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Abstract

Background: Platycladus orientalis, which has been employed in traditional Chinese
medicine for cool blood, antibacterial, promotion of hair growth and therapy of poliosis
for centuries. However, there have been few reports focusing on Platycladus orientalis
shells treating pigmentary disorders. Methods: In present study, gas chromatography —
mass spectrometry was applied to analyzing the volatile composition of Platycladus
orientalis shells and cellular metabolism. Experiments in vivo were carried out to evaluate
the effect of Platycladus orientalis shells treating pigmentation disorders in C57BL/6J
mice. Results: Our results indicated that cedrol occupied the largest percentage in
Platycladus orientalis shells (17.1%). Meanwhile, Platycladus orientalis shells up-regulated
the content of palmitic acid and increased melanin content and tyrosinase activity. Its
mechanism possibly involved in the inhibiting phosphorylation of AKT and f-catenin,
increasing phosphorylation of p38 to promote microphthalmia-associated transcription
factor expression. The animal experiment also proved that Platycladus orientalis shells
promoted melanogensis and hair blacken in C57BL/6J mice. Conclusion: All in all,
Platycladus orientalis shells potentially promoted melanogenesis in vitro and in vivo.
Cedrol was regarded as the main active substance in Platycladus orientalis shells.
Therefore, it could be used for treatment of pigmentary disorders under safe
concentration in the prospective application.

Keywords: GC-MS; Platycladus orientalis shells; melanogenesis; tyrosinase; pigmentary
disorders
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Highlights
In this paper, cedrol was obtained as the main active substances
in Platycladus orientalis shells by gas chromatography — mass
spectrometry analysis. Then we found that Platycladus orientalis
shells could promote melanogensis and improve tyrosinase
activity through in vivo and in vitro experiments. The mechanism
may involve inhibition of AKT and B-catenin phosphorylation,
increasing the phosphorylation of p38 to promote the expression
of microphthalmia associated transcription factors.

Medical history of objective
Platycladus orientalis as an ancient traditional Chinese medicine
displays a medical value due to its anti-inflammatory, antioxidant,
immuno-modulatory, anti-hepatitis B virus, promoting hair
growth and other activity. According to the records of Chinese
Tibetan Materia Medica (compiled in 1997 by Da-Shang Luo), its
leaves can be used to treat hematemesis, hair loss caused by
blood heat and premature gray hairs. Besides, Platycladus
orientalis shells are universally used in haemostatic, expectorant
and anti-cough remedies.

Background

Platycladus orientalis as an ancient traditional Chinese medicine
displays a huge medical value due to its anti-inflammatory,
antioxidant, immuno-modulatory, anti-hepatitis B virus, promoting
hair growth and other activity [1-4]. According to the records of
Chinese Tibetan Materia Medica (compiled in 1997 by Da-Shang Luo),
its leaves can be used to treat hematemesis, hair loss caused by blood
heat and premature gray hairs. Besides, Platycladus orientalis shells
(POS) are universally used in haemostatic, expectorant and anti-cough
remedies [5]. In previous reports, its leaves promoted hair regrowth
by inducing hair follicles to enter anagen from dormancy phase and
inhibiting the 5a-reductase activity [6, 7]. However, there have been
few reports focus on the POS treating pigmentary disorders. Cedrol as
the main active ingredient of Platycladus orientalis had the potential of
becoming a new hair growth promoter [8]. It also prevented hair
follicle dystrophy and provided local protection against
chemotherapy-induced alopecia [9].

Melanin produced by melanocytes was distributed in hair, eye and
skin [10]. It possessed many physiological functions including
protection against the skin damage and scavenging reactive oxygen
species [11]. However, the abnormal accumulation of melanin caused
dermatological problems such as freckles, melasma and poliosis, as
well as vitiligo [12]. Hair graying was another inevitable process of
aging [13]. The regulation of melanogenesis was important for
treating these diseases [14]. Tyrosinase (TYR), as an important
rate-limiting enzyme of melanogenesis, which involved in the
catalysis of tyrosine and its metabolite (DOPA), ultimately generated
melanin in melanosomes [15, 16]. Microphthalmia-associated
transcription factor (MITF) was a main regulator in the expression of
related enzymes [17]. Therefore, TYR and MITF were two of the
important regulative points for melanogenesis in melanocytes.

Up to now, the pharmacological effect of POS regulated
melanogenesis was remain unclear. Our research firstly reported the
phenomenon and possible mechanisms of POS promoting
melanogenesis from the cellular level and C57BL/6J mouse model of
H,0,-induced hair fading.

Methods
Plant material

POS and cedrol were collected in September 2017 from Qiyun
biological technology Co., Ltd., Guangzhou, China. They was
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identified by Prof. Man. A voucher specimen (MSPOS201709) was
deposited in Tianjin University of Science & Technology, Tianjin,
China.

Preparation of the plant extract

The air-dried POS (10 g) was extracted with 150 mL of methanol and
ethyl acetate in a soxhlet apparatus during 3 h, respectively. Then the
samples were evaporated using a rotary evaporator. The residuum was
rinsed with 10 mL of 75% ethonal solvent. The extract was storage at
4 °C preparing for further research. The methanol extract which
showed better effect on TYR in potatoes than ethyl acetate extract did.
Therefore, the methanol extract of POS was utilized for further
research. Voucher specimens (MSP0OS201801) were deposited at
College of Biotechnology in Tianjin University of Science &
Technology.

Gas chromatography — mass spectrometry (GC-MS) analysis of
POS

GC-MS analysis was performed with an Agilent 7890A gas
chromatography (Agilent Technologies Co., Ltd., Santa Clara, CA,
USA) coupled to an Agilent 5975C mass selective detector (Agilent
Technologies Co., Ltd.) and Agilent ChemStation software (Agilent
Technologies Co., Ltd.). The inlet temperature was set at 260 °C and
an injection of 1 pL was made with split ratio of 20:1. Helium was
used as carrier gas at a flow rate of 1.0 mL/min. The analysis was
carried out in the splitless mode. A 5 min solvent delay was used to
avoid acquiring unnecessary data. Programmed temperature was
applied to obtain the separation of the analysis. Precisely the initial
temperature was 70 °C then ramped at 5 °C/min to 300 °C. The gas
chromatograph was interfaced with a micro-channelplates plus mass
detector operating in the electron impact ionization mode (70 eV)
under auto-tune conditions. The temperatures of ionization source and
transfer line were 220 °C and 250 °C, respectively. The data output
was achieved using scanning mode for identification and selected ion
monitoring mode for quantification.

Assay of TYR activity in potatoes

The TYR activity of POS in potatoes were measured according to the
method previously described [15]. Twenty grams of the frozen potato
root were homogenized in a liquefier with 40 mL of 0.1 M phosphate
buffer (pH 6.8) for 2 min at 4°C. The suspension was filtered through
four layers of cheesecloth and centrifuged at 4,000 rpm for 10 min at
4 °C. Then the supernatant was stored at this temperature in a
refrigerator and utilized as the TYR solution. The reaction system (0.2
mL) for TYR activity assay containing L-DOPA solution (50 pL, 10
mM) was mixed with phosphate buffer (70 pL, 0.1 M, pH = 6.8) and
incubated at 25 °C for 10 min. Subsequently, 1 pL of different
concentrations of POS and 80 pL of the TYR solution were
continuously added to the above solution. The action of TYR was
determined spectrophotometrically at 492 nm (measurement of
o-dopaquinone product). All determinations were performed in
triplicate.

Cell culture

Mouse B16F10 melanoma cells were obtained from the Cell Resource
Center, Peking Union Medical College (Beijing, China). The cells were
maintained in Dulbecco’s modified Eagle medium with 10%
heat-inactivated fetal bovine serum, 100 U/mL penicillin and 100
ug/mL streptomycin at 37 °C (5% CO,).

Microwave thermoacoustic tomography (MTT) assay

Cell viability was determined by a colorimetric assay using MTT. Cells
were seeded at a density of 1 x 10%/well in a complete growth
medium in 96-well plates. The cells were incubated with the test
compounds for 24 h before the MTT assay. Then, a fresh solution of
MTT (0.5 mg/mL) was added to each single well with a further
incubation for 4 h. Finally, the cell substrates were dissolved with 100
uL of dimethyl sulfoxide and then optical densities were analyzed in a
multiwall plate reader at 570 nm (BioTek Instruments, Inc., Winooski,
VT, USA). All determinations were performed in triplicate.
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Measurement of cellular melanin content

The melanin content in cells were measured according to the method
previously described [18]. 1 x 10° B16F10 cells were seeded in 6-well
plates and cultured at 37 °C overnight. Then the cells were treated
with various concentrations of POS (0, 1, 2 ug/mL) or cedrol (0, 0.1,
0.2 pg/mL). After incubation, each plate was washed with
polybutylene succinate twice and lysed in 100 uL of 1 M NaOH. The
lysate was heated at 80 °C for 30 min and then determined in a
multiwall plate reader at 400 nm (BioTek Instruments, Inc., Winooski,
VT, USA). All determinations were performed in triplicate.

Measurement of cellular TYR activity

The TYR activity of POS in potatoes was measured according to the
method previously described [15]. 1 x 10° B16F10 cells were seeded
in 6-well plates and cultured at 37 °C overnight. Then the cells were
treated with various concentrations of POS or cedrol. After incubation,
each plate was washed with PBS twice, lysed in 225 pL of 1%
TritonX-100 and then stored at —80 °C for 1 h. After thawed twice
and centrifuged for 10 min at 12,000 rpm, the supernatant (50 pL)
was added in a 96-well plate and mixed with 100 pL of 0.5% L-DOPA
for incubation at 37 °C for 1 h. Optical densities were measured in a
multiwall plate reader at 490 nm (BioTek Instruments, Inc., Winooski,
VT, USA). All determinations were performed in triplicate.

GC-MS analysis of metabolism in B16F10 cells

B16F10 cells were seeded at 37 °C and treated with 1 pg/mL of POS
for 24 h. Collecting cells and the change of the metabolites in B16F10
cells was measured by GC-MS. The cells were treated with precooling
methanol and thawed in ultrasound bath at 50 Hz for 15 min (Jining
Hengtong Ultrasonic Electronic Equipment Co., Ltd., Jining, China).
After centrifuged at 12,000 rpm for 10 min, the supernatant (500 pL)
was collected and vacuum-dried. The dried extracts were dissolved in
50 pL of methoxyamine solution (15 mg/mL) in pyridine and shaken
at 70 °C for 1 h to protect aldehyde and ketone groups. Then 50 uL of
bis(trimethylsilyl)trifluoroacetamide was added for trimethylsilylation
of acidic protons and shaken at 37 °C for 1 h. 150 uL of n-heptane (1
mg/mL of docosane) was added and centrifuge at 10,000 rpm for 5
min. Supernatant was immediately transferred to a clear glass
autosampler vials (Thermo Fisher Scientific, Waltham, MA, USA) and
analyzed by GC-MS.

Immunofluorescence analysis

B16F10 cells were fixed in 4% paraformaldehyde at 4 °C for 30 min.
0.02% polyethylene glycol sorbitan monolaurate (Tween-20) in PBS
was used to permeabilize cells for 10 min after triple PBS wash. Cells
were incubated with primary antibodies (1:1,000 dilute in PBS
contain 3% bovine serum albumin) at room temperature (RT) for 2 h
and then incubated with goat anti-rabbit IgG (H + L) Alexa Fluor 594
secondary antibody. Nucleus was dyed by
4',6-diamidino-2-phenylindole (Solarbio Science & Technology Co.,
Ltd., Beijing, China) for 10 min at RT. Images were taken using laser
scanning confocal microscope (Olympus, Tokyo, Japan).

Reverse transcriptase polymerase chain reaction
Total RNA was isolated from B16F10 cells using Trizol (Sangon

Biotech Co., Shanghai, China). Polymerase chain reaction products
were electrophorized on 3.0% agarose gel in which gel red nucleic
acid stain (Biotium, CA, USA) was added. The intensity of gene was
quantified by Image J software. The primer sequence and reaction
temperature were manifested in Table 1.

Western blot analysis

Cells were lysed in radio immunoprecipitation assay buffer with PMSF
(Solarbio Science & Technology Co., Ltd., Beijing, China). Equal
amounts of protein samples were subjected to sodium dodecyl
sulfate-polyacrylamide gel electropheresis (12%) and then transferred
to poly(vinylidene fluoride) membrane (Merck Millipore Ltd.,
Billerica, MA, USA). poly(vinylidene fluoride) membrane was blocked
in tris buffer solution with tween with 5% skim milk at RT for 1 h and
incubated with primary antibodies for 8 h. The primary antibodies
contained TYR, MITF, B-catenin (catenin beta-1), glycogen synthase
kinase-33 (GSK-3(), phospho- GSK-3p (Ser 9), protein kinase Ba
(AKT1/PKBa), phospho- AKT (Ser 473) (Bioworld Technology, St
Louis, MN, USA), mitogen-activated protein kinase p38a/f (p38a/p)
(A-12), c-Jun N-terminal kinase 1/mitogen-activated protein kinase 8
(JNK1/MAPKS8), extracellular signal-regulated kinases 1/2 (ERK1/2)
(BOSTER, Wuhan, China), phospho- SAPK/JNK (Thr183/Tyr185),
phospho- p38 MAP kinase (Thr180/Tyr182) and phospho- p44/42
MAPK (ERK1/2) (Thr202/ Tyr204) (Cell Signalling Technology,
Danvers, MA, USA). After triple tris buffer solution with tween wash,
the membranes were incubated with second antibody for 3 h.
Immunoblotting bands were detected by Odyssey infrared imaging
system (LI- COR Biotechnology, Lincoln, NE, USA).

In vivo model of H,0,-induced hair fading

Twenty-four C57BL/6J mice (18-22 g, 4-week old) were purchased
from Tianjin Yuda Laboratory Animal Breeding Co., Ltd. (License No.
SCXK (Jin) 2021-0001, Tianjin, China). All the experiments were
approved by national legislations of china and local guidelines
(Tianjin University of Science & Technology 20200331). Briefly, it
was carried out according to the method previously described [7]. The
dorsal hairs of these mice were depilated (4 X 4 cm) by wax/resin
mixture (1:3) and randomly divided into 3 groups (n = 8). (1) Normal
group, after 30 min of 100 pL of normal saline treatment, 100 pL of
75% ethanol was applied topically to the shaved dorsum, once a day;
(2) model group, after 30 min of 100 uL of hydrogen peroxide (5%
hydrogen peroxide in water) treatment, 100 pL of 75% ethanol was
applied topically to the shaved dorsum once a day; (3) POS group,
after 30 min of 100 pL of 5% hydrogen peroxide treatment, 100 uL of
POS (30 mg/mL of POS was dissolved in 75% ethanol) was applied
topically to the shaved dorsum once a day.

Determination of melanin in mice hair

The mice dorsal hair was collected at the termination of the
experiment. The equal weight of hair was put into the closed
polytetrafluoroethylene container. The hair was hydrolyzed with 5 mL
of 30% hydrochloric acid at 110-112 °C for 4 h. Then the hydrolysate
was centrifugal at 12,000 rpm for 15 min. The precipitate was lysed in
100 pL of 1 M NaOH and then determined the absorbance by a
multiwall plate reader at 400 nm (BioTek Instruments, Inc.).

Table 1 The primer sequence and annealing temperature

Nucleotide sequences for primers

Gene Annealing temperature (°C) Product (bp)
Forward primer Reverse primer

TYR ATCAGCTCAGTCTATGTCATCCC CCAAGGCAGAAACCCTGGT 54.2 198

TRP-1 TCACCCTCAATTTGTCATTGCC CGGGTCCTTCGTGAGAGAA 54.2 191

TRP-2 TTCCCCGAGTCTGCATGAC TGCATGTCCGGTTGAAGAATTT 53.0 213

MITF ACTTTCCCTTATCCCATCCACC TGAGATCCAGAGTTGTCGTACA 49.2 143

TYR, tyrosinase; TRP, tyrosinase-related protein; MITF, microphthalmia-associated transcription factor.
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Histopathological examination of skin

After six-week treatment, all of the mice were anesthesia with 5%
chloral hydrate. A portion of the skin was cut and fixed in 10%
formalin, followed by paraffin embedded. Five-micrometer-thick
sections were prepared and stained with lillie staining. The melanin
showed black. The hair follicle were observed and the
melanin-containing hair follicle were counted under the light
microscope (100 %) (Olympus Optical Co., Ltd., Tokyo, Japan).
Randomly chose three fields and calculated melanin production rate.
Melanin production rate (%) = the number of melanin - containing
hair follicle/total number of hair follicle) x 100%.

Statistical analysis

Statistical evaluation was conducted by using SPSS 17.0 for Windows
package software. Data have been expressed as the means *+ standard
error mean (SEM). One-way variance analysis and Duncan multiple
range test were used to determine significantly different groups. P
values less than 0.05 were considered as significant differences for all
statistical calculations.

Results

GC-MS analysis of POS

The chemical composition of POS methanol extract was analyzed by
GC-MS. The results were shown in Table 2. The major components in
the essential oil contained monoterpenes like 4-carene (4.7%),
sesquiterpenes which were consisted of cedrol (17.1%), caryophyllene
oxide (2.7%), caryophyllene (2.6%) and thujopsene (1.5%), esters
such as 9, 17-octadecadienal (0.9%), 2-methyl-Z, Z-3,

13-octadecadienol (1.3%) and oleic acid (0.9%) and so forth. The
chemical structures of some compounds in POS were shown in Figure
1A. Among them, cedrol is the most predominant component in the
essential oil of POS.

POS and cedrol regulated TYR activity and melanin synthesis

In order to evaluate the influence of POS on melanogensis, TYR
activity under POS exposure was measured in potatoes and
melanocytes. As a result, POS displayed a concentration-dependent
increase of potato TYR activity (Figure 2A). Moreover, it significant
increased the activity of TYR (Figure 2B1) and the content of melanin
(Figure 2B2) following incubation of POS at concentration of 1 and 2
ug/mL, respectively for 24 h, which showed no cytotoxicity in BI6F10
cells (Figure 1B). Western blot (Figure 2C) and immunofluorescence
analysis also indicated that POS significantly enhanced the expression
of TYR in B16F10 cells (Figure 2D). Cedrol which was regarded as the
mainly volatility component in POS promoted melanogenesis activity
and markedly increased the activity of TYR (Figure 2E1) and the
content of melanin (Figure 2E2) in B16F10 cells on 0.2 pg/mL.

POS regulated the metabolism of B16F10 melanocyte
Metabolomics analysis was carried out for explain the biochemistry
mechanism of POS in the process of melanogensis, which was involved
in eight metabolites including lactic acid, ethanedioic acid, glycerol,
hexadecanoic acid, myo-Inositol, octadecanoic acid, fumaric acid and
1H-Indole-2-carboxylic acid. As a result, GC-MS data indicated that
POS significantly increased the relative concentration of hexadecanoic
acid, myo-Inositol, octadecanoic acid, fumaric acid and
1H-indole-2-carboxylic acid in B16F10 cells (P < 0.05) (Table 3).

Table 2 Chemical composition of essential oil from POS analyzed by GC-MS

Number RT (min) Compound® Molecular formula Peak area (%)
1 7.72 a-Pinene CioHie 0.6
2 8.09 3-Carene CioHi6 0.9
3 8.89 B-Phellandrene CyoHy6 0.1
4 9.80 B-Terpineol C,oH;50 0.6
5 13.04 Myrtenol C0H;60 0.6
6 15.24 Bornyl acetate C,,H,,0, 1.0
7 16.89 4-Carene CioHis 4.7
8 18.79 Caryophyllene Cy5Hy, 2.6
9 19.08 Thujopsene CysHy, 1.5
10 19.63 a-Caryophyllene CysHy, 1.8
11 21.89 a-Farnesene CisHoy 0.2
12 22.83 Caryophyllene oxide C5H,50 2.7
13 23.45 Cedrol CyisHy0 17.1
14 23.84 Seychellene CysHy, 0.5
15 35.11 Trans-13-Octadecenoic acid CysH3,0, 0.3
16 36.52 (Z)-9,17-Octadecadienal CygH3,0 0.9
17 37.46 2-Methyl-Z,Z-3,13-octadecadienol CoH360 1.3
18 38.11 Oleic acid CisHs40, 0.9

*The components were identified by their mass spectra and retention indices with that of the Wiley and National Institute of Standards and
Technology mass spectral databases and the previously published retention indices. POS, Platycladus orientalis shells; GC-MS, gas chromatography —

mass spectrometry; RT, retention time.

Table 3 POS treatment impacted the content of metabolic markers in melanocytes (n = 4)

Number RT (min) Metabolites POS to non-treated group
1 16.87 Ethanedioic acid /-
2 20.76 Glycerol /-
3 38.50 Hexadecanoic acid 1
4 39.69 Myo-inositol 1
5 41.93 Octadecanoic acid 1
6 44.35 Fumaric acid 1
7 53.07 1H-indole-2-carboxylic acid (i

P < 0.05, compared with non-treated group. 1, indicated metabolites increase; /-, showed no significant changes; POS, Platycladus orientalis shells.
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POS mediated melanogenesis by regulating various signaling
pathways

TYR and MITF were regarded as two important regulative proteins in
melanogenesis. Reverse transcription — polymerase chain reaction
analysis indicated that mRNA expression of TYR, TYR-related protein
(TRP)-1, TRP-2 and MITF in B16F10 cells was
concentration-dependently enhanced by POS treatment. Meanwhile,
protein level of MITF was also increased. Subsequently, MITF
associated signal pathways including MAPK, AKT and
GSK-3[3/B-catenin were investigated. As a result, POS significantly
up-regulated the phosphorylation of GSK-33 and p38 and
down-regulated protein level of GSK-33 and the phosphorylation of
AKT compared with non-treated groups (Figure 3). Western blot
results indicated that the protein expression of p-catenin was
enhanced in POS treated cells. Inmunostaining results showed a clear
enrichment of 3-catenin protein in the nuclear fraction of BI6F10 cells
upon POS treatment (Figure 4).

POS promoted melanogenesis and hair blacken in C57BL/6J mice
H,0,-induced obvious decolorization in mice hair. Photomicrographs
of hair in all groups demonstrated that hair color in POS treated group
more darker brown than that in model group. The melanin content in

POS treated group was also higher than that in model group. The
melanin production rate obtained from histological examination of
skin sections indicated that POS enhanced the melanogenesis in mice
dorsal skin (Figure 5).

Discussion

With the sharply increase of social pressure and environmental
pollution, the incidence of canities and pigmentary disorders was
surge ahead rapidly [19, 20]. Although there were numerous
therapeutic regimens used for these diseases, few displayed efficient.
In the previous research, Platycladus orientalis played a key role in the
therapy of alopecia in many formulations [7]. However, there was no
detailed report on the POS regulating melanin synthesis at present.
According to the screening of different solvents, the methanol extract
of POS  containing  volatile o0il showed a  better
concentration-dependent increase of TYR activity in potatoes. It also
increased melanin content and expression of TYR in melanocytes
(Figure 2). Moreover, the vivo trial also verified that the methanol
extract of POS could improve hair fade and skin dispigment in
H,0,-induced C57BL/6J mice (Figure 5).
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Figure 3 POS mediated melanogenesis by regulating various signaling pathways. (A) Western blot analysis of AKT and Wnt/f-catenin
signaling pathway; (B) western blot analysis of MAPK signaling pathway; (C) the protein level of MITF in B16F10 cells; (D) effect of POS on mRNA
of related genes (TYR, YRP1, TRP2 and MITF) in B16F10 cells; (E) schematic diagram showed the mechanisms of POS regulating melanogenesis

through different signaling pathways. Results represented the means + SEM

of three independent experiments. P < 0.05, "P < 0.01, P < 0.001,

compared with non-treated group. AKT, protein kinase B; GSK, glycogen synthase kinase; MAPK, mitogen-activated protein kinase; MEK,
mitogen-activated protein; ERK, extracellular signal-regulated kinases; JNK, c-Jun N-terminal kinase; TCA, tricarboxylic acid cycle; MITF,
microphthalmia-associated transcription factor; TYR, tyrosinase; TRP, tyrosinase-related protein; SEM, standard error mean; POS, Platycladus

orientalis shells.
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Figure 4 Immunofluorescence analysis of (3-catenin protein in B16F10 cells. The result indicated that enrichment of B-catenin in the nucleus
after POS treated. The -catenin protein is shown in red, while the nucleus in blue. Data are representative of three independent experiments. DAPI,
4',6-diamidino-2-phenylindole; POS, Platycladus orientalis shells.
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Figure 5 POS promotes melanogenesis and hair blacking in C57BL/6J mouse. (A) The depilation region photograph of C57BL/6J mouse; (B)
the OD value of melanin in mice hair shaft; (C) melanin production rate in the shaved skin areas of mice (100X, n = 3); (D1) histology skin
sections of mice in model group; (D2) histology skin sections of mice in POS group. Data are representative of three independent experiments. P <
0.05, compared with model group. OD, optical density; POS, Platycladus orientalis shells.
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According to previous reports, the volatile oil components of POS
mainly consisted of a-pinene (17.83%), A-3-carene (12.52%),
B-caryophyllene (8.79%) and cedrol (12.44%) [21]. In our present
research, the above components also appeared in POS. Cedrol
occupied the largest percentage in POS (17.1%) (Table 2). As previous
reported, cedrol as a fragrance ingredient in cosmetics and shampoos
promoted hair growth, prevented hair follicle dystrophy and provided
local protection against chemotherapy-induced alopecia [9]. In our
experment, cedrol of equivalent concentrations (0.1 pg/mL and 0.2
ug/mL) display excellent effect of stimulated on melanogenesis
(Figure 2E). Activation rate of the melanin content in B16F10 cells
was 130 = 7% at 0.2 pg/mL, which was slightly less than POS at 2
ug/mL (145 + 8%). Therefore, cedrol exists in POS possibly played a
crucial role in treatment of pigment disorder, other components in
POS may also contribute to these effects

Subsequently, POS under safety concentration (1 pg/mL and 2
ug/mL) was treated to B16F10 cells. As a result, POS up-regulated the
content of indole derivatives, increased melanin content and TYR
activity. According to previous reports, melanogenesis depended on
several steps including oxidization of L-tyrosine by TYR, catalysis and
synthesis of indole derivatives by TRP-1 and TRP-2, and final
formation of eumelanin [22]. As our experiment result, the content of
1H-indole-2-carboxylic acid and melanin was significantly increased
in POS treated cells. Reverse transcription — polymerase chain reaction
analysis indicated that mRNA levels of TYR, TRP-1,TRP-2 and MITF in
B16F10 cells were enhanced by POS treatment. Meanwhile, POS
increased the protein expression of TYR and MITF, enhanced enzyme
activity of TYR. All these indicated that POS up-regulated melanin
synthetic pathway. In addition, previous research showed that the
increase of hexadecanoic acid and octadecanoic acid in melanoma was
associated with their promotion of building block for plasmalogenes
synthesis [23]. Fumaric acid was directly involved in the tricarboxylic
acid cycle. Myo-inositol, as a derivative of Myo Inositol lipid, plays a
significant role in lipid signaling and osmolarity regulation [24]. As
shown in Table 3, POS increased the content of hexadecanoic acid,
octadecanoic acid and fumaric acid compared with non-treated
groups, which was likely to be a consequence of up-regulated de novo
lipid synthesis in melanocytes. Additionally, POS obviously increased
the level of myo-inositol compared with non-treated groups did which
indicated that POS promote the synthesis and catabolism of fatty acids
in melanocytes.

As previous report, MITF was regarded as an important regulative
protein in melanogenesis [25]. MITF was involved in multiple
signaling pathways, such as AKT, Wnt/p-catenin and MAPK signaling
pathways [26, 27]. As shown in Figure 3 and Figure 4, POS
significantly activated phosphorylation of p38 to increase the protein
expression of MITF, inhibited phosphorylation of AKT to suppress
MITF proteasomal degradation, increased phosphorylation of GSK3f
to suppress [B-catenin degradation, excessive B-catenin transferred to
nucleus and thereby enhanced protein expression of MITF compared
with non-treated groups [28-33] (Figure 3). These phenomenon
indicated that POS promoted melanogenesis.

In conclusion, POS and cedrol displayed potential effect in
treatment of pigmentation disorders and poliosis. POS increased TYR
activity in potatoes and melanocytes and therefore up-regulated the
content of indole derivatives and melanin in melanocytes. Cedrol was
regarded as the main active substance for POS promoted
melanogenesis. The possible mechanism involved in POS treatment of
pigmentary disorders contained its promotion of lipid synthesis in
melanocytes, activating p38 MAPK/MITF signaling pathway,
inhibiting phosphorylation of AKT, increasing phosphorylation of
GSK-3p, led to a decreased in the activity of GSK-3p and thereby
suppressed [-catenin degradation. Then [-catenin begins to
accumulated in the nucleus, and eventually activating MITF, TYR,
TRP1 and TRP2. All in all, these phenomenon indicated that POS
possessed potential for prevention against pigmentary disorders in
B16F10 cells and C57BL/6J mice. These were merited further research
for clinical application.
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