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Abstract: This study was carried out to investigate the effect of lacquer tree (Rhus verniciflua) extract on ganoderma-
nondiol (GN), tyrosinase and melanin biosynthesis inhibitor, biosynthesis in Ganoderma lucidum mycelia. In HPLC anal-
ysis, GN contents were significantly increased in G. lucidum mycelial extracts supplemented with of 1, 5, 10, and 15%
lacquer tree extracts (LTE). In addition, G. lucidum mycelial extracts supplemented with LTEs which had no cytotoxicity
activity against B16F10 cells, significantly inhibited melanogenesis in BI6F10 cells. GN biosynthesis was facilitated by
LTE. Taken together, we propose that G. lucidum mycelial extracts supplemented with LTE can be used as an effective

ingredient of skin care products in the future.
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3, RS A HSAA AYHoEZRE HHE
HostE HTs gtk olefd Hepdels A2
T84 FEA] 3 e"debd(pheomelanin) SAH 2]
=284 FEAQ] FRehd(eumelaniny)©] ATH1,2]. A}
e % "depde A A Hapd A2

cAMP7} 57}= 3L PKA (cAMP activates protein kinase
A (PKA)YE &43} Al7IA cAMP response element
binding protein (CREB)®] QI4HstE B3 AR ty-
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rosinase2] HAAFZERJIAQ] MITF (microphthalmia-asso-
ciated transcription factor)®] TS F7IAIZITE o] g
tyrosinase= tyrosine= L-DOPA (L-3,4-dihydroxyphenyla
lanine) 2, 53+ L-DOPAE L-DOPA quinonel.Z # 3+
st "l R0l T3] ]2 23| tyrosinase
g 2 depd AR Az dAE A 24
< AR AAIE] AT AT H ol¢t AHd
A o] Ehdhs] N E AL AeH4-7]. A ThFe
2A7F N0, tyrosinase A AA LA &
F-®l(arbutin)[8], Z24Hkojic acid)[9], SFol==2F]=
(hydroquinone)[10], BIE}F] C (vitamin C)[11] 53} A2
A 2pgaA =2 o]4FSHE] Eltitanium  dioxide)[12], ZH0}
L 2] AF=( 7 -oryzanol)[13], SAHlE(oxybenzone)[14] &
o] Atk Ty o]E tREL Iy} BFEIAY

ARy BhAg dol i, J o) ik ot =9
oA 1 ARg-o] AlFHE o] o, dgol] gk Y &
57t 5 TARCE HIToll= B bdstal a3
2l "epd A4 A S deE e B2 d7E
o] Q= rH12,14-17]. wHebA o] F2
SESL PG v A TS 9l TRk
oA 7154 P A4S Ndetr] 9% ?i:rLﬂ
W] RsE otk

FGAH A (Ganoderma lucidum)> 3%, d4ks),
A 9 Tk AeF 4o e —F%‘H@ii
o877} E& HAl T shuoltHIg,19].
HA FZE9 v A0 2 <ls) ﬂ'oﬁ‘
I o] 877 o A7 AR R 20], ®
& Kim S{3]°1 ofsl Al YA 2] EfH 24 0]
E(triterpenoid) Al &4 F sl 7HU=Erhdd &
(ganodermanondiol)©] tyrosinase €43 2 Hald A
ZAES BAE JdAEY A4S AR E A5t
BI6F10A4| o] Wehd A& e Zitka Bas)
Ak 1y FARHA Oil"i—a ol2gt EAA QI n9
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ol mAjEojol Fir}. webs B ATl FAIH
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sh7] 913 7= SEREY dgto g JAIHA A4
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stttk =3k AR Therpdt & AP FE
S7HA1717] 1% oheFst A SR AAE D=t}
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% Y (Rhus verniciflua) FEE2] 3
FAHA FAPEEE ThErpdT] o) A
Ae TRt AE B A5 B35t gRskA
o U U St GYu R0 RE Fmol
iR olH, Fh=, dE F T T FHolAoF A F
Al FE AL YT B8] o ZHE] of& o R A}
|50 a1, To e WHTEXEA H 49
AEl7] o), f1ek 754, @S 9@ 3R 9
HZta R Fol o]& o]&3st= Ao] o] Fo|A L Yt
[21,22]. WA B ATE FAHATA WlFA] 24
T FEE JU7HE B3 SAMATAY] ThErd
< A3 S 2 BI6GF10 AlZ9] A& B3 Wehd
AR 4 a3E skt sk

rr

=
L T
FANAE $20ED FPLNEATY WA
oA B GxEE ABAAAGLY 1L F
agar 15 g, potato extract 4 g, glucose 20 g)°l HZE3 &
¥ 212 ol g3ker.
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9] xal Jerg% Figure 1J+ 2t 4 35 g9 2UFE
BT F AAEFekT0 350 mLe] Ed FFT

E&3kar 80 CollA 3 h B¢ 37 =31k o 7%

(Whatman No.2, GE Healthcare, UK)E ©] &3} F&

ES A & 58 FEES 100%] F52 3t 4
WA AAPEE A AR T AWM FAPLEE
#1381 100 mLe] PDB # A (vl ¥} 1 L  potato extract
4 g, glucose 20 g)oll U7 FZ2E(100%)= 7 1, 5,
10, 15%°] =7t H =5 H7He & A wfdd S
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ARES fafﬂ F 29760 CollA AxEPom, A=z
AR 2 g2 50 mLe] 70% oleh-&-3 E3t3ke] 80 Coll
A 3 h ¢ BF FESIHTH

FJU



SR FEE A7k mE GAnAe st

| G. lucidum mycelia H PDB

Incubated for 5 days at 28°C
and filtrated with miracloth

Lacquer tree extracts
(1%, 5%, 10%, 15%)

" | Lacquer tree extracts (100%) ‘
‘ Mycelium

T Extracted with DW for 3h at 80°C

Jr Triturated with LN,
‘ Mycelial powder (2.0g)
\l, Extracted with 70% EtOH for 3h at 80°C

Lacquer tree (35 g) ‘

‘ 70% ethanol extracts

HPLC crude
extract profile

l

B16F10cell

Determination of

ganodermanondiol Melaninsynthesis

analysis Cell viability assay

contents

Figure 1. Overview of the study process.

2.3, 7IL=OHAC|E g 24

7P = nhdt]-&(ganodermanondiol) A2 Kim 5
B31el o8l 7led =3 FY3A HPLC (SPD-20A
UV/VIS Deteor, LC-20AT Pumping System, Manual
Injection Value 20 uL Loop, Shimadzu Corp., Japan)=
Fstom, ol 3teFs] Zlwstd A o|F e
oM EL}o] E €Y (acetonitrile)@  0.2% o} E4k(acetic
acid) .2, & (flow rate)2 0.8 mL/minZ 3} UV
(ultraviolet visible) Z7] 245 nmoll A &3t} &
-2 Phenomenex Luna C18UV(2) (4.6 x 250 mm, 5 um,
USA)E AME3INoH, 5 99%9] 7IUsrphdt]&
(ChemFace Co., China)& ZFEZZ ARE3l] GAH
A A Y] Tt Erhd TS AR S YT

2.4, MEZdES HIt

M EZAYEE H7l= ATCC (American Type Cultyre
collection, CRL-6475)Z K- EHFe BI6F10 AEF
£ 10% fetal bovine serum (FBS, Gibco, Ireland)$}
1% penicillin/streptomycin  (Gibco, Ireland)©] 33-H
Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
Ireland)Z 37 T (5% CO,)olA] HlFate] ARE-3+5 T
MTT ((3-(4,5-dimethylthiazol-2-y1)-2-5-diphenyltetrazolium
bromide) 242 $13F A= DMEM (10% FBS)Hi A7}
ﬁf‘fhﬂ_ 96-well plateol] 100 uL (3 x 10° cells/well)2} &

ZF3led 24 h FoF vl S }Eiﬂ(w T, 5% coz) NE-&
HHZli w3 T gt F FEES 33 WS
A3kl 72 h B wlF(37 C, 5% CO,)3FATh vk
% 0.5 mg/mLe MTT (Sigma, USA)S F7}ste] ¢h=
AoA 3 h F F7F et F wiAE A AR
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&Fo] 5= 100 uL°] dimethyl sulfoxide (DMSO)
A28kl 570 nm IO FHEE AT A
AEES 1A

0 Fﬁ

=i %
Ol

ATAER) = (Hxe] FR=AET 52D
x 100

2.5. BI6F10 M|ZZo| Hat] MEM Xsis £
DMEM H|Z|(10% FBS, 1% penicillin/streptomycin)”7}
239 6-well platec] BI6F10 A|EZ 2 mL (5 x 10°
cells/well)® &3+ 37 C, 5% CO, ZZ15}lA] 24 h
B wgetAnh AEE A Z wEE A ok
3t =9 FEE3 100 nM9] o-MSHE A5t 37
T, 5% CO, ZACZ 72 h &<k vt v &
PBSE 23] A|&3}al 0.25%2] Trypsin EDTA (Gibco,
Ireland)E 1 mL/well2 * 2]5}4 T} 14,000 rpm -2 20
min 5+ A4 Este] 34 A|Zo] 1 N NaOH 150
uL (10% DMSO)E #7Fstd 1 h 5<%F 60 CTellA] ¥-g
BFal 405 nm I A B =S SAHSkA Ay @
gd e EAsign Weid e deld 55
HE o] 83 TEAFIAY vlwste] AT

2.6. EAXE]

BE A¥C 33 utRale] =Qsln YA+ BE
Hakz2 235 YRSt S A4S Prism (GraphPad
Software Inc., USA) ZE2 1S ARl om, g+
b 3k o) HE2 422 (one-way analysis of
variance, ANOVA) % Tukey’s testol] 23t ALSHAS
3l TSRk

w
my

Tk

3.1. 2LR EXHA ZAL Y FEF| JfLtzoltC|E
B4,
FUF FE2E HUlel mE FAHA 74 EE F
=59 7hErpdy & A W= HPLC &
218 E3he] 821319 th(Figure 2). HPLCE-A] A3}, 4
XlHW A EE FEE TR P&ﬂ% dFe
AP R Al H7HE U FEE w0l ot wskst
Rom, 5% o] 2T FEE A7t s=5FH 9
2o g FA HEES rhErpdrs o] S
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Figure 2. HPLC chromatogram of ganodermanondiol (GN)
from fermented Ganoderma Ilucidum (GL) mycelial extract
supplemented with lacquer tree (Rhus verniciflua) extract
(LTE).
< st ThFigure 3). FAMA FAF LEA 1, 5,
10, 15% 2UF FE2ES 71 A5 7= rpdr
< FFe IAMA FAH 1 g F 2 1.68 £ 0.07, 2.29
+0.17, 2.97 + 0.35, 327 + 029 mgO 2 ZAHHYom,
o] F 15%°] U FEES HUIskE wWe 0%
thx AlE(1.63 + 0.08 mg)Xrt oF 28] A% 7h)=n}
b g#ol S7kskAth(Figure 3). &7 1% HPLC
4 A 15%Y 2V FEES AN AP E
A 7 e =49 FER S #EEAN
olnl= FAHA ] B2 F ganoderic acidFE X353

2 T/ EH ZEH 0| Z(triterpencid) & AlEF
H[23], &% olHd =2 T4 9 A4 Wt Y A
TE 3 77 714 =49 dHo] 7tsd A
o7 AsdHo.

FAMA ] Fa g EE EHEZd o]
= F(triterpenoids)= mevalonic acid pathway 37 ol 4]
lanosterol (cyclic intermediate)®] TF¥FgF ¥H-g-(cyclization,
oxidation, reduction, acetylation)el] 23] E]HZH %

eksla-Esta) 2], A 439 Al 4 5, 2017

Ganodermanondiol contents (mg)
o o - = N N w
o (3] (=] (3] o (3] o
- *

LTE concentrations (%)

Figure 3. Ganodermanondiol contents from fermented

Ganoderma lucidum mycelial extract supplemented with lacquer
tree (Rhus verniciflua) extract (LTE). Values are means +
standard deviation (S.D.) of three independent experiments.
Statistical significance of differences was evaluated using a
one-way analysis of variance (ANOVA) followed by Tukey’s
test. ¥*¥* p < 0.001 and * p < 0.05 versus GN content without
LTE.
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Figure 4. Cytotoxic effects of fermented Ganoderma lucidum
mycelial extract (GLME) supplemented with lacquer tree (Rhus
verniciflua) extract (LTE) on B16F10 melanoma cells. B16F10
cells were treated with various concentrations of GLME (50,
100, 150, and 200 ug/mL) for 24 h. Values are means +
standard deviation (S.D.) of three independent experiments and
relative to percentages of control cells.
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Figure 5. Effects of fermented Ganoderma lucidum mycelial
extract (GLME) supplemented with lacquer tree (Rhus
verniciflua) extract (LTE) on melanin production of BI6F10
cells. BI6F10 cells were treated with various concentrations of
GLME (50, 100, 150, and 200 ug/mL) for 72 h. Values are
means + standard deviation (S.D.) of three independent

experiments.  Statistical significance of differences was

evaluated using a one-way analysis of variance (ANOVA)
followed by Tukey’s test. * p < 0.05 versus B16F10 cells with
arbutin (0.5 mM) treatment. a p < 0.001 versus «-MSH (100
nM) induced B16F10 cells without GLME treatment.
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R o]E BI6F10 A=zl 2 2]shd A= dehd A
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I} 3] F(skiny 2H= ojn|o|th. ’é‘xﬂi 2 AFE Fst
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