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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 keiskei 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 silica gel column chromatography, and were identified as isoquercitrin (quercetin-3-O-β-D-glucose)
and hyperoside (quercetin-3-O-β-D-galactose). Isoquercitrin and hyperoside showed strong antioxidative potency,
as revealed by evaluation of their ABTS, DPPH, OH, and H2O2 radical-scavenging activities, and ex vivo DNA
damage-protecting effects.

Key words: antioxidant activity, Angelica keiskei, isoquercitrin, hyperoside, DNA damage protection

� �

�� �� ��� �� �� ��� ���� �� ���

���� ���� ����, ��� �� � ��, ����

�� �� ���� �� ��� ���� ��(1). ��� �
����� ��� �� �� ��� �� ��� oxidative
stress� �� ���� ���� �� ���� ���� ��

� ��� ���, superoxide, nitric oxide, nitrogen dioxide,
hydroxyl, peroxyl, alkoxyl, hydroperoxy �� �� �� ���

�� ��� ���� �� ���� ���� ��� �� �
�� ��� �� ��� 	��� ��(2).
��� �� ��� �� �� oxidative stress� ��� �

� � ��� ��� �� � DNA �� �
 ��� �� �
���� ��� ������ �� �� ��� ��
 ��

�� ����� ��� �� ���� �� ��� ����

� oxidative stress ��� �� �� ��� �� ��, ��

���� �� � ��	 � �� ����� ��� ���

� ��(3).
��� �� � �� ��
 �� � ���� 
� ���

� ��� BHT, BHA� �� 
� ������ 	� �� �

�� �� �
� ���� ��� �� �	�� ��, ��

� �� ��� ��� ����� ���� ����� ��

�� ���� ��(4). ���� ��� ��� ����� α-
tocopherol, vitamin, carotenoids, flavonoids, tannins, pycno-
genol, thiazine
 �
� �� ���� ���, �� ��� �
�� ��� epigallocatechin gallate� �� ��� ��� �
�� ��� ��(5-8).
�� ���� �� ��� ��� �� �	 �� 
��

������ ��� ���
 ���� ��� �
� ��

�� ���
 ���� ��
 ���� ��� ��
 ��

�� ��� ����� �� ��� ��� �� ��� �
� �� ���(9). ��, ���, ���, ����, �� ��

��� ��� ���, ��� �
 ���� ��, �� ��

���� flavonoids �� ��� phytochemical�
 �� ��

�� �� ��� ��� ��� ��� �� ���� ��

�� ���� ��(10,11).
���(Angelica keiskei)� 
�� ���� ���� ���

�� �� ��� ����� ���, ��� �� �����

���(12), ����
 ���� �� ���, flavonoids, cou-
marin, saponin�� �� ��� �� �� ����� �� �
�� ���� ��(13). ���� ��� �	�, ���, �
�� �� ���	�� ���� ��� ���� ��, ��

�� ��	� �� � ��� �� �� �� ����� �
��� ���(14,15) ��� ��� ��� �� ��� 
	

��� ����.
��� � ���� ���� ����
 ���� 	
�

*Corresponding author: Tae-Seok Kim, R&D Center for Food Tech-
nology, Pulmuone Co., Ltd, Seodaemun Post Office P.O. Box 146,
Seodaemun-Ku, Seoul 120-600, Korea
Tel: 82-2-3277-8580
Fax: 82-2-3277-8503
E-mail: tskim@pulmuone.co.kr



����� ��� flavonoid glycosides� ���� 79

�
��� ��� ��
 ���� ��� �� ��
 ��

�
�, ��� ����� ��� �� � DNA �� �� �
�� ���
�.

�� � ��

��

�� ��� ���� �������� ��� ��� �
� 

 ���
�, ��� �
���� �	� � �	


���� ����� ��� ��� ���
�.

���� �� � ��

��� �	� �� 100 g� ���� ��� �� � ��

� ��� ��	 80%(v/v) ��� 400 mL� �
��, ��

�� ���� ���� �
�. ��� ��� ��� Whatman
filter paper(No.2)� ���� ����, � ���
 rotary vac-
uum evaporator(EYELA NE1001S, Japan)� ���� ��� �
�� ��� � �
���� ��� ���(12.7 g)
 ���


�.
���� �
� ��� ��
 ��� 
� �

 ���


�. 
, ��� ���
 ���� ��� ��� ��� 	
2
� n-hexane
 ��� n-hexane �
�(1.81 g)
 ��, ��

� �	�� chloroform(2.45 g), ethyl acetate(1.23 g), n-butanol
(3.12 g)
 ��� ��� �
�
 ���� ��
�� ��

��(1.05 g)
 ���. �� ��� �
� 2� ���
�, �
�
�� rotary vacuum evaporator� ��� ��� ��� �
10% ���� �� ��� ��� ���
�.

��� ��� �� � ��

�
� ��� �� ��� �� ��� �� �

 ��

�� silica gel column chromatography	�� 
� ��
 ��

�
�(Fig. 1). �� �� �

 silica gel(Merck, 70-230
mesh)� chloroform : acetone : methanol : water(5 : 3 : 2 : 0.5)� �
� ���� ��� column�� ���� � 6�� ��
�


 ��, �� ��� �� �

 �� chloroform : acetone :
methanol : water(6 : 3 : 2 : 0.5)� ���� ���� � 3�� �
�
�
 ���. � 3�� �
�� �� ��� ��
 ��

�� �� �� ��� �� �
� �� acetylation(16) ��


 ����� �� n-hexane : chloroform : methanol(6.5 : 3 : 1)�
�� ���� ��� � deacetylation(16)
 ���� �� �
�� 
� �
�
 ���.

��� I: Mp 235oC; UVλmax(MeOH) 206, 255, 357 nm;
(+NaOH) 210, 270, 325, 411 nm; (+AlCl3) 210, 267, 398 nm;
(+NaOAc) 209, 270, 364 nm; (+NaOAc/H3BO3) 208, 261,
296, 375 nm; 1H-NMR(500 MHz, CD3OD) δ: 7.69(1H, d, J =
2Hz, H-2'), 7.59(1H, dd, J = 2.0Hz, J = 8.5Hz, H-6'), 6.88(1H,
d, J = 8.5Hz, H-5'), 6.40(1H, d, J = 2.0Hz, H-8), 6.20(1H, d,
J = 2.0Hz, H-6), 5.22(1H, d, J = 7.5Hz, H-1''); 13C-NMR(125
MHz, CD3OD): 178.6(C-4), 165.7(C-7), 162.4(C-5), 158.3(C-9),
157.8(C-2), 149.2(C-3'), 145.2(C-4'), 134.9(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), 77.4(C-5''), 76.8(C-3''), 74.5(C-2''), 70.3(C-
4''), 61.5(C-6'').

��� II: Mp 230oC; UVλmax(MeOH) 258, 271, 300, 359
nm; (+NaOH) 217, 272, 333, 411 nm; (+AlCl3) 211, 275,
416 nm; (+NaOAc) 211, 261, 362 nm; (+NaOAc/H3BO3) 210,
263, 297, 380 nm; 1H-NMR(500 MHz, CD3OD) δ: 7.66(1H,
dd, J = 2Hz, J = 8.5Hz, H-6'), 7.50(1H, d, J = 2.0Hz, H-6'),
6.81(1H, d, J = 8.5Hz, H-5'), 6.40(1H, d, J = 2.0Hz, H-8), 6.20
(1H, d, J = 2.0Hz, H-6), 5.34(1H, d, J = 8Hz, H-1''); 13C-NMR
(125 MHz, CD3OD): 178.3(C-4), 165.4(C-7), 162.3(C-5), 157.1
(C-9), 157.3(C-2), 149.2(C-3�), 145.9(C-4'), 134.5(C-3), 123.1
(C-1'), 122.2(C-6'), 117.1(C-5'), 116.3(C-2'), 105.0(C-10), 102.9
(C-1''), 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'').

����

�
�� �� �� �

 
� ���

 ���
�. 1H-
NMR, 13C-NMR, HMQC � HMBC� ���
�� �� ��

� Bruker�� Avance 500 ��
 ���
�.

��� ��� ��

DPPH radical ���: DPPH radical ����� ����

�� ���� �
� �� 10 µL� 200 µM DPPH/EtOH 190
µL� �� � 37oC�� 30�� ���� �� 517 nm�� �
��� ���
��, �� �� ���
 �� ���� ��

��� ��
 �� ��� �� ��� ���
�(17).

ABTS radical ���: ABTS radical �� ��� 2 mM
ABTS(2,2'-azino-bis-(3-ethyl benthiazoline-6-sulfonic acid), 15
µM H2O2 ��� 0.25 µM HRP� ��� 50 mM Na-phosphate
buffer(pH 7.5) 1 mL
 25oC�� 5�� ���� �� 730 nm
�� ���� ���� ���� ���� ���� ��

10 µL� ��� 5� � 730 nm�� ��� ��� ���
�

(18).

Hydroxyl radical ���: Hydroxyl radical �� ��� Fen-
ton reaction� �� OH radical
 ���� �� �� ���

�
 ���
�. 2.8 mM deoxyribose, 25 µM FeCl3, 100 µM
EDTA, 2.8 mM H2O2� ��� 10 mM KH2PO4/KOH buffer
(pH 7.4)� ���� ��� �� 100 µL� ��� � �
�

� reaction volumn� 1.2 mL� �� �
�. �� reaction
mixture� ascorbate� ��� 100 µM� ��� ascorbate� �
�� � 37oC�� ��� �� 200 rpm� ��� ����

shaking incubator�� �� �� �� 1% TBA 1 mL� 2.8%
TCA 1 mL
 ��� OH�� ��� �� ��� deoxyribose
� malondialdehyde(MDA) ������ ��
 
�� 80oC�
� 20�� ����� ���� �����. n-Butanol 3.2 mL

 ��� 30�� ��� ���� � �
� � 3,000 rpm�
� 20�� ������ ��� �� ��� ����
 ��

�
�� ����
 ��� 
� 200 µL� ��� 532 nm�
� ELISA reader� ���� ���
�(19).

Hydrogen peroxide ���: 2 mM H2O2� ��� phosphate
buffer saline(pH 7.4) 600 µL� ����� �� 300 µL� ��

� 5� �� 230 nm�� ���� ���
�(20).
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Ex vivo DNA �� �� �� ��

�� ��� ��� �	 � �� 8�� ��� ���
 �
� �� ��� ������ 	 5 mL� 	�
 haparinated
sterile tube� 

 �	 100 µL� 1 mL� 10% fetal bovine
serum
 ��� RPMI 1640� �� � Histopaque 1077
 �
�� ����
 ���
�. �� ��� ��� ��� �


��� � PBS� ���� 10-1,000 µg/mL��� ��� cell
� ���� ���(30�, 4oC)�� ����� ��� �� �
�� ��� oxidative stress(100 µM H2O2)� 4oC�� 5� ��

�� � oxidative stress� �� DNA ��
 ���� �
comet assay� ���
�(21).

�� � ��

��� ��� �� � ��

���� �� �
� ��� ��
 ��� 
� ethyl
acetate �
� �� �� 0.01%�� 95% ��� �� ���

��
 ���� 0.005%� ������ 50% ��� ���

��
 ����(Table 1) silica gel column chromatography	


���� ethyl acetate �
���� ��� ��
 ���
�.
�� ethyl acetate �

 silica gel(Merck, 70-230 mesh)� �
��� ��� ��� ��� � silica gel� chloroform : acetone
: methanol : water(5 : 3 : 2 : 0.5)� �� ���� ��� column(5
�45 cm)�� ���� TLC(thin layer chromatography, Merck,
60F254) plate ��� 
�� ��� �
�
 �
 � 6��

�
(Fr.I-VI)
 ���. 6�� �
�� �� ��� �� ��


� ��� �� �� ��� Fr.III
 �� chloroform :
acetone : methanol : water(6 : 3 : 2 : 0.5)� �� ���� ���

� Fr.III-A� Fr.III-B� ��� �
�
 ��� ��� �
�

� ��� ��� �� Fr.III-B� �� �� 	

 ���
�.
Fr.III-B� �
��� �� �	�� ���� ��� acety-

lation ��
 ���
�. 
 Fr.III-B� pyridine 5 mL� ��

� acetic anhydride 5 mL� ����� ���
�. ����

15�� �� �� �� � ���
 ��� ethyl acetate� �

 ���
�. Ethyl acetate �
 5% HCl, �� NaHCO3 �
NaCl� �	� �, MgSO4 anhydrous� �� �� �� ��

Table 1. Antioxidant activity of different solvent fractions of
Angelica keiskei ethanol extract

Samples

Sample concentrations (%)

0.05 0.01 0.005

Inhibition (%)

EtOH extract 95 31 16
n-Hexane fraction 55 26 12
Chloroform fraction 83 29 15
Ethyl acetate fraction 97 95 51
BuOH fraction 92 83 50
Water fraction 90 54 5

Fig. 1. Isolation of isoquercitrin and hyperoside.
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���
�. ��� ��
 silica gel column chromatography�
���� n-hexane : chloroform : methanol(6.5 : 3 : 1)� �� ��

�� ��� column�� ���� acetylation� 3�� 
� �
� Fr.III-B(a), Fr.III-B(b) � Fr.III-B(c)� ��� acetylation�
3�� �
�� �� ��� �� ��
 
� �� deacetylation
���.

, 3�� �
�
 �� 20 mL� methanol� ��� ���

2 mL� 5% KOH� �� ����� 2�� �� �� �� �
���� DOWEX 50WX4-400 ��� �
��� �� ��

��� �� �� ���� ��� �� �� � �� ���


� ��� �
� I� �
� II� ���.
�
� I� �� �	��� 1H-NMR ���	��

δ5.22(J = 7.5Hz, d)��� anomeric proton� 13C-NMR ���	

�� δ103.1, 77.4, 76.8, 74.5, 70.3 � 61.5�� glucose� �
� �� ��� �
	 � ���, NaOH, AlCl3, NaOAc �
NaOAc/H3BO3 shift reagent ��� UV ���	� band I,II�
bathochromic shift�� ��� �
 flavonoid ��� C-5, C-7,
C-3' � C-4'� free ��� OH� 
��� �
��
 � �
���. ��� ���� �
��(22)� ��� ��� �


� I� C21H20O12� ���
 ��� ��� 464.4� isoquercit-

rin(quercetin-3-O-β-D-glucose)�
 �� ���
�(Fig. 2).
Isoquercitrin� ����� ���� 
��� flavonoids� �

��� �� ���� ���� ��� � ���� ��� �
�� ����� isoquercitrin� ��� �� ��� �� ��

��� �� �� ����� ����� �� �� ��� �
�	 ��� ����.
�
� II �� �� �	��� UV, 1H-NMR � 13C-NMR

���	� �
� I� �	 ���
�, ���� 1H-NMR �
��	�� �� δ5.34(J = 8.0Hz, d)��� anomeric proton�
13C-NMR ���	� δ102.9, 76.0, 73.8, 72.1, 68.7 � 61.2�
� ���� galatose� �
�
 ��	 � ���. ��� �
��� �
��(23)� ��� ��� �
� II� C21H20O12�

���
 ��� ��� 464.4� hyperoside(quercetin-3-O-β-D-
galactose)�
 �� ���
�(Fig. 2).

Hyperoside� �� ����� ������ ��(10)� ��

� � ��� �� ��� �� ��� 
	 ��� ����.
��� � ��� 
�� �� ���� ��� ����� �
� ���� ��� ��	 ��� ����.

Isoquercitrin� hyperoside� ��� ��

������ ��� isoquercitrin� hyperoside� �� ��

� ��
 DPPH radical ��	, ABTS radical ��	, OH
radical ��	 � H2O2 ��	�� ���
�. 4�� assay	
�� �� isoquercitrin� hyperoside� �� ��� ��� �
��
��� ���� ��
 �
�, �� ����� 90%
��� radical �� ��
 ���� �
� ��� ��
 �

�.

Isoquercitrin� ��� ��(Fig. 3)�� DPPH radical ��	

� 5 µg/mL ���� 	 60% ��� �� ��� ��
 �
���, �� ABTS radical ��	��� 3 µg/mL �����

	 55% ��� �� ��� ��
 ����. ��� OH
radical ��	� H2O2 ��	��� �� 25 µg/mL� 10 µg/
mL� ���� 50% ��� ��� ��
 ����. 
� 

��� OH radical ��	� H2O2 ��	� �	�� DPPH

Fig. 2. Chemical structure of isoquercitrin and hyperoside.
(R)=Glucose: Isoquercitrin, (R)=Galactose: Hyperoside.

Fig. 3. Antioxidant activities of isoquercitrin.
(A): DPPH radical, (B): ABTS radical, (C): OH radical, (D): H2O2.
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radical ��	� ABTS radical ��	� ��� 	� �� �
��� ��� ��
 ���� ��� ���, OH radical�
H2O2� ���� �� �� ��� ����� DNA� ��

�� ����� ��� ��� �	� ��� ��� ��(24,
25)� ����� ��� ����� OH radical� H2O2� �
�� ��� ��
 ��	�� �� ��� ��� ����

� � � ��.
��� ��� assay	� �
�� �� DPPH radical ��

	� ABTS radical ��	� �� ���� �� ��� �	

DNA ��� �� �� ������� ��� ��� �	�

��� �� OH radical� H2O2 �� ��� ��� �� �
�� isoquercitrin
 ��� �� flavonoids� �� �� ��

� ��� ��� ��� �
��� ���� ��	 � �
� ���
 ����� � � ��.

Hyperoside� ��� ��(Fig. 4)
 
� 4�� assay	� �
�� ��� 
� isoquercitrin� �� ��� ��� ��


����. �� �� 
�� quercetin�� quercetin 
���

�	 ��� ��� ��
 ��� �� hydroxyl group� �
� 
�� �� ���� ��(26)� �� hyperoside� isoquer-

citrin� �� ���� �� ��� �� � ��� quercetin
��
 ��� �� ��� ��� ��� ��� 

� �
� ��� ��� ��� � ��
 ��� �� ��� ��

� �
�� ��.

Isoquercitrin� hyperoside� DNA �� �� �� ��

Isoquercitrin� hyperoside� �� DNA �� �� ��� �
�� 
� Fig. 5�� �� �� �� negative control(N)�
positive control(P)
 ���� isoquercitrin� hyperoside� ��

� ��� ��
 �� lymphocytes� DNA ��� �� ��

��� ���� �
 � � ��. Isoquercitrin� hyperoside�
��� ��
 ���� 100 µg/mL� ���� 50% ���

DNA �� �� ��� ���
 ��	 � ���, comet
assay� �� �
 ��� �� ���� ��� ���� �

 ��	 � ��, �� �� �
��� positive control� �
� DNA �� �� ��� ���
 ��	 � ��.
�� 
� ���� DNA ��� �� �� ��� ���

isoquercitrin� hyperoside ��� ��� ��� ��� ��

flavonoids� ��
 �� ���� ��� ��� �� ���

Fig. 4. Antioxidant activities of hyperoside.
(A): DPPH radical, (B): ABTS radical, (C): OH radical, (D): H2O2.

Fig. 5. Percentage inhibitory effect of isoquercitrin and hyperoside on H2O2-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.
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��� ���� ��� ���� ���
 ���� ���

��	 ��� �
 ��.

� �

����� ��� �� ��
 ���� 
� ���� 80%
��� ���� ���� �� 
� �

 ���� n-hexane,
chloroform, ethyl acetate, n-butanol � water� � 5�� �


�� ��� ��� ��
 ��� 
� ethyl acetate �
�

��� �� �
 ethyl acetate �
���� ��� �� �
�
 �� ���
�. Silica gel column chromatography� �
�� chloroform : acetone : methanol : water� �� ��
 ��

��� ����� ��
�� ��� ��� ��� �� �
� ��
� ��� acetylation ��
 ���� �� n-hexane
: ethyl acetate : methanol� �� ���� 
� ��� �� �
� deacetylation ��
 �� �� ��� 
� �
�
 
�

��. ��� 
� �
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 ��	
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���� ABTS radical ���� �� ���� ��� ��

� 
�� DNA ��� 		�� ��
 ��� OH radical�
H2O2� ��� �� ��� ��
 ����� ��� DNA
��� �� �� ��� ��
��� ��� ��� ���
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��
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