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2 ok B AFAE ¥ FE2E sl &4 9 &4 AES ERIEIEY. BE AYe 9% FEE9 70%
etE FEE, JHoMH O E £, ol=8E £¥& o|&std gYsutt. DPPH (1,1—diphenyl—2—pic—
rylhydrazy) & ©]83} free radical £H8A4 (FSCso) -2 AdolAEHIOIE £ (6.15 pg/mL) o] HluE2<Ql
(+) — @ —tocopherol (8.89 pg/mL) Bt &4 Vehgth Fu|E B3-S o] 88 Fe’ ~EDTA/H0xA ol A A
AE A4k (reactive oxygen species, ROS) o] i3k B& F&59] & 43815 (0SCs0) & 70% olleHe
FEEY A4F 1.60 pg/mL, olotMEHe|E £3589 A9 0.075 pg/mL, ol=8l& £ F$ 2.28 pg/mlLE
H 2291 L—ascorbic acid (6.88 pg/mL) BTt 2 A4S YR AFE AT 10,2 59 A2y
of gk Ro &} Ago)A 70% e FE2EF o2& B89 502 10 gg/mLolA 22t 52,0, 60.6 min
o2 AgA A Z 4R (+)— @ —tocopherol (38.0 min) 2t} ©] & ME 23 g35 et TLC
9} HPLCE 0]8-3) o}Z8|& B3 o] AREX A} luteolin, apigenin 5°] £A13-& &215tytt o) A3E
2R & 252 s TS SFHNLFE LAEHE AR 82 F J2S AARIL

Abstract: In this work, the antioxidative effects and active component analysis of Graphalium affine D. DON. (G. affine)
extracts were investigated. All experiments were performed with 70% ethanol extract, ethyl acetate fraction and aglycone
fraction of the G. affine extract. The free radical (1,1-diphenyl-2-picrylhydrazyl, DPPH) scavenging activity (FSCsy) of
ethyl acetate fraction (6.15 pg/mL) of the G. affine was higher than that of (+)- @ -tocopherol (8.89 1 g/mL), which
is known as a reference control. Reactive oxygen species (ROS) scavenging activities (OSCsp) of the 70% ethanol extract
(1.60 £ g/mL), ethyl acetate fraction (0.075 r£g/mL) and aglycone fraction (2.28 1 g/mL) of extract of G. affine on
ROS generated in Fe''-EDTA/H,0, system using the luminol-dependent chemiluminescence assay were much higher
than that of L-ascorbic acid (6.88 f«g/mL). The cellular protective effects of 70% ethanol extract (750 = 52.0 min)
and aglycone fraction of the extract (7 5o = 60.6 min) on the '0,-induced cellular damage of human erythrocytes were
exhibited the higher protective effect than (+)- @ -tocopherol ( 7 so = 38.0 min), known as a lipophilic antioxidant. TLC
and HPLC were used to analyse active components in the aglycone fraction of the extract. Results showed that luteolin
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and apigenin were main components. These results suggest that the G. affine extract can be applied to an effective anti-

oxidant in scavenging ROS including radicals.

Keywords: Gnaphalium affine D. DON., antioxidative activity, flavonoid, photoaging
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Z & 4FAF(reactive oxygen species, ROS)O] Ay ‘45]
o FitstA E4E WA Ptk ROSE 2 AHEEE
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ZZFATH1-3]. ROSE WA= AAE 4 9L
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UV-visible spectrophotometer= Varian (Australia)Ak
9] Cary 50, 3}8Ps37]= Berthold (Germany)A2]
6-channel LB9505 LTE, 2187 388 A3 A&7
Spectronic 20D Milton Roy Co. (USA) A EFS A&
3} 3, pH V]El+= Hanna (Korea)Al A& AR8-31%
o} EDTA, luminol, heparin, FSLAZ AL8H
rose-bengal, free radical ZAZAJol AREE 1,1-di-
phenyl-2- picrylhydrazyl (DPPH) radical<> Sigma chem-
ical Co. (USA)°lIA TU3tAith. 718 FeCls - 6H,0+
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2.3.1 DPPHHE 0|23t Free Radical AHEN

Free radical > 2 RHSAS 7H1 & AAE 2+
AGo A o= R3S 7148471tk DPPH
e A 89 free radical £27%S Q18 = Y= Al
FHOo =AM, vwd kgg ghrjZ<l DPPHO tfgh
ANE9 FdEE SA welx g FE2E0 o
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A S wgh&ol 83iAIX] 0.2 mM DPPH &<
1 mLol| o§h& 1 mLE F7Istal o8 59 =
1 mL< 718k 42 v A-2el4 10 min &<
X] % spectrophotometer=. 517 nmol|A SH =5
SRt 1S9 AUl AEE BA €2 A
) ZF(control) 0.2 & A|EE Y& A
(experiment) &2 3} T3 2o 2]3] DPPH]
A&l &S YERNATE Free radical 271842 DPPH
o] FEI7} 50% ZAaFEEH ag AR F5(free
radical scavenging activity, FSCsy, ug/mL)Z4] 37|35}
At

o H—l
o M M ol o Mo 12

<AExpe'rimenf - ABl(mk)

Inhibition (%) = {1 - [ } X 100

A Control

2.3.2 Luminol LZHS 0|83t Fe®'~EDTA/H0:7I0 {014
HYMA ATBN(EEMES)
Fe'-EDTA/H,0,7A1E 2% ROS (0, ", * OH, H,0y)
E AR Holuh F8] e Holg&d WA
o] 7} & hydroxyl radical ( - OH) Aol AojA ZF
83 g 3t o] AlE ©]€3lY luminol¥} ROS
) WS B3 RS ST 2N F3H4ts)
kel

e 3

mLE ¥ OU% FE "HE FE2E57 25 mM
EDTA 40 4L 2 5 mM FeCl; - 6H,0 10 (L5 713+ &
35 mM luminol 80 (L5 ¥ T2 EE°] 404 3}
ShkE719] cell holderdll FHE ¥+=Th 5 min &<+
37 C &2A]21 & 150 mM H,0, 40 (L& ¥ 3}t
W3-8 25 min % SA AT tHET(control)S Al

£ tiile] F/RSTE Y, FAP(blank)> AR

=
L0 T
T 2710] FYF H,0,9 FeCls - 6H,05 3715}

A F2 ASE ). $8337] 6-channel LB9505
LTS 7} 2 d& 23 Ao BAste] A 3He] *fo)

= it g o e A% Aol &
2ol Jeh 1, B4k AAEAH ]
A7) 3R] AMZI7F 50% ZHAE e Zagh
A 5.2] &S (reactive oxygen species scavenging activity,
0SC50, ug/mL)E 3£7]3}3 T
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Table 1. TLC Mobile Phase for Separation of Aglycone Fraction from G. affine

Eluent system

Aglycone fraction

Hexane : Ethyl acetate :

Acetic acid = 21 : 14 : 5 (v/v)

(Control 2] cpm — Sample 2] cpm)

. 7)) —
Inhibition (%) (Control @] cpm - Blank®] cpm)

> 100

2.4 Photohemolysisti= 0|28t M2 E5 &1t =H
Al HEFE Udoz GA4kae ok Mz
2 gt AEE GAkae o3 HEEd REE

5 Aol Wrh whebAl o] ABWL ol g3kl HAE
& oo BYEY] BT AL BE G348 573
@ % ok

241 Mg SEH M=

AT A4 49 3 3WeziE AU
A& ZA| heparin®] H7HE ATl D& T, 3,000
pmOE 5 min 5 AEZsI AP S} RS
skt EEldk AE = 0.9% saline phosphate
buffer (pH 7.4, Na,HPO, - 12H20 9.6 mM, NaH,PO, -
2H,0 1.6 mM)=E 33] QkEsto] A|Hsith e A3
< AE $ 12 h o]l WA TE Al AHEE AE
T AEY2 700 nmell4] O.D.gke] 0.60]1 .o ol
HEF = F 1.5 x 107 cells/mLO] AT

242 W xEF0| F8Y oM =

1.5 x 107 cells/mL A& T SAErd 35 mLE o]
22 AN @& No. 9820)0ll B2 & H& F2ES 54
2 77 50 A 7Rkt haelA 30 mingt
pre-incubationA| 1§, 35741 rose bengal (12 1M)
0.5 mLE 7letal FefdEo = Y& B ¥ 15
min &<+ F2AL ST FEHo] BRI FRAE
WHEE AA A3 50 cm x 20 cm x 25 cm 27]9] 4
Z; Qe 20 W B35S A8t FFTOERE S
cm Aol AT dggo] @3l stold X~ Al FHE
FFH BPo] HEF w3t ¥ 15 min FF F=
Ab SFATE BEAPE B & ARE3(post-incubation)
ANz e AET] AAHEE 15 min AR
700 nmol| Al T3 % (transmittance, %)ZFE T3
o] BAo A AT g FFre Sl AET
o] $¥8AH T HlFIITE BE AgL 20 C F4

ekl gEsks| 1], Al40 @ A 1 F, 2014

50%7F &8 == AR mes Fste] HlwEkTh o
ZFTE 75°] 30 minl.E 23} B £ 1 min OJWHE B
T A9 AgoA @Al FEstA e
Rose bengalS H7}stal FZALE ¢HlS 7-9-9 rose
bengalS H7FstA| il FEANE P& e BT
GRS 120 min7HAl= §&8o] A oA &ttt
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elative protective ef fects = Control T,

25 TLC 2 HPLCE 0|8¢%t W& F&E9| E2tE 0|

=5 7 o8 295 100% o= =
, syringe filter (Milopore 0.45 ym)& ©]-83}] o
AE FE2E Y& o8t T4 TLC 2
HPLC ¥4l o]&3}3Th TLC 4 Al AHR
gk 217l &1l Table 10 YERAATE A& 821 o]
ul Rue B33ekz 2159 TRy o|lE FFEE
Rf 3t A& 9 HAH S o] 83 mjo] A}
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Table 2. HPLC Condition for Separation of Aglycone Fraction from G. affine

Condition of HPLC analysis

Column
Detector
Detection wavelength
Flow rate

Injection volume

Mobile phase

Shim-pack VP-ODS (L : 250 nm, LD : 4.6 mm)

UVD 170s DIONEX
370 nm
1 mL/min
20 L

2% AA” in water : 0.5% AA” in 50% ACN”= 70 : 30 ~ 10 : 90 (gradient)

YAA : acetic acid, YACN : acetonitrile

40

a0

20

Free radical scavenging activity
(FSCqp, pa/nl)

70% EtOH Et odc Aglycone
extract fraction fraction

(+)-a-Tocopherol

Figure 1. Free radical scavenging activities of G. affine
extract/fractions and (+)- @ -tocopherol.

3. 7=IJ-|_|. ol Xk
3.1 WA X=20| StAGH A

3.1.1 DPPHHE 0|28} Free Radical AHEN

k) =Fo) oa A== ROSYlE= - OHS9 2
& Z AAE ZHE free radicale] E3HE O] Ut o]
g gteZd & vhEAd o] vl ol Mlazdtel A A&
Fksiik-g-o] AFAtsub-g-S MAAZE S QT o]
w BIEH] E 5o FASAlE ROSE =S AlE
ute] 2@ 4kst A vESo A A" A gy
of AAE AFFoEZHN AT-gS TAAZIT o]
¢} o] AAE AFIFo 2N LS LA
g2l g T4 A5 issE SAE
At

wEha B Ao vy A g E &
AJ &= DPPHE ©]-&38t] H&: 259 gir|d &7
24 SAsAT 9 FEE0 st A 84 I

2F8FAIQ] (4)-a-tocopherol ©]  free radical 27843}
] 25} Ch(Figure 1). 2 70% olghd FEE9 2}
Oz 2AZX(FSC50)8 28.00 ug/mL, o EolAlE o]
E BIEL 615 ug/ml, olF]|E £ Aol
35.90 ugmLE YERJATE & FEE9] free radical
2ASAE "o HO|E A 7P A Y
S-S & & ok vnEAZ ARESE (4)-a-toco-
pherol®] free radical 2~A &2 898 ug/mLo|t}. w}
ghA " FEE dEHOMHOE £89L& (-«
-tocopherol 2T} = U] & free radical &~A &3-S UE}

AT
3.1.2 Luminol 2HZHHE 0|23t Fe* —EDTA/H0. 0 QL0{A]

B 2o AF83 Fe'-EDTA/H0,A1 9 A= Fe'" &
H,0,Z%E] Fenton WHg-S 7473t tjaksl £HFe
ROS7} A3 . Luminol A3 ¥ ROS®N 23] 4ks}
Hol = AHe] oju-zebilo] © F 3lshikag
(420 ~ 450 nm) < 3h= ASE LHA STt o] Aol
gaksA)| 71 A7 EH ROSE A8k shehago 7t
gt} Figure 2& H& 3259 ROS 2ASH(F

2hebs) S YJeRlth & 70% olehe &2
S ke 2AZAFL 1.60 ug/mL, EotHEHo|E B
512 0.075 ug/mL, oF=E]E 82 217} 2.28 ug/mL
2 Uehgth RluEde ez ¢4 ksl
L-ascorbic acidES AF&3} 2™ L-ascorbic acid®] =
GikelsS 6.88 ug/mLE UERSTE ®&=2] 70% of gk
& FEE, olHoMAHO|E £, o}ZT|E B3 =F
B 52 Q] L-ascorbic acidBth O & & 438l5S

e,

o b

J
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Et OAc
fraction

T0% EtOH
extract

halycone L-Ascorbic acid

fract ion

Figure 2. Reactive oxygen species scavenging activities of
G.
EDTA/H,O, system by luminol-dependent chemiluminescene

affine extract/fractions and L-ascorbic acid in Fe''-

assay.
32'0,2 QEE AR M7 otajof fEt MZ 25 St

3] F-of| = porphyrin®] L} nboﬂavmlf} 2o ooFst 3
SAAIEC] A o] ALAd a2 o F
=4 WS 53 0,3 o8] ROSE AL &
3] B F A EQ 'O WHEAe] mi- &
ROSE F 5 IsA| & 1A Z 0 24 3H4ks) o]

Be SAATAL, AEeA B HeE THAA

02 ADMIIEE AOAN A E4E of
AN, wetd H@Te FEY AW NN
i mAA BYOLZRE AL B B =
Rahed) os avpeolt ® A9 o BEA

a

2 AE-HE rose-bengal £ 59 000 9% A

ol oA HE FE2=o) AE B G398 S48}
of Y& 22E9| gAY o) & TPeA e g

dstaral sk

w0l 70% N Ehe FEE, odolAHo|E W o}
2e)2 2= gt 1, 10 2 50 pgmLe] FE
A 8T AZ7F 50% )= =d AEls AN m)=
S o 2N MXE BHE F3E v w3 hFigures 3,
4). °] F(w)= NE] NE RS o] 55 &/
Ueldth AlEE ¥A &2 dxTY 4, 48T
AIZ7} 50% 3t ==t A= AR 30 £ 1 mins
2 AdA o] Uz 3HA vl W2ke] 70% o ek
FEEL 1, 10 2 50 ugmLe] FEANA ZZF 750]
42.1, 52.0 2 40.8 minC. & FEJEHS] NEZRTT
& Yeldlon, odolAHc|E £82 37.6, 349
2 322 minl E FE &2 B E YA = &

ekl gEsks| 1], Al40 @ A 1 F, 2014

A~
2% - vy
60
=
2 =0 I
-
=
2= 40
k=]
]
¢ 30 _
E 20 =
4
o
=
= 10
E
8 5
70 EtOH EtO4c Aalycone (+)-a -Tocopheral

extract fraction fraction

Figure 3. The cellular protective effects of G. affine
extract/fractions and (+)- @ -tocopherol at 10 xg/mL on the
rose-bengal sensitized photohemolysis of human erythrocyes
(Control = 30 = 1 min).

TH(Figure 4). oFFE]Z 32| 7% 45.1, 60.6, 19.8
min® 2, 10 ug/mlL7H] = A|XHE 48 YERA
O 50 pug/mL FEANA= /H]ﬁii o] glar 2
38 X g5 X3S & F Ut o2 &
3] 50 pug/mL F=olA 9 o] @%01 9 dojy=x]
+ Figure 5014 &1 <= AU Figure 5= o=+
2= B3)o] TLC AZnETZolt), o] TLC ARutE
%9 @tﬂ 3 olZe]E Bgo TLC S 2d 4
thol] Wz e] o] 370E B 4 Utk o] gEL A
=X &3] Yeh= S22 9 O

Azl wWEolty S22 9 11 454
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B oo BEUA g
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ek stz nel %iiué
5 1 wEI SokE '0yg
/\]7]&_ PB=7r LS
I FEAE A3 A
o olFER Ba L G,
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o go g F7t AFE
MREAR AT A8
pherol-/] HNE B S EJJ—»L—
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Figure 4. Cellular protective effects of G. affine extract/

50

fractions against 'O-induced photohemolysis of human ery-
throcytes (Control = 30 £ 1 min).

olzglE ®YH 0% e FEFEO (H-a
-tocopherol BT} A BE G371 Hojuths AL &

I A THFigure 3).

33 W& X529/ TLC Y HPLC MEEA

331 W4 FE20| TLC HEEA
HE 20 ofz el £ g TLC Z=v}

E%2 Figure 59 YRR of28lE +92 2
el W=z ZEEloen, olgdd £33 geftt &
F=d9 TLC A=2rETAS #2413 NP (2-amin-
oethyl diphenylborinate) - PEG (polyethylene glycol) &
AAefoz glstiet. 1 A, 27)9] Wt &Rl
Ao, Reako] 0.419] GAA 12 apigenin, Regko] 0.24
2l GAA 2%F luteolin®. 2 It koA AF7H
Hl¢} zHo], Figure 59| TLC ZEZntE13o] @W
ol=g]E 89 TLC JElS B Aehe] mziay
3707F et o] WEL =4 4

F Yeh= 2229

2 F5428l 93 ‘o
o BEPALTE AN ORN AEE ENZ
T AR gEA ik SR AE Aol A= o
rdqkao] e 48 gefstr] 913 7h=E
, EehRxo|= gl QREAopdF e gatst
Ago g AEAE HIdhs AoE YA

o
o

L n

dr
Mz
2

17

R: values
GAA 1 041
GAA 2 - - 0.24

Figure 5. TLC chromatogram of aglycone fraction from G.

affine and references. Eluent system : n-hexane : ethyl

acetate : acetic acid (v/v). (Dluteolin, aglycone fraction,
(3apigenin
332 HE 22| HPLC MEEAM

H& FEE9 ofz g &80l the HPLC A =n}
E132 Figure 60 YERIUT EEEEE AHE-3)

o] &1 A3} peak 1< luteolin®] 1 peak 2= apige-
nin¢l ZASE TLCS TS AA=E eyt

4. 8 =
1) B2 FZE9] free radical 271Z4(FSC50)S =
A3k A, odolAH Ol E 9] (6.15 ug/mL) > (+)-«
-tocopherol (8.98 ug/mL) > 70% &S FZE (28.00
ug/ml) > ot=2]Z 28 (3590 ug/ml) == HERE
ot webA] o golAlE| o] E & o] (+)-a-tocopherol
=2 908 2AGE S e Z0E IRIFHAUT
2) Y& FEE0 FA4kA: 2AFA(F e,
0SC50)< &1t A3, oldolAE| o] E £ (0.075 u
g/mL) > 70% NEE FZE (1.60 ygmL) > ol=8=
3 (2.28 ug/mL) > L-ascorbic acid (6.88 ug/mL) <A1
2 YUETE 70% olehe FEE, olHoMEI0|E &
g, olz8|& 8 =5 v|wEZHQ L-ascorbic acid 2T
L FMAE 2ATEE 2= o E IRIFHATH
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-tocopherol ¥} H] W gL wj, 70% olEH-e FEE3} of=
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