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Chemical constituents from Tibetan medicine Swertia chirayita
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Abstract: Objective To investigate the chemical constituents of Swertia chirayita. Methods Column chromatography, such as
silica gel, MCI, Sephadex LH-20 were used to isolate and purify the compounds. Physicochemical properties and spectroscopic
methods were used to elucidate their structures. Results Twelve compounds, including 2 xanthones, 4 triterpenoids, 3 secoiridoids,
and 3 other compounds, the chemical constituents were isolated from the ethyl acetate fraction from 85% ethanol extract of S.
chirayita, and identified as bellidifolin (1), norbellidifolin (2), oleanolic acid (3), 4-epi-hederagenin (4), 2-epi-corosolic acid (5),
ursolic acid (6), amarogentin (7), swerimilegenin I (8), erythrocentaurin (9), pyrocatechol (10), syringic acid (11), and
4-hydroxy-3-methoxybenzoic acid (12). Conclusion Compounds 4, 5, and 11 are isolated from genus Swertia for the first time,
compounds 8 and 9 are found from S. chirayita for the first time.
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BARRM R AN . A . s, R
SEE. AMLER. e, HyEmE . wm. K, B
BIERAE, BiEHREDI, FEMNAEER D
P PORTLF4Etl . Hom B s, Ay i
BUEABSC R B, BIRER 3¢ 85% L4 ) I LBl
PR <16 A5 B AL B A B0 044 N A B I 25 440
P, Rt P L YRR, S AE )
GRS A A SO R AR A, AR B R 2
FEAHGRAL 4 22 L AT L, RS IEs%EE 17 12
MEAEYD . AFE 2 AmlfE 4 =05 3 DRI
A 3 AN HARA G, 730 45 € 9 1,5,8-=F5E-3-
A EEmIER (bellidifolin, 1)+ 1,3,5,8-PU % Kl
(norbellidifolin, 2). FFIHRER (oleanolic acid, 3)+
4-epi-hederagenin (4). 2-epi-corosolic acid (5). f&
RI8 Cursolic acid, 6). HZy R (amarogentin,
4L H & 16 N B8
(erythrocentaurin, 9). JLAM) (pyrocatechol, 10).
THMR (syringic acid, 11) Fl 4-F2JE-3-F ALK H
% (4-hydroxy-3-methoxybenzoic acid, 12). L&
4. 5. 11 HIRMNES KBHEY T S532, el
8. 9 H M EN SR A S 7 B4R 5
1 NESHR

Bruker AV II-600 %Y FAZ#ILARAC (42 [E
Bruker 2 7] ); Triple Quad LC/MS-6410( 3 [H Agilent
Technologies A ] ); Fef & k# OSB-2100 (HA&
Eyela A #]); LNC Hahalifh 24t (£ E LNC AF]);
R EERER GFasy MEEHRER (75 BT
HRR2FD; MCI (Warton Scientific, P it F &R
2B A R A 7] )5 Sephadex LH-20 (3£ [E Pharmacia
AFD; BEFIN 10%0ER- CEEERL  BHI N EHIE
25 AR N Al

B 2 S ek 2 R A PR A R (Gt
5 201411011, LTI TR 2501 7t e B M 7T
R E NI MRHEEN R F 3 Swertia chirayita
(Roxb. ex Fleming) H. Karst. [T 45, JFIEYIFFE
i AT L5825 S B bRAS =2
2 RESESE

El R F 52 480 30 kg, Friv)a 10 f5 5 85%
TP R 2 K, B 3 h, G IFIEML
[ L BERAGIZ B 2 3 kg IR B IR BT K,
S A e BEER CER. IR T REARHEL, ABURHK

7 ) . swerimilegenin I (8 ) .

HHEIRE, 3B BRI 72 g BRIR O TRER 7 432
g BT 1094 go

BEIR LRI (432 g) Skt tait, —&HF
Pe-FEE (100 2 1—1: 1) BREERBAR 10 MRy
Fr. 1~10. Fr. 1 (113 g) SERFEENE, fil-
B&ER 2,05 (100 @ 15 : 1) BREEVEHAR 7 Mg
Fr. 1.1~1.7. Fr. 1.2 (5.68 g) ZRERMH AL, £l
BE-BE PR Ol (10 1) ¥Efii, J54 Sephadex LH-20
G, AR (1D RREETLEY 3
(40 mg) 110 (10 mg). Fr. 1.3 (10 g) ZHERAE
tgl, PR EML G 1 (432 ¢). Fr. 1.5
(10 ) % MCI ik, HEE-/K (1:0—0: 1) B
FEVERASE] 4 L4 Fr. 1.5.1~1.5.4. Fr. 1.5.1 (800
mg) SRERAEAEIE SR, 54 Sephadex LH-20
AR ELAY 5 (10mg). Fr. 1.6 (13 g) AR
FEEGE, AilEE-HEER 8 (8 1 101 1) BAFEVEM
53] 5 MRS Fr. 1.6.1~1.6.5. Fr. 1.6.4 (1.5g) &
RERCAE GRS, k- EE (5 0 1D WeliER G
¥4 (30 mg). Fr. 1.6.5 (30 mg) LG, —
AHE-HEE (250 D ¥, 5% Sephadex LH-20
FEEEEEILEY 11 (10 mg). Fr. 1.7 (20 g) 4
RERGHE (RS, A EE-BETR OB (50100 1) B
Vel A3 2] 2 M4 Fr. 1.7.1. Fr. 1.7.2. Fr. 1.7.2(5 @)
ZRERAE OIS, S W R-PE (200 D WEhESE
FLEM 2 (10 mg). Fr.2 (25 g) LRERFE ML,
AR (100 110 0 1) BRI 3 AN
4y Fr. 2.1~23. Fr. 2.1 (4.5 g) SR A, —
S bE-HEE (50 1 1) BMARELEY 6 (20 mg).
Fr.2.2 (1.6 g) SRERAEANE, fymEE-PIEH (50 1)
VemiA 2L &Y 12 (100 mg). Fr.2.3 (15g) 4hE
PRk i, S RE-HEE (100 0 1—0 0 1) BREEYE
B4 3 M4 Fr. 2.3.1~2.3.3, Fr.2.3.1 (8¢g) 4tk
WA GRS 5, J5 2% HIEE 45 R REY 7 (100
mg). Fr. 3 (35 g) SERA Mg, —&Hki-HiE
(100 : 10 : 1) BEEWENIAT 6 MRS Fr. 3.1~3.6,
Fr. 3.1 (150 mg) &fEArtanl, —&Hsthifes
FIL &Y 8 (30 mg). Fr. 3.2 (5.3 g) LA A,
A EE-TIEE (20 0 1) $ElARILED 9 (35 mg).
3 HMmEE

&1 Ak A, ESI-MS m/z: 275 [M+H],
273 [M—H]; 'H-NMR (600 MHz, DMSO-ds) o:
11.88 (1H, s, 1-OH), 11.05 (1H, s, 8-OH), 9.68 (1H, s,
5-OH), 7.24 (1H, d, J = 8.8 Hz, H-6), 6.62 (1H, d, J =
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8.8 Hz, H-7), 6.58 (1H, d, J = 2.2 Hz, H-4), 6.37 (1H,
d, J=2.2 Hz, H-2), 3.88 (3H, s, 3-OCH3); "“C-NMR
(150 MHz, DMSO-ds) 6: 161.9 (C-1), 97.5 (C-2),
167.1 (C-3), 93.0 (C-4), 157.4 (C-4a), 143.4 (C-4b),
137.3 (C-5), 123.8 (C-6), 109.5 (C-7), 151.8 (C-8),
107.5 (C-8a), 102.1 (C-8b), 184.1 (C-9), 56.2
(3-OCH3). Lh_E¥ds 5 scmrdiiE — 5™, sekth A
Y1 55N 1,5,8- = F2 R -3- A IR

&Y 2: REEAMA, ESI-MS m/z: 261 [M+
H]"; '"H-NMR (600 MHz, CD;0D) ¢: 7.17 (1H, d, J =
8.8 Hz, H-6), 6.58 (1H, d, J = 8.8 Hz, H-7), 6.42 (1H,
d, J=2.1 Hz, H-4), 6.19 (1H, d, J = 2.1 Hz, H-2);
BC-NMR (150 MHz, CD;OD) §: 164.5 (C-1), 99.6
(C-2), 1682 (C-3), 95.6 (C-4), 159.5 (C-4a), 145.3
(C-4b), 138.5 (C-5), 124.8 (C-6), 110.6 (C-7), 154.5
(C-8), 108.8 (C-8a), 102.9 (C-8b), 185.9 (C-9). Ll L
M5 SRR g — 2, okt a2 BEN
1,3,5,8-PUEE LN .

&Y 3: AEH A, ESI-MS m/z: 455 [M—H]
'H-NMR (600 MHz, CDCl3) &: 521 (1H, t, J = 3.1
Hz, H-12), 3.15 (1H, dd, J = 11.3, 4.1 Hz, H-3), 2.75
(1H, dd, J = 13.6, 3.6 Hz, H-18), 1.06 (3H, s, H-27),
0.91 (3H, s, H-23), 0.86 (3H, s, H-30), 0.84 (3H, s,
H-25), 0.83 (3H, s, H-29), 0.70 (3H, s, H-24), 0.68
(3H, s, H-26); "C-NMR (150 MHz, CDCl3) J: 38.6
(C-1), 27.3 (C-2), 79.2 (C-3), 38.9 (C-4), 55.4 (C-5),
18.5 (C-6), 32.6 (C-7), 39.4 (C-8), 47.8 (C-9), 37.3
(C-10), 23.1 (C-11), 122.8 (C-12), 143.8 (C-13), 41.8
(C-14), 27.9 (C-15), 23.6 (C-16), 46.7 (C-17), 41.1
(C-18), 46.1 (C-19), 30.9 (C-20), 34.0 (C-21), 32.8
(C-22), 28.3 (C-23), 15.8 (C-24), 15.5 (C-25), 17.3
(C-26), 26.1 (C-27), 183.8 (C-28), 33.3 (C-29), 23.8
(C-30). VA E%d 5 ek — 8", ol s
3 B NI .

th &4 4: A €K K, ESI-MS m/z: 471 [M—H] ;
'H-NMR (600 MHz, CD;0D) d: 5.23 (1H, t, J = 3.2
Hz, H-12), 4.09 (1H, d, J= 11.1 Hz, H-24a), 3.37 (1H,
d, J=11.1 Hz, H-24b), 3.33 (1H, dd, J=11.9, 3.9 Hz,
H-3), 2.84 (1H, dd, J = 13.7, 3.8 Hz, H-18), 1.19 (3H,
s, H-27), 1.15 (3H, s, H-29), 0.93 (3H, s, H-23), 0.91
(3H, s, H-30), 0.90 (3H, s, H-26), 0.78 (3H, s, H-25);
PC-NMR (150 MHz, CD;OD) ¢: 39.5 (C-1), 28.8
(C-2), 81.2 (C-3), 43.5 (C-4), 57.2 (C-5), 19.8 (C-6),

33.8 (C-7), 40.6 (C-8), 48.5 (C-9), 37.9 (C-10), 24.7
(C-11), 123.5 (C-12), 145.2 (C-13), 42.8 (C-14), 28.3
(C-15), 24.0 (C-16), 47.6 (C-17), 42.7 (C-18), 47.3
(C-19), 31.6 (C-20), 34.9 (C-21), 34.3 (C-22), 23.2
(C-23), 65.3 (C-24), 16.3 (C-25), 17.6 (C-26), 26.3
(C-27), 181.9 (C-28), 33.6 (C-29), 24.0 (C-30). DAL
W 5 ocmkaoE — &, Mot e 4 e
4-epi-hederagenin.

th&¥15: A A, ESI-MS m/z: 471 [M—H],
495 [M+Na]"; '"H-NMR (600 MHz, pyridine-ds)
5.52 (1H, t, J = 3.4 Hz, H-12), 4.44 (1H, m, H-2), 3.48
(1H, d, J = 3.9 Hz, H-3), 2.66 (1H, d, J = 11.3 Hz,
H-18), 1.53 (3H, s, H-25), 1.39 (3H, s, H-23), 1.29
(3H, s, H-24), 1.27 (3H, s, H-27), 1.12 (3H, s, H-26),
1.03 3H, d, J = 6.5 Hz, H-29), 0.97 3H, d, J = 6.4
Hz, H-30); "C-NMR (150 MHz, pyridine-ds) J: 45.6
(C-1), 71.9 (C-2), 78.9 (C-3), 39.3 (C-4), 56.4 (C-5),
19.1 (C-6), 34.1 (C-7), 40.6 (C-8), 48.9 (C-9), 37.7
(C-10), 24.2 (C-11), 126.3 (C-12), 139.7 (C-13), 43.1
(C-14), 29.1 (C-15), 25.4 (C-16), 48.5 (C-17), 54.0
(C-18), 40.0 (C-19), 39.9 (C-20), 31.5 (C-21), 37.9
(C-22), 18.7 (C-23), 30.8 (C-24), 17.3 (C-25), 18.0
(C-26), 24.4 (C-27), 180.4 (C-28), 18.0 (C-29), 21.9
(C-30). LA E%dl 5 cmriton — 5, #ogth &
5 %5€ A 2-epi-corosolic acid.

& 6: AT A, ESI-MS m/z: 455 [M—H] ;
'H-NMR (600 MHz, CD;0D) d: 5.22 (1H, t, J = 3.4
Hz, H-12), 3.15 (1H, dd, J = 11.6, 4.5 Hz, H-3), 2.19
(1H, d, J = 11.3 Hz, H-18), 1.11 (3H, s, H-27), 0.97
(3H, s, H-23), 0.96 (3H, d, J = 5.0 Hz, H-29), 0.95
(3H, s, H-26), 0.88 (3H, d, J = 6.5 Hz, H-30), 0.84
(3H, s, H-24), 0.77 (3H, s, H-25); "*C-NMR (150
MHz, CD;0D) 6: 40.0 (C-1), 29.2 (C-2), 79.7 (C-3),
40.8 (C-4), 56.7 (C-5), 19.5 (C-6), 34.3 (C-7), 39.8
(C-8), 48.1 (C-9), 38.1 (C-10), 24.4 (C-11), 126.9
(C-12), 139.6 (C-13), 43.2 (C-14), 27.9 (C-15), 25.3
(C-16), 49.0 (C-17), 54.4 (C-18), 40.4 (C-19), 40.4
(C-20), 31.8 (C-21), 38.1 (C-22), 28.8 (C-23), 17.7
(C-24), 16.0 (C-25), 16.4 (C-26), 24.1 (C-27), 181.6
(C-28), 17.8 (C-29), 21.6 (C-30). LA %3k 5 kK
B, WKL E Y 6 %8 NEERIR.

& 7: AR A, ESI-MS m/z: 585 [M—H] ;
'H-NMR (600 MHz, CD;0D) &: 7.43 (1H, d, J = 2.3
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Hz, H-3), 7.17 (1H, t, J = 7.8 Hz, H-5"), 6.77 (1H, dd,
J=1.8, 1.9 Hz, H-4"), 6.72 (1H, d, J = 7.8 Hz, H-6"),
6.70 (1H, brs, H-2"), 6.29 (1H, d, J = 1.9 Hz, H-4"),
6.16 (1H, d, J = 1.9 Hz, H-6"), 5.43 (1H, m, H-8),
539 (1H, d, J = 1.4 Hz, H-1), 5.24 (2H, m, H-10),
473 (1H, t, J = 8.8 Hz, H-7a), 4.36 (1H, m, H-7b),
429 (1H, d, J = 8.0 Hz, H-1), 3.83 (1H, dd, J = 12.0,
1.2 Hz, H-6'a), 3.60 (1H, dd, J = 12.0, 6.0 Hz, H-6'b),
2.73~4.26 (4H, H-2'~5"), 2.81 (1H, t, J = 9.3 Hz,
H-5), 2.58 (1H, dd, J = 8.7, 5.7 Hz, H-9), 1.69 (1H,
dd, J = 13.5, 2.4 Hz, H-6a), 1.57 (1H, m, H-6b);
BC-NMR (150 MHz, CD;OD) §: 96.8 (C-1), 153.7
(C-3), 105.6 (C-4), 28.7 (C-5), 25.8 (C-6), 69.5 (C-7),
132.8 (C-8), 43.4 (C-9), 121.0 (C-10), 167.6 (C-11),
97.2 (C-1'), 74.8 (C-2'), 74.6 (C-3"), 71.6 (C-4"), 78.3
(C-5"), 62.4 (C-6"), 148.6 (C-1"), 104.1 (C-2"), 163.9
(C-3"), 103.1 (C-4"), 166.0 (C-5"), 112.8 (C-6"),
171.5 (C-7"), 146.5 (C-1'"), 114.5 (C-2'), 157.4
(C-3""), 116.5 (C-4""), 129.3 (C-5""), 121.2 (C-6""). LA
¥R kR E ", ek A T S N
2T .

A5 8: Totkh i (FHEE), ESI-MS m/z: 233
[M+Nal", 209 [M—H] ; 'H-NMR (600 MHz,
CDCl3) 6: 6.07 (1H, q, J = 7.2 Hz, H-8), 5.40 (1H, s,
H-1), 441 (4H, m, H-3, 7), 2.54 (2H, m, H-6), 1.88
(3H, d, J = 7.2 Hz, H-10), 3.50 (3H, s, 1-OCH3);
BC-NMR (150 MHz, CDCl;) d: 95.0 (C-1), 57.0
(C-3), 131.1 (C-4), 142.6 (C-5), 22.7 (C-6), 65.8
(C-7), 130.9 (C-8), 121.0 (C-9), 14.1 (C-10), 164.0
(C-11),55.3 (1-OCHs). PA_b#dfs 5 cikdiis —s,
HeK L&) 8 %7€ Y swerimilegenin L.

B 9: Tk (RED, BERAah,
ESI-MS m/z: 177 [M+H]"; 'H-NMR (600 MHz,
CDCl3) 6: 10.20 (1H, s, H-11), 8.38 (1H, brd, J = 7.7
Hz, H-6), 8.05 (1H, brd, J = 7.7 Hz, H-7), 7.61 (1H,
brt, J = 7.7 Hz, H-8), 4.54 (2H, td, J = 6.0, 1.8 Hz,
H-4), 3.56 (2H, brt, J = 6.0 Hz, H-3); “C-NMR (150
MHz, CDCly) d: 164.4 (C-1), 67.0 (C-3), 24.9 (C-4),
132.8 (C-5), 138.8 (C-6), 128.1 (C-7), 135.9 (C-8), 127.2
(C-9), 141.3 (C-10), 192.2 (C-11). LA_EH 4 5 ik iE
— 37, HeB LA 9 % N AL A S

&) 10: KREE S (B, ESI-MS m/z: 109
[M—H]; 'H-NMR (600 MHz, CD;OD) J: 6.74 (2H,

m, H-3, 6), 6.64 (2H, m, H-4, 5); "C-NMR (150 MHz,
CD;0D) §: 146.3 (C-1, 2), 116.4 (C-3, 6), 120.9 (C-4,
5). DA MR 5ok — 8, #es s 10
Y R )LEE .

a1 Atk (REE), ESI-MS m/z: 197
[M—H]; 'H-NMR (600 MHz, CD;OD) §: 7.22 (2H,
s, H-2, 6), 3.77 (6H, s, 3, 5-OCH3);: "“C-NMR (150
MHz, CD;0D) &: 122.0 (C-1), 108.3 (C-2, 6), 148.9
(C-3, 5), 141.8 (C-4), 170.1 (C-7), 56.8 (3, 5-OCHs).
L ¥t 5 scmkioE — 5", HeBie s 1 %
NTHE.

& 12: Josh s CFEE, ESI-MS m/z: 167
[M—H]; 'H-NMR (600 MHz, CD;0OD) &: 7.55 (1H,
dd, J = 8.7, 1.8 Hz, H-6), 7.54 (1H, d, J = 1.8 Hz,
H-2), 6.83 (1H, d, J = 8.7 Hz, H-5), 3.88 (3H, s,
3-OCH;); "“C-NMR (150 MHz, CD;OD) §: 123.0
(C-1), 115.8 (C-2), 148.6 (C-3), 152.7 (C-4), 113.8
(C-5), 125.3 (C-6), 170.0 (C-7), 56.4 (3-OCH3). EA I
5 SCRRIE — S, ek kA 12 SN 4-
PR3- H R HIR
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