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Inhibitory Effects of Essential Oil from Zanthoxylum coreanum
Nakai on Melanin Production: Protection Against
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Introduction
Zanthoxylum coreanum Nakai (ZCN) is a Korean lime tree that only
grows in the southernmost areas of Korea, including Jeju Island. It has
been used as both an herb in food and medicines for curing stomachache
and skin disorders in Oriental medicine. Nevertheless, studies have yet to
investigate the effects of ZCN on melanogenesis in the skin. This study
was conducted to investigate the effects of ZCN essential oil on
melanogenesis.
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Materials and Methods
The essential oil was extracted from the fruits of ZCN by hydro-distillation at
the National Institute of Forest Science. The viability of human dermal
fibroblasts and B16F10 cells was determined by cell counting kit-8 assay.
Mushroom tyrosinase activity assay and melanin assay were performed on
B16F10 cells to evaluate the inhibitory effects of ZCN essential oil on
melanogenesis. Also, gas chromatography (GC)-mass spectrometry (MS)
analysis was performed to detect the components of ZCN essential oil.
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Results
The ZCN essential oil inhibited human dermal fibroblast cell proliferation
with an IC50 value of 0.06877% and B16F10 cell proliferation with an IC50
value of 0.01104%. Treatment with ZCN essential oil reduced tyrosinase
activity in B16F10 cells, and the anti-melanogenic property was positively
correlated with the concentration of ZCN essential oil. GC-MS analysis of
ZCN essential oil identified β-Ocimene (24.48%), (-)-α-pinene (16.56%),
4-carvomenthenol (11.61%), and sabinene (10.81%) as the most
abundant components.
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Discussion
Our study showed that essential oil extracted from ZCN obtained from
Jeju Island can be safely applied to the skin and may be useful as a
potential skin-whitening ingredient in cosmeceuticals to prevent
re-pigmentation or post-inflammatory hyperpigmentation after laser
treatment.
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Melanocytes elicit melanin pigmentation in the skin and
hair as a protective reaction upon ultraviolet radiationinduced skin injury via a process called melanogenesis.
Overexposure to ultraviolet radiation causes not only
cosmetic skin problems, including hyperpigmentary disorders such as melasma and freckles, and aged skin, but
also medicinal problems, such as skin cancers.1-3
Melanogenic enzymes, such as tyrosinase, tyrosinaserelated protein (TRP)-1, and TRP-2, typically control
melanin pigmentation in melanocytes.4 Although various
signaling pathways are known to regulate melanogenesis, mitogen-activated protein kinase (MAPKs) signaling
pathways have been found to lead to a reduction in melanin synthesis in mouse melanocyte cells.5 Because tyrosinase is the main catalytic enzyme in the rate-limiting
phase of melanogenesis, inducing the hydroxylation of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and the oxidation of DOPA to dopaquinone,6 it is usually the primary
target via which to inhibit pigmentation synthesis.
Natural ingredients that inhibit the activity of tyrosinase
could be useful as depigmentation compounds. Zanthoxylum (Rutaceae) species have been used for centuries as sources of spices in Asian cuisine and traditional
Asian medicine.7-9 The root bark and stems of one species
within this genus, Z. schinifolium , have been reported
to exhibit antiviral activity against hepatitis B virus.10
Zanthoxylum coreanum Nakai (ZCN), one of four Zanthoxylum (Rutaceae) species original to Korea, has been
used as herbs in food and as traditional medicines for
treating stomachache, helminths, and skin disorders.11,12
ZCN grows in limited areas of Korea, Jeju Island and the
Southern coast of Korea. Despite the traditional usages of
ZCN, the observed depigmentation activity of essential oil
extracted therefrom has not yet been thoroughly investigated. In the present study, we aimed to evaluate the antimelanogenic function of essential oil extracted from the
fruits of ZCN in mouse B16F10 cells.

MATERIALS AND METHODS
Plant material and extraction procedure

The fruits of ZCN were collected from an experimental
forest maintained by the National Institute of Forest Science located on Jeju Island, Republic of Korea, in August
2017. Taxonomical identifications were established by
ecologist Dr. Hwa-Ja Hyeon, Subtropical Forest Research Center, National Institute of Forest Science at a
warm temperate. The voucher specimen code is WTFRC

10030535.
The collected fruits of ZCN were hydro-distillated at atmospheric pressure, using a Clevenger-type apparatus. A
10-L round-bottom flask containing 2099.8 g of fruit was
placed on a heating mantle. In this flask, the fruits were
mixed in 5 L of distilled water. Then, the flask was connected to a Clevenger-type apparatus. Essential oil was
extracted from the fruits of ZCN for 14 h. The collected
essential oil was dried over anhydrous sodium sulphate
and filtered through a 0.45-um membrane disk filter.
The obtained oil was transferred to sealed dark vials and
stored at 4°C for further analysis. The essential oil content was determined on the basis of oven dried matter,
and measurements were carried out in triplicate. The
yield (%) of essential oil was calculated using the following formula:
Essential oil yield (%) =

mass of essential oil obtained (g)
× 100
mass of oven dry natter (g)

Gas chromatography–mass spectrometry analysis

Coupled gas chromatography (GC)-mass spectrometry
(MS) analysis was performed on a Thermo Scientific Model ISQ LT equipped with both a flame ionization detector
(FID) and a mass spectrometer. GC-MS analysis solution
was prepared by dissolving 4 µl of oil in 1.0 ml of dichloromethane solution (containing 100 ppm methyl undecanoate); 1 µl was injected for analysis. A VF-5MS GC column
(60 m × 0.25 mm × 0.25 μm film thickness; Agilent Technologies, Santa Clara, CA, USA) was used. As the carrier
gas, helium was applied at a constant flow rate of 1.0 mL/
min. The injection temperature was 250°C, with a split
ration of 1:20. The oven temperature was maintained at
50°C for 5 min, increased by 10°C/min to 65°C and held
for 30 min, increased by 5°C/min to 120°C and held for 10
min, increased by 5°C/min to 210°C and held for 10 min,
and finally increased by 20°C/min to 325°C and held for
10 min. For FID detection, temperature was set to 300°C,
with the air flow set to 350.0 ml/min, hydrogen flow to 35.0
ml/min, and make-up gas (helium) flow to 40.0 ml/min.
Mass interface temperature was 250°C, and ion source
temperature was 250°C. Mass scan data were acquired
in the EI mode at a scan time rate of 0.2 sec, with a scan
range from 35 amu to 550 amu.
The identification of peaks was performed by comparing the average mass spectrum of peaks with an electronic library database (NIST/EPA/NIH Mass Spectral
Library, version 2.0 g). In addition, Kovats index (KI) was
calculated by injection of an n-alkane (C7-C30) standard
and was described as supplementary data for peak idenVOLUME 7 NUMBER 2 DECEMBER 2018
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tification.

Cell culture

The B16F10 murine melanoma cells (CRL-6475) were
purchased from the American Type Culture Collection
(Rockville, MD, USA). The cells were cultured in RPMI
1640 with L-glutamine medium supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-streptomycin
(PS) in 5% CO2 at 37°C . Cells were passaged every 3 days
until a maximal passage number of 20 was achieved. Human dermal fibroblast (HDF) cells (CC-2509&CC-2511)
were purchased (Lonza, Basel, Switzerland) and were
incubated in fibroblast growth medium-2 (FGMTM-2; Lonza)
containing 2% FBS, 0.1% insulin, 0.1% hFGF, 0.1% GA1000, and 1% PS at 37°C in a 5% CO2 incubator.

Cell viability test

B16F10 cells and HDFs were seeded in 96-well plates.
After 24 h of incubation, the media was washed with
DPBS and replaced with media containing essential oil
of ZCN diluted to various concentrations. After 24 h, the
media was washed with DPBS and replaced with media
containing 10% Cell Counting Kit (CCK)-8 solution (Dojindo
Molecular Technology Inc., Tokyo, Japan). The cells were
then incubated at room temperature and measured at
450 nm using a microplate reader (SoftMax Pro 5; Molecular Devices, CA, USA).

Mushroom tyrosinase activity assay

Mushroom tyrosinase activity assay was performed as
previously described, with slight modification.13 Briefly,
mushroom tyrosinase activity was assessed according
to DOPA oxidase activity. A total of 100 μl of 0.1 M sodium
phosphate buffer (pH 6.5) containing kojic acid (SigmaAldrich Inc; St Louis, MO, USA), L-ascorbic acid (SigmaAldrich Inc.), and essential oil of ZCN was added to 30 μl
of mushroom tyrosinase (1000 U/ml) (Sigma-Aldrich Inc.)
in each well. Then 10 μl of 12 mM L-DOPA was added. Absorbance were measured every 10 min for at least 1 h at
490 nm using a microplate reader at 37°C.

Melanin content assay

B16F10 cells characteristically release melanin. The release of melanin was assessed as previously described,14
with slight modification. Cells were seeded in six-well
plates. B16F10 cells were treated with ZCN essential oil
and 100 μl of 12 mM L-DOPA for 24 h, after which cell
pellets were dissolved in 1 mol/L NaOH for 1 h at 60°C.
Relative melanin content was determined by absorbance
at 490 nm on a microplate reader. Standard curves were
64
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prepared in triplicate for each batch, based on synthetic
melanin (0–250 g/mL). Melanin production was calculated
by normalizing total melanin readings with protein content, expressed as percentages of control values.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
(SPSS Inc, Chicago, IL, USA). All experiments were conducted at least three times. Results are presented as
means (±) standard deviations. Data were analyzed by
one-way ANOVA, followed by Tukey’s multiple tests. P
values of p <0.05 (*), p <0.01 (**), and p <0.001 (***) were
considered statistically significant.

RESULTS
Chemical profiles of essential oil extracted from
ZCN by GC-MS

The yield of the essential oil from ZCN was about 2.1%.
The chemical compositions of ZCN are shown in Table 1.
In total, 37 constituents were identified from the essential
oil of ZCN fruit. β -Ocimene was the predominant component, accounting for 24.48% of the content, followed
by (-)-α-pinene (16.56%), 4-carvomenthenol (11.61%),
sabinene (10.81%), linalool (10.09%), o-cymene (3.56%), β
-phellandrene (3.15%), limonene (2.63.%), and α-terpineol
(1.74%).

Effect of essential oil extracted from ZCN on HDF
and B16F10 cell viability

The cytotoxicity of essential oil from ZCN on mouse
cells was evaluated using CCK-8 assay and CCK-8 kits
(Dojindo, Tokyo, Japan). Human dermal fibroblasts and
B16F10 cells were treated with essential oil extracted
from the fruits of ZCN at concentrations ranging from
0%-10-4% for 24 h in serum-free media. Each condition
was experimented in triplicate, and IC50 values were
calculated from curves using a best fit line. As shown in
Fig. 1, the IC50 values of essential oil extracted from ZCN
on HDF and B16F10 cells were 0.06877% and 0.01104%,
respectively. Accordingly, the IC50 value (0.01104%) for
ZCN essential oil on B16F10 cells was used as reference
concentration in subsequent experiments.

Effect of essential oil extracted from ZCN on melanogenesis in B16F10 cells

To determine whether ZCN inhibits melanogenesis in
B16F10 cells, melanin content was measured in B16F10
cells after 2 days of treatment with essential oil from ZCN
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RT

Constituent

Area %

KIa

Identification

19.36
20.17
22.22
25.24
26.01
27.98
34.76
35.62
35.91
37.39
39.15
40.82
42.21
42.62
43.56
44.27

α -Thujene
(-)-α -Pinene
Camphene
Sabinene
β-Pinene
β-Myrcene
ο -Cymene
Limonene
β -Phellandrene
β -Ocimene
α -Ocimene
γ-Terpinene
Sabinene hydrate
α-Pinene oxide
Terpinolene
3-Methyl-2-(3-methylbut2-enyl)-furan
Linalool
Camphor
cis-ρ-Menth-2-en-1-ol
(4E,6Z)-Alloocimene
β-Pinene oxide
p-Menth-3-en-1-ol
4-Carvomenthenol
4-Isopropyl-2-cyclohexenone
α -Terpineol
p-Penth-1-en-3-ol,cis-(+)Ascaridole
Bornyl acetate
Limonene dioxide
β-Elemene
Humulene
α-Farnesene
α-Muurolene
(+)-δ-Cadinene
β-Caryophyllene oxide
τ-Muurolol
(-)-α-Cadinol

0.59
16.56
0.06
10.81
0.30
0.32
3.56
2.63
3.15
24.48
2.40
0.17
0.07
0.39
0.07
0.15

917.77
923.62
938.43
960.24
965.80
980.03
1029.00
1035.21
1037.31
1048.00
1060.71
1072.77
1082.81
1085.77
1092.56
1097.69

MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI

10.09
0.07
0.48
0.69
0.18
0.46
11.61
0.64

1103.31
1121.42
1130.39
1133.23
1146.14
1148.82
1185.83
1195.43

MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI

1.74
0.26
0.13
0.05
0.02
0.10
0.02
0.20
0.03
0.19
0.45
0.18
0.49

1201.69
1217.95
1228.61
1288.82
1301.19
1396.61
1461.44
1461.44
1490.80
1531.75
1603.38
1666.92
1678.95

MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI
MS, KI

44.80
45.95
46.52
46.70
47.52
47.69
50.04
50.65
51.07
52.09
53.14
57.77
58.70
64.33
67.00
67.51
68.18
69.55
71.79
73.48
73.80

aKovats index on a DB-5 column in reference to n-alkanes.

RT, retention time; MS, NIST/EPA/NIH Mass Spectral Library; KI,
Kovats index.

at concentrations of 0.00125%-0.01%. Kojic acid and Lascorbic acid, well-known tyrosinase inhibitors, were
used as positive controls, as previously described.14,15
B16F10 cells treated with ZCN showed reduced melanin
production at the concentrations of 0.00125%-0.01%,
although a significant positive correlation between essential oil concentration and melanin production was not
observed (Fig. 2A). Interestingly, decreases in melanin
production upon treatment with ZCN essential oil were

similar to those achieved with treatment with 0.5 mM kojic acid.
Tyrosinase is known to be the major regulator of melanogenesis via an enzymatic cascade,16 and various whitening ingredients applied to the skin have been developed
to directly inhibit tyrosinase.17 Therefore, we measured
the activity of mushroom tyrosinase in a cell-free system
in order to determine the direct inhibitory effects of essential oil extracted from ZCN on tyrosinase. Both 0.5 mM
kojic acid and 0.25 mM L-ascorbic acid significantly inhibited tyrosinase activity. Similarly, essential oil extracted
from ZCN at concentrations of 0.005%-0.04% elicited a
significant reduction in mushroom tyrosinase activity,
compared to control (Fig. 2B). Also, concentrations of essential oil from ZCN showed a positive correlation with
the inhibition of tyrosinase. These results indicated that
the inhibitory effect of ZCN on melanogenesis is due to
the direct inhibition of tyrosinase. Even though ZCN essential oil concentrations of 0.04% and 0.02% were a little
higher than the reference IC50 value (0.01104%) of cell
viability for B16F10 cells, a cytotoxic effect of the essential
oil was not observed at these concentrations during the
tyrosinase activity assay. We speculate that this may be
because the reaction time in the tyrosinase activity assay
was shorter than those for the melanin content assay and
cell viability tests.

DISCUSSION
Pigmentary disorders, including melasma, lentigo,
and freckles, are not easy to treat in Asian patients using
light, laser, and radiofrequency energy devices because
of higher grade Fitzpatrick skin types and a tendency for
hyperpigmentation upon sun exposure.13 After treating
pigmentation with energy devices, Asian patients tend
to experience side effects of hyperpigmentation or postinflammatory hyperpigmentation.18 For these reasons,
many Asian patients rely on the use of whitening ingredients in cosmeceutical and medicinal products to treat
hyperpigmented skin. However, some of these products
include mercury and hydroquinone and elicit unpredictable side effects and toxicity.19 Even though many studies
have been performed to identify safe and effective whitening substances from nature, natural ingredients with antimelanogenic properties that can inhibit tyrosinase, TRP1, and TRP-2 have yet to be discovered.
Grown in Korea, ZCN is morphologically similar to Z.
schinifolium Siebold et Zuccarini and Z. piperitum De
Candolle.20 Although they are morphological similar, their
chemical profiles and physiological functions are differVOLUME 7 NUMBER 2 DECEMBER 2018
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Table 1. Gas chromatography-mass spectrometry analysis of
essential oil extracted from Zanthoxylum coreanum Nakai
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Fig. 1. Effects of essential oil extracted from Zanthoxylum coreanum Nakai (ZCN) on the viability of human dermal fibroblasts and mouse cells.
(A) Human dermal fibroblasts and (B) B16F10 mouse cells were treated with essential oil extracted from the fruits of ZCN, at concentrations
ranging from 0-100%, for 24 h in serum-free media. Cell viability was assessed using Cell Counting Kit-8 assays. Each experiment was performed
in triplicate, and IC50 values were calculated from curves using the best fit line.
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Fig. 2. Effects of essential oil extracted from ZCN on melanogenesis in B16F10 cells. B16F10 cells were treated with ZCN (0.005-0.04%),
L-ascorbic acid (0.25 mM), and kojic acid (0.5 mM). (A) Melanin content and (B) mushroom tyrosinase activity in B16F10 cells were measured as
described in the Materials and methods. Each experiment was performed in triplicate, and the data represent means ± SD. p <0.05 (*), p <0.01 (**),
and p <0.005 (***) versus non-treated control (A) or L-DOPA-treated control (B). *Data are presented as estimated means ± standard deviations.

ent. Based on genetic analysis Z. piperitum and Z. coreanum can be classified to a single group: Z. schinifolium
and Z. piperitum belong to Zanthoxylum Pericarpium.20
Recently, marker nucleotides for ZCN were detected
upon analysis of rDNA-ITS DNA barcode regions in three
Zanthoxylum species grown in Korea.20 In comparison
of three Zanthoxylum ITS2 sequences, 16, six, and four
species-specific nucleotides were identified to distinguish
among Z. schinifolium , Z. piperitum , and Z. coreanum ,
respectively.
In Korea, Zanthoxylum has been used for many medical purposes.7-9,21,22 In ancient Korean medical litera66
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ture, researchers described that Z. coreanum could be
crudely used to treat various medical conditions, such as
stomachache, sore throat, toothache, limb pain, rheumatoid arthritis, nasal sinusitis, ozena, meno-xenia, and
skin disorders.9,11,20 Despite the use of ZCN in traditional
medicine, the pharmaceutical mechanisms of its fruits
and leaves have not been thoroughly investigated for use
in medicinal purposes. Furthermore, other than archaic
descriptions of applying ZCN to the skin to alleviate itching and to promote wound healing, the effects of ZCN on
the skin have not been demonstrated via in vitro or in vivo
experiments.20

Inhibitory Effects of Essential oil from Zanthoxylum coreanum Nakai on Melanogenesis
Ye-Na Kim, et al.

ACKNOWLEDGEMENTS
This study was carried out with support from the Forest
Science Technology Program (Project No. FP0900-201601) funded by the National Institute of Forest Science and
R&D Program for Forest Science Technology (Project No.
2017033A00-1819-BA01) provided by Korea Forest Service (Korea Forestry Promotion Institute). We would like to
thank Anthony Thomas Milliken, ELS, at Editing Synthase
(http://editingsynthase.com) for his help with the editing of

Original Article

Accordingly, we performed the present study to evaluate the effects ZCN essential oil on pigmentation in the
skin. Our in vitro results indicated that essential oil extracted from the fruits of ZCN by hydro-distillation inhibit
melanogenesis in mouse B16F10 cells by reducing the
action of tyrosinase. The anti-melanogenic properties
thereof showed a positive correlation with the concentration of ZCN essential oil applied. With a concentration
near the IC50 value on cell viability test, treatment with
ZCN essential oil reduced melanin production in cells to
levels similar to those obtained with kojic acid treatment.
Meanwhile, in vitro scratch assay demonstrated that the
essential oil of ZCN does not affect the proliferation of
human dermal fibroblasts, compared with control group
(data not shown). Also, the major components of essential oil extracted from ZCN, including β -Ocimene, (-)-α
-pinene, 4-carvomenthenol, and sabinene, have been reported to be helpful to inhibiting tyrosinase activity.23 Thus,
the essential oil of ZCN could be a good candidate for skin
whitening compounds.23-25
In conclusion, this study newly demonstrated that essential oil extracted from the fruits of ZCN obtained from
Jeju Island, Republic of Korea by hydro-distillation has inhibitory effects on melanin synthesis in B16F10 cells. We
noted that decreased melanin production via inhibition of
tyrosinase was dose dependent without critical cytotoxicity in B16F10 cells. The concentrations that elicited an
inhibitory effect on melanogenesis appeared to be safe
for both human dermal fibroblasts and mouse melanoma
B16F10 cells. Accordingly, we deemed that ZCN essential
oil could be useful as a potential de-pigmentation ingredient in cosmeceuticals to protect against un-wanted
effects, including re-pigmentation or post-inflammatory
hyperpigmentation, after laser treatment for pigmentary
disorders without scar formation. In the future, further
study with 3D artificial skin will be needed to evaluate
the safety of formulations containing essential oil of ZCN
designed as whitening cosmeceuticals for preventing the
side-effects described above after laser treatment.
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