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Flavonoids from Gleditsiae Spina and their antitumor activities

LI Gang', WANG Zhao-ping', XIAN Yun-xia?, ZHOU Hong-lei>, WANG Xiao':? , LIU Wei!, YU Jin-gian'
1. Shandong Key Laboratory of TCM Quality Control Technology, Shandong Analysis and Test Center, Jinan 250014, China
2. College of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250014, China

Abstract: Objective To investigate the flavonoids from Gleditsiae Spina (thorns of Gleditsia sinensis) and their antitumor activities.
Methods The chemical constituents in the EtOAc fraction from Gleditsiae Spina were isolated and purified by the chromatography on
silica gel, Sephadex LH-20 columns, and semi-preparative HPLC. Their structures were identified by various spectroscopic analyses,
and the cytotoxicity of compounds 7—16 were evaluated in vitro against MCF-7 cell lines by SRB method. Results Sixteen
compounds were isolated from the extracts of Gleditsiae Spina and identified as tricin (1), liquiritigenin (2),
7.,4'-dihydroxy-5,3'-dimethoxyflavanonol (3), garbanzol (4), 7,3',5"-trihydroxyflavanone (5), 7,4"-dihydroxyflavonol (6), dihydrokaempferol
(7), butein (8), (25)-5,7,3",5"- tetrahydroxyflavanone (9), 7,3’,5'-trihydroxy-5-methoxyflavanonol (10), quercetin (11), fustin (12), fisetin (13),
leucorobinetinidin (14), thevetiaflavon (15), and isovitexin (16). Compound 8 showed the inhibitory effect against MCF-7 cells with ICso
value of 28.53 umol/L. Conclusion Compounds 1—6, 8—10, 14 and 15 are isolated from the plants of Gleditsia L. for the first time,
compound 8 shows the significant cytotoxic activity against MCF-7 cells.
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5). 7.4'- ¥R W IAEE (7,4'-dihydroxyflavonol, 6)+
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[(25)-5,7,3',5'-tetrahydroxyflavanone, 9]. 7,3',5'-=
F& Bk -5- FOS AR B M BE ( 7,3',5-trihydroxy-5-
methoxyflavanonol, 10). #5 2 (quercetin, 11).
B PR & (fustin, 12)+ fisetin (13). leucorobinetinidin
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ACEE N B E LC20A (HARREAFD: MWEREK
GFassn HEEIERER (FBiEFA T ; HPLC A
B, ZMENEEal (L Tedia AT, EEMRIELEFIK;
HApR G At N4t MCF-7 (H ER}
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BN Gleditsiae Spina Zikt KT B M T
Yy, LR R 2R I R A i N SRR
JEFEY) B3 Gleditsia sinensis Lam. BT /&R . #£
bR (201308200 FRAFF L ZRE 2 RO 1
AR 2 o B i BOR H R I
2 RERESE

T2 AR 8 kg HrtlE, 1T 40 Hif. H 95%4
B 64 L [MIFERIN 3 K, &R 2 h, &I IRAETRIN
o W SEAARR A MEE . BER QBT 3 IR, W
F1STEIR CEERALIR B 2 230 go BRIR LB 4
FERRE (i 70 B9, SR S - FF A2 (100 2 0—0
1000 BEEEVEML, 4 TLC KiRE&HAEE] 15 MEt
Fr. 1~15.

Fr. 6 2L 3% . Sephadex LH-20. HPLC
il &AL o BB A 1 (85 mg); Fr. 74

Tk AT €3 45 & HPLC il % U (il 7 S5 2 &
Y2 (8.0mg). 3 (14.5mg); Fr. 8 LRERK: ik,
Sephadex LH-20, %54 HPLC il &yiAH i, 4k
mETERARANAEY 4 (31.4mg). 6 (5.2 mg). 7
(26.2 mg). 9 (4.0 mg); Fr. 9 ZRERALGIELE S
Sephadex LH-20. HPLC il % iAH (il 43 28 15 24k
AW15 (33.4mg). 6 (5.2mg). 8 (8.0mg). 9 (6.0
mg); Fr. 10 &RER A (345 & Sephadex LH-20 43
HAARLAY 10 (8.2 mg). 11 (8.5 mg); Fr. 12
LR EE . Sephadex LH-20. il £ WA (1 43
BAARAY 10(7.6 mg) 11(7.4 mg).12(27 mg)-
13 (329 mg). 14 (9.6 mg). 15 (92 mg); Fr. 14
AR (T 455 RP-Cog H H A (03 | i £ AH (5
BRI A 16 (6.2 mg).
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WA 1: 3% (CHOHD, ESI-MS m/z: 331.0
[M-+H]" (C17H1407); 'H-NMR (600 MHz, DMSO-ds) J:
12.97 (1H, s, 5-OH), 7.33 (2H, s, H-2', 6), 6.99 (1H, s,
H-3), 6.57 (1H, d, J= 1.2 Hz, H-8), 621 (1H, d, J= 1.2
Hz, H-6), 3.89 (6H, s, 3', 5“OCH3); "3C-NMR (150
MHz, DMSO-ds) 0: 182.2 (C-4), 164.6 (C-7), 164.1
(C-2), 161.8 (C-5), 157.8 (C-9), 148.6 (C-3', 5"), 140.3
(C-4'), 120.8 (C-1"), 109.9 (C-2', 6'), 104.8 (C-10), 104.2
(C-3), 104.0 (C-6), 94.6 (C-8), 56.8 (3', 5-OCH3). VLI
i 5 kR IE — 20, MOEEEAY 1A tricin.

&) 2. gl (CH;0H), ESI-MS m/z:
256.8 [M+H]" (C1sH1204); 'H-NMR (400 MHz,
DMSO-ds) 6: 10.56 (1H, s, 7-OH), 9.58 (1H, s,
4'-OH), 7.65 (1H, d, J = 8.8 Hz, H-5), 7.32 (2H, dd,
J =24, 88 Hz, H-2', 6), 6.79 (2H, dd, J = 2.0, 8.4
Hz, H-3', 5"), 6.51 (1H, dd, J = 2.4, 8.8 Hz, H-6), 6.33
(1H, d, J = 2.4 Hz, H-8), 5.44 (1H, dd, J = 2.8, 12.8
Hz, H-2), 3.16 (1H, dd, J = 3.6, 16.8 Hz, H-3a), 2.62
(1H, dd, J = 2.8, 16.8 Hz, H-3b); '3C-NMR (100
MHz, DMSO-ds) 6: 190.5 (C-4), 165.1 (C-7), 163.6
(C-9), 158.1 (C-4"), 129.8 (C-1"), 128.9 (C-5), 128.7
(C-2', 6"), 115.6 (C-3', 5'), 114.0 (C-10), 110.9 (C-6),
103.0 (C-8), 79.4 (C-2), 43.6 (C-3). LA _b#¥E 5k
RE—H, BEENED 2 NHEER.

& 3. 3 45 (CH;0H), ESI-MS m/z: 333
[M+H]"; '"H-NMR (400 MHz, DMSO-ds) J: 7.06
(1H, d, J = 2.0 Hz, H-2'), 6.88 (1H, dd, J = 2.0, 8.0
Hz, H-6'), 6.77 (1H, d, J = 8.0 Hz, H-5"), 6.04 (1H, d,
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J = 1.6 Hz, H-6), 5.88 (1H, d, J = 1.6 Hz, H-8), 4.91
(1H, d, J = 11.6 Hz, H-2), 4.35 (1H, d, J = 11.2 Hz,
H-3), 3.77 (6H, s, 5, 3'-OCH3;); '3C-NMR (100 MHz,
DMSO-ds) J: 190.2 (C-4), 165.2 (C-7), 164.2 (C-9),
162.6 (C-5), 147.8 (C-3"), 147.4 (C-4"), 130.1 (C-1"),
121.4 (C-6"), 115.4 (C-5"), 112.6 (C-2'), 102.1 (C-10),
96.1 (C-8), 94.1 (C-6), 83.0 (C-2), 72.8 (C-3), 56.1 (5,
3-OCHs). DA 3 5 ks — 50, #iss e
B3N 7.4 R HE-5 3 AR R T I

b &4 4: FEEKAK, ESI-MS m/z: 273 [M+H]"
(C1sH120s5); 'H-NMR (400 MHz, DMSO-ds) 6: 7.64
(1H, d, J = 8.4 Hz, H-5), 7.32 (2H, d, J = 8.4 Hz, H-2',
6'), 6.79 (2H, d, J = 8.4 Hz, H-3', 5"), 6.53 (1H, dd, J =
2.0, 8.4 Hz, H-6), 6.29 (1H, d, J = 2.0 Hz, H-8), 5.03
(1H, d, J = 11.6 Hz, H-2), 4.49 (1H, d, J = 11.6 Hz,
H-3); 3C-NMR (100 MHz, DMSO-ds) 6: 192.9 (C-4),
165.5 (C-7), 163.3 (C-9), 158.1 (C-4'), 130.0 (C-2’,
6'), 129.1 (C-5), 128.4 (C-1), 115.3 (C-3', 5"), 112.5
(C-10), 111.4 (C-6), 102.9 (C-8), 83.8 (C-2), 72.9
(C-3)o LA B 5 ocfdiE — 8, M eEaY
4 FJEME T

& 5. #4555 (CHOH), ESI-MS m/z: 273
[M+H]" (C15H1205); 'H-NMR (400 MHz, DMSO-dj)
J9: 7.63 (1H, d, J = 8.8 Hz, H-5), 6.89 (1H, brs, H-4"),
6.75 (2H, brs, H-2, 6"), 6.49 (1H, d, J = 9.2 Hz, H-6),
6.33 (1H, brs, H-8), 5.38 (1H, dd, J = 2.0, 12.4 Hz,
H-2a), 3.05 (1H, dd, J = 12.7, 16.7 Hz, H-3a), 2.63
(1H, dd, J=2.2, 16.7 Hz, H-3e); *C-NMR (100 MHz,
DMSO-ds) d: 190.5 (C-4), 165.5 (C-9), 163.6 (C-7),
146.1 (C-5"), 145.7 (C-3"), 130.4 (C-1"), 128.8 (C-5),
118.3 (C-2'), 115.8 (C-6"), 114.7 (C-10), 113.8 (C-4),
111.1 (C-6), 103.1 (C-8), 79.4 (C-2), 43.7 (C-3). L\ E
ol 5 scmkdaE — 250, MESER A S N 7,35
=R A AT .

b &4 6: FEEK A, ESI-MS m/z: 271 [M+H]"
(C15H1005); 'H-NMR (400 MHz, DMSO-ds) J: 10.08
(1H, s, 4-OH), 9.09 (1H, s, 7-OH), 7.92 (1H, d, J =
8.4 Hz, H-5), 8.51 (1H, s, 3-OH), 8.05 (2H, d, /= 8.8
Hz, H-2', 6), 6.93 (2H, d, J = 8.6 Hz, H-3', 5"), 6.92
(1H, d, J=1.2 Hz, H-8), 6.88 (1H, dd, J= 1.2, 8.4 Hz,
H-6); *C-NMR (100 MHz, DMSO-ds) J: 172.5 (C-4),
162.8 (C-7), 159.3 (C-4"), 156.8 (C-9), 145.5 (C-2),
137.6 (C-3), 129.7 (C-2', 6), 126.9 (C-5), 122.7 (C-1"),

115.8 (C-3', 5"), 115.2 (C-6), 114.7 (C-10), 102.4 (C-8).
DA 5 ik — S0, BEEE a6 o 7.4'-
TR

&) 7. FEK K, ESI-MS m/z: 289 [M+H]*
(C15H1206); 'H-NMR (400 MHz, DMSO-ds) 6: 11.93
(1H, s, 5-OH), 7.31 (2H, d, J = 8.4 Hz, H-2', 6"), 6.78
(2H, d, J = 8.4 Hz, H-3', 5'), 5.88 (1H, brs, H-8), 5.83
(1H, brs, H-6), 5.03 (1H, d, J = 11.4 Hz, H-2), 4.57
(1H, d, J = 11.4 Hz, H-3); *C-NMR (100 MHz,
DMSO-ds) 5: 198.1 (C-4), 168.0 (C-7), 163.8 (C-5),
163.0 (C-9), 158.2 (C-4'), 129.9 (C-2', 6), 128.1
(C-1"), 115.4 (C-3', 5'), 100.7 (C-10), 96.6 (C-6), 95.6
(C-8), 83.3 (C-2), 71.9 (C-3). VL 5 kIR
— U, SR A T AE IR

&Y 8: FELEANA, ESI-MS m/z: 2732 [M+
H]" (C15H1205); 'H-NMR (400 MHz, DMSO-ds) J: 8.12
(1H, d, J = 8.8 Hz, H-6'), 7.66 (2H, brs, H-a, p), 7.28
(1H, brs, H-2), 7.20 (1H, d, J = 8.0 Hz, H-6), 6.81 (1H,
d, J=8.0 Hz, H-5), 6.39 (1H, brd, J = 8.8 Hz, H-5'), 6.27
(1H, d, J = 2.0 Hz, H-3); C-NMR (100 MHz,
DMSO-ds) d: 191.8 (C = 0), 166.2 (C-2"), 165.6 (C-4"),
149.5 (C-4), 1462 (C-3), 1452 (C-p), 133.2 (C-6'),
126.6 (C-1), 122.9 (C-6), 117.7 (C-a), 116.2 (C-2, 5),
113.4 (C-1'), 108.7 (C-5'), 103.1 (C-3"). LA EH#E 5
BRE S, WSE G 8 RN B .

B 9. Ek A, ESI-MS m/z: 289.5 [M+H]"
(C1sH120¢6); 'H-NMR (400 MHz, DMSO-ds) J: 12.15
(1H, s, 5-OH), 9.11 (2H, s, 3', 5"-OH), 6.87 (1H, s, H-4"),
6.74 (2H, s, H-2', 6), 5.85 (2H, s, H-6, 8), 5.35 (1H, dd,
J=32,12.4 Hz, H-2), 3.17 (1H, dd, J= 11.2, 18.4 Hz,
H-3b), 2.67 (1H, dd, J= 3.2, 18.4 Hz, H-3a); "*C-NMR
(100 MHz, DMSO-ds) 6: 196.6 (C-4), 167.6 (C-7), 163.9
(C-5), 163.3 (C-9), 1462 (C-3"), 145.7 (C-5), 130.0
(C-1"), 1184 (C-4'), 115.8 (C-6"), 114.8 (C-2'), 102.1
(C-10), 96.3 (C-6), 95.5 (C-8), 78.9 (C-2), 42.6 (C-3). LA
O ocwkoE — 50, AT 9 N
(25)-5,7,3",5"- DUz AL — AT

&Y 10 FEEgE s (CH;0H), ESI-MS m/z:
319.3 [M+H]" (CisHi407); 'H-NMR (400 MHz,
DMSO-ds) 6: 6.85 (1H, s, H-4"), 6.73 (2H, s, H-2', 6'),
6.08 (1H, d, J = 1.6 Hz, H-6), 5.92 (1H, s, H-8), 5.19
(1H, brs, 3-OH), 4.87 (1H, d, J = 10.8 Hz, H-2), 4.22
(1H, d, J=10.8 Hz, H-3), 3.77 (3H, s, 5-OCH3);
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BC-NMR (100 MHz, DMSO-ds) 5: 190.4 (C-4),
165.2 (C-7), 164.2 (C-9), 162.6 (C-5), 146.1 (C-3"),
145.4 (C-5"), 128.8 (C-1"), 119.8 (C-4"), 115.7 (C-2"),
115.6 (C-6'), 102.9 (C-10), 95.9 (C-8), 93.8 (C-6),
82.9 (C-2), 73.1 (C-3), 56.2 (5-OCH3). VA E¥IES
SRR TE —E, S EEY) 10 N 7,37,5-= 5%
-5 PP S L T I

tEY 11: #E g (CH;OH), ESI-MS m/z:
303.7 [M+H]" (CisH1007); 'H-NMR (400 MHz,
DMSO-ds) d: 12.50 (1H, s, 5-OH), 10.70 (1H, s,
7-OH), 9.40 (3H, brs, 3, 3’, 5'-OH), 7.68 (1H, s, H-2"),
7.55 (1H, d, J=7.2 Hz, H-6'), 6.90 (1H, d, J = 8.0 Hz,
H-5"), 6.41 (1H, s, H-8), 6.19 (1H, s, H-6); '*C-NMR
(100 MHz, DMSO-ds) 6: 176.3 (C-4), 164.4 (C-7),
161.2 (C-9), 156.6 (C-2), 148.2 (C-5), 147.3 (C-4"),
145.5 (C-3'), 136.2 (C-3), 122.4 (C-1'), 120.4 (C-6"),
116.1 (C-5), 115.5 (C-2"), 103.5 (C-10), 98.7 (C-6),
93.8 (C-8). A % 5 Scikfo — 3™, #seth
H0 11 R .

&Y 12: ORI A, 'H-NMR (400 MHz,
DMSO-dg) : 7.63 (1H, d, J = 8.4 Hz, H-5), 6.89 (1H,
s, H-6), 6.75 (2H, m, H-2', 5), 6.52 (1H, d, J = 7.2
Hz, H-6), 6.29 (1H, s, H-8), 4.96 (1H, d, J = 11.2 Hz,
H-2), 4.40 (1H, d, J = 11.6 Hz, H-3); "*C-NMR (100
MHz, DMSO-de) 6: 192.8 (C-4), 165.7 (C-7), 163.3
(C-9), 146.1 (C-3"), 145.4 (C-4"), 129.1 (C-1"), 128.9
(C-5), 119.8 (C-6"), 115.8 (C-2"), 115.6 (C-5"), 112.4
(C-10), 111.5 (C-6), 102.9 (C-8), 84.0 (C-2), 73.1
(C-3). PAE%# 5 CiiiE — 5, e s
12 NBEHIRER .

&Y 13: B K, 'H-NMR (400 MHz,
DMSO-ds) 9: 7.93 (1H, d, J = 9.6 Hz, H-5), 7.70 (1H,
s, H-2"), 7.55 (1H, d, J = 8.4 Hz, H-6'), 6.90 (3H, brs,
H-2',5',6); *C-NMR (100 MHz, DMSO-ds) 6: 172.4
(C-4), 162.8 (C-7), 156.8 (C-9), 147.7 (C-4"), 145.5
(C-3"), 137.6 (C-3), 126.9 (C-1"), 123.0 (C-5), 120.1
(C-6"), 116.0 (C-5"), 115.4 (C-2"), 115.2 (C-10), 114.6
(C-6), 102.3 (C-8). LA LZdE5 sCkhos —k e,
WS BB 13 A fisetin.

&Y 14: FHEMH A, 'H-NMR (400 MHz,
DMSO-ds) 6: 7.09 (1H, d, J = 8.4 Hz, H-5), 6.63
(1H, s, H-6), 6.30 (1H, d, J = 6.8 Hz, H-8), 6.09 (2H,
s, H-2', 6"), 4.90 (1H, s, H-2), 4.73 (1H, s, H-3), 4.06

(1H, s, H-4); 3C-NMR (100 MHz, DMSO-ds) &:
159.4 (C-7), 154.1 (C-9), 148.2 (C-5'), 145.7 (C-3),
140.0 (C-4"), 1332 (C-1'), 117.2 (C-5), 111.3 (C-2,
6'), 108.7 (C-10), 103.3 (C-6), 102.5 (C-8), 71.6
(C-2), 70.0 (C-3), 62.7 (C-4)o VL ¥l 5 kg
—# 7, W% e AW 14 4 leucorobinetinidin.

tE 15: BRI K, 'H-.NMR (600 MHz,
DMSO-ds) d: 7.83 (2H, d, J = 8.4 Hz, H-2', 6'), 6.90
(2H, d, J = 8.4 Hz, H-3", 5"), 6.53 (1H, d, J = 1.2 Hz,
H-3), 6.51 (1H, s, H-8), 6.37 (1H, d, J = 1.2 Hz,
H-6), 3.79 (3H, s, 5-OCH3); *C-NMR (150 MHz,
DMSO-ds) 6: 175.6 (C-4), 162.3 (C-7), 160.6 (C-4"),
160.4 (C-2), 159.8 (C-5), 159.0 (C-9), 127.7 (C-2',
6'), 121.5 (C-1"), 115.8 (C-3', 5'), 107.1 (C-3), 105.9
(C-10), 96.5 (C-6), 95.2 (C-8), 55.8 (5-OCH3). Ll L
B 5 ks — s, M EhAEY 15 N
thevetiaflavon.,

&Y 16: HEF A, 'H-NMR (600 MHz,
DMSO-ds) J: 13.56 (1H, s, 5-OH), 10.42 (1H, brs,
7-OH), 7.93 (2H, d, J = 8.4 Hz, H-2', 6'), 6.93 (2H, d,
J = 8.4 Hz, H-3', 5"), 6.78 (1H, s, H-3), 6.52 (1H, s,
H-8), 4.59 (1H, d, J = 5.6 Hz, H-1"); *C-NMR
(DMSO-ds, 150 MHz) §: 181.9 (C-4), 163.5 (C-7),
163.3 (C-2), 161.2 (C-4"), 160.6 (C-5), 156.2 (C-9),
128.4 (C-2', 6"), 121.1 (C-1'), 116.0 (C-3, 5'), 108.9
(C-6), 103.4 (C-10), 102.8 (C-3), 93.6 (C-8), 81.5
(C-5"), 78.9 (C-3"), 73.1 (C-1"), 70.6 (C-2"), 70.2
(C-4"), 61.5 (C-6"). LA % 5 sCik o — M),
M LAY 16 NI ER
4 YHEREIEMAR

K FH SRB V2N & 20 i B 7% 141200, B Sk MCF-7
At T 96 fLE HE5E 24 h, SRIE RIS IIAAS
A FE 1 2R B ARAE S 0.3% DMSO #5577
Ferf) 200 pL/ AL, fEHARERE S5 0.1
(C1)+ 1 (C2) 10 (C3). 25 (C4). 50 (C5) Al
100 umol/L (C6). IEHXTIRAIMNFEES 0.3%
DMSO {8575 (C0O), 7] I 5 I PH 4 5 R 4
(DDP), 37 ‘C, 5% CO,857-4H 1% 48 ho 4
EER K T2 SRB WA 15 min, ZAEMA
200 pL F Tris W, ERE 2 ANLHME) SRB 7
TG, HEACER K 540 nm 40 E &AL
EUIRIEE (A {H, EEWE 3 R, HEMERN
(RN 2R 1Cso {1, W3R 1.
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®1 LAY 7~16 3F MCF-7 MHEMERIFN (X 5, n=6)
Table 1 Effect of compounds 7—16 against MCF-7 cells (X Ls, n = 6)
tEY) FUR /% ICso/(umol- L")

Cl Cc2 C3 C4 C5 Co6

6.96 10.27 12.45 14.70 18.54 35.95 —

0.93 —-1.61 16.29 52.46 69.09 76.90 28.53

1.84 0.65 3.27 2.23 7.61 18.29 —
10 0.85 0.56 1.40 1.79 2.44 7.78 —
11 11.19 12.46 16.27 23.19 47.86 48.47 —
12 0.19 —0.38 1.45 5.55 10.29 25.82 —
13 8.13 9.62 10.57 13.58 32.48 42.79 —
14 2.89 -1.13 1.41 2.53 4.26 6.95 —
15 9.01 6.43 12.21 6.02 11.08 11.33 —
16 6.14 391 11.85 10.28 23.25 24.78 —
DDP 1.79 17.76 63.07 73.16 79.29 83.52 7.23

MEE 1 ATLVEH, &Y 8 X MCF-7 41 i A

BREM A EEE, H ICs{H N 28.53 umol/L.
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