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Abstract ; In previous study, the ethanol extract of Scutellaria barbata was partitioned with petroleum ether and EtOAc,

respectively. The ethyl acetate extract site was subjected to column chromatography over macroporous adsorption resin
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eluting with gradient ethanol. The 70% ethanol elution fraction exhibited good anti-liver cancer activity. To clarify the
active ingredients, the active site was separated and purified by silica gel column chromatography, Sephadex LH-20
column chromatography, preparative TLC, and semi preparative liquid chromatography, etc. Multiple spectroscopic
analysis methods were used to identify the structure of the monomer compounds, and CCK-8 method was used to evaluate
the inhibitory activity of all compounds on the proliferation of human liver cancer HepG2 cells in vitro. At the same time,
molecular docking technology was used to investigate the binding of the most active compounds with target proteins
VEGF-2 and FGFR-1, which were obtained from targeted drug for liver cancer. The results were as follows: (1) A total
of 14 compounds were isolated from the active site, including 12 neo-clerodane diterpenoids and 2 flavonoids, which
were identified as scuefolide C (1), 6-acetoxy-7-nicotinoyloxyscutebarbatine G (2), scutestrigillosin D (3),
scutehenanine D (4), scutebarbatine A (5), scutebarbatine B (6), 7-O-nicotinoyloxyscutebarbatine H (7),
scutebarbatine N (8), scutebarbatine Y (9), barbatin A (10), barbatin B (11), barbatin D (12), 5, 7, 6’-
trihydroxy-2'-methoxyflavonol (13) and 5, 8-dihydroxy-6, 7-dimethoxyflavone (14). Compounds 1-3 and 13, 14 were
isolated from this plant for the first time. (2) The results of cell proliferation inhibition activity test showed that
compounds 4, 7, 10—12 exhibited weaker cell proliferation inhibitory activity against HepG2, and Compound 6 exhibited
similar cell proliferation inhibitory activity to the positive control (cisplatin) , while Compound 5 exhibited stronger cell
proliferation inhibitory activity than cisplatin. (3) The molecular docking results showed that Compound 5 and
Compound 6 had good binding affinity with target protein VEGF-2, which binded to residues such as GLY-841, LEU-
840, ASN-923, ARG-1032 in VEGF-2 protein through hydrogen bonding. At the same time, Compound 5 and Compound
6 exhibited poor binding affinity with target protein FGFR-1. The results of this study not only enrich the chemical groups
of S. barbata, but also provide a reference for further study on the mechanism of active compounds against liver
cancer.
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T B 1 B HE I L 4y 7 X R Cy Hy, Oy H-
NMR ( CDCl,, 600 MHz) &,: 1.18 (1H, m, H-
la), 1.55 (1H, m, H-1b), 1.28 (1H, m, H-
2a), 1.66 (1H, m, H-2b), 2.13 (1H, m, H-
3a), 2.55 (1H, brd, J=18.1 Hz, H-3b), 6.22
(1H, d, J=10.5 Hz, H-6), 5.57 (1H, d, J=10.5
Hz, H-7), 3.14 (1H, brt, J=8.4 Hz, H-10),
1.41 (1H, m, H-11a), 1.66 (1H, m, H-11b),
1.64 (1H, m, H-12a), 1.81 (1H, m, H-12b),
2.60 (1H, d, J=16.8 Hz, H-14a), 3.02 (1H, d,
J=16.8 Hz, H-14b), 4.28 (1H, d, J=9.0 Hz, H-
16a), 4.36 (1H, d, J = 9.0 Hz, H-16b), 1.26
(3H, s, H-17), 4.67 (2H, br s, H-18), 0.68
(3H, s, H-20), 7.07 (1H, m, H-3"), 1.56 (1H,
brd, J=7.3 Hz, H-4"), 1.94 (1H, brs, H-5"),
2.63 (1H, m, H-2"), 1.19 (1H, brd, J=7.2 Hz,
H-3"), 1.14 (1H, br d, J=7.2 Hz, H-4") " C-
NMR ( CDCl,, 150 MHz) 6.: 23.9 (C-1), 22.9
(C-2), 30.1 (C-3), 137.5 (C-4), 127.7 (C-5),
74.3 (C-6), 76.5 (C-7), 81.2 (C-8), 40.9 (C-
9), 36.8 (C-10), 25.9 (C-11), 28.5 (C-12),
77.5 (C-13), 44.8 (C-14), 174.5 (C-15), 77.3

(C-16), 21.1 (C-17), 61.6 (C-18), 17.9 (C-
20), 166.8 (C-1"), 129.1(C-2"), 138.6 (C-3'),
14.2 (C-4'), 12.5 (C-5'), 176.5 (C-1"), 34.8
(C-2"), 19.6 (C-3"), 19.1 (C-4"), Vi F¥RY
SCHk ( Kurimoto et al., 2015) i A R AR — 2, #
W EALEY) 1 A scutefolide C,
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WO 618, 254 ST Ak i FE , A I Ar R
C,,H4N,0,,'"H-NMR (CDCl,, 600 MHz) §,: 1.72
(1H, m, H-la), 2.06 (1H, m, H-1b), 2.72
(2H, m, H-2), 5.45 (1H, br s, H-3), 5.73
(1H, d, J=10.5 Hz, H-6), 5.47 (1H, d, J=10.5
Hz, H-7), 2.76 (1H, dd, J=12.5, 3.0 Hz, H-
10), 5.94(1H, dd, J=12.4, 4.5 Hz, H-11), 1.78
(1H, m, H-12a), 2.30 (1H, m, H-12b), 2.61
(1H, d, J=16.5 Hz, H-14a), 3.16 (1H, d, J=
16.5 Hz, H-14b), 4.13 (1H, d, J=8.9 Hz, H-
16a), 4.19 (1H, d, J = 8.9 Hz, H-16b), 1.21
(3H, s, H-17), 1.75 (3H, s, H-18), 1.53 (3H,
s, H-19), 1.26 (3H, s, H-20), 9.24 (1H, br s,
H-3'), 8.80 (1H, brd, J=4.8 Hz, H-5'), 7.48
(1H, dd, J=7.8, 4.8 Hz, H-6"), 8.33 (1H, br
d, J=7.8 Hz, H-7'), 9.19 (1H, br s, H-3"),
8.78 (1H, br d, J=4.8 Hz, H-5"), 7.41 (1H,
dd, J=7.8, 4.8 Hz, H-6"), 8.28 (1H, brd, J=
7.8 Hz, H-7"), 1.81 (3H, s, CH,-CO-) ,*C-NMR
(CDCl,, 150 MHz) 6,.: 28.9 (C-1), 32.9 (C-2),
121.1 (C-3), 145.5 (C-4), 45.7 (C-5), 73.3 (C-
6), 75.5 (C-7), 81.7 (C-8), 38.9 (C-9), 44.3
(C-10), 71.9 (C-11), 29.5 (C-12), 77.8 (C-
13), 44.9 (C-14), 173.5 (C-15), 76.9 (C-16),
21.2 (C-17 ), 20.6 (C-18), 17.3 (C-19), 20.3
(C-20), 164.5 (C-1'), 126.1(C-2"), 150.9 (C-
3'), 155.2 (C-5'), 123.5 (C-6'), 137.5 (C-7"),
164.3 (C-1"), 126.4 (C-2"), 151.6 (C-3"),
155.1 (C-5"), 123.8 (C-6"), 138.5 (C-7"),
171.8 (CH,-CO-), 22.3 (CH,-CO-), DI F3¥¥i5
SCHR (2R 45 ,2015) R A9 FE A — 20, Mo e A
B2 6-L kA FE- 7R R ToE 4 2 2 e G,

k&Y 3 HEN AR, ESI-MS m/z: 576.3
[M+H]", NS 3 5 FaR 575,858 &
TR T A, HE Ay 7 2008 €y, Hy, NOg ' H-
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NMR (CDCl,, 600 MHz) §,: 1.81 (1H, m, H-
la), 2.55 (1H, m, H-1b), 2.15 (2H, m, H-2),
5.33 (1H, brs, H-3), 5.33 (1H, d, J=10.2 Hz,
H-6), 3.62 (1H, d, J=10.2 Hz, H-7), 2.51
(1H, d, J=12.5 Hz, H-10), 5.69 (1H, dd, J=
12.6, 4.2 Hz, H-11), 2.15 (1H, m, H-12a),
2.26 (1H, m, H-12b), 2.87 (1H, d, J=18.1 Hz,
H-14a), 2.94 (1H, d, J=18.1 Hz, H-14b), 4.23
(1H, d, J=9.6 Hz, H-16a), 4.42 (1H, d, J =
9.6 Hz, H-16b), 1.53 (3H, s, H-17), 1.64 (3H,
s, H-18), 1.39 (3H, s, H-19), 1.18 (3H, s, H-
20), 9.24 (1H, brs, H-3'), 8.84 (1H, brd, J=
4.8 Hz, H-5'), 7.54 (1H, dd, J=7.8, 4.8 Hz, H-
6'), 8.33 (1H, br d, J=7.8 Hz, H-7'), 8.04
(2H, brd, J=7.8 Hz, H-3", 7"), 7.41 (2H, br
d, J=7.8 Hz, H-4", 6"), 7.51 (1H, dd, J=7.8,
4.8 Hz, H-5") ., C-NMR (150 MHz, CDCl,) §.:
18.7 (C-1), 26.9 (C-2), 123.1 (C-3), 141.7 (C-
4),42.7 (C-5), 77.5 (C-6), 75.5 (C-7), 84.7
(C-8), 43.9 (C-9), 40.8 (C-10), 75.9 (C-11),
35.5 (C-12), 77.2 (C-13), 42.9 (C-14), 173.5
(C-15), 78.9 (C-16), 21.0 (C-17 ), 17.4 (C-
18), 17.7 (C-19), 17.9 (C-20), 165.5 (C-1'),
126.3(C-2"), 150.9 (C-3"), 154.2 (C-5'), 123.6
(C-6"), 137.9 (C-7'"), 167.6 (C-1"), 130.4 (C-
2"y, 130.3 (C-3", 7"), 128.8 (C-4", 6"), 133.5
(C-5") LA E#G#E 5 SCHR (Dai et al., 2016) iR 18
MY FEA—3, BB AW 3 M scutestrigillosin D,

k&4 AWK, ESI-MS: m/z: 574.2
[M+H]", 596.4 [M + Na]*, #Eill{b-& Y 4 (95
TN 573, 45 A S0 MRS S, JE ) H 4y 5K
} Cy3 Hyy NO, . H-NMR ( CDCl,, 600 MHz) §,,:
1.84 (1H, m, H-1a), 2.11 (1H, m, H-1b), 2.19
(2H, m, H-2), 5.31 (1H, br s, H-3), 5.81
(1H, d, J=10.4 Hz, H-6), 5.68 (1H, d, J=10.4
Hz, H-7), 2.56 (1H, dd, J=12.6, 2.2 Hz, H-
10), 5.58 (1H, br d, J=10.4 Hz, H-11), 2.74
(1H, dd, J=13.8, 10.4 Hz, H-12a), 3.36 (1H,
brd, J=13.8 Hz, H-12b), 4.50 (1H, d, J=16.8
Hz, H-16a), 4.75 (1H, d, J=16.8 Hz, H-16b),
1.34 (3H, s, H-17), 1.62 (3H, s, H-18), 1.48
(3H, s, H-19), 1.06 (3H, s, H-20), 8.97 (1H,
brs, H-3'), 8.69 (1H, br d, J=4.2 Hz, H-5"),

7.26 (1H, dd, J=8.2, 4.2 Hz, H-6"), 8.09 (1H,
brd, J=8.2 Hz, H-7'), 7.36 (2H, m, H-3",
7"y, 7.26 (2H, m, H-4", 6"), 7.40 (1H, brt,
J = 8.1 Hz, H-5") ,"C-NMR (CDCl,, 150 MHz)
8¢:19.7 (C-1), 25.9 (C-2), 123.5 (C-3), 141.2
(C-4), 43.6 (C-5), 75.4 (C-6), 77.5 (C-7),
78.5 (C-8), 47.5 (C-9), 41.1 (C-10), 75.5 (C-
11), 29.0 (C-12), 130.5 (C-13), 138.9 (C-14),
171.3 (C-15), 70.3 (C-16), 22.3 (C-17 ), 21.2
(C-18), 17.7 (C-19), 17.1 (C-20), 164.5 (C-
1'), 126.0 (C-2"), 150.7 (C-3"), 152.2 (C-5"),
123.1 (C-6'), 138.2 (C-7'), 166.3 (C-1"),
130.2 (C-2"), 129.5 (C-3", 7"), 128.7 (C-4",
6"), 133.5 (C-5"), VI L4 5 STk (Dai et al.,
2009) i M EEA —F, M EELED 4N
scutehenanine D

EW s WA K, ESI-MS m/z: 559.2
[M+H]", #EMALES Y 5 195> T80 558, 456 A
T AR T R | 4 4y 70k €, Hy, N, 0, H-
NMR ( CDCl,, 600 MHz) &,: 1.39 (1H, m, H-
la), 1.71 (1H, m, H-1b), 2.07 (2H, m, H-2),
5.27 (1H, s, H-3), 5.96 (1H, d, J=10.4 Hz, H-
6),5.77 (1H, d, J=10.4 Hz, H-7), 2.42 (1H,
d, J=17.3 Hz, H-10), 6.43 (1H, d, J=17.3 Hz,
H-11), 6.46 (1H, d, J=16.8 Hz, H-12), 5.94
(1H, s, H-14), 5.04 (1H, s, H-16), 1.08 (3H,
s, H-17), 1.59 (3H, s, H-18), 1.47 (3H, s, H-
19), 1.30 (3H, s, H-20), 8.97 (1H, d, J=1.8
Hz, H-3"), 8.66 (1H, dd, J=4.6, 1.8 Hz, H-
5'),7.25 (1H, dd, J=8.2, 4.6 Hz, H-6"), 8.02
(1H, dt, J=8.2, 1.8 Hz, H-7"), 9.03 (1H, d,
J=1.8 Hz, H-3"), 8.68 (1H, dd, J=4.6, 1.8 Hz,
H-5"), 7.29 (1H, dd, J=8.2, 4.9 Hz, H-6"),
8.09 (1H, dt, J=8.2, 1.8 Hz, H-7") ., C-NMR
(CDCl,, 150 MHz) 8.: 19.5 (C-1), 26.5 (C-2),
123.4 (C-3), 140.8 (C-4), 43.3 (C-5), 76.1 (C-
6), 76.5 (C-7), 77.1 (C-8), 48.5 (C-9), 42.6
(C-10), 146.6 (C-11), 122.3 (C-12), 162.4 (C-
13), 115.3 (C-14), 174.3 (C-15), 70.2 (C-16) ,
22.7 (C-17), 20.2 (C-18), 17.8 (C-19), 15.9
(C-20), 165.2 (C-1'), 125.9 (C-2"), 151.1 (C-
3'), 153.6 (C-5'), 123.6 (C-6'), 137.0 (C-7"),
165.4 (C-1"), 124.5 (C-2"), 151.5 (C-3"),
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153.6 (C-5"), 123.3 (C-6"), 137.9 (C-7") . L)
U3 5 SCHR ( Nguyen et al., 2009) $23E () KA —
LG 5 R A L

k&Y 6 HEM A, ESI-MS m/z: 558.2
[M+H]*, 556.1 [M-H ]~, #EWiLSY 6 B9 T
O 557, 454 A R s o | I I R
C,H;,NO, ,'"H-NMR ( CDCl,, 600 MHz) &,: 1.36
(1H, m, H-la), 1.67 (1H, m, H-1b), 2.06
(2H, m, H-2), 5.27 (1H, br s, H-3), 5.91
(1H, d, J=10.7 Hz, H-6), 5.75(1H, d, J=10.7
Hz, H-7), 2.37(1H, br d, J=12.0 Hz, H-10),
6.49 (1H, d, J=16.8 Hz, H-11), 6.39 (1H, d,
J=16.8 Hz, H-12), 5.98 (1H, brs, H-14), 5.02
(2H, br s, H-16), 1.09 (3H, s, H-17), 1.59
(3H, s, H-18), 1.46 (3H, s, H-19), 1.29 (3H,
s, H-20), 8.99 (1H, brs, H-3'),8.66 (1H, br
d, J=4.7 Hz, H-5'), 7.29 (1H, dd, J=7.9, 4.7
Hz, H-6'), 8.07 (1H, br d, J=7.9 Hz, H-7"),
7.86 (2H, m, H-3", 7"), 7.35 (2H, m, H-4",
6"), 7.49 (1H, brt, J=7.8 Hz, H-5") ., C-NMR
(CDCL,, 150 MHz) 8,: 19.1 (C-1), 26.7 (C-2),
123.6 (C-3), 140.9 (C-4), 43.5 (C-5), 76.5 (C-
6),75.9 (C-7), 77.2 (C-8), 48.5 (C-9), 42.7
(C-10), 146.6 (C-11), 122.1 (C-12), 162.1 (C-
13), 115.3 (C-14), 174.4 (C-15), 70.8 (C-16),
22.9 (C-17), 20.6 (C-18), 17.7 (C-19), 15.3
(C-20), 164.9 (C-1"), 125.7 (C-2"), 150.1 (C-
3'), 153.5 (C-5"), 123.4 (C-6'), 137.1 (C-7"),
165.5 (C-1"), 128.9 (C-2"), 130.3 (C-3", 7"),
128.4 (C-4", 6"), 133.6 (C-5"), VL %53
ik (Dai et al., 2006 ) i () FA—, BUEEEE
Y16 JFEET B,

aEW 7 HEKAK, ESIMS m/z: 575.2
[M+H]", #EMA LS 7 B2 T 574, 458 4
T A T H A A 4y €L, H, N, O, H-
NMR ( CDCl,, 600 MHz) &,: 1.85 (1H, m, H-
la), 2.13 (1H, m, H-1b), 2.21 (2H, m, H-2),
5.29 (1H, brs, H-3), 5.91 (1H, d, J=10.4 Hz,
H-6), 5.73 (1H, d, J=10.4 Hz, H-7), 2.53
(1H, dd, J=12.0, 1.8 Hz, H-10), 5.57 (1H, br
d, J=10.4 Hz, H-11), 2.72 (1H, dd, J=14.4,
10.4 Hz, H-12a), 3.42 (1H, brd, J=14.4 Hz, H-
12b), 4.57 (1H, d, J=16.8 Hz, H-16a), 4.78

(1H, d, J=16.8 Hz, H-16b), 1.36 (3H, s, H-
17), 1.59 (3H, s, H-18), 1.48 (3H, s, H-19),
1.05 (3H, s, H-20), 9.06 (1H, br s, H-3"),
8.71 (1H, br d, J=4.8 Hz, H-5"), 7.29 (1H,
dd, J=8.1, 4.8 Hz, H-6"), 8.11 (1H, brd, J=
8.1 Hz, H-7"), 8.99(1H, brs, H-3"), 8.69 (1H,
brd, J=4.8 Hz, H-5"), 7.29 (1H, dd, J=17.8,
4.6 Hz, H-6"), 8.09 (1H, brd, J=7.8 Hz, H-
7") ,”C-NMR (CDCl,, 150 MHz) &.: 19.5 (C-1),
26.5 (C-2), 123.6 (C-3), 141.1 (C-4), 43.1 (C-
5),76.5 (C-6), 77.4 (C-7), 78.2 (C-8), 47.5
(C-9),40.7 (C-10), 75.9 (C-11), 29.1 (C-12),
130.1 (C-13), 139.3 (C-14), 171.7 (C-15),
70.3 (C-16), 21.9 (C-17), 20.6 (C-18), 17.4
(C-19), 16.6 (C-20), 164.8 (C-1"), 126.7 (C-
2"), 150.4 (C-3"), 153.5 (C-5"), 123.5 (C-6'),
137.8 (C-7"), 164.8 (C-1"), 125.9 (C-2"),
150.3 (C-3"), 153.4 (C-5"), 123.6 (C-6"),
137.6 (C-7") . VL b %45 SCHR ( Dai et al., 2007)
B A — B, S E AW T S TR AR
FEPATEDE H,

&Y 8 HEKK, ESI-MS m/z: 535.2
[M+H]", 533.1 [ M=H ], #E{b-59 8 5> 1
TN 534, 456 S5 R Bl I g ok
C,Hy,N,0,,'"H-NMR (CDCl,, 600 MHz) &,: 1.36
(1H, m, H-la), 1.68 (1H, m, H-1b), 2.08
(2H, m, H-2), 5.25 (1H, br s, H-3), 5.94
(1H, d, J=10.2 Hz, H-6), 5.63 (1H, d, J=10.2
Hz, H-7), 2.51 (1H, dd, J=12.6, 2.1 Hz, H-
10), 7.26 (1H, brd, J=16.8 Hz, H-11), 6.21
(1H, d, J=16.8 Hz, H-12), 1.59 (3H, s, H-
14), 1.45 (1H, s, H-15), 1.26 (3H, s, H-16),
1.09 (3H, s, H-17), 4.54 (2H, br s, H-18),
9.06 (1H, brs, H-3"), 8.69 (1H, brd, J=4.8
Hz, H-5'), 7.27 (1H, dd, J=7.9, 4.8 Hz, H-
6'), 8.14 (1H, br d, J=7.9 Hz, H-7"), 9.02
(1H, brs, H-3"), 8.68 (1H, brd, J=4.8 Hz, H-
5"y, 7.28 (1H, dd, J=7.8, 4.8 Hz, H-6"), 8.08
(1H, brd, J=7.8 Hz, H-7") ,"C-NMR (CDCl,,
150 MHz) 8.: 19.4 (C-1), 26.3 (C-2), 123.5
(C-3), 140.7 (C-4), 43.3 (C-5), 76.2 (C-6),
76.4 (C-7), 77.2 (C-8), 48.5 (C-9), 42.7 (C-
10), 154.9 (C-11), 126.7 (C-12), 198.5 (C-
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13), 20.3 (C-14), 17.5 (C-15), 15.3 (C-16),
22.9 (C-17), 66.8 (C-18), 164.8 (C-1'), 124.7
(C-2"), 150.7 (C-3"), 153.5 (C-5"), 123.9 (C-
6'), 137.2 (C-7"), 164.7 (C-1"), 125.9 (C-2"),
150.7 (C-3"), 153.5 (C-5"), 123.6 (C-6"),
137.5 (C-7") . LA E%dE 5 3CHR (Dai et al., 2011)
B W HEA — B R BB Y 8 RGN,

EW 9 HEMAK, ESI-MS m/z: 558.1
[M+H]", 580.2 [ M+Na |*, #fEM{L&9 9 (943
i 557, 45 G A R BT B 4 L4 5K
1 Cy; Hig NO,,' H-NMR ( CDCL,, 600 MHz) §,:
1.36 (1H, m, H-la), 1.67 (1H, m, H-1b), 2.07
(2H, m, H-2), 5.25 (1H, br s, H-3), 5.91
(1H, d, J=10.2 Hz, H-6), 5.75(1H, d, J=10.2
Hz, H-7), 2.39 (1H, br d, J=12.4 Hz, H-10),
6.44 (1H, d, J=16.8 Hz, H-11), 6.48 (1H, d,
J=16.8 Hz, H-12 ), 5.96 (1H, brs, H-14), 5.02
(2H, br s, H-16), 1.06 (3H, s, H-17), 1.59
(3H, s, H-18), 1.47 (3H, s, H-19), 1.28 (3H,
s, H-20), 9.02 (1H, br d, J=1.8 Hz, H-3"),
8.64 (1H, dd, J=4.8, 1.8 Hz, H-5"), 7.24 (1H,
dd, J=7.8, 4.7 Hz, H-6'), 8.07 (1H, brd, J=
7.8 Hz, H-7"), 7.81 (2H, d, J=8.2 Hz, H-3",
7"y, 7.28 (2H, dd, J=8.2, 7.4 Hz, H-4", 6"),
7.39 (1H, br t, J=7.4 Hz, H-5")."” C-NMR
(CDCl,, 150 MHz) 8,: 19.5 (C-1), 26.3 (C-2),
123.3 (C-3), 140.9 (C-4), 43.5 (C-5), 75.5 (C-
6), 76.9 (C-7), 77.1 (C-8), 48.5 (C-9), 42.9
(C-10), 146.9 (C-11), 122.3 (C-12), 162.5 (C-
13), 115.1 (C-14), 174.6 (C-15), 70.4 (C-16) ,
22.8 (C-17), 20.5 (C-18), 17.6 (C-19), 15.3
(C-20), 164.9 (C-1"), 125.4 (C-2"), 150.7 (C-
3'), 153.6 (C-5"), 123.5 (C-6"), 137.5 (C-7"),
165.8 (C-1"), 129.9 (C-2"), 129.5 (C-3", 7"),
128.5 (C-4", 6"), 133.3 (C-5"), VI F%(#E 5
ik ( Wang et al., 2010) fiRi8 By A — 2, Sk 2 1k
G 9 R P RGER Y,

EW 10 HEH K, ESI-MS m/z: 575.3
[M+H]*, #EMALS Y 10 B9 T8 574, 4554
T RN B 1S AP, HE W 4y XKy, Hyg Oy
'"H-NMR (CDCI,, 600 MHz) &,: 1.66 (1H, m, H-
la), 2.06 (1H, m, H-1b), 2.19 (2H, m, H-2),
5.34 (1H, brs, H-3), 5.68 (1H, d, J=10.1 Hz,

H-6), 3.75 (1H, d, J=10.1 Hz, H-7), 2.88
(1H, dd, J=12.6, 2.6 Hz, H-10), 5.83 (1H,
dd, J=12.0, 4.3 Hz, H-11), 1.75 (1H, m, H-
12a), 2.55 (1H, m, H-12b), 2.56 (1H, d, J=
17.8 Hz, H-14a), 3.17 (1H, d, J=17.8 Hz, H-
14b), 4.05 (1H, d, J=8.8 Hz, H-16a), 4.22
(1H, d, J=8.8 Hz, H-16b), 1.12 (3H, s, H-
17), 1.69 (3H, s, H-18), 1.37 (3H, s, H-19),
1.09 (3H, s, H-20), 7.84 (2H, m, H-3", 7"),
7.37 (2H, m, H-4', 6'), 7.42 (1H, brt, J=7.8
Hz, H-5"), 7.77 (2H, m, H-3", 7"), 7.48 (2H,
m, H-4", 6"), 7.45 (1H, brt, J=7.8 Hz, H-
5") ., C-NMR (CDCl,, 150 MHz) 6.: 29.1 (C-1),
33.5 (C-2), 121.6 (C-3), 143.9 (C-4), 44.5 (C-
5), 73.3 (C-6), 70.4 (C-7), 83.2 (C-8), 39.5
(C-9), 43.7 (C-10), 72.6 (C-11), 29.7 (C-12),
77.1 (C-13), 43.6 (C-14), 174.4 (C-15), 76.8
(C-16), 19.9 (C-17), 20.5 (C-18), 16.7 (C-
19), 22.4 (C-20), 166.9 (C-1"), 128.7 (C-2"),
130.1 (C-3", 7'), 129.5 (C-4', 6'), 133.5 (C-
5'), 168.5 (C-1"), 129.6 (C-2"), 130.2 (C-3",
7"), 128.5 (C-4", 6"), 133.8 (C-5"), L\ b %dE
5 3CHk (Dai et al., 2006) 1B B9 A — 2, HUE &
1659 10 4 barbatin A,

k& 11 AR, ESI-MS m/z: 575.3
[M+H] ", #EWAEEGY 11 02k 574,456 &
TR Bk % A N O 4y R € Hy Oy, ' H-
NMR (CDCl,, 600 MHz) &,: 1.86 (1H, m, H-
la), 2.47 (1H, m, H-1b), 1.46 (1H, m, H-
2a), 2.08 (1H, m, H-2b), 2.15 (1H, m, H-
3a), 2.31 (1H, m, H-3b), 5.71 (1H, d, J=10.8
Hz, H-6), 5.65(1H, d, J=10.8 Hz, H-7), 2.37
(1H, dd, J=12.6, 2.0 Hz, H-10), 4.37 (1H,
dd, J=12.4, 4.1 Hz, H-11), 1.59 (1H, m, H-
12a), 2.16 (1H, m, H-12b), 2.87 (1H, d, J=
17.0 Hz, H-14a), 3.05 (1H, d, J=17.0 Hz, H-
14b), 4.25 (1H, d, J=9.0 Hz, H-16a), 4.41
(1H, d, J=9.0 Hz, H-16b), 1.11 (3H, s, H-
17), 4.64 (2H, br s, H-18), 1.45 (3H, s, H-
19), 1.59 (3H, s, H-20), 7.94 (2H, m, H-3',
7'y, 7.56 (2H, m, H-4', 6'), 7.44 (1H, brt,
J=7.8 Hz, H-5"), 7.96 (2H, m, H-3", 7"), 7.65
(2H, m, H-4", 6"), 7.49 (1H, brt, J=7.8 Hz,
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H-5") ,”C-NMR (CDCl,, 150 MHz) §.: 22.3 (C-
1), 28.5 (C-2), 32.6 (C-3), 154.7 (C-4), 45.9
(C-5), 74.3 (C-6), 70.1 (C-7), 84.8 (C-8),
43.7 (C-9), 43.4 (C-10), 74.6 (C-11), 31.6 (C-
12), 77.7 (C-13), 42.6 (C-14), 174.2 (C-15),
79.4 (C-16), 16.7 (C-17), 104.5 (C-18), 17.7
(C-19), 20.4 (C-20), 166.7 (C-1"), 128.8 (C-
2"y, 130.3 (C-3",7"), 129.2 (C-4", 6"), 133.2
(C-5"), 167.9 (C-1"), 129.5 (C-2"), 129.9 (C-
3", 7"), 128.3 (C-4", 6"), 133.7 (C-5"), I E
R 5 Sk ( Dai et al., 2006 ) HE 1 54— 2, i
K EALE W) 11 24 barbatin B,

k&M 12 HEk KR, ESI-MS m/z: 557.3
[M+H]", #EWLEY 12 B3 F 58 556, 45/ &
T B 1 M HE DU 4 20k €4, Hy 0,0 H-
NMR ( CDCl,, 600 MHz) 8,: 1.36 (1H, m, H-
la), 1.66 (1H, m, H-1b), 2.06 (2H, m, H-2),
5.25 (1H, brs, H-3), 5.73 (1H, d, J=10.4 Hz,
H-6), 5.91(1H, d, J=10.4 Hz, H-7), 2.37(1H,
dd, J=12.8, 2.1 Hz, H-10), 6.47 (1H, d, J=
16.8 Hz, H-11), 6.43 (1H, d, J=16.8 Hz, H-
12), 5.95 (1H, brs, H-14), 5.01 (1H, dd, J=
16.8, 1.8 Hz, H-16a), 5.04 (1H, dd, J=16.8,
1.8 Hz, H-16b), 1.06 (3H, s, H-17), 1.59 (3H,
s, H-18), 1.47 (3H, s, H-19), 1.28 (3H, s, H-
20), 7.83 (2H, m, H-3", 7'), 7.31 (2H, m, H-
4',6'),7.43 (1H, brt, J=7.8 Hz, H-5"), 7.86
(2H, m, H-3", 7"), 7.34 (2H, m, H-4", 6"),
7.47 (1H, br t, J=17.8 Hz, H-5")."” C-NMR
(CDCl,, 150 MHz) 8.: 19.5 (C-1), 26.5 (C-2),
123.5 (C-3), 139.9 (C-4), 43.5 (C-5), 75.8 (C-
6), 75.9 (C-7), 77.2 (C-8), 48.4 (C-9), 42.7
(C-10), 146.8 (C-11), 121.7 (C-12), 162.1 (C-
13), 115.1 (C-14), 174.0 (C-15), 70.8 (C-16) ,
22.8 (C-17), 20.2 (C-18), 17.5 (C-19), 15.3
(C-20), 166.2 (C-1"), 129.8 (C-2"), 130.5 (C-
3',7'), 128.2 (C-4", 6'), 133.3 (C-5"), 166.3
(C-1"), 129.5 (C-2"), 129.3 (C-3", 7"), 128.3
(C-4",6"), 132.8 (C-5") . LI F%d 5 CHR ( Dai
et al., 2008 ) i By HEA — 3, M E LGP 12
barbatin D,

EW 13 B K, ESI-MS m/z: 317.1

[M+H]*, 339.2 [M + Na]*,#fEMiLA 9 13 (94
T 0 316, 45 & 00k Fak i Fc e | #3475
H C,H,0,,"H-NMR ( DMSO-d,, 600 MHz) §,:
6.21 (1H, d, J=1.9 Hz, H-6), 6.32(1H, d, J=
1.9 Hz, H-8), 6.58 (1H, d, J=8.2 Hz, H-3"),
7.29 (1H, dd, J=8.2, 8.1 Hz, H-4'), 6.57 (1H,
d, J=8.1 Hz, H-5"), 12.52 (5-OH), 10.76 (7-
OH), 9.79 (5-OH), 3.75 (3H, s, 2'-OMe) ., " C-
NMR ( DMSO-d,, 150 MHz) &.: 145.9 (C-2),
138.1 (C-3), 176.7 (C-4), 161.4 (C-5), 98.3
(C-6), 164.0 (C-7), 93.6 (C-8), 157.6 (C-9),
103.9 (C-10), 107.4 (C-1"), 158.8 (C-2'),
102.1 (C-3"), 131.9 (C-4"), 108.7 (C-5"),
156.7 (C-6"), 55.8 (2'-OMe) , UL I %4 5 3k
(Long et al., 2015) it i () 3EA — 8, S b &
W13 K5, 7, 6'-—=FRIH-2" - H A L A

&Y 14 EAK K, ESI-MS m/z; 315.1
[M+H]", #ENA Y 14 0T 50 314, 24564
TR R P O 4y 7 500k €, H, O, H-
NMR ( DMSO-d,, 600 MHz) 8,: 6.98 (1H, s, H-
3),7.53~7.67 (3H, m, H-3", 4', 5'), 7.96 ~
8.09 (2H, m, H-2', 6'), 12.71 (1H, s, 5-OH),
3.88 (3H, s, 6-OMe), 3.79 (7-OMe) " C-NMR
(DMSO-d,, 150 MHz) 8.: 164.1 (C-2), 105.2
(C-3), 182.7 (C-4), 146.3 (C-5), 132.8 (C-6),
152.0 (C-7), 129.1 (C-8), 148.9 (C-9), 103.8
(C-10), 131.4 (C-1"), 126.8 (C-2", 6'), 130.0
(C-3",5"), 132.5 (C-4"), 60.5, 61.5 (-OMe x
2) . ULﬁﬁLﬁiT‘%ﬁ(Tomimori et al., 1982)T&ﬁ
AR —2, B E G 14 7y 5, 8- k-6,
7- W AR LB
2.2 ABFJE HepG2 40 R 58 3 15 14

K H CCK-8 L 3FA T &4 1-14 X A8
57 HepG2 4t JfL 442 40 3 5 410 1 3 1, 1, {8 I
F1, AR, EEYW1-3.8.9.13 14 ¥R
W WG, LAY 4.7 10-12 RELB KM
Jiyeg 40 e 3 B B0 S Ltk B 6 [ 1Cs, fH K
(15.62 + 2.07) wmol « L™ T 41 it 35 4 #1335 12 F1 BH
PEXTRE [ U4, 1C, {54 (13.74 £ 1.04) pmol + L]
WPERE T, WAL &8 5 [1C, 16 K (1.25 + 0.39)
pwmol « L] I HE G4 B 5 %) i JRg 200 i 134 i 41
il I
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Nic Nic

H Nic
H Bz
Bz H

OR,
Ry Ry

5 Nic Nic 8

6 Nic Bz

9 Bz Nic

12 Bz Bz

4 R;=Nic R,=Bz "LH \ /
7 R;=Nic Ry=Nic

1 &9 1-14 HEHK

Fig. 1 Structural formulas of compounds 1-14

&1 LAY 1-14 3 ABFRE HepG2
48 52 30 6 9 1C.,, 1

Table 1 1C,, values of compounds 1-14 on the inhibition
against proliferation of HepG2 cell

[azL] IC;,
Compound (umol - L)
G4 Cisplatin 13.74+1.04
1 >100
2 >100
3 >100
4 86.49+2.36
5 1.25£0.39
6 15.62+2.07
7 75.53+1.46
8 >100
9 >100
10 79.62+2.21
11 61.53+1.16
12 85.67+1.67
13 >100
14 >100

2.3 FRE

FIH Autodock Vina 1.1.2 #4445 16 M B 8- 1) A
AL W RETL A (5) FIPEAERL B (6) 5
#LFR VEGF-2 85 1 \FGFR-1 & H #4773 1 Xf 42, 1k
BYEZIRNLE A DB L 45 A BE (keal - mol™)
B SEE T 0 keal + mol™, L&Y AR
HATLALE &, 45 G HEM T -5 keal - mol™, FHH 25
BRI (R FES,2022), s FAEEE RN
FEREAR VEGF-2 #E 1 5 H 4 7 M I K 0K 8 Je
(LEV) 2545 6882 -9.2 keal + mol™, T 5 2 4% 2 5
A(5) CEHGES B(6) BI45 5 HEST I -8.5,-8.4
kcal « mol™ ; FGFR-1 & 5 HARF LA LEV 945
A HEHN-10.6 keal + mol™, M 52FEIEH A(5) 2k
FEB B(6) A5G RE IR 0.7 1.1 keal + mol ™,
I, e B s ik G 9 6 5 VEGF-2 HoA R A4
A0 Ha xR LA 2, mE 2 AT 2R R
A(S) FPERGES B (6) 38 i &5 5 GLY-841 \LEU-
840 . ASN-923 ARG-1032 255k H4h 4
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R A&# 8 Lenvatinib—VEGF-2

P FEPKA Scutebarbatine A—VEGF-2

AR TEIB Scutebarbatine B—VEGF-2

B2 a¥sHiLEa 65 VEGF-2 EAMS T
Fig. 2 Molecular docking of compounds 5 and 6 with VEGF-2 protein
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R Sy Fe B UL b 2 AR B i R 4
IR, A0 2B KO 2516 7 53U B G
S7 AR (kA 4, 2022)  H AT, PR E R A
G T B PR B 28 1 03 R0 22 WE 2 A e R K
YEFIOLE B BIF 5T . 3 JLAR ) X T R 3 s Je —
i AE W0 Ak 2 B A S B W G 2 15 8 T —
LB BRI AL 0. Wu 55 (2015) BF5E &
w5 Y A - L. ( 14R )-14B-
hydroxyscutolide K %5 13 4~k & ¥ %F EB ik 75 2L i
S AR BRI RT, A S scutolide D #Y
EC.o (25 RN e BE ) A ST B35 50 {8551l
3.2 pmol « LI 46.1, RN EB %5 8 H AT 08
I PR R 22 A 5 Xue 55 (2016) BIF5Y % BLF B3
G T A S Ak B Y scutebatin A (6, 7-
UM OER MR RO R A FE M G (6, 7-di-0-
nicotinoylscutebarbatine G ) | 6-4H i ik 44 F&-7-2 Mk
AR O K % B G ( 6-O-nicotinoyl-7-0-
acetylscutebarbatine G) i 3EHK W ( scutebarbatine
W) R L AERIAK (8 P-gp P15 ) HA
UF B XL 2 251 25 (MDR) fig 77, H AR FH 5o Ak
G W scutebatin A, H3E 1 0] P-gp 36 P A0 0
p WA 3R IK 0 22 25 2 5 Yuan 55 (2017 ) BF5E
KIERGE AL A scubatine F XF A549 (A fii fif
P ) 20 A N HL-60 (A 5400 40 Jf 1 i ) 48 i %
PR — %2 40 M T2 35 M, 1C,, 43 )M 10.4 pmol -
LA 15.3 pmol - L', £ BRI, HFfEACE =
A G W TG AT TR A D, E B AR P AEHUIE 5 |

scutolide

PLZ 2Tt 245 55 J7 10, Wi 2E B R 0 2 T oY
A U HORTEBU 7T

AT 2 A 3 95 % £ FEHEBUYI 0 R £ TR 7
IGHRALHEAT T LA AE B0 B2 eI, & B 50% &, %
VRN AL AT AR 7 i B L B8 0 1, 3L 32 0
LAY R B AL AW, T 70% ~90% £ B8 it 8 407
X FL BRI JC B i M (25 4R 55 2023) o [RTEE X
60% ~ 90% K AL R £, s 8 JBd 355 A5 32 A7 Bt i 98 0
PEGH E (X KEE, 2023 ) o A58 DI 7E i 3 B9
TG PRI ZE BE Al I, 26 BOIE E B 4 19 70% £ VR A
TAAE XS S, I Z Rk F B 70% 2 FE Pk
WA Hp oy B A5 3] 14 DRI G, G 12 A~
ARG 2 N EIRAE Y, Kbk &9 1-
3.13 14 hE RNz Y oy s 2, [WEE, A
CCK-8 1T 1 14 RS W xF N JH5 HepG2
20 LR R S B T R R, o ik A 1-3 .8,
9 .13 14 JCH] AN HIEE, LS 4.7 .10-12 %
PR 55 1 10T M A 6 T iR A A 1 E
FHITEE (IC, H A 15.62 pmol - L) 5 BH L X IE
WPERET, AL A4 5 F B0 LU U B 4 1 i g
20 e 4 BRI 05 M (1C, (B0 1.25 pumol - L) o H
T A5 0 B B 6 v i 2 A B s b
BALE Y 53 J8 A TR 18T vi 0 e 245 4 28 10 | PA) G
PR 2 HHTA AR, 8 SOk A B & AL &
Y 4.6.7.8.10 11 XF HONE-1 A 55 0 5 2 i bk |
KB A\ i 3R K R 9 40 Bk A HT-29 45 i i 4
bk 357 5L A 5 A 1 A K A O L 1C, (R 2.8 ~
8.1 pwmol - L' (Dai et al., 2006, 2007, 2009,
2011) , F A s 25 Ak & W o A i O 1wl
WRER I B 16 v (A i — i gE . AR
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G IR A ] 43 % 43 2 R A6 & W) 2B B R A
(5) FFERGE B(6) S5AELIR 4 S0, 18
i — 2P 25 AR A JE (B e i e ) TR Y
bR &5 A B A R AT B0 E (https://www. resh.
org/ ) HHVRE S 14 T AR AR AR J % B 1) 2 1 O
2 AP #FR VEGF-2(ID:3WZD) . FGFR-1(ID;
5zv2) s EAE N HAs & . A autodock vina
L1.2 ¥4k &5% 5 Ak a Y 6 5 A Bk T 1
X, AR BN, CEECER A (5) I RGE B
(6)5 VEGF-2 EE A RIFmasi & aE ), bRtk
BIemss, 05 FGFR-1 & A 455 A8 1 22, KWk
G5 FALEY 6 MBI S R Z — AT B>
VEGF-2 H H , BRI IE M 5 224 T L] 8 w5 22 5
—LRAWIE
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