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Flavonoid glycoside compounds from roots of Arctium lappa and structure-activity
relationship of anti-oxidantion
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Abstract: Objective To investigate the flavonoid glycoside compounds from the roots of Arctium lappa and their structure-activity
relationship (SAR) of anti-oxidantion. Methods The compounds were isolated by column chromatography over silica gel, RP-Cg,
Sephadex LH-20, and PHPLC. Their structures were elucidated by spectroscopic analysis and their anti-oxidant activities were
evaluated by DPPH, ABTS, and FRAP assays. Results Eight flavonoid glycoside compounds were isolated from 55% ethanol extract
in the roots of 4. lappa, which were identified as nairutin (1), hesperidin (2), icariin (3), ononin (4), isoononin (5), neoliquiritin (6),
neoisoliquiritin (7), and liquiritin (8). The anti-oxidant activities of these compounds were tested by three different methods (DPPH,
ABTS, and FPAR), and their SAR were further analyzed. Conclusion Compound 3 is isolated from the roots of A. lappa for the first
time, all others were from the plants of Arctium L. for the first time; Compounds 1 and 8 have shown the strongest anti-oxidant activity;
The -OH on C-3’ and -OCHj; on C-4' in the B ring in regard to the anti-oxidant activity of these compounds by participating in electron
delocalization and hydrogen bonding.
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Fig. 1 Structures of compounds 1—8
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RPN T RO RAE AR (100~
140, 200~300 H), 7 &4k T.); Sephadex
LH-20, 52 [ Pharmacia A ) ; (4% Z 0, 78 [E Merck
AN ZHEOE (TFA), FEZ58ER, mAK, M
3 4liy4 7K ; DPPH, 26[H Sigma /A ; ABTS #1 FPAR
X F &, Torolox, R,

BERR M T 2014 4E9 A AL T4 PR FH T Y
Ti2iE, GIRBHARLIR A 2R 5 e sk
=IEMEY A5 Arctium lappa L. I TIEI, brAR
(2014IXWAD LRAF T IR FHZE X B2 B2 IR A 2
2 ERESE

TR 380 5 kg, MESE ] 55% LI 4k
FIFEEEC 3 ¥, 55 1k 2h, 52k 2h, 3 1h,
ek, GIFERREHUK, R RO FITSEE . KR
B, WA EE BER Ol IE TR, R
Wi, 1347 B AT 65 g B PR L e A HU) 120 g.
IE T EEREE) 64 ¢

X IEER LR EB AT (120 @) BEATRE A (03l 7 1,
AU - HIEE (100 1 0—0 : 100) BREVENL, 153
10 405> Fr. 1~10. X} Fr. 8 (12.5 g) #4T ODS H:
i, /K (100 0 0—0 : 100) BhEEPEM, 133
12 N5 Fr. 8-1~8-12, H&EWMHEIMLEY 6 (9.5
mg). X} Fr. 8-9 (1.15 g) #t47 ODS tE:(ai, KA
FIE-/K (100 2 0—0 : 100) FRAEVEME, 755 10 4
24y . o Fr. 8-9-7 (0.40 g) 4 PHPLC 43 (30%
LiE-/K+0.1% =9 L2, 1.5 mL/min, 210 nm),
AEMLAEY 1 (7.0 mg) F12 (102 mg); Fr. 8-9-8
(0.16 g) £ PHPLC 43 (35%ZME-7K+0.1% =5
48, 1.5 mL/min, 210 nm), 58L& 7 (12.0
mg). Fr. 8-11 (0.70 g) £ PHPLC 43 (45%Z.Jf
K40.1% =% 2, 1.5mL/min, 210 nm), 735k
443 (8.0mg) A4 (113mg). Fr.9 (1.5g) &
Sephadex LH-20 €% 7085, H =& H b - H i
(50 : 500 P, 192) 12 455, HA 44y Fr. 9-10
(80 mg) £ PHPLC /& (35%ZJE/K+0.1% =5
ZI&, 1.5 mL/min, 210 nm), 5 F4b &4 5(13.0mg)
6 (7.0 mg). Fr.9-8 (0.6 g) Sephadex LH-20 #i:
o Es, SR RE-FEE (50 0500 B, £33
A&7 (10 mg). Fr. 9-9 (0.48 g) £ PHPLC 4
B (45%4EK+0.1% =5 48, 1.5 mL/min, 210
nm), fFEMHLEY)8 (12.5 mg).

3 HMEFE
&Y 1. EETEIEHMAR, HIR-B0 Kk NV IH

P, Molish Jx N BHM:, $&7 0 S 28059
ESI-MS m/z: 581 [M+H]", 603 [M+Na]", 579 [M—
H] . 'H-NMR (600 MHz, CD;0OD) & (%£ 1), §
7.33 (2H, d,J=8.4 Hz), 6.82 (2H, d, J=8.4 Hz) } 1
H AABBG RGBS #ENN B 32/,
6'Fl1 3" 5" i35 6.20 (1H, d, J = 2.0 Hz), 6.18 (1H,
d, J = 2.0 Hz) NEARE RIS ERFES: 5540
(1H, m) 24 &3 C-2 7R IE R 159, &
WAV RN AN 64.95 (1H, t, J = 7.2
Hz), 4.69 (1H, brs) ¥l LinkbEfss, #nizths
Wb AT 2 AN H 9 1.19 (3H, dd, J = 6.2, 3.0 Hz)
B C-6 AL AEMRHIESS 5, R 1 /M8
B 2. C-NMR (100 MHz, CDs0OD) i1,
W7 R 14 ML ARMA LTRSS 6
166.8, 166.8, 165.0, 165.0, 164.5, 164.5, 129.2, 129.1,
116.4,116.7,97.1, 97.0, 80.7, 80.6. ifit HSQC % nJ
CLHE R 7 AR5, E— ez a W
A EESE . B HSQC #% . HMBC 15 F1 SCHkTR
WOk, AT 5 102.1,72.1, 72.4, 74.1, 69.8, 17.9
h 1R RS S 0 101.1,74.6,77.8,77.1,71.3,
67.3 N 1 AUA % B S 5, 6 102.1, 101.1 43 58 —
HIMumIEK . HMBC i, 6 4.69 HliulE i 75 o
67.3 TRAHIC, FERPERIERINT N R (1-6)
HIATPE, A IR N SR 0 4.69 Kl AR
T4 6166.8 A, FE-BEIIERAE N C-7,
P vi e I AR B BHE T B A T B A,
SEACEW 1 Rt f 2= -T7- ST

aW 2. AEICETERAR, HIR-P8 KV EH
£, Molish JeNFHYE, 47 0 5 Wi 46 590 .
ESI-MS m/z: 611 [M+H]", 633 [M+Na]", 609 [M—
H] . 'H-NMR (400 MHz, DMSO-d;) it, §12.02
(1H, s), 9.11 (1H, s) AXER ERIEFFRTE 5,
Hrp s 12,02 (1H, s) AIfgHN C-5 Aifiade; 6 5.49
(1H, m) AJHEN & C-2 AL R 15
PR EMA YR A 54.98 (1H, t, J =
6.8 Hz), 4.51 (1H, brs) AN¥E FuE&E (55, 6 1.08
(3H, dd, J = 6.1, 2.0 Hz) A R Z=Hl-6 {7 FIEHIHEE
57, foniztea®h oA 2 A0, Hh 1AM,
FLZEH; 03.37 (3H, s) K-OCH; it 155 - C-NMR
(100 MHz, DMSO-d¢) #EH, HIL 4 X% 8 AMb2E407
BARUEE S ETTF A5G 5 0 148.04 147.9, 118.0,
117.8, 114.2, 114.1, 112.1, 112.0, it HSQC & w]
PLHIE A 4 DMRIS S 0 148.0, 146.5 FERIFAERIA
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x1 &1 18 'H-NMR 1 ®C-NMR ##F (600/150 MHz, CD;0D)
Table 1 'H-NMR and *C-NMR data of compound 1 (600/150 MHz, CD;0D)

BEfi dc al MBC
2 80.6 5.40 (1H, m) C4,1,2,6
3 44.1 3.17 (1H, m) C-4,1
2.75 (1H, m) —
4 198.6 — —
5 165.0 — —
6 97.1 6.18 (1H, d, J=2.0 Hz) C-7,8,10
7 166.8 — —
8 97.9 6.20 (1H, d, J=2.0 Hz) C-5,10,7,9
9 164.5 —
10 105.0 — —
1’ 130.9 — —
2.6 1292%2 7.33 (2H, d, J = 8.4 Hz) C-2,4,2,6'
3,5 116.4X2 6.82 (2H, d,J=8.4 Hz) C-1,2,6,4'
4’ 159.1 — —
7-O-glu-1" 101.1 4.95 (1H,t,J="7.2 Hz) C-7
2" 74.6 3.44 (1H, m) —
3" 77.1 3.58 (1H, m) c-2", 5"
4" 713 3.38 (1H, m) c-2"
5" 77.8 3.45 (1H, m) —
6" 67.3 3.99 (1H, m) c-1"
3.62 (1H, m) C-1"", 4"
6"-O-rha-1" 102.1 4.69 (1H, brs) Cc-6",3", 5"
2" 72.1 3.88 (1H, m) —
3 72.4 3.68 (1H, m) —
4 74.1 3.35 (1H, m) —
5 69.8 3.63 (1H, m) —
6" 17.9 1.19(3H, dd, J=6.2, 3.0 Hz) C-4", 5"

o AR B, #EW A -OH F1-OCH; . Ji i
HSQC i, HMBC #MISCiRiRE xS, WiiE o
100.6, 69.9, 70.7, 72.1, 68.3, 17.9 A 1 4L B 2 WiAS
T 099.4,73.0,70.3,75.5, 76.3, 66.0 Ay 1 L4254
A5 %, 6100.6,99.4 Hrp ki k. HMBC i1,
0 4.51 BEEGFER 75 0 66.0 BEAIDE, $EaSHE 4R
WG A B (1—>6) FZHE, RN — 2R mE k25
Fobi; 0 4.98 HHmIEL R 5 0 165.1 BEAISE, $Easpi
EBANT BN C-7, AR o 55 07 I 8 & 5 5
TRty iy B Y. A P I AT B £ 5 STk
IEIEA U, MRS 2 R AT
WEY 3: WELEM AR (FED, Hhg-5
ki SONBHAE, Molish NBAPE,  $87R 0 2 264k
&1, '"H-NMR (400 MHz, DMSO-dq) d: 12.57 (1H, s,
5-OH), 7.90 (2H, d, J = 8.8 Hz, H-2', 6'), 7.13 (2H, d,

J=28.0 Hz, H-3', 5'), 6.63 (1H, s, H-6), 5.28 (1H, brs,
H-17), 5.15 (1H, t, J = 7.0 Hz, H-12), 5.08 (1H, d, J =
5.2 Hz, H-1"), 3.85 (3H, s, 4-OCH3), 1.68 (3H, s,
H-14), 1.60 (3H, s, H-15); “C-NMR (100 MHz,
DMSO-de) &: 178.3 (C-4), 161.4 (C-7), 160.5 (C-5),
159.1 (C-4"), 157.3 (C-9), 153.0 (C-2), 134.6 (C-3),
131.1 (C-13), 130.6 (C-2', 6'), 122.3 (C-12), 122.1
(C-1"), 114.1 (C-3', 5), 108.3 (C-8), 105.6 (C-10),
102.0 (C-1"), 100.5 (C-1""), 98.1 (C-6), 77.2 (C-3"),
76.6 (C-5""), 73.4 (C-2"), 71.1 (C-4"), 70.7 (C-3"),
70.3 (C-2"), 70.1 (C-5"), 79.6 (C-4"), 60.6 (C-6""),
55.5 (4-OCHj), 25.5 (C-15), 21.4 (C-11), 17.9 (C-6"),
17.5 (C-14) o 45 HL A MRS K0 5 ScmkAtoaE ™ k17
G, Bl SR AR A B A, HiE s
W) S5 IREFEE R I AEREIRE GFasq WZMR LEE 3 Fif
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WA R G, I R0 O REEAHTR]
PR —BF i MO E AW 3 WIELRET

wEY 4: atEBmAR (HED, FhRR-Ek
Ky SOV FHAE, Molish J b FHYE, &7 4 S 25 1k
4. 'H-NMR (600 MHz, CD;0D) d: 8.23 (1H, s,
H-2), 8.15 (1H, d, J = 9.0 Hz, H-5), 7.48 (2H, d, J =
9.0 Hz, H-2', 6), 7.25 (1H, d, J = 2.4 Hz, H-8), 7.22
(1H, dd, J = 9.0, 2.4 Hz, H-6), 7.00 (2H, d, J= 9.0 Hz,
H-3', 5", 5.11 (1H, d, J = 7.2 Hz, H-1"), 3.83 (3H, s,
4'-OCH3), 3.35~3.94 (6H, m, sugar-H); “C-NMR
(100 MHz, CD;0D) 6: 178.0 (C-4), 163.5 (C-7), 161.2
(C-4"), 159.3 (C-9), 155.2 (C-2), 131.4 (C-2', C-6"),
128.3 (C-5), 126.0 (C-1'), 125.3 (C-3), 120.2 (C-10),
117.1 (C-6), 1149 (C-3', 5", 105.0 (C-8), 101.8
(C-1"), 78.4 (C-5"), 77.9 (C-3"), 74.7 (C-2"), 71.3
(C-4"), 62.5 (C-6"), 55.7 (4'-OCH3). LA F%di 5 STk
HOBIEA ), M B 4 TSt

&Y 5. HEEPIRE S (FRD, RIR-558
SNBAYE, Molish J N FHIYE, $875 4 sl 178405
Y. '"H-NMR (400 MHz, DMSO-ds) o: 8.45 (1H, s,
H-2), 8.06 (1H, d, J = 8.8 Hz, H-5), 7.54 (2H, d, J =
8.8 Hz, H-2', 6'), 7.24 (1H, d, J = 2.4 Hz, H-8), 7.15
(1H, dd, J = 8.8, 2.4 Hz, H-6), 7.00 (2H, d, J = 8.8 Hz,
H-3',5"), 5.12 (1H, d, J = 7.2 Hz, H-1"), 3.79 (3H, s,
4-OCHj), 3.01~3.72 (6H, m, sugar-H); “C-NMR
(100 MHz, DMSO-dy) : 174.7 (C-4), 161.4 (C-7),
159.0 (C-9), 157.1 (C-4"), 153.7 (C-2), 130.1 (C-2,
C-6"), 127.0 (C-5), 124.0 (C-3), 123.4 (C-1"), 118.5
(C-10), 115.6 (C-6), 113.6 (C-3', 5"), 103.4 (C-1"),
100.0 (C-8), 77.2 (C-5"), 76.5 (C-3"), 73.1 (C-2"), 69.6
(C-4"), 60.6 (C-6"), 55.2 (4'-OCH3). LA %¥s 5 SCikii
EHRA S, M E A 5 R

WG 6: REOTE TR (HEE), 365 nm
NREATOE, SR N B EESE, R
i 1524059 . "H-NMR (400 MHz, CD;0D) §: 7.53
(1H, d, J = 16.0 Hz, H-7"), 7.02 (1H, d, J = 1.6 Hz,
H-2'), 6.94 (1H, dd, J = 8.0, 1.6 Hz, H-6"), 6.79 (1H, d,
J=8.0 Hz, H-5), 6.22 (1H, d, J = 16.0 Hz, H-8"), 5.29
(1H, m, H-5), 4.15 (1H, m, H-3), 3.75 (1H, m, H-4),
3.67 (3H, s, 7-OCH;), 2.21 (2H, m, H-2e, 6e), 2.01
(2H, m, H-2a, 6a); "“C-NMR (100 MHz, CD;0D): ¢
175.4 (C-7), 168.3 (C-9'), 149.5 (C-4"), 147.1 (C-7"),
146.7 (C-3"), 127.5 (C-1"), 123.0 (C-6'), 116.5 (C-5"),

115.1 (C-8), 115.0 (C-2"), 75.8 (C-1), 72.6 (C-3), 72.0
(C-4), 70.4 (C-5), 53.0 (7-OCH3), 37.9 (C-6), 37.8
(C-2)o VL -%dfs 5 scipapis s A — 5, e fh
G 6 HTH AT

WD 7 SRR (FED, 10%mREE S
A, Molish N FHYVE, $27- A B RS .
'H-NMR (400 MHz, CD;0D) &: 7.97 (1H, d, J = 8.8
Hz, H-6'), 7.79 (1H, d, J = 15.6 Hz, H-B), 7.70 (2H, d,
J = 8.8 Hz, H-2, 6), 7.68 (1H, d, J = 15.6 Hz, H-),
7.14 (2H, d, J= 8.8 Hz, H-3, 5), 6.41 (1H, dd, J = 8.8,
2.4 Hz, H-5"), 6.28 (1H, d, J = 2.4 Hz, H-3"), 4.99 (1H,
d, /= 7.6 Hz, H-1"), 3.31~3.92 (6H, m, sugar-H);
BC-NMR (100 MHz, CD;OD) 6: 193.3 (C=0), 167.6
(C-4"), 166.8 (C-2'), 161.0 (C-4), 144.8 (C-B), 133.4
(C-6'), 131.4 (C-2, C-6), 130.6 (C-1), 120.1 (C-a),
118.0 (C-3, 5), 114.6 (C-1'), 109. 3 (C-5), 103.9 (C-3),
101.8 (C-1"), 78.3 (C-3"), 77.9 (C-5"), 74.8 (C-2"),
71.3 (C-4"), 62.4 (C-6")o VL IHdis 5 CHRIRIESEA
—M, WA T R A

&Y 8: FORA (HFED, hIR-BEK &N
B, Molish [ M RHE, $&75 0 S K40 59
'H-NMR (400 MHz, CD;0D) &: 7.73 (1H, d, J = 8.7
Hz, H-5), 7.44 (2H, d, J = 8.6 Hz, H-2', 6"), 7.14 (2H,
d, J= 8.6 Hz, H-3, 5'), 6.50 (1H, dd, J = 8.7, 2.2 Hz,
H-6), 6.37 (1H, d, J = 2.2 Hz, H-8), 5.53 (1H, dd, J =
12.6, 2.4 Hz, H-2), 494 (1H, d, J = 7.4 Hz, H-1"),
3.90 (1H, dd, J = 12.0, 2.0 Hz, H-6"a), 3.70 (1H, dd,
J=12.0, 5.4 Hz, H-6"b), 3.37~3.48 (4H, m, H-2"~
5"),3.04 (1H, dd, J = 16.9, 12.8 Hz, H-3a), 2.67 (1H,
dd, J = 16.9, 2.8 Hz, H-3b); "“C-NMR (100 MHz,
CD;OD) d: 193.3 (C-4), 166.8 (C-7), 165.4 (C-9),
159.2 (C-4), 134.4 (C-5), 129.8 (C-1"), 128.8 (C-2/,
6), 117.8 (C-3', 5"), 115.0 (C-10), 111.8 (C-6), 103.8
(C-8), 102.2 (C-1"), 80.7 (C-2), 78.2 (C-5"), 78.0
(C-3"), 74.9 (C-2"), 71.4 (C-4"), 62.5 (C-6"), 45.0
(C-3). DA 305 ek s A —5, Wi
G 8 hH AT,
4 FEALEMENR

DPPH 5256 5 12 I8 SCHk 5 VA b AT ekt . i
I E H 0.5 mmol/L [f) DPPH T /E¥#(, HX 100 pL
mEl 96 FULbRH. B EARE L 7 MR
(1.6~0.012 5 mmol/L), BHEREAFLAHIMA 100 puL
— RAYNFEETRAIFATE ) (Trolox) W, & THikb
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SN 25 mine e SEAA, AE 517 nm B R EERS
BRI (4D . 12 A THA DPPH W R &

TEBRHE = (4 21— A )4 20

TR EE B 3 AN AL, DPPH [R5 B g 11 FH 1Cso
oK. ABTS KR FRAP SZI 4 2 AR5 £ 10
Y REAT . ABTS SE545 R LA Trolox S5 AL isE ML
Ae 17, Bl Trolox [P PTa LAE I 1, HHIFK
JEWGOLT, HAb s piia e e i gL g
1 Trolox FHIL 1% 5. FRAP 5286 45 5 FeSOq4 1
ARV I IR LR A7, BB R B8 PR A AH > T
FeSO4 b P RE ). 85 R IR 2,

#z2 EW1I-8HIIMEMLTEN
Table 2 Anti-oxidant activities of compounds 1—8

k&%  DPPH/(mmol-L™') ABTS  FRAP/(mmol-L™")
1 0.401 1.143 5.487
2 0.865 0.029 0.495
3 38.240 0.231 0.048
4 49.520 0.012 —0.019
5 50.200 0.009 0.062
6 0.833 0.005 0.240
7 0.978 0.012 0.149
8 0.764 1.132 2.729
FF 124 0.504 - 4316

SIS S5 AR A 1A 8 I R B4R
R PE, A GG TER S . W tRX ek A
VI gity, RMAEY 11 B 3 B 3-OH M
4"-OCH; X P&, SCHRIRIEP HE] B 2 L 370 4
PLIAR M Fe HE e R 5 4 s HL U A TE P . ARG
T T X A3 A 21 (1) S RS D TR RO R
T, WoE TixX—W i, FFH RIS R B 3 A7
3'-OH F 4'-OCH; X T 45 1) RE 08 25 9 s P A vs
P (K 2D,

AU E SRR P 2y 2545 21 8 AN T 24k
G0, a3 e IR WA T o) A3 2,

Cc3' \
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activity
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