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Chemical constituents from Swertia mussotii
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Abstract: Objective To study the chemical constituents of Swertia mussotii. Methods Various chromatographic methods were
employed to isolate the compounds and their structures were established by spectroscopic analysis. Results Nineteen compounds
were isolated from 75% ethanol extract of S. mussotii and identified as 1-hydroxyl-3, 4, 7, 8-tetramethoxyxanthone (1), 1, 7-
dihydroxyl-3-methoxyxanthone (2), 1, 3, 7-trihydroxyxanthone (3), 1, 3, 7, 8-tetrahydroxyxanthone (4), 1, 3, 8-trihydroxyl-7-
methoxyxanthone (5), 1, 3-dihyfroxyl-7, 8-dimethoxyxanthone (6), 1, 5, 8-trihydroxyl-3, 4-dimethoxyxanthone (7), 1-hydroxyl-3, 4,
5, 8-tetramethoxyxanthone (8), 1-hydroxyl-3, 5, 8-trimethoxyxanthone (9), (S)-(+)-gentiolactone (10a), (R)-(—)-gentiolactone (10b),
1, 8-dihydroxyl-3, 7-dimethoxyxanthone (11), 1-hydroxyl-3, 7, 8-trimethoxyxanthone (12), 1, 7-dihydroxyl-3, 8-dimethoxyxanthone
(13), 1, 7, 8-trihydroxyl-3-methoxyxanthone (14), 1, 3, 5, 8-tetrahydroxyxanthone (15), 1, 7-dihydroxyl-3, 4, 8-trimethoxyxanthone
(16), mangiferin (17), and oleanolic acid (18), respectively. Conclusion Compounds 1—9 are firstly isolated from S. mussotii.
Compounds 10a and 10b are firstly isolated from the plants in Swertia L.
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DU S, )\ KRR — . S scikdiiE, )l
VU R () 3 A 27 B3y D Uit s e ] S L B0
RS, SRS, PIBE. FEEURIRSS =LA,
H TR PR R R I 258 TR, ARSI
BT AT T BRI, 1l 2 P te s v
G ARG HOAR, MPE S S rh 73 B9 31 22 4k
G, % T 19 AMEEY), 000k 1-7835-3, 4,
7, 8- PU HT AR L G i {fi  C 1-hydroxyl-3, 4, 7, 8-
tetramethoxyxanthone, 1). 1, 7-_F23E-3-FI4 LAY
Wil (1, 7-dihydroxyl-3-methoxyxanthone, 2)+ 1,3,
7- =2 FERG IR (1, 3, 7-trihydroxyxanthone, 3).1, 3,
7, 8-V R NS i (1, 3, 7, 8-tetrahydroxy-
xanthone, 4). 1, 3, 8- = FF3&-7-F 5 JERG I (1, 3, 8-
trihydroxyl-7-methoxyxanthone, 5). 1,3-_F%}-7, 8-
A SERG T (1, 3-dihyfroxyl-7, 8-dimethoxy-
xanthone, 6). 1,5, 8-=F25E-3, 4- — HIA{EER M
(1, 5, 8-trihydroxyl-3, 4-dimethoxyxanthone, 7). 1-
FeH-3, 4, 5, 8-PY A ELML AR (1-hydroxyl-3, 4, 5,
8-tetramethoxyxanthone, 8). 1-F£J-3, 5, 8-—HI4
FEMG IR (1-hydroxyl-3, 5, 8-trimethoxyxanthon, 9)-
(S)-(H)-ENENEE [(S)-(+)-gentiolactone, 10a]. (R)-
(—)-JEMHABE [(R)-(—)-gentiolactone, 10b]. 1, 8-
FREE-3, 7- T HAUERG Y (1, 8-dihydroxyl-3, 7-
dimethoxyxanthone, 11). 1-5£3£-3, 7, 8- — HI4(FERG
Wi (1-hydroxyl-3, 7, 8-trimethoxyxanthone, 12)
1, 7- 52 4E-3, 8- AN IR (1, 7-dihydroxyl-
3, 8-dimethoxyxanthone, 13). 1,7, 8- =F£3L-3-F4
FEREEER (1, 7, 8-trihydroxyl-3-methoxyxanthone, 14)-
1, 3, 5, 8-PUFEIEnGmiE] (1, 3, 5, 8-tetrahydroxy-
xanthone, 15). 1, 7-_F23E-3, 4, 8-— F A JEAY i
(1, 7-dihydroxyl-3, 4, 8-trimethoxyxanthone, 16). T*
S (mangiferin, 17D FFEERIR (oleanolic acid, 18).
WA 1~9 B EIRMEMEYI T E458], teE)
10a A1 10b 15 RS s A 73 B 19 21
1 X5

Jasco V—550 284h/ A WG A (H A Jasco A
#]); Jasco FI/IR—480 Plus Fourier Transform £I. 7MY
WA CHA Jasco 22 #]); Jasco P—1020 Jig 4% (H
A Jasco A T]); Bruker Advance-300 MHz BY#% i 3t
P (f8[E Bruker A #)); Finnigan LCQ Advantage
MAX Ui (GEEFHAF]D; Agilent 1200 43 #7
R OB (A CGEE e A ] ;s Bl F—
100 2% 20 i RORAH (B4 C R RS

BRAT]D . MR HE SRR (100~200, 200~
300 H) NG L2 TAVBFSE T 7= b s Sephadex
LH-20 (25~100 um) >4 GE HealthCare 2 ] = i ;
STARAF AL 5K babei A A=, FTHIRFI N
Rt ai . @i, AR - Hr gl

JUVEREA T 2010 4R A il B AL 2,
H R B v A s A E ST A 3 RIS
W58 )1 PO RE T 5% Swertia mussotii Franch. .
2 EESSE

JVEREF 250 2.5 kg, B ILWIERSHEAR, H
T5%LBERYE 3 K, BFR 2. 24 1h, 3L, HHEE
WA, IR, SRIETE 60 CILZBA T, 13
THHE 509.7 go B EWHE, wTKT, DIEEAR
AT . ST BERR OlE 1E T IE 2 IRARHEY,
PR3 5 ANFEGRAL, B hBESAr 35 g ST
AT 92 g BEPR WAL 42.2 go 1F T EEEBAT 170 g
PARIKIAL 170.5 go HX S BT R R E I AT 1
WEEAT 3, KA BE-BE IR OB (15 1150 &
D) BEIEENG, 330180 Fr. 1~5. Fr. 1 FBUERA 0
i CRI-EE L D DR S 8 F19; Fr.2~
3R g 7 SR 2 S 1~T Rib &
&Y 18; Fr. 4 W EE G Y 100 12~14.
G 10 X N e A AR IR A, B2 T
PEFE (Chiral CD-Ph S5) #EAT4%4), THE 5 EL jig
TCEERE EATI AR R, 23 50l45 24654 10a 1
10b. ilid 4 HPLC % Fr. 5 #E474> &4t (FFEg-
KD, BEMLEH 15~18. M Fr. 5 bG8 /0814k
aY11~14.
3 HZHETE

A 1 W AR G . UV ALY (nm):
237, 265, 323, 381; ESI-MS m/z: 333 [M+H] .
'H-NMR (300 MHz, CDCl3) 8: 13.14 (1H, s, -OH),
7.34 (1H, d, J= 9.0 Hz, H-6), 7.26 (1H, d, J= 9.0 Hz,
H-5), 6.36 (1H, s, H-2), 4.00 (3H, s, -OCHj3), 3.95
(3H, s, -OCH3), 3.93 (3H, s, -OCH3), 3.89 (3H, s,
-OCH3); "“C-NMR (75 MHz, CDCl5) §: 181.4 (C=0),
159.6 (C-1), 159.4 (C-3), 151.0 (C-4a), 149.3 (C-7),
148.9 (C-8), 148.8 (C-4b), 128.1 (C-4), 128.0 (C-6),
115.5 (C-5), 113.1 (C-8a), 103.5 (C-8b), 94.5 (C-2),
61.7 (-OCH3), 61.6 (-OCHs), 57.1 (-OCHs), 56.3
(-OCH3). PA_E%dhs 5 ek s —5, seth s
W1k 152563, 4, 7, 8-DY F AR BEN i i

AW 2: W OE G CRD . UV?»I]\;;SH (nm):
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239, 262, 325, 382; ESI-MS m/z: 259 [M+H] .
'H-NMR (300 MHz, DMSO-dg) J: 12.86 (1H, s, -OH),
10.06 (1H, s, -OH), 7.49 (1H, d, J = 6.0 Hz, H-5), 7.42
(1H, d, J = 3.0 Hz, H-8), 7.30 (1H, d, J = 6.0 Hz, H-6),
6.58 (1H, d, J = 3.0 Hz, H-4), 6.36 (1H, d, J = 3.0 Hz,
H-2), 3.87 (3H, s, -OCH;3); "“C-NMR (75 MHz,
DMSO-dg) &: 180.1 (C=0), 166.3 (C-3), 162.5 (C-1),
157.4 (C-4b), 154.1 (C-7), 149.0 (C-4a), 124.8 (C-6),
120.4 (C-8a), 119.0 (C-5), 108.0 (C-8), 102.8 (C-8b),
96.8 (C-2), 92.5 (C-4), 61.6 (-OCH3). LA ¥k 53¢
mRIRE 8, Mt 2 1, 7- R AE-3-
S LI I

G 3: IRBTEET i G . UV?»XZSH (nm):
238, 263, 323, 388; ESI-MS m/z: 245 [M+H]'. 'H-
NMR (300 MHz, CD;0D) 6: 7.47 (1H, d, J = 6.0 Hz,
H-5), 7.35 (1H, d, J = 1.7 Hz, H-8), 7.24 (1H, d, J =
6.0 Hz, H-6), 6.31 (1H, d, J = 1.7 Hz, H-4), 6.16 (1H,
d, J=1.7 Hz, H-2); “C-NMR (75 MHz, CD;0D) §:
181.8 (C=0), 167.1 (C-3), 164.6 (C-1), 159.5 (C-4a),
155.3 (C-7), 151.2 (C-4b), 125.3 (C-6), 122.2 (C-8b),
119.8 (C-5), 109.4 (C-8), 103.7 (C-8b), 98.9 (C-2),
94.8 (C-4). LA F¥ds 55 scikapis — 809, et
B3 41,3, 7-= SR FE N I

B 4 HEEHR CHED . UV A (nm):
238, 265, 331, 386; ESI-MS m/z: 259 [M—H] .
'H-NMR (300 MHz, DMSO-dg) J: 11.87 (1H, s, -OH),
11.70 (1H, s, -OH), 11.16 (1H, s, -OH), 9.32 (1H, s,
-OH), 7.26 (1H, d, J = 6.0 Hz, H-6), 6.87 (1H, d, J =
6.0 Hz, H-5), 6.34 (1H, d, J = 3.0 Hz, H-4), 6.20 (1H,
d, J = 6.0 Hz, H-2); *C-NMR (75 MHz, DMSO-dj) &:
183.9 (C=0), 166.4 (C-3), 162.2 (C-1), 157.8 (C-4a),
147.9 (C-4b), 147.0 (C-8), 140.4 (C-7), 123.9 (C-6),
107.2 (C-8a), 106.0 (C-5), 100.8 (C-8b), 98.2 (C-2),
94.0 (C-4). A% 5 scikapas —87, sk
“W 441, 3,7, 8-DUFEIENG I ,

WG 5: W EOE CTERD., UV?»XZSH (nm):
236, 262, 330, 381; ESI-MS m/z: 273 [M—H] .
'H-NMR (300 MHz, DMSO-dg) d: 11.87 (1H, s, -OH),
11.77 (1H, s, -OH), 7.46 (1H, d, J = 9.0 Hz, H-6), 6.94
(1H, d, J = 9.0 Hz, H-5), 6.32 (1H, d, J = 3.0 Hz, H-4),
6.18 (1H, d, J = 3.0 Hz, H-2), 3.81 (3H, s, -OCH3);
BC-NMR (75 MHz, DMSO-d) J: 183.9 (C=0), 166.7
(C-3), 162.2 (C-1), 157.8 (C-4a), 149.1 (C-4b), 148.7

(C-8), 142.5 (C-7), 121.0 (C-6), 107.0 (C-8a), 105.6
(C-5), 100.8 (C-8b), 98.3 (C-2), 94.2 (C-4), 56.54
(-OCH3). VL -¥dfs 5 scikaiis—50™, dseth sy
Y15 N1, 3, 8- FR k-7 AR SE NG W

AW 6: WFER CFED . UV A (nm):
237, 264, 328, 385; ESI-MS m/z: 289 [M+H]".
'H-NMR (300 MHz, DMSO-dg) J: 13.26 (1H, s, -OH),
7.55 (1H, d, J= 9.0 Hz, H-6), 7.28 (1H, d, J= 9.0 Hz,
H-5), 6.22 (1H, d, J = 3.0 Hz, H-4), 6.07 (1H, d, J =
3.0 Hz, H-2), 3.85 (3H, s, -OCH3), 3.79 (3H, s,
-OCH3); "*C-NMR (75 MHz, DMSO-dg) J: 182.4
(C=0), 167.1 (C-3), 165.0 (C-1), 158.9 (C-4a), 152.1
(C-4b), 150.7 (C-7), 149.5 (C-8), 121.8 (C-6), 116.4
(C-8a), 114.1 (C-5), 104.1 (C-8b), 99.0 (C-2), 94.4
(C-4), 62.0 (-OCHj3), 57.5 ((OCHs)o LA % 5 ik
ol 83, WA 6 N 1, 3- k-7, 8-
FR AR I I

AW T: AR CRED . UV A (nm):
237, 266, 326, 379; ESI-MS m/z: 303 [M—H] .
'H-NMR (300 MHz, DMSO-dj) &: 11.59 (1H, s, -OH),
11.29 (1H, s, -OH), 7.46 (1H, d, J = 9.0 Hz, H-6), 6.71
(1H, d, J = 9.0 Hz, H-7), 6.34 (1H, s, H-2), 3.90 (3H,
s, -OCH3), 3.82 (3H, s, -OCH3); “C-NMR (75 MHz,
DMSO-dg) &: 183.7 (C=0), 159.7 (C-3), 157.1 (C-1),
153.0 (C-8), 149.4 (C-4a), 144.8 (C-4b), 139.9 (C-5),
127.9 (C-4), 121.4 (C-6), 109.2 (C-7), 104.1 (C-8b),
101.1 (C-8a), 98.7 (C-2), 60.7 (-OCH3), 57.3 (-OCHj).
DL $ode 5 scmkaoE 8, stk s T o8 1,
5, 8- =2 Hk-3, 4- FHAR FEN I

AW 8: WFEAR CFED . UV (nm):
236, 265, 325, 378; ESI-MS m/z: 333 [M+H]'.
'H-NMR (300 MHz, DMSO-dj) 6: 11.11 (1H, s, -OH),
7.46 (1H, d, J= 9.0 Hz, H-6), 6.71 (1H, d, J= 9.0 Hz,
H-7), 3.91 (3H, s, -OCHj3), 3.90 (3H, s, -OCH3), 3.84
(3H, s, -OCH3), 3.81 (3H, s, -OCH;); "*C-NMR (75
MHz, DMSO-dg) J: 180.6 (C=0), 159.2 (C-3), 158.2
(C-1), 153.1 (C-8), 147.6 (C-4a), 146.8 (C-4b), 141.6
(C-5), 127.6 (C-4), 118.9 (C-6), 110.2 (C-7), 105.7
(C-8a), 102.8 (C-8b), 94.8 (C-2), 60.8 (-OCH3), 56.9
(-OCH3), 56.4 (-OCHj3), 56.3 (-OCHs). LA E¥#iE 53
kR IE S, s e A 8 O 1-F23E-3, 4,5, 8-
DY FF A P D

AW 9: AR CHED . UV A (nm):
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238, 265, 331, 383; ESI-MS m/z: 303 [M+H].
'H-NMR (300 MHz, DMSO-dq) d: 13.27 (1H, s, -OH),
7.45 (1H, d, J = 9.0 Hz, H-6), 6.90 (1H, d, J = 9.0 Hz,
H-7), 6.56 (1H, d, J = 3.0 Hz, H-4), 6.31 (1H, d, J =
3.0 Hz, H-2), 3.90 (3H, s, -OCHs), 3.86 (3H, s,
-OCHj3), 3.84 (3H, s, -OCHj); "*C-NMR (75 MHz,
DMSO-dq) 6: 180.5 (C=0), 166.0 (C-3), 162.8 (C-1),
156.2 (C-4a), 152.9 (C-8), 146.6 (C-4b), 141.4 (C-5),
118.1 (C-6), 110.8 (C-7), 105.7 (C-8a), 103.6 (C-8b),
97.3 (C-4), 92.1 (C-2), 56.5 (-OCH3), 56.3 (-OCHj),
56.2 ((OCH3). LA ¥ b5 ek — 87, s
A 9 A 1-F85E-3, 5, 8- = F A JEM, i

WA 10a: EET7 8 GO . [a]f +110.5 (¢
0.1, MeOH); UV AN (nm): 206, 222; ESI-MS m/z:
211 [M—H] » 'H-NMR (300 MHz, CDCL) 8: 5.10~
491 (1H, d, J = 18.0 Hz, H-3), 4.41~4.36 (1H, brs,
H-7), 4.05 (1H, s, 9-OH), 2.73~2.52 (1H, brs, H-6),
1.81~1.66 (1H, brs, H-8), 0.86 (3H, t, J = 7.4 Hz,
H-10); “C-NMR (75 MHz, CDCLy) §: 172.3 (C-1),
161.6 (C-11), 153.4 (C-4), 119.4 (C-5), 72.0 (C-9),
66.5 (C-3), 66.2 (C-7), 30.4 (C-8), 22.3 (C-6), 7.5
(C-10). DA_F%ds 5 scmkabon — 80, et s
Y1 10a J5(S)-(+)-JEH A B -

WA 10b: T CRAD. [a] —110.6 (¢
0.1, MeOH); UV AN (nm): 206, 222; ESI-MS m/z:
211 [M—H] > 'H-NMR (300 MHz, CDCL3) 8: 5.10~
491 (1H, d, J = 18.0 Hz, H-3), 4.41~4.36 (1H, brs,
H-7), 4.05 (1H, s, 9-OH), 2.73~2.52 (1H, brs, H-6),
1.81~1.66 (1H, brs, H-8), 0.86 (3H, t, J = 7.4 Hz,
H-10); "“C-NMR (75 MHz, CDCl;) d: 172.3 (C-1),
161.6 (C-11), 153.4 (C-4), 119.4 (C-5), 72.0 (C-9),
66.5 (C-3), 66.2 (C-7), 30.4 (C-8), 22.3 (C-6), 7.5
(C-10). LA -¥odfs 5 ik — 2™, et s
Y1 10b K (R)-(—)-JEHH N s .

AT 11 WA G - UV AN (nm):
237, 264, 327, 384; ESI-MS m/z: 289 [M+H]'.
'H-NMR (300 MHz, CDCl;) 6: 12.07 (1H, s, -OH),
11.93 (1H, s, -OH), 7.26 (1H, d, J = 9.0 Hz, H-6), 6.83
(1H, d, J = 9.0 Hz, H-5), 6.35 (1H, d, J = 3.0 Hz, H-4),
6.30 (1H, d, J= 3.0 Hz, H-2), 3.94 (3H, s, -OCHs), 3.89
(3H, s, -OCH3). L ¥ b s — ), i
ENEY 11 4 1, 8- HE-3, 7- F A LN i o

A 12: VR G UV ALY (nm):

239, 259, 312, 373; ESI-MS m/z: 303 [M+H] .
'H-NMR (300 MHz, CDCls) d: 13.22 (1H, s, -OH),
7.32 (1H, d, J= 9.0 Hz, H-6), 7.13 (1H, d, J= 9.0 Hz,
H-5), 6.29 (1H, d, J = 3.0 Hz, H-4), 6.26 (1H, d, J =
3.0 Hz, H-2), 3.97 (3H, s, -OCH;), 3.89 (3H, s,
-OCH3), 3.84 (3H, s, -OCH3). LA % 5 SCikikiE
— 3, WS EA Y 12 h 1553, 7, 8- IR
S g

A 13: P s G - UV AN (nm):
238, 266, 328, 388; ESI-MS m/z: 287 [M—H] .
'H-NMR (300 MHz, CDCl3) 6: 13.21 (1H, s, -OH),
7.38 (1H, d, J = 9.0 Hz, H-6), 7.16 (1H, d, J = 9.0 Hz,
H-5), 6.34 (1H, d, J = 3.0 Hz, H-4), 6.31 (1H, d, J =
3.0 Hz, H-2), 403 (3H, s, -OCH;), 3.87 (3H, s,
-OCH3). LA %l 5 scipais —a, wseth s
Y13 2 1, 7- 58 5E-3, 8- FA LR o

WA 14: WO GG, UV?»I]\;;SH (nm):
238, 260, 311, 382; ESI-MS m/z: 273 [M—H] .
"H-NMR (300 MHz, DMSO-dg) : 11.90 (1H, s, -OH),
11.79 (1H, s, -OH), 9.41 (1H, s, -OH), 7.31 (1H, d, J =
9.0 Hz, H-6), 7.28 (1H, d, J = 9.0 Hz, H-5), 6.58 (1H,
d, J=3.0 Hz, H-4), 6.38 (1H, d, J = 3.0 Hz, H-2), 3.94
(3H, s, -OCHj3), 3.88 (3H, s, -OCH3). DL E¥#E 5
ks 8, WS A Y 14 1,7, 8- Rk
3- FRA L I

AW 15: IR CRED. UV AL (nm):
239, 264, 331, 381; ESI-MS m/z: 259 [M—H] .
'H-NMR (300 MHz, CD;0D) &: 7.15 (1H, d, J = 9.0
Hz, H-6), 6.56 (1H, d, J = 9.0 Hz, H-7), 6.16 (1H, d,
J=3.0 Hz, H-2), 6.30 (1H, d, J = 3.0 Hz, H-4). Ll I
Hod 5 ScmkaioE 50, MR A5 b 1,3, 5,
8-DUFHILRL I .

A 16: KA CTED, UV A" (nm):
238, 263, 325, 380; ESI-MS m/z: 317 [M—H] .
'H-NMR (300 MHz, DMSO-d;) d: 13.14 (1H, s, -OH),
9.61(1H, s, -OH), 7.38 (1H, d, J = 9.0 Hz, H-6), 7.27
(1H, d, J = 9.0 Hz, H-5), 6.51 (1H, s, H-2), 3.91 (3H,
s, -OCH3), 3.81 (3H, s, -OCH3), 3.77 (3H, s, -OCH3).
DA_EHedhs 5 ScikaoE — 3, etk & 16 N
1, 7-F23-3, 4, 8-= FHA LMY IR o

AT KR CFED . UV Ao (nm):
237, 265, 323, 377; ESI-MS m/z: 445 [M+Na]'.
'H-NMR (300 MHz, DMSO-dq) d: 13.76 (1H, s, -OH),
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10.38 (1H, s, -OH), 10.38 (1H, s, -OH), 7.38 (1H, s,
H-8), 6.86 (1H, s, H-5), 6.37 (1H, s, H-4), 4.58 (1H, d,
J=9.0 Hz, Gle-H-1). L ¥ 55 3cikdfis —2d",
M A 1T T B

AW 18: F s i CREE . mp 307~309 C.
555 ORI 6T I L2, AHTR] RE AR A S I0AH [0
BBt RL (Rf=0.68, JEIFFIAHM Ci-BilR L1 6 -
4), ESI-MS m/z: 935 [2M+Na] . 'H-NMR (300
MHz, CsNsD) 5.51 (1H, t, J = 3.0 Hz, H-12), 3.34
(1H, dd, J = 12.0, 3.0 Hz, H-3), 1.29, 1.25, 1.03, 1.03,
1.02, 0.96, 0.90 (3H, s, 7 X-CHs). LA %k 5 SRR
20, WO RS 18 A FEURIR
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