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Acylated kaempferol glycosides from flower buds of Panax ginseng and their
a-glucosidase inhibitory activity

LI Ke-ke, GONG Xiao-jie
Department of Biological Engineering, Life Science College of Dalian Minzu University, Dalian 116600, China

Abstract: Objective To study the chemical constituents of flavonoids and its a-glucosidase inhibitory activity from the flower buds
of Panax ginseng. Methods The compounds were isolated and purified by MCI gel, silica gel and semi-preparative HPLC
chromatography, and the structures were elucidated based on the NMR and MS data. The a-glucosidase inhibitory activities of the
isolated compounds in vitro were determined by 96-well microtiter plate. Results From ethyl acetate fraction of alcohol extract of P.
ginseng flower buds, five flavonoids were isolated and identified as kaempferol-3-O-(2",3"-di-E-p-coumaroyl)-a-L-rhamnoside (1),
kaempferol-3-O-(3",4"-di-E-p-coumaroyl)-a-L-rhamnoside (2), kaempferol-3-O-(3"-Z-p-coumaroyl,4"-E-p-coumaroyl)-a-L-rhamnoside
(3), kaempferol-3-O-(2",4"-di-E-p-coumaroyl)-a-L-rhamnoside (4), and kaempferol-3-O-(2",4"-di-Z-p-coumaroyl)-o-L-rhamnoside
(5). The inhibitory activity of a-glucosidase in vitro showed that compound 3 had stronger inhibitory effect on a-glucosidase.
Conclusion Compounds 1—S5 are isolated from this genus for the first time, and the phenylpropionyl acylated flavonol glycosides in
P. ginseng flower buds have some inhibitory effect on a-glucosidase in vitro.
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Fig. 1 HPLC of compounds 1—5
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th&W1: EEK K. ESI-TOF-MS m/z: 747
[M+Na]", 773 C3oH30140 'H-NMR (500 MHz,
DMSO-dq) d: 7.82 (2H, d, J = 9.0 Hz, H-2, 6'), 6.74
(2H, d, J = 9.0 Hz, H-3', 5'), 6.44 (1H, d, J = 2.0 Hz,
H-8), 6.22 (1H, d, J = 2.0 Hz, H-6), 5.70 (1H, m,
H-2"), 5.53 (1H, d, J = 1.5 Hz, H-1"), 5.13 (1H, dd,
J=9.5,3.5 Hz, H-3"), 3.54 (1H, m, H-4"), 3.39 (1H,
m, H-5"), 0.94 (3H, d, J= 6.0 Hz, H-6"); 2"-E-X} & 5.
ft%: 7.51 (1H, d, J = 16.0 Hz, H-3""), 7.47 (2H, d,
J=8.5Hz, H-5"",9"), 6.78 (2H, d, J = 8.5 Hz, H-6"",
8", 6.29 (1H, d, J=16.0 Hz, H-2""); 3"-E-%#& & /8
%759 (1H, d, J=16.0 Hz, H-3""), 7.57 (2H, d, J =
8.5 Hz, H-5"", 9""), 6.95 (2H, d, J = 8.5 Hz, H-6"",
8", 6.47 (1H, d, J = 16.0 Hz, H-2"""). *C-NMR (125
MHz, DMSO-ds) ##E W3 1. PL_E3dE 5 kx|
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F1 L&Y 1~5 8 “C-NMR #i7
Table 1 *C-NMR data of compounds 1—5
30A 1° 2° 3* 4° 5°

2 157.1 159.1 159.1 157.0 159.3

3 133.6 134.6 134.6 132.4 135.3

4 177.3 179.1 179.1 176.7 179.0

5 161.2 163.0 162.9 160.6 163.0

6 98.5 100.1 100.0 97.3 99.6

7 164.4 166.4 166.3 165.2 166.4

8 93.8 94.8 94.8 93.5 94.7

9 156.5 158.5 158.5 156.2 158.4

10 104.0 105.6 105.4 103.1 105.5

I’ 120.2 122.4 122.5 119.7 122.2

2,6 130.6 131.9 132.0 130.1 131.6

3,5 115.5 116.6 116.6 1153 116.5

4 160.2 161.7 161.7 159.9 161.5

1" 98.8 101.2 101.2 98.7 100.8

2" 69.0 69.5 69.5 70.7 727

3" 71.1 725 72.0 65.5 68.3

4 68.6 71.5 71.5 72.2 74.1

5" 70.8 69.7 69.8 67.5 69.6

6" 17.2 17.5 17.5 16.9 17.4

1, 1 165.9, 165.5 168.3, 168.0 167.9, 167.0 165.5,165.6 167.2,166.8
2 2 113.8,113.2 114.5, 1143 115.6, 114.2 113.5, 113.1 115.8

3, 3 146.0, 145.1 147.2, 147.1 147.0, 146.2 144.4, 144.2 145.7, 145.2
4 4 124.9 127.0 127.2,127.0 124.5 127.2
591 5 g 130.5, 130.3 131.2, 131.1 133.6, 131.0 130.1,129.9 133.6

6", 8" 6", 8" 115.7 116.6 116.4, 115.8 115.2 116.3
7,7 160.1,159.9 161.2,161.0 161.2,160.1 159.7,159.6 160.1, 160.2

a-DMSO-ds, 125 MHz; b-MeOH-ds, 125 MHz

HA—H, U EA AT 1 N 3-0-2" 3"- - k-
W 7 G )-a-L- BR 2SR o

&M 2: kK. ESI-TOF-MS m/z: 747
[M+Na]", 473 CyH3014. 'H-NMR (500 MHz,
MeOH-d,) ¢: 7.84 (2H, d, J = 8.5 Hz, H-2', 6'), 6.76
(2H, d, J = 8.5 Hz, H-3', 5'), 6.42 (1H, s, H-8), 6.21
(1H, s, H-6), 5.80 (1H, s, H-1"), 5.37 (1H, dd, J =
10.0, 3.5 Hz, H-3"), 5.19 (1H, t, J = 10.0 Hz, H-4"),
4.41 (1H, m, H-2"), 3.29 (1H, m, H-5"), 0.85 (3H, d,
J=6.5Hz, H-6"); 3"-E-Xf#& G 8E%: 7.61 (1H, d,J=
16.0 Hz, H-3""), 7.45 (2H, d, J = 9.0 Hz, H-5"", 9'"),
6.86 (2H, d, J = 8.5 Hz, H-6"", 8", 6.27 (1H, d, J =
16.0 Hz, H-2""); 4"-E-X &Gk 7.48 (1H, d, J =

16.0 Hz, H-3""), 7.38 (2H, d, J = 8.5 Hz, H-5"", 9"""),
7.04 (2H, d, J = 8.5 Hz, H-6"", 8", 6.18 (1H, d, J =
16.0 Hz, H-2""). *C-NMR (125 MHz, MeOH-d;) %1
PR 1. UL MRS SCEk A — 5™, i
EAE 2 N2 3-0-(3",4"- - AR -F5 5
He)-a-L-FRZEHET

&Y 3: B K. ESI-TOF-MS m/z: 747
[M+Na]", 773 C3H3,014. 'H-NMR (500 MHz,
MeOH-d,) §: 7.84 (2H, d, J = 9.0 Hz, H-2, 6'), 6.78
(2H, d, J = 9.0 Hz, H-3', 5'), 6.42 (1H, s, H-8), 6.20
(1H, s, H-6), 5.76 (1H, s, H-1"), 5.36 (1H, dd, J =
10.0, 3.0 Hz, H-3"), 5.15 (1H, t, J = 10.0 Hz, H-4"),
438 (1H, m, H-2"), 3.24 (1H, m, H-5"), 0.82 (3H, d,
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J=6.5Hz, H-6"); 3"-Z- X FEMt%E: 7.65 2H, d, J =
8.5 Hz, H-5"", 9", 6.82 (1H, d, J = 13.0 Hz, H-3""),
6.70 (2H, d, J = 8.5 Hz, H-6"", 8'"), 5.74 (1H, d, J =
13.0 Hz, H-2""); 4"-E-Xf & EHEAE: 7.49 (1H, d, J =
16.0 Hz, H-3""), 7.44 (2H, d, J = 8.5 Hz, H-5"", 9""),
7.03 (2H, d, J = 8.5 Hz, H-6"", 8", 6.16 (1H, d, J =
16.0 Hz, H-2"""). *C-NMR (125 MHz, MeOH-d;) %I
FEWE 1. UL EBIR S Sl e A — 5, i
EAEY 3 ML ZERY 3-0-(3"-Ia-%f -7 53 ,47-
RN - A )-0-L- BR A BT

th&W 4: EEK K. ESI-TOF-MS m/z: 747
[M+Na]", 273 C3H3,014. 'H-NMR (500 MHz,
MeOH-dy) d: 7.75 (2H, d, J = 8.5 Hz, H-2', 6'), 6.98
(2H, d, J = 8.5 Hz, H-3', 5'), 6.36 (1H, s, H-8), 6.16
(1H, s, H-6), 5.56 (1H, brs, H-1"), 5.45 (1H, brs,
H-2"), 4.84 (1H, t, J = 10.0 Hz, H-4"), 3.96 (1H, dd,
J=10.0, 3.0 Hz, H-3"), 3.16 (1H, m, H-5"), 0.75 (3H,
d, J= 6.0 Hz, H-6"); 2"-E-X} 7 5 Wt3E: 7.58 (2H, d,
J = 8.5 Hz, H-5", 9", 7.46 (1H, d, J = 16.0 Hz,
H-3""), 6.80 (2H, d, J = 8.5 Hz, H-6"", 8'""), 6.28 (1H,
d,J=16.0 Hz, H-2""); 4"-E-%} & 5§t %E: 7.58 (1H, d,
J =16.0 Hz, H-3""), 7.56 (2H, d, J = 8.5 Hz, H-5"",
9", 6.76 (2H, d, J = 8.5 Hz, H-6"", 8"""), 6.42 (1H, d,
J=16.0 Hz, H-2""). "*C-NMR (125 MHz, MeOH-d,)
MR 1. UL B S S IR A — 5, g
KB EY 4 L ZEF 3-0-Q"4"- - A-F-FE
P )-o-L- BR 2SR

&Y s EERA. ESI-TOF-MS m/z: 747
[M+Na]", 773 C3oH3014. 'H-NMR (500 MHz,
MeOH-d,) d: 7.72 (2H, d, J = 8.5 Hz, H-2', 6'), 6.95
(2H, d, J = 8.5 Hz, H-3', 5'), 6.32 (1H, s, H-8), 6.16
(1H, s, H-6), 5.51 (1H, brs, H-1"), 5.50 (1H, brs,
H-2"), 4.82 (1H, t, J = 10.0 Hz, H-4"), 4.09 (1H, dd,
J=10.0, 3.0 Hz, H-3"), 3.40 (1H, m, H-5"), 0.82 (3H,
d, J= 6.2 Hz, H-6"); 2"-Z-% & /¥ 7.62 (2H, d,
J = 8.5 Hz, H-5", 9"), 6.84 (1H, d, J = 13.0 Hz,
H-3"), 6.72 (2H, d, J = 8.5 Hz, H-6"", 8'"), 5.72 (1H,
d,J=13.0 Hz, H-2""); 4"-Z-%+ & EHi%: 7.64 (2H, d,
J = 8.5 Hz, H-5"", 9""), 6.86 (1H, d, J = 13.0 Hz,
H-3""), 6.70 (2H, d, J= 8.5 Hz, H-6"", 8"""), 5.83 (1H,
d, J = 13.0 Hz, H-2""). "“C-NMR (125 MHz,
MeOH-ds) #AE WL 1. DL EEAE 5 SCiont R A
—M s E A 5 NILZER 3-0-2"4"- -

-t - SR I )-a-L- BR 2 W
4 o-BEBEEEIGIENE

SR TTEMY, DL 4= 3 B -o1-D- b R e
H (PNPG) ANRYINE o-f & FEH EEIETE, DL
B R M BE PR X R 7E 96 LB b HEATVE A
Mo 75 uL PBS ZZ¥E# (pH 7.4) HIMA 20 uL o-
A PEEEE (0.15 U/mL) VW, A5 pL —E WK
FE HIRE SV, 37 CIEIE 15 min, 2RJE I 20 pL
PNPG (5 mmol/L), 37 ‘ClH <N 15 min, F
A 80 uL ] Na,CO3 ¥ (0.2 mol/L) &1k v, 7E
405 nm A FIERICE (4D {H. o-FZFEERE
FIRHANXIE: fHR=U 2a—4 wa)Ad =0. H
Origin 8.0 A LHANHIREE (ICs) {H, ZHR N
K 2. SRRPAEY) 3 5T o H AT HELREA BRI
il .

R2 AW I1~53 - EEEHENIEER

Table 2 o-Glucosidase inhibition by compounds 1—5

&Y ICse/(umol-L ™"
1 4.514+0.23
2 6.284+0.16
3 1.14£0.02
4 6.95+0.28
5 2.62+0.16
Bl 35 b 0.05%0.01

5 itig
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