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2 of vjAE, WAF, FEAE 5 HAE gAIZERE BE ZEAE 3AE Az €8 /MsE gAkE
Astey. 1 B3 Eupenicillium shearii TF B1¥A 22588 4719 phenold 343 B4ERE 534 28tz gtz
27349 melanocin A-DEZ H %3tk Melanocin A ~D 8HHE¢] DPPH #Htld 2A8XA L ECx 21 ~ M uM, superoxide &
AR L ECop 7~ 84 yMZ arhutin 2 BHART $53 E4& veden, /44 a4z v 53k 71e5mA
(Inonotus xeranticus) A FEE2ZHEH 29T st SHEHQ d29dA AEHE Ao inoscavin AZ BEsATH
Inoscavin A 322 a3l 4G A3 A3 superoxide radical 2484 S ECx 003 pg/mlL, rat®l 7+ microsome?] 2|2
st} Streptomyces
nitrosporeus T WFALZHE Nt AAFHqtst A SHEA L benzastatin A ~ GE ¥ 39Tk Benzastatin A ~ G9] A
Aaaksl ARG ECy 3~ 30 pMZ WS S8t u Tt Penicillium sp. 5258 vjHI3A4EdS gty cyclopentenes
3FE terreing Bt} Terrein® kojic acid 2t} ¢F 108] oPy Z8 3 ojug4e Jdebd v 100 yM BEAAM T 813

A FFER FUFAoH, 1M MITF a2 28go2 48 vehlles Aoz SAHArh

Abstract: New antioxidative substances for cosmeceuticals were screened from natural resources such as microbial
metabolites, mushrooms, and medicinal plants. Four antioxidants were isolated from the fungal metabolite of Eupenicillium
shearii and their structures were determined to be new phenolic compounds. The compounds were designated as melanocins
A, B, C, and D. Melanocins A ~ D exhibited free radical scavenging activity on DPPH and superoxide with ECs values of 21
~ 94 and 7~ 84 uM, respectively, which were stronger activity than those of @ -tocopherol and BHA. Melanocin A showed
anti-wrinkle effects on the UV-irrated hairless mouse skin. A novel hispidin antioxidative compound designated as inoscavin
A was isolated from the fruiting body of the mushroom, Inonotus xeranticus. Inoscavin A scavenged superoxide radical with
ECs values of 0.03 ug/mL, and inhibited rat liver microsomal lipid peroxidation with ECs values of 0.3 ug/mL. Benzastatins A
~ @, the novel antioxidants isolated from the culture of Streptomyces nitrosporeus showed potent lipid peroxidation inhibitory
activity with ECso values of 3 ~ 30 uM. A cyclopentene compound with strong hypopigmentary effect was isolated from the

“fungal metabolite of Penicillium sp. and identifed as terrein. Terrein significantly reduced melanin levels in a melanomacyte

cell line, Mel-Ab. It showed 10 times stronger activity than kojic acid, but exhibited no cytotoxic effect even in 100 uM. It
was suggested that terrein reduced melanin synthesis by reducing tyrosinase production by MITF down-regulation.
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3t silica gel, Sedhadex LH20 column chromatography
54 Axstgoen HEAoR HPLC 5 &8 ¢4
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2.2.3. 717184

HPLCE photodiode array detector”} 2% Waters
991 HPLC system (Waters, USA)S o]-&3sldt} koA
FFadERS MeOHS €723k UVIKON spectro-
photometer 930 (Kontron Instrument, USA)E A}&ahod
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NMR spectrophotoraeter (600 MHz) 5-& AMg3tsith MS
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readers ©]-&3te 517 mmelAe FFE:
DPPH radical &7-844& th& 2ol 3]
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2.3.2. Superoxide Radical £H&A

Superoxide radical 2A&4L irradiated riboflavin/
EDTA/NBT system[6]2 ¥t ZAsuc = 9%6-
well plate®] welld 50 mM photassium phosphate buff-
er (pH 7.8)9 =9 riboflavin (003 mM), EDTA (1.0
mM), methionine (0.6 mM), NBT (003 mM) &3-&
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, 25CoAlA] 8 min3t ¥H3-AI71
& 560 nmol A9 #ESFE WS microplate reader®
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M phosphate buffer, pH 65) 7 uL& H7}ste 30Tl A
10 min7t WAzl & AAEE dopachromed 4S
microplate readerg AHE3dtd FFZ=(490 nm=E =43
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Figure 1. Chemical structures of melanocins A, B, C,

and D.
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Figure 2. DPPH radical scavenging activity of mela-
nocins A ~ D, arbutin, and kojic acid.
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Figure 3. Antiphotooxidative activity of melanocins A
~ D, arbutin, and EHA.

Table 1. Inhibitory Effects of Melanocins A ~ D and
Positive Controls Against Mushroom Tyrosinase and
Melanin Formation in Streptomyces bikiniensis and B16
Melanoma Cells

S. bikinensis Bi6 Mushroom
Cormpound NRRL-1049" melanoma  tyrosinase
Inhibition zone (mm) MIC” (uM) ICso (uM)
Melanocin A ol 09 0.009
Melanocin B 0 NDY > 1mM
Melanocin C 0 ND > 1 mM
Melanocin D 0 ND >1mM
Kojic acid 0 106.0 31.0
Hydroquinone 25 ND 91
Arbutin ND 36.8 380
4-Hydroxyanisole 30 ND 120.0

& compound 30 ug/paper disc ® Minimun Inhibitory Concentration

“ Not Determined

3.1.3. Melanocin A-D &gt22| Tyrosinase XMallgd

Melanocin A 3%-29 mushroom tyrosinase #a1&4
2 ICx 0.009 uME kojic acid 31 pM, arbutin 38 yModl
Hjato] oF 3000w o] 73 4L JER a2y =
Streptomyces bikiriensis Weld A= &3}
Uen Bl6 Hzbeot A2 "y A A&
% 09 uMZE kojic acid 106 uM, arbutin 36.8 yMoll v}t
o oF 30 ~ 1008 e AL vERT 28y mela-
nocin B ~ D 3+85-9] tyrosinase As]&AlL uf-$ mn|
319t Table 1).
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Figure 6. Superoxide scavenging activity of inoscavin
A, BHA, and « -tocopherol.
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3.2.3. Inoscavin A &8t29] gtst 8o

Inoscavin 3329 superoxide radical 2AH A4S
A% A3} ECx 3ol 003 pyg/mLe| wi$- 73 848
R tH(Figure 6). 2ol H8 BHAE 7.8 pg/mLe] 4
yehom ¢ -tocopherole superoxide radical Al
79 134tk Rat microsomes o]&38 AAnpiksl A3
gAe =43 AY Figure 73 Zo] inoscavin A 3§
2 03 wg/mLe® VERY E 15 pg/mlL, BHA 49
pg/mL 2o} 58 Wx 16w olate] x& E4& Uyl
th olate] A#EHE inoscavin A FIEE FE3 =
st o BE A2 &8 ZJoE HuEHAUT
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3.3. At MM 2HEZE!, Benzastatins(16-20]

3.3.1. Benzastatins slgt22| E=HH|

Streptomyces  nitrosporeus TF WAL Eko]
EtOAc® 33 —ir%‘@}"’ ZHt 525 & silica gel column
chromatography ! HPLC 5§ &3t 749 &5 A

It e 01 benzastatin A-G#1 HH3I4 T
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Figure 7. Rat liver microsomal lipid peroxidation in-
hibitiory of activity of inoscavin A, BHA, and a-to-
copherol.
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Figure 8. Chemical structures of benzastatins A ~ G.

3.3.2. Benzastatins 2lgtEo| 2a|st5td S4 2 38
+= 7

Benzastatin A-G $#ES £I=E 2AS ZAF
benzastatin A-C< chloroform, ethyl acetate, acetone,
methanol ol & &=} Zd& BR80T ®3
benzastatin D-G+= methanol, dimethylsulfoxide, acetone
Sole & =31 chloroformoll& 2FF HoU o= =4
adh 7 g EAT2E g<sty] fisted HRFAB

disslg-Eats] A, A 31d Al 4 &, 2005

R

TR

Table 2. Rat Liver Microsomal Lipid Peroxidation In-
hibitory Activity and Cytotoxicity of Benzastatins A ~ G
and Related Compounds

Rat liver ..
Compound ITHCrosomes Cytotoxicity
ECs (uM) ICx (uM)
Benzastatin A 379 > 100
Benzastatin B 169 84.3
Benzastatin C 3.3 38.1
Benzastatin D 4.2 > 200
Benzastatin E 47 > 200
Benzastatin F 53 > 200
Benzastatin G 157 > 200
Vitamin E 39 > 200
Idebenone 41 49
4-aminobenzamide > 50 > 100
Indole acetic acid > 50 > 100

-mass 2423 244 47t CleNeOs, CisHasN:0,
CigHaNzOoCl, Ci9HagIN2Os, C19H28N203 CigHoeN20o, Ci7Ha
NoOzolth. 2t #3tEe] get+xg sty $shd
NMR 717|824 Z3} benzastatin A, B 8l3HE-2 amino-
benzamideZ), benzastatin C, D &S tetrahydroqui-
noline alkaloid7|, benzastatin E-G &322 indoline al-
kaloidAl 8322 2454 HFigure 8).

3.3.3. Benzastat ns stgtE2| x-S Ny

Benzastatins 3}%H2 9] rat microsomes ©)-&3 x)d 3}
e A EAEE 529 A3 Table 294 #Zo] ECx 3 ~
30 Mol EA4e JeEllon I FoME benzastatin
C, D E F g8Ec 47} 32, 42 47 5322 73 &
Ag YeElg, vhd A EZEAAL ICo 200 uM ©]dell A
T tde SAFERZ HriHol FES & =3 JFE
289 7hEol g =& IFER d4EU

E3] tetrahydroquinolinAl 2] benzastatin C 2 indoline
A9l benzastatin E 3382 rat microsomes ©]-83F A
A#Atsl Asfgd o free radical 2AEAe] EC 1 ~
2 M ARZE 3 24& vehdie e, AEZEAL
ICs 200 uM ©] ‘Oﬂ/iE 9}@5} FgER ﬂ7}ﬂ°1 e
g 3 3} HEER 8 JteAdol sl SFER
245 9t Table 2).
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Figure 10. Effects of terrein on Mel-Ab cell viahility.
Cell viabilities were determined by crystal violet assay.
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Figure 11. Effects of terrein on tyrosinase activity in
Mel-Ab cells. Mel-Ab cells were cultured for 4 days
in medium containing 10 ~ 100 uM terrein.
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018 UF2 Penicillium sp. TF %N o 2HE mela-
nocyte AXEEQ Mel-Ab AlEo) thale] 7test “é‘fj/]r‘d
Y Afgds el dAseY. gk B

o] "j¥AL EtOAc 52 3 —r, Sephadex LH-20 ¥ HPLC
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Figure 12. Effects of terrein on melanin contents in
Mel-Ab cells. Mel~Ab cells were cultured for 4 days
in medium containing 10 ~ 100 M terrein.
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3
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Figure 13. Effects of terrein on melanogenesis in
Mel-Ab cells. Mel-Ab cells were cultured for 4 days
in medium containing 10 ~ 100 uM terrein. Pictures
were taken under a phase contrast microscope.

S T EAA CHpOs, 218 154 KDad
terrein® 2 FE3G ) Terrein® 38725 FHE7
Azt NMRZ171E4& Ax e A3 HFH 07 45-di-
hydroxy-3-propenyl-2-cyclopentene~1-oned] 7% & 7=
cyclopentened] 83EZ A3l HFigure 9).

3.4.2. Terrein 3at2 I ojeHEM 3 AE7|E

Melanocyte 3 MEF<Q Mel-Ab A|EE o] g3l 1)
WEALS 2AFSE A3 tﬂﬁﬁ.?_ sl gl kojic
acid Btk oF 108) ool H& F4S Ve ov(Figure
10 ~ 13), in vivo ] AZFLFANME wf9- S5 m)y
245 Vel FF 2L vuizs &89 5 9SS
sty 3, AEEAYS A AANAE terrein
& 100 uM B HEsE AESAHL JERR)

to
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Figure 14. Terrein down-regulates MITF promoter
activity. The luciferase reporter plasmid pMITF was
transfected into B16 melanoma cells. Terrein was then
applied for 48 h, and luciferase activity was measured.
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