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Anti-Oxidative, Anti-Inflammatory, and Anti-Melanogenic Activities of Endlicheria Anomala Extract. Jin, Kyong-Suk’,
Ji Young Lee', Hyun Ju Kwon'?, and Byung Woo Kim"2*. 'Blue-Bio Industry Regional Innovation Center, Dong-Eui Univer-
sity, Busan 614-714, Korea, Department of Life Science and Biotechnology, College of Natural Science, Dong-Eui University,

Busan 614-714, Korea

In this study, the anti-oxidative, anti-inflammatory, anti-melanogenic activities of Endlicheria anomala (Nees) Mez methanol
extract (EAME) were evaluated by use of in vitro assays and cell culture model systems. The results revealed that EAME scav-
enges various radicals such as 1,1-diphenyl-2-picryl hydrazyl hydrogen peroxide induced reactive oxygen species, and
lipopolysaccharide induced nitric oxide. Furthermore, EAME induced the expression of anti-oxidative enzymes such as heme
oxygenase 1, thioredoxin reductase 1, NAD(P)H dehydrogenase 1, and their upstream transcription factor, nuclear factor-E2-
related factor 2. Moreover, EAME inhibited in vitro DOPA oxidation and 3-isobutyl-1-methylxanthine induced melanogenesis in
B16F10 cells. Its anti-melanogenic activity will have originated from the inhibition of tyrosinase enzyme activity and melanogen-
esis related protein expression. Taken together, these results provide the important new insight that E. anomala possesses var-
ious biological activities such as anti-oxidative, anti-inflammatory, and anti-melanogenic. Therefore, it might be utilized as a

promising material in the fields of nutraceuticals and cosmetics.
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AR} A=E 2L Qrh24, 32]. SHH ) EA QI cellular defensive
phase 2 detoxifying antioxidant enzyme® 2 422l heme
oxygenase (HO)-1, NAD(P)H dehydrogenase 1 (NQO1),
thioredoxin reductase 1 (TrxR1)%] §E+= AS}A AEG A
£ Wofsts 293 7|A £ SPUE thgdt carcinogen® 2
HE NEZE RE35H= chemopreventiono] £23F 93-S o
Fohe Ao d#A Slehs, 37). 53] HANA FeH ok
3} dietary phytochemical-> phase 2 detoxifying antioxidant
enzyme® Td Z7}E £33 chemopreventive functionS
Uete 2 A9 A AFQIAFR] nuclear factor E2-related
factor 2 (Nrf2)o] &J3f ZZ =t} o] &3t chemoprevention
o At WAL A2 Shol U But ot 92, o o
AWBA A, w3k 5o o 9 AR ABE FEe
s ACE A 9ol 1 FR40] 8 AT A,
30, 31, 35].

melanosome®]| 4] T E=H)|, tyrosinaseo] 23} tyrosine=
Y72 3}9] 3,4-dihydroxy-phenylalanine (DOPA) E+=
DOPA quinone® & W ¥=|= 413} W Z3F gh-3 02 A3t
/d "r}[18, 26]. ©] T melanin A M-S F4ste] IF
£ Aoz giso] daf A FolFAT,
melanin /o] FEdHA dold A% 7|v], 2, AHA
3 7o M AR S Hekzs),

Melanogenesis, < melanin®] AL A1} 22 AE
g A0 93| =5 free radical®] melanocytel| 4] melanin
A& EX 3 tyrosinase T A HEH 28 F3 4o
U= g9 Hyolt1]. AL Aol 93) keratinocyteol Al
p53°] &4 3= pro-opiomelanocortin®l| A} y-melanocyte
stimulating hormone (y-MSH), adrenocorticotropic hormone
(ACTH), B-lipotropin®] ABAI =1L o] & ACTHe| 23 YA
H o-MSH7} keratinocyteZ 3 "<& o] melanocyte2]
Al Zdo] £A3}+= melanocortin 1 receptore] Z 3s}to]
GTP-binding protein (Gs)& ZASAZITh Gs= THA]
adenylate cyclase®] EA3E 3 cAMPY 715 53
protein kinase A (PKA) &A41315 g3ttt &AlstE PKA
+ cAMP response element binding protein (CREB)2] <1
AStE doyjx 9l4tstEl CREBS & U2 o]%3ly
microphthalmia-associated transcription factor (MITF)2]
promoter®]] £43}= CREB binding siteo] 230 Z X
MITFO] 2&& S=3stch. A E MITFE= melanin A4 9
A- A 93+S TFsl= tyrosinase, tyrosinase related
protein 1 (TRP1), TRP29] promoter X <o A¥}slo] zt
AR HAL GEST 0P WSol7 tyrosinase,
TRP1, TRP2= melanogenesisE U2 71th[26]. o] 3t
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A el Ak % S 2A7F Lpw 2 g
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B AIYozie B B drojsty AT 754 S
HFEF O 2 melanin A Ao A H A o2 Tojdt= tyrosinase
20 Ag NHES ANFOZA YR W ETE 7o)
g 4= U7, 16].
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E. anomala FE&29| M=

2 AT A AE3 E. anomala FEE(0]5F EAME)2
A FSATY, HYYEL S BAE A LHES
H3 FBM117-033)3t 921 H&-&-S 0]-§31¢ 45°Cof A
1587F 253 g3 & 2417t 53¢ BAA7|= HF L 5
103] ¥HEsto] 3U7E 43 T filter2 At FHAZRA
A NEEA AHE A7EA] 4°Col B st

DPPH radical £
e

A3 2] 72 714 B Shkel BABAEL U
oA MAEE free radicald] AAES FAGoZH f
radicalel] 9| w349k WL ATt olelT AAFA
o S G F2 AN ST Yo S5
AEo| HRe FAtss S0l wol AHEEHIL UTh9).
23t AR FE S =&AL 1,1-diphenyl-2-picryl hydrazyl
(DPPH) radical 27% H4-& o] 43le] ZHstct. DPPH
= H| A& ¢FA 3L free radical 24, ascorbic acid, tocopherol,
polyhydroxy WaFE e, HaFS ofdlFo] o3 S
of A& Aol BFME = Y& o] &5to] FAikst BAS T
gel 2T & Qe BA ABA ] s BATE o
o] ¢ =7 wiiZol @l o] &5 gl WHeltH17].
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E=518(0.1024-12.8 pg/m)E WEHL o =o] Zu|3l1 96
well plateo] et €8|¥ 1.5x10* M DPPH 40 ul¢+
ZF A& 160 WE £53 EFHS A-L204 307t HEEA|
71 &, multi-plate reader (Paradigm, Beckman, CA, USA)E
ol gtel 520 nmel 4 FHEE STt A RS W
A e A Y 2F3} v|wdte] free radical 24 AES uY
22 Jell i, 50% A3} == (Inhibitory Concentration,
IC50) & Attt th® A Q1 A4 2 DPPH radical 4
AP EH A G 2o R FE AMEH & ascorbic
acidE 7 Bl &4t on S 33 vHE A 9

BTH o2 YER I

RAW 264.7 murine macrophage?| H{QF L MZ=M
=4

Pzt 2 F9Z 249 AE AY BDAZ murine
macrophage cell line¢l RAW 264.72 American Type
Tissue Collection (ATCC®, TIB-71™, Manassas, VA,
USA)ZEE 43t 10% fetal bovine serum (FBS) &
penicillin/streptomycin (Pen/Strep)©] Z3t¥ DMEM Hj X
ol A vl A TH25].

24 24 28 A 247 Ad Ax254Y F5F gl
7 olF Y 5= 23 L 93 RAW 2647 cell & 24-
well tissue culture plate®] well % 1.0 x 10° cellS seedingd}
of #3417l T BAMES] |3 Al Z 54 93 578 WST
assayS 3 £A435I4 . EAME A& 24 A|7F & WST A
ofo] £ WA 2 A st} g A7 Fet ¥EEA] 7] L multi-
plate readerE ©]-&3}9] 450 nmo| A SFE=E A5t
272 53] W AR BIFOE ehilen Z4S
ST 2 BE WoIA o) F 4TS ST

EAME®| reactive oxygen species (ROS) scavenging
activity £

ROSE= 7} AL A] DNA, protein, lipidE Z 35t A A
W 2Aol AR Ql ME S fdsto] ohFet Ao ¥elo
EH2 ROS 2752 iteks a3 A= 8dH
[21]. Hydrogen peroxide (HyO9)+= T E 4 91 ROS & 3}t
2 229 itskso 85t g B2 dFolA ROS &
EAZ AHEE I ATH33, 34, 36]. & Ao A= EAME7}
HA3 S S Ho0.2 =3 ROS Aol A|&27} 1|
Ae 4FE T 24319 RAW 264.7 cellof cell
permeable fluorescent dye?l 50 uM2] dichlorofluorescin
diacetate (DCFH-DA)E 2 AIZF ¢t A A2 F A A 3}
3 500 uM 9] Hy0,0 5= H AR5 A3 & Alg 9
3t ROS A4 A5 multiplate readerE ©o|&3t

fluorescence &AL £ B34t 2H7L 33 vk A
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Y HAgo 2 YeErf T

EAMES| NO Md Adxls 2

Y EA QI free radical 5 3¢l NO= A WolA F8
S NEZATHGEAEA ZHght T Ak Al 43S A
Ef Ao i B3l 95 2 Al &4 Hgle] "Hrh1s).
ol2gt NO A4 JA59 B4 Park 5[251¢ HHS ¥
gsto] £P5FHUTH. RAW 264.7 cellS 24-well tissue
culture plate®] well & 1.0 x 10° cell& seedingd}o] H 2}
A7 & 1 pug/mle lipopolysaccharide (LPS)E A &3}t
NO A& F&sta A& FEE 93 NO B4 A5
< Griess reactions 33 2435901 SH7H2 33] BHE

499 Pago tehpsis

o

FARSE 4 HO-1, TrxR1, NQO1 & 11 FAIRIXIQ! Nri2
| S XEs BN

EAME®] 3Hits} &4 714 dotir] ffsf tzA el &
AslE 8491 HO-1, TrxR1, NQO13} 1 AAFQIAF] Nrf22]
AR Ao o oWy oHd W3E Western blot
hybridization® 2 EA3}¢Hth. HO-19 XA = Cell
Signaling Technology (MA, USA)ZEE FJslgoH
TrxR1, NQO1, Nrf2, Actin® ¥U2}&A| 9} anti-goat, anti-
rabbit, 18] 1 anti-mouse 52| ©|Z3}H| = Santa Cruz
Biotechnology (CA, USA)o| A U3t AME-31%th A&
A7t B wjF AlZoA S ES F5&510] Bradford
assay® WA BEZ AW F 50 pge BHALS 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z A 7] 953} nitrocellulose membrane]
blotting?+ & 1:1.0002. 2 3] A3t tf Al ohul 2 o] A 2}a}HA|
¢} hybridizationd} Tk, Membrane washing ¥ horse
radish peroxidase (HRP)7} £-&+% o]2}8}A|(1:1,00002 g+

10

A7F Z¢F 8F2 A7l 3 chemiluminescence detection
system (FluoChem® FC2, Alphalnnotech, USA)& o]|-&3}
o T BES BNttt AFY A= 33 HhE A
S B3l f949 T A e HEE st & giwy
to]E & AAISHF ).

3
h=}
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In vitro tyrosinase 84 2 Xalls EM2 5t EAME
o| O|H &5 24

EAME?®] tyrosinase inhibitor24] 2] 28 8-%5 mushroom
tyrosinase £4 &4 A5 £4& F3l FAsHTH22].
1 mM L-tyrosine, 50 mM potassium phosphate buffer
(oH 6.5), 19T 25852 10:10:09] 122 U 93 &
ol 170 ulof 10 ule] EAMES} 20 ule] mushroom tyrosinase
222.90(1000 units/ml)S A7}5te] 25°Co| A 3087F BFS-A]
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71 &, multi-plate readerE ©|-&3}o] 490 nmol| A A=
dopachrome?] ¥ SFE=2 23t FAAU =L
= #3292l tyrosinase A4 T4 AA| é_l 2 3Rl kojic
acid® AHEIAOH ZTE 33 W AL BAgoz
et $iTh3]

Melanocyte?| H{2F 2! melanogenesis f&

o)) g4 B4 A= thEH QL cell model system
9] 3}}¢l B16F10 mouse melanocyte (CRL-6475™)2
ATCC®Z2 R g £¢3}o] 10% FBS ¥ Pen/Strepo] Z &=
DMEM Hjz| oA i3t Th6]. 50 uM2] 3-isobutyl-1-
methylxanthine IBMX)S A 2]3}%] melanogenesisE %=
stal EAMES] 9 vjuf gHd-& 248 tH14].

EAMEQ| M= SN fF EA
nje gHg BA a3 A A BT AIZPEE vAE @

FE I FAlO AE FA4S U ge AlEY A
g 22 2437 Y8 WST assays =33ttt 2 x 104
cellS 24-well multi plateo] B33} 24A)7F Sk B A
AT ANEE 5% HE A5t 487t <t v gttt
A A & WST Aeko] E Wi &2 mA st g A X F
o B1-g-A]17] & multi-plate readerE ©]-&3t% 450 nmoj A
YEE 2ASHAG. 2L 33 W2 AP BTG
2 Ugiislen 54 AU ge s oA o]F
49e SResc

B16F10
melanin

ow g4 B4 o WA AL B melanin BF 57
< 53 EAMEZ} melanocyte WA €] melanin A34Jof m]
A= GFL dopr gttt 1% 10°71 9 B16F10 cell D100
cell culture disho] BF3}o] 24A17F ZoF vkt 3¢ 7t
o] A& AE & H|9F M|ZE 1X phosphate buffered saline
(PBS)L2.2 Aoj& th2 10% dimethyl sulfoxide (DMSO)7}
2349 1N sodium hydroxide (NaOH) €& &3}
80°Co|A] gt Al7t F¢F WkS-A]7] & multi-plate readerS ©]
L3519 475 nmo| A EF =S =435} th Synthetic melanin
solution ©]-&3}o] standard curveE ZAT & 2 7HS
A5t melanin BAFS AALSIT F 2L 2=
olEg B g 242 4 Fed arbuting AHgSEOw &

ek 33 HHE A HAg o= YER TH20].

mouse melanoma cell2 0|8t ME Lj

sk =X
O]o |o

B16F10 mouse melanoma cell2
tyrosinase M =H

B16F10 cellof A 9] tyrosinase &4 9] £4-& melanin &

1
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A 2 PR x| A gE AYT F Wt ANZE
1x PBSZ Aoj& th2 1% (w/v) Triton X-100, 0.1 mM
PMSF, 0.1 M phosphate buffer”7} :‘Eﬁ"ﬂ lysis bufferS #]
Slstel Aol A 2087 WA T AHBe sl coll
lysateS &H]3} A T Bradford method2 Tl A& A3t
% 96-well plated] 50 uge] T A& B35+ 2 mg/mlo
L-3,4-dihydroxyphenylalanine (L-DOPA)E #7133 X%
405 nmol| A & A7F Bt WA F| WA o) 105 gHA o=
dopachrome®] AL 2A3t¢ch AL 33 HiE A

Y A go 2 YeEr it

EAME?Q| melanogenesis 221 CHHEX! Hisi XM= BM

EAME”} melanogenesis®] Z} @A o] #o3sl= &
tyrosinase?} TRP-1, 2 121 melanocyteol] S0|Z ¢l AA}
Q1AL Z A melanin A 849 HFL ZA3dE= MITFY
promotero] £A3l= CREB binding siteo]|] Zg3s}e] MITF
ol A& FEdt= CREBY T d g WS Western
blot hybridization® 2 EA 34t} Tyrosinase, TRP-1,
TRP-2, actin®] Y 2}3}A 9} anti-goat L anti-rabbit 52
0]2}8}A= Santa Cruz BiotechnologyZH-E ¢35} 0
p-CREB ¥ CREBY] ¢4} &= Cell Signaling Technology 2
FE st ARgSHTH Al AT 7F B v Al 3z of A
cell lysates F%3}9] Bradford assay® @il ==& 4
A3t 3 50 ug?] AL 10% SDS-PAGER A7]9%53st
nitrocellulose membrane®] blottingdt & 1:1,0002.2 3|4
3t A2} A ¢} hybridizationd} 1 Th. Membrane A &
HRP7} 2ztd o|xgA 2 3 A7 B9 ¥reA7| 1
chemiluminescence detection system= ©|-&3}o] T3]
2SS Baalsic RS Ak 37 vE AWS A ¢
oJ7je) T w WSLE Sels T EAS dlojEE A
A&k

S 2

AE 9 Aut= B F(mean) + EFH 2} (standard deviation,
SD)2 UL, 2 Holg e A 42 SPSS 20.0
softwares |83t unpaired Student’s t-testE Z3| p ko]
0.05 BJ5kp <0.092] A% $ol4lo] = A2 Tekelsict.
Za 9 an
EAMEQ| ghiisls BEAM

AALA7F B3 FAtsheS ohdt A gd 9 Z3to]
o] 53] Atetd AEY A0t G50l o A WSt M
2 &g 97 gt B3-517] YA At Fatsks
= B3 v 27 ido] wjg Fastet. o7 B



Table 1. DPPH radical scavenging activity of EAME.

Reagent Concentration Inhibition rate
(ug/ml) (%)
EAME 0.1024 22.09+2.64
0.512 34.39+ 3.63
2.56 69.56 + 2.54
12.8 96.92+0.13
Ascorbic acid 0.512 20.44 £ 0.1
(Positive control) 2.56 68.53 + 0.59
12.8 97.15+ 0.06
A AT 2AE ddez 3 g Aol F4tE F
dF Eud &y 2 I 7)H dFE S4 o] FojA| 1

Alo

AUTH12, 19, 29]. EAMES] &4hsls B4 457 2 1 J%
& gobus] §I9) WA ks £8 AE F Sl
DPPH radical scavenging activityS 435ttt 1 A5}
Table 10] A9 B} o] EAMES] %= %7bo] wet 7
3t radical 2758 2o 0.1024, 0.512, 2.56, 12.8 pg/ml
o] A& Aol 93 DPPH radical 47 %©°] Z}Z 22.09,
34.39, 69.56, 96.92% %2 UYEI} 50% AA & YJEU =
ICs0 3HO] 1.42 pg/ml2 A R F O 2 A28 ascrobic
acid, £ vitamin C9] ICsy 3¢l 1.77 ug/mli} A A=
9 2 EAE B o e FASEE A4S &
3}t o]o] EAME7} DPPH o= ROS ¥ NO 59| t}
3t radicalel] 3t 2AGAH S U E=AE AEZ &0
A Zeld Fa o] A7IH U

EAME7} RAW 264.7 M= MZEZ0|| 0|X|= H&F

EAME7} 243t 3HAtshs& A 2ol A F2l5t7] $
3] WA EAMEZ} A A3 ZdA Q] RAW 264.7 A2 A
Eg nA e JFS AHEYTH I AT Fig. 1A A|A|
gF Bk} ZHo] 100 ug/ml o] 3o A2 FroA= AlZAE
o] F7hke AL YEg e, 150 pg/ml o] FoA = &
ToEH o2 NEFA o] A=At o] F3 EAMEZ}
100 pg/ml o3t A& EAE FE35A e AS sk
onf o]F Y FEE 100 ug/ml7HA| 2 AA o] 35}
%t g EAMES] A 2] A] 10-50 ug/ml] oA 5%
o2 NESAE Ho] Ao NE 4 &S
BG83 7Hs S A ol e EA ) WA #
# AR Eo] dA F= AT ) NE F4o] ZAEHE
A e Aoz AoEy I HE3 7142 ohF g
Z up glck. ohgk &7 A 7F 4 sEoA AE FAS &
AN BE BRet AV 2 R A=) gt
9 o] 71202 N FAo] EATEE AoR 5
t}[11, 38].

di e J
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* %
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* %

Con Con 10 25 50 75 100
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EAME (pg/mL)
Fig. 1. Effect of EAME on cell viability (A), HO, induced ROS
scavenging activity (B), and LPS induced NO formation (C) in
RAW 264.7 cells.
Values are represented as the mean + SD (n =3 to 9). *, **Signif-
icantly different from the vehicle control [0 or Con (-)] and H,O, or
LPS induced control [Con (+)], respectively (p < 0.05).

EAMES| ROS scavenging activity &4

DPPH radical scavenging activityol] /3] EAME7} &
22 ATl YTl et 1 2 /)WL & H 4
Al3] gotR7] ¢la] HA RAW 264.7 cello] thEZ QI Ak}
A 2EY A 2RI Hy0xF A8 8e] EAMES] 9%t
ROS scavenging activityS 43} th. 2 A3} Fig. 1B
A AT HEel o] Hy0q0] 23 f=%8 ROS A/J°] EAME
o Hejo] oJs) EHHO R AE O 2 ekt EAME
7t HoOg0ll &3l =4 AMSHd AEf A afA oz
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£417)

o
Lot

stal 5}t

EAMES| NO MM Xaliis £

EAMEZ} DPPH ¥ ROSo|| thgt 73t 24 S4& EUs
3ol gt what & ¢l RNS s1ukel NO Ao mlx]=
IS dolr 7] 93] LPSE A2 453t F gy ER
RAW 264.7 cello A =¥ EAME?Q] 2o & NO ¥4
%o Msks BAskIch 1 A3t Fig. 1090 A|AJE vpet 2
©] 10-100 pug/ml®| Al & A 2o 93 = &2 NO A
4 Adlee ERTS A5t olHg 27 53l
EAMEZ} DPPH, ROS, RNS 59| t}oFgt Ar3ta AE# A
of gt Holee EfS skt

EAMEZ} &5t §A HO-1, TrxR1, NQO1 2! AMQ| FA}
QIX} Nrf2e| Waio|l O|X|l= F&t

A FATE BRe WA fE &S0l Nef2o] 9%
Pibst a4A 9 HE RS B8 84S Uit Ao
AFE 3l Wl weh EAMEZL 243 Akshs
Fg 712 golR 1A} SHTH10, 30]. oS 3 &
FAE AR5 HAE o3 FAS S o)
lgo] =5 = Al £4:¢] HO-1, TrxR1, NQO1Z} 1 A}
AARQIZLRD Nrf29] Tid Wd o EAME7Z} w2 g3
At A3t Fig. 20 AIAE vt 2o 10-100 ug/mle]
A& Aol ofsf Al mAe] thild Wgo] FtE o 1
A=E HO-10] 7HF ZFsHAl vepytth. Al &40 49 A
Q1AFQl Nrf2e] T whe E8h Z71E 90w Nrf2o] At
3} B3t 2715 Ao 2 Vet EAMEY 938 §4kst &
2 9d S7H7F Nef2d] e 371 9 Q14kste] o) vebd
7Fe & BT, 8]

oot
N2

mlI. [19

[e]

do

> o do ko @

vy

0 10 25 50 75 100 (ug/mL)
HO-1 | e v e ame SN GID

TrxR1

Nrf2 ]

p-Nrf2

Actin

Fig. 2. Modulation of anti-oxidative enzymes, HO-1, NQO1,
TrxR1, and its upstream transcription factor, Nrf2 protein
expression in RAW 264.7 cells by EAME.

Actin was used as an internal control.
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Table 2. Tyrosinase enzyme inhibition activity of EAME.

Reagent Concentration Inhibition rate
(ug/ml) (%)
EAME 4 5.66 + 0.23
20 6.77 £ 0.13
100 52.77 £2.28
500 74.66 £ 0.45
Kojic acid 2 17.63 £ 0.51
(Positive control) 10 82.44 + 0.27
50 98.21 £ 0.02

EAMESQ| tyrosinase inhibition activity &1
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Fig. 3. Modulation of cell viability (A), IBMX induced melano-
genesis (B), and cellular tyrosinase enzyme activity (C) by
EAME on B16F10 cells.

A; arbutin used as a positive control. *, **Significantly different from
the vehicle control [0 or Con, IBMX (-)] and IBMX induced control
[Con, IBMX (+)], respectively (p < 0.05).
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Fig. 4. Modulation of melanogenesis related protein expres-
sion by EAME.
Actin was used as an internal control.
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