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Biological Activities of Flavonoid Glycosides |solated
from Angelica keiskei

Jae-Seok Shim, Seung-Deok Kim, Tae-Seok Kim*, and Kyung-Nam Kim
R&D Center for Food Technology, Pulmuone Co., Ltd.

Recently, much attention has been focused on plant antioxidants, because they are expected to protect against
oxidative damage, possibly preserving biological functions of cells. Antioxidant compounds were isolated from
Angelica keiskel through extraction with 80% EtOH, and fractionations were carried out sequentially with n-
hexane, chloroform, ethyl acetate, n-butanol, and water. Two active compounds were isolated from ethyl acetate
fraction by slica gel column chromatography, and were identified as isoquercitrin (quercetin-3-O-B-D-glucose)
and hyperoside (quercetin-3-O-B-D-galactose). Isoquercitrin and hyperoside showed strong antioxidative potency,
as revealed by evaluation of their ABTS, DPPH, OH, and H,O, radical-scavenging activities, and ex vivo DNA

damage-protecting effects.
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Sl+=tl, superoxide, nitric oxide, nitrogen dioxide,
hydroxyl, peroxyl, dkoxyl, hydroperoxy 53 & &4 2a%
=2 17k Ay Foll BUgle]l TAE o] =3le} o9}
Hyl Ze] 8 AAE ZE3kal UTH2).

ol23t A MAaE B 23 oxidaive sresse] 71 Al
E ) AdEe] Aksld &4 2 DNA Ho| 58 58k AlX
P B E 2HYFOoEA oY 7EA] HaY dHE do
713l =sldide] £33 7212 d3o] e Ale= dEAl=

oxidative stress ©]&°l tidt B2 A77F o] S, ool
T U= s o] XsH
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A4 B WA FHel Hao) 4% kit A, Ak
o e AAE fAo FUAAE e ol gl AT

o2 HalEY Aok4). dEA HAE FH sAlE o
tocopherol, vitamin, carotenoids, flavonoids, tannins, pycno-
genol, thiazine”ll 3}3HE Eo] RaE 9lom, 715 21&<0 =
Foll 71918t epigdlocatechin galates} 722 E79| 3tsl &
do] dHA ATH5E9).
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A Z7F HAATHO). ALY, A%, A, Evva,
=34 A4 vE], 7718 58 ERskal A, o)
Al z+= flavonoids 5¢] 83t phytochemicd &<
slal glo] ol59] 71 HH &l tigh AFEe
A 8= ATH10,11).

2 % (Angdica keiskeys o] AHellA A sHE vy
o] iy ohdA 2RO 2A WU, Mikx e APz
E2H(12), A2gES el 25 714, flavonoids, cou-
marin, spponins 2t 715 §714 53] 7] AlZnrkge] Eo] 9
oy BuEe] Jrkil). AX xR &% v, 7, 4
s Toll RIZkaR o g ARgEo] girhar AR QA H
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25o] Jo1H(14,15) ThFeE Ay a5
n)ggt deEjolct.

wEba B Aol Az ARdds FHske &Y

fl
ek
it



Al

1l

X

=]
F wol Algaldy, ARE FAdzde] R ¥ 2
Qo] BB FEE AR A

HMzo| 25 U 2
UAE BAE AR 1000 dEhee] B F5 A g
L E3eha, e

o] B3 =S 80%(viv) oEHE 400m
oA o5t HHESE St o]FA FEE AIEE Whatman
filter paper(N0.2)Z o] &3le] oJ3}alar, o] =4S rotay vec-
uum evaporator(EYELA NE1001S, Japan)= =51 |0E &
s AAS T SAAZRS A AHE FEE(12709)S A=3t

Atk

FEA9] £ S AL o183 AT BS ol8st
o &, dge FEES 58] ulE AAT =3 oF
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[s]
1) nhexaneS 7}8te] nhexane #8E(181g)S €1, 59
F Ao 2 chloroform(2.45g), ethyl acetate(1.23g), n-butanol
120)S 7hete] ZHzhe] BEES dflon wA|He R e
(L05g)s ATt oluf 7] w82 23] whEsigl, 7t
2322 rotay vacuum evaporatorz 21 S 3] A A 3
10% ollgh&ol Fof ksl AF o) ARSIt

ok

T Wr w
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gtst 23 22| ¥ HA|

99 gilslt @4 FelA 7PE @40 = S
3o dlica gel column chromatography 0.2 T 28 i)
st thFg. 1). €4 =2 E¥$ dlica gd(Merck, 70-230
mesh)°] chloroform : acetone : methanol : water(5: 3:2: 0.5)2] &
) 27A0% ¥ coumnellx] EAA F oS AvgE
S A3, olF Ao =& EFS oA chloroform: acetone:
methanol : water(6: 3:2: 0.5)2] Z7oX $&AIA & Il &
HEES AUk T ] =0 gk it Ss =4
st Al 78 E4do] =2 EEo) sl acetylation(16) WS-
S A7 ©]E n-hexane: chloroform : methanol (6.5: 3: 1)<]
g ZA0F 853 T descdylaion(16)S Xl HEF F
7Nel vl SRHES I
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33E 11 Mp 235°C; UVA,.(MeOH) 206, 255, 357 nm;
(+NaOH) 210, 270, 325, 411nm; (+AICl;) 210, 267, 398 nm;
(+NaOAC) 209, 270, 364nm; (+NaOAGH,BO) 208, 261,
296, 375nm; H-NMR(500MHz, CD,OD) &: 7.69(1H, d, J=
2Hz, H-2), 75%(1H, dd, J=20Hz, J=85Hz H-6), 6.88(1H,
d, J=85Hz, H-5), 640(1H, d, J=20Hz, H-8), 620(1H, d,
J=20Hz, H-6), 522(1H, d, J=75Hz, H-1"); “C-NMR(125
MHz, CD,OD): 1786(C-4), 165.7(C-7), 162.4(C-5), 158.3(C-9),
157.8(C-2), 1492(C-3), 1452(C-4), 1349(C-3), 122.3(C-1),
121.9(C-6), 116.7(C-5), 115.3(C-2), 104.8(C-10), 103.1(C-1",
99.3(C-6), 94.1(C-8), T7.4(C-5"), 768(C-3"), 745(C-2"), 70.3(C-
&), 6L5(C-6").

ZollA £2]% flavonoid glycosides] 4214 &

3HE 11: Mp 230°C; UVA,,(MeOH) 258, 271, 300, 359
nm; (+NaOH) 217, 272, 333, 411nm; (+AICl) 211, 275,
416 nm; (+NaOAc) 211, 261, 362nm; (+NaOAc/H,BO, 210,
263, 297, 380nm; 'H-NMR(500MHz, CD,OD) & 7.66(1H,
dd, J=2Hz, J=85Hz, H-6), 750(1H, d, J=20Hz, H-6),
6.81(1H, d, J=85Hz, H-5), 640(1H, d, J=2.0Hz, H-8), 6.20
(1H, d, J=20Hz, H-6), 534(1H, d, J=8Hz, H-1); “C-NMR
(125MHz, CD,0OD): 178.3(C-4), 165.4(C-7), 162.3(C-5), 157.1
(C-9), 157.3(C-2), 149.2(C-3 ), 1459(C-4), 1345C-3), 1231
(C-1), 122.2(C-6), 117.1(C-5), 1163(C-2), 105.0(C-10), 102.9
(C-17), 99.8(C-6), 94.6(C-8), 76.0(C-5"), 73.8(C-3"), 72.1(C-2"),
68.7(C-4"), 61.2(C-6").
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sighEe] 22 72 s 98l 7S AAlEiiTh H-
NMR, “C-NMR, HMQC ¥ HMBCE Z7d3I3om AHg- 717]
= BrukerAl9] Avance 500 29 o] 85ttt

s EMol £X

DPPH radical 2&4¥: DPPH radicd AL e
ol FEHEE 3143 AJF 10uLel 200uM DPPH/EtOH 190
uLE 7Fst & 37°CellA] 3087 WHAIZl theE 517 nmollA &
FEE Fgsilon, Al dlAl dees 71gk tiETel disi

= T
NEE WAL 1) FRE Bh RS 2ARIITHIY).

ABTS radical 2#%: ABTS radicd &4 4 2mM
ABTS(2,2-azino-bis(3-ethyl  benthiazoline-6-sulfonic  acid), 15
uM H,0, Z8]3 0.25uM HRPE 33 50mM Naphosphate
buffer(pH 7.5) 1mL< 25°CollA 583 AAAZ] T 730nm
oA FFE7 dAEA FAIEHY dEEe] &arTl AR
10puLE 7h8lal 52 % 730nmellA] S3% 4S8t
(18).

Hydroxyl radical 2<A%: Hydroxyl radica 47 42 Fen
ton reactionoll £]3] OH radicas YA olof gk 2AZ
& =739t 28mM  deoxyribose, 25uM  FeCl,, 100 uM
EDTA, 28mM H,0,2 ¥&3 10mM KH,PO/KOH buffer
(pH 740 ==EE Axd AF 100uLE 716t & £33}
o] reaction volumne] 12mL7} EA 3tttk ©l % reaction
mixture®] ascorbae] F=7F 100uMo| F== ascorbates
7Fek & 37°ColA BAI7E F9F 200mpme] S22 s
shaking incubatorell Al RES- AlZ1 ThE 1% TBA 1mL3t 2.8%
TCA 1mLE 7Isle] OHebe] wk-gof ola] A4 deoxyribose
©] malondiddehyde(MDA) FAREZZe] vkS-S 25le] 80°Coll
A 2087 1AL Ao g WZhAIZ T} nButanol 3.2mL
< 7kske] 3027t A EEoA Z EjHe S 3,000 rpmel]
A 2087 AAREEIAIA wkge o5 AAdE MAEdES R

=
oo

siRon AAaEds e 915 200uLE Fsked 532 nmell
A ELISA reeder® $85E SAHATHL).

Hydrogen peroxide 2A9: 2mM H,0,5 -3t phosphate
buffer sding(pH 7.4) 600uLol] IH&5=2] A|&E 300uLE 718t
3 5% Fofl 230nmelld FEEE S 3HATHR0).
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Table 1. Antioxidant activity of different solvent fractions of
Angelica keiskei ethanol extract

Sample concentrations (%)
Samples 0.05 0.01 0.005
Inhibition (%)
EtOH extract 95 31 16
n-Hexanefraction 55 26 12
Chloroform fraction 83 29 15
Ethyl acetate fraction 97 95 51
BuOH fraction 92 83 50
Water fraction 90 54 5
Ex vivo DNA &4t Zi4a g3 =3
A da NEe A A Ha A7t o] P% HES 9
A ke AZFS o2 EE ¢F 5mLe] S hapainated

derile tubeol]l ®rol & 100uLE 1mLe] 10% fetd bovine
saume S-S RPMI 164001 412 & Histopaque 10772 ©]
43 dIRke Bk A dI MlxEe| AEE FE
Az3 3 PBSY &slisle] 10-1,000pgmLAtele] FEZ cdl
o] Aglste] WAIL(30E, 4°C)ellx] WHEAIF|AL RESo]
gt M Ze] oxidative stres(100uM H,0,)E 4°CollA]
7Fet F oxiddtive dressell ©J$F DNA =48 A &
comet assyS A A A TH21).

S=t2l 5818 A] Al 37 WA 13 (2005)

Zm gl Dt
gitst 22| =2 * A

FE=o W %}@1% ksl 29 4 43 ahyl
acetate 1-3°] AlE FE 001914 95% ol4ke] = ks
24 eI 0005%] AFEoAE 50% ol @iis)

o

2448 JeRfo|(Table 1) slica gd column chromatography™
o] g3t ehyl aoatate = o 2HH Fikst EAES st
HA ehyl acetate £22 dlica geI(Merck 70-230 mesh)3 &
ZAA SjE 2A3] AAS T dlica gdol chloroform acetone
- methanol : water(5 3:2:05)9] g1 2oz FXE coumn(5
X45cm)oll Al &&35ke] TLC(thin layer chromaogrephy, Merck,
60F254) plate “Follx 127} Bz SiteS Rol & o719
Y (Frl-VIyS Ak oo Y&l gk kst &4 As
Az Aol 71 =A =AF RIS tA] chloroform:
acetone: methanol : water(6:3:2:05)2] &n] A= &&3}
o Frlll-A}t Frlil- B«] e BEES A9 e 2EE
T AsE 2ol =2 Rlil-Bell tigk 22l Asde skt

Frlll-B< 5}@’?’50] MZ 2Rt HAU7] el acety-
laion ¥H-5-2 AAISIAY. & Flll-BE pyridine 5mLell =<1
& acetic anhydride 5mLE W stellA] A staldith. A-olA
15/\]7,} o Wy A7l & P% <o} ehyl acetate®
v 23tk Ethyl acetate =& 5% HCl, %3} NaHCO,
NaCIZ A&t &, MgS0, aqhydrous_a_ g sl o3 7t

fUl
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=
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80% EtOH cxtract of Angelica keiskei (12.7 g)

[
n-Hexane layer (1.81

g)

Aqueous layer

| fractionated with n-hexane
]

fractionated with chloroform

—
Chloroform layer (2.45 g)

Aqueous layer

[

Ethyl acetate layer (1.23 g)

n-Butanol layer (3.12

| fractionated with ethyl acetate

Aqueous layer
| fractionated with n-butanol
|

|
g)

Aqueous layer (1.05 g)

silica gel column chromatography

chloroform :

acetone :

methanol : water =5:3:2:0.5

[ I T T

silica gel column chromatography
chloroform : acetone : methanol : water =6:3:
r

Fr. ] Fr. 1l Fr.1II Fr.IV
(0.03 g) 0.02¢g (0.08 g) (0.03 g)
Fr.JI-A Fr.lII-B
(0.01 g) (0.04 g)

| ]
Fr.V Fr.VI
(0.22 g) (0.41 g)

0.5

Acetylation

n-hexane :

cthyl acetate : methanol =6.5:3: 1

| |

Fr.llI-B(a) Fr.[II-B(b)
(0.006 ¢) (0.02 g)

Deacety I;l(ionf
Isoquercitrin
(0.017 g)

Fig. 1. Isolation of isoquercitrin and hyperoside.

]
Fr.I-B(c)
(0.01 g)
| Deacetylation
Hyperoside
(0.011 ¢)
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Fig. 2. Chemical structure of isoquercitrin and hyperoside.
(R)=Glucose: Isoquercitrin, (R)=Galactose: Hyperoside.

sl Th dojzxl 23S slica gd column chromatography S
1A181e] n-hexane: chloroform : methanol (65: 3: 1)) 81 =71
ZX1E columnillX] §EA1A acetylationd 9] @Y &
Frlll-B@), Frlll-B) 2 Frlll-BQE <UL acetylation®
Nl Y=ol st el B S8 918l tHA] deacetylation
A 7T

= Ihe] BEES 7zt 20mLe] methanolol] Ho]al 7]
2mLe] 5% KOHE o] wilalA] 247k o] vk A7 &
AA el DOWEX 50WX4-400 4ol w3FA 5 ol F3}
AZ13 3 79 F5ete ks €4 A = HE A
@ B2 s9HE 13 S5E 1IE AU

SIgtE 12 A Bddo® HNMR S EFHA
85.22(3=7.5Hz, dll-e] anomeric protors} “C-NMR ~HEH
oA §1031, 774, 768, 745, 703 2 6154 glucosedl] ¢
sk Bk 938 #FE & A%, NaOH, AICI,, NaOAc ¥
NaOAc/H,BO, shift reagent 71A] UV ZZE- o] band 1,11€]
bathochromic shiftsh= 228 1Ko} flavonoid 242 C-5 C-7,
C3 % C49l free el OH7F A3k 3FEULS &
A ol e dHoleet EHAE(2)e] HwE FIA S
B 12 CyH 0,8 FARS 7 2k 464421 isoquercit-

R

i

100 (4)
80
60
40
20
5 10

2
=
N’
0
g 1
=
* p—(
'ﬁ 100¢” | (C)
S %
60
40
20
G A A r
10 25 50 100

rin(quercetin-3-O-B-D-glucose) Y-S HF st tiFg. 2).

Isoquercitring AURkd o2 AAE| EAI8k= flavonoidse] &
FTog off el EeH UARE 2 APolM ARE A
B2l AMdZx0A isoquercitrin®] 2ol g Bie= AR A9
A A 2 AEjolEE A #gt By A7 2
28 7oz AzE,

e 1l A A BEgog Uy, 'H-NMR 2 BCNMR
A EHe] gt 13 v FARIAAL, 2FelE 'H-NMR &
HEeHo|A o] §534J=80Hz, d)°l4e] anomeric proton=t
BC-NMR Z=#E&9] §1029, 760, 738, 72.1, 687 % 612°
2 o] gdaoe= XFES FHE 7 AUAh o]
olEe} AT (23)2] HInE F3lA SIFHE = C,uH, 0,8
FEAS 7AW B2 464491 hyperoside(quercetin-3-O-B-D-
galactose)l S FHE FRISHATHFg. 2).

Hyperoside= ©]r] AlAdzollA Eel=lvhe BaL(10)7F A
9k o] B st shtst EA A= oFF] mlgs Aol
kA 2 AFE AVIZ st diske) AEE Al &
E A7t Bad Rom yzE.

IsoquercitrinZ} hyperoside?| &Hts} €M

AR Z2RE ¥ isoquerditring} hyperosdes] th3h At
3} &AS DPPH radicd 24, ABTS radicd 27, OH
radicd 2718 2 H,0, 2719822 43N th 4714 assay'H
oA &% isoquerditring} hyperosided] T3t 4tz 4L &
TolEA o R FTEE AFE B, 53] AFEolA 0%
o3| radicd 2 B3-S UEhlo] A3 st SAS B
Att.

Isoquercitring] &F4+s} 24 (Fig. 3)o14 DPPH radicd 271%]
2 5ugmL F=oAA <F 60% A= =2 st E4e
ERT, & ABTS radicd 2GS 3ugiml A=l A
oF 55% AEo| &2 Fikst 48 vERlith 283 OH
radicd 27183 H,0, 2AWNME zH2t 25ug/mLzt 10 ug/
mLe] FElA 50% ol/de] itst gdS el 9o 2
oAl OH radicd &AW} H,0, 2799 7%= DPPH

100 (B)
80
60
40
20
1 3 5
100 (D)
80
60
40
20
5 10 25

v

Sample concentration (ng/mL)

Fig. 3. Antioxidant activities of isoquercitrin.
(A): DPPH radical, (B): ABTSradical, (C): OH radicdl, (D): H,O,.
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8o}
60}
40}
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=]

Sample concentration (ng/mL)

Fig. 4. Antioxidant activities of hyperoside.
(A): DPPH radical, (B): ABTSradical, (C): OH radical, (D): H,O,.

N
o

(A)

@ O
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o O

DNA damage (%)

o

N P 10 50 100

120¢
100
80
60
40}
20

0

N P10 50 100

Sample concentration (ng/mL)

Fig. 5. Percentageinhibitory effect of isoquercitrin and hyperoside on H,O,-induced oxidative DNA damage in human lymphocyte cell.
(A): DNA protecting effect of isoquercitrin, (B): DNA protecting effect of hyperoside, N: Negative control, P: Positive control.

radicd 227193} ABTS radicd 27190l Blgle] 27t &2 5
ZolA &ilksl @48 Yehll= A gkl UAIRE, OH radica}
H,O,7F AZA<Ql A We &4tsl AlzdeolA DNA9 -
2} ghdof| o] atsls £adol] W e BHo] ke BHa(24,
252 y#3thd BlwE AsEolA OH radicd® H,000 th
A ket 248 Yepdthes 2 383 9uE Yz}
38 T U
wEb 1A assayloll 2EE4A] ¢4l DPPH radica 427
H ABTS radical A9 22 712421 &4 43 I
DNA 43 7-2 Ad] Exjeldore] Atals] &ds) Ut
o] Ql= OH radicd® H,0, &4 40| Evhe= 2 ¢
© 2 isoquercitring HEg fA}F flavonoidsell gk AHE A
B4 olEst AAE AHHoE f83H AEE &
7Fede AR B 4 9l
Hyperoside®] @418} S (Fig. 4)S 91¢] 4714 assayiell <]
o
¥

32

o

A =43 A3} isoquerdtring A 53 ks G4
Uehith olel 28 Axi= quercetin®luh quercetin w2 <]
735 B0 T8 4L vX= Aol hydroxyl groupel
U 91x]el] 2]3k Aolgks B (26)0ll W} hyperosidest isoquer-

ctrin®] A FxoA Fo FHT tE ¥ L quercetin

2R AT 7] Wi olHe UG 2Ad A% B
o) FRe gatsh BAo) 2 YL FAA 2] PEd Ao
= wekEo) A,

Isoquercitrin®t hyperoside@| DNA =& Z4 3t £

Isoquercitrin} hyperosided]] st DNA &4 74 B35 &
A3 A3 Fg 594 B vRel 7ol negative control(N)2
positive control(P)2 71522 isoquercitring} hyperoside= 5%
kel A4S A4S lymphooytes?] DNA 7ol tleh BE
295 YellE AS & 4 At Isoquercitring} hyperoside®]
TEE 48 Aurd 100ugmLe] FEoM 50% o)<
DNA &% B3 a7t vebds gl 4 3=dl, comet
assy= THE B4 A g FRAEA AR ddFQl 7
S FAT & g, ot 55 9)EF 07 postive controlol] ¥
gl DNA &% 25 a7 JebdS 338 4 Ut

o]F 9lo] A3loAl DNA &4 st BE a3r} Eld
isoquercitrin} hyperoside ©]¢jell AR 25 7 Y=
flavonoids®] /8-S M= Hlwate] 329 Zjolof| g &9
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MBE Eqstel TEsh WYY YRS BABRE A7t
T

AdzeA il 4 EAS el SBl AdRE 80%

& 5 gL AAE nhexane,
chloroform, ethyl acetate, n-butanol 2 watere] & 5714 23
o2 Yo ks @48 SAT A3 ehyl acetate 9]
o] 71 =of ehyl acatate EEE2ZHE kst &4 &
25 72 A sIA Slica gd column chromatography S 5
3lo] chloroform : acetone: methanol : water®] Sl 2718 A}
Ao 7 WASHHAN ARYOoR il kst &4do] 7Y =
2 AEZ isiA aceyldion ¥H-2 AAISIAL ©]E n-hexane
:ethyl acetate: methanol®] &vf =702 @Y =d= 7 3
% descetylation WH8-& AA HE TS B sFg=ES ¥95
ot T4 @ sgrEel e 7= M E 7R S
A e gk A} o] F SES 747 isoquercitringt hyper-
oside® HZE 43T} Isoquerditringt hyperosidee] T3k 3)
A3l &AS DPPH radicd 2714, ABTS radicd 47%, OH
radicdl 27 B H0, &27HCo R 43 A3 4714 assay
o tigiA Awzelr A2 kst S48 e, B3 DNA
&3l tig Be &35 54 A7 isoquercitringl hyperoside
% &4 DNAY tieh HE a3E Jehle g g
 JAok. WA isoquercitring} hyperosde= DPPH radicd
2753} ABTS radicd &A% 22 712240 gits) €4
3 TIEe] DNA =30l HH2 F&2 WA= OH radicad
HO 0 HsliA =& itsl &4 JepllHAl FA1o] DNA
4ol gk HE g5 Jepdo 2R opekelt H2e] dHits)
HAUF| Z&erhes AMS f5d B 5 o AjjFe
2 F83 aAIEAe] ATt 7eE AR HeE

ha)

ofl J

i

¢

i
ror

1.Fang YZ, Yang S, Wu G. Free radical, antioxidant and nutrition.
Nutrition 18: 872-879 (2002)

2. Freeman BA, Grapo JD. Biology of disease: free radicals and tis-
sueinjury. Lab. Invest. 47: 412-426 (1982)

3. Ames BN, Shigenaga MK, Hagwn TM. Oxidants, antioxidants
and the degenerative disease of aging. Proc. Natl. Acad. Sci. 90:
7915-7922 (1993)

4. Masaki H, Skaki S, Atsumi T, Sakurai H. Active oxygen scav-
enging activity of plant extracts. Bull. Pharm. Bull. 18: 162-166
(1995)

5.Hanato T. Condtituents of natural medicines with scavenging
effects on active oxygen species-tannins and related polyphenols.
Nat. Med. 49: 357-363 (1995)

6. Kim JH, Kang BH, Jeong JM. Antioxidant, antimutagenic and
chemopreventive activities of a phyto-extract mixture derived
from various vegetables, fruits and oriental herbs. Food Sci. Bio-
technol. 12: 631-638 (2003)

7. lagashi K, Takanashi K, Makino M, Yasui T. Antioxidative activ-
ity of mgor anthocyanin isolated from wild grapes. Nippon
Shokukin Kogryo Gakkaishi 36: 852-860 (1989)

8. Yamane T, Naktani H, Kikuoka N, Matsumoto H, lwata Y, Jitao

A Zo)| 4] #2]E flavonoid glycosidese] A2 84 83

K, Oya K, Tachahashi T. Inhibitory effects and toxicity of green
tea polyphenols for gastrointestinal carcinogenesis. Cancer 77:
1662-1667 (1996)

9. Yang HS. Effects of green juices. Food Hyg. 6: 62-67 (1993)

10. Park JC, Yu YB, Lee JH. Chemica components from the aerial
parts of Angelica Keiskei. Korean. J. Pharmacogn. 27: 80-82
(1996)

11. Park JC, Hur JM, Park JG. Biologica activities of Umbelliferae
family plants and their bioactive flavonoids. Food Ind. Nutr. 7:
30-34 (2002)

12.Chun SS, Park JC, Kim SH, Lee DY, Choi HM, Hwang EY.
Changes in biologically active component of Angelica keiskei by
cooking methods. J. Korean Soc. Food Sci. Nutr. 27: 121-125
(1998)

13. Chung SY, Kim HW, Yoon S. Analysis of antioxidant nutrients in
green yellow vegetable juice. Korean J. Food Sci. Technol. 31:
880-886 (1999)

14. Jeon EJ, Kim JS, Park YK, Kim TS, Kang MH. Protective effect
of yellow-green vegetable juices on DNA dagame in Chinese
hamster lung cell using Comet assay. Korean J. Nutr. 36: 24-31
(2003)

15.Kim JS, Kim HY, Pak YK, Kim TS, Kang MH. The effects of
green vegetable juice (Angelica Keiskei) supplementation on
plasma lipids and antioxidant status in smokers. Korean J. Nutr.
36: 933-941 (2003)

16.Bang MH, Song JC, Lee, SY, Park NG, Baek NI. Isolation of
antioxidant compound from Paeonia lactiflora root. J. Korean
Soc. Agric. Chem. Biotechnal. 42: 170-175 (1999)

17. Yen GC, Duh PD, Tsai HL. Antioxidant and pro-oxidant proper-
ties of ascorbic acid and gdlic acid. Food Chem. 79: 307-313
(2002)

18. Arnao MB, Cano A, Acosta M. The hydrophilic and lipophilic
contribution to total antioxidant acitivty. Food Chem. 73: 239-244
(2001)

19.Bhat VB, Sridhar GR, Madyastha KM. Efficient scavenging of
hydroxyl radicals and inhibition of lipid peroxidation by novel
analogues of 1,3,7-trimethyluric acid. Life Sci. 70: 381-393
(2001)

20. John ML, William SB, Gaoyao W, Song W, Scott D. Direct anti-
oxidant properties of crestine. Biochem. Biophy. Res. Commun.
290: 47-52 (2002)

21. Welch RW, Turley E, Sweetman SF, Kennedy G, Collins AR,
Dunne A, Livingstone MB, McKenna PG, McKevey-Martin VJ,
Strain JJ. Dietary antioxidant supplementation and DNA damage
in smokers and nonsmokers. Nutr. Cancer 34: 167-172 (1999)

22. Kim HY, Moon BH, Lee HJ, Choi DH. Flavonol glycosides from
the leaves of Eucommia ulmoides with glycation inhibitory activ-
ity. J. Ethnopharm. 93: 227-230 (2004)

23. Markham KR, Ternai B, Stanley R, Geiger K, Mabry TJ. Carbon
13 NMR study of flavonoids-IIl. Naturaly occurring flavonoid
glycosides and their acylated derivatives. Tetrahedron 34: 1389-
1397 (1978)

24. Cohen AM, Aberdroth RE, Hochstein P. Inhibition of free radi-
cal-induced DNA damage by uric acid. FEBS. Lett. 174: 147-150
(1984)

25. Hu JJ, Kurland DD, Ma BL, Roush GC. The effects of hydrogen
peroxide on DNA repair activities. Mutation Res. 336: 193-201
(1995)

26. Pratt DE. Role of flavones and related compounds in retarding
lipid-oxidative flavor changes in food. p. 1. In: Phenolic, Sulfur
and Nnitrogen Compounds in Food Flavors. American Chemical
Society, Washington, DC, USA (1976)

(20044 84 16¥ A4 20044 12¢ 229 Ae)



