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ABSTRACT: The present study aims to evaluate Cordyceps militaris water extract (CMWE) with a view to develop
melanogenesis inhibitors. Inhibitory activities of CMWE against tyrosinase, L-DOPA(L-3,4-dihydroxyphenylalanine)
oxidation, and melanin biosynthesis in B16 mouse melanoma cells were investigated. CMWE, at 5000 pig/ml, inhibited
tyrosinase activity of 71% and DOPA oxidation of 40% as reacting with L-DOPA. Furthermore, B16 mouse melanoma
cell survived over 50% from low to high dose on MTT assay, and CMWE markedly inhibited (>50%) melanin
synthesis at 5000 pg/ml. The inhibitory effect of CMWE on melanogenesis was attributed to enhancement of tyrosinase
degradation. Key enzyme of melanin biosynthesis is tyrosinase which catalyses a beginning step from tyrosine to DOPA
quinine and melanin formation step, respectively. These results indicated that CMWE may be a potential source of
novel whitening agents for cosmetic or therapeutic application.
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‘ Fruiting bodies of Cordyceps militaris ‘

— Washed with distilled water
— Driedat40 °C

‘ Powdered Cordyceps militaris ‘

— Distilled water 20 vol
— 121°C,6h
—— Centrifugationat10,000g for 30 min

\

‘ ‘ Precipitated ‘

‘ Extract

— Freeze-dried
— Dissolved in distilled water

— Sterilized with a 0.45 pm syringe filter

’ Hot water extract of Cordyceps militaris (CMWE)

Fig. 1. The procedures for the hot water extract of Cordyceps
militaris fruiting bodies (CMWE).

121°CollA] 6AI7F B9t 5= 3 F, 10,000 g (4°C)ellA
30 Bt FAlREIsle] SRt Sl4sle] B4 X3t
FAAZE A dFFEE(CMWE)S 33 Hads79
591 & HE|(0.45 um syringe filter)ale] A|Foll A-&-3}
AchFig 1).
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C57BL/6 n}$-2=o| A 5213t immortalized cell line?] B16
melanoma A= American Type Culture Collection (ATCC)
oM TS L, Al EHIRE 10% FBS, 100 unit/ml penicillin,
100 pg/ml streptomycin, ~Z2] 32 200 nM TPA (tetradecanoyl
phorbol acetate)S X $Fsl= RPMI 1640 HiX|E AR5},
37°C, 5% CO, Z710l|A] ujjFsloict.
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Welele) s BEolR G5RE R AEEAS SRlsA
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) assayS A1 tE ©] WS MTT7} formazan
o7 AZE AL A= A=, 96 well plateo] 1 x
10* cellswell®] B16 Wbl Al E2 23513 37°C, 5% CO,
incubatoroll A} 241171 ‘59 vl Sk &, dejEle] s S5okx
GIFEES FH(0, 313, 625, 1250, 2500, 5000 ug/ml)Z.
2417 B2F A3k, 2447 F, WP AASIIL, MTT
£ AFTE 500 pg/mlo] EHEE 7} wellel] 713 &, 3712
AXZE FE 37°CoA HESAIZATE Wi 170 pl S AATRAL
DMSO &4 150pts H7kste] A/d¥ formazans 834171
%, Microplate reader (Opsys MR, DYNEX, USA)E- ©]-8-3}]
550 nmellX1e] FE=E 4 okl vl HlwE Fl
Az el AFAEE (% of control)yS AlXHEATH

TAR| Hikelo| s et MM x|
dAeid A A 858 Hrkel] 918t BlAEZE
24 well platee] 1x 10°cellsiwello] ¥ %2 253132 37°C, 5%



CO, incubatorol| A 24X]7} ¢F43 | Mz
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(1.5 mM) 40 ot Heete]s s5stx IS 247t
0, 313, 625, 1250, 2500, 5000 pg/mle] L= H 716t
Elo] ZAILORA]l (2000 unit, Sigma Chemical Co., USA)YE
20y E2 & 100mM A8 o Z HF 200 pl7t
HA A8t Bl ZAIUoA] 24 A5 37°ColA
155 5ok WkS- A]71 & ELISA readerS %3 490 nmellA]
FRER SA AEEI e Hrre FAV] R s
g2 YEAT

A& (%) =

[100 - AN BEH7RE S35 F85)] x 100

DOPA 4t8} oMls &H

DOPA %}H8}oiA] 52 DOPAS 7|22 A}&-3lo, Elo| 2
Aol 2] 2-g-ol ©]8] DOPA chrome?] A4S F3==
=74 sh= Wolt) 22FsPA, 96 well plate] 100 mM 14k
2HZ-8-21 100 pl, E}O]i*]blo}xﬂ (2000 unit, Sigma Chemical
Co., USAYE 40 pl¢}t BEjElR]E 5538t AF-FEES
Z}7}+ 0, 313, 625, 1250, 2500, 5000 ug/mle] F=& 37}
ATt 37°CollA] 5%-7F W3} ELISA readersS ©]-831e
490 nmolA] &4 5E 243 3 L-DOPA (4 mM) 40 =
A7) 37°ColA] 1587 RESAIA WEEQ Fof AAdH
DOPA chromeS ELISA readerE ©]-83ld 490 nmol A
FHEE S45IUTE DOPA 4Hs} A5 A 8849 3
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A (%) =

[100 - A EF-7RE ¥ S8 5 /77 vHe535)]

2 I

P FEEO| M=ESY &l

delele| X 553k 95552 M2 B16 melanoma
Alazol] gk 5748 dolry] fste] MTT assays 533131
th A5FEES FH(0, 313, 625, 1250, 2500, 5000 pg/ml)
2 AFste] 2407 F MEAEES SA% A9 BE

oA 50% ool AEEES el ATh(Fig. 2).
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Fig. 2. Cytotoxicity of the hot water extracts of Cordyceps militaris
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fruiting bodies (CMWE) in B16 melanoma cell. Melanoma
cells were treated with 313, 625, 1250, 2500, 5000 pg/ml
of CMWE for 24 h. Cell viability was determined by
MTT assay. Three independent assays were performed
in triplicate and the data shown are the mean+SD.
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Inhibitory effects of the hot water extract of Cordyceps
militaris fruiting bodies (CMWE) on melanin accumulation
in cultured B16 melanoma cells. B16 cells were treated
with 313, 625, 1250, 2500, 5000 pg/ml of CMWE for
7 days. Arbutin was used as a positive control. Three
independent assays were performed in triplicate and the
data shown are the mean +S.D. *P<0.05 vs. media
alone (control); significance of difference between treated
groups by ANOVA followed by Dunnett’s test.
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olAlell A1 282 #EsIGIT). Elol ZA VoAl =
L-Elo]=21& L-DOPAZ #$A17]aL ©]ojA L-DOPAS
L-DOPA =22 AH8IAZIT), oju] A|Z=H|9lo|u} El27]&
7V Bo] glg wf ApLH o2 L-DOPA Zge] F4€th
(Hearing and Jimenez, 1987, 1989). Elo] 2A|LjolAe] 712
< LEIZALS o83t 48 S7931%0S o, dejel]=
TR EFFEES FROAEHOE A A Eel
Aot o] A4S AlEAL, HalEER] 5000 pg/ml
ANME oF 71% A &< YERNATHFig. 4A). B3
ZFo 2 ARES HIEF C& 5000 ug/mlol A <F 99% &
3L A=A

o nd

DOPA &t8} oX|s

Elo| ZAJL oA 9] 718S L-DOPAZ o]&-3}o] Lajele]
553k 45559 DOPA 4138} oA15-S gelst A7,
LEP]Z21S 7[R AMEEHS W Hiks w2 AES
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Tyrosinase inhibitory activity (%)

Control  Ascorbic acid 313 625 1250 2500 5000

(5,000 4 g/mL)

CMWE (4 g/mL)
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Fig. 4. Effects of the hot water extract of Cordyceps militaris
fruiting bodies (CMWE) on tyrosinase activity. Tyrosinase
was mixed with 313, 625, 1250, 2500, 5000 pg/ml of
CMWE and incubated with 300 uM L-tyrosine (A) or
800 uM L-DOPA (B) for 15 min at 37°C. Three inde-
pendent assays were performed in triplicate and the data
shown are the mean £S.D. *P<0.05 vs. media alone
(control); significance of difference between treated groups
by ANOVA followed by Dunnett’s test.
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depde] A T2 Elo] ZAUolAo] 2180 o]
o] Fo|A |1 Elo| ZAolA|of] &J5) A o] FXEE FE=
Az ¥ QWb (yellow and red melanin)a} 22}
d(brown and black melanin)©. 2 &% t}(Raper, 1928;
Kobayashi et al., 1995; Mason, 1948; Olivares et al., 2001).
Elo|ZAUo A= Elo] 2418 Tslo] =EA]H E Ueld DOPA,
DOPA #=0=2 A7) 27] Whg- ©HA|of fdepd 34
A Y] W3- Zn) &l (Parvez ef al., 2006), O] =R =,
AL, SRR 7S Blo| A LfolA 9} AR wha A
(Tyrosinase related protein, TRP)2 E}o]ZA|L}olA S <t
AN E 715 e Zoz LHA 7] wEol Elo]
EAYoHA= fEEhd g0l F838E IS sl HoE
HEo]x lth(Terasaka 5, 2000; Cabanes 5, 1994;
Sugimoto 5, 2004, Fig. 5). & Aoz el 5%
3l @FFEES SRR FoA U EelEAY
olAl] XA, FHEE2l 5000 pg/miolA L] 2F 71% A
T5S eI, =8 L-DOPAS 7122 g8 uf oF 40%2)]
ARl e S UEie ZeR Kol HepdAd 27199
Ele|ZAUoA| o] DA e AAEA ] Blo] ZAUolA|S}
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Fig. 5. The melanogenesis pathway. Structural formulas are abbrevi-
ated as follows: DOPA: L-3,4-dihydroxyphenylalanine;
DOPAquinone: 4-(2-carboxy-2-aminoethyl)-1,2-benzo-
quinone; leucodopachrome: 2,3-dihydro-5,6-dihydroxyindole-
2 carboxylate; DOPAchrome: 2-carboxy-2,3-dihydroindole-
5,6-quinone; DHICA: 5,6 dihydroxyindole-2-carboxylic
acid;DHI: 5,6-dihydroxyindole (D: inhibition of tyrosinase
activity, @: inhibition of DOPA oxidation, (®: inhibition
of melanin secretion.
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