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Sephadex LH-20 %M 43 A - 1 4% 1 A0BUAH (3 46 7 VAT 4 B Ak, J8Id MS. NMR S50 % e L= 450y SR
MTT SEN AW 1~4. 6 4 AATIE/KERESN M SK-HEP-1 RN PE. SR NEMAINER ZHE 0 0388 12 M s
Y, OYRIS%EN 2-FIERME (1), 2,3-dihydro-5-(2-formylvinyl)-7-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-benzofuranmethanol
(2)\ E-REERR (3D 3-0- [ AP ERIEIEZE TR (4D J X WERR (5) . 4-hydroxy-3-methoxybenzamide (6)- threo-guaiacylglycerol-
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MRS TR 408 (12). A9 1% SK-HEP-1 41U f1) ICso {4 34.47 pg/mL. 518 BRAGED 54, HRWEWIEE RN
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EHEA: SRb B 2-ZEKM 3-0- S BT BRME AL A TR 5,7- IR AR AR B SK-HEP-1

RESES: R284.1 XHEFRERD: A XE/HRS: 0253 -2670(2015)19 - 2846 - 05

DOI: 10.7501/j.iss1.0253-2670.2015.19.005

Chemical constituents of Gleditsiae Spina and their antitumor activity

LI Gangl, XIAN Yun-xial, WANG Xiao" 2, ZHOU Hong-leil, DUAN Wen-juanz, YU]J in-qian2
1. College of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250014, China
2. Shandong Analysis and Test Center, Key Laboratory of TCM Quality Control Technology, Jinan 250014, China

Abstract: Objective To investigate the chemical constituents from Gleditsiae Spina (the thorns of Gleditsia sinensis) and their
antitumor activitives. Methods The chemical constituents were isolated and purified by the chromatography on repeated silica gel,
Sephadex LH-20 column, semi-preparative HPLC, etc. Their structures were elucidated by NMR and MS spectroscopic data analyses;
The cytotoxicity of compounds 1—4 and 6 was evaluated against human liver cancer SK-HEP-1 cells by MTT assay. Results Twelve
compounds were isolated from Gleditsiae Spina, and identified as 2-aminoimidazole (1), 2,3-dihydro-5-(2-
formylvinyl)-7-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-benzofuranmethanol (2), E-cinnamic acid (3), 3-O-trans-feruloylquinic
acid (4), trans-caffeic acid (5), 4-hydroxy-3-methoxybenzamide (6), threo-guaiacylglycerol-p-coniferyl aldehyde ether (7), 5,7-
dihydroxy-chromone (8), vanillic acid (9), protocatechuic acid (10), 3-O-caffeoylquinic acid methyl ester (11), and 3-O-caffeoylquinic
acid ethyl ester (12); Compound 1 exhibited the potent cytotoxicity against SK-HEP-1 cells with ICs, value of 34.47 pg/mL.
Conclusion All the compounds except compound 5 are isolated from the plants of Gleditsia L. for the first time; Compound 1 shows
significant cytotoxic activity against SK-HEP-1 cells.
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RAEONEE, BRI Hh e b
BT, T XS A R S e i A i 7 BRI S i T
B o RN ERITIE A R I R I 24 R4 ok
filt, ASSLIGN HAL By BEAT T RGWIFT, oy
BARE 12 MEEW, ol 2-F 5K
(2-aminoimidazole, 1) 2,3-dihydro-5-(2-formylvinyl)-
7-hydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-benzofu
ranmethanol (2). E-RFEFR (E-cinnamic acid, 3).
3-0- [ BT ERMESE 2 T /R (3-O-trans-feruloylquinic
acid, 4) S INHERR (trans-caffeic acid, 5)- 4-hydroxy-
3-methoxy-benzamide (6). threo-guaiacylglycerol-
B-coniferyl aldehyde ether (7). 5,7-—FJE(f )i
(5,7-dihydroxy-chromone, 8). # &L (vanillic acid,
9). JiLJLAMR (protocatechuic acid, 10). 3-O-WiiHE
WE4E 712 F s (3-O-caffeoylquinic acid methyl ester,
11 3-O-WHERE 22 7 /R £ 18 ( 3-O-caffeoylquinic acid
ethyl ester, 12). BR{LEH 5 4b, HREWEN
M ZIERY B R, a1 N
K i 4 i SK-HEP-1 FLA7 W] Y 40 ff #5975 1
1 EFES5HH

Varian INOVA-600 #% 4 3% 4 3 1% 4 (3%
Varian 227 ); Bruker-400 B REILHR P EAL (i 1A
By AT Pl HPLC 20t 4355 L-3000
RO B O BB16 AL CO, BiFRMH (i
Heraeus /A7) ); Fluostar Omega 43 K BEAR{L (&
BmgLabtech /A 7] ); OLYMPUS-CK J:2¢ Wi
(HA OLYMPUS 2A#]); —IRTEANIIER TR A 96
LT (FE [ Greiner 55— A4 A7 IR 2 W] 7=
i ); WEERER GFase, FEEIERER (200~300 H)O
(7 BiPEf 1) s HPLC HIFREE. QM5 el
(LM Tedia Aw)); HARWKAII A rai. NHE
K JRIE AN SK-HEP-1 40 itk (b [ P A R
AP,

2SR Gleditsiae Spina AR T2 = N i
Yy, GlZR P 2K R TR R S SRR
JEMY) B Gleditsia sinensis Lam. [0 .
2 7%
21 RRS59E

THEAMAH 8 kg, Bl 95% LM IAATREIN 3
UG BER 2h, SRBORE I RAT, 13 LT3,
AR e . BEIR SR 3 I, B2

IO, IRARAFBE IR SBEIBATIRH 230 go HUEE IR L1
WA AR A S (A - EE, 100 : 0—
0:100) HEATEREELEML, TLC KiiR&IEAE 15 4
AL Fr. 1~15. Fr. 5 SR FEGHE . Sephadex
LH-20. &A% 7 219 246 54 3 (24 mg).
8 (7 mg); Fr. 6 &AL A (il 454 Sephadex LH-20-
AR S 2> 215 259 1 (35 mg). 2 (26
mg). 4 (29mg). 6 (30mg). 7 (7mg); Fr.74
T FE A . Sephadex LH-20 4ifk 5454644 9 (5
mg); Fr. 12 ZfE A (il 455 Sephadex LH-20. il
WA 57> 943 20 &) 5 (11 mg). 10 (6 mg).
11 (8 mg). 12 (6 mg).
22 AREEIEMMR
2.2.1 SK-HEP-1 4ifutkifiss:  Baifu S 10%
BrAEAR S Y DMEM 58485953 (NaHCOs, 2 g,
100 U/mL F 8 % 100 pg/mL 5585 2) 1§55, 37 °C,
5% CO, KiFRAf R 5 2 41 8 55 %08 90% LA LS f%
£, AERORAS R 14 i T SE 3w
222 MTT S50 HX 96 FLANMuREFRMR, RALINA
WPE S 2X10° AN/mL (F4H LS 180 uL, 37 C.
5% CO, B5 7240 M BESEF%, 1R INNAS [ = 5
32 R (AR 0.3% DMSO [{R5 3k )
20 pL/AL, HE R E 734 100 pg/mL (C1).
50 pg/mL (C2). 25 pg/mL (C3). 12.5 pg/mL (C4).
6.3 ng/mL (C5) F13.1 pg/mL (C6), FEFEIRE 6
ML, IEFE A RS 0.3% DMSO [
FEH (CO), [AI BB PEXT AL (% 100 pg/mL)
FUBA XTI UIESFRED), 37 CL 5% CO, K53t
FAHP R TR 24 ho BUHRAIMRES IR, (808 BT B0
AL

W ST 5 TR BRFLINN 180 uL o I i 55 77 A
20 uL MTT % (50 5 mg/mL), 4kE59% 4he 3¢
22 MTT, HELINA 200 uL DMSO, EFER G R
¥ 10 min, LS A . BRI S A 570
nm A E S FLBOGREE . THREAMHIZEA 1Cs00
3 #R
3.1 HMEE

tEY 1: g CRREE, ESI-MS m/z: 84
[M+H]" (C3HsN3). 'H-NMR (600 MHz, CD;0D) §:
13.43 (1H, s, 5-NH), 6.60 (2H, s, H-3, 4), 4.86 (2H, s,
6-NH,); *C-NMR (150 MHz, CD;0D) &: 149.8 (C-1),
115.3 (C-3, 4). VL -3t 5 5cikapiE —80"), e
&1 R 2- B HEmk e
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& 2: HEEE (FED, ESI-MS m/z: 343
[M+H]"(C1oH;504) . "H-NMR (400 MHz, DMSO-d;)
8:9.59 (1H, d, J = 8.0 Hz, H-9'), 9.57 (1H, s, 3'-OH),
9.06 (1H, s, 4-OH), 7.59 (1H, d, J = 15.6 Hz, H-7),
721 (1H, s, H-6"), 7.04 (1H, s, H-2"), 6.95 (1H, s,
H-2), 6.79 (2H, m, H-5, 6), 6.58 (1H, dd, J = 8.0, 16.0
Hz, H-8"), 5.55 (1H, d, J = 6.4 Hz, H-7), 5.06 (1H, brs,
9-OH), 3.75 (3H, s, 3-OCHj3), 3.67 (2H, m, H-9), 3.51
(1H, m, H-8); “C-NMR (100 MHz, DMSO-d;) §:
194.4 (C-9"), 154.6 (C-7"), 150.6 (C-4"), 148.1 (C-3),
147.0 (C-4), 141.9 (C-3"), 132.4 (C-1), 130.9 (C-5"),
128.0 (C-1"), 126.1 (C-8'), 119.3 (C-2), 117.3 (C-2"),
117.2 (C-6'), 115.8 (C-5), 110.9 (C-6), 88.3 (C-7),
63.2 (C-9), 56.1 (3-OCHj3), 53.2 (C-8). LA LI it it
ki — 5, M etk &9 2 h 2,3-dihydro-
5-(2-formylvinyl)-7-hydroxy-2-(4-hydroxy-3-methoxy-
phenyl)-3-benzofuranmethanol.

&Y 3: AR, ESI-MS m/z: 148.9 [M+
H]" (CoHs0,). "H-NMR (600 MHz, CDCl;) 6: 11.43
(1H, s, -COOH), 7.79 (1H, d, J = 15.6 Hz, H-7), 7.54
(2H, s, H-2, 6), 7.39 (3H, s, H-3, 4, 5), 6.46 (1H, d, J =
15.6 Hz, H-8); "*C-NMR (150 MHz, CDCl3) J: 172.7
(-COOH), 147.1 (C-7), 134.0 (C-1), 130.8 (C-4),
129.0 (C-3, 5), 128.4 (C-2, 6), 117.4 (C-8). LA _E%dE
HcwkapaE— 5, M s 3 o E-BAEIR .

&) 4: Atk (5D, ESI-MS m/z: 194.8
[M-+H] (CyoH;004) - 'H-NMR (400 MHz, DMSO-d¢)
5:7.48 (1H, d, J=15.6 Hz, H-7), 7.28 (1H, d, J= 1.6
Hz, H-2), 7.08 (1H, dd, J = 1.6, 8.0 Hz, H-6), 6.78
(1H, d, J = 8.0 Hz, H-5), 6.36 (1H, d, J = 16 Hz, H-8),
3.82 (3H, s, 3-OCH3); "*C-NMR (100 MHz, DMSO-dj)
J5: 168.5 (C-9), 149.5 (C-3), 148.4 (C-4), 144.9 (C-7),
126.3 (C-1), 123.3 (C-6), 116.2 (C-5), 116.0 (C-8),
111.6 (C-2), 56.2 (3-OCH3). VL % 5 SRR IE—
U, W A 4y 3-0- GBI B 2 TR .

WEY s Ptk i (FEE. 'H-NMR (400
MHz, DMSO-dg) d: 10.20 (3H, brs, -OH), 7.43 (1H, d,
J=16 Hz, H-7), 7.04 (1H, s, H-2), 6.96 (1H, d, J = 8.0
Hz, H-6), 6.77 (1H, d, J = 8.0 Hz, H-5), 6.19 (1H, d,
J=15.6 Hz, H-8). L\ I3 5 cikips —s0; 5
S E R o B AL 2, RE(EAHIA], R atr AW
A, WA S R R INHERR .

th&W 6: FOKIA, ESI-MS m/z: 166.6 [M—

H]” (CgHoNO3). 'H-NMR (400 MHz, DMSO-dq) o
7.45 (2H, dd, J = 1.6, 8.4 Hz, H-2, 6), 6.84 (1H, d, J =
8.8 Hz, H-5), 3.81 (3H, s, 3-OCH3); "*C-NMR (100
MHz, DMSO-de) &: 167.8 (C-7), 151.5 (C-4), 147.7
(C-3), 123.9 (C-1), 122.4 (C-6), 115.5 (C-5), 113.2
(C-2), 56.0 (3-OCHs). L ¥ 5 Scihdiis — s,
WM 2 A W) 6 4 4-hydroxy-3-methoxybenzamide.

& 1. AOK AR, ESI-MS m/z: 396.9 [M+
Na]" (CyH»07). 'H-NMR (400 MHz, DMSO-d;) 6:
9.60 (1H, d, J = 8.0 Hz, H-y), 7.60 (1H, d, J = 15.6
Hz, H-o'), 7.30 (1H, d, J = 2.0 Hz, H-2'), 7.20 (1H, dd,
J =20, 8.4 Hz, H-6"), 7.07 (1H, d, J = 8.4 Hz, H-5'),
7.00 (1H, d, J = 2.0 Hz, H-2), 6.78 (1H, dd, J = 8.0,
15.6 Hz, H-p'), 6.77 (1H, dd, J = 1.6, 8.0 Hz, H-6),
6.66 (1H, d, J = 8.0 Hz, H-5), 5.40 (1H, d, J = 4.8 Hz,
H-a), 4.70 (2H, m, H-y), 4.47 (1H, m, H-p), 3.77 (3H,
s, 3“OCH3), 3.72 (3H, s, 3-OCH;); "“C-NMR (100
MHz, DMSO-dg) 6: 194.5 (C-y'), 154.1 (C-o), 151.7
(C-3"), 150.1 (C-4'), 147.4 (C-4), 146.0 (C-3), 133.4
(C-1), 127.1 (C-B), 126.8 (C-1"), 123.9 (C-5'), 120.0
(C-6), 115.0 (C-6'), 114.9 (C-5), 111.9 (C-2"), 111.8
(C-2), 83.8 (C-p), 72.0 (C-a), 60.8 (C-p), 56.2
(3'-OCH3), 55.9 (3-OCHs). LA %k 5 3CikiE —
s G 7 M threo-guaiacylglycerol-p-
coniferyl aldehyde ether.

e 8: HENAR, ESI-MS m/z: 178.8 [M+
H]" (CoH¢O4). 'H-NMR (600 MHz, DMSO-d)
12.70 (1H, s, -OH), 10.87 (1H, s, -OH), 8.19 (1H, d,
J = 6.0 Hz, H-2), 6.38 (1H, d, J = 1.8 Hz, H-8), 6.29
(1H, d, J = 6.0 Hz, H-3), 6.21 (1H, d, J = 1.8 Hz,
H-6); *C-NMR (150 MHz, DMSO-dj) J: 181.8 (C-4),
164.8 (C-7), 162.1 (C-5), 158.3 (C-9), 158.0 (C-2),
110.9 (C-3), 105.4 (C-10), 99.5 (C-6), 94.4 (C-8). LA
R S SckaaE -8, s e 8 5,7-
TR U

WEw9: BatErd (HED, ESI-MS m/z: 169
[M-+H]" (CsHgO4). 'H-NMR (400 MHz, DMSO-dq)
8: 7.45 (1H, brs, H-2), 7.43 (1H, s, H-6), 6.85 (1H, d,
J = 8.4 Hz, H-5), 3.81 (3H, s, 3-OCH3); “C-NMR
(100 MHz, DMSO-d¢) o: 167.7 (C-7), 151.6 (C-4),
147.7 (C-3), 123.9 (C-6), 122.2 (C-1), 115.5 (C-5),
113.2 (C-2), 56.0 (3-OCH3). LA ¥k 5 SCHlikRiE—
M, M AL S 9 W E IR
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& 10: s (RED. 'H-NMR (400
MHz, DMSO-d) 6: 7.35 (1H, s, H-2), 7.30 (1H, d, J =
7.2 Hz, H-6), 6.79 (1H, d, J= 7.2 Hz, H-6); "*C-NMR
(100 MHz, DMSO-dg) d: 167.9 (C-7), 150.5 (C-4),
145.4 (C-3), 122.3 (C-6), 122.3 (C-1), 117.1 (C-2),
115.6 (C-5). LA ¥ b5 scikapos — 8, e
A 10 g5 LR -

& 11: HEENRY) . "TH-NMR (400 MHz,
DMSO-dg) d: 7.39 (1H, d, J = 16 Hz, H-7"), 7.04 (1H,
brs, H-2"), 6.98 (1H, d, J = 8.6 Hz, H-6"), 6.77 (1H, d,
J=8.6 Hz, H-5), 6.11 (1H, d, J = 15.6 Hz, H-8"), 5.01
(1H, m, H-3), 3.88 (1H, m, H-5), 3.56 (1H, brs, H-4),
3.56 (3H, brs, H-8), 2.12 (H, m, H-6a), 2.09 (1H, brs,
H-2a), 1.93 (1H, m, H-6b), 1.77 (1H, t, J = 11.2 Hz,
H-2b); “C-NMR (100 MHz, DMSO-dg) J: 174.1
(C-7), 165.8 (C-9"), 149.1 (C-4"), 146.2 (C-3'), 145.6
(C-7"), 125.8 (C-1"), 121.8 (C-6'), 116.3 (C-5"), 115.0
(C-2"), 114.3 (C-8'), 73.5 (C-1), 71.5 (C-3), 69.8 (C-4),
67.3 (C-5), 52.3 (C-8), 37.7 (C-6), 35.6 (C-2). LA %k
a5 ok — 5", s 11 3-0-m
HEREZE 7 1R e

& 12: HOMIRY) . "H-NMR (400 MHz,
DMSO-dg) d: 7.39 (1H, d, J = 15.6 Hz, H-7'), 7.02

(1H, s, H-2"), 6.97 (1H, d, J = 7.6 Hz, H-6"), 6.77 (1H,
d, J = 7.6 Hz, H-5"), 6.11 (1H, d, J = 15.6 Hz, H-8"),
5.02 (1H, m, H-3), 4.00 (2H, m, H-8), 3.89 (1H, m,
H-5), 3.58 (1H, s, H-4), 2.11 (1H, m, H-6a), 2.08 (1H,
brs, H-2a), 1.94 (1H, m, H-6b), 1.77 (1H, t, J = 10 Hz,
H-2b), 1.13 (3H, t, J = 6.8 Hz, H-9); "*C-NMR (100
MHz, DMSO-de) d: 173.5 (C-7), 165.9 (C-9'), 149.1
(C-4), 146.2 (C-3'), 145.6 (C-7"), 125.8 (C-1'), 121.8
(C-6"), 116.3 (C-5"), 115.0 (C-2'), 114.3 (C-8'), 73.6
(C-1), 71.5 (C-3), 70.0 (C-4), 67.5 (C-5), 60.7 (C-8),
37.6 (C-6), 35.7 (C-2), 14.3 (C-9). LA ¥k 5 SCHRHR
E-SY, WA 12 D 3-0-InmEREZE TR
T
3.2 %t SK-HEP-1 fHfasE &M

HTLEY 1~4 F1 6 [MFEM = LLER, Mo
JLUEAT ARSI IE /K B 40 e SK-HEP-1 (15K
Ko B FUEEATIL, A1 AL B S AN,
AR B I, LR 254 B A [ 7] A A T 2R
AR RLE, AR DU RIS, 2 e 4 4l
J eH B e A e e R 5, JLHDIEE 0 93.26%.
FAL B % SK-HEP-1 41 i 4116115 J 1Cs0 15 W35 1,
MW 1 wT%n, A& 1 1) ICso {0 34.47 pg/mL,
X} SK-HEP-1 4 ik FL AT 5 i (1 40 B B 1% 12k o

Fx1 k& 1~4. 63 SK-HEP-1 fHEEIEEIZME (X £5,n=16)
Table 1 Effect of compounds 1—4 and 6 against SK-HEP-1 cell line (X %5, n=6)

. /% _
A Cl C2 C3 C4 C5 c6 [Csyhgml. ™)
a1 87.02 81.96 25.14 6.57 478 ~0.15 34.47
e 2 13.34 -5.59 2.41 0.37 6.42 ~7.19 >100
Wt 3 3.29 ~0.41 ~0.82 0.99 0.82 -1.91 >100
Wty 4 ~6.15 ~10.28 —2.62 -10.65 -9.71 —4.40 >100
W6 20.20 27.92 21.17 32.99 14.06 24.65 >100
i 93.26
4 g HepG2 41 JHT-FRZEHE )52 (S aGiE 9T (7).

ARSI E ) 52 AR AL 27 53 R SR AT A
b X RTARAR A W kAT N I K IR g AN i bk
SK-HEP-1 40 asidthscss, KIEY 1 B
WU MR T, A R AR 255 T R A R P it
SEH AR o
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