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Chemical constituents of Tibetan medicine Artemisia hedinii and its anti-hepatic
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Abstract: Objective To investigate the chemical constituents of the aerial parts of Artemisia hedinii (Asteraceae) and their anti-
hepatotoxic activity. Methods Column chromatography techniques, including D101 macroporous adsorption resin, Sephadex LH-20
gel, MCI CHP20P resin, ODS reversed-phase silica gel, and semi-preparative HPLC, were employed to isolate compounds from A.
hedinii. The structures of compounds were identified by physicochemical properties and spectroscopic data (NMR/MS). The anti-
hepatotoxic activity of the isolates was evaluated using a rifampicin-induced hepatotoxicity model in HepG2 cells. Results A total of
21 compounds were isolated and identified as follows: brickellin (1), apigenin (2), chrysosplenoside I (3), luteolin-5-O-B-D-glucoside
(4), luteolin-7-O-B-D-glucoside (5), homoplantaginin (6), 5,2",5 -trihydroxy-3,7,4-trimethoxyflavone-2 -O-B-D-glucoside (7), luteolin
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(8), quercetin-3-0O-B-D-glucoside (9), 11,12-dihydroxyeudesm-4-en-3-one (10), (7R,9S5,105)-9-acetoxyeudesm-3,5,11(13)-trien-12-oic
acid (11), 9B-acetoxy-4,5-dehydro-4(15)-dihydrocosric acid (12), artetourneforin B (13), 9-0x0-60,70(H)-eudesm-4,11(13)-dien-12,6-
olide (14), 3a,160-dihydroxy-4,4,9,14-tetramethyl-(9B,100)-19-norpregn-5-ene-11,20-dione (15), methyl 4,5-di-O-caffeoyl-quinate
(16), methyl 3,5-O-dicaffeoylquinate (17), (E)-tonghaosu (18), (Z)-tonghaosu (19), (75,8R)-dihydrodehydrodico- niferyl alcohol (20),
and ethyl 3,3'4,4"-tetrahydroxy-o-truxinate (21). The anti-hepatotoxic activity evaluation of all compounds demonstrated that
compounds 2, 4, 5, 9—11, 13, and 20 significantly reduced rifampicin-induced alanine aminotransferase (ALT)/ aspartate
aminotransferase (AST) levels in HepG2 cells (P < 0.05, 0.01). Conclusion Seven compounds (1, 3, 7, 10, 13, 15, and 20) were
isolated for the first time from Asteraceae plants. Compound 4 was first reported from the genus Artemisia. Ten compounds (2, 5, 6, 8,
9, 14, 16—19) were identified for the first time from the title plant. Compounds 2, 4, 5, 9—11, 13, and 20 exhibit potential anti-
hepatotoxic activity.

Key words: Tibetan medicine; Artemisia hedinii Ostenf. et Pauls.; hepato-protective activity; 11,12-dihydroxyeudesm-4-en-3-one;
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Fig. 1 Structures of 21 compounds isolated from A. hedinii
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(1H, d, J= 7.6 Hz, H-1"), 3.18~3.71 (6H, m, H-2""~
6"); BC-NMR (150 MHz, DMSO-ds) J: 164.8 (C-2),
104.2 (C-3), 184.0 (C-4), 162.9 (C-5), 101.1 (C-6),
166.8 (C-7), 96.1 (C-8), 158.9 (C-9), 107.1 (C-10),

123.5 (C-1%, 114.3 (C-2"), 147.1 (C-3"), 151.2 (C-4"),
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H-3), 5.13 (1H, d, J = 7.6 Hz, H-1"), 3.40~3.73 (6H,
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W& VAU (0 N B {6 . HR-ESI-MS m/z: 523.143 8
M+ H]Y, BAiGME m/z: 523.144 6, 2 TR N
CoaH26013, AEFEE N 12. 'H-NMR (600 MHz,
DMSO-ds) d: 6.99 (1H, s, H-3"), 6.84 (1H, s, H-6"), 6.60
(1H, s, H-8), 6.37 (1H, s, H-6), 4.79 (1H, d, /= 7.9 Hz,
H-1"), 3.83 (6H, s, 7, 4-OMe), 3.71 (3H, s, 3-OMe),
3.43~3.40 (2H, m, H-6"), 3.23~3.19 (2H, m, H-2",
4", 3.11~3.07 (2H, m, H-1", 3"); BC-NMR (150
MHz, DMSO-ds) 0: 156.4 (C-2), 139.3 (C-3), 178.3 (C-
4), 161.0 (C-5), 97.6 (C-6), 164.9 (C-7), 92.4 (C-8),
157.0 (C-9), 105.9 (C-10), 111.2 (C-17), 148.9 (C-2"),
101.8 (C-3%, 150.3 (C-4"), 140.9 (C-5%, 115.9 (C-6"),
102.1 (C-17), 73.1 (C-2"), 77.3 (C-3"), 70.1 (C-4"),
76.7 (C-5"), 61.0 (C-6"), 60.0 (3-OMe), 56.0 (7-OMe),
55.6 (4-OMe). FIRHHRE 5 il — 0, s
EWED T 525 -= 353,74 = AT -
2-O-B-D-HE HEH

&Y 8: mEIEMHAR (HED, 10%ER
LFEVETR S B T . HR-ESI-MS m/z: 287.054 5
[M+H]", BEiEE miz 287055 0, 2> TN
CisHi00s, ANEHAEAN 11. 'H-NMR (600 MHz,
CDs0D) 6: 7.37~7.36 (2H, m, H-3, 6'), 6.90 (1H, d,
J = 8.8 Hz, H-5", 6.52 (1H, d, J = 2.0 Hz, H-8), 6.42
(1H, d, J = 1.8 Hz, H-2"), 6.20 (1H, d, J = 2.0 Hz, H-
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6); 3C-NMR (150 MHz, CD;0D) 6: 166.3 (C-2), 103.8
(C-3), 183.8 (C-4), 159.4 (C-5), 100.1 (C-6), 166.0 (C-
7), 95.0 (C-8), 163.2 (C-9), 105.3 (C-10), 123.7 (C-1"),
114.1 (C-2"), 147.0 (C-3"), 151.0 (C-4'), 116.8 (C-5"),
120.3 (C-6"). A% 5 iRl B A —512), iy
KBy 8 ARRE R,

ED 9. BETLE Rk (HED, B 10%6 R
LU B N T . HR-ESI-MS m/z: 465.101 8
M+H]", B®E m/z 465102 7, 4 FRA
Co1H20012, AMEAEEN 12, '"H-NMR (600 MHz,
DMSO-ds) d: 12.62 (1H, s, 5-OH), 7.59 (1H, dd, J =
8.0, 2.0 Hz, H-6"), 7.57 (1H, d, J = 2.0 Hz, H-2'), 6.85
(1H, d, J = 8.0 Hz, H-5"), 6.40 (1H, s, H-8), 6.20 (1H,
s, H-6), 5.46 (1H, d, J= 7.4 Hz, H-1"), 3.05~3.35 (6H,
m, H-2"~6"); 3C-NMR (150 MHz, DMSO-ds) J:
156.4 (C-2), 133.6 (C-3), 177.7 (C-4), 161.5 (C-5), 98.9
(C-6), 164.4 (C-7), 93.7 (C-8), 156.6 (C-9), 104.2 (C-
10), 121.8 (C-1), 115.4 (C-2'), 145.0 (C-3"), 148.6 (C-
4'), 116.4 (C-5"), 121.4 (C-6"), 101.1 (C-1"), 74.3 (C-
2"),77.7(C-3"), 70.1 (C-4"), 76.7 (C-5"), 61.2 (C-6").
IR S SRR E — 2, M E A 9 i
J E-3-0-p-D-i w K -

&) 10: AT EMMAR (E) , 1 10%
fi BR & B35 Wi 0 6 B L . HR-ESI-MS mi/z:
253.179 9 [M+H]*, HRAE m/z:253.1798, ¥+
N CisH2O03, AEFIEN 4. 'TH-NMR (600 MHz,
CDCl3) 6: 3.51 (1H, d, J = 11.1 Hz, H-1201), 3.48 (1H,
d, J=11.1 Hz, H-12B), 2.83 (1H, dd, J = 12.3, 2.8 Hz
H-6a), 2.56 (1H, m, H-2p), 2.33 (1H, m, H-2a), 2.03
(1H, dd, J = 12.3, 1.6 Hz, H-6p), 1.79~1.74 (2H, m,
H-1a, 1p), 1.76 (3H, s, Me-15), 1.73 (1H, m, H-90),
1.67 (1H, m, H-7), 1.39 (1H, m, H-9B), 1.27 (1H, m, H-
8a), 1.24 (3H,'s, Me-13), 1.17 (3H, s, Me-14), 1.14 (1H,
m, H-8B); 3C-NMR (150 MHz, CDCl3) §: 38.4 (C-1),
34.6 (C-2), 201.6 (C-3), 129.5 (C-4), 166.4 (C-5), 29.9
(C-6), 46.4 (C-7), 22.6 (C-8), 43.2 (C-9), 37.2 (C-10),
75.0 (C-11), 68.8 (C-12), 21.6 (C-13), 22.6 (C-14), 10.9
(C-15). FiR¥dE 5 ikl — 80, M e s
)10 N 11,12- 5 F e Joe -4-05 -3 -

&) 11: wARIBE (R0, 10%RR &
FEE T 6. HR-ESI-MS m/z: 291.159 1 [M+
HI*, BESAE m/z: 291.159 0, 20 TR A Ci7H204,
AHIFIE N 7. 'TH-NMR (600 MHz, CDCls) 6: 6.35

(1H, brs, H-13a), 5.71 (1H, brs, H-13p), 5.59 (1H, d,
J =3.6 Hz, H-3), 5.38 (1H, d, J = 1.7 Hz, H-6), 4.88
(1H, dd, J=12.3, 3.6 Hz, H-9), 3.62 (1H, m, H-7), 2.22
(2H, m, H-2a, 8), 2.11 (1H, m, H-2p), 2.06 (3H, s, Me-
OAc), 1.80 (3H, s, Me-15), 1.67 (2H, m, H-1p, 8B),
1.32 (1H, m, H-1a), 1.04 (3H, s, Me-14); 3C-NMR
(150 MHz, CDCl3) 6: 32.6 (C-1), 22.4 (C-2), 125.5 (C-
3), 130.5 (C-4), 141.7 (C-5), 121.0 (C-6), 37.5 (C-7),
30.5 (C-8), 77.9 (C-9), 36.7 (C-10), 143.9 (C-11), 171.0
(C-12), 126.8 (C-13), 18.2 (C-14), 20.6 (C-15), 170.9
(0=C-OAc), 21.4 (Me-OAc). iR¥¥E 5 ki
— 3B, WA 11 N (TR,9S5,105)-9- ZFHE 4
Fekmte-3,5,11(13)-=H5-12-F%

& 12: wOMRIEE (I, 10%0ER &
REVATRUE (oA B (0, HR-ESI-MS m/z: 293.174 3 [M+
H]+, fii/k\/fﬁ m/z: 293.174 7, ﬁ’?‘ﬁy\j C17H24O4,
AHAE N 6. 'H-NMR (600 MHz, CD;0D) 6: 6.20
(1H, s, H-130), 5.62 (1H, s, H-13B), 4.63 (1H, dd, J =
11.6, 4.5 Hz, H-9), 2.69 (1H, m, H-6a), 2.45 (1H, tt,
J=12.6,3.1 Hz, H-7), 2.03 (3H, s, Me-OAc), 1.94 (1H,
m, H-30), 1.92 (1H, m, H-3p), 1.86~1.76 (2H, m, H-
2a, 2P), 1.72 (1H, m, H-6P), 1.65 (3H, s, Me-15),
1.63~1.56 (2H, m, H-1a, 8p), 1.52 (1H, m, H-8a), 1.33
(1H, m, H-1B), 1.11 (3H, s, Me-14); BC-NMR (151
MHz, CD;0D) 6: 31.8 (C-1), 19.6 (C-2), 33.8 (C-3),
129.7 (C-4), 133.2 (C-5), 33.4 (C-6), 38.6 (C-7), 36.9
(C-8), 81.5 (C-9), 40.2 (C-10), 145.8 (C-11), 170.0 (C-
12), 123.8 (C-13), 19.6 (C-14), 20.0 (C-15), 172.4
(0=C-OAc), 212 (Me-OAc). k¥ 5 CkikiE
FAR =), HEE A 12 4 9B- LA Jk-4,5-
RE-4(15)- A K ER.

&) 13: FEMPIRBIE G, BT 10%00
TR OB VR WRLE (0 NG (. HR-ESI-MS m/z: 305.137 8
[M+H]*, BEiGH m/z 305.138 3, 4 RN
Ci17H20s, A FE N 8. 'H-NMR (600 MHz,
DMSO-de) 6: 6.06 (1H, d, J= 1.3 Hz, H-1301), 5.86 (1H,
d, J= 1.3 Hz, H-13p), 5.46 (1H, d, J = 6.3 Hz, H-6),
470 (1H, dd, J = 11.0, 3.4 Hz, H-9), 3.34 (1H, m, H-
7), 2.68 (1H, ddd, J = 17.9, 14.6, 5.5 Hz, H-2a), 2.51
(1H, m, H-2p), 2.07 (1H, m, H-8B), 2.02 (3H, s, O=C-
OAc), 1.97 (1H, m, H-1a), 1.85 (1H, m, H-1p), 1.83
(1H, m, H-8a), 1.82 (3H, s, Me-15), 1.18 (3H, s, Me-
14); BC-NMR (150 MHz, DMSO-ds) J: 33.0 (C-1),
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32.9 (C-2), 197.7 (C-3), 150.1 (C-4), 137.2 (C-5), 73.8
(C-6), 37.9 (C-7), 28.8 (C-8), 75.1 (C-9), 37.4 (C-10),
140.3 (C-11), 169.8 (C-12), 121.7 (C-13), 17.6 (C-14),
11.0 (C-15), 169.4 (0=C-OAc), 21.0 (Me-OAc). ik
G5 CmRE — U, W ENEY 13 N
artetourneforin B.

&) 14: Totad/Ng i (E), 10%RER &
BV T (N B (8 . HR-ESI-MS m/z: 247.121 8 [M+
HY*, FEARMH m/z: 247.122 4, 43 73N CisHis0s,
AEAIE N 7. 'TH-NMR (600 MHz, CDCl;) d: 6.37
(1H, d, J=2.9 Hz, H-130), 5.77 (1H, d, J = 8.8 Hz, H-
6), 5.68 (1H, d, J= 2.9 Hz, H-13p), 3.67 (1H, m, H-7),
2.77 (1H, dd, J= 14.0, 7.3 Hz, H-80)), 2.44 (1H, dd, J =
14.0, 2.9 Hz, H-8p), 2.13 (2H, m, H-3), 1.80 (2H, m,
H-2), 1.60 (1H, m, H-la), 1.50 (1H, m, H-1p), 1.88
(3H, s, Me-15), 1.19 (3H, s, Me-14); BC-NMR (150
MHz, CDCls) d: 34.3 (C-1), 18.0 (C-2), 32.6 (C-3),
128.4 (C-4), 140.2 (C-5), 75.3 (C-6), 37.6 (C-7), 41.0
(C-8), 213.5 (C-9), 47.4 (C-10), 138.0 (C-11), 169.7
(C-12), 124.3 (C-13), 24.9 (C-14), 19.8 (C-15). ik
s 5 SCkkiE — 207, MUE R A 14 v 95
60, 70 H)-F M 158-4,11(13)- - J5-12,6- N g

&Y 15: ABTERm AR (&), B 10%
fi BR & B35 W 0 €8 B 4 1 . HR-ESI-MS m/z:
389.268 2 [M+H]*, PEILAH m/z: 389.268 6, 43T\
A C24H3604, AHWIFIEN 7. 'H-NMR (600 MHz,
CDCl3) d: 5.71 (1H, brd, J = 6.1 Hz H-6), 4.94 (1H,
ddd, J=8.3, 6.5, 1.6 Hz, H-16), 3.26 (2H, dd, J= 14.2,
1.0 Hz, H-12a), 3.23 (1H, dd, J = 12.0, 4.4 Hz, H-3),
3.15 (1H, d, J = 6.5 Hz, H-17), 2.43 (1H, d, J = 14.2
Hz, H-12p), 2.26~2.20 (3H, m, H-7a, 7, 10), 2.15
(3H, s, Me-21), 1.95~1.64 (7H, m, H-1a, 1B, 2a, 2,
8, 150, 15pB), 1.31 (3H, s, Me-28), 1.17 (3H, s, Me-29),
1.06 (3H, s, Me-30), 0.95 (3H, s, Me-19), 0.65 (3H, s,
Me-18); BC-NMR (150 MHz, CDCls) J: 25.1 (C-1),
30.6 (C-2), 76.7 (C-3), 42.4 (C-4), 142.0 (C-5), 118.4
(C-6), 24.1 (C-7), 43.1 (C-8), 48.8 (C-9), 35.5 (C-10),
212.2 (C-11), 47.3 (C-12), 49.3 (C-13), 50.2 (C-14),
45.1 (C-15),71.9(C-16), 67.7 (C-17), 19.9 (C-18),20.3
(C-19), 208.4 (C-20), 31.6 (C-21), 24.6 (C-22), 19.4
(C-23),20.3 (C-24). b iR%ds 5 Sk fiiE — e,
S EEY 15 N 30,160- —$23E-4,4,9,14-JY H
H-(9B,100)-19-2 H1 42 £ -5-4%5-11,20- i .

&EY 16: FEOTLE AR (HEE), 10%HMIR
OV O T 5 . HR-ESI-MS m/z: 531.150 5
M+ H]*, HABME m/z 531149 7, 4> T RN
Ca6H2s012, AMIFIE AN 14. 'H-NMR (500 MHz,
CD;0D) d: 7.56 (1H, d, J= 15.8 Hz, H-7"), 7.47 (1H,
d,/=15.8 Hz,H-7"),7.01 2H, d,J=2.0 Hz, H-2",2"),
6.87 (2H, m,H-6",6"), 6.75 (2H, m, H-5',5"), 6.25 (1H,
d, J=15.8 Hz, H-8"), 6.14 (1H, d, J= 15.8 Hz, H-8"),
5.57 (1H, m, H-5), 5.13 (1H, m, H-4), 4.35 (1H, m, H-
3),3.65(3H, s, COOCH3),2.25~2.07 (4H, m, H-2, 6);
BC-NMR (150 MHz, CD;0D) 4: 75.8 (C-1), 38.0 (C-
2), 68.8 (C-3), 74.7 (C-4), 69.5 (C-5), 38.6 (C-6), 53.1
(C-7), 175.0 (C-8), 123.1 (4-caffeoyl C-1"), 115.2 (4-
caffeoyl C-2'), 146.4 (4-caffeoyl C-3'), 147.6 (4-
caffeoyl C-4"), 116.5 (4-caffeoyl C-5'), 127.6 (4-
caffeoyl C-6'), 149.3 (4-caffeoyl C-7), 114.5 (4-
caffeoyl C-8'), 168.0 (4-caffeoyl C-9'), 123.0 (5-
caffeoyl C-1"), 115.1 (5-caffeoyl C-2"), 146.3 (5-
caffeoyl C-3"), 147.5 (5-caffeoyl C-4"), 116.4 (5-
caffeoyl C-5"), 127.4 (5-caffeoyl C-6"), 149.2 (5-
caffeoyl C-7"), 114.4 (5-caffeoyl C-8"), 168.4 (5-
caffeoyl C-9"). IR 5 CikHRaE — 31, whes
SENEY) 16 N 4,5-0- W 25 7 1R YK

WEY 17: HETERH AR (HED, 10%HR
OB 6N T . HR-ESI-MS m/z: 531.150 5
[M+H], S mz 531149 7, T+ RN
Ca6Ha6O012, ANAIE N 14. '"H-NMR (600 MHz,
DMSO-ds) 6: 7.49 (1H, d,J=15.9Hz, H-7"), 7.43 (1H,
d, J = 15.8 Hz, H-7'), 7.06~7.04 (2H, m, H-2'2"),
7.01~6.99 (2H, brd, J = 8.2 Hz, H-6', 6"), 6.79~6.76
(2H, m, H-5',5"), 6.26 (1H, d, /= 15.8 Hz, H-8"), 6.14
(1H,d,J=15.9Hz,H-8"),5.18 (1H, m, H-3), 5.09 (1H,
m, H-5), 3.86 (1H, m, H-4), 3.60 (3H, s, OCH3), 2.22~
2.20 (2H, brd, J=12.3 Hz, H-2a, 6a), 2.02~1.98 (2H,
m, H-2b, 6b); '3C-NMR (150 MHz, DMSO-ds) J: 72.4
(C-1), 48.5 (C-2), 63.0 (C-3), 70.9 (C-4), 69.9 (C-5),
344 (C-6), 173.7 (C-7), 52.0 (-OCH3), 125.6 (3-
caffeoyl C-1'), 114.8 (3-caffeoyl C-2'), 145.6 (3-
caffeoyl C-3"), 148.5 (3-caffeoyl C-4"), 1159 (3-
caffeoyl C-5"), 121.4 (3-caffeoyl C-6"), 1454 (3-
caffeoyl C-7'), 114.6 (3-caffeoyl C-8'), 166.0 (3-
caffeoyl C-9), 5-caffeoyl 125.3 (5-caffeoyl C-1"),
114.7 (5-caffeoyl C-2"), 145.5 (5-caffeoyl C-3"), 148.2
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(5-caffeoyl C-4"), 115.8 (5-caffeoyl C-5"), 121.2 (5-
caffeoyl C-6"), 145.0 (5-caffeoyl C-7"), 113.7 (5-
caffeoyl C-8"), 165.3 (5-caffeoyl C-9"). LiR##it
SCERHRIE —E20, MU EEY) 17 4 3,5-0-Zh
WP 2 T i F B

&) 18 BEE e A (&), B 10%
i B2 & B 5 Wi 2 B8 B 4 5 . HR-ESI-MS m/z:
201.090 8 [M+H]*, HLiRE m/z: 201.091 0, 733X
N CisH1202, AHIFIEE N 8. 'H-NMR (600 MHz,
CDCLs) 6: 6.68 (1H, d, J = 5.7 Hz, H-8), 6.20 (1H, dd,
J=5.7, 1.6 Hz, H-9), 491 (1H, brs, H-6), 4.17 (1H,
ddd, J = 8.3, 8.0, 3.8 Hz, H-13a), 3.99 (1H, ddd, J =
8.3, 8.0, 8.0 Hz, H-13b), 2.24 (1H, m, H-12a), 2.19 (1H,
m, H-11a), 2.05 (2H, m, H-12b, 11b), 1.97 (3H, d, J =
1.2 Hz, H-1); 3C-NMR (150 MHz, CDCl3) 6: 4.8 (C-
1), 80.0 (C-2), 65.1 (C-3), 76.4 (C-4), 71.6 (C-5), 80.0
(C-6), 169.0 (C-7), 126.0 (C-8), 135.9 (C-9), 121.0 (C-
10), 35.6 (C-11), 24.6 (C-12), 69.8 (C-13). k¥ 5
SCHRIRIE— Y, WMEEEIAY) 18 4 (B)-TH &%

WEY 19: BETLEIN K (EID, B 10%
fi FR & B35 W1 0 €8 B 4 1 . HR-ESI-MS m/z:
201.090 8 [M+H]*, HEIBAH m/z: 201.091 0, 4rF =X
A Ci3H1202, AHIFIE N 8. 'H-NMR (600 MHz,
CDCls) 8: 6.23 (1H, d, J = 5.7 Hz, H-8), 6.15 (1H, d,
J =5.7Hz, H-9), 4.59 (1H, d, J = 1.8 Hz, H-6), 4.21
(1H, ddd, J = 8.3, 8.0, 3.6 Hz, H-13a), 4.00 (1H, ddd,
J=1823,8.0, 8.0 Hz, H-13b), 2.35 (1H, m, H-12a), 2.26
(1H, m, H-11a), 2.10 (2H, m, H-12b,11b), 1.98 (3H, d,
J=12Hz, H-1); 3C-NMR (150 MHz, CDCLs) J: 4.9
(C-1), 80.8 (C-2), 65.3 (C-3), 79.0 (C-4), 70.9 (C-5),
78.9 (C-6), 167.3 (C-7), 127.6 (C-8), 135.4 (C-9), 121.2
(C-10), 35.7 (C-11), 24.6 (C-12), 69.8 (C-13). _Fik%k
P 5 SCHRIRIE — 520, MUEEEWED 19 N (2)-1H
B

&Y 20: AT ERMA (FED, 10%MR
LR RO N EE B . HR-ESI-MS m/z: 361.164 0
[M+H]", HiGME miz 361.164 5, 7 TN
C0H2406, AN AE N 9. 'H-NMR (600 MHz,
CD;0D) 8: 6.95 (1H, d, J= 1.9 Hz, H-2"), 6.82 (1H, dd,
J=18.1,1.9 Hz, H-6"), 6.77 (1H, d, J = 8.1 Hz, H-5"),
6.73 (2H, s, H-2,6), 5.49 (1H, d, J = 6.3 Hz, H-7"), 3.85
(3H, s, 3-OMe), 3.83 (1H, dd, J=11.0, 5.8 Hz, H-9b),
3.75 (1H, dd, J=11.0, 7.2 Hz, H-9'a), 3.81 (3H, s, 3

OMe), 3.57 (2H, t, J = 6.3 Hz, H-9), 3.47 (1H, m, H-
8", 2.62 (2H, t, J = 7.5 Hz, H-7), 1.83~1.81 (2H, m,
H-8); 3C-NMR (150 MHz, CD;0D) ¢: 129.9 (C-1),
114.1 (C-2), 145.2 (C-3), 147.5 (C-4), 136.9 (C-5),
117.9 (C-6), 32.9 (C-7), 35.8 (C-8), 62.2 (C-9), 134.8
(C-1"), 110.5 (C-27), 147.5 (C-3"), 149.1 (C-4"), 116.1
(C-5"), 119.7 (C-6"), 89.0 (C-7"), 55.5 (C-8"), 65.0 (C-
9'),56.4 (3-OMe), 56.7 (3'-OMe). _FiR%#s 5 BRIk
TH—822), W EY) 20 N —EMAE A tang.

& 21: wEOMRIEE (I, 10%ER &
RO (5 N3 (0. HR-ESI-MS m/z: 403.137 9 [M+
H]+, fii/k\/fﬁ m/z: 403.138 7, %?‘fﬁy\j C21H2203,
AHIFIE N 11. '"H-NMR (600 MHz, CD;OD) 6:
6.72~6.68 (4H, m, H-2, 5, 2", 5'), 6.60~6.57 (2H, m,
H-6, 6), 4.18 (2H, q, J = 7.1 Hz, CH,-OEt), 3.72 (3H,
s, 9-OMe), 3.39 (2H, t, J = 8.5 Hz, H-7, 7'), 3.27 (2H,
t,J=8.5 Hz, H-8, 8'), 1.25 (3H, t, J= 7.1 Hz, Me-OFEt);
3C-NMR (150 MHz, CD;0D) 6: 134.2 (C-1,1'), 114.9
(C-2, 2%, 146.4 (C-3, 3"), 145.5 (C-4, 4"), 116.4 (C-5,
5", 119.2 (C-6, 6'), 45.9 (C-7, 7'), 46.3 (C-8, 8"), 174.8
(C-9), 174.3 (C-9), 62.1 (CH2-OEt), 14.5 (Me-OFEt),
52.6 (9-OMe). IR 5 SCHkHfoE — 50, #idE
EWEY 21 N 3,344 FRE-0-FFF S MR
.
4 BHRAGEMEITEN

PL CCK-8 AR A) 1~21 F/K & & 22 (FH
PEZ4) X HepG2 HIAMREEYE, LA E B4 i 1t
TR 2 R4 2550 & . 5597 T 58 215 77 251 HepG2
YA BB A K IR, DL 1.6 X 10° AN/mL 1%
FEdemp ) 96 LAk b, BEFL 100 uL, B0 R AIZY
WA, BHW 3 MRS SHAMT 5% CO K,
37 CHMERIEFRAET R R 24 ho Frgifo o8 4 NG BE
Hah& LR 30%~40%H, 2590415 BIIIAAN A
W (1.25. 2.5, Sumol/L) HI& #5833 (FFlZy
PLL DMSO SNEFIBCH] A 100 mmol/L I EEE, LA
FEARRE TR H bRIR A, Ho DMSO 24k <
0.1%). REAEfEIRIGFRM TR 24 h 5, HEL
EW, BALIIAE 10% CCK-8 5E 4775 100
uL, BER IR R aksE IR, 1 h S EUE, 16 G
FROCI E % FLIE 450 nm K N HIROGE (4 1,
IR AR A 2. 2RERW, HaZRE
9 2.5 umol/L, & ZjW)ZH MY A7 15 L F] 90% LA
b TR SE PO R e PR IR I 22 A 4 25 R BN
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2.5 umol/L. OKREI ) FZGd, Ak 3 ANE. ET 4

MMAFIE R =A s/ A

PAFIAE T S 1) HepG2 #H AR 1 B 7 P40 1k,
EH 1~21 WP 1EPY . HepG2 40 i {7
A7 A B B[R] AR FE 34T T AR AL, AEH 1
mmol/L [FIAEF75 T HepG2 12 ho KX 54 K
ff) HepG2 4HfILL 1.6 X 10% /mL %5 R0 %] 96
LB, AEFL 100 uL, BEXTIRAL. BRI, PHIEA

BrIRFEREIR 240 e, FE B, 1A BR AL R AR 4 rp
TINFEAREFR3E, [ABHMEZH G mA I &4 H
NN FRAE . ARELREE 240 5, A, PHE
LRGP IR (RN 1 mmol/L)
GReREFR 120 J5, W BJEREFR, 4 "CTREL 12000
r/min 250> 10 min, 3 FIER. HRIELF G EAES
w, % E3EWH ALT fiT AST (035 /18, 53R 0%E 1.

F1 LAY 121 MFEFFEFH HepG2 MM ALT. AST KFHIFNT (x+s,n=3)
Table 1 Effects of compounds 1—21 on ALT and AST released from rifampicin-induced HepG2 cells (x +s ,n = 3)

ZH 5 ALT/(U L) AST/(U L) 21 51 ALT/(U L AST/(U LD
Xt 4.66+0.01 150.34+0.03 10 14.68+0.01" 345.18+0.01
it 28.61+0.11% 344.49+0.02* 11 16.35+0.01" 349.21+0.01
K 6] 23.78+0.04 275.11+0.01 12 19.93+0.01 353.90+0.01
1 17.67+0.01 315.3440.04 13 16.58+0.01" 354.81+0.01
2 16.05+0.01" 357.88+0.01 14 18.07+0.01 366.05+0.02
3 19.01+0.01 362.20+0.01 15 17.9340.01 331.51+0.01
4 9.02+0.04™ 283.82+0.04" 16 19.69+0.02 349.31+0.01
5 13.20+0.01™ 320.72+0.01 17 18.69+0.01 362.03+0.03
6 19.68+0.01 357.98+0.01 18 19.45+0.01 351.87+0.01
7 21.23+0.01 337.76+0.01 19 17.66+0.01 315.39+0.01
8 20.80+0.01 342.59+0.01 20 17.11+0.01" 360.09+0.01
9 6.56+0.05™ 283.43+0.05" 21 18.58+0.01 362.36+0.01

XA #P<0.01; SHMALLE: "P<0.05 "P<0.01,
#P <0.01 vs control group; "P < 0.05 P <0.01 vs model group.

&Y 2 4. 5. 9~11. 13. 20 7] 5 Z BCFE 5
S HepG2 M A ALT/AST KI7K*F-(P<<0.05.0.01),
HARWEMARRIH H RIS,
5 e

AR SEZBS 0T AR R AR S b 23 R A 2
ST TR ARG, WP ABEE T 21 MuE
Y, B3G9 MEEFEY (1~9), 6 MiERbE
Y (10~15), 2 M AEREEBLEY (16, 17), 24
BB EY (18, 19), 2 MARIERIMEY (20,
20, HABERNEZ, WEW 21 8 1 N CEREEM
KRIERBATEY . NHIEZA YR ARG FE
FEAERIN =), KR A AT T HEE R AR,
ik LC-MS 7387 T3 . 45 R EoR, HEE
WP AR ED) 21, XRFALEYD 21
RNNTLF=H. stk ayd, a1, 3. 7.
10, 13. 15. 20 AH XN EHEY 77 55152, 1
GV 4 NEIRNEE ISR, EP 2. 5. 6.
8. 9. 14, 16~19 HEHRMNRE 451533,

XF R A3 B AL G AT T A I KT B BT AR
PG PELEAY, S5 RRIH 2. 4. 5. 9~11. 13, 20 %
8 MELAMTE 2.5 pmol/L 2514 T X FIA&E 5% S 1
HepG2 4l dii {7 B A A FIFE B e . i,
WEY 4. 5. 9 RIL T XTGBT 77
MEER FRE, X 3 NS G EA 5,7-
PRI A PR 37 4- BRI B IR RARE R
B P AR, AR T U AR S 1 S R A A
WITE A IRF1 B IR AL A 25 /s 2. At B mT
R PT343 1 5 55 5 4 W S AR R A B
HX, WBEA C-3 HEEMLAEY (9 MG T1%
W C-5 8 C-7 HHIEALAY) (4 F15). SR, AHFFR
H IR b Sk BN, TR R PR B sk
B EATIE TR VEY, o e 5 A B b () = B
1T SR KT U S S E . AR TR T
X RE BTG 2 FAMERIR, RSE AR
(1) 22 Gt 18] RE S AE ) BEIR RIR N TFE R R 24t 1
FEt A -
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