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Abstract

Oxidative stress have known to be a risk factor for the degenerative processes and
closely related to a lot of diseases. It is well established that antioxidants are good
in protection and therapeutic means against oxidative damage. There is increasing
interest in natural antioxidants and many natural antioxidants have been found and
utilized as the possible protection for various diseases and skin aging. We have
screened natural antioxidant agents for cosmeceuticals, nutraceuticals, and drugs as
therapeutic and preventive means against oxidative stress, and have developed a
number of novel antioxidants from various natural sources. A novel melanin
synthesis inhibitor, Melanocin A, isolated from the metabolite of a fungal strain
Eupenicillium shearii F80695 inhibited mushroom tyrosinase and melanin
biosynthesis of B16 melanoma cells with ICsy value of 9.0 nM and MIC value of
0.9 puM, respectively. Melanocin A also exhibited potent antioxidant activity by
scavenging of DPPH and superoxide anion radicals. UV was found to increase the
level of hydrogen peroxides and other reactive oxygen species (ROS) in skin
tissues. This increase in ROS may not only alter the structure and function of many
genes and proteins directly but may also modulate their expressions through signal
transduction pathways and, ultimately, lead to skin damage. We investigated the
effect of Melanocin A on UV-induced premature skin aging. Firstly, the effect of
Melanocin A on UV-induced matrix metalloproteinase (MMP)-9 expression in an
immortalized human keratinocyte cell line, HaCaT in vitro was investigated. Acute
UV irradiation induced MMP-9 expression at both the mRNA and protein levels
and Melanocin A suppressed this expression in a dose-dependent manner. We then
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investigated UV-induced skin changes in hairless mice in vivo by Melanocin A.
Chronic exposure of hairless mouse dorsal skin to UV increased skin thickness and
induced wrinkle formation and the gelatinase activities of MMP-2 and MMP-9.
Moreover, Melanocin A significantly suppressed UV-induced morphologic skin
changes and MMP-2 and MMP-9 expression. These results show that Melanocin A
can prevent the harmful effects of UV that lead to skin aging. Therefore, we
suggest that Melanocin A should be viewed as a potential therapeutic agent for
preventing and/or treating premature skin aging. Terrein is a bioactive fungal
metabolite isolated from Penicillium species. Terrein has a relatively simple
structure and can be easily synthesized. However, the biologic effects of terrein are
comparatively unknown. We found for the first time that terrein potently inhibit
melanin production in melanocytes and has a strong hypopigmentary effect in a
spontaneously immortalized mouse melanocyte cell line, Mel-Ab. Treatment of
Mel-Ab cells with terrein (10-100 mM) for 4 days significantly reduced melanin
levels in a dose-dependent manner. In addition, terrein at the same concentration
also reduced tyrosinase activity. We then investigated whether terrein influences
the extracellular signal-regulated protein kinase (ERK) pathway and the expression
of microphthalmia-associated transcription factor (MITF), which is required for
tyrosinase expression. Terrein was found to induce sustained ERK activation and
MITF down-regulation, and luciferase assays showed that terrein inhibits MITF
promoter activity in a dose-dependent manner. To elucidate the correlation between
ERK pathway activation and a decreased MITF transcriptional level, PD98059, a
specific inhibitor of the ERK pathway, was applied before terrain treatment and
found to abrogate the terrein-induced MITF attenuation. Terrein also reduced the
tyrosinase protein level for at least 72 h. These results suggest that terrain reduces
melanin synthesis by reducing tyrosinase production via ERK activation, and that
this 1s followed by MITF down-regulation.

Key words: Melanocin A, Terrein, antioxidant, melanin synthesis, UV-induced
skin aging
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Purification procedure for melanocin —

Culture of Eupenicillium shearii 80695
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Inhibitory effects on tyrosinase and melanin formation

Inhibitory effects on mushroom tyrosinase and melanin formation in Streptontyces
bikiniensis and B16 melanoma cells

Compound 8. bikiniensis NRRL-10492 B16 Melanoma Mushroom tyrosinase

Inhibition zone(mm) MIC2(uM) ICsq (M)
Melanocin A 51 0.9 0.008
Melanocin 8 0 -3 > 1mM
Melanocin C 0 -3 > 1mM
kojic acid 0 106.0 31.0
hydroquinone 25 -3 9.1
arbutin =3 36.8 38.0
4-hydroxyanisole 30 -3 120.0

e Compound 30ug/ paper disc 2 Mininum inhibitory concentration 2 Not determined

Inhibition of UV-induced MMP-9 expression by

elanocin A in human keratinocytes (mRNA)

Melanocin A (M) NAC (mM)
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An immortalized human keratinocyte cell line, HaCaT cell, was serum starved for 48 h. After being pretreated for 1 h
with Melanacin A or N-acetyl-cysteine (NAC), HaCaT celis were mock-treated or iradiated with UV (75mJicm2) in the
presence of 1x PBS. Fresh media containing specific antioxidants were added and the cells were further incubated for

24 h. The expression levels of MMP-9 mRNA (A) were analyzed by semiquantitative RT-PCR. Levels of MMP-9 mRNA
were normalized versus the corresponding GAPDH mRNA.
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An immortalized human keratinocyte celf line, HaCaT cell, was serum starved for 48 h. After being pretreated for 1 h with
Metanocin A or N-acetyl-cysteine (NAC), HaCaT celis were mock-treated or irradiated with UV (75mJ/icm2) in the

presence of 1x PBS.
h. The amounts of MMP-9 protein (B) released into culture media were anatyzed by zymography.

Fresh media containing specific antioxidants were added and the cells were further incubated for 24

Skin thickness (mm)

The dorsal skin surface of hairless mice were mock irradiated or irradiated with UV three
times per week.UV dose were increased weekly by 1 MED (1 MED=130mJ/cm2) upto 4 MED
and maintaine at this level for the remainder of the iradiation period. Vehicle only or
melanocin A was applied to the backs of mice 2 hr before irradiation.
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Inhibition of UV-induced wrinkle formation by
Melanocin A in hairless

uv Melanocin A UV + Melanocin A
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Wrinkle grade
5

Weeks

Wiinkle formation was measured by visual grading at the indicated times

Control uv Meianocin A UV + Melanocin A

200 il j

Replica score

Contro! UV Melanocin A UV + Melanocin A

Wrinkle formation was measured by silicon rubber replica grading at the indicated times.
The skin impressions were photographed using stereomiscrope and analyzed using
skinvisiometer SV600 software.
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Inhibition of UV-induced MMP-2 andv MP

Pro-MMP-2
MMP-2

H £
2 2
£ £
i i
£ £
=2 £
2 o 2
Con uv MelA  UV+MelA Con uv Mel A UV+ MelA

The dorsal skin surface of hairless mice were mock irradiated or irradiated with UV

three times per week.

UV dose were increased weekly by 1 MED (1 MED=130mu/cm2) up to 4 MED and maintaine at this
level for the remainder of the irradiation period.

Vehicle only or melanocin A was applied to the backs of mice 2 hr before irradiation.

rification procedure and chemical structure of terr

' centrifuged at 3,000 rpm
Supernatant
(0]
l extracted with ethy] acetate
Ethyl acetate extract OH
Sep-pack C18 column chromatography
| — H
Sephadex LH-20 column chromatography
l HyC Terrein
Preparative HPLC
Terrein
Terreinis s-dinydroxy-3-propanyl-2 1-one)
13C NMR © 19.2(CHy) , 78.0(CH). B2.5(CH), 125.0(CH), 126.1(CH). 145.0 (CH). 170 , 205.5 ppm
'H-NMR : 1.94 ppm (3H, dd, J=6.9,1.5Hz), 4.07 pem( TH. d, J=2.7Hz), 4.67 ppm (1H, d, J=2.7Hz),
6.0 ppm {1H. s), 6.44 ppm (1H, dd, J=15.6, 1.5), 6.81 ppm (1H, aq, J=6.9.15.6}
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Figure 2. Lftects of terren on Met-Ab cell viabiluy. Cells were
serumimstarved for 24 h and terrein was added to serum-free medium
a1 16100 M for 24 h, Cell vinbilines were determmed by crystal
violet assay. Fach determmation was made in tiphvate and data
shown are ans = K80,
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Vigore 3. Liffects of tettem on mefancgeneses i Mel-Ab colls Meb-Ab eolls were cultueed for 4 days in medions comaiiog 1610 pM
tereem. Pietgres weie faken undet a phase conttast microscepe using a digutad vidso camern 147 Mvlanin contonts (81 yreamise activity
€Chin Mel-Ab celb, and 13 rostoase acti iz in g celb-free sy dem () were meastred, @ descnbed m Materiabs and methesds. The result< are
averages of tnphwate experiments dnd the data shown reptecent means ¢+ SD. " p 4 88 senprarcd 16 the untsemed contral
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Depradation ﬁm, P

ERK: extracellular signal-regulated protein kinase
MITF: microphthalmia-associated transcriptional factor
CREB: cAMP response binding-element protein
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Terrein decreases the protein level of tyrosinase

in Mel-Ab cells

0 24 48 72 (h)

Cells were cultured with 100 uM of temin for 24-72 h, and whole-cell lysates were then
subjected to Westem blot analysis with antibody against tyrosinase.
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