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Abstract Three new flavonoid glycosides—soyaflavono-
sides A (1), B (2), and C (3)—together with 23 known ones
were obtained from the 70% EtOH extract of Flos Sophorae
(Sophora japonica, Leguminosae). Their structures were
elucidated by chemical and spectroscopic methods. Among
the known isolates, 14, 18, 20, 22, and 26 were isolated from
the Sophora genus for the first time; 12, 19, 24, and 25 were
obtained from the species firstly. Moreover, NMR data for
compounds 18 and 26 are reported for the first time here.
Meanwhile, compounds 4, 8-13, 15, 16, 19, 21, and 22
presented obvious inhibitory effects on TG accumulation in
HepG2 cells. Analysis of the structure—activity relationship
indicated that all of the quercetin glycosides examined in this
study possess significant activity that is not significantly
influenced by the amount of glycosyl present, whereas
increasing the amount of glycosyl reduced the activities of
isorhamnetin glycosides and orobol. In addition, a high dose
(30 pmol/1) of kaempferol was found to inhibit HepG2 cell
growth, while a low dose (10 pmol/l) was observed to
decrease TG accumulation.
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Introduction

During the course of our continuing investigations of the
bioactive compounds in the 70% ethanol-water extract of Flos
Sophorae (Sophora japonica, Leguminosae) [1-4], three new
flavonoid glycosides—termed soyaflavonosides A (1), B (2),
and C (3)—were obtained, together with 23 known isolates:
(£)-eriodictyol (4) [5], (2R,3R)-(+)-taxifolin (5) [6],
kaempferol (6) [6], kaempferol 3-O-rutinoside (7) [7], quer-
cetin 3-O-rutinoside (8) [8], quercetin-3-0—(2G-glucosyl)-
rutinoside (9) [9], quercetin 3-O0-(2”,6”-di-O-o-L-rhamnopy-
ransoyl)-B-p-glucopyranoside (10) [10], quercetin 3-O-B-p-
xylopyranosyl(1— 3)-O-a-L-thamnopyranosyl(1 —6)-O-3-p-
glucopyranoside (11) [11], quercetin 7-O-rhamnoside (12)
[12], 3-O-o-L-thamnopyranosyl(1—6)-B-p-glucopyranosyl
quercetin 7-O-o-L-thamnopyranoside (13) [13], quercetin
3-0-o-L-rthamnopyranosyl(1 —6)-B-p-glucopyranoside-4'-O-
B-p-glucopyranoside (14) [14], isorhamnetin 3-O-B-glu-
copyranoside (15) [15], isorhamnetin 3-O-rutinoside (16)
[15], isorhamnetin  3-O-[2-O-B-glucopyranosyl-6-O-o-
rhamnopyranosyl]-B-glucopyranoside (17) [16], quercetin
3-0-o-rhamnosyl(1”"”" —6")-B-sophoroside-7-0-o-L-rhamno
pyranoside (18), 8-methoxykaempferol 3-sophoroside
(19) [17], 5-deoxyisorhamnetin 3-O-o-L-rhamnopyra-
nosyl(1” —6")-B-b-glucopyranoside (20) [18], orobol (21)
[19], orobol 4’-0-B-glucopyranoside (22) [20], genistein 4'-
a-L-thamnopyranosyl(1—2)-B-p-glucopyranoside (23) [21],
genistin (24) [22], 3’-O-methylorobol-7-O-glycoside (25)
[23], and cudracusisoflavone A (26). Among the known
isolates, 14, 18, 20, 22, and 26 were isolated from Sophora
genus for the first time; 12, 19, 24, and 25 were obtained from
the species firstly. Moreover, the NMR data for compounds
18 and 26 are reported for the first time here. In addition,
because many flavonoids show pharmacological activity
(including antioxidant, antiinflammatory, anticancer,
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hypoglycemic, and hypolipidemic effects [24]), we evaluated
the inhibitory effects of the above flavonoids on triglyceride
(TG) accumulation using a model of sodium oleate (SO)-
induced hepatic steatosis in HepG2 cells in order to evaluate
Flos Sophorae as a potential lipid-lowering agent.

Results and discussion

From the 70% ethanol-water extract of Flos Sophorae, a
series flavonoids, 1-26 were obtained (Figs. 1, 2).
Soyaflavonoside A (1) was isolated as a yellow powder that

exhibited negative optical rotation: ]2 —33.3° (MeOH). Its
molecular formula was revealed to be C3gH430,5 by negative
HRESI-TOF-MS analysis (m/z 903.2358 [M-H] ™, calcd for
C38H470,5,903.2429). The characteristic absorptions in its IR
spectrum suggested the presence of hydroxyl (3383 cm™")
and o,fB-unsaturated ketone (1651 cm_l) moieties, an aro-
matic ring (1605, 1512, 1446 cm™Y), and an O-glycosidic
linkage (1072 cm™ ). The sugars in 1 were found to be p-
glucose, p-xylose, and L-rhamnose by acid hydrolysis with
1 MHCI[1]. The 'H, '*C NMR spectra (Table 1) and various
2D NMR spectra, including "H "H COSY, HSQC, and HMBC
spectra, indicated that the aglycon of 1 was quercetin [J 6.14
(1H,d,J = 1.0 Hz, H-6),6.33 (1H,d,J = 1.0 Hz, H-8), 6.85
(1H, d, J = 9.0 Hz, H-5), 7.53 (1H, d, J = 2.0 Hz, H-2)),
7.54 (1H, dd, J = 2.0, 9.0 Hz, H-6')]. Meanwhile, there were
four glycoside groups in 1: two B-p-glucopyranosyl groups [0
4.58 (1H, d, J = 7.5 Hz, H-17), 5.52 (1H, d, J = 7.5 Hz,
H-1")], one o-L-rhamnopyranosyl group [0 4.34 (1H, br. s,
H-1"""")], and one B-p-xylopyranosyl group [0 4.23 (IH, d,
J = 7.5 Hz, H-1""""")]. Furthermore, in the HMBC experi-
ment, long-range correlations were observed between dy 5.52
(H-1"yand 6¢ 132.7 (C-3); 611 4.58 (H-1"") and ¢ 82.3 (C-2");
0p4.34 (H-1""") and 6¢ 66.7 (C-6"); and 6y 4.23 (H-1""""") and

Fig. 1 The new flavonoids (1-
3) obtained from Flos Sophorae
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oc 81.0 (C-3""""). Consequently, the structure of soy-
aflavonoside A was determined as quercetin 3-O-B-p-xy-
lopyranosyl(1"""”" —3""")-O-o-L-rhamnopyranosyl (1" —6")-
-sophoroside (1).

Soyaflavonoside B (2) was obtained as a pale yellow
powder that exhibited negative optical rotation: [oc]2D5 —42.2°
(MeOH). The molecular formula, C,7H3¢O;s, of 2 was
determined from Q-TOF-ESI-MS analysis (m/z 593.1521
[M=H] ™, caled for Cy;Hy90;s, 593.1518). The 'H NMR
(Table 2) spectrum indicated that the aglycon of 2 was
5,7,3'4 -tetrahydroxy isoflavone [0 6.17 (1H, br. s, H-6), 6.32
(1H, br. s, H-8), 6.88 (1H, dd, J = 2.0, 9.0 Hz, H-6'), 7.07
(1H, d, J = 2.0 Hz, H-2'), 7.08 (1H, d, J = 9.0 Hz, H-5'),
8.32 (1H, s, H-2)]. There were two sugar moieties in2 [0 5.06
(1H, d, J = 7.5 Hz), 5.18 (1H, br. s)]. Furthermore, using
acid hydrolysis and HPLC analysis, the presence of p-glu-
cose and L-rhamnose in 2 was revealed [1]. '"H 'H COSY
indicated the presence of the partial structure highlighted
with bold lines in Fig. 3 in 2. Finally, in the HMBC experi-
ment, long-range correlations were observed between fol-
lowing protons and carbons: oy 5.06 (H-1") and o 144.8 (C-
4’); and dy 5.18 (H-1") and 6c 76.9 (C-2"). Based on the
above evidence, the structure of soyaflavonoside B was
elucidated as 5,7,3'4'-tetrahydroxyisoflavone 4’-O-[o-L-
rhamnopyranosyl(1 —2)]-B-b-glucopyranoside (2).

Soyaflavonoside C (3), [oc]]z)5 —53.9° (MeOH), was iso-
lated as a pale yellow powder. Its molecular formula,
CosH3,0,5 (m/z 607.1671 [M-H] ", calcd for C,gH3,0;s5,
607.1668), was determined by Q-TOF-ESI-MS. While 3
had the same 5,7,4’-trihydroxy-3’-methoxy isoflavone-4'-
O-B-p-glucopyranosyl [0 3.88 (3H, s, 3’-OCH3), 5.11 (1H,
d, J = 7.5 Hz, H-1"), 6.21 (1H, br. s, H-6), 6.34 (1H, br. s,
H-8), 7.03 (1H, br. d, ca. J = 8 Hz, H-6'), 7.16 (1H, d,
J = 8.0 Hz, H-5'), 7.20 (1H, br. s, H-2"), 8.11 (1H, s, H-2),
12.75 (1H, br. s, 5-OH)] moiety as 26, it also had an o-L-

OH O
HO HO
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OH OH
HO HO
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HO —o0 HO —0
HO OH HO OH
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8: Rha'® Glc H H
9: Glc12Glc
2 H H
Rha
10: Rhal2Glc
3 H H
Rha
11: Xyl12 Rhal® Glc H H
12: H Rha H
R=Glc12Glc 19 13: RhalfGlc Rha H
R R, 14: RhaléGlc H Glc
15: Glc H R, Ry Rj
16: RhalfGlc H 21 H OH H
17:  Gle2 G|L9 222 H OH Gl
Rna 23: H H Rha'2Glc
24: Glc H H
18: G'CQG“CS Rha 25: Glc OCH;  H
Rh_é R = Rha 16 Glc 20 26: H OCH; Glc
Fig. 2 The known flavonoids (4-26) obtained from Flos Sophorae
Ezb}\(;l\}IRl?l 2(2018111}& I)-[fi)a;mfior 1 Position dc On (J in Hz) Position dc oy (J in Hz)
in DMSO-ds 2 155.8 6" 66.7 3.27, overlap
3 132.7 3.65, br. d (ca. 12)
4 177.2 1” 103.9 4.58,d (7.5)
5 161.1 2" 74.2 3.08, dd (7.5, 8.0)
6 98.8 6.14, d (1.0) 37 76.4 3.17, overlap
7 163.9 4" 69.4 3.26, overlap
8 93.5 6.33,d (1.0) 5" 76.7 3.10, m
9 156.3 6" 60.6 3.48, dd (5.0, 12.0)
10 103.5 3.56, br. d (ca. 12)
Iy 120.9 " 100.6 4.34, br. s
2 116.0 7.53,d (2.0) e 69.5 3.53, br. d (ca. 3)
3 144.7 31 81.0 3.30, dd (3.0, 9.0)
4 148.5 4 69.5 3.12, dd (9.0, 9.0)
5 115.3 6.85, d (9.0) 5! 67.7 3.29, m
6 121.6 7.54, dd (2.0, 9.0) 6" 17.5 0.97, d (6.0)
1" 98.3 5.52, d (7.5) p 105.2 423, d (1.5)
2" 82.3 3.56, dd (7.5, 7.5) 21 73.8 3.03, dd (7.5, 8.0)
3" 76.2 3.53, dd (7.5, 9.0) 3 75.9 3.14, dd (8.0, 8.5)
4" 69.4 3.17, overlap 4 70.6 3.28, m
5" 75.7 3.27, overlap 5 65.4 3.01, dd (6.0, 11.0)

3.63, dd (5.0, 11.0)
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Table 2 'H (500 MHz) and

13C NMR (125 MHz) data for 2 Position dc oy (J in Hz) Position dc dy (J in Hz)

in DMSO-ds 2 153.9 832, s 6 119.6 6.88, dd (2.0, 9.0)
3 121.8 1” 98.8 5.06, d (7.5)
4 179.6 2" 76.9 3.57,dd (7.5, 7.5)
5 161.8 3" 77.2 3.46, overlap
6 99.5 6.17, br. s 4" 69.7 3.24, dd (9.0, 9.0)
7 166.2 5" 76.7 332, m
8 93.9 6.32, br. s 6" 60.4 3.48, dd (5.0, 11.0)
9 157.6 3.67, br. d (ca. 11)
10 103.6 17 100.4 5.18, br. s
1 125.1 2" 70.4 3.75, br. d (ca. 3)
2 116.9 7.07, d (2.0) 3” 70.4 3.46, overlap
3/ 146.9 4" 72.0 3.20, dd (9.0, 9.0)
4 144.8 57 68.5 3.87, m
5 116.4 7.08, d (9.0) 6" 17.9 1.11, d (6.0)

HO Cao—~" H'Hcosy: —
OH OH HMBC: 7~

Fig. 3 The main 'H 'H COSY and HMBC correlations for 1-3

rhamnopyranosyl group [0 1.24 (3H, d, J = 6.0 Hz, 6”-
CH3), 5.38 (1H, br. s, H-1”)], based on its 'H and "°C
NMR (Table 3) spectra. Acid hydrolysis of 3 with 1 M
HCI led to the detection of pD-glucose and L-rhamnose [1].
The '>C NMR signal for the 2-position of B-p-glucose was
shifted downfield compared to the corresponding signal for
26 [6 74.9 (C-2") for 26; 78.4 (C-2") for 3, both in CDs.
OD], indicating that a-L-rhamnopyranyl was connected at
the 2-position of B-bD-glucopyranosyl, as certified by the
long-range correlation between oy 5.38 (H-1"") and 6 78.4
(C-2") observed in the HMBC experiment. Based on the
above evidence, soyaflavonoside C was elucidated as
5,74 -trihydroxy-3’-methoxyisoflavone 4-0-[o-L-
rhamnopyranosyl(1—2)]-B-p-glucopyranoside (3).

To check for inhibitory effects of the isolated flavonoids
on SO-induced TG accumulation, HepG2 cells were incu-
bated with either orlistat (5 umol/l) or one of the isolates

@ Springer
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(30 umol/l) in the presence of SO for 48 h. As shown in
Fig. 4, the intracellular TG content was significantly
increased by the presence of 200 umol/l SO as compared to
the intracellular TG content of the control group (from
16.70 + 0.40 pg/g protein to 101.53 £ 1.35 pg/g protein).
However, orlistat as well as compounds 4, 8, 9, 10, 11, 12,
13, 15, 16, 19, 21, and 22 significantly weakened this SO-
mediated lipid accumulation; these numbered compounds
reduced the TG content by between 6.41 £+ 1.77% and
14.14 £ 1.50% compared to the model group (i.e., the
group with 200 pmol/l SO but none of the isolated flavo-
noids or orlistat). In addition, a dose-dependency study was
conducted for several of the inhibitory isolates with dif-
ferent structures (as almost every quercetin glycoside
examined in this work had a significant inhibitory effect on
SO-mediated lipid accumulation, further systematic studies
of these compounds should be conducted). The results
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Table 3 'H (500 MHz) and

13C NMR (125 MHz) data for 3 Position dc oy (J in Hz) Position dc dy (J in Hz)

in CD;0D 2 155.3 1 100.5 511, d (7.5)
3 124.4 2 78.4 3.75, dd (7.5, 7.5)
4 181.9 3 79.5 3.62, dd (7.5, 8.5)
5 164.3 4 715 3.42, dd (8.5, 9.5)
6 100.5 6.21, br. s 5" 78.1 3.40, m
7 167.5 6" 62.5 3.68, dd (5.0, 12.0)
8 95.1 6.34, br. s 3.84, br. d (ca. 12)
9 159.7 1” 102.0 538, br. s
10 106.1 2" 72.4 3.96, br. d (ca. 3)
it 127.1 37 723 3.67, dd (3.0, 9.0)
b 1145 7.20, br. s 4 74.0 3.38, dd (9.0, 9.0)
3 151.5 57 70.1 412, m
4 147.6 6" 18.2 1.24, d (6.0)
5 117.8 7.16, d (8.0) 3'-OCH, 56.5 3.88, s
6 122.3 7.03, br. d (ca. 8)

showed that compounds 15, 16, 19, 21, and 22 reduced SO-
induced TG accumulation in a dose-dependent manner (as
shown in Fig. 5).

In an analysis of the structure—activity relationship for
these compounds, all of the quercetin glycosides (com-
pounds 8, 9, 10, and 11) were observed to exert significant
activity at 30 pmol/l (shown in Fig. 4a). Quercetin has
been reported to possess hypolipidemic properties [25-27],
and rutin is a prodrug, as it can be metabolized to quercetin
by the intestinal microflora in the colon [28]. Therefore, we
speculate that quercetin glycosides can be metabolized in
cells to quercetin (the active form), but further studies
should be conducted to test the validity of this hypothesis.

As shown in Fig. 4b, upon comparing the TG clearance of
the isorhamnetin glycosides, we observed that 15 (11.77+
1.25%) > 16 (7.12 £ 1.66%) > 17 (1.48 + 1.67%), lead-
ing us to speculate that the monoglycoside is more active
than the diglycoside, but the polyglycoside is inactive.
Moreover, by comparing 16 with 20 (which showed no
obvious activity), we inferred that the presence of the 5-hy-
droxyl moiety is crucial to TG-lowering activity. After
comparing 16 and 19 with 7 (which also showed no obvious
activity), we surmised that methoxylation may also play a
role in the activities of the flavone diglycosides. When orobol
(21) was compared with its glycoside (22), it became
apparent that 4'-O-glycosyl substitution reduces the activity
of orobol from 8.39 £+ 1.63 to 6.41 £+ 1.77%.

Interestingly, while kaempferol (6) and kaempferol 3-O-
rutinoside (7) have been reported to show antiobesity or
antidiabetic effects in vivo [29-31], these two isolates did
not show any obvious TG-lowering activity in vitro in this
study. To our knowledge, kaempferol at a concentration of
20 pmol/l can significantly inhibit the growth of Hela,
HepG2, and A549 cancer cells [32]. Thus, it is no wonder

that the cellular protein concentrations were significantly
decreased upon treatment with 30 umol/l kaempferol or
kaempferol 3-O-rutinoside compared to the model group
(see Fig. 4c) in our study. However, at the relatively safe
concentration of 10 pmol/l with no significant reduction in
cellular protein concentration (see Fig. 6b), kaempferol
exhibited a clear TG-lowering effect (shown in Fig. 6a).
This indicates that kaempferol can inhibit HepG2 cell
growth in high doses but also that it decreases TG accu-
mulation in low doses. More detailed studies should be
conducted to verify this conclusion. It is worth noting that,
apart from these two isolates, none of the isolates examined
in the current study produced any notable changes in cell
growth at any of the concentrations tested (see Fig. 4c, d).

Experimental
General

UV and IR spectra were recorded on a Varian (Palo Alto,
CA, USA) Cary 50 UV-Vis spectrophotometer and a
Varian 640-IR FT-IR spectrophotometer, respectively.
Optical rotations were determined on a Rudolph (Hack-
ettstown, NJ, USA) Autopol® IV automatic polarimeter.
NMR spectra were determined on a Bruker (Rheinstetten,
Germany) 500 MHz NMR spectrometer at 500 MHz for
'H and 125 MHz for >*C NMR (internal standard: TMS).
Column chromatography (CC) was performed on macro-
porous D101 resin (Haiguang Chemical Co., Ltd., Tianjin,
China), silica gel (74-149 pm, Qingdao Haiyang Chemical
Co., Ltd., Qingdao, China), ODS (50 pm, YMC Co., Ltd.,
Tokyo, Japan), and Sephadex LH-20 (GE Healthcare Bio-
Sciences, Uppsala, Sweden). Preparative high-performance

@ Springer
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Fig. 4 Effects of compounds
1-26 on SO-induced
intracellular TG accumulation
in HepG2 cells. The TG content
is represented as the mass of TG
per gram of protein in a and b,
with the corresponding protein
concentrations plotted in ¢ and
d. Cells were cultured in normal
medium without SO in the
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liquid chromatography (prep-HPLC) using a Cosmosil
5Cig-MS-II column (20 mm i.d. x 250 mm, Nakalai
Tesque, Inc., Tokyo, Japan) was employed to separate the
constituents.

Plant material

The Flos Sophorae was collected from Tangshan City,
Hebei Province, China, and identified by Dr. Li Tianxiang.

@ Springer
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A voucher specimen has been deposited at the Academy of
Traditional Chinese Medicine of Tianjin University (no.
20120909).

Extraction and isolation
The extraction and purification procedures of Flos Sophorae

were described previously [1-4]. The EtOAc layer (SoE,
78.0 g), EtOAc precipitate (197.0 g), along with H,O
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Fig. 5 Dose dependencies of A 90
the TG-lowering effects of
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Fig. 6 Dose dependency of the TG-lowering effects of compound 6
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Normal
Model
Orlistat

2 1 pmol/l
10 pmol/l
N 30 pmol/l

(213.1 g), 95% EtOH (SoH, 122.1 g), acetone (8.2 g)
eluents from D101 resin column chromatography were
obtained.

SoE (50.0 g) was subjected to SiO, gel CC [CHCl3 — -
CHCI13-MeOH (100:2 — 100:3 — 100:5, v/v) - CHCl3—
MeOH-H,0 (10:3:1, v/v/v, lower layer) - MeOH], and
seven fractions (SoE 1-7) were obtained. SoE 4 (3.3 g) was
isolated by SiO, gel CC [PE-EtOAc(10:1 — 5:1 — 3:1
- 1:1->13 - 15 - 1.7 - 1:10, v/v) > MeOH] to
afford 17 fractions (SoE 4-1-4-17). SoE 4-11 (223.2 mg) was
purified by prep-HPLC [MeOH-H,O (50:50, v/v)] to yield
(£)-eriodictyol (4, 10.7 mg), kaempferol (6, 40.0 mg), and
orbol (21, 7.8 mg). SoE 5 (7.0 g) was separated by ODS CC
[MeOH-H,O (30:70 — 40:60 - 50:50 — 60:40 —
70:30 — 80:20 — 100:0, v/v)], and twelve fractions (SoE
5-1-5-12) were obtained. SoE 5-4 (136.1 mg) was further
isolated by prep-HPLC [CH;CN—(H,O + 1% HAc) (20:80,
v/v)] to afford (2R,3R)-(+)-taxifolin (5, 8.0 mg). SoE 6
(7.5 g) was subjected to ODS CC [MeOH-H,O
(10:90 — 45:55 — 50:50 - 60:40 — 70:30 — 80:20 —
100:0, v/v)], and twelve fractions (SoE 6-1-6-12) were
obtained. SoE 6-3 (1462.0 mg) was isolated by prep-HPLC
[MeOH-H,O0 (45:55, v/v)] to afford SoE 6-3-1-6-3-11. SoE
6-3-6 (37.0 mg) and 6-3-7 (54.8 mg) were further purified by
prep-HPLC [CH;CN-H,O0 (21:79, v/v)] to give 3'-O-methy-
lorobol-7-O-glycoside (25, 11.5 mg). SoE 6-3-10 (129.8 mg)
was separated by Prep-HPLC [CH;CN-H,O0 (25:75, v/v)] to
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afford cudracusisoflavone A (26, 10.6 mg). Isorhamnetin
3-0-B-glucopyranoside (15, 11.7 mg) was obtained by prep-
HPLC [CH;CN-H,O (23:77, v/v)] from SoE 6-3-11
(76.9 mg). SoE 7 (7.0 g) was subjected to ODS CC [MeOH-
H,O (10:90 — 45:55 — 50:50 —

60:40 — 70:30 — 80:20 — 100:0, v/v)], and twelve frac-
tions (SoE 7-1-7-12) were obtained. SoE 7-3 (1318.7 mg)
was separated by prep-HPLC [MeOH-H,O
(30:70 — 40:60 — 45:55 — 100:0, v/v)] to give 20 frac-
tions (SoE 7-3-1-7-3-20). SoE 7-3-13 (35.5 mg) was further
purified by prep-HPLC [CH3CN-H,O (23:77, v/v)] to afford
genistin (24, 8.1 mg). Orobol 4’-O-B-glucopyranoside (22,
28.5 mg) was obtained from SoE 7-3-17 (100.0 mg) by prep-
HPLC [CH3CN-H,0 (23:77, v/v)] isolation.

SoH (72 g) was isolated by SiO, gel CC [CHCl; — -
CHCI3-MeOH (100:2 — 100:5 — 100:7, v/v) — CHCl;3—
MeOH-H,O (10:3:1 — 7:3:1 — 6:4:1, v/vlv, lower
layer) - MeOH], and 19 fractions (SoH 1-19) were
obtained. SoH 11 (1.5 g) was subjected to Sephadex LH-20
CC [CHCI;-MeOH (1:1, v/v)] to give eleven fractions
(SoH 11-1-11-11). SoH 12 (3.2 g) was separated by prep-
HPLC [MeOH-H,O (20:80 — 40:60 — 50:50 — 60:40
— 100:0, v/v)], affording 21 fractions (SoH 12-1-12-21).
Isorhamnetin 3-O-rutinoside (16, 20.3 mg) was obtained
from SoH 12-15 (238.7 mg) by prep-HPLC [CH;CN-
(H>O + 1% HAc) (23:77, v/v)] purification. SoH 12-17
(143.1 mg) was separated by prep-HPLC [CH;CN-
(H,O + 1% HAc) (23:77, v/v)] to yield quercetin 7-O-
rhamnoside (12, 72.4 mg), respectively. SoH 13 (5.0 g)
was subjected to ODS [MeOH-H,O (10:90 — 20:80
— 30:70 —» 40:60 — 50:50 — 60:40 — 70:30 — 100:0,
v/v)], and fifteen fractions (SoH 13-1-13-15) were
obtained. SoH 13-12-6 (8.4 mg) and 13-12-7 (32.0 mg)
were separated by prep-HPLC [MeOH—-(H,O + 1% HAc)
(45:55, v/v)], yielding soyaflavonoside C (3, 4.3 mg) and
genistein  4'-o-L-thamnopyranosyl(1 —2)-B-p-glucopyra-
noside (23, 10.3 mg), respectively. SoH 14 (6.0 g) was
separated by ODS CC [MeOH-H,O (30:70
— 40:60 — 50:50 — 60:40 — 70:30 — 80:20 — 100:0,
v/v)] to give ten fractions (SoH 14-1-14-10). SoH 14-4
(147.7 mg) was further purified by prep-HPLC [CH3CN-
(H,O + 1% HAc) (15:85, v/v)]; as a result, quercetin 3-O-
rutinoside (8, 16.6 mg) and 8-methoxykaempferol
3-sophoroside (19, 12.0 mg) were obtained. Soy-
aflavonoside B (2, 54.2 mg) together with kaempferol 3-O-
rutinoside (7, 43.1 mg) and 5-deoxyisorhamnetin 3-O-o-L-
rhamnopyranosyl(1” —6")-B-p-glucopyranoside (20,
11.2 mg) were obtained from SoH 14-5 (900.0 mg) by
prep-HPLC [CH3CN-(H,O + 1% HAc) (15:85, v/v)]
separation. SoH 17 (300 mg) was isolated by prep-HPLC
[MeOH—(H,O + 1% HAc) (15:85, v/v)] to give SoH
17-1-17-4. SoH 17-2 (28.7 mg) was further purified by
prep-HPLC [CH3;CN—(H,O + 1% HAc) (15:85, v/v)] to
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give 3-O-o-L-rhamnopyranosyl(1 — 6)-f-p-glucopyranosyl
quercetin 7-O-a-L-thamnopyranoside (13, 6.5 mg) and
isorhamnetin 3-0-[2-0O-B-glucopyranosyl-6-0-o-
rhamnopyranosyl]-B-glucopyranoside (17, 6.0 mg). SoH
17-3 (27.5 mg) was purified by prep-HPLC [CH;CN-
(H,0 + 1% HAc) (17:83, v/v)] to yield quercetin 3-O--p-
xylopyranosyl(1— 3)-O-a-L-rhamnopyranosyl(1 —6)-O-f3-
D-glucopyranoside (11, 23.5 mg). SoH 18 (5.5 g) was
subjected to ODS CC [MeOH-H,O (30:70 — 40:60 —
60:40 — 80:20 — 100:0, v/v)] to yield thirteen fractions
(SoH 18-1-18-13). SoH 18-3 (1.1 g) was separated by
prep-HPLC [CH3CN—(H,O + 1% HAc) (13:87, v/v)], and
nine fractions (SoH 18-3-1-18-3-9) were obtained. SoH
18-3-3 (21.3 mg) was identified as quercetin 3-O-o-rham-
nosyl(1"””" — 6")-B-sophoroside-7-0-a-rhamnopyranoside
(18). SoH 18-3-4 (20.0 mg) was purified by prep-HPLC
[MeOH—(H,O + 1% HAc) (35:65, v/v)] to give soy-
aflavonoside A (1, 14.1 mg). Quercetin—3-0-(26—glucosyl)—
rutinoside (9, 302.0 mg) was yielded from SoH 18-3-5
(348.5 mg) by prep-HPLC [MeOH—(H,O + 1% HAc)
(35:65, v/v)] preparation. SoH 18-3-6 (140.0 mg) was
purified using the same prep-HPLC conditions as used for
SoH 18-3-5 to give quercetin 3-O-o-L-rhamnopyra-
nosyl(1—6)-B-p-glucopyranoside-4'-O-B-p-glucopyra-
noside (14, 6.5 mg). SoH 18-3-7 (32.0 mg) was further
isolated by prep-HPLC [CH;CN—(H,O + 1% HAc)
(15:85, v/v)] to yield quercetin 3-0-(2”,6"”-di-O-o-L-
rhamnopyranosyl)-B-p-glucopyranoside (10, 8.5 mg).

Soyaflavonoside A (1): yellow powder; [oc]ZDS -33.3°
(c 0.63, MeOH); UV 4,.« MeOH) nm (log &): 254 (4.22),
351 (4.10); IR vyax (KBr) cm™': 3383, 2922, 2696, 1651,
1605, 1512, 1446, 1360, 1300, 1200, 1169, 1072, 988, 812;
'H and "’C NMR data, see Table 1; HR-ESI-TOF-MS:
negative-ion mode m/z 903.2358 [M-H]™ (calcd for
C33H47055, 903.2429).

Soyaflavonoside B (2): pale yellow powder; [o]5
—42.2° (¢ 0.72, MeOH); UV A,.x (MeOH) nm (log ¢): 258
(4.33); IR Vpax (KBr) cm™': 3483, 2933, 2711, 1653, 1621,
1576, 1509, 1446, 1367, 1275, 1194, 1133, 1060, 926, 818;
'"H and *C NMR data, see Table 2; HR-ESI-TOF-MS:
negative-ion mode m/z 593.1521 [M-H]™ (caled for
C,7H590,5, 593.1518).

25

Soyaflavonoside C (3): pale yellow powder; [o]p
—53.9° (conc. 0.25, MeOH); UV 4., MeOH) nm (log ¢):
260 (4.37); IR vpax (KBr) cm™': 3383, 2932, 1651, 1610,
1579, 1514, 1455, 1364, 1310, 1266, 1206, 1177, 1134,
1049, 913, 817; 'H and '>C NMR data, see Table 3; HR-
ESI-TOF-MS: negative-ion mode m/z 607.1671 [M-H]™
(calcd for CogH310,5, 607.1668).

Quercetin 3-0-o-rhamnopyranosyl(1”" —6")-B-
sophoroside-7-O-a-L-thamnopyranoside ~ (18):  yellow
powder; '"H NMR (DMSO-dg, 500 MHz): 6 6.44 (1H, br. s,



J Nat Med (2017) 71:513-522

521

H-6), 6.80 (1H, br. s, H-8), 7.73 (1H, br. s, H-2"), 6.92 (1H,
d, J = 8.0 Hz, H-5'), 7.67 (1H, br. d, ca. J = 8 Hz, H-6),
12.61 (1H, br. s, 5-OH), 5.62 (1H, d, J = 7.5 Hz, H-1"),
353 (1H, dd, J=7.5, 9.0 Hz, H-2"), 351 (IH, t,
J = 9.0 Hz, H-3"), 3.14 (1H, m, overlapped, H-4""), 3.28
(1H, m, overlapped, H-5"), [3.28 (1H, m, overlapped), 3.64
(1H, br. d, ca. J=12Hz), H,6"], 461 (1H, d,
J =17.5 Hz, H-1"), 3.06 (1H, dd, J = 7.5, 9.0 Hz, H-2""),
3.16 (1H, t, J = 9.0 Hz, H-3"), 3.14 (1H, m, overlapped,
H-4"), 3.08 (1H, m, H-5"), [3.46 (1H, m, overlapped),
3.56 (1H, br. d, ca. J = 12 Hz), H,-6""], 4.36 (1H, br. s,
H-1""", 3.36 (1H, br. d, ca. J = 3 Hz, H-2""""), 3.23 (1H,
dd, J = 3.0, 9.0 Hz, H-3'"""), 3.07 (1H, t, J = 9.0 Hz,,
H-4"""),3.21 (1H, m, H-5"""),0.94 (3H, d, J = 6.0 Hz, 6"""'-
CH,), 5.56 (1H, br. s, H-1""""), 3.85 (1H, br. d, ca.
J =3 Hz, H-2"""), 3.65 (1H, dd, J = 3.0, 9.0, H-3"""""),
3.31 (IH, t, J = 9.0 Hz, H-4"""), 3.46 (1H, m, H-5'"""),
1.14 (3H, d, J = 6.0 Hz, 6""-CH3); '*C NMR (DMSO-dj,
125 MHz): 6 155.9 (C-2), 133.0 (C-3), 177.4 (C-4), 160.8
(C-5), 99.2 (C-6), 161.5 (C-7), 94.6 (C-8), 156.7 (C-9),
105.5 (C-10), 120.6 (C-1'), 112.8 (C-2'), 147.1 (C-3/),
150.0 (C-4), 115.3 (C-5'), 123.2 (C-6'), 98.3 (C-1"), 81.9
(C-2"), 76.4 (C-3"), 69.5 (C-4"), 75.7 (C-5"), 66.1 (C-6"),
103.5 (C-17), 74.2 (C-2""), 76.4 (C-3"), 69.6 (C-4""), 76.8
(C-5"), 60.7 (C-6"), 100.4 (C-1"""), 70.2 (C-2""""), 70.4 (C-
3", 71.7 (C-4"""), 68.1 (C-5"""), 17.5 (6"""-CH3), 98.3 (C-
1", 69.8 (C-2"""), 70.2 (C-3""""), 71.6 (C-4"""""), 70.0 (C-
5", 17.8 (6""'-CHs). HRESI-TOF-MS: negative-ion
mode m/z 931.2726 [M-H]™ (caled for C4oH3105s,
931.2726).

Cudracusisoflavone A (26): pale yellow powder; yellow
powder; 'H NMR (CD;0D, 500 MHz): 6 8.11 (1H, s, H-2),
6.22 (1H, br. s, H-6), 6.35 (1H, br. s, H-8), 7.22 (1H, br. s,
H-2), 7.21 (1H, d, J = 8.0 Hz, H-5"), 7.06 (1H, br. d, ca.
J =8 Hz, H-6'),4.94 (1H, d, J = 7.5 Hz, H-1"), 3.53 (1H,
dd,J = 7.5,9.0 Hz, H-2"), 3.49 (1H, t, J = 9.0 Hz, H-3"),
3.42 (1H, t, J = 9.0 Hz, H-4"), 3.43 (1H, m, H-5"), [3.72
(1H, dd, J=45, 120Hz), 3.88 (1H, br. d, ca.
J = 12 Hz), H,-6"], 3.90 (3H, s, 3-OCH;); *C NMR
(CD;0D, 125 MHz): 6 155.4 (C-2), 124.2 (C-3), 181.9 (C-
4), 163.8 (C-5), 100.2 (C-6), 166.2 (C-7), 95.0 (C-8), 159.6
(C-9), 106.2 (C-10), 127.2 (C-1"), 114.9 (C-2"), 150.6 (C-
3", 148.0 (C-4), 117.9 (C-5), 122.9 (C-6'), 102.7 (C-12"),
74.9 (C-2"), 77.9 (C-3"), 71.4 (C-4"), 78.2 (C-5"), 62.5 (C-
6"), 56.8 (3'-OCHj3). HR-ESI-TOF-MS: negative-ion mode
m/z 461.1102 [M-H]~ (calcd for C5,H,,0,;, 461.1089).

Acid hydrolysis for 1-3
A solution of the new compounds 1-3 (2.0 mg of each) in

1 M HCI was heated under reflux for 3 h. The reaction
mixture was pretreated and analyzed by HPLC method as

our previous report [1]. This led to the identification of p-
glucose and L-rhamnose from 1-3 and p-xylose from 1 by
comparing their retention times and optical rotations with
those of authentic samples, (I) fzx 13.5 min (p-glucose,
positive optical rotation); (II) #g 8.9 min (p-xylose, positive
optical rotation); (II) #g 7.2 min (L-rhamnose, negative
optical rotation).

Evaluating inhibitory effects on TG accumulation
in SO-induced HepG2 cells

The isolated flavonoids were screened for inhibitory effects
on TG accumulation in SO-induced HepG2 cells using the
classical model of SO-induced hepatic steatosis, as
described previously [33]. Briefly, stock cultures of HepG2
cells were grown in 10% (v/v) fetal bovine serum (FBS,
Mediatech, Manassas, VA, USA)/Dulbecco’s modified
Eagle’s medium (DMEM, Thermo Fisher Scientific, Wal-
tham, MA, USA) supplemented with 1% antibiotics
(penicillin and streptomycin, Thermo Fisher Scientific) at
37 °C in an atmosphere of 95% air and 5% CO,. The TG
accumulation model was induced by 200 pmol/l SO for
48 h at a cell sowing density of 70,000 cells/ml on
48-multiwell plates. During this period, 30 umol/l of the
isolate of interest or 5 umol/l orlistat (positive control,
Sigma—Aldrich, St. Louis, MO, USA) were added to the
culture medium in the presence of SO, respectively. In the
dose-dependency study, cells were treated with particular
concentrations (1, 10, and 30 pmol/l) of several isolates
using the same method. At the end of the treatment, the
cells were rinsed with phosphate-buffered saline and the
intracellular TG contents were determined using a com-
mercial assay kit (BioSino Bio-technology and Science
Inc., Beijing, China) at 492 nm. Protein concentrations
were examined using a BCA Protein Assay Kit (Thermo
Fisher Scientific) at 562 nm according to the manufac-
turer’s protocols. Each TG value was normalized to protein
content.

Statistical analysis

Values are expressed as the mean £+ S.E.M. All statistical
analysis of data for different groups was performed with
SPSS 11.0 (SPSS Inc., Chicago, IL, USA). Significant
differences between groups were tested for with one-way
analysis of variance (ANOVA), and Tukey’s studentized
range test was used for post hoc evaluations. p < 0.05 was
considered to indicate statistical significance.
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