ENEEFRUER ST NAEEAMRERLE
RENFEY (Q-Marker) TS
EB, ZEFWL OB EL T

VPR B AR AR 0T, B 610039; 2t [E i BERL B PR AR SEg Ly, BT 100700
W OE. EEERE (FED) NN EMEYIEN R SE Swertia chirayita T4 E, R EE 251077 TR
PORMIE L2 . BRA R, Pobios. PrEd. iR, PURIEME. PRSI IER, HALS By
FEASENEEZE . FRBEEE . =38, RIERFE. FTEER T A2 M T Tk, M
VISR GAERNL B R 1 FTIVERED SR G S R ARG 2. AR GL D ORI A N 254K8)) 0 2245 07 TRt Bl
[EXR TR EAR £ (quality marker, Q-Marker) #EATFUI 3T, WP BN F 3w . . BT
SEHF. TSR MR . FEEORIR . AR SRR R A 2 P M R A5 R A R S 32T Q-Marker, Ay
B oF S BN R R S LARE S B AR
REE: EIEENEFSE: s EAER: BTEAREY: WU, FPRARTEGE
HESRT: R282.71 SCERPRIRS: A

Research progress on chemical constituents,
pharmacological effects of Swertia chirayita and prediction

of its quality marker

WANG Peng!, YI Xiang-rui', TU Ya**, LIU Chuan'*
College of Food and Bioengineering, Xihua University, Chengdu 610039, China,;>Experimental Research Center,
China Academy of Chinese Medical Sciences, Beijing 100700, China
Abstract: Swertiae Chirayitae Herba is the dried whole grass of Swertia chirayita of the Gentianaceae family,
which is the preferred medicine for treating liver and gallbladder diseases in Tibetan medicine. Its chemical
components mainly include xanthones, iridoids, triterpenoids, lignans, etc., which has many pharmacological
activities such as liver protection, anti-tumor, anti-oxidation, anti-inflammation, anti-pathogen, anti-diabetes and so
on. Based on the research progress of chemical composition and pharmacological effects of S. chirayita, the
quality marker (Q-Marker) of S. chirayita was predicted and analyzed from the aspects of plant affinity and
chemical composition specificity, component measurability, Tibetan medicine property, efficacy, and
pharmacokinetics. Swertiamarin, gentiopicroside, sweroside, mangiferin, swertianolin, oleanic acid, ursolic acid

and bellidifolin can be used as the main Q-Marker of S. chirayita, which can provide reference for improving the



quality standard and development and utilization of S. chirayita.
Key words: Swertia chirayita; chemical composition; pharmacological effects; Q-Marker; xanthones; iridoids
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Table 1 Xanthones and flavonoids in S. chirayita

i ey SCHR | W ey SCHR
No. Compound Ref. No. Compound Ref.
. 1-$24£-2,3,5- = F S ZEMI A 1-Hydroxy- . 3 1,5,6- =¥ Jk-3- B A LM 1,5,6- b
2,3,5-trimethoxyxanthone Trihydroxy-3-methoxyxanthone
2 1-583£-2,3,4,5- DU FAECEMUAR 1-Hydroxy- 1,11 31 4E5G 2 IE R Bellidifolin 13




10
11

12

13

14

15

16

17

18

19

20
21

22

23

2,3,4,5-tetramethoxyxanthone
1-F256-2,3,4,6- U H 4 S MR 1-Hydroxy-
2,3,4,6-tetramethoxyxanthone
1-$23E-2,3,4,7-PU R MR 1-Hydroxy-
2,3,4,7-tetramethoxyxanthone
1-32HE-3,4,5- = FAE ZENUEH 1-Hydroxy-
3,4,5-trimethoxyxanthone
1-523-3,5- — H A FEMIEA 1-Hydroxy-3,5-
dimethoxyxanthone
132 4£-3,5,8- = A FENUAH 1-Hydroxy-
3,5,8-trimethoxyxanthone
1-320E-3,5,7,8- U 4R ML A 1-
Hydroxy3,5,7,8-tetramethoxyxanthone
1-523-3,7- WA FEMIEA 1-Hydroxy-3,7-
dimethoxyxanthone
Decussatin

1,3- 2 FEMIEA 1,3-Dihydroxyxanthone

1,3- =32 5-7- 4 FEMIAR Isogentisin

2247 Swertianin

Swertinin

1,5- = §745-3,8- — F A SENLEA 1,5-
Dihydroxy-3,8-dimethoxyxanthone
1,5- 2 HE-3,7,8-= F 4 KL MU 1,5-
Dihydroxy-3,7,8-trimethoxyxanthone
1,6-—F2%5-3,7,8- = H A ZENL AR 1,6-
Dihydroxy-3,7,8-trimethoxyxanthone
1,7- 5303, 4-  FEEENLER 1,7-
Dihydroxy-3,4-dimethoxyxanthone
1,7- 3 5-3,8-  HISUEENLAR 1,7-
Dihydroxy-3,8-dimethoxyxanthone
FH 24 424 7* Methylswertianin
Swerchirin
1,8- "8 4E-3,5,7- = AL 1,8-
Dihydroxy-3,5,7-trimethoxyxanthone
1,8- 743, 7-  FEUEENNAR 1,8-
Dihydroxy-3,7-dimethoxyxanthone

11

12

13,14

15

16

17,18
19

13

13,20

12

13

19

13

19

21,22

11,23
18

15

17,24

32

33

34

35

36

37

38

39
40

41

42

43

44

45

46

47

48

49
50

51

52

1,2,5,6-PU¥RFEMLER 1,2,5,6-

Tetrahydroxyxanthone

2 H 2T Norswertianin

2 H LA IE MR Desmethylbellidifolin

1,3,7,8-PUF2HMIAR 1,3,7,8-
Tetrahydroxyxanthone
1,4,6,8-VU 2 FEMIEH 1,4,6,8-

Tetrahydroxyxanthone

TR Mangiferin

ST BT Isomangiferin

Swerpunilactone A
Swerpunilactone B
8-O-[f-D-Xylopyranosyl-(1—6)-f-D-
glucopyranosyl]-1,7-dihydroxyl-3-
methoxyxanthone
8-O-[f-D-Xylopyranosyl-(1—6)-f-D-
glucopyranosyl]-1-hydroxyl-3,7-
dimethoxyxanthone
7-O-[p-D-Xylopyranosyl-(1—2)-f-D-
xylopyranosyl]-1,8-dihydroxy-3-

methoxyxanthone

Neolancerin

1-0-p-D-Glucopyranosyl-2,6,8-
trihydroxyxanthone
1-0O-p-D-Glucopyranosyl-4,5,7-

trihydroxyxanthone

45 1 Ju HHEF Swertianolin

o-ff11&F % o-Mangostin

521842 T &K Isomangostin
Chiratanin
352 F LR R 3-0-

Demethylswertipunicoside

¥ 4 SEFF B Swertiachoside B

27

15

21

12

13

18,28

18,19

17
17

17

16

17

16

23

23

19,22

12

12
12

19,29

16
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24

25

26

27

28

29

1,2,3-=§245-7,8- — A MR 1,2,3-
23 53
Trihydroxy-7,8-dimethoxyxanthone
2 Y25 B Norswertianolin 25 54
1,3,7-=¥2 LM 1,3,7-Trihydroxyxanthone 13 55
1,3,7-=F25-8-F S LA 1,3,7- . s
Trihydroxy-8-methoxyxanthone
S4EZ HE AR Tsobellidifolin 22,26 57
1,4,8- =2 F-6-H & ZEMIFR 1,4,8-
13 58
Trihydroxy-6-methoxyxanthone

%5 7 & Nobiletin

3,3'4'5,8-Penta hydroxyflavone-f-D-
glucopyranosiduronic acid-6'-pentopyranose-
7-O-glucopyranoside
7T Rutin

Hit 7 2% Quercetin
K Isovitexin

SFZEHAT Luteolin-6-C-glucoside
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Fig. 1 Structures of xanthones and flavonoids in S. chirayita
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Table 2 Iridoids in S. chirayita

TR waEm Xk | WS weaEm SCHR
No. Compound Ref. No. Compound Ref.
59 T Swertiamarin 31,32 69 6'-O-p-D-Glucopyranosyl gentiopicroside 18
60 R Gentiopicroside 19,33 70 7-25H B8 T Deoxyloganic acid 33
61 J A Sweroside 19 71 Swertiaside 35
62 LR Loganic acid 19 72 7-Epi-(m-methoxybenzoyl)-loganin 35
63 §-0-D-Glucopyranosyl 16 73 7-Epi-(m-methoxybenzoyl)-loganin tetraacetate 35

sweroside
64 Deacetylcentapicrin 24 74 Senburiside / 35
65 5 EHESFF Amarogentin 21 75 Senburiside / pentaacetate 35
66 T Amaroswertin 19,34 76 Senburiside / methyl ester pentaacetate 35
67 Swerimilegenin / 21 77 Di-O-methyl-senburiside / methyl ester 35
68 Amaronitidin 33 78 Di-O-methyl-senburiside / methyl ester triaceate 35
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Fig. 2 Structures of iridoids in S. chirayita
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R 3 EIRERCT 3 =R DL R F AR RS SY

Table 3 Triterpenoids and other terpenoids in S. chirayita

I 5 wEY) SCHR I wEY) SCHR
No. Compound Ref. No. Compound Ref.
79 SRR Oleanic acid 19,21 99 Swertiachirdiol A 16
80 4-Epi-hederagenin 21 100 p-H% N B-Daucosterin 21
81 2-Epi-corosolic acid 21 101 Gammacer-16-en-3-$-ol 12
82 AERTE Ursolic acid 11,21 102 AR 2 Moretenol 12
83 Methyl(3/)-3-hydroxyurs-12-en-28-oate 11 103 Swerta-7,9(11)-dien-3-$-ol 12
84 Methyl(3/)-3-hydroxyolean-12,15-dien-28-oate 11 104 Pichierenol 12
g5 (36,130,145,200)-3-Hydroxy- 1 3-methyl-26- ” 105 S S Lupeol .
norolean-8-en-29-oic acid
%6 Methyl(38,13a,14/8,20a)-3-hydroxy-13-methyl-26- . 106 T A9 BE 2 FR IR Taraxasterol b
norolean-8-en-29-oate acetate

87 Methyl(3/)-3-hydroxyolean-12-en-28-oate 11 107 Chiratenol 12
88 FHIRR 3-Z.TREE Acetyl oleanolic acid 12 108 Chirat-16-en-3--24-diol 12
89 Swertanone 12 109 Olean-12-ene-18aH-3-one-9a-ol 36
920 Episwertenol 12 110 Olean-12-ene-18aH-3-one-194-o0l 36
91 Swertenol 12 111 Olean-12-en-18aH-3-one 36
92 LT A TERG BT Taraxeryl acetate 12 112 12-Hydroxyoleanolic lactone 37
93 TH /N P FE Y Taraxerol 12 113 F#EE R Betulinic acid 38
94 AERIR IRl Acetylursolic acid 12 114 AF2HH Friedelin 39
95 B-EW K B-Amyrin 12 115 Swertiachoside 4 16
96 ] —E% Erythrodiol 12 116 203 PN i Andrographolide 40
97 Kairatenol 12 117 Djalonenol 16
98 3,23- "R R -12-04-28 R 21




. Ry d
81 R;=OH.R,=COOH 84 85 R=COOH % 87 R=OH.R,=COOCH;
82 R;=H.R,=COOH 86 R=COOCH; 88 R,=OOCH;.R,=COOH
R,=H.R,=COOCH; B
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Fig. 3 Structures of triterpenoids and other terpenoids in S. chirayita
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Table 4 Lignins in S. chirayita
%5 waEm Xk | WS wEaEm SCHR
No. Compound Ref. No. Compound Ref.
g T EHER G- 41 123 (+)-Cycloolivil-4'-O-f-D-glucopyranoside 16
Syringaresinol

119  FREXEHHE Zhebeiresinol 41 124  8-a-Hydroxyllariciresinol-4-O--D-glucopyranoside 16
120 Salicifoliol 41 125  8'-a-Hydroxyllariciresinol-4'-O-f-D-glucopyranoside 16
121 137 Balanophonin 41 126  Epi-syringaresinol-4"-O-B-D-glucopyranoside 16
122 (-)-Berchemol 41 127  F¥FE Sinapaldehyde 15

128  Syringaresinol-4"-O-f-D-glucopyranoside 16
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Fig. 4 Structures of lignins in Swertia chirayita
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Table 5 Phenols and organic acids in S. chirayita
TS EY) ER | S HaEw) SCHR
No. Compound Ref. No. Compound Ref.
129 TR RE AW AR Secoisolariciresinol 26 138  H[#& Formic acid 24
130 # BT Gallic acid 24 139 LM Acetic acid 24
131 S Maclurin 33 140  FEIAFR Succinic acid 24
132 ZJEMEd Iriflophenone 14,33 141  EEHRER Palmitic acid 11
133 3,3',5-Trihydroxybiphenyl 16 142 2-F2HES 2K —H R 2-Hydroxyterephthalic acid 12
134 T %W Syringaldehyde 15 g RS TRELS 12
Dihydroxyterephthalic acid

135 LI Catechol 21 144  [AFEIEAH R 3-Hydroxybenzoic acid 24
136 1 &M Syringic acid 21 145 [A%E: Ferulic acid 30
137  FEE Vanillic acid 19,21
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Fig. 5 Structures of phenols and organic acids in S. chirayita
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Table 6 Other compounds in S. chirayita
EER) HaE SR T HaE SR
No. Compound Ref. No. Compound Ref.
146  J¢/HTH Gentianine 26 154  Stigmast-4-en-3-one 12
147 XA Gentianaine 12 155  p-Sitosterol-f-D-glucoside 12
148  Enicoflavine 12 156 & {§ i Stigmasterol 12
149  KE’% MBS Scopoletin 15 157 %R Alanine 24
150 4L H4:4EM M Erythrocentaurin 21 158 SR Valine 24
151 4 4:16FR Erythrocentauric acid 29 159 JEHE Sucrose 24
152 p-# HilF p-Sitosterol 12 160  Bridelionoside B 16
153  Cholest-4-en-3-one 16
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Fig. 6 Structures of other compounds in S. chirayita

2 HEER

PURL B W FUR W], BN S A RIF. $UbtR . UL, FiRk. BUWIRAE. 4t
LR 2k TR i P Sl e - 111 E AN N i T e SN e S5 s I EPSE
2.1 fRAT

B2 2 SR AT O8R40 A CR A o B0 AR 2 SEBR R D e 06 P (IR L v 2 B Tk

B B IMTE P B R Z B (aspartate aminotransferase, AST) « &N # %l (alanine

aminotransferase, ALT) i /7. 3532 & ME b (88 S0 B (superoxide dismutase,
SOD) . EJFEMEA B H K (glutathione, GSH) 3% /1 MFEMK A — B (malondialdehyde,
MDA) M& W, LRI R, EIRESE 32 FREE LY (300 mg/kg) AT 453493 1 A
YU B A IE AR R, USEbik (CCl) A BRI i asiek, HZH/NRFY)
A R A R B A BRI AR R I AL . AT, BN SE LR
Y (2.0 glkg) TP RACR B35, BEAELE AR 3G, T 45 405 1 F 2
oo, AR RO S H . R SR 0N 2.90 +£0.19 mg/g. 7.80 + 0.14 mg/gh3l,
B LA 2 S R Wi v R SR R 5 SR R AT W B 4 JHF 2 IR 4B Chepatic stellate
cells, HSCs) $FAMIME, HHAMHIME I BEW EZ# 7 &g hn Co.1. 1. 10, 100, 200
pumol/L) , S HLIK M PER,
2.2 B

B BE % 2 S AT LI I 5 5 20 M O TSk R FE PRI AR B o BB 2 SR T I e



THRTT BRSNS, A5 5O, R R A ARG T D, JH TR A R 2, B
F3 CTESEI (400 pg/mL ) 5 JiRg 40 i b i 9 T2 R B 2 4B R -2 FE R (B-cell
lymphoma-2, BCL-2) . B 4iHi# Ki#kE2E (B-cell lymphoma extra large, BCL-XL) . ‘&
B2 A % 51 1 (myeloid cell leukemia sequence 1, MCL-1) 2581k, LA 40 i J& 34
A DI (eyclin D) HHE4H LR F A (myelocytomatosis oncogene gene, MYC) %53
1K AN ] Janus WG 145 5 5 T A BOE R 115 5188 3 (janus kinasel/signal transducer
and activator of transcription3, JAKI/STAT3) , MM 40 M 21451, % AR EE H 35 A
JFHE4HE (Hep G2) ' WNT Fil Hedgehog i % o8 i # 2E [K], Foi@ b #flpg-1E & A (p-
catenin) . ;AT A SCE H (secreted frizzled-related proteins, SFRPS) . Jj8 I 45
B % % K Cadenomatous polyposis coli, APC) . IR WM A% MR 4 BF (poly-
adenosine diphosphate-ribose polymerase, PARP) i S5 4l i 7 =146, A 5 1+ JIEL i 3o 384
MAFLEREAN M (MCF-7) F g A iR, RBR &I MCF-7 41 i (¥ 3E 7 71 5 b
TERRE DT, 1559 DNA 45497 3 i A5 e 4t B 014,
23 AL

B[ ESR 2 3 CREAR LY (5~ 30 pg/mL) Wi A E A IR R IIERRAE ), 7S PESRES 5K
J S IE R SR8, B SRR B AT $R i CCly T3/ U E AT IE SOD. GSH. &tk
ZBE (catalase, CAT) 7K P, W T FFMEATE IR A A0 001970 2 SR R 38 i i ) 72
J T AR B A R, A A 4E M R AE VR e 35 e, SOD. GSH. CAT 7K &2
FTh . MDA JKF 535 B0 e ah, 2R 1,1- 2R 2- = R 2RIl (1,1-diphenyl-
2-picrylhydrazyl, DPPH) H fHE:EAG MGG, 2 REWHAAEES TR mnmg, =%
TFRPLIR MER K ICs0 73 AN 156.2 259.7 umol/LB4, 444 M- i 7E 20 mg/kg & 2 42 15
BRI SOD i (92.90 + 11.19 U/mg) + GSH i& 1 (122.58 + 12.31 umol/mg) Fl £ 1K
MDA & & (3.98 +2.00 nmol/mL) 11, Singh %5224 57 45 5 & B B[ 5 J oF S 412 B 0385 B
DPPH i PRy, 3 1Cs0=34.5 £ 1.21 pg/mL, o0 A% e 257, SE4 0 R . 5
ST EER . B ORARES T . AR ORAREE . TR N R PRI LY
24 %

B A 2F S - S A7) fi 2 ) 5T 4 K R IML 7 012 48 400 B DXL () T v Ak 6 1 A B
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JERE P SRS e S T RIR R RS AR Sy, DA HPLC W % 3 Rl oy 1 5 &
10 b FERE OF SERE PO F S RIS ER TS R4 3 Rl R bR S A R AROR, H
PP AT A R S R = . Yang S5PER) HPLC @07 17— W2 PR, W B 3¢
RS R REARE. CRENRIEREERSE. b, A BEsm
WIS FRARTRGG . = M5 24 B oo S I BB 5 O S R ], mOAEURM DR AR O SR A T AR A
B HOTFREAIE B A
4ENERTFRERERBEZLMRA

1225 2 SRAE e M B IR] 8 I e 2y, 253 sk, BRI IR 0] 25 24 L nf Heid 3
FOR TR T QU BRI . IR R R SRR . (RERAT) Ok H
W, PR, FTRITIEAGE . REURAIIE, HAEERZ K. GRZE) SRR
HEM R REMEEER, JEaAMER. dbAh, EDEERE R SEIE 5o Th B A
a7 &g, HEmARE (MR .
R 7 BT SEAE R R e AR B F

T

-

Table 7 Ethnic folk clinical applications of S. chirayita
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