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Studies on antioxidant, anti-inflammatory and tyrosinase
inhibitory activity of Ganoderma lucidum fermented

Artemisia capillaris extract
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ABSTRACT: This study investigated whether Canoderma lucidum (Y2)-mediated fermentation of Artemisia capillaris extract (ACE)
could synergistically enhance its antioxidant, anti-inflammatory, and tyrosinase-inhibiting activities. Both C. lucidum extract and
fermented ACE exhibited 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging ability, but with poorer efficacy than ACE (even
at a low ACE concentration). Viability of RAW264.7 macrophages was significantly reduced in the presence of ACE (150 mg/mL
and above). However, this effect was greatly mitigated upon C. lucidum-mediated ACE fermentation. Additionally, relative to the
same concentration (25 pg/ml) of G. lucidum mycelial extract, ACE exhibited an improved ability to significantly inhibit
RAW?264.7 macrophage nitric oxide (NO) production. Finally, relative to the same concentration (200 pg/mL) of a positive control
(arbutin), fermented ACE exhibited an approximately 3.66 times higher capacity for tyrosinase inhibition. These results suggest
that G. lucidum-fermented ACE possesses enhanced tyrosinase-inhibiting activity and may be of utility as a skin-lightening agent.
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SlaL lom, oFgWAl o2 3t AT, XY
I AHE o] Fael fFaidite] By
al., 1980; Furusawa et al., 1992). JA]H|
Ay =4o] 23tE o] Qo] FdF, Il ‘@‘Mﬂo}
A, gk 52 @37} B HAT} (Shiao ef al., 1994).
FZ RIA ARGE] 0| M oF8 AEE] &%
ZHEo] g MAEZNE AHUEHS
EZ S g5t g AE FE2EQ i}, I
AE Aol g% em (Rim and Park, 2000; Jeong
et al., 2004), B Yo7} eoF SR EZ o] ghlS 75} o
oFE VR AHe] o, 4] A7 E X ST ofy
gt 7154 sPEE AAEA ] S % ke A
&Y= 3 AT} (Brusotti ef al., 2014; You, 2016).

QIR (Artemisia capillaris)S A7} FHe TejjolA
A thdA 2E OS2 30-100 cmP = A, S
G ksl g4 ey 85 AEdAE 2 s
M &3} 5o] BAFEAY (Chih-Chiang, 2007). H3

[o



319 &2 - oFF
AE FE2E9 Ax 54 HFES 98l SRB
(sulforhodamine B) {3 MTT (3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide) H2S ©|-&3 A
Tl w2 7QF AlEF] e 3k et
AT B E AT (Kim, 2007).

HT a50] Tkt A7 e gk BAlo] F7ste] wh
2} ek v]g sPE R vy, st Ao Ajd 5
o] 715485 7 716743 sPEEl g ilo] sk AL
AUTE. olol] wet 7]eA sPEEY] oAl JHES fls) A
E FEE Te A w1 715300 e A
gl 2y e FEj7t o|FoA|AL e (Yoo,
2005), GAHA FZEENA E2]E ganodermanondiol
B16F10 AlXoA gxxo g dapd AAS A it
BIEAJTH (Kim er al., 2016). T3+ FARA| &) @dgo] <]
st AlURA] @95 H8l AAE ZIFAM (Lentinula
edodes)s &3t Has FEE2 WA E digh A
&S B (Chung er al., 2015) 3tFo, TR}
UEE e s A el tigk A= mel s
Aot & AF= v 7154 EHE Fske IA
AR O] A= FES T3 AUA a5 FAste] 1]
W 7154 sPEEe] LAl EA Y 28TsAdS st

T3}

M=z 3 S8

ZANE ¥ 35

B Ao] AMg

s}

Q1R (Artemisia capillaris)S 735
APgelA Az AdEolA d8E AL FYsiner A
2o HAshH  ARESIAY. A (Ganoderma
lucidum) 4= FE31EH THUAELFsH HAS
oA BoF we x| 2% (Y2, ASI-7071)E Asied A}
4321, PDA (potato dextrose agar; Difco, USA) HIA]|
oA 28.8 "CollA] HljFate] 2183

o

QITI%E FX|ZAL HE
AFI%e] AR HEE AxE AAEE 70%°] T

o

o O

23 7, o]& A1FEH (9174 18 mm, W7 16 mm,
180 mm)°ll %135t 257" 7] (autoclave)=
stod 121°CollA] 20327+ E+t ottt B+t € A1g+
PDA (potato dextrose agar; Difco, USA)ul|x]ol| x| Al
H FA 2% (G lucidum) dAAE FFHoE AH35}
o] 10 mm’?] mycelium discS THE F 7zt FH| HZa}
Atk HEE AP 28°CollA 22U vjgste] wa
sinom, gt 4F5E F 60°C dry ovenollAl 347F A
z3k3ioh

]

O

[e]

o 2

QTS BXAZAL LS FEE MZ

a5
Q0% GAHA FA D GAHA A} BE A%

gaksl, FdE B uy S8 BA e aEl AAxE A
2 S-S 71EkaL 85°CollA 2417k
& F 23] &F FE3IT. 555 Whatman filter
paper (Whatman, UK)E o|-&3at] 7%t A7t & 55
ated Q17&: FZE (ACE), AN #AF FE2E (Y2)
9 JAHA FAPEE QX% FEE (Y2 + ACE)S &
B39tk AlE= DMSO (dimethyl sulfoxide; Sigma-
Aldrich, USA)l 50 mg/mL F=2 &3]3t tho] &
Aol ARE-aE3A T

DPPH radical 27 M

A Fo HWEre 713k 1250, 625, 312.5, 156.25, 78.1,
426, 213, 107, 53 2 2.7 pgmlLe] FE2 5484
96-well plateo] 100 uLA z+zt £330t 2 3 53]
0.2 mM DPPH &L 7}ato] QhanellA 102 B+ wh&
3 3 517 mmollA SHEE =435Itk DPPH radical
scavenging activity (%)< #WE&= UeERlOH, 33
e Z2Aste] 29 Wdd XFURE 2 Ee}, SC,
(DPPH radical2 50% &A3%k= Al59 5%, pg/mL) %
© =2 VRl

RAW 264.7 M= nitric oxide M2 4 M=ES =X

RAW 264.7 M3ZE 10% FBS (fetal bovine serum;
Gibco BRL, USA)%} 1% Penicillin, Streptomycin®] -5
¥ RPMI (Roswell Park memorial institute medium;
Gibco BRL, USA)E ©]4-351d 5.0 x 10* cells/mLZ U3
3HAl 24-well plateo] HZ53k] 37°C incubator (5 %
CO)lA 12A17F &< v s 5 F5& AEE 25, 50,
75, 100, 150 2 200 pg/mLE ZH2b 2gstar 3027
37°C incubator (5% CO,)°lIA B3l Tt. 2 & LPS
(lipopolysaccharides; Sigma-Aldrich, USA)E 1 pg/mLE
747 Aldk & Y 22004 184]7F wisted NO
(nitric oxide) T S8 Ax BEE FA AHEst
Atk BAE NO (nitric oxide)®] o] =4S 96-well
plateol] Al NS 100 Ly 22 53k 2 9ol
5% griess reagent (Sigma-Aldrich, USA)E X718l
S22 RESAIA 530mm oM FEEE SA 5] NOBY Y
& BT, NO (nitric oxide) A ZFE FFEA=E
sodium nitrite (NaNO,; Sigma-Aldrich, USA)E A}&-3}
of AFNE 2% & SHE A5 FEE s WY
313 nitric oxide®] = (mM)Z YERNRA O, 33] Hke
st =59 ] "oy ZFUAE Y ZE UE
BIbA=

A AEE S wigE Alxo] 2+ MTT €9 (3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, atetrazole, sigma, Co.,USA)E 0.5 mg/mLZ *
Z]sked 308 59 37°C incubator (5% CO,)°lA] WES-A]

71 5 AE ujgde AASAY. A H formazanS
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Fig. 1. DPPH radical scavenging activity assay. Y2, Ganoderma lucidum (ASI7071) 70% EtOH extract. ACE, Artemisia capillaris
70% EtOH extract. Y2 + ACE, Ganoderma lucidum fermented Artemisia capillaris 70% EtOH extract. Statistical significance of
differences was evaluated using a one-way analysis of variance (ANOVA) followed by Tukey’s test. *** p < 0.001 versus ascorbic

acid (30mM) treated control.

DMSOZ &3fA1Z1 &, 570 nmo|A] SEE=E SH3N S
o, 33] WM& =45t =EF o] Had isuxE
Tz = Yepl ST

Tyrosmase x| 2 2N

A]E£E 0.1 M sodium phosphate buffer (pH 6.8)Z ©]

g-3}0] 200 100, 50 2 25 pg/mlLe] Fw=2 4 st A}
4311 0.1 M phospate buffer 600 uLel L-Dopa 200
uL, A& 100 pL, tyrosinase 100 uLE 7kl 37°C
incubatorll A 30 &<t WE-EsIATE WEEE2 -20°CollA
1087 840] vk A A1 5, 475 nmollA §35%=
5 A3t tyrosinase A S-S 33] HHE =75}
=29 3o Hetd FFAAE 2 ZE eI

SHXZ

RE AFL2 33 ghEste] S46ta Hdgh + 2FUA
2 A%E e /\}\———U:] FAEAL Prism (GraphPad
Software Inc., La Jolla CA, USA) =2 132 A3
ok AgFRE kel fod A5 EAHEA (one-way

analysis of variance, ANOVA) 2 Tukey's testo]] 2]3F A}

FA8E Tl Y%l

E< U U £
OIEI% AX|FA}L 2 F520| DPPH radical 27 &4
7S 33 QB TFS 53 AN T
2%71 AR AstEnh S AT

free radicalS 7Fd 2FAE wel=d), radicale 73E 1)
2 2AS }\}5}/\]2_1:} xﬂq] ];\1 01011/}1__ slake-o

wsje] fus} AE] WolE £
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Table 1. DPPH radical scavenging activity. \

Ganoderma Artemisia Fermented
lucidum capillaris  A. capillaris extract
extract (Y2) extract (ACE) (Y2 + ACE)
*SC50 (pg/mL) 427.12 43.96 225.40

*DPPH radical 50% scavenging activity concentration.

4 At} Radical &7 AL obg3t Azl
DPPHE ©]&3}4] radicale] Zadhes IS 43T A
2 2R3t 78R oz A5 ksl gL =AY S
ATk (Wei et al., 2014). ¥ Ao M= QA& Jx|FA}L
g FEE9 ksl A4S Huishr] 91kl DPPH

radical 227 & SA3IATE (Fig. 1). ¥ dx2Lo=2
ascorbic acid (30 mM)E AFE-3IHLOH, o= 65.99%2]
DPPH radical 2AZ/& YERHATE SCs @t o= SHikst
DPPH radical 227 /32 17304 T FEE<A 43.96
pug/mLO.Z BRlE o Px| AL 2rE Al 226.40 pg/
mLOZ RIEAT} (Table 1). AAH o2 FA| A} &
& Al DPPH radical &7 &4do] tha A4St 74 dko)
gRlEY o, 625 pg/mL %2 1,250 pg/mLe] FEoA =
221 ascorbic acid (30 mM)E.th F-2]H o2 =4 ¥
7t =3

QTS SR HE FES ES

NO MMof o|X|= L&t
Aol Alxe rEZE=ZC) Yo g4iaid 9
3 H3AEAC] MTIT EAE 299 formazan
product=® i&%"];ﬂ o). FAFe EFIEAE o] &3l
e & ot F2& AEE

formazanS. 2 BYUAIF|A] H35}7] ol

0] RAW 264.7 MZEE

MTT A&
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Fig. 2. Effects of extracts on Raw 264.7 cell viability. LPS induced Raw 264.7 cells were treated with various concentration of
samples (25, 50, 75 100, 150 and 200 pg/mL). Y2, Ganoderma lucidum (ASI-7071) 70% EtOH extract. ACE, Artemisia capillaris
70% EtOH extract. Y2 + ACE, Ganoderma lucidum fermented Artemisia capillaris 70% EtOH extract. Control, non-treated
sample. Statistical significance of differences was evaluated using a one-way analysis of variance (ANOVA) followed by Tukey’s

test. *** p < 0.001 versus non-treated control.

formazan /g o] Aolle Al ZFot Fost
= HolA MTT assay’} Al AEE
t} (Mosmann, 1983). & AFAM = AZ
q FEE9 RAW 264.7 AlXo] tg Al
3t7]1 93ke] MTT assay® A|E A=
AE AEES 100%=2 AAQske] )
H7V8IA (Fig. 2). 9A #AF F2E5
oA} RAW 264.7 A2 AEE F249
A @= Aol FIFNeH, SJHFAE X% F&
& 150 pg/mLe] FEFH F221 RAW 264.7 Al 0|
ek AEES FoHoR aA Ao, FA
AR g Al A E AEE0] A STtk Aol ERIEA
t}. o]8]d A= RAW 264.7 A X0 AEEL 7HAaA
7= xR Aol FAMA dAbl o5 Alxe] A
E&o 9T FA e AEoE A JoR AR
Hroh.

NO (nitric oxide)= iNOS (inducible nitric oxide
synthase)oll 2]8}l L-arginine® 2HE] A= =d], o]& 4l
7 Ag=d, S5 dof, dHe] &Y 5o 9T s,
Q- A= o3k AFHHEolA 3t zAdEHolt},
LPS (lipopolysaccharides)= & =242 H=s
e Aeolls 27 48 ¢ a4
Al71E 9gle] H7|= gt th2AEof|A] LPS AF=of| €]
3 A== NO9| 4 &
2N EPHeE FIdT S =5
(Medzhitov, 2008). ¥ Aoz 231 FPAFAPLE
FEEY FET S FAskr] flaEl tiRAEAL
(murine macrophage cell line)?l RAW 264.7 AIXE
LPSE S=3led AE kel Yo NO (nitric oxide) A
A B340 (Fig. 3). LPSE IEHH-S {13
g7 NO A ZHES 51.8240.88 uME EAE A,
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A} 22.11+4.47 uMe] A o] ER1= AT 9
A FEE 25 pg/mlLe TEE AQsla BE AR
9 2] FZolA LPS ©E HIwHT fojdoez
RAW 264.7 M2E2] NOAIA-S SAlskE Zlo] SRI=A
gy AR FEEI QXS GAMA gAbtE &
E7ke] Tk Aol= AAEHA] ko, X% FE2=
25 pg/mLe] A= Y F=9] A% AW dARL
B FEET 288 fFo3Q FFollA RAW 264.7 AlX
o] NOAAEE HAlske Zlo] gRl=ct. Axx o=z <l
2% GAMA FAPLEE AL FE2E AA|S] RAW
264.7 M=ol thek 548 A7teke 37t doH, o2
3 S w2 TR AW FAMLE FEE A E
7FseHA st Bl S a3F <l
o2 Alg ).

OITI% AX[ZAL WS FEEO| tyrosinase A0 O|X]
= Y&

Aahde QA U AA RO = F39)59] melanocyte
W o] melanosomeol| 4] $HAJEIT}.

Wa2hd-e tyrosineS A2 tyrosinase’} L-DOPA H=
£ L-DOPAZS L-DOPA quinonelZ H3tal= Atsl &
3 kgl o3 Aol F=dtt (Kim ef al., 2016).

ol#gk Walde Fuzhd (eumelanin)z ¥ HEhd
(pehomelanin) &2 5w, fallephd 2484 0 2 HE
H-E Boshs &S AN A=g AL 7v], F
7N, AWM e 9] A RS doT|a HE
sl AdE wedeide RS I 7RsAe]
o RIESTE (Brenner and Hearing, 2008). WEbA]
dephd %719 FJsh= tyrosinase] Al S8S =
Aoy FF v SgS PP o IRl &
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Fig. 3. Effects of extracts on nitric oxide production of Raw 264.7 cells. LPS induced Raw 264.7 cells were treated with various
concentration of samples (25, 50, 75 100, 150 and 200 pg/mL). Y2, Ganoderma lucidum (ASI-7071) 70% EtOH extract. ACE,
Artemisia capillaris 70% EtOH extract. Y2 + ACE, Ganoderma lucidum fermented Artemisia capillaris 70% EtOH extract.
Control, non-treated control sample. LPS, lipopolysaccharide treated control sample. Quercetin (15pM). Statistical significance
of differences was evaluated using a one-way analysis of variance (ANOVA) followed by Tukey’s test. *** p < 0.001 versus LPS

treated control.

*kk

40+
>
3
= 30+
=23
=SS
: -’
.;":) 20-
2 >
g < 10-
=
ot
0-
° Te] o o o n =] o o 0 o o o pg/mL
& N n o o N 0 o o N n o o
E - N - N - N
3
Y2 ACE Y2 + ACE

Fig. 4. Tyrosinase inhibitory activities of extracts. Y2, Ganoderma lucidum (ASI-7071) 70% EtOH extract. ACE, Artemisia
capillaris 70% EtOH extract. Y2 + ACE, Ganoderma lucidum fermented Artemisia capillaris 70% EtOH extract. Control, arbutin
(0.5 mM) treated control sample. Statistical significance of differences was evaluated using a one-way analysis of variance
(ANOVA) followed by Tukey’s test. *** p < 0.001 versus ACE (200 pg/mL) treated sample.

Ao, tyrosinase JA S 7K E AEZL 2AE T
=otalz}t ke AF7F &ds] 18 E AL ATt Tyrosinase
A &4 FAoA P dl=<] arbutin (0.5 mM)<]
tyrosinase A AL 9.55+2.47%= 1AL (Fig.
4). GAHA FAF FEE2 tyrosinase JAEAFLS T
oJFR o7 FTkete Zlo] ERlEeH, X% F=
9] tyrosinase &AL 100 pg/mL ©]7F2] FEoA]
B ERIEAT. =5 FAHA #AF B IXIS FEE9]
200 pg/mLe] AHEsEs ET2 arbutin® tyrosinase
AR FABH EAEAT (Fig. 4). FA A &

dz mo H1

gof ot mw 715 Al dEolgle B AT #HA
of Fetele ARt IS FAFAPLE FE= AT
oAl FRI=A=Hl, <1x
tyrosinase 24| E4Jo] 50 pg/mL 2 200 ug/mLolA
o Al 7k eH, 53] 200 pg/mLellA 34.95+
1.10%=E %A thZ721 arbutin 0.5mMol H]3] 2F 3.664]
o] &S5 HAY. o]y Ad= FF tyrosinaseTA S
AAstE 71548 SAEA ] 875l Atke A

oJujshe Aol

25
=
22X
=



| 7¥star 7ol #ale] Zrkdel uhet o
T vg sPFERT o] 7HA] 7154 S 7] sl
ik #Alo] =olR| AL T, o]of] wet 71 A& of
sto] gakst, A 9 ndl 5o @S ASstke v
Z 2 AFNNE A= S
ClEo] thefst ofg]a-go] e A FAR| 2k 2
o ot YA &FE skl siath. QX% g
R dAFEE &5 DPPH radical &7 A& I8
A dANFEES AP v oEFo® STl A
o] gRIFCU, AFEe X% FEE Huhe thh
Zhadhe Aol 1=
QK& JAHAPLE FEES RAW 264.7 A2 NO
A ARG S T FHEA FUte A ME AEE
< ket A3, SHEAE XS FEES 150 pg/mL
o] FE=HE RAW 264.7 M2z tist EES FoH o
2 3A FAAF oY, GA FAF EE A AE AEE]
A F7Fske Aol ERI=ATH. FA FAF EE Al AR
&0l o] A adke Aol RIFATH. EgF 1%
% FE5 25 pg/mle AEe Y Fx9 QX% FA
HA #APLE 2R 288 9% FFolA RAW
264.7 ME2] NOAAES AAlst= 3ol El=dth. 18
U A& AN AR EE XS FEE AA
RAW 264.7 AlxEZol thst =L A7ste 2371 o
o|2 Q& HE w2 FEo JIAWA FAPEE FEE
AP E 7Fsd Ao AlREHT. FA H#AF TE] o
nju 71578 A daolghs & Ao FHA|| Fedete
A7} IXE FAFAAPLE FE2 A FelA FR1EY
o™, 200 pg/mL FEAE YA 272l arbutin Ho}
oF 366419 FAL HYTE o)H T A= T R
FAFAPEE FEE9] tyrosinaseZAS AISRE 7154

2l mAte] B87Fs 0] AThe R onshs Zlolt),

=

0

O

ANl =
2 ATe FEIEA FEATAR (PI010223)9] A9
o o& FE ATFAHRE Dol ZAI=H YT
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