
Original article

Dual hypopigmentary effects of punicalagin via the ERK and Akt
pathways

Jun Seob Shina, Jun Hee Choa, Hana Leea, Hyo-Soon Jeonga, Myo-Kyoung Kimb,
Hye-Young Yuna, Nyoun Soo Kwona, Dong-Seok Kima,*
aDepartment of Biochemistry, Chung-Ang University College of Medicine, 84 Heukseok-ro, Dongjak-gu, Seoul 06974, South Korea
b Thomas J. Long School of Pharmacy, University of the Pacific, 3601 Pacific Avenue, Stockton, CA 95211, USA

A R T I C L E I N F O

Article history:
Received 21 March 2017
Received in revised form 4 May 2017
Accepted 12 May 2017

Keywords:
Akt
ERK
Melanogenesis
MITF
Punicalagin
Tyrosinase

A B S T R A C T

Punicalagin is a phenolic compound with antioxidant properties. However, the effects of punicalagin on
melanin synthesis have been poorly evaluated. Therefore, we investigated the effects of punicalagin on
melanogenesis in Mel-Ab cells. Punicalagin significantly inhibited melanin synthesis in a dose-
dependent manner. In accordance with the melanin content, punicalagin also dose-dependently
decreased tyrosinase activity. Punicalagin did not directly inhibit tyrosinase in a cell-free system but did
downregulate the expression of microphthalmia-associated transcription factor (MITF) and tyrosinase.
Therefore, we examined the effects of punicalagin on melanogenesis-related signaling pathways.
Punicalagin induced extracellular signal-regulated kinase (ERK) and Akt phosphorylation but had no
effect on b-catenin level. We measured melanin content and MITF expression in the presence of the ERK
pathway inhibitor PD98059 and/or the Akt pathway inhibitor LY294002. Cotreatment with PD98059 and
LY294002 almost completely restored punicalagin-induced hypopigmentation. These data indicate that
punicalagin inhibits melanin synthesis through ERK and Akt phosphorylation, with subsequent
downregulation of MITF and tyrosinase.

© 2017 Elsevier Masson SAS. All rights reserved.

1. Introduction

Melanin pigment is produced by melanocytes and is a major
determinant of skin, hair, and eye color. It is protective against
ultraviolet (UV) irradiation [1,2]. However, melanin accumulation
can induce hyperpigmentary skin diseases, including melasma and
freckles [3]. Therefore, many studies have focused on developing
effective skin-whitening agents [4].

Tyrosinase catalyzes the first two reactions in mammalian
melanogenesis [5]. Studies on skin-whitening agents have focused
on direct inhibition of tyrosinase. For example, the phenolic
derivatives of flavonoids are antioxidants that chelate the copper
ion of tyrosinase [6]. These molecules can inhibit tyrosinase and
decrease melanogenesis.

Many tyrosinase inhibitors have been identified and investi-
gated. However, knowledge of their effects on melanogenesis is
insufficient. Therefore, alternative approaches have also been
investigated. Microphthalmia-associated transcription factor
(MITF) stimulates tyrosinase expression and is a key transcription
factor in melanin synthesis [7]. MITF and tyrosinase expression are
regulated by several signal transduction pathways [8,9]. In
particular, extracellular signal-regulated kinase (ERK) and Akt
contribute to a major signaling pathway associated with melano-
genesis [10,11]. One study found that ERK activation decreased
melanin production through MITF regulation [12]. Activation of
Akt also reduced melanin synthesis via downregulation of MITF
[13]. In addition, GSK3b is involved in the melanogenic signaling
cascade [11].

Punicalagin is a water-soluble ellagitannin and polyphenolic
antioxidant molecule that is extracted from pomegranate fruit and
Terminalia catappa leaves [14,15]. As a polyphenol, punicalagin has
16 dissociable –OH groups that are responsible for its high
antioxidant activity (Fig. 1) [16]. Punicalagin has pharmacological
effects, reduces oxidative stress and apoptosis [17], and shows
hepatoprotective activity in rats [16]. It has chemopreventive
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effects in NIH3T3 cells [18] and increases NO production in
endothelial cells [19].

Although punicalagin is a bioactive molecule, its effects on
melanogenesis remain unclear. A recent study found that
punicalagin inhibits melanin production in melanocytes [20].
That study suggested that punicalagin directly inhibits melanin
production. However, in our preliminary study, punicalagin did not
have a direct inhibitory effect on tyrosinase, which is responsible
for melanin production. Therefore, we sought to clarify the effects
of punicalagin on melanin synthesis. We hypothesized that
punicalagin regulates MITF and tyrosinase expression levels. This
study investigated signaling pathways related to melanogenesis.

2. Materials and methods

2.1. Materials

Punicalagin (SLBC2256, Sigma), cholera toxin (CT), 12-O-
tetradecanoylphorbol-13-acetate (TPA), and mushroom tyrosinase
were from Sigma–Aldrich Co. (St. Louis, MO, USA). Antibodies
specific to phospho-Akt (Thr308, 9271S), Akt (#9272), phospho-
ERK1/2 (Thr202/Tyr204, #9101S), ERK1/2 (#9102), phospho-
GSK3b (#9336S), GSK3b (#9315S), and b-catenin (#9581S) were
purchased from Cell Signaling Technology (Beverly, MA, USA).
Antibodies against actin (I-19) and tyrosinase (C-19) were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). Secondary specific anti-goat IgG (PI-9500), anti-rabbit IgG
(PI-1000), and anti-mouse IgG (PI-2000) were purchased from
Vector Laboratories (Burlingame, CA, USA).

2.2. Cell culture

The Mel-Ab cell line is a mouse-derived immortalized
melanocyte cell line that synthesizes large quantities of melanin
[21]. Mel-Ab cells were cultured in Dulbecco's modified Eagle's
medium (DMEM) with 100 nM TPA, 10% fetal bovine serum (FBS),

1 nM CT, 50 mg/mL streptomycin, and 50 U/mL penicillin at 37 �C in
5% CO2.

2.3. Cell viability assay

Cell viability was measured using a crystal violet assay [22].
After incubation with punicalagin for 24 h, culture medium was
removed. Cells were stained with 0.1% crystal violet in 10% ethanol
for 5 min at room temperature and washed 4 times with distilled
water. Crystal violet remaining in adherent cells was extracted
with 95% ethanol. Absorbance was determined at 590 nm using an
ELISA reader (VERSAMax; Molecular Devices, Sunnyvale, CA, USA).

2.4. Measurement of melanin content and microscopy

Melanin content was quantified as described previously [23].
Briefly, the cells were treated with punicalagin in DMEM
containing 10% FBS for 3 days, dissolved in 550 mL 1 N NaOH at
100 �C for 30 min, and centrifuged at 15,000 rpm for 5 min. The
optical density of supernatants containing the same amount of
protein was measured at 400 nm with an ELISA reader. Before
measuring melanin content, the cells were observed under a phase
contrast microscope (Olympus IX50, Tokyo, Japan) and photo-
graphed using a DCM300 digital microscope camera (Scopetek,
Inc., Hangzhou, China), supported by ScopePhoto software
(Scopetek, Inc.).

2.5. Tyrosinase activity

Tyrosinase activity was analyzed as described previously [24],
with slight modifications. Mel-Ab cells were seeded in 6-well
plates and incubated with punicalagin for 3 days. Cells were
washed with ice-cold PBS and lysed with phosphate buffer (pH 6.8)
containing 1% Triton X-100. Cells were disrupted by freezing and
thawing, and lysates were clarified by centrifugation at 15,000 rpm
for 10 min. After quantifying protein levels of lysates and adjusting
concentrations with lysis buffer, 90 mL lysate (containing the same
amount of protein) was placed in wells of 96-well plates, and 10 mL
10 mM L-DOPA was added. Control wells contained 90 mL lysis
buffer and 10 mL 10 mM L-DOPA. Following incubation at 37 �C,
absorbance at 475 nm was measured every 10 min for at least 1 h
using an ELISA reader. A cell-free assay system was used to
examine the direct effects of punicalagin on tyrosinase activity. For
this assay, 60 mL phosphate buffer containing punicalagin was
mixed with 20 mL 53.7 units/mL mushroom tyrosinase, and 20 mL

Fig. 1. Structure of punicalagin.

Fig. 2. Effect of punicalagin on cell viability. Mel-Ab cells (4 �104 cells/well) were
seeded into 24-well plates and serum-starved for 24 h. Cells were treated with 0–
20 mM punicalagin for 24 h. Cell viability was measured by crystal violet assay.
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