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¥ ZE. B WL Eleutherine americana WALy . ik RABERI AN, #2510, Sephadex LH-20 A (A,
et £ e OO (i S U7 kAT oy Atk il A R R AR S R A S aE . BBR NN E I 15 ML A,
3% 52 N KAR A 1% B (1) phaffiaol (2). 4,8-dihydroxy-3-methoxy-/-methylonthra-9,10-quinone-2-carboxylic acid methyl ester
(3). 3-heptadecyl-5-methoxyphenol (4). IR Z fiF (5). 3,5-dimethoxybiphenyl-4'-ol (6). karwinaphthol A (7).
5-hydroxylkarwinaphthol A (8). 3,4-dimethoxy-8-hydroxy-1-methyl-anthra-9,10-quinone-2-carboxylic acid methyl ester (9).
AR E (10). LB F (D). RAZEFE (12). naphtho-y-lactone (+)-9-hydroxyeleutherol (13). /I ZEE (14). KA
MR (15). 45k WEW 2. 4~7, 13~15 ¥ ERAEBEN /853, a3, 8. 13 IMEFIKILE /EHBGR, FFik
HOPHER] T 85.3%. 81.8%. 89.5%, FEALSMHMEZFISE 1, (86.3%) A1,
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Chemical constituents and bioactive activities of Eleutherine americana
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Abstract: Objective To study the chemical constituents of Eleutherine americana. Methods The compounds were isolated by
various chromatographic techniques, including silica gel, TLC, sephadex LH-20, and semi-preparative HPLC, and their structures were
identified by their physicochemical properties and 'H-NMR and *C-NMR data. Results Fifteen compounds were isolated from E.
americana, which were germacrenin B (1), phaffiaol (2), 4,8-dihydroxy-3-methoxy-/-methylonthra-9,10-quinone-2-carboxylic acid
methyl ester (3), 3-heptadecyl-5-methoxyphenol (4), ethyl linoleate (5), 3,5-dimethoxybiphenyl-4'-ol (6), karwinaphthol A (7),
5-hydroxylkarwinaphthol A (8), 3,4-dimethoxy-8-hydroxy-1-methyl-anthra-9,10-quinone-2-carboxylic acid methyl ester (9),
isoeleutherin (10), eleutherin (11), isoeleutherol (12), naphtho-y-lactone (+)-9-hydroxyeleutherol (13), senkyunone (14), and
palmitoleic acid (15). Conclusion Compounds 2, 4—7, and 13—15 were isolated from the genus for the first time. The compounds 3,
8, and 13 had strong vasodilator effects with diastolic rate of 85.3%, 81.8%, and 89.5%, respectively, which were basically equivalent
to the positive drug of tanshinone Il (86.3%).
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Jii B (germacrenin B, 1). phaffiaol (2). 48-
dihydroxy-3-methoxy-/-methylonthra-9,10-quinone-2-
carboxylic acid methyl ester (3). 3-heptadecyl-5-
methoxyphenol (4). iR £ & Cethyl linoleate, 5)+
3,5-dimethoxybiphenyl-4'-0l (6) ., karwinaphthol A (7).
5-hydroxylkarwinaphthol A (8). 3,4-dimethoxy-8-
hydroxy-1-methyl-anthra-9,10-quinone-2-carboxylic
acid methyl ester (9). FZLZ % (isoeleutherin,
10). 4.4 Z % C(eleutherin, 11). 540 A H 3%
( isoeleutherol , 12 ) .
hydroxyeleutherol (13). 7 )I% i (senkyunone,
14). EAMEMER (palmitoleic acid, 15). fb&4 2.
4~T7. 13~15 BN E RN AR Y+ &L A
A1) 3. 8. 13 MEFIKIMEMEHEGR, #FiKkE 55
ILE] T 85.3%. 81.8%. 89.5%, HEAEFHMEXHEZ
FHZ 1, (86.3%) AH4.
1 XFES5HH

Bruker Avance I1T 600 B A% 34 A (f [
Bruker A7), Lumtech 0B G4 (K501 PY
JTUARFE A%, YMC-Pack ODS-A, 250 mmX 10
mm, 5 um, AFURE 2 mL/min, JbRZR4nRHHEA
BRZAT]D; RE-2000B M Jigh 75 kA% (_RiIEsR AL
) s iR, RO HEEL GFsy (55
B THIRAR]D: C18MB100-40/75 3k (H
A FUIN SILYSIA A #]); #2087 Hrat.
BIO-PAC WM& 5 KA A4 (5 BIO-PAC 2
a4, MP150), K epgds GRAAIIE AD A 5],

ZL7F 2016 4F 11 AR+ vuiihT, LA
B 2Rk 2 24 H AR DB 75 P it v 70 BT 25 A Ve 0T 9

=

%€ N Y A Eleutherine americana Merr. et

naphtho-y-lactone (+)-9-

Heyne.

SPF 2 SD Ki, i 180~200 g, T H
DAE (b)) AMEREGR AR, FoliEsS
SCXK2016-0002
2 RSN EH

TR AR K 5.0 kg, FELAIR 3 IR, BEIR 24 h,
H IR, B F B AR 2 Ik, BEIK 2 h,
H IR R EEDOR, SR BIWER], W7 545
SORE 812 g ENRERIKAEUS, R A
AAi BERR CWe FIIE T BEEmE, e v i vk 4 o
AT BT BE AR B 60.8 g EATHAL 325.1 g.
BEER L BE AT 84.4 g IE T FEHIAL 138.3 g

BB EIR & 60.8 g LA, H

g - — SR A R R G AT BV (1 2 0.
100:1.80:1.60:1.40:1.30:1.20:1.10:
1. 551021012140 Do Horb, fyilk-—&
F e 20 1 PR30 S RE b €00, F - — &0F
Jt (801 1. 50:1.30:1.20: 1. 10: 1) BAFEF¥E
i, ##EGE (TLC) MIREHMIFA»EEME
Y13 (4.5 mg); AMEE-ZF LTS5 | 1A
FEELE, AiHEE-FEIR B8 (40 01,2015 100 1.
81 1. 501,201 BAEBEM, WEGAIERIREGIE
53] 6 NHSY Fr. 1~6. Fr. 1 SRERAE O,
fi- —SHHE (80 : 1. 60 : 1. 40 : 1. 20: 1) BiEE
AR A 7 (32mg). 8 (54mg); Fr.2 4
SEHER AR T, Ay EE- S b (50 D 1,30 0 1,
200 1. 102 1) BREEBEML, SR ik o) B Ak
BEUEY 9 (2.7 mg, t(r=27.8 min, FFEE-/K 75 :
25), 10 (3.0 mg, rR=21.4min, HEE-7K 85 : 15),
11 (8.4 mg, tx=25.9 min, FEE-7/K 85:15); Fr.3
2R B EERAE A, A I K-S IR £ TR 16 BE e L
(60:1.30:1.20:1.10: 1) 53L& 6 (6.3
mg). 13 (3.8 mg); Fr.4 & EREA: I, Al
Fk-EERR 2.0 (4001, 30:1.20: 1. 10: 1) B
VEMAS R AW 2(1.9 mg). 4(4.4 mg).5(2.9 mg).
12 (6.2 mg); ArMEE- Sk 2 1 1 Pl &nE
JRERE i, A I EE-FE R B (10 210 5014 20 1,
12 1) BREEVEML, SRGHAR (il 7 S aifb B3 &
Y1 (1.6 mg, tg=17.6 min, FHEE-/K 70 : 30). 14
(5.3 mg, r=20.7 min, FEE-7K 78 : 22).15(7.7 mg,
r=26.8 min, FEE-/K 78 . 22).
3 HMERE

AW 1 REEMRY (Ei). ESI-MS m/z:
227 [M+Na]". 'H-NMR (600 MHz, CDCl;) ¢: 5.04
(1H, t, J= 7.8 Hz, H-1), 5.02 (1H, t, J = 7.2 Hz, H-5),
1.60 (3H, s, H-15), 1.52 (9H, s, H-12, 13, 14).
BC-NMR (150 MHz, CDCl3) &: 134.0 (C-10), 133.8
(C-4), 130.1 (C-7), 123.3 (C-11), 123.2 (C-1), 123.1
(C-5), 38.6 (C-6), 28.6 (C-2), 27.2 (C-3), 25.7 (C-8),
25.5 (C-9), 24.6 (C-15), 16.6 (C-14), 14.9 (C-13), 14.8
(C-12). VL3 5 cipdioa A —5, et
E 1 KR ENE B,

WM 2: REEHIRY) (E A« ESI-MS m/z:
219 [M+Na]". 'H-NMR (600 MHz, CDCls) J: 6.35
(1H, d, J= 1.8 Hz, H-3), 6.28 (1H, d, J = 1.8 Hz, H-5),
3.85 (3H, s, 2-OCHj3), 3.76 (3H, s, 4-OCHj3), 2.60 (2H,
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t, J = 7.8 Hz, H-7), 0.88 (3H, t, J = 6.8 Hz, H-23);
BC-NMR (150 MHz, CDCly) 6: 152.9 (C-4), 146.8
(C-2), 137.6 (C-1), 128.9 (C-6), 105.8 (C-5), 96.7
(C-3), 56.1 (2-OCH3), 55.9 (4-OCHs3), 32.1 (C-7), 30.2
(C-21), 30.1 (C-8), 29.9 (C-10~19), 29.8 (C-20), 29.6
(C-9), 22.9 (C-22), 14.3 (C-23). LA_- ¥ 15 iRk iE
AR5, WA 2 4 phaffiaol .

&M 3: W CHPIRY) (E A1) . ESI-MS m/z:
365 [M+Na]". "H-NMR (600 MHz, CDCls) &: 7.75
(1H, d, J = 8.4 Hz, H-5), 7.61 (1H, t, J = 8.4 Hz, H-6),
7.28 (1H, d, J = 8.4 Hz, H-7), 4.07 (3H, s, 12-OCHj3),
3.97 (3H, s, 3-OCH3), 2.57 (3H, s, H-11); ">C-NMR
(150 MHz, CDCl3) 6: 189.1 (C-10), 188.9 (C-9), 167.0
(C-12), 162.7 (C-3), 155.3 (C-4), 150.3 (C-8), 137.5
(C-la), 136.2 (C-6), 132.5 (C-1), 132.4 (C-5a),
125.6 (C-2), 125.4 (C-5), 119.0 (C-7), 118.1 (C-4a),
117.0 (C-8a), 61.8 (3-OCH3), 53.0 (12-OCHj3), 19.8
(C-11). UL E%d 5 ocmpiiE s A — 8P, %
& W) 3 1 4,8-dihydroxy-3-methoxy-/-methylonthra-
9,10-quinone-2-carboxylic acid metby ester.

&Y 4. TOmRBEE (&7 . ESI-MS m/z:
385 [M+Na]". 'H-NMR (600 MHz, CDCl;) §: 6.32
(1H, s, H-6), 6.26 (1H, s, H-4), 6.23 (1H, t, J = 2.4 Hz,
H-2), 3.76 (3H, s, 1-OCHj3), 2.50 (2H, t, J = 7.8 Hz,
H-7), 0.87 3H, t, J = 7.2 Hz, H-23); "C-NMR (150
MHz, CDCly) 6: 160.9 (C-3), 156.7 (C-1), 146.0
(C-5), 108.0 (C-6), 106.9 (C-4), 98.8 (C-2), 55.4
(CH;0-1), 36.6 (C-7), 30.9 (C-8), 29.9 (C-9~21),
22.9 (C-22), 14.3 (C-23). VA %l 5 CwkfiE A
— U, W% E A 4 N 3-heptadecyl-5-
methoxyphenol.

&) 5. T RBE (FEE . ESI-MS m/z:
331 [M+Na] . "H-NMR (600 MHz, CD;0D) : 5.33
(4H, m, H-9, 10, 12, 13), 4.11 (2H, q, J = 7.2 Hz,
H-1'), 2.78 (2H, t, J = 6.6 Hz, H-11), 2.30 2H, t, J =
7.2 Hz, H-2), 2.07 (4H, m, H-8, 14), 1.24 3H, t, J =
7.2 Hz, H-2"), 091 (3H, t, J = 7.2 Hz, H-18);
BC-NMR (150 MHz, CD;OD) ¢: 175.8 (C-1), 131.1
(C-9, 13), 129.3 (C-10, 12), 61.6 (C-1), 35.3 (C-2),
32.9 (C-16), 30.9 (C-4), 30.4 (C-5, 6, 7, 15), 28.3
(C-8, 14), 26.7 (C-11), 26.3 (C-3), 23.9 (C-17), 14.8
(C-2"), 14.7 (C-18). LA _E%# 5 STk 2 A —
H, WA 5 N IHER 2.

&) 6: LR (HEEL. ESI-MS m/z: 253
[M-+Na]". 'H-NMR (600 MHz, CD;0D) 6: 7.52 (2H,
d, J= 8.4 Hz, H-2, 6'), 6.97 (2H, d, J = 8.4 Hz, H-3,
5%, 6.69 (2H, d, J = 2.4 Hz, H-2, 6), 6.43 (1H, t, J =
2.4 Hz, H-4), 3.82 (6H, s, 3, 5-OCH3); "*C-NMR (150
MHz, CD;0D) &: 162.8 (C-3, 5), 161.1 (C-4), 144.5
(C-1), 135.1 (C-1), 129.3 (C-2', 6), 115.3 (C-3', 5"),
106.0 (C-2, 6), 99.7 (C-4), 56.0 (3, 5-CH;0). LA %k
s cHkiRE A -, WS EAE Y 6 A
3,5-dimethoxybiphenyl-4'-ol.

WEM 7: WEAHIRY) (FED . ESI-MS m/z:
281 [M+Na]". "H-NMR (600 MHz, CD;0D) 6: 7.26
(2H, m, H-6, 7), 7.02 (1H, s, H-5), 6.82 (1H, d, J = 7.2
Hz, H-8), 5.16 (1H, q, J = 6.0 Hz, H-1), 4.05 (3H, s, 9-
OCH3), 3.70 (1H, m, H-3), 2.73 (2H, m, H-4), 1.60
(3H, d, J = 6.0 Hz, H-11), 1.32 3H, d, J = 6.0 Hz,
H-12); “C-NMR (150 MHz, CD;0D) ¢: 157.7 (C-9),
151.6 (C-10), 136.7 (C-4a, 5a), 126.8 (C-7), 122.2
(C-6), 122.1 (C-10a), 118.5 (C-5), 115.0 (C-9a), 104.7
(C-8), 72.7 (C-1), 71.3 (C-3), 56.8 (9-OCHs), 38.9
(C-4),22.3 (C-11), 22.1 (C-12). LA EHds 5 Sk HE
FA IV, M th &% 7 4 karwinaphthol A

&) 8: IRE CIHRY) (HEE) . ESI-MS m/z:
297 [M+Na]". 'H-NMR (600 MHz, CD;0D) 6: 7.02
(1H, t,J= 7.8 Hz, H-7), 6.85 (1H, d, J = 7.8 Hz, H-8),
6.37 (1H, d, J= 7.8 Hz, H-6), 5.30 (1H, q, J = 6.0 Hz,
H-1), 4.11 (3H, s, 9-OCH3), 3.60 (1H, m, H-3), 2.28
(1H, m, H-4a), 2.09 (1H, m, H-4b), 1.68 3H, d, J =
6.0 Hz, H-11), 1.12 3H, d, J = 6.0 Hz, H-12);
BC-NMR (150 MHz, CD;0D) &: 158.1 (C-9), 151.5
(C-5), 136.5 (C-10), 135.7 (C-5a), 127.0 (C-7), 126.0
(C-4a), 122.5 (C-10a), 120.3 (C-6), 115.2 (C-9a),
105.2 (C-8), 72.8 (C-1), 71.2 (C-3), 57.1 (CH;0-9),
37.1 (C-4), 22.5 (C-11), 22.1 (C-12). LA % 5 ik
AT, MEELEY 8 A 5-hydroxyl-
karwinaphthol A

E 9: IR AWMIRY) (E ). ESI-MS m/z:
379 [M+Na]". "H-NMR (600 MHz, CDCl;) 6: 7.70
(1H, d, J= 7.2 Hz, H-5), 7.63 (1H, t, J = 7.2 Hz, H-6),
7.27 (1H, d, J = 7.2 Hz, H-7), 4.03 (3H, s, 4-OCH3),
4.00 (3H, s, 3-OCHs), 3.97 (3H, s, 15-OCH3), 2.69
(3H, s, H-16); "*C-NMR (150 MHz, CDCl5) 6: 188.6
(C-9), 188.2 (C-10), 167.2 (C-15), 162.1 (C-8), 155.3
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(C-4), 152.0 (C-3), 137.2 (C-1), 136.5 (C-6), 136.4
(C-2), 134.4 (C-11), 129.3 (C-14), 128.4 (C-13), 124.0
(C-7), 118.8 (C-5), 116.8 (C-12), 62.2 (4-OCHs), 61.8
(3-OCHj), 53.0 (15-OCHj3), 20.5 (C-16). LA ¥R 5
SCRRIRIE A Y, WA 9 N 34-
dimethoxy-8-hydroxy-1-methyl-anthra-9,10-quinone-
2-carboxylic acid methyl ester.

&M 10: 1 EEE (B . ESI-MS m/z: 295
[M-+Na]". 'H-NMR (600 MHz, CD;0D) 8: 7.75 (1H,
d, J=7.8 Hz, H-6), 7.73 (1H, t, J = 7.8 Hz, H-7), 7.49
(1H, d, J = 7.8 Hz, H-8), 4.04 (1H, m, H-1), 3.97 (3H,
s, 9-OCHs), 3.43 (1H, m, H-3), 2.67 (1H, m, H-4a),
2.17 (1H, m, H-4b), 1.50 (3H, d, J = 6.6 Hz, H-11),
1.31 (3H, d, J = 6.6 Hz, H-12); "C-NMR (150 MHz,
CD;0D) d: 184.6 (C-10), 183.2 (C-5), 159.8 (C-9),
148.9 (C-10a), 1412 (C-4a), 136.5 (C-7), 1355
(C-5a), 120.1 (C-6), 119.7 (C-8), 119.3 (C-9a), 68.7
(C-1), 64.1 (C-3), 57.0 (9-OCH3), 30.7 (C-4), 21.9
(C-12), 20.1 (C-11). LL b¥¥E 5 SClkHRkiE A —
HUO, WA 10 NRA R LK.

&Y 1. skt g (05D . ESI-MS m/z: 295
[M-+Na]". "H-NMR (600 MHz, CDCl;) 8: 7.72 (1H,
d, J=17.2 Hz, H-6), 7.63 (1H, t, J= 7.2 Hz, H-7), 7.26
(1H, d, J= 7.2 Hz, H-8), 4.85 (1H, q, J = 6.6 Hz, H-1),
3.98 (3H, s, 9-OCHs3), 3.57 (1H, m, H-3), 2.73 (1H, m,
H-4a), 2.20 (1H, m, H-4b), 1.52 (3H, d, J = 6.6 Hz,
H-11), 1.35 (3H, d, J = 6.6 Hz, H-12); "*C-NMR (150
MHz, CDCl;) d: 1842 (C-10), 183.9 (C-5), 159.5
(C-9), 148.8 (C-10a), 140.1 (C-4a), 134.7 (C-7), 134.1
(C-5a), 120.4 (C-9a), 119.2 (C-6), 117.9 (C-8), 68.9
(C-1), 652 (C-3), 56.6 (9-OCH;), 30.1 (C-4), 21.4
(C-12), 20.9 (C-11). L EHHE 5 SOk IE F A —
F;U, Wk EAY LN B E.

&Y 12 KRS (EAT) . ESI-MS m/z: 267
[M+Na]". "H-NMR (600 MHz, CDCl3) 6: 7.90 (1H,
s, H-4), 7.59 (1H, d, J = 8.4 Hz, H-5), 7.41 (1H, t, J =
8.4 Hz. H-6), 6.94 (1H, d, J = 8.4 Hz, H-7), 5.73 (1H,
q,J= 6.6 Hz, H-1), 4.11 (3H, s, 8-OCHs), 1.75 (3H, d,
J = 6.6 Hz, H-10). “C-NMR (150 MHz, CDCl;) ¢
170.9 (C-3), 156.7 (C-8), 149.3 (C-9), 137.4 (C-4a),
128.1 (C-9a), 126.8 (C-4), 126.1 (C-3a), 123.8 (C-5),
117.7 (C-8a), 116.7 (C-6), 106.4 (C-7), 77.6 (C-1),
56.6 (8-OCH3), 19.3 (C-10). LA % d 5 Sk s 3%

A5, WA 12 NROAR R,

&M 13: st dh (). ESI-MS m/z: 283
[M~+Na]". '"H-NMR (600 MHz, CDCL3) 8: 7.16 (1H, t,
J = 8.4 Hz, H-8), 6.90 (1H, t, J = 8.4 Hz, H-7), 6.88
(1H, d, J= 8.4 Hz, H-6), 5.73 (1H, q, J = 6.6 Hz, H-3),
4.14 (3H, s, 5-OCHs), 1.80 (3H, d. J = 6.6 Hz, H-10);
BC-NMR (150 MHz, CDCly) d: 166.9 (C-1), 157.1
(C-9), 149.7 (C-5), 137.1 (C-4), 128.5 (C-8a), 126.7
(C-7), 124.1 (C-3a), 121.4 (C-6), 121.3 (C-4a), 117.8
(C-9a), 106.3 (C-8), 76.4 (C-3), 56.7 (5-OCHs), 19.5
(C-10). A % 5 Scmrtpos A —5"Y, et
&%) 13 A naphtho-y-lactone (+)-9-hydroxyeleutherol.

WEY 14: wEAHIRBE (Z4i). ESI-MS
miz: 335 [M+Na]". 'H-NMR (600 MHz, CDCl;) ¢:
6.54 (1H, s, H-3), 6.46 (1H, s, H-5), 5.12 (3H, m, H-8,
12, 16), 1.98 (3H, d, J = 6.6 Hz, H-22), 1.68 (3H, s,
H-20), 1.63 (3H, s, H-19), 1.60 (6H, s, H-18. 21);
BC-NMR (150 MHz, CDCly) J: 188.2 (C-4), 188.1
(C-1), 148.6 (C-2), 146.1 (C-6), 140.2 (C-9), 135.1
(C-13), 133.3 (C-5), 132.4 (C-3), 131.4 (C-17), 124.4
(C-16), 123.9 (C-12), 118.1 (C-8), 39.9 (C-10, 14),
27.7 (C-7), 26.9 (C-15), 26.8 (C-11), 25.9 (C-18), 17.9
(C-21), 16.3 (C-19), 16.2 (C-20), 16.1 (C-22). A%k
W5 SRR IE R A — ", MR E Y 14 ATE
JIETE .

WA 15: To il RBAAR CHbiBE-BS IR 208D «
ESI-MS m/z: 277 [M+Na]". 'H-NMR (600 MHz,
CDCl3) 6: 5.34 (2H, m, H-9, 10), 2.34 2H, t, J = 7.8
Hz, H-2), 0.89 (3H, t, J = 6.6 Hz, H-16). SEEHIMEE
X HE TR, 76 TLC it RE(E R BT N —EL.
DL $odE 5 SRk s R A 3, s et A 15
AFAE A o
4 {RIMLEEFEEE R

AR B 25 21 2011 R 1) B AN RIIR A S5
VAIFFZ T AFEYEZ, T KR KCl E3 ki
AR, H LTI B AR TE 10 pmol/L K JEE
TANZE R AT RAER, AR S AN E
.

FUHEL FVEALSE R B, T 3k, &T
WA RASEN G R, 89 R 3~4 mm I
W B, e g, TN
WM, DN FREE AL A, BE s e
BRIBTHA G K. EARAESMIRRE 37 ClE
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13 [EFIK IS VR FH B8, B7 5K 2850 AlIE E T 85.3%.
81.8%. 89.5%, SFHVEZIFFZEA 1, (86.3%) FEA
—8; WEW 7. 9~12 B —wMIE & KIER,
5K RN 63.9%- 58.1%- 71.7%- 66.2%- 72.4%:;
Ho Al A &P A R kAR RS -

SRR, AR TS, AR ST
BB S FLATAE A RT e R AR L &7 kAR 1)
TGRSy, RN SRIRNTT R E . AR
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T B DG i R R B T W it
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