. Li, X. Liu et al., “Ampelopsin attenuates the atrophy of
skeletal muscle from d-gal-induced aging rats through activat-
ing AMPK/SIRT1/PGC-1alpha signaling cascade,” Biomedicine
and Pharmacotherapy, vol. 90, pp. 311–320, 2017.

[40] W.-H. Li, H.-K. Wong, J. Serrano et al., “Topical stabilized
retinol treatment induces the expression of HAS genes and HA
production in human skin in vitro and in vivo,” Archives of
Dermatological Research, vol. 309, no. 4, pp. 275–283, 2017.

[41] T. Pillaiyar, M. Manickam, and V. Namasivayam, “Skin whiten-
ing agents: Medicinal chemistry perspective of tyrosinase
inhibitors,” Journal of Enzyme Inhibition and Medicinal Chem-
istry, vol. 32, no. 1, pp. 403–425, 2017.

[42] K. T. Flaherty, F. S. Hodi, andD. E. Fisher, “Fromgenes to drugs:
targeted strategies for melanoma,” Nature Reviews Cancer, vol.
12, no. 5, pp. 349–361, 2012.

[43] M. L. Jin, S. Y. Park, Y. H. Kim, G. Park, H.-J. Son, and S.-J. Lee,
“Suppression of 𝛼-MSH and IBMX-induced melanogenesis by
cordycepin via inhibition of CREB and MITF, and activation
of PI3K/Akt and ERK-dependent mechanisms,” International
Journal of Molecular Medicine, vol. 29, no. 1, pp. 119–124, 2012.

[44] D. Jeong, J. Lee, S.-G. Jeong et al., “Artemisia asiatica ethanol
extract exhibits anti-photoaging activity,” Journal of Ethnophar-
macology, vol. 220, pp. 57–66, 2018.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

