
 

 

Supplementary Materials: Two New Isoprenoid Flavonoids 
from Sophora Flavescens with Antioxidant and Cytotoxic Activ-
ities 

Jingjing Li, Yan Lin, Lei He, Rongxiu Ou, Tao Chen, Xu Zhang, Qirui Li, Zhu Zeng and Qingde Long 

1. Isolation and Structural Characterization of Sophora flavescens Compounds. 

The dried plant material (25 kg) was powdered and dipped in 95% and 75% EtOH for 7 days, three times, respec-

tively. The filtered liquor was concentrated in vacuum to obtain the extract. Then the extract was dispersed in water 

successively using a quadruple volume of EtOAc and water-saturated n-BuOH to extract, three times for each solvent. 

The EtOAc extract (420 g) were further separated on a column of silica gel in 100-200 mesh with a petroleum ether/ethyl 

acetate gradient (v/v = 1:0, 50:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1) to obtain fractions A-H. The fractions were separated by 

repeated column chromatography and preparative liquid chromatography to obtain the alkaloid compounds 1–28.  

Fraction B was separated to silica gel column eluted with petroleum ether/EtOAc (20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 

0:1, Pure methanol, v/v) to obtain fractions B-1, B-2 and B3. B-1 and B-2 were subjected to a Sephadex LH-20 column 

eluted with MeOH and were purified by semi-preparative HPLC to obtain two compounds and one compound, respec-

tively, isoliquiritigenin (8, 18 mg), noranhyoicaritin (15, 112 mg) and 4-methoxysalicylic acid (26, 5mg). Fraction B-3 was 

subjected multiple times to the silica gel column, where some crystallization/precipitation appeared, to gain one com-

pound, sophoraflavanone B (10, 35mg). 

Fraction C was separated by silica gel column eluted with petroleum ether/EtOAc (10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, 

methanol,v/v) and subjected to chromatography to obtain fraction C-1. Fraction C was further separated on the silica 

column eluted with dichloromethane/methanol (50:1, 40:1, 20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1) and eluted with 

EtOAc/methanol (10:1, 6:1, 4:1, 2:1, 0:1), then the compounds were purified by semi-preparative HPLC to obtain ku-

raridinol (5, 2 mg), kushenol Q (9, 6 mg).  

Fraction D was pale yellow and easily soluble in methanol and subjected to the Sephadex LH-20 column eluted 

with MeOH, repeated several times and was purified by semi-preparative HPLC to get two compounds, kushenol A 

(13, 40 mg) and sophoflavescenol (14, 21 mg). 

Fraction E was separated by silica gel column eluted with dichloromethane/ methanol (50:1, 40:1, 20:1, 10:1, 8:1, 6:1, 

4:1, 2:1, 1:1, 0:1, v/v) to obtain fractions E-1 and E-2, fraction E-1 was further separated by polyamide column with 

dichloromethane/methanol (30:1, 20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, v/v) once again and purified by Sephadex LH-20 

column eluted with MeOH, and finally was purified by semi-preparative HPLC to obtain two compounds kurarinol B 

(2, 13 mg) and 4-hydroxybenzoic acid (28, 138 mg). At the same time, fraction E-2 was also separated by polyamide 

column with dichloromethane/methanol (30:1, 20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, v/v), then further separated by the 

silica gel column eluted with acetone/methanol (10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, v/v) and purified by the Sephadex LH-20 

column eluted with MeOH, and finally, purified by semi-preparative HPLC to acquire one compound, kurarinol A (1, 

33 mg). 
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Fraction F was separated by silica gel column eluted with petroleum ether/EtOAc (20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 

0:1, Pure methanol, v/v) to obtain fractions F-1 and F-2, fraction F-1 was once again separated by silica gel column eluted 

with dichloromethane/methanol (20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, v/v), next, purified by Sephadex LH-20 column 

eluted with MeOH and semi-preparative HPLC to acquire one compound, kuraridine (6, 8 mg). Fraction F-2 was sepa-

rated by polyamide column eluted with dichloromethane/methanol (20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, v/v), then once 

again and purified by the Sephadex LH-20 column eluted with MeOH, and finally, purified by semi-preparative HPLC 

to obtain three compounds, kushenol H (3, 3 mg), kushenol L (4, 4mg) and kurarinol (12, 10 mg). 

Fraction G was separated by silica gel column eluted with dichloromethane/methanol (20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 

1:1, 0:1, v/v) to obtain fractions G-1 and G-2, fraction G-1 was further separated by polyamide column with dichloro-

methane/methanol (50;1, 40:1, 30:1, 20:1, 10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, v/v), then separated by silica gel column with 

dichloromethane/methanol or petroleum ether/EtOAc, and finally, purified by semi-preparative HPLC to obtain two 

compounds, xanthohumol (7, 15 mg) and naringenin (11, 14 mg). Meanwhile, fraction G-2 used the same steps for sep-

aration to gain three compounds, genistein (18, 31 mg), 7-hydroxycoumarin (24, 15 mg) and 7,8-dihydroxycoumarin (25, 

16 mg). 

Fraction H was separated by silica gel column eluted with petroleum ether/EtOAc (10:1, 8:1, 6:1, 4:1, 2:1, 1:1, 0:1, 

Pure methanol, v/v) to obtain fractions H-1, H-2 and H-3. Fraction H-1 was separated by silica gel column eluted with 

petroleum ether/EtOAc (6:1, 4:1, 2:1, 1:1, 0:1, Pure methanol, v/v), further purified by the Sephadex LH-20 column eluted 

with MeOH and semi-preparative HPLC to acquire two compounds, quercetin (16, 16 mg) and b-resorcylic acid (27, 5 

mg). Fraction H-2 was separated by silica gel column, polyamide column and silica gel column, in turn, and further 

purified by the Sephadex LH-20 column eluted with MeOH and semi-preparative HPLC to acquire three compounds 

7,3'-di-O-methyl (17, 3 mg), calycosin (19, 1 mg) and formononetin (20, 2 mg). Fraction H-3 was further purified by silica 

gel column, polyamide column, Sephadex LH-20 and semi-preparative HPLC to obtain three compounds, biochanin A 

(21, 32 mg), 5,4'-dihydroxyflavone (22, 3 mg) and luteolin (23, 20 mg). 
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Figure S1. Flow chart for the isolation of compounds 1-28. 

kushenol H (3): 1H-NMR (DMSO-d6, 600 MHz)，5.19 (1H, d, J = 10.8 Hz, H-2), 4.33 (1H, d, J = 11.2 Hz, H-3), 6.12 

(1H, s, H-6), 6.31 (1H, d, J = 2.4 Hz, H-3'), 6.21 (1H, dd, J = 2.4, 8.4 Hz, H-5'), 7.10 (1H, d, J = 8.4 Hz, H-6'), 2.29 (1H, m, H-

2''), 1.25 (2H, m, H-3''), 2.41 (2H, m, H-4''), 0.97 (3H, s, H-6''), 0.97 (3H, s, H-7''), 4.50, 4.41 (each 1H, br s, H-9''), 1.49 (3H, 

s, H-10''), 3.71 (3H, s, -OCH3). 13C-NMR (DMSO-d6, 150 MHz), 76.9 (C-2), 68.7 (C-3), 190.9 (C-4), 159.4 (C-5), 92.3 (C-6), 

162.4 (C-7), 106.9 (C-8), 161.9 (C-9), 114.1 (C-1'), 158.3 (C-2'), 102.3 (C-3'), 156.9 (C-4'), 106.1 (C-5'), 129.2 (C-6'), 20.7 (C-

1''), 46.7 (C-2''), 29.0 (C-3''), 41.5 (C-4''), 71.4 (C-5''), 17.9 (C-6''), 147.9 (C-8''), 110.9 (C-9''), 55.3 (-OCH3). [1] 

kushenol L (4): 1H-NMR (DMSO-d6, 600 MHz), 5.35 (1H, d, J = 1.6 Hz, H-2), 3.78 (1H, d, J = 2.0 Hz, H-3), 6.15 (1H, 

s, H-6), 6.31 (1H, d, J = 2.4 Hz, H-3'), 6.23 (1H, dd, J = 2.4, 8.4 Hz, H-5''), 7.29 (1H, d, J = 8.4 Hz, H-6'), 0.93 (3H, s, H-7''), 

0.93 (3H, s, H-8''), 4.58, 4.53 (each 1H, br s, H-9''), 1.60 (3H, s, H-10''), 3.70 (3H, s, -OCH3). 13C-NMR (DMSO-d6, 150 

MHz), 76.4 (C-2), 68.7 (C-3), 189.3 (C-4), 154.8 (C-5), 92.5 (C-6), 161.8 (C-7), 106.8 (C-8), 160.1 (C-9), 102 (C-10), 113.8 (C-

1'), 157.8 (C-2'), 102.3 (C-3'), 105.8 (C-5'), 129.2 (C-6'), 46.5 (C-2''), 29.0 (C-3''), 41.4 (C-4''), 71.2 (C-5''), 18.2 (C-6''), 148.4 (C-

8''), 29.4 (C-10''), 55.3 (-OCH3). [2] 

kuraridinol (5): 1H-NMR (DMSO-d6, 600 MHz), 7.94 (1H, d, J = 15.6 Hz, H-1), 7.86 (1H, d, J = 15.6 Hz, H-2), 6.05 

(1H, s, H-6), 14.86 (1H, s, 9-OH), 6.37 (1H, d, J = 2.4 Hz, H-3'), 6.32 (1H, dd, J = 2.4, 8.4 Hz, H-5'), 7.42 (1H, d, J = 8.4 Hz, 

H-6'), 2.55 (2H, m, H-1''), 2.38 (1H, m, H-2''), 1.02 (3H, s, H-6''), 1.09 (3H, s, H-7''), 4.56, 4.47 (each 1H, br s, H-9''), 1.64 

(3H, s, H-10''), 3.81 (3H, s, -OCH3). [3] 

kuraridine (6): 1H-NMR (DMSO-d6, 600 MHz), 7.84 (2H, q, H-1, H-2), 6.05 (1H, s, H-6), 14.84 (1H, s, H-9), 6.38 (1H, 

d, J = 3.6 Hz, H-3'), 6.30 (1H, dd, J = 3.6, 13.2 Hz, H-5'), 7.41 (1H, d, J = 13.2 Hz, H-6'), 1.01 (3H, s, H-6''), 1.01 (3H, s, H-

7''), 4.57, 4.48 (each 1H, br s, H-9''), 1.64 (3H, s, H-10''), 3.83 (3H, s, -OCH3). 13C-NMR (DMSO-d6, 150 MHz), 138.7 (C-

1), 191.9 (C-3), 161.3 (C-5), 102.7 (C-6), 165.3 (C-7), 106.8 (C-8), 159.2 (C-9), 113.8 (C-1'), 160.4 (C-2'), 108.1 (C-3'), 161.3 (C-

4'), 102.7 (C-5'), 122.8 (C-6'), 29.1 (C-1''), 48.6 (C-2''), 29.6 (C-3''), 130.4 (C-5''), 27.2 (C-6''), 17.9 (C-7''), 148.1 (C-8''), 111.0 

(C-9''), 26.7 (C-10''), 55.5 (-OCH3). [2] 

xanthohumol (7): 1H-NMR (DMSO-d6, 600 MHz), 7.74 (1H, d, J = 15.0 Hz, H-1), 7.68 (1H, d, J = 15.0 Hz, H-2), 6.08 
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(1H, s, H-6), 10.56 (1H, s, 7-OH), 14.84 (1H, s, 9-OH), 10.0 (1H, s, 4'-OH), 7.58 (2H, d, J = 9.0 Hz, H-2', H-6'), 6.84 (2H, d, 

J = 9.0 Hz, H-3', H-5'), 3.14 (2H, d, J = 6.8 Hz, H-1''), 5.13 (1H, t, H-2''), 1.70 (3H, s, H-4''), 1.60 (3H, s, H-5''). 13C-NMR 

(DMSO-d6, 150 MHz), 143.1 (C-1), 126.5 (C-2), 192.1 (C-3), 105.0 (C-4), 165.1 (C-5), 91.4 (C-6), 162.9 (C-7), 107.8 (C-8), 

161.0 (C-9), 124.2 (C-1'), 131.0 (C-2', C-6'), 108.1 (C-3', C-5'), 160.4 (C-4'), 21.8 (C-1''), 123.5 (C-2''), 26.0 (C-4''), 18.1 (C-5''). 

[4] 

isoliquiritigenin (8): 1H-NMR (DMSO-d6, 600 MHz), 7.76 (1H, d, J = 15.6 Hz, H-1), 7.74 (1H, d, J = 15.6 Hz, H-2), 

8.17 (1H, d, J = 13.2 Hz, H-5), 6.41 (1H, dd, J = 13.2, 3.6 Hz, H-6), 6.27 (1H, d, J = 3 Hz, H-8), 7.74 (2H, d, J = 10.0 Hz, H-

2',H-6'), 6.84 (2H, d, J = 10.0 Hz, H-3', H-5'). 13C-NMR (DMSO-d6, 150 MHz), 145.6 (C-1), 120.5 (C-2), 190.5 (C-3), 131.2 

(C-4), 109.2 (C-5), 102.5 (C-6), 158.8 (C-7), 113.9 (C-8), 165.9 (C-9), 126.5 (C-1'), 133.5 (C-2', C-6'), 116.8 (C-3', C-5'), 160.9 

(C-4'). [5] 

kushenol Q (9): 1H-NMR (DMSO-d6, 600 MHz), 5.58 (1H, dd, J = 2.8, 12.8 Hz, H-2), 2.68 (1H, d, J = 12.8 Hz, H-3α), 

2.99 (1H, d, J = 12.8 Hz, H-3β), 5.90 (1H, s, H-6), 6.89 (1H, m, H-3'), 7.18 (1H, m, H-5'), 7.44 (1H, d, J = 7.2 Hz, H-6'), 2.70 

(2H, m, H-1''), 5.12 (1H, t, H-4''), 1.58 (3H, s, H-6''), 1.56 (3H, s, H-7''), 3.06 (2H, m, H-9''), 1.25 (3H, s, H-10''), 12.16 (1H, s, 

5-OH). 13C-NMR (DMSO-d6, 150 MHz), 74.1 (C-2), 196.5 (C-4), 159.9 (C-5), 95.7 (C-6), 161.4 (C-7), 107.3 (C-8), 115.6 (C-

10), 126.8 (C-1'), 123.0 (C-3'), 154.5 (C-4'), 129.3 (C-6'), 125.5 (C-4''), 130.4 (C-5''), 25.8 (C-6''), 17.8 (C-7''), 41.2 (C-9''), 21.6 

(C-10''). [1]  

sophoraflavanone B (10): 1H-NMR (DMSO-d6, 600 MHz), 5.34 (1H, m, H-2), 3.08 (2H, m, H-3α, H-3β), 5.86 (1H, s, 

H-6), 7.31 (2H, d, J = 7.8 Hz, H-2',H-6'), 6.80 (2H, d, J = 8.4 Hz, H-3', H-5'), 5.12 (1H, t, H-2''), 1.58 (3H, s, H-4''), 1.55 (3H, 

s, H-5''). 13C-NMR (DMSO-d6, 150 MHz), 77.9 (C-2), 48.7 (C-3), 195.1 (C-4), 161.5 (C-5), 96.0 (C-6), 168.5 (C-7), 100.5 (C-

8), 159.3 (C-9), 107.5 (C-10), 128.0 (C-2', C-6'), 115 (C-3',C-5'), 157.6 (C-4'), 21.5 (C-1''), 123.5 (C-2''), 129.6 (C-3''), 25.9 (C-

4''), 17.7 (C-5''). [1] 

naringenin (11): 1H-NMR (DMSO-d6, 600 MHz), 5.44 (1H, dd, J = 2.4, 12.6 Hz, H-2), 2.69 (1H, dd, J = 3.0, 16.8 Hz, 

H-3α), 3.28 (1H, m, H-3β), 5.81 (1H, s, H-6), 5.81 (1H, s, H-8), 7.31 (2H, d, J = 8.4 Hz, H-2',H-6'), 6.79 (2H, d, J = 8.4 Hz, 

H-3', H-5'). 13C-NMR (DMSO-d6, 150 MHz), 78.4 (C-2), 42.0 (C-3), 196.4 (C-4), 163.5 (C-5), 95.8 (C-6), 166.6 (C-7), 95.0 

(C-8), 162.9 (C-9), 101.8 (C-10), 128.3 (C-2', C-6'), 115.2 (C-3',C-5'), 157.7 (C-4'). [6] 

kurarinol (12): 1H-NMR (DMSO-d6, 600 MHz), 5.39 (1H, dd, J = 2.4, 12.8 Hz, H-2), 2.47 (1H, m, H-3α), 2.76 (1H, dd, 

J = 13.2, 16.4 Hz, H-3β), 6.13 (1H, s, H-6), 6.27 (1H, d, J = 2.0 Hz, H-3'), 6.24 (1H, dd, J = 2.0, 8.4 Hz, H-5'), 7.20 (1H, d, J = 

8.4 Hz, H-6'), 1.26 (2H, m, H-3''), 2.30 (1H, m, H-4''), 0.95 (3H, s, H-6''), 0.95 (3H, s, H-7''), 4.56, 4.48 (each 1H, br s, H-9''), 

1.56 (3H, s, H-10''). 13C-NMR (DMSO-d6, 150 MHz), 74.0 (C-2), 44.8 (C-3), 189.5 (C-4), 160.0 (C-5), 92.9 (C-6), 162.9 (C-

7), 102.4 (C-8), 162.7 (C-9), 116.8 (C-10), 127.3 (C-1'), 155.7 (C-2'), 104.7 (C-3'), 158.6 (C-4'), 106.7 (C-5'), 107.5 (C-6'), 27.9 

(C-1''), 47.1 (C-2''), 29.4 (C-3''), 42.0 (C-4''), 69.2 (C-5''), 29.9 (C-6''), 18.5 (C-7''), 148.6 (C-8''), 111.3 (C-9''), 26.9 (C-10''). [1] 

kushenol A (13): 1H-NMR (DMSO-d6, 600 MHz), 5.63 (1H, dd, J = 3.0, 13.2 Hz, H-2), 2.77 (1H, dd, J = 2.4, 16.8 Hz, 

H-3α), 3.03 (1H, m, H-3β), 5.98 (1H, s, H-6), 6.89 (1H, d, J = 7.2 Hz, H-3'), 7.18 (1H, m, H-4'), 6.89 (1H, d, J = 7.2 Hz, H-5'), 

7.49 (1H, dd, J = 1.2, 7.8 Hz, H-6'), 2.41 (1H, m, H-2''), 1.96 (2H, m, H-3''), 4.91 (1H, t, H-4''), 1.51 (3H, s, H-6''), 1.42 (3H, 

s, H-7''), 4.58, 4.51 (each 1H, br s, H-9''), 1.59 (3H, s, H-10''), 12.09 (1H, s, 5-OH) 13C-NMR (DMSO-d6, 150 MHz), 74.0 



 

 

(C-2), 41.4 (C-3), 196.7 (C-4), 161.3 (C-5), 95.4 (C-6), 165.0 (C-7), 106.6 (C-8), 160.5 (C-9), 154.0 (C-2'), 115.3 (C-3'), 130.7 (C-

4'), 119.0 (C-5'), 126.4 (C-6'), 30.7 (C-1''), 46.4 (C-2''), 26.6 (C-3''), 110.8 (C-4''), 125.3 (C-5''), 25.5 (C-6''), 17.6 (C-7''), 147.8 

(C-8''), 18.7 (C-10''). [7] 

sophoflavescenol (14): 1H-NMR (DMSO-d6, 600 MHz), 6.29 (1H, s, H-6), 8.03 (2H, d, J = 7.8 Hz, H-2', H-6'), 6.93 

(2H, d, J = 8.4 Hz, H-3', H-5'), 3.50 (2H, d, J = 6.8 Hz, H-1''), 5.18 (1H, t, H-2''), 1.74 (3H, s, H-4''), 1.62 (3H, s, H-5''), 3.42 

(3H, s, -OCH3), 12.30 (1H, s, 5-OH). 13C-NMR (DMSO-d6, 150 MHz), 146.7 (C-2), 135.6 (C-3), 176.2 (C-4), 158.3 (C-5), 

97.9 (C-6), 161.4 (C-7), 105.6 (C-8), 159.2 (C-9), 115.5 (C-10), 129.4 (C-1'), 122.7 (C-2',C-6'), 102.9 (C-3', C-5'), 153.5 (C-4'), 

21.3 (C-1''), 122.0 (C-2''), 131.0 (C-3''), 25.5 (C-4''), 17.9 (C-5''), 63.1 (-OCH3). [4] 

noranhyoicaritin (15): 1H-NMR (DMSO-d6, 600 MHz), 6.28 (1H, s, H-6), 8.03 (2H, d, J = 8.4 Hz, H-2', H-6'), 6.93 (2H, 

d, J = 9.0 Hz, H-3', H-5'), 3.42 (2H, d, J = 6.2 Hz, H-1''), 5.17 (1H, t, H-2''), 1.74 (3H, s, H-4''), 1.62 (3H, s, H-5''), 12.39 (1H, 

s, 5-OH). 13C-NMR (DMSO-d6, 150 MHz), 146.7 (C-2), 130.9 (C-3), 176.1 (C-4), 153.5 (C-5), 97.9 (C-6), 159.2 (C-7), 105.6 

(C-8), 158.3 (C-9), 115.5 (C-10), 129.4 (C-1'), 122.8 (C-2',C-6'), 102.9 (C-3', C-5'), 21.2 (C-1''), 122.0 (C-2''), 25.5 (C-4''), 17.8 

(C-5''). [3] 

quercetin (16): 1H-NMR (DMSO-d6, 600 MHz), 6.18 (1H, d, J = 1.8 Hz, H-6), 6.40 (1H, d, J = 2.4 Hz, H-8), 7.67 (1H, 

d, J = 2.4 Hz, H-1'), 7.54 (1H, dd, J = 2.4, 8.4 Hz, H-5'), 6.87 (1H, d, J = 8.4 Hz, H-6'), 12.48 (1H, s, 5-OH). 13C-NMR (DMSO-

d6, 150 MHz), 147.3 (C-2), 136.2 (C-3), 176.3 (C-4), 156.6 (C-5), 98.5 (C-6), 164.3 (C-7), 93.8 (C-8), 161.9 (C-9), 103.5 (C-10), 

115.5 (C-2'), 145.5 (C-3'), 148.2 (C-4'), 116.1 (C-5'), 120.4 (C-6'). [8] 

7,3'-di-O-methyl (17): 1H-NMR (DMSO-d6, 600 MHz), 8.72 (1H, s, H-2), 6.61 (1H, s, H-6), 6.77 (1H, s, H-8), 7.44 (1H, 

d, J = 1.8 Hz, H-2'), 7.35 (1H, dd, J = 1.8, 8.4 Hz, H-5'), 7.38 (1H, d, J = 8.4 Hz, H-6'), 2.92 (3H, s, 7-OCH3), 4.20 (3H, s, 3'-

OCH3), 13.37 (1H, s, 5-OH). 13C-NMR (DMSO-d6, 150 MHz), 146.6 (C-2), 122.5 (C-3), 207.0 (C-4), 162.4 (C-5), 94.3 (C-6), 

166.0 (C-7), 99.8 (C-8), 158.1 (C-9), 104.5 (C-10), 123.9 (C-1'), 112.4 (C-2'), 154.6 (C-3'), 158.1 (C-4'), 116.8 (C-5'), 120.2 (C-

6'), 49.1 (7-OCH3), 56.1 (3'-OCH3). [9] 

genistein (18): 1H-NMR (DMSO-d6, 600 MHz), 8.25 (1H, s, H-2), 6.24 (1H, s, H-6), 6.35 (1H, s, H-8), 7.34 (2H, d, J = 

8.4 Hz, H-2', H-6'), 6.80 (1H, d, J = 8.4 Hz, H-3', H-5'), 12.93 (1H, s, 5-OH). 13C-NMR (DMSO-d6, 150 MHz), 154.2 (C-2), 

121.7 (C-3), 180.5 (C-4), 162.1 (C-5), 99.4 (C-6), 164.9 (C-7), 94.1 (C-8), 158.0 (C-9), 104.7 (C-10), 122.7 (C-1'), 130.6 (C-2', C-

6'), 115.4 (C-3', C-5'), 157.7 (C-4'). [8] 

calycosin (19): 1H-NMR (DMSO-d6, 600 MHz), 8.34 (1H, s, H-2), 7.95 (1H, d, J = 9.0 Hz, H-5), 7.03 (1H, dd, J = 1.2, 

8.4 Hz, H-6), 7.13 (1H, d, J = 1.2 Hz, H-8), 6.87 (1H, d, J = 1.8 Hz, H-2'), 6.93 (1H, dd, J = 1.8, 8.4 Hz, H-5'), 6.96 (1H, d, J = 

7.8 Hz, H-6'), 3.15 (3H, s, 4'-OCH3). 13C-NMR (DMSO-d6, 150 MHz), 153.5 (C-2), 123.3 (C-3), 174.6 (C-4), 127.4 (C-5), 

115.4 (C-6), 157.5 (C-7), 108.2 (C-8), 102.2 (C-10), 125.8 (C-1'), 109.5 (C-2'), 147.0 (C-3'), 147.1 (C-4'),116.5 (C-5'), 122.5 (C-

6'). [8] 

formononetin (20): 1H-NMR (DMSO-d6, 600 MHz), 8.32 (1H, s, H-2), 7.94 (1H, d, J = 8.4 Hz, H-5), 6.92 (1H, dd, J = 

1.8, 9.0 Hz, H-6), 6.86 (1H, d, J = 1.8 Hz, H-8), 7.49 (2H, d, J = 8,4 Hz, H-2', H-6'), 6.97 (2H, d, J = 9.0 Hz, H-3', H-5'), 3.77 

(3H, s, 4'-OCH3). 13C-NMR (DMSO-d6, 150 MHz), 153.2 (C-2), 123.2 (C-3), 174.8 (C-4), 127.3 (C-5), 116.6 (C-6), 159.0 (C-

7), 102.1 (C-8), 157.6 (C-9), 113.7 (C-10), 124.4 (C-1'), 130.2 (C-2', C-6'), 115.2 (C-3', C-5'), 153.2 (C-4'), 55.2 (4'-OCH3). [10] 



 

 

biochanin A (21): 1H-NMR (DMSO-d6, 600 MHz), 8.27 (1H, s, H-2), 6.21 (1H, s, H-6), 6.37 (1H, s, H-8), 7.35 (2H, d, 

J = 8,4 Hz, H-2', H-6'), 6.81 (2H, d, J = 8.4 Hz, H-3', H-5'), 3.16 (3H, s, 4'-OCH3), 12.95 (1H, s, 5-OH). 13C-NMR (DMSO-

d6, 150 MHz), 154.2 (C-2), 130.3 (C-3), 180.2 (C-4), 157.7 (C-5), 93.8 (C-6), 164.3 (C-7), 99.1 (C-8), 161.8 (C-9), 104.5 (C-10), 

122.4 (C-1'), 131.3 (C-2', C-6'), 115.9 (C-3', C-5'), 157.4 (C-4'), 48.7 (4'-OCH3). [10] 

5,4'-dihydroxyflavone (22): 1H-NMR (DMSO-d6, 600 MHz), 6.24 (1H, s, H-3), 6.38 (1H, d, J = 8,4 Hz, H-6), 8.13 (1H, 

d, J = 9.0 Hz, H-7), 7.77 (1H, d, J = 9.0 Hz, H-8), 7.74 (2H, d, J = 9.6 Hz, H-2', H-6'), 6.84 (2H, d, J = 9.6 Hz, H-3', H-5'), 13.67 

(1H, s, 5-OH). 13C-NMR (DMSO-d6, 150 MHz), 154.2 (C-2), 130.3 (C-3), 180.2 (C-4), 157.7 (C-5), 93.8 (C-6), 164.3 (C-7), 

99.1 (C-8), 161.8 (C-9), 104.5 (C-10), 122.4 (C-1'), 131.3 (C-2', C-6'), 115.9 (C-3', C-5'), 157.4 (C-4'), 48.7 (4'-OCH3). [11] 

luteolin (23): 1H-NMR (DMSO-d6, 600 MHz), 6.18 (1H, s, H-3), 7.42 (2H, m, H-6, H-8), 6.66 (1H, d, J = 1.8 Hz, H-2'), 

6.89 (1H, dd, J = 1.8, 12.0 Hz, H-5'), 6.40 (1H, d, J = 12.0 Hz, H-6'). 13C-NMR (DMSO-d6, 150 MHz), 161.5 (C-2), 121.6 (C-

3), 181.7 (C-4), 163.9 (C-5), 93.8 (C-6), 164.1 (C-7), 102.9 (C-8), 157.3 (C-9), 103.4 (C-10), 113.4 (C-2'), 149.7 (C-3'), 145.7 (C-

4'), 116.0 (C-5'), 119.0 (C-6'). [12] 

hydroxycoumarin (24): 1H-NMR (DMSO-d6, 600 MHz), 6.20 (1H, d, J = 9.6 Hz, H-3), 7.93 (1H, d, J = 9.6 Hz, H-4), 

6.70 (1H, d, J = 2.4 Hz, H-5), 6.78 (1H, dd, J = 2.4, 8.4 Hz, H-6), 7.52 (1H, d, J = 8.4 Hz, H-8), 10.5 (1H, s, 7-OH). 13C-NMR 

(DMSO-d6, 150 MHz), 161.3 (C-2), 102.2 (C-3), 144,5 (C-4), 129.7 (C-5), 113.1 (C-6), 160.4 (C-7), 111.4 (C-8), 155.4 (C-9), 

113.3 (C-10). [13] 

7,8-dihydroxycoumarin (25): 1H-NMR (DMSO-d6, 600 MHz)，6.18 (1H, d, J = 9.6 Hz, H-3), 7.90 (1H, d, J = 9.6 Hz, 

H-4), 7.01 (1H, d, J = 8.4 Hz, H-5), 6.80 (1H, d, J = 8.4 Hz, H-6), 9.33 (1H, s, 7-OH), 10.09 (1H, s, 8-OH). 13C-NMR (DMSO-

d6, 150 MHz), 160.9 (C-2), 112.5 (C-3), 145.6 (C-4), 119.3 (C-5), 112.9 (C-6), 150.1 (C-7), 132.6 (C-8), 145.6 (C-9), 111.7 (C-

10). [13] 

methoxysalicylic acid (26): 1H-NMR (DMSO-d6, 600 MHz), 6.21 (1H, d, J = 2.4 Hz, H-3), 6.28 (1H, dd, J = 2.4, 9.0 

Hz, H-5), 7.59 (1H, d, J = 9.0 Hz, H-6), 3.42 (3H, s, -OCH3). 13C-NMR (DMSO-d6, 150 MHz), 172.1 (-COOH), 131.7 (C-

1), 163.5 (C-2), 102.2 (C-5), 107.2 (C-6), 63.0 (-OCH3). [14] 

b-resorcylic acid (27): 1H-NMR (DMSO-d6, 600 MHz), 6.24 (1H, d, J = 1.8 Hz, H-3), 6.31 (1H, dd, J = 2.4, 9.0 Hz, H-

5), 7.50 (1H, d, J = 8.4 Hz, H-6). 13C-NMR (DMSO-d6, 150 MHz), 170.9 (-COOH), 132.0 (C-1), 163.7 (C-2), 102.2 (C-3), 

163.4 (C-4), 104.9 (C-5), 107.8 (C-6). [14] 

hydroxybenzoic acid (28): 1H-NMR (DMSO-d6, 600 MHz), 6.81 (2H, d, J = 8.4 Hz, H-2, H-6), 7.87 (2H, d, J = 8.4 Hz, 

H-3, H-5). 13C-NMR (DMSO-d6, 150 MHz), 167.9 (-COOH), 131.9 (C-1), 115.5 (C-2, C-6), 122.5 (C-3, C-5), 161.9 (C-4). 

[14] 

2. DNA barcoding analysis 

The dried crude materials were cleaned with 75% alcohol solution and ground into powder. The test was conducted 

according to our previous reports. Briefly, the dried crude materials were ground into powder. Total DNA was extracted 

from about 100 mg of the powder with the plant genomic DNA kit following the manufacturer’s instruction. The ex-

tracted DNA was dissolved in 30 μL of sterile water. The ITS sequence of S. flavescens sample was amplified by poly-

merase chain reaction (PCR). The primers for ITS sequence were designed as ITS-G-F (5’-GAAGG ATCAT TGTCG 



 

 

ATGCC-3’) and ITS-G-R (5’-GCGTT CAAAG ACGCC TATTG G-3’). The PCR mixture (20 μL) contained template DNA 

0.5 μL, forward primer (10 μM) 1.0 μL, reverse primer (10 μM) 1.0 μL, 5×TransStart KD Plus Buffer 4.0 μL, TransStart 

KD Plus DNA polymerase 0.4 μL, dNTP (2.5 mM) 0.4 μL, and ddH2O 12.7 μL. The PCR conditions were 94 °C for 3 

min, then 35 cycles at 94 °C for 30 s, 56 °C for 30 s and 68 °C for 60 s, ending by incubating at 68 °C for 10 min. The PCR 

products were examined by 1.5% agarose gel electrophoresis before bi-directional DNA sequencing on a 3730XL se-

quencer (Applied Biosystems, USA). Sequence alignment and analysis of single nucleotide polymorphism on nucleotide 

chromatography were performed with DNAman (version 8.0, lynnon biosoft, USA) and BioEdit (version 7.0.0) software, 

respectively. 

Table S1. ABTS free radical scavenging assay of Sophora flavescens compounds 1-28 (20 μg/mL). 

No. compounds ABTS No. compounds ABTS 

1 kurarinol A 97.0% (1.8%)  15 noranhyoicaritin 97.0% (3.5%)  

2 kurarinol B 94.0% (2.7%)  16 quercetin 99.0% (3.0%) 

3 kushenol H 98.0% (2.3%) 17 7,3′-di-O-methyl 93.0% (2.0%) 

4 kushenol L 90.0% (2.7%) 18 genistein 69.0% (1.4%) 

5 kuraridinol 75.7% (1.5%) 19 calycosin 51.3% (2.4%) 

6 kuraridine 98.0% (3.7%) 20 formononetin 23.3% (0.9%) 

7 xanthohumol 87.9% (2.0%) 21 biochanin A 76.4% (1.3%) 

8 isoliquiritigenin 67.8% (1.0%) 22 5,4′-dihydroxyflavone 76.3% (4.7%) 

9 kushenol Q 92.0% (1.4%) 23 luteolin 96.0% (1.6%) 

10 sophoraflavanone B 88.0% (2.1%) 24 7-hydroxycoumarin 16.8% (3.2%) 

11 naringenin 55.4% (2.2%) 25 7,8-dihydroxycoumarin 97.8% (1.8%) 

12 kurarinol 97.0% (2.8%) 26 4-methoxysalicylic acid 72.9% (3.0%) 

13 kushenol A 81.5% (1.9%) 27 b-resorcylic acid 63.4% (1.4%) 

14 sophoflavescenol 98.0% (1.4%) 28 4-hydroxybenzoic acid 2.2% (0.9%) 

The values in the brackets refer to the standard deviations. 

Table S2. DPPH free radical scavenging assay of Sophora flavescens compounds 1-28 (20 μg/mL). 

No. compounds DPPH No. compounds DPPH 

1 kurarinol A 40.0% (4.9%) 15 noranhyoicaritin 95.0% (2.7%) 

2 kurarinol B 42.3% (1.5%) 16 quercetin 95.0% (4.4%) 

3 kushenol H 53.5% (0.4%) 17 7,3′-di-O-methyl 42.0% (1.4%) 

4 kushenol L 37.1% (3.0%) 18 genistein 28.0% (6.2%) 

5 kuraridinol 29.1% (8.7%) 19 calycosin 25.6% (1.1%) 

6 kuraridine 41.9% (5.6%) 20 formononetin 20.2% (1.0%) 

7 xanthohumol 34.7% (1.9%) 21 biochanin A 46.8% (1.8%) 

8 isoliquiritigenin 37.1% (0.4%) 22 5,4′-dihydroxyflavone 34.6% (3.4%) 

9 kushenol Q 30.4% (5.4%) 23 luteolin 94.0% (4.9%) 

10 sophoraflavanone B 32.2% (1.9%) 24 7-hydroxycoumarin 25.2% (3.7%) 

11 naringenin 24.5% (3.9%) 25 7,8-dihydroxycoumarin 94.0% (4.2%) 

12 kurarinol 30.8% (1.9%) 26 4-methoxysalicylic acid 25.4% (4.9%) 

13 kushenol A 25.6% (2.4%) 27 b-resorcylic acid 23.1% (2.5%) 

14 sophoflavescenol 93.0% (2.0%) 28 4-hydroxybenzoic acid 20.4% (8.6%) 

The values in the brackets refer to the standard deviations. 

Table S3. PTIO free radical scavenging assay of Sophora flavescens compounds 1-28 (8 μg/mL). 

No. compounds PTIO No. compounds PTIO 

1 kurarinol A 37.3% (3.4%) 15 noranhyoicaritin 68.0% (8.1%) 

2 kurarinol B 41.0% (2.6%) 16 quercetin 62.0% (2.2%) 

3 kushenol H 39.3% (1.7%） 17 7,3′-di-O-methyl 38.9% (2.4%) 

4 kushenol L 39.4% (1.3%) 18 genistein 35.8% (2.0%) 



 

 

5 kuraridinol 37.7% (1.8%) 19 calycosin 37.0% (0.7%) 

6 kuraridine 40.6% (2.2%) 20 formononetin 36.2% (2.0%) 

7 xanthohumol 40.3% (1.4%) 21 biochanin A 37.9% (0.6%) 

8 isoliquiritigenin 39.9% (2.2%) 22 5,4′-dihydroxyflavone 39.4% (1.0%) 

9 kushenol Q 36.7% (0.8%) 23 luteolin 43.3% (2.0%) 

10 sophoraflavanone B 38.6% (1.3%) 24 7-hydroxycoumarin 36.6% (3.1%) 

11 naringenin 37.8% (2.2%) 25 7,8-dihydroxycoumarin 46.3% (4.8%) 

12 kurarinol 37.5% (1.7%) 26 4-methoxysalicylic acid 37.7% (1.6%) 

13 kushenol A 35.6% (1.0%) 27 b-resorcylic acid 36.3% (1,9%) 

14 sophoflavescenol 55.0% (9.4%) 28 4-hydroxybenzoic acid 37.3% (2.3%) 

The values in the brackets refer to the standard deviations. 

Table S4. HepG2 cell inhibitory activities of Sophora flavescens compounds 1-28 (10 μg/mL). 

No. compounds HepG2 cell No. compounds HepG2 cell 

1 kurarinol A 84.1% (6.0%) 15 noranhyoicaritin 8.8% (1.2%) 

2 kurarinol B 19.9% (15.8%) 16 quercetin 4.6% (4.5%) 

3 kushenol H 1.9% (1.4%) 17 7,3′-di-O-methyl 8.7% (2.9%) 

4 kushenol L 4.6% (1.3%) 18 genistein 1.0% (6.1%) 

5 kuraridinol 5.6% (1.3%) 19 calycosin 4.3% (5.7%) 

6 kuraridine 0.9% (3.7%) 20 formononetin 1.4% (2.7%) 

7 xanthohumol 10.4% (3.2%) 21 biochanin A 7.1% (6.5%) 

8 isoliquiritigenin 1.7% (1.7%) 22 5,4′-dihydroxyflavone 0.6% (3.3%) 

9 kushenol Q 3.5% (1.7%) 23 luteolin 1.1% (4.1%) 

10 sophoraflavanone B 9.3% (3.4%) 24 7-hydroxycoumarin 8.6% (5.5%） 

11 naringenin 3.6% (10.6%) 25 7,8-dihydroxycoumarin 8.5% (8.0%) 

12 kurarinol 0.9% (4.2%) 26 4-methoxysalicylic acid 1.5% (1.9%) 

13 kushenol A 97.5% (0.1%) 27 b-resorcylic acid 1.9% (2.4%) 

14 sophoflavescenol 11.4% (2.8%) 28 4-hydroxybenzoic acid 10.2% (4.0%) 

The values in the brackets refer to the standard deviations. 

Table S5. A549 cell inhibitory activities of Sophora flavescens compounds 1-28 (10 μg/mL). 

No. compounds A549 cell No. compounds A549 cell 

1 kurarinol A 58.0% (6.5%) 15 noranhyoicaritin 13.4% (2.0%) 

2 kurarinol B 17.2% (5.5%) 16 quercetin 12.1% (3.7%) 

3 kushenol H 11.3% (0.7%) 17 7,3′-di-O-methyl 40.9% (2.0%) 

4 kushenol L 8.2% (1.3%) 18 genistein 6.6% (2.0%) 

5 kuraridinol -0.2% (2.7%) 19 calycosin 6.4% (6.2%) 

6 kuraridine 2.0% (2.2%) 20 formononetin -6.2% (0.6%) 

7 xanthohumol 16.4% (2.3%) 21 biochanin A 8.7% (1.9%) 

8 isoliquiritigenin -5.7% (0.6%) 22 5,4′-dihydroxyflavone 29.7% (0.8%) 

9 kushenol Q -10.9% (2.1%) 23 luteolin 41.3% (2.1%) 

10 sophoraflavanone B 8.0% (0.4%) 24 7-hydroxycoumarin 21.4% (2.5%) 

11 naringenin 14.7% (1.8%) 25 7,8-dihydroxycoumarin 32.4% (2.3%) 

12 kurarinol 37.0% (0.3%) 26 4-methoxysalicylic acid 9.4% (4.0%) 

13 kushenol A 17.6% (0.6%) 27 b-resorcylic acid 22.8% (2.2%) 

14 sophoflavescenol 6.9% (1.7%) 28 4-hydroxybenzoic acid 15.5% (1.7%) 

The values in the brackets refer to the standard deviations. 

Table S6. MCF-7 cell inhibitory activities of Sophora flavescens compounds 1-28 (10 μg/mL). 

No. compounds MCF-7 cell No. compounds MCF-7 cell 

1 kurarinol A 85.0% (2.0%) 15 noranhyoicaritin 5.8% (2.1%) 

2 kurarinol B 10.3% (3.4%) 16 quercetin 11.9% (0.4%) 

3 kushenol H -4.5% (3.7%) 17 7,3′-di-O-methyl 5.3% (2.0%) 

4 kushenol L -0.7% (1.7%) 18 genistein 4.3% (1.6%) 

5 kuraridinol 7.4% (3.1%) 19 calycosin -0/9% (1.5%) 

6 kuraridine 15.0% (2.2%) 20 formononetin 8.7% (2.8%) 

7 xanthohumol 11.7% (4.2%) 21 biochanin A 1.0% (0.4%) 



 

 

8 isoliquiritigenin 7.2% (3.3%) 22 5,4′-dihydroxyflavone 9.0% (1.4%) 

9 kushenol Q 4.5% (5.9%) 23 luteolin -4.7% (2.4%) 

10 sophoraflavanone B 7.7% (2.0%) 24 7-hydroxycoumarin 5.7% (2.8%) 

11 naringenin 0.7% (2.5%) 25 7,8-dihydroxycoumarin 4.8% (1.0%) 

12 kurarinol 4.8% (1.8%) 26 4-methoxysalicylic acid 0.7% (1.4%) 

13 kushenol A 11.5% (2.1%) 27 b-resorcylic acid 14.1% (2.0%) 

14 sophoflavescenol 2.8% (4.0%) 28 4-hydroxybenzoic acid 1.1% (2.9%) 

The values in the brackets refer to the standard deviations. 

Table S7. LO2 cell inhibitory activities of Sophora flavescens compounds 1-28 (10 μg/mL). 

No. compounds LO2 cell No. compounds LO2 cell 

1 kurarinol A 29.4% (1.6%) 15 noranhyoicaritin 7.7% (3.9%) 

2 kurarinol B 27.9% (2.7%) 16 quercetin 9.8% (1.5%) 

3 kushenol H 15.5% (3.6%) 17 7,3′-di-O-methyl 1.1% (7.7%) 

4 kushenol L 3.2% (1.4%) 18 genistein 5.0% (0.6%) 

5 kuraridinol -7.2% (1.5%) 19 calycosin 16.6% (2.1%) 

6 kuraridine -0.2% (1.0%) 20 formononetin 5.8% (0.9%) 

7 xanthohumol 13.9% (1.3%) 21 biochanin A 5.8% (1.3%) 

8 isoliquiritigenin -2.1% (2.6%) 22 5,4′-dihydroxyflavone -4.6% (3.5%) 

9 kushenol Q 5.3% (1.3%) 23 luteolin 19.8% (3.6%) 

10 sophoraflavanone B 4.7% (1.9%) 24 7-hydroxycoumarin -0.3% (4.2%) 

11 naringenin 5.8% (2.0%) 25 7,8-dihydroxycoumarin 8.6% (2.7%) 

12 kurarinol 11.4% (0.7%) 26 4-methoxysalicylic acid -6.2% (0.9%) 

13 kushenol A 26.8% (2.7%) 27 b-resorcylic acid 1.9% (3.7%) 

14 sophoflavescenol 5.5% (3.0%) 28 4-hydroxybenzoic acid 2.8% (0.9%) 

The values in the brackets refer to the standard deviations. 

 

Figure S2. 1H NMR spectrum of 1 in DMSO-d6 (600 MHz). 

H-6'
H-3'

H-5' H-8

H-6

H-2 H-3
H-4' '

H-4' ' ' H-9' '

H-9' ' '

-OCH3

H-1' '

H-1' ' '

-CH3-6



 

 

 

Figure S3. 13C NMR spectrum of 1 in DMSO-d6 (150 MHz). 

 

Figure S4. HSQC spectrum of 1 in DMSO-d6 (600 MHz). 
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Figure S5. HMBC spectrum of 1 in DMSO-d6 (600 MHz). 

 

Figure S6. 1H-1H COSY spectrum of 1 in DMSO-d6 (600 MHz). 
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Figure S7. IR spectrum of 1. 

 

Figure S8. UV spectrum of 1. 



 

 

 

Figure S9. HRESIMS spectrum of 1. 

 

Figure S10. 1H NMR spectrum of 2 in DMSO-d6 (600 MHz). 
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Figure S11. 13C NMR spectrum of 2 in DMSO-d6 (150 MHz). 

 

Figure S12. HSQC spectrum of 2 in DMSO-d6 (600 MHz). 
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Figure S13. HMBC spectrum of 2 in DMSO-d6 (600 MHz). 

 

Figure S14. 1H-1H COSY spectrum of 2 in DMSO-d6 (600 MHz). 
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Figure S15. IR spectrum of 2. 

 

Figure S16. UV spectrum of 2. 



 

 

 

Figure S17. HRESIMS spectrum of 2. 
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