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Abstract: In this study, the antibacterial activity, antioxidative effects, inhibitory effects on tyrosinase of Inula bri-
tannica flower extracts were investigated. MIC values of ethyl acetate fraction from Inula britannica flower on P.
acnes 0.25 %, respectively. The results showed that the antibacterial activity of the ethyl acetate fraction was the
highest in the P. acnes. The free radical (1,1-diphenyl-2-picrylhydrazyl, DPPH) scavenging activities (FSCsy) of eth-
vyl acetate fraction of Inula britannica flower was 8.55 ug/mL. Reactive oxygen species (ROS) scavenging activities
(OSCsy) of some flnula britannica flower extracts on ROS generated in Fe*"- EDTA/H,O, system were investigated
using the luminol-dependent chemiluminescence assay. The order of ROS scavenging activities were ethyl acetate
fraction 0.24 ug/mL. Ethyl acetate fraction showed the most prominent ROS scavenging activity. The protective ef-
fects of extract/fractions of Inula britannica flower on the rose-bengal sensitized photohemolysis of human eryth-
rocytes were investigated. The Inula britannica flower extracts suppressed photohemolysis in a concentration depend-
ent manner (5 ~ 100 ug/mL), particularly deglycosylated flavonoid aglycone fraction exhibited the most prominent
celluar protective effect ( 759, 164.15 min at 25 ug/mL). The inhibitory effect of Inula britannica flower extracts on
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tyrosinase was investigated to assess their whitening efficacy. Inhibitory effects (ICsp) on tyrosinase of some Inula
britannica flower extracts were high. Ethyl acetate fraction has ICsy of 87.03 ug/mL. These results indicate that ex-
tract/fractions of Inula britannica flower can function as antioxidants in biological systems, particularly skin exposed

to UV radiation by scavenging 0, and other ROS, and protect cellular membranes against ROS. And inhibitory ac-
tivity on tyrosinase of the ethyl acetate fraction and high potential as bactericide against the skin pathogenic bacteria
could be applicable to new functional cosmetics for antioxidant, antiaging, antibacterial activity.

Keywords: Inula britannica flower, antibacterial activity, reactive oxygen species, antioxidative activity, cosmetics

S5 9% A A e ¥R Aste] WAl
L OSER, MEF Fol tEAeItH1], JSEFE
om FEE 93 Qe o8] W47t mdn

1;[_}__9 HEQX] 53 ]—O:] J]T Ijjlo] u]-t;] o z;\] ]_
o] ojE209] Qlo] HH[2], HEFE 5, ggu]g} 7

& SR oA 0z S} AT ARG
AEH3]. 33 AT o T BHgES WA A
o] wlite] ofd @S Fa Qlor, o2 AP 918
: PRALY GFAZL AHSH T et 8
WA GEAE B0l AR 7]

)
op

ol

ol

Ju

e Lo
]

9J\

9] 84 X% (reactive oxygen species, ROS)

w ) o]ojA] kst WolAlE T, A

ol AbgtAl AE# A &g M E44E o]
W, =35 7FESAZITH5-8]. SRR %O]E’f

7o) vilg- 210, 2 - OHE BIREk] O, HO,,

ROO -, RO -, ROOH ¥ HOCI &< 4??#1@[910]

O]Eﬁf} *J??P—ﬂ AEH 2o ot gits) whojute] Fy)
S} AEZRE JBEE BIs] 93 ks g, v
Wl gl g3l g5 7 Hd A A P A7) ohekst
Al o]Foj A a1 QITH11-16].
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O-(6"-isovaleryl) -glucoside, astragalin, isorhamnetin 3-
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(4+)- @ -Tocopherol (1,000 IU vitamin E/g), L-as-
corbic acid, EDTA, luminol, heparin, A2 AF-%
rose-bengal, free radical A& ARE3F 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) radical< Sigma Chem-
ical Co. (USA) A F+iste] ARE-3FATE 7€} FeCls -
6H,O% Junsei Chemical Co. (Japan) #1%-2, H.On=
Dae Jung Chemical & Metals (Korea) Al#< AFE-3}37
t}, &g dA| 2o AFE-H Na,HPO, * 12H,0, NaH,PO,
- 2H,0, NaCL 18] 31 trizma base, HCl, &€k (EtOH),
v &k-& (MeOH), ethyl acetate (EtOAc) % ZH5 gl
A S5 AlokE ARSIt 71d®E ARSE L-ty-
rosine, &4 %2 AFEE tyrosinase (9.3 mg solid, 5370
units/mg solid) += Sigma Chemical Co. (USA)IA
)3kl ARgssitt A ARl vEx 2 ToolA
ZHEeE Z1e 2009 497 AAE Al Tl ste] AR
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% ethyl acetate &8-S T - sF3to] F9HE A
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= o] &3- F& AAAZ T B2 aglycone I-HE
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2.31. ARBTF

2 Ay AFEH TTE AEF2 AJA2] Propio-
nibacterium acnes (P. acnes) ATCC6919%} Hl5w<l
Pityrosporum ovale (P. ovale) ATCC12078, &717 1
2 o #50 Staphylococcus aureus (S. aureus)
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ATCC6538, Escherichia coli (E. coli) ATCC23736+= 3t
S vgE BEAE A o} el Agstele

2.3.2. HHX| = HHEZEZA

P. acnes®] wloF v A= reinforced clostridial (RC) HY
A (Merck, Germany) & AHE81%12™ P acnesi= 4 C
oA BEslHAM A 72 h Aol G435 AR, 7S
vk wix|oll HE3e 3 anaerobic jarolA Gaspack sys-
tem (Merck Anaerocult® Gaspack system, Germany)
S o] g35te] WE3le] 37 TolA 72 h F<F E714 vk
stk 3714 759 S, aureus®t E. coli= Mueller-
Hinton ¥i*](Merck, Germany) & AF-siom #& 4
&% % 37 C incubator®l A 24 h -5k wFehaA AHE-
shit) B3k W5l P ovalex= Pityrosporum Hj#]
(Malt extract agar 6 %, ox-bile 2 %, tween-40 1 %,
glycerol mono-oleate 0.25 %)S AFg3dton H2
Fsk 7 30 CellA 24 h &< vllekste] AFg-3kaitt

2.33. F2MsE
MIC)

HAAFE(MIC) &= ghdul#] by
= 2ol ST =, A7) H Y=
k-3t Ml X] 20 mLE petri disholl 833, Al TS
Fg A Yol 0.1 mL ZFsH Tt P acnes+= 37 Toll
2 72 h %, S, aureus®} E. coli= 37 CeollA 24 h %,
P. ovaler= 30 TolA] 48 h Fof §etoz Fzs18lS
ztztol ftEo] FAEA] = s EE MICE A4k
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2.4.1. DPPHHE IﬂgF Free Radical &7 &/
Free radical& =3}, £3] 3Hy-319] ¢ B2 7¢

FHI Yo FEE 2 FEE! U free radical &4
244 5742 DPPHE ol @&ttt A wghed
gallA171 0.2 mM DPPH & 1 mLell ol&-& 1 mL&
A7rstal ol sEe] FEE 1 mLE H7ste] 412 v
o 24 10 min &<t WA F spectrophotometer®
517 nmellX FFEE SA3ATE 1 @49 A7+ A
25 ¥A 92 A5 =7 (control) 0.2 3t Al S
9& A& *éféf experiment) 0.2 &}o] o} Ao o)
DPPHE] &7 A&fl&+ yehdilth &7 €442 DPPH
o] §E7F 50 % s s AR FE(free
radical scavenging activity, FSCso, ug/mL)ZA] 37|
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2.4.2. Luminol &2 S
01M g*o* i i7‘| =1
Holu} 7] 2 &2 J
droxyl radical ( - OH)% AN = SR Zg3)
2 Agoa AHE-E Fe' -EDTA/H0, 7= 25 ROS
(O:"7, +OH 183l HoOp) & 731Xt whebA] o] A
Z o] &3sld ROSO| y3t & dakslsS =4 3 5 9l
o} o] T FAksksoll= &40 BdS Yol A
HolExgw ¥9hd 4= glvh Fe' -EDTA/H0, 714
A E ROSY A& luminol¥} ROS Aol 9] HHS-2 &
= SAToEN & F Atk
shehid 548 FEO ST 1.78 mLE Eal Ttk
3 FE] FE=S YAk 97]el 25 mM EDTA 40
uL 2 5 mM FeCls « 6H,0 10 uL & 713 & 35 mM lu-
minol 80 /JLE ug E_ Ajoi 204\:]_ ]o]/q §:}.6‘]—H]—
3719 cell holderdll FEE €3l 5 min &< 22171
< 150 mM H0, 40 uLL.5 ¥ 3}hd3-5 25 min 59+
skt U2 (control) & A58 dlalel] S/
£ Y3, FAP(blank) & AlET¥ 270] At
H,0:8} FeCls - 6H0& 718k & o= 3Qlh
318937 6-channel LB9505 LTS 7t A g2 238 A
of BAste] Adre] xpo|7F A9 glE= shivt 38t
gow SAst A& ths A2 Zo] YERSl AL,
2 R iﬂ%ﬂﬂ A7) s A7)7F 50 %
7w A3 A 5.9 FE(reactive oxygen species
scavenging activity, OSCsy, ug/mL) =24 X7]|35}53 )

(Control®] cpm - Sample®] cpm)

0, =
Inhibition (%) = (Control®] cpm - Blank®] cpm)

x 100

2.5. Photohemolysis#i2 0|88t MEZES 3 3

AR AETE o7 FAdA N 93 A LA 1l
gty AL G e ok AxE) RdE g3t
Ho| W}, o] APHE o] gsto] HAES diieoz &
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heparin®] 718 Alg@Fe] ¥2 & 3,000 rpmo & 5
min &<+ st Aol @S st e
3 A8+ 0.9 % saline phosphate buffer® A2 5}
Al etar Ao Mg 2 A AT 33] whE
sto] AlZ, FEld Ad4E 4 T WAare] BashaA

ARSI, BE AEE AE 12 h ool Wit

F88 AL ov Fid H“ﬂoﬂ upet kit A

Yol A9 Ad T dEHS 700 nmellAl 0.D.7} 0.60]

gom olu AP £ 15 x 107 cells/mLol Tk
2.5.2 E.L%i So| u2d N F1}

ﬁJrOlE“* Alf‘ﬁ%(No 9820)

Z}Z} 50 ,uL"—"l 718kt ‘?:1'/\01]/\1 30 min J pre-in-
cubation A1Z1 ¥, FF7A| rose-bengal (12 uM) 0.5
LE 7}k s 5 (Whatman laboratory sealing film,
UK ) o2 ATE w2 F 15 min 5+ FZ2AF STk
FE&de) FQast FrAb= U5 A Zgk 50 cm x
20 cm x 25 cm 719 4R kel 20 W 83352 A
3t BYS O EHE 5 cm Al 48T ol
70 glolAA AHHE FFs B0 !
% 15 min &<?F FZAE Gl FE2APE 1§ o
(post-incubation) A7l W& A9 Y EE 15
min ZF4 2.2 700 nmolA 3 E (transmittance, %) =
S-E FERelth o] 3ol A dEde] FPE
571‘% Ao §EAHE nHEt e A8 20
C g24eA Aeglet a8x £ FE29 3834
u]X]:= &I} post-incubation A17FEF S8 =2 74
H Oz ERY A8 50 %7 E8E = AR o
< Tete] vlaskgict
th 27 (control) = 75°] 31 min®=2 2=
min O|H= B A58 Aol Adgo] o
E}5tth Rose-bengals 718t Fx2AME < S 74
9} rose-bengalS H7}shA i FERAME S AL
B oMES 120 minZ7hA = f380] 719 dojA|
otk AdiAel B8 B3I gy ol#el o] e
S el=2

1:
o
=

Elolo
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5 oo o a3

Sample 7o

effects = Control 759

Relative protective

2.6. Tyrosinase Xsffetd &H

L-Tyrosine S 25 Azhd A 24 ol &= tyrosinase



=]
e

>111-j

=
=

m{\i

=
T

M ey

[e]
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v gdS S35kt W% T8tk L-Tyrosine
(0.3 mg/mL) 1.0 mL, potassium phosphate buffer (0.1
M, pH 6.8) 1.8 mL, A& 01 mLE &38t § 37 TellA
10 min Eo]- zs]—_Q_ HHOHSI— 1:}__ a}gzgg
of Qo] W8-S FZAA7] 1L, 475 nmollA &
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EX ;:(/nu/a britannica Flower) F&=2| T5&
3200 g& AA 2T 50 % R 2
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19 89 %©]3Ath. Ethyl acetate

=3t A& 13 n-hexane®. &
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ethyl
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H 3] O 3z
p—:]|1__E

-Cr] ethyl acetate #382 &

°F 339 %°l3le,
7hrits) AAA Fa A
conel] TFEEL 088 %At} Ethyl acetate
HyolE HjgAlE Zo] /-3t 3o, aglycone
Holl= FefRcolE A Z o] Fo% ethyl acetate
B3lo| A o] A AAZ] How aglyconeol FARo7
A 2 AFHE 50 % oleE FEF&, ethyl
acetate ¥3, aglycone #38& Ao AFE-3}3T]

acetate 82 At

=]
Rl

32. BEX & FEEO &7 g4 =8

H] 52l P oovaled] U3t 8% 2 28E ¥ ethyl
acetate #& 2] MICE= 0.25 %% UERILE =542
P. acnes®ll ot A<r2] U5 9l 85 F ethyl acetate
T8> 025 %% YERRTE ethyl acetate w8 2] 7

MP (0 25 %) ¢} vl slo] A3 FJoArEHF XS L]—

BT, A SR ol A8l quercetin (0.30 %)

¥} H]JJ_O}‘?io e & FAsEH A4S YRS

olgigt Avt= wEX 2 8 ES] AR ks 2 Al

ER% B e, ATFl Fast A 2 sgE )
roo0
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Table 1. Minimum Inhibitory Concentration (MIC, w/v%) of
Ethyl Acetate Fraction from I britannica Flower Against
Various Bacteria

L britannica flower

Strains extract Methyl Quercetin
(EtOAc fraction) ~ Paraben
E. coli 0.50 0.13 0.06
P. ovale 0.25 0.13 0.15
P. acnes 0.25 0.25 0.30
S. aureus 0.50 0.25 0.15
FAY 54 AT 7ot B BEFL o w o

A ZNIAY At E AFEAIZ17] $138F 5241 9] A
olglel e, shEelA= AFe] WAooy 29s
A8l oreFst S50 WEAIY A7 AFE-H
ARrA o 7 Algte] AlZuE Sk ste] Alits /\}
718 SEato] sdEel S&H e
G AES ARFA SR QA FF-9) HE et
H B QA vFo YT TA| =
= AHEEte] Aol mavE
&oh= Aol Tastth ol2lsh wAlolA
45 3714 759 E. coli®t S. aureus©l
29| ey 54 A9 vuEed °ﬂ H| 5o
L}E]r‘ﬂﬁ’ix]“ A A= L
HAAHOZ 02 ~ 04 % 011:_91
3}3’— 1= A ekehd FEx
H
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AAE A WA, FHARA Gl

o
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3.3.1. DPPH&Z 0|25t Free Radical 2~HE

}\gx.ﬂtﬂ-oﬂ Olo—] %}H/\]—/\ EE‘— x];ﬂ a].]q a
Al A A 7Aks) 9h-g-2 AbEAkst S A
oIt} (+)- @ -Tocopherol 52 FAtatAlE= AHN-E-
011/‘1 A& rstebr el 4 FINE AHg-sto] ANk
o ZTAN O ZMH A‘ﬂilﬁl-—% R 33T} o]g} o
toll M a2 288k f‘“}ﬁ}ﬂl«] k=

o 1o
ree radical?l DPPH®}FS] WHS-S F3dto] o}

30 %t oo

N

5 (Tnula britannica flower) F%&% 18|11 B]

HHEDM__QH\._@N
hXP

i

-ascorbic acid, (+4)- @ -tocopherol®] free
G (FSCs) 5% A= Figure 17 2tk
2250 % oeE

7

-

ﬁ
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o
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we b 2B
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Figure 1. Free radical scavenging activity of extracts and
fraction of I britannica flower extracts and references.
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O 1 1
50 % EtOH EtOAC Aglycone L-Ascorbic
extract fraction fraction acid

Figure 2. Reactive oxygen species scavenging activity
of L britannica flower extract and L-ascorbic acid in
Fe' -EDTA/H,0, system by luminol-dependent chem-
iluminescence assay.

A=) o
T’_—Q\_

©] 10.16 pg/mL, ethyl acetate 8.55 ug/mL,
aglycone ®32 1659 ug/mL= EFATL Ethyl ace-
tate %8 free radical 24 &/3°] (+)- @ -tocopherol #}
FAFSE o2 Yelwtt) Blu 22 AMESE 849

ol¥E -

L-ascorbic acid®] free radical 2~A&d-2 3.79 ug/mL,
(+) - a -tocopherol=> 8.98 ug/mlLo| %It}

3.3.2. Luminol &2He 0|28t Fe’ -EDTA/H0, Aol U
OfAl BHMARA A7 B (BEISHS)
Luminol> ROS®| 93l 4Fs}E]o] &5 e ofu|
sebato] g & (420 ~ 450 nm) & B o o
214 9lth. Luminol W34S 0] 83 Fe™-EDTA/H0,

Al ¥ ROS 2A B4 FEZX &2 FE2E2 3
s g2 HAaA S Figure 20014 & = ) 44k

2AZN (FEA 8, 0SCsp) 2 8% &
FZ5°] 090 ug/mL, ethyl acetate 3] 024 ug/
mL, aglycone #2°] 161 ug/mL%E el el
FIA3sS ethyl acetate FEEC] @S #AAAIR
aglycone #8 3 50 % oS FEERT LA &
Aol F& & 4= Qlth Ethyl acetate 22 v &
A2 AME-3F L-ascorbic acid (1.50 ug/mL) Rt} & &4
< Bt

o ma|of chet MEZE

FEE FAALLof 23 A EEA 3}01
=43t A3}7} Figure 3, 4 2
‘—rL MEZ} 50 % 3] =H) @_E]—L:

| 25

, 25, 50, 100 pg/mL2] 5
53.27, 164.15, 302.55, 210.05 min®. =
Wi, 5571 100 ug/mLelA &
Aok 4 eIt o] & ot FEES] v &
=1 “H’L— Ala kol o gt wekahE- (Al g Al 2 A 9
A8) S JE 2 9= ZHo] A8 /AT A7}
sk 9\1‘3]' Ethly acetate #3¢] 7-¢- 4553, 71.63,
103.00, 126.33 min, 50 % °l&t& 36.47,

A1k
A Jehdd 5= %

Cl:q_?,]

H~ _Izi

ﬂ«] aglyco ne
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Table 2. Effects of Extracts from I britannica Flower and Reference Compounds on The Rose-bengal Sensitized Photohemolysis

of Human Erythrocytes

o (half time of hemolysis”)

Concentration, ug/mL 5 25 50 100

I britannica flower extract (50 % EtOH) 3647 + 1.97 52.83 + 1.96 90.75 + 555 14330 + 13.23
I britannica flower extract (EtOAc fraction) 4553 + 5.83 71.63 £ 2.53 103.00 + 7.80 126.33 + 18.01
Deglycosylated fractiog from I britannica flower 5397 + 285 16415 + 805 30255 + 745 210,05 + 0.15
extract (EtOAc fraction)

(+)- @ -Tocopherol - - 74.33 £ 6.35 -

1) Control, 75 = 31 + 1.0 min

tstabgEela«), A 35¢ Al 3 &, 2009
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Figure 3. Cellular protective effects of I britannica flower
extracts against 10,-induced photohemolysis of human eryth-
rocytes. Relative protective effect = sample 7 s0/control 7 5.
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Figure 4. The effect of extracts and fractions of I britannica
flower extracts and (+)- @ -tocopherol at 50 ug/mL on the
rose-bengal sensitized photohemolysis of human erythrocytes.
Relative protective effect = sample 7 s50/control 7 5.
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Figure 5. The effect of extracts and fractions from I bri-
tannica flower and reference on tyrosinase.

.2 =

D) vEx 2 32529 7589 4550 % e F
=52 1989 %, ethyl acetate &2 3.39 %, aglycone
2] 35 088 %°ltt

2) FEX & FEE9 free radical 2758 (FSCs)

250 % e FEE 10.16 ug/mL, ethyl acetate -
3 855 ug/mL, ethyl acetate ®Eox T AAA
aglycone 1659 ug/mL=E YER:

3) mER E FEEY @9 2AEI(0SCs) =
TEE 250 % eE FEE, 0.90 ug/mL, ethyl ace-
tate 32, 0.24 ug/mL, ethyl acetate w2 2] o A A%t
aglycone =22 161 uyg/mL= 8% & F
ethyl acetate ®&o] 714 & A4S JeldT
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