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Research progress on chemical composition and pharmacological activity of
Tripterygium wilfordii and predictive analysis on Q-marker
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Abstract: Tripterygium wilfordii, a traditional Chinese herbal medicine with multiaspect pharmacological activities, contains abundant
chemical constituents. Based on the new concept of quality markers (Q-markers) of traditional Chinese medicine put forward by
Academician Chang-xiao Liu, this paper systematically reviewed the chemical constituents and pharmacological activities of 7.
wilfordii, the Q-markers of 7. wilfordii were predicted and analyzed according to the definition of quality markers and the research of

its traditional efficacy, traditional medicinal properties, new clinical use, measurable composition, plasma composition, and

compatibility, in order to provide reference for further study on the quality of 7. wilfordii.
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Table 1 Diterpenes in 7. wilfordii

F5 WEYIA TR AR, SCHR

1 EHABEHZR (triptolide) R,=R,=H, Ry;=CH;, R, =OH 14

2 FAMECZE (tripdiolide) R, =R;=OH, R, =H, R; = CH; 14

3 FHEENEE (triptolidenol) R, =H, R, =R, =OH, R; = CH; 14

4 16- 523 AEWEEEE (16-hydroxytriptolide) R, =R, =H, Ry;=CH,0H, R,= OH 14

5 HAMENBERN (triptonide) R, =R,=H,R;=CH;, R, =C=0 14

6 NN (triptoquinonide) 15

7 LMy AEE (triptophenolide) R,=R,=R;=H 16

8 H N EE B Ctriptophenolide methy etiler) R,=R;=H,R,=CH, 16

9 FHH MBS (neotriptophenolide) R, =OH,R,=CH;,R;=H 16
10 EEEH g (triptonolide) R,=R,=H,R;=C=0 17
11 SRR AEE (isoneotriptophenolide) R, =R,=H,R;=CH; 15
12 &y HT N EE-O-T % B (neotriptophenolide-O-glc) R, = O-glc, R, =H, Ry = CH; 15
13 EHABEAANGEE (tripchlorolide) 15
14 B ABENER =1 (triptriolide) 15
15 RS ik IS (tripterifordin) R=H 15
16 tripterinin R=0H 18
17 160-hydroxy-20-ethoxy-19,20-epoxykauran 18
18 160-hydroxy-ent-kaurane R; =R, =R;3=CHj;, R,= OH 18
19 160-hydroxy-kauran-19,20-dioic acid R; =R, =COOH, R; = CH;, R, = OH 18
20 16a-(—)-kauran-17,19-dioic acid R, =CH;, R3;=H, R, =R, = COOH 18
21 kaurane-16,19,20-triol R; =R, =CH,0H, R; = CH;, R, = OH 18
22 ent-kaurane 18
23 8a-hydroxy-ent-pimara-15-ene 18
24 ent-pimara-8(14),15-diene 18
25 tyriptoquinone H 19
26 HEyHERE (triptonoterpenol) R, =CH,OH, R, = OH, R; = OCH;, R,=H 15
27 triptonoterpeoe R, =CH;, R, =R;=H,R;=0H 16
28 & Iy s i (triptonoterpene methyl ether) R,=R,=CH;,R;=0H,R,=H 16
29 HEyHE A (triptobenzene A) R, =CH,0OH, R, =R,=H, R;=0H 19
30 EWHE N (triptobenzene N) R, =CH,0OH, R, =R;=H, R, =C=0 19
31 IR Chypoglic acid) R, =CHj;, R, = OH, R; = OCH; 15
32 HWyiE D (triptobenzene D) R, =COOH, R,=R;=H 19




« 4754 - ¢ %% Chinese Traditional and Herbal Drugs 25 50 % 25 19 # 20194 10 A

gk
5 HEM TR AR SCHR
33 W H (triptobenzene H) R, = COOH, R, = OH, R; = OCH; 19
34 triptoquine A 15
35 JREMAER (dehydroabietic acid) 18
36 triptinnin B 18
37 16-hydroxy-19,20-epoxy-kaurane 20
38 TG J (triptobenzene J) R, =H,R,=0H 18
39 3B,11,19-trihydroxy-14-methoxy-abieta-8,11,13-triene R; =O0H, R, = OCH; 18
40 13-epi-19-normanoyloxide-18-oic acid 18
41 labd-13(E)-ene-8a,15-diol 18
42 14,15-dihydroxy-8,13-epoxy-labd-14-en-19-oate 18
43 abietatriene 14

25 26~30 31~33 34
>
OH O 11N OH
" HO
~—OH (6]
(6]
35 36 37
/ COH
o OH
0
COOH /
COOH
40 41 42 43

1 BLHBPoGERENBLE
Fig. 1 Structural skeletons of diterpenes in 7. wilfordii
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i3 (triterpenes)
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PR, ZE TR AR AR 1S HERS
HABEEA/DREER, BER. MREMGHE

JeESE KR EEPH 2 ARIERY A E RN

M=, HAARINEK 2, SiME5RILE 2.

1.4 Y% (alkaloids)

AR RO TE B A BRI T B R AR
MIRAETIA 0.1%~0.5%P% . $&45 K5 245 H

R4, SREIRILE 4.

NHET R AR HAMIEE BRI

F2 FOREBEPZMEEUED
Table 2 Triterpenes in 7. wilfordii
Fs WA 4R AR JCHR
44 EAHEABEH (wilforlide A) R =OH 22
45 EAMEAEEZ (wilforlide B) R=C=0 22
46  FER TR (salaspermic acid) R=H 23
47  THABERR E (wilforic acid E) R=C=0 24
48  EHERKEE (demethylzeylasteral) R, =CHO, R, = OH 22
49 triptohypol A R; =O0H, R, = OCH; 21
50  triptohypol B R; = CHj;, R, = OCH; 21
51 triptohypol C R, =CH;, R, =0OH 21
52 EHEABER A (wilforic acid A) 24
53 EHABERR B (wilforic acid B) 24
54 EHABELE (celastrol) 22
55 celastolide 21
56  EABER C (wilforic acid C) 24
57  triptotin C 25
58 GRS (regelin) R; =OCHj;, R, =OH, R; = C=0 25
59  FEHHEEEEE (demethylregelin) R; =R, =O0H, Ry = C=0 25
60  HFHER (dulcioic acid) R, =R;=OH,R,=H 25
61 28-hydroxy-3-oxo-olean-12-en-29-oic acid R;=0,R,=H, R;=0H 18
62 3,28-hydroxy-olean-12-en-29-oic acid R; =B-OH, o-H, R, =H, R; = OH 18
63 30,28-hydroxy-olean-12-en-29-oic acid R, =0-OH, B-H, R, =H, R; = OH 22
64 EHEABE=HERE B (triptotriterpenic acid B) R, =pB-OH, o-H, R, =OH, R; =H 18
65  HAEM C (regeol C) 18
66  22B-hydroxy-3-ox0-12-ursen-30-oic acid R, =H, R, =0, R;=COOH, R;=OH, Rs = CH; 18
67 28-hydroxy-3-ox0-12-ursen-30-oic acid R;=H, R, =0, R;=COOH, R, = H, Rs = CH,OH 18
68  20-hydroxy-ursolic acid R; = OH, R, = B-OH, a-OH, R3 = CH3, R4 = H, Rs = COOH 18
69  triptohypol D R = OCH,CH; 21
70  triptohypol E R = OCH; 21
71 triptohypol F 21
72 hypodiol 24
73 regelone 25
74  21pB,28-dihydroxy-3-oxo-olean-12,20(30)-diene 18
75 EHAMEZMEER A (triptotriterpenic acid A) 18
76 HEMHEER (orthosphenic acid) 18
77  cangoronine 18
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Fig. 2 Structural skeletons of triterpenes in 7. wilfordii



¢ %% Chinese Traditional and Herbal Drugs 25 50 % 25 19 # 20194 10 A . 4757 «

#3 FOBTPEYRENEY
Table 3 Alkaloids in 7. wilfordii

59 AR /RS HUARHE SRR
78  EABERIE (wilforine) R,=Bz,R,=H,R;=R,=Ac 6
79 EABEFEM (wilfortrine) R, = 3-furanoyl, R, = OH, R; = R, = Ac 27
80  EATEEH (wilforgine) R, = furanoyl, R, = H, R; = R, = Ac 27
81  FHAMEWPE (wilforzine) R,=Bz,R,=R;=H, R, =Ac 6
82  TEAEREWL (wilforjine) R,=R,=H,R;=R,;=Ac 28
83  EHAMEHI (wilfordmine) R,=R;=R,;=Ac,R,=H 29
84  WAMEELK (wilforidine) R;=H,R,=O0H, R;=R,=Ac 28
85  HAME (wilfordine) R, =Bz R,=OH, Ry =R, =Ac 30
86  HAMETW (wilfornine) R, = nicotinoyl, R, = H, R; = R4 = Ac 31
87  1-E BT ABEEM (1-desaetyl wilfordine) R, =Bz R,=OH,R;=Ac,R,=H 32
88  1-K BT AMEFM (1-desaetyl wilfortrine) R, = 3-furanoyl, R, = OH, R; = Ac, R, =H 32
89  1-FELBEFEE ABELE I (1-desacetyl wilforgine) R, = furanoyl, R, =R, =H, R; = Ac 32
90  1-KLBREETE AR (1-desacetyl wilforine) R, =Bz, R,=Rs;=H, R3;=Ac 32
91  9-¥IE2-MHEETE A MK (9-hydroxy-2- R, =nicotinoyl, R, = OH, R; =R, = Ac 33

nicotinoyl wilforine )
92 {RE AW A (peritassines A) R,=R,=Ac,R;=Rs=CH;,R,=R;,=H 34
93  RHEABEF (isowilfortrine) R, = 3-furanoyl, R, = Ac, R;= OH, R4 =R5=CH;, Rs=H 31
94 EABWIE (wilfordsine) R, =Bz, Ry =Ac, R3=R¢=CHs3, Ry =OH,Rs = H 31
95  EAMEREN, (wilfordconine) R, =Ry =H, R, = 3-furanoyl, R; = OH, Ry = Rs = CH; 28
96  FHAMEFA (wilfordlongine) R, =R¢=H, R, =Ac, R;=OH, Ry =Rs=CH; 28
97  RHEAMBEE (isowilfordine) R, =Bz, R,=Ac,R;=R;=CH;,Rs=R¢=H 28
98  TEAMEMTE (wilfordsuine) R, =Rs=Rs=H, R, =Ac, R; = CH;, R, = OH 28
99  FHAMEET A (wilfordinine A) R;=Ac,R,=R;=H 35

100  FHABEET B (wilfordinine B) R, =R,=Ac, R;=0H 35
101 FHAMEET C (wilfordinine C) R, =Bz R,=Ac, R;=0OH 35
102 HABEZET D (wilfordinine D) R, = B-OAc, H, R, = furanoyl, R; = H 36
103 HAMEZET E (wilfordinine E) R, =B-OAc,H,R,=Ac,R;=H 36
104  FHABETF (wilfordinine F) R, =B-OAc, H,R, =Bz, R;=H 36
105  HABEZET G (wilfordinine G) R;=0,R,=Ac,R;=0H 36
106  FHABEZET H (wilfordinine H) R, = B-OAc, H, R, = furanoyl, R; = OH 36
107  FHAMEZR B (triptonine B) 35
108 hypoglaunine 37
109 FEdEHEAE K2 BE% (celacinnine) R = trans-PhCH=CHCO 28
110 FEYEHE B-Whm I BER% (celafurine) R = furanoyl 28
111 FEIEEERBEZ (celabazine) R =PhCO 28
112 PR PAERE R (celallocinnine) R = cis-PhCH=CHCO 28
113 triptotion J 38

Ac-acetyl Bz-benzoyl Ph-phenyl

2 HEEMN 2.1 FHEFEM
T RR T A R IER TR RS RAMERZE. AR RA IR R RIER, %

VELLBERSE . R AR B LA RS R SO AT BP0 AR08 “ It ” 420 w )RS R
AT, ARG RH Pik. PUmsEHAE AR OESEIENE ABRRE T2 16
GLUNRA R Ty — € A BUETEROYI B, B3 2R s VEY) i
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Fig.3 Structural skeletons of alkaloids in 7. wilfordii
x4 FOEBFEHGENEY
Table 4 Other components in 7. wilfordii
5 &M AR BARHE SOk
114 ZEZE (fraxetin) 39
115 B-BEE (B-sitosterol) 39
116  T4M (syringic acid) 41
117 KM AEEE (medioresinol) R=H 40

118 T &EMIEM (syringaresinol) R=OCH; 40

AR . I 5R TIE T  BILM F A TEAR B PR
MRSy (EZRTE AR NER) 3%
T HURA R g
22 MRIEA

9 RE A ML AR XF A0 Sk T A BT R A B — B RR
S T A s B, LA S AR AR O R B R
AP, H R, REABAER (54).
HABNEER (44) FEABFER (1D HERH
WP RAER, TR IEDT A I 32 2R %
FEe R BT, 3@ I 405 DR R R BB R T
o (TNF-a). F4HHi/r&-6 (1IL-6). IL-8 FIF
Oy T Ui MR 6 B0 7 (ICAMD . I & 41 i 265 B
T (VCAM) [R5, BRARIF AALREE-2 (COX-2)
Fik, HREEAPUEIRETT, IR B0 5 RN
(R4 T,

gk H 2PN N, ig B AR Z TR NS
I EEE LRI . SRR, FARS R

117, 118

B4 BoBRPHEMGERSEHER
Fig. 4 Structural skeletons of other components in 7

wilfordii
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FH 558, B 3598 PR 51 A I P I
Filo Zhao PR 7t 2 W TR /A 22 1A I A0S
S G M EFEGEN T 3 (STAT3) [ImEmek, #H)
FRIEHEITE T 4000 17 (Th17) HIVERT, I sk
I AT S 10 S SRR 0 o R I 52 SR e 42 9
AT EHEFIERTT R (AA) KRR, R
AREFZEAT AA KEIIPLRAER . 85 R KIE Ak
R A&7 K R TL-18 A1 TNF-o0 7K FAH A Y
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HI R, PR AR ER AA KRGS
hEEA BRI ER . FN, EMEERI, BT
TR R B E MK IL-12. IL-23 F1 TNF-o 3K
B, MIEM SR LA B Thly Th17 s3bid fEH
AL I LA RN BRI b, AR fEEE
1) 2 RE BT BB A0 IS a3 1 (AR T, AT 1R B
BEAERBIFR A HAPY. B, AR TR
IS SREVER , JCH R BB A v A —Fi &%
69T Bt Nguyen 5N b A 5 EEAT
I ARTEM I Z5PER UV 69757 RIGIT IR BIR SR
FEPIR IR, 45 SRR BTGV 2 7 350 A 2 A VRS
BERT RS 2259
23 REATER

BN TR R AE G2 A FH S B @ 4] T 40
B gL & S T i S SO (DO T,
I DC AP IE 5 Th g 25 7 s B g B>

JE A P8 i R 2K KB LT R (RA) BRE T
AL T AU DN T 408 22 o B 5 300 Sk v AL itk
ELYT B i A IR 7, WU AR R X RA &
FALE LT 40 M e e Dhae FmmE R . 25 R,
5H A\ CD3 Hifk (anti-CD3) HlBZHAHLL, A
R P S A0 A LU AR, BB AR &
AT AEIELL ] T 40 M35 A AN 20 A DR 743 i ok 4 4
REAMFIER, IR IERAIBITIER . Tao %07h@
T AR S 2 R Y = S0HR ot/ FR I A ) T LA
Hil IL-2 FO e R B iG 1, HLE A B 2k nl BHWT T
2 52 AR R HLATG B TR T . RO e
DI (95) ISR AMEEIL (93) Mzl
Fs RIIER 2 T RN 5 7 A R AR Bl B8 I S 4 ] LA
B 1R S AV (=E A SR T 1 D T T 1 | B 1
FEZK (DNCB) Frslie B KU B, I Hae
B /0N BRBORL R 77 25 RH 9808 /) BRI % i i 1 Jofa
o 20 et 90 AR, FRE A KA B RS ST
B, UESZTE A BEREEUHAMH 2. 1S TR R
B, Tk BH N BRTE S e A BRI R A
Fif v 5w S G e I ), AT BB TR A BRTE
TRIT B SRR A S O,
2.4 IMIEIER

TRABHE (D, HABLER () MEAREN
Fel (5) WEAHUEER. skir®ag THEA
T R PR S P (AT BEATLA T i ) e
JEANIEEE S FANRIE T PR AR B RS
AT 358 ORI TR 24 2 38 45 KT 988 441 7 380 410 ok £

Flo FRHE S5 SO DUAR A1 15 97 1) 55 508 HeLa 4H AR AT
TS, FH 3-(4,5- H Sk mEme-2)-2,5- — KLY
ZMERER (MTT) VERI S A o HH 2% 5% I 44 e 1
FARIRZA,  FF F R A AR A R . S5
Ny AR RV BAH HeLa 4G5, T30
i, HEHREMEYCOCR, dUMEEZEN
WS IR Gy/M . EFSO R E AR RS
SEVEMBETAER, RIS HIKER 25, 50,
100 nmol/L I} &M CNE2Z 400 fIH T 7351 N
14.0%- 26.9%F1 34.4%, ViU 2B KA 15
S B A A R T e S A OO N A
#1175 AN e HEC-1B 4R B HE R AT T 4B
Tt 2 FH B R V2 N e 41 12 28 A O B 1
SBEAM-2 (MMP-2) /MMP-9 ff1&ik, IHH
Transwell YA M 40 M 42 22 58 ) B, 45 R
A ER R AR AR 2R AH OC B ) MMP-2/MMP-9 (]3¢
RACTFIE WA, AT IH] HEC-1B 40 112 28 he
1o ATUK BN F AL Z (54) BT IFTEATE
S NUPEIE SKOV3 R ET-HLHIEET TS, 45
REREHABRAREET FH cleaved Caspase-3+
cleaved Caspase-9 &5 [ R IEFH N HPLHET-EH
Bel-2 fIZRik, MMi#iH] SKOV3 Zi 5 355 5 3
TS, Li @it sesb R, 5 AR R
SZ AR S A PR N LT 4 L A 28 4T 4 FH %) T REATL A
Jeil R MR 2 k-0 N TG @ AT 1. H
BTN A BRUMIRAE 515 5@ UM oe, |
MITCERHE 1, EARRAE R R S — Bt AT
ESE.

25 MEFER

BEABHEAEEER. BEScE s L,
A 2 1 51 AR T R G IR N 34%. &
A UV 5 B R B A TR 2 R L4k
RN 46%, UMY RITE>S g i, WSKRAER
L 95%. THAMFRRIHEZENPUESIEH,
HUHI T B 540 T B Ca® il A 55, 7EMEEA5Y
KRG HHIG0 HEIhe, (EOPRIIMZAER T . 18
TEPE AR R 40 P R A A I R AR T R, S0
TR B S R,

I SCATAE TR 78R A K 2 Sk ) R 4 e —
AR AEE (NOS) JHVERISZ M, KRILE AR EE
AJE > NO (=R RIESUEVE A B ER, 2
TN A REDUAE B 5 AN 2 B8 A1 9 Joi 248 43 s 52 AL 1 1)
By, B S B shfe. Lin 207585
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KSR SR E I 7T 7 A oS P S 2R s, RINE &
FERT S ECOY A A ZE P AR IR IRBE, R
FEAHAIRAE . I A, A O 5L PR 2 A A g
TR, SRR AT ReA LS A
BOE T RN A stkll-p53-p21 5 554 Sl g,
7S pS3 BRI, Wom M pS3 E4 G p21 A
JEBNT, M-S EER S R 2 A T B AR
A H R R AT, A ELPUAE B AL Ao
FEIRES 7 T R S 3R A — 2 (BRI
2.6 HERIPIER

BT KRB, T N e 2 B AT A At ]
IRIRUFERIR « W4 A0 AN 22 R MR AL i S 4 A8
PR A — B MG ER .. KEIFET S SR
AT 2R S ILATAE Pl 2 20 LR R F AL )
FEAFELU R L H: fEARNSMLI A2
F 2 M TR N 22 B (DA BERR A ST IR 5
97 B-IE MR A (AB) B HIARE T H ik
VAT R PRI R (EAE) BTEtf s
ST I N o A4 B v A AN 8 A e I R (1)
RIS AN ES 28 PR B A I AR, R &R
PHEA ;b AT IE R R 8 IR R T SRR AR T
F AL PRGN P Ca™ HOIR I, AP 2 oA 4R,
M R AFEFR AR ER

Li P20 50 o B A T 2R S 70 B R
PR/ /INJBE T A ML B, I RT ACKe /NI 5 4 L A
EIEARAS, IRD 5 /N B 5T 20 T A AH 56 B 4 48
0 KT~ B A S AT AF O] 7R 9% 1 R R R AP VR
Wang ZERE 70 % B 2 BE K — LE SR B U 55 2 7l
HE. BABRENEREMNTE A BN _FEERAEA
Fo B INHTEPE SN, IB45 X DA #0122 B2 1 E 7R .
Zhou 25VE AR P R Al R K AL 24 d A
Aefs W B KR B X ER AR 2 M (LPS) 5l
[P 5E)5T DA BEfPZE To k> MSUIRE DA S &R T
B% . Chen 2 VHIF 04538 55 4 7 S0 A BRI i 1 0 o
FH I 5 IS AByao T1 E BB R 3 BRIPE KBRS Y
=2 RV icwa N A G AN i Ay
WSO 1 S AP 1 T AR SR 10 S J2 Ao
20, MGG REILT, MHEABEAN
P B B3GR 22 TC TS 2R, B> B ABya BIEE
FHE LT .
2.7 HLHIV &S

BHEFE R, T5ATE S0 S i
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Fig. 5 Possible biosynthetic pathways of diterpenes in genus of Tripterygium
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