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Flavonoids from rhizomes of Panax notoginseng and their anti-platelet
aggregation activity
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Abstract: Objective To study the flavonoids in the rhizomes of Panax notoginseng and their antiplatelet aggregation activity.
Methods  AB-8 macroporous resin, silica gel, ODS column chromatography and preparative high performance liquid
chromatography were used to separate and purify the flavonoids in the rhizomes of P. notoginseng. Their structures were elucidated by
spectroscopic and chemical analysis, especially NMR and MS. Additionally, the antiplatelet aggregation activity of the isolated
compounds was evaluated. Results Eight flavonoids were isolated and identified as quercetin-3-O-B-D-xylosyl-(1—2)-B-D-
galactosyl-3"-O-B-D-glucoside (1), quercetin-3-O-B-D-glucosyl-(1—2)-B-D-galactoside (2), quercetin-3-O-B-D-xylosyl-(1—2)-B-D-
galactoside (3), kaempferol-3-O-B-D-glucosyl-(1—2)-p-D-galactoside (4), kaempferol-3-O-B-D-xylosyl-(1—2)-p-D-galactoside (5),
isorhamnetin-3-O-B-D-xylosyl-(1—>2)-B-D-galactoside (6), quercetin-3-O-B-D-galactoside (7), quercetin-3-O-B-D-glucoside (8).

Conclusion Compound 1 is a new flavonoid named notoginsenoflavoside. The spectral data for compound 6 were reported for the
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first time. Moreover, compounds 5 and 6 were isolated from Araliaceae family for the first time, whereas compounds 7 and 8 were

isolated from P. notoginseng for the first time. The specificity of flavonoids biosynthesis in P. notoginseng was firstly discovered.

Specifically, the hexose directly connected to the C-3 position of flavonoid was galactose. The in vitro anti-platelet aggregation assay

indicated that compounds 1~7 exhibited anti-platelet aggregation activity with different inhibition ratios.

Keywords Panax notoginseng (Burk.) F. H. Chen; flavonoids; specificity of biosynthesis; anti-platelet aggregation; notoginsenoflavoside;

kaempferol-3-0-B-D-xylosyl-(1—2)-B-D-galactoside; isorhamnetin-3-O-B-D-xylosyl-(1—2)-B-D-galactoside; quercetin-3-O-B-D-

galactoside
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C32H3s0210 UV A" (nm): 217 (4.44), 268 (4.06),
354 (3.94). IR vior (cm'):3386. 2931, 1651, 1605,
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818, 648. 602. fEALEW) 1 (1) 'TH-NMR #Erh, KK
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AMEEY 1 MR SRR, K XA 3 4
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d,J=22Hz),6.87 (1H,d, J=8.6 Hz)] #&ntb &1
ZERRAEE | M ABX HIERES RS 36;
KHXEE 2 4~ AB BERAMN S ELET [on
6.50 (1H, d, J=2.1Hz), 6.18 (1H, d, J=2.1 Hz)]; 1t
FARIAEN 61 6.00~4.20 AEHIIN 3 MHEH) I AL S 5
[0n 5.72 (1H, d, J = 7.6 Hz), 4.84 (1H, d, J = 7.4 Hz),
4.54 (1H,d, J= 7.4 Hz)], RHUNLED 1 550 HIE
A 3 M. BC-NMR i Hh 3L 32 Mg{E 5, DEPT-
135 W oR 22 MR(E S, BHE 19 MR ERE S
A3 AN RS S - 456 "H-NMR 3% £ v] Jntk
HW01 NER: 3 MR 3,5,7,3 4 -BURETR . BR/K
FRATAEAL T 5 R A 1 S50 1 3 MRSy
WA D-2FFHE (r=26.86 min). D-AHE (r=28.20
min) Al D-F & H# (1r=24.28 min); '3C-NMR i HH
R 1 4 25 A0 8% 1 5 SCHR P FH SR )46 22 A0 RS
W& 05161, L&) 1 ) HMBC % SRtk 2208 N
ou 5.72 (1H, d, J = 7.6 Hz) WEbinREE S5
LIRS N 6c 133.6 (C-3) WItRIE SIS, 1k
PN on 4.54 (d, J= 7.4 Hz) HIARKERIEE(E S
SR N o 80.4 (C-2") HIBRIS SA M, 1k
PR N Ou 4.84 (d, J=7.4 Hz) I & HE I AR (5
S H5WENIFE N oc 145.8 (C-3") HIWRAE 5 H M.
R, LAY 1 S5 K 2 N R -3-0-B-D-AK
Wi -(152)-B-D-F-FLBEIE-3-O-B-D-E E B, H
Frik &Y, HAb 2S5 R A 32 B HMBC A tn B 1 pT
7N, 'H-NMR 1 BC-NMR i 3% 1.

&Y 2: #EORAK; HR-ESI-MS m/z 625.142 9
[M—H] ", 733N CorH30017. BRIKMEF™2E D-Hi %]
BRI D-FF 8. '"H-NMR (600 MHz, DMSO-ds) o
7.68 (1H, dd, J=8.4,2.0 Hz, H-6'), 7.53 (1H, d, J=2.0
Hz, H-2"), 6.84 (1H, d, J = 8.4 Hz, H-5"), 6.40 (1H, d,
J = 1.6 Hz, H-8), 6.19 (1H, d, J = 1.6 Hz, H-6), 5.66
(1H, d, J=7.6 Hz, gal-H-1"), 3.77 (1H, m, H-2"), 3.62
(1H, m, H-3"), 3.68 (1H, m, H-4"), 3.15 (1H, m, H-5"),
3.48 (1H, overlapped, H-6"a), 3.24 (1H, overlapped,

HO

Q
0
Mo/
HO
HO

E1 &% 1 MkFEMIEE HMBC X (HHC)
Fig.1 Chemical structure and key HMBC correlations

(H—C) of compound 1

H-6"b), 4.57 (1H, d, J = 7.9 Hz, H-1""-glc), 3.19 (1H,
m, H-2"""), 3.34 (1H, overlapped, H-3""), 3.16 (1H, m,
H-4""),3.57 (1H, m, H-5""), 3.72 (1H, brs, H-6'"a), 3.50
(IH, overlapped, H-6""b) ; '3C-NMR (150 MHz,
DMSO-ds) 8: 155.9 (C-2), 133.5 (C-3), 177.9 (C-4),
161.7 (C-5), 99.1 (C-6), 164.5 (C-7), 93.9 (C-8), 156.7
(C-9), 104.3 (C-10), 121.6 (C-1"), 116.4 (C-2"), 145.3
(C-3"), 149.0 (C-4"), 115.8 (C-5"), 122.6 (C-6"), 98.8 (C-
1"-gal), 81.3 (C-2"), 73.8 (C-3"), 68.0 (C-4"), 76.3 (C-
5"), 60.4 (C-6"), 104.8 (C-1""-glc), 74.9 (C-2""), 77.2
(C-3""), 70.0 (C-4""), 77.0 (C-5""), 61.1 (C-6""). LA
B 50 E — 8, e A 2 A ER-3-
O-B-D-Hi i B HE-(12)-B-D-F- FLBHF .

& 3: Hk AR, HR-ESI-MS m/z 595.132 5
[M—H]", 73§ 3N CasHasOr60 BRIKMRF=2E D-AHE
Al D-2EFLBE. "H-NMR (600 MHz, DMSO-ds) 6: 7.77
(1H, dd, J= 8.5, 2.3 Hz, H-6"), 7.53 (1H, d, J=2.3 Hz,
H-2), 6.83 (1H, d, J = 8.5 Hz, H-5'), 6.40 (1H, d, J =
2.0 Hz, H-8), 6.19 (1H, d, J = 2.0 Hz, H-6), 5.71 (1H,
d, J=7.6 Hz, H-1"-gal), 3.77 (1H, m, H-2"), 3.63 (1H,
m, H-3"), 3.68 (1H, m, H-4"), 3.14 (1H, m, H-5"), 3.42
(1H, m, H-6"a), 3.29 (1H, m, H-6"b), 4.56 (1H, d, J =
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Fz1 {L&% 1% 6B "H-NMR F1 3C-NMR #{#E (600/150 MHz, DMSO-dc)
Table 1 'H-NMR and '3C-NMR date of compounds 1 and 6 (600/150 MHz, DMSO-ds)
ek °
OH oc OH Jc

2 155.0 156.2
3 133.6 133.4
4 177.8 177.8
5 161.6 161.7
6 6.18 (d, J=2.1 Hz) 99.2 6.20 (brs) 99.1
7 165.1 164.6
8 6.50 (d, J=2.1 Hz) 94.3 6.45 (brs) 94.1
9 156.7 156.8
10 104.1 104.4
1 121.5 121.6
2! 7.79 (d, J=2.2 Hz) 116.9 7.95(d, J=1.9 Hz) 113.8
3’ 145.8 1475
4’ 150.6 150.0
5! 6.87 (d, J=8.6 Hz) 116.2 6.91 (d, J=8.5Hz) 115.7
6 8.09 (dd, J=8.6,2.2 Hz) 126.5 7.60 (dd, J=8.5,1.9 Hz) 122.7
1" 5.72 (d, J=7.6 Hz) 98.7 5.73(d, J=7.7 Hz) 99.0
2" 3.77 (m) 80.4 3.78 (m) 79.7
3" 3.61 (m) 74.1 3.65 (m) 74.2
4" 3.67 (m) 68.1 3.69 (m) 68.3
5" 3.14 (m) 76.4 3.11 (m) 76.5
6" 3.42 (m), 3.26 (m) 60.3 3.44 (overlapped), 3.24 (overlapped) 60.6
I 4.54 (d, J=7.4 Hz) 105.1 458 (d, J=7.2 Hz) 104.7
2" 3.05 (m) 745 3.06 (m) 74.3
3" 3.35(m) 76.4 3.36 (overlapped) 76.4
4" 3.27 (m) 69.9 3.27 (overlapped) 69.8
5" 3.72 (m), 3.06 (m) 66.2 3.78 (m), 3.05 (m) 65.9
1 4.84 (d, J=7.4 Hz) 102.8

20 3.21 (m) 73.9

3 3.33(m) 77.6

4 3.15 (m) 70.2

50 3.44 (m) 76.7

6" 3.72 (m), 3.56 (m) 61.2

3'-OCHs 3.85(s) 56.4

7.4 Hz, H-1""-xyl), 3.08 (1H, m, H-2"", 3.36 (1H, m,
H-3"),3.27 (1H, m, H-4""), 3.70 (1H, m, H-5""a), 3.06
(1H, brs, H-5""b); '3C-NMR (150 MHz, DMSO-dj) 6:
155.7 (C-2), 133.5 (C-3), 177.9 (C-4), 161.7 (C-5), 99.1
(C-6), 164.6 (C-7), 93.9 (C-8), 156.7 (C-9), 104.3 (C-
10), 121.6 (C-1"), 116.2 (C-2'), 145.4 (C-3'), 149.0 (C-
4, 115.7 (C-5", 122.7 (C-6'), 98.8 (C-1"-gal), 80.3 (C-
27), 74.1 (C-3"), 68.2 (C-4"), 76.7 (C-5"), 60.4 (C-6"),
105.1 (C-1""xyl), 74.4 (C-2""), 76.4 (C-3""), 69.9 (C-

4", 66.1 (C-5""). LA FH¥s 5 3CmkfoE — 80, %
EWAEY) 3 N R -3-0-B-D-A M -(152)-p-D-
FFLBEL

&Y 4: FEOFAK; HR-ESI-MS m/z 609.148 2
[M—H] ", 7§ 30H CorH300160 BRIK AR 2 D-Hi %]
PEA D-F-34E . 'H-NMR (600 MHz, DMSO-ds) o:
8.08 (2H, d, J = 8.8 Hz, H-2', 6'), 6.91 (2H, d, J = 8.8
Hz, H-3', 5'), 6.36 (1H, d, J = 2.1 Hz, H-8), 6.16 (1H,
d, J=2.1 Hz, H-6), 5.66 (1H, d, J = 7.6 Hz, H-1"-gal),
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3.80 (1H, m, H-2"), 3.63 (1H, m, H-3"), 3.70 (1H, m,
H-4"), 3.19 (1H, m, H-5"), 3.49 (1H, m, H-6"a), 3.30
(1H, m, H-6"b), 4.57 (1H, d, J = 7.9 Hz, H-1""-glc),
3.21 (1H, m, H-2""), 3.36 (1H, m, H-3""), 3.18 (1H, m,
H-4""), 3.60 (1H, m, H-5""), 3.75 (1H, m, H-6""a), 3.54
(1H, m, H-6""b); 3C-NMR (150 MHz, DMSO-ds)
158.3 (C-2), 134.8 (C-3), 179.7 (C-4), 162.8 (C-5),
101.5 (C-6), 165.7 (C-7), 94.7 (C-8), 158.8 (C-9), 104.5
(C-10), 122.6 (C-1"), 132.4 (C-2, 6'), 116.2 (C-3', 5'),
161.4 (C-4"), 99.8 (C-1"-gal), 79.8 (C-2"), 74.7 (C-3"),
69.9 (C-4"), 76.6 (C-5"), 61.8 (C-6"), 105.6 (C-1""-
gle), 75.3 (C-2"), 78.0 (C-3""), 71.2 (C-4"), 77.7 (C-
5", 62.5(C-6""). VL EE 5 3CfdiE — 3, e
&) 4 NIl Z5/8y-3-0-B-D-F Ei b HE-(1-2)-B-D-
RFUETE, B ASHEL .

&Y 5. FRyAR; HR-ESI-MS m/z 579.137 7
[M—H]s 3 F3N CasHosOrs0 BT 2E D-AHE
A D-F-FLFE. 'H-NMR (600 MHz, DMSO-ds) J: 8.12
(2H, d, J=8.8 Hz, H-2', 6'), 6.88 (2H, d, J= 8.8 Hz, H-
3',5'), 6.43 (1H, d, J= 2.0 Hz, H-8), 6.18 (1H, d, J =
2.0 Hz, H-6), 5.69 (1H, d, J = 7.6 Hz, H-1"-gal), 3.73
(1H, m, H-2"), 3.62 (1H, m, H-3""), 3.68 (1H, m, H-4"),
3.14 (1H, m, H-5"), 3.42 (1H, m, H-6"a), 3.27 (1H, m,
H-6"b), 4.56 (d, J= 7.4 Hz, H-1""-xyl), 3.07 (1H, m, H-
2'"),3.36 (1H, m, H-3""), 3.28 (1H, m, H-4""), 3.72 (1H,
m, H-5""a), 3.06 (1H, m, H-5""b); '3C-NMR (150 MHz,
DMSO-ds) d: 155.7 (C-2), 133.3 (C-3), 177.9 (C-4),
161.7 (C-5), 99.2 (C-6), 164.9 (C-7), 94.1 (C-8), 156.7
(C-9), 104.2 (C-10), 121.3 (C-1"), 131.4 (C-2', 6"),
115.6 (C-3', 5'), 160.5 (C-4"), 98.7 (C-1"-gal), 80.2 (C-
2'), 74.2 (C-3"), 68.2 (C-4"), 76.7 (C-5"), 60.4 (C-6"),
105.1 (C-1""-xyl), 74.4 (C-2"), 76.3 (C-3""), 69.9 (C-
4", 66.2 (C-5"") LA EEHE 5 3CfdiE — 817, %
EWEY) 5 NiLZF)-3-0-B-D- AR F-(1-2)-p-D-
FFLHEL

&Y 6: FORA; HR-ESI-MS m/z 609.148 7
[M—H]", 75 F 3 A CsH30016. AN 6 HIRXHEEL
I 51 K 3 -3-0-B-D- A B 5 -(152)-B-D-F- FLHE
(3) AR bEn, N LE Sl FrEER, 5
& 3 Mk, &% 6 F 1 MHRAEEMRES
(6c 56.4) FIEAE5[on3.85 (3H, s)]. L& 6 )
HMBC 3 BoR 2200 88 6n3.85 (3H, s) HIHH
S5 5 GWEAIE N 0c 147.5 (C-3) [IBRE 5 E A

o, UEB H ARSI AR SR o) C-3'07 . BR/K AR
PR DARKER D-2FAURE. NIk, (AW 6 M4
W %58 N R R 2E K -3-0-B-D- K B H-(152)-B-D-F
FUBEE , A YBAS R A E dkIE , TH-NMR
AT BC-NMR 04 L3 1,

& 7: FEERA; HR-ESI-MS m/z 463.089 9
IM—H]", 753N CaiHa0012. BR/KfEFZ 4 D-F 3,
B, TH-NMR (600 MHz, DMSO-ds) 6: 7.64 (1H, dd,
J=8.4,22 Hz, H-6'), 7.56 (1H, d, J = 2.2 Hz, H-2'),
6.81 (1H, d, J= 8.4 Hz, H-5'), 6.40 (1H, brs, H-8), 6.18
(1H, brs, H-6), 5.38 (1H, d, J= 7.6 Hz, H-1"-gal), 3.32
(1H, m, H-2"), 3.28 (1H, m, H-3"), 3.37 (1H, m, H-4"),
3.46 (1H, m, H-5"), 3.65 (1H, brs, H-6"a), 3.60 (1H, m,
H-6"b); '*C-NMR (150 MHz, DMSO-ds) 6: 156.5 (C-
2), 133.8 (C-3), 177.8 (C-4), 161.6 (C-5), 99.4 (C-6),
165.5 (C-7), 94.1 (C-8), 156.8 (C-9), 104.0 (C-10),
121.4 (C-1"), 116.5 (C-2'), 145.5 (C-3"), 149.2 (C-4"),
115.7 (C-5"), 122.3 (C-6"), 102.3 (C-1"-gal), 71.7 (C-
2'), 73.7 (C-3"), 68.4 (C-4"), 76.5 (C-5"), 60.6 (C-6"),
DL 3 5 ko — 208, e A 7
F-3-0-B-D- V- FLWEE, RG22k,

& 8: HkAR; HR-ESI-MS m/z 463.086 5
[M—H]", 73N CaiHaO12. BRZKARF=H: D55 %
% . TH-NMR (600 MHz, DMSO-ds) 0: 7.67~7.48 (2H,
m, H-2', 6"), 6.81 (1H, d, J = 7.8 Hz, H-5), 6.33 (1H,
brs, H-8), 6.12 (1H, brs, H-6), 5.44 (1H, d, J=7.2 Hz,
H-1"-glc), 3.80~3.06 (6H, overlapped, H-2"~6");
BC-NMR (150 MHz, DMSO-ds) J: 156.3 (C-2), 133.6
(C-3), 177.5 (C-4), 161.6 (C-5), 99.7 (C-6), 166.4 (C-
7), 94.2 (C-8), 156.9 (C-9), 104.2 (C-10), 121.3 (C-1"),
116.6 (C-2'), 145.5 (C-3"), 149.4 (C-4'), 115.7 (C-5"),
122.0 (C-6), 101.6 (C-1"-glc), 74.6 (C-2"), 77.0 (C-
3"), 70.4 (C-4"), 78.0 (C-5"), 61.4 (C-6"). LA L-%Hs
5kl — 0, e G 8 Sl 3R -3-0-B-
DR, RIS .

4 RSN/ MR ETE RN

K BT w] DR BE P B 2Y, % =B =)
AR ERZ I EY 1~7 TR/
WRERETEENE, 45 R R EYIH AR
FEi MR REER (GR 2D,

5 g

AT FEIE I 2 Bl Ay B T BOM = A 2

KR HAT T RG05, W BE%E T 8 N
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F2 WS 1~7 MMM/ MRREENE
(x+s,n=3)
Table 2 Anti-platelet aggregation activity of compounds
1—7 invitro (X +s,n=3)

L T T " THE
(mg-mL™)

i R — 51.33+1.15 —
i =] T 1 11.33+0.58 77.92
H

1 5 39.21+1.53 30.92
2 5 45.14+0.58 12.06
3 5 25.33+0.58 50.65
4 5 17.00+2.00 66.88
5 5 25.67+2.52 50.00
6 5 25.28+2.08 50.75
7 2 40.67+2.89 20.78

Kb, L s e E Y, a6
BERERHE N RAROE, AW S R 6 N E IR TIN
BHaEY > BER, (EW 7 M 8 NE IR =t
SRR MBS S E SRRV EY) 8
CMit R ) 4b, r AR s C-3 AL HHAHE
I7SBHEI R FU0E . HAT, SCEiRIE N =-batk
W AR R B, KER S C-3 AL BRI N
bt 2 AR 2T, FE AR IR 43 Bt 9 F2 Hh  B
Sl (8) fE =B RS &K R IR
RILAN GBS B SCHR s = A -
3-O-B-D-F &I B HE-(1—2)-B-D-FEREEF (TR B,
H oy B A5 20 H R 7 7 A AR B 2 -3-0-B-D- i % K
H-(152)-B-D-2LFAMEE (2), WAEMX AL C-3
PEREIBEA[E . HPLC-MS Z3 i s =t 2
SR ) B ARG, LT ARSI B R U3 R,
AT DAIE B R BT AR HEN, B =LA sl 2
RUHEAN = WEEF 4] C-3 A FLAHIE R 7N Bkl 2 - 7L0%
TAREIZHE, X R S I B T =2
WA R . AR A B R e S AR )
A BRI EE ARG, S (1B FH R — IR
FERE (UGTS) AR, B AT =3l & s i
UGTs ARG e M2, R R =13
PR B A 40 B RIS SV R = L3 & U UGTs
Wit B E R .
XIGEW) 1~7 HATARSMIU L IR AR TS T
W, GREP 7 MEAYIXT ADP ML
SEHRAAFRRERIEIER, K&y 4 K]

PER B HESCHRIRE, fb&W) 4 A7 & BA PR

ARIPT R I 324, i = K AR B LE BT R AL

FUL T TR AT BRI 2 3G VRS, P DASE RS R4y

A RE N =Bk IET R IUANAE - IA RS 2

BEAME S 2. 4 7 B ARy S ERe 2T, fbs

Y1 3 BARITRRRIGEAEERES, e h =+

TETT B IR S ERIE (T 7 B8 58 B Al o
ARG RFE T =LA E, =+t

SR RS R BT R AR ISt 1 BB B
FIBEAFR HAREHFAREEAN B R

SE
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