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Research progress on sesquiterpenoids from Tussilago farfara

LI Jing"?, QIN Xue-mei', LI Zhen-yu'
1. Modern Research Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China
2. Modern Research Center for College of Chemistry and Chemical Engineering, Shanxi University, Taiyuan 030006, China

Abstract: Farfarae Flos (FF) is derived from the flower buds of Tussilago farfara, and belongs to the Compositae family. It is one of the
commonly used herbal drugs in the clinic and industry of Chinese materia medica. FF contained a series of chemical components, such as
sesquiterpenes, triterpenes, flavonoids, phenolic acid, and pyrrolizidine alkaloids. Sesquiterpenes are present as the characteristic
components in FF, and the quality evaluation indicator is tussilagone in Chinese Pharmacopoeia. Bisabolane and oplopane are the main
skeletons for sesquiterpenes in FF, and the reported sesquiterpenes possessed a series of pharmacological properties, such as
anti-inflammatory, anti-allergic, anticancer, neuroprotection, and platelet activating factor inhibition. This paper summarizes the chemical
structures and biological activities of sesquiterpenes in FF, and provides the scientific basis for the further development and utilization.
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Table 1 Sesquiterpenoids isolated from Farfarae Flos
iy a4 TR g BH IR

1 #K&A4¢h (tussilagonone) CyH3004 9

2 7B-(4-methylsenecioyloxy) oplopa-3(14)E,8(10)-dien-2-one Cy1H300; 10

3 7B-senecioyloxyoplopa-3(14)Z,8(10)-dien-2-one CyoH,50; 10

4 7B-angeloyloxyoplopa-3(14)Z,8(10)-dien-2-one CyoH,504 10

5 7B-(3'-ethyl-cis-crotonoyloxy)-1a-(2'-methylbutyryloxy)-3(14)-dehydro-Z-notonipetranone CyH3305 11

6  7P-(3'-ethyl-cis-crotonoyloxy)-1a-(2'-methylbutyryloxy)-3(14)-dehydro-E-notonipetranone Cy6H3505 11

7  la-angeloyloxy-7p-(4-methylsenecioyloxy)-oplopa-3(14)Z,8(10)-dien-2-one Cy6H3605 10

8  1a,7p-di(4-methylsenecioyloxy) oplopa-3(14)Z,8(10)-dien-2-one C,7H;3505 10

9  la-hydroxy-7B-(4-methylsenecioyloxy)-oplopa-3(14)Z,8(10)-dien-2-one C,1H300, 12
10 14-acetoxy-7B-angeloyloxy-notonipetranone CyH3,05 13
11 14-acetoxy-7B-snecioyloxy-notonipetranone CH;,05 13
12 14(R)-acetoxy-7B-isovaleroyloxyoplop-8(10)-en-2-one CyH3405 14
13 FKA&Wi (tussilagone) Cy3H3405 9
14 14-acetoxy-7B-(3'-ethyl cis-crotonoyloxy)-la-(2"-methyl butyryloxy)-notonipetranone CsH4y 07 15
15  tussfarfarin B CysH44O06 16
16  tussilagofarin C,7H4,06 17
17  7,14-bisdesacylnotonipetrone Ci5H404 11
18  7p-angeloyloxy-14-hydroxy-notonipetranone CpoH3004 12
19 14(R)-hydroxy-7p-isovaleroyloxyop-lop-8(10)-en-2-one CyoH3,04 14
20  7B-(3-ethylcis-crotonoyloxy)-14-hydroxy-notonipetranone C,1H;3,04 14
21 7B-(3-ethylcis-crotonoyloxy)-14-hydroxy-1a-(2-methylbutyryloxy)-notonipetranone CpHyoOg 13
22 B-oploplenone C;sHp,0 18
23  tussilagolactone CygHy4,04 13
24 7B-(3'-ethylcis-crotonoyloyx)-5,6-dehydro-3,14-dehydro-Z-notonipetralactone Cy1H50,4 19
25  (3R,4R,65)-3,4-epoxy-bisabola-7(14),10-dien-2-one C5H0, 14
26  8-angeloylxy-3,4-epoxy-bisabola-7(14),10-dien-2-one CyoH504 9
27  lo-(3'-ethyl-cis-crotonoyloxy)-8-angeloyloxy-3f,4p-epoxy-bisabola-7(14),10-diene CyH360¢ 12
28  (1R,3R,4R,5S,65)-1-acetoxy-8-angeloyloxy-3,4-epoxy-5-hy-droxybisabola-7 (14),10-dien-2-one  C,,H3,04 14
29  (1R,3R4R,5S,65)-1,5-diacetoxy-8-angeloyloxy-3,4-epoxybisabola-7(14),10-dien-2-one C,4H3,04 14
30  1B,9-diacetoxy-8-angeloyloxy-3a,4a-epoxybisabola-7(14),10-dien-2-one C,4H3,04 18
31  1B,8-bisangeloyloxy-10-hydroxy-3a,4a-epoxybisabola-7(14),11(13)-dien-2-one CysH3404 18
32 1B,8-bisangeloyloxy-11-hydroxy-3a,4a-epoxybisabola-9(10),7(14)-diene-2-one CysH3407 18
33 1B,8-bisangeloyloxy-3p,4p-epoxybisabola-7(14),10-diene CysH340¢ 20
34  1B,8-bisangeloyloxy-3a-chlorine-4a-hydroxybisabola-7(14),10-diene-2-one C,sH3504C1 18
35  (4R,6E)-2-(3'-ethyl-cis-crotonoyloxy)-8-angeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one Cy6H3606 18
36  (4R,6F)-2,8-bisangeloyloxy-4-hydroxybisabola-2,6,10-trien-1-one C,5H3,04 18
37  (1E,5R)-3-acetoxy-9-(angeloyloxy)-5-hydroxybisabola-3,1(10),7(11)-trien-2-one CyH300¢ 21
38  (—)-cryptomerion Cy5H,0 14
39 (99)-altaicalarin B CyoHy604 16
40  tussfarfarin A C14H004 16
41  ligucyperonol C5sH»0, 22
42 (—)-spathulenol CsH,,0 14
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1 R;=H, Ry=MesenO(2)

2 R;=H, Ry=MesenO(E)

3 Ry=H, R;=SenO

4 R;=H, Ry=AngO

5 R;=AngO, Ry=MebuO(2)
6 R;=AngO, R,=MebuO(F)
7 R;=AngO, R,=MesenO

8 R;=MesenO, R,=MesenO
9 R{=MesenO, R,=OH

10 RI:H, RZ:SGI‘IO, R3:ACO
10 11 R=H, R;=AngO, R3=AcO
12 R;=H, R,=MebuO, R3=AcO
13 R;=H, R,=MsenO, R3=AcO
14 R{=MesenO, Ry=MsenO, R3=AcO
15 R;=MesenO, R,=MsenO, R3=EtO
16 R;=MesenO, R,=MsenO, R3;=MeO
17 Ry=H, R,=OH, R3=OH
18 R;=H, R,=AngO, R3;=OH
19 R;=H, R,=MebuO, R3=OH
20 R;=H, R,=MsenO, R3=OH
21 R{=MebuO, Ry=MsenO, R;=OH

1 FX%ZFLH oplopane BIREE 4 ik
Fig.1 Sesquiterpenes with oplopane skeleton isolated from Farfarae Flos

(G5 R R AEAE 10 7 R 14 f7. 1 A EHUR
PR 14 A, 1 A RSEEUR RS s 14,
FRRERG | IR N Oy 4185 1 A FRHEE
s A A 9 A, BURIE(LFE MesenO.
MebuO. AngO 3t 3 Fr, BilisfE 1 A7 SRk 142
M ISR 8, A AR AE on 5.29~5.58,
Tk A2 FEAE ¢ 71.8~72.9. Oplopane ‘& ZLfk
B-oploplenone (22) #F, M4 23 AMEFilh{E 7 £
AAEEA, I 22 AN RIS Btk , B
RILALFE MesenO. MebuO. SenO. AngO. i-valO
L5 Fh, Hrb 7 A7 MesenO HUR IS i 22,
15 4o BRI 7 AL R oy 4.51, d¢
72.3, BEACHERSG 7 LA A RIS
51, M AR A oy 5.45~5.67, BRITIAL2EAT
15 8¢ 72.3~73.9. 14 frZ5 RSS2 8, —K
HEA 140 15 fEEE (LAY 1~9), 2k 14
PrRAEEUR . LAY 1~9 (1) 14 7 0 3005k, Ak
G 2T 6 Hh, R T MG Z B ARG
h Z BG4 S AL R AE Oy 6.22~
6.42, WRIIWRIEAE 6c 132.4~137.0; BN E
RS0 BT 2 A, 14 AL AR oy
6.53~6.70, LAY 2 14 LB EAIRE N ¢
128.5 (Ab&5W 6 Johicitk Bt 4o ) o VB i 714 ) AR
XS 15 A7 FE R A0 2 B8 TE BH S5 5 o b bk £5cdi
FROEVT L, 14 AR A v T 14 A7 X0
BRI . 14 LA FIERUR RS0 5 A,
14 A7 A AL AR AE Oy 4.05~4.10, BRI

1E 6c 68.4~68.5; 15 1 FHIE ML A FEAE Oy 1.18~
1.20, Oc 7 18.8~18.9. 14 i BEEUIRAL ik 2
AN, 14 R EIIAR AR S AE 0y 3.61~3.80, BRITIIL2E
PERETE O 74.9~76.65 15 i HIEEA WAL FETE o
1.34 7ed7, BRI AR 0c 16.7~17.3. 14 {7 h
FRIEBACI S s 5 A, BRI ) 2, 14
P SERI RS AE Oy 5.10~5.16, TRIALARIREALE
dc 68.4~69.6; 15 AL FHFIEFIMLFEAELE oy 1.19~
1.23, WML AIREAE oc 15.0~15.8. LikkZmE%
PEUE, I 14 A1 1S A SRR R4k 25 A7 F mT e
14 LrHIHAREAIE . 14 PR8I0 2 — D5 A i
X, MR AE s A MEE ) B-oploplenone
(22), HSCHR T TC A & D R B RS . AT,
R BRI ALHE 2 AN 1.2 A7 TP R A T 45 449 1)
5 (23, 24), 3X 2 Mgt a0 5 &9
14 F11 KL, v HRBORIGED) 14 F1 1 (1) HICHAE
1 REFA 3 AL Z TR AN — AN ST T B )

1.2 Bisabolane BZ2

AT IRIE RGP A 15 4> (F] 2),
Horp 9 AMEiE (25~33) HISERIAILL, B 2 fi7 A
AP, 3. 4T HAMEL M . ST 1.5
PEFD 8 P %adk, 1 ALAT 8 £ K2 Wtk kg, S
P2 R FRFE N QIR A 34t HA AL
IG5, AR AT ER o 1A TCHAR A i 3
A, BRERRMA 1A, BHURERA 8 A (27~
34), BURILALHE MesenO. OAc. AngO 3 Ff, Hfig
Ja TSR A E N B R R 3, Ak 2= A
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25 R;=H, R,=H, Ry=H 14

26 R;=H, R,=AngO, Ry=H

27 Rj=MesenO, Ry=AngO, R3=H R,

28 R;=AcO, R,=AngO, Ry=H
15 29 R;=AcO, R,=AcO, Ry=AcO

33 Rj=AngO, R,=AngO, R3=H

Ry 35 R{=MesenO, R,=AngO
36 R;=AngO, R,=AngO
37 R;=AcO, Ry=AngO

31 32
| ; on
n,, '
O Q\ 3%#(0 N

“oH | ©

0 |

34 38 39
B 2 &L bisabolane B3R {Z B3

Fig. 2 Sesterpenes with bisabolane skeleton isolated from Farfarae Flos

AL 6n 5.64~6.08, TN FETE O 71.4~76.2,
ZHOLIAGE MG 5 ALARB AL, ARG 281 5
IR LA, A5 29 (1) 5 ik — L BEAL s,
5P AEAL S 15 A IR A AR A AL W B AR I B
3. 872K AngO HU, HUGEBMLAAIEAE on
4.72~5.77, B AIAEAE O 72.0~78 .4, Bisabolane

LA 4 DN R S I 5, i &9
35~37 A 1 fofidE, s 38 A 4 ok,
5 39 W2 /STeEhit— AR D5 ik
1.3 HmEER

k% IR oplopane Fll bisabolane & 424, 4
AEH R IE [R5 2= il 10 FL 45 eudesmane 42 (40.41),

RAUE MG /S TUIMB R T KA, RE&AEIE R PLK guaiane 5242 (42) (& 3).
OH 9 OH 9
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Fig. 3 Sesquiterpenes with other skeletons isolated from Farfarae Flos

1.4 ERREHHE

AL A R Z AR, IR T34
RZ WAL REE . BERFRT A MesenO. MebuO+
SenO. AngO. i-valO. OAc It 6 Ff (& 4). &
MesenO HUREE M Emi RS0 17 4, BT
I B e - MesenO HUARIE ) 2 A7 AL A A FE 18 O
5.61~5.80, 5N FFEERIALZAAIAEAE 0 1.01~1.09,

6 i AL 2A N R A O 2.08~2.18, 2 fi ik Fifk
SERIREAE Oc 112.7~115.3, 5 AR RIAL A B AE oc
11.6~12.1, 6 Pk~ FELE Jc 18.6~21.5.

TH AngO BUREEMME W RUEGIA 16 1.

AngO HUARFE 1) 347 A Ak 244 B 7E 6 6.05~6.30,
4 7 FEE A=A RS AR Sy 1.87~2.06, 5 fr HIAE()
W ZE R FAE Oy 1.79~1.96, 3 ALk AL FE AL AE dc
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AngO i-ValO OAc

MREPEEIERALESMBMAE

Fig. 4 Substituents of sesquiterpenes isolated from Farfarae Flos

137.3~141.5, 4 iR ALE oc 14.8~16.2,
5 RIBRICA AL RS AE 8¢ 20.3~20.9. &4 OAc B
B BRI S 10 . OAc BUREE 2 f7 4
AR Oy 1.95~2.15, BRI BT O¢
19.0~21.4. &1 MebuO HURIERIFE L R AY)
H 7~ -MebuO BUREE) 4 7 FEL LA RS LE oy
0.87~0.93, 57 R AAIFELE o 1.13~1.19,
4 BB IAL AT R AE O 11.3~11.9, 5 SRR IIAL AT
FELE 6c 16.2~17.0. &A1 SenO BUIRIE A5 1=k
WA 2 Ao SenO BUAREE M) 2 AL AL R 7E
Ou 5.66~5.67, 4 fiHEEMWEALIEA o 1.89, 5
R FRIEIAL A B AE O 2.15~2.16, 2 Rtttk
¥R 6c 116.3, 4 (il A A 6c 27.4, 540
WAL 2E I FE A O 20.30 & i-valO BURIEMIf5-
EREWA 2 Ao i-valO BUCHEMY 4 A1AN 5 £
T AT REAT 01 0.95 24, O¢ 22.3~22.4.
2 EEE
2.1 MOMERFRIER

2 SRR T A (13) XL R
SR RS IVE ], UE S A I BRI R . AN
KA IR 5572 2 EAH I R Z T AR H
HEARRIITE A VER, WP A A AL AR
HRK, T T A A AE AN o X R AR 5 RAS
AT AR, HERFI IR, AL L) -3 B )
IS IE AR TIER « A& 5 M5
MRS Y (1. 5. 13, 14, 24) HLlL/MBOE L
¥ (PAF) WETEMIAFFCRIL, fEY 1. 24 A
A BIPUI ARG PE, 1Cso 205 1.94X107°,
2.67X107° mol/L. 5. 13. 14 %f PAF H4 55 (r40hl
WEE. BRAN, ALE 13 KA S R B A L
S AT BT, 1Cso A 1 pg/mLP 20,
2.2 REEH

HKEALPRE LR AR AE (GR 2
WS FARIE T 1999 4F, RHMZIEZ 8 (LPS)
B E R b R, LAY 29 PR IEE
MRRZ R Bz S NO 5 1ICso b 8.9
umol/LP7, HE— L5 WAL NO HyMHI/E

R2 RELEPEEMAFEEMEEDE
Table 2 Anti-inflammatory sesquiterpenes isolated from
Farfarae Flos

&Y ICs/(umolL™) | &% ICso/(umol-L ™"
1 2570+0.18M7 21 15.64+1.652"
11.8640.192% 22 > 2501
2 10.8040.742% 27 20.86+0.452"
5  4.60%0.09"7, 28 15300177 >80
17.80+1.472% 29 16.10402117,8.9
6  24.00%0.82" 30 244+04M8
7 13.8740.892% 31 > 25l
9 32774178 32 23740418
11 5.60%0.120"7 33 40.05%0.532%
13 720+0.1307, 34 >25 I EEDY
71.5742.4720 35 >25 I DY
14 350201107, >25| 36 13.60.101%
A ) 37 177406
16 28.50+0.32017 40 > 50017
18 60.29+1.3220 41 > 50017
20 32.87+1.632

S T — A LA AT GNOS) [MRIAST K. Li
2 OMRE 5T T R &AL 10 A oplopane B 4L &)
(1. 2. 5~7. 9. 13. 18. 20. 21) FI 2 4> bisabolane
HRAAEY (27, 33) PRIEH, 4R ER 12
MEE PRI A R PR G, Kb s
Y12 BRI, 1Cs b 11.864 10.8
umol/Lo

RO AT IR, 3 A7 AT 14 A7 XU T 41
RIGHRCEE, Wb AW 1. 2. 5~7 MRS,
1 A7 A8 A 3 1 T A - Qin 25103 sk & 48
H1 4y B3 1K) 8 4 bisabolane BLA%FiE (28, 30~
32. 34~37) J% 2 /> oplopane 42 1% -k (14,
22) FATPLRIEHEMR, K bisabolane L5
)30, 32. 36. 37 1) ICso 7£ 13.6~24.4 pmol/L,
Hr b 54 36 HuE i, 1Cso 4 13.6 pmol/L.
Jang 25k MR &AL 43 B3 81 6 4 oplopane 7
fE2Ei5 (1. 5. 110 13, 14, 16), 2 /> bisabolane
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fi5 -k (284 29), PLA 2 > eudesmane ‘H ZE 1%
il (40, 410 HEAT T PRGN, iR EoR
6 > oplopane “H 4 I A5 - i ¥ R I H — @ LRI
M, kA 5. 11, 13, 14 3P, H ICs fH
fE 3.5~7.2 pumol/L, Tfij bisabolane & 4L 11L& 4
28 i1 29 yHPEAN XI55, eudesmane 1 48 (4% 2 il
KB PG LR BT i vERR g R,
il — 1 S P AE A RIS 1) 1Cso {22 7 3K,
AT (13) [ ICso % PEA 2238 31 10 £511720,
WA 14 76 Tang SRS s VE B, (A
Qin SRR IS CIE TE . VWIS 2 1 BT
RIGEMEAI T RAT RGP .

2009 F: Hwangbo Z2WF57 T #A&/ (13) 1)
PR, 285 T s A B T 98 3G M 2 Bl B
i AT Z AR AR . Lee ZEPIE5Y T84
FEl (1 HIHTRALE], 25 SRR BN H 4 A
12-0-~ VU ke WE 8-13- £ FR T 3 201 28 0 5 F 5 1l
LEA G, 1Cso N 2.34 umol/L.

2.3 WRARHIRGRIRIPIER

ZT 4400 S 4 A 5 5 B 1 1) kb e T 1
FeIkEAk, AN EE TS T BT YL an R £ T
O NE LS ALY ST B K Ea R @I S EaRs
A M T Z AR R IR0 TR . Kang 250 Ak
AT BRI THNE LB ELED
ligucyperonol (41), DL ZF4E 40 e NIH3T3 F1A
FTALAN I HaCaT A4, L GE 08 38 i 1 3L
i It Bl 0 5 2 A Ak, 0 A AR AL S S
HB A — e PR3 1
2.4 HWERIPIER

Lim 5P SR/ R4 (BV-2), LA NO Al
HIFIIEZE By (PGE) BECR N Fiabs, KIFKAAEH
W P LR BT RAE vk BEJG, MBS PR £ 15
A4 2 F A oplopane LKA (13), )
il NO. PGE; /=R 1Cso 17374 8.67 F 14.1
umol/L. ifiJ& Lim 2555 Ik &AL H 2 2545211 3
A~ oplopane H 4% il K EY) (5. 130 14) il 1
A~ bisabolane ‘B 4LA5 -0 (33) SRLLUEATAWiG 1
WEFT, 455K BoR 4 MU P38 RE ik A% 5 5 -
kB (NF-«xB) I H4H M 4# NO. PGE,. &
IFEE ¥~ (TNF-0) BRI, I HAl i Brid v
% (ROS) 14| LPS 5t 2 g Mg 720 730
R 4 MEEWT, B4 oplopane B 22 Mtk &4 5
PGB . PR ZI A A A AP IRAT

PR LI 58 B
25 ImEsER

2457 R E W R A A S . K
20 M 0 R S5 L K R BRI S e . /N BB B
P W 3o s N S 3 B /s BB R TR B S N S
MEER A (13) Prid B 25 EEM . &5 R EoR
AT e S A W R e v, I 230X
1073, 0.77X 1073, 0.26X 10> mol/L #1441 13411
RIYHIN 68.6% 45.3%. 29.6%; HAMRE L #
A 0 e R T HE 7.68 X 107°.3.84 X107
1.92X 10~ mol/L 71541 {31 2 43 5 4 100.0% -
51.0%- 05 5 A Wi fit 4o =25 0 60 20 e S50 B 2 1k ]
T i e, 3£ 3.07X 107, 1.54X 10> mol/L 7|
BAINEIZR IS 5K 64.9%44.1%; KA 0.021 5.
0.010 7 mol/L 7] & X 4 fié 350 /Is §il B Mk e iot 8 e
N PRI R 43500 52.3% 41.6%; 2K &l e« A%
FEXT 2,4- R SRR SRS UK 0 1 2 5 S
M 25.6% 6.2%-
2.6 BABRETTHERFIER

Hye &CLRABGYES MM BT R, Wi KR
JHICRIAARTN HepG2 41 M TH-FuloRr 4% 1 A4 1 H- v 195 22
M (DGAT) SEIGHHIERIAY, MR AALREE)
RS R 4 A5G, B oplopane B 22L&
¥ 1. 5 M1 13 L} bisabolane ‘B 22 4L &4 26, 45
RRITHRAN (13) BeA7 R0 DGAT 172k, [H]
] 6 Sk 5 ) — IR S 0 B B, TR A i T B
VAT R R 2 TR PRI 1 5E S S
2.7 mE1ER

SR, Wnt/B-catenin {5 5 18 4% 1Y 5 5 P
TR g R AR R . fE 48 Wi 0 & b R
ARG B-catenin R, FHUEHK T B-catenin [
REER, R B AL IS EE R cyclin D1,
c-myc. JEFi4EE M 7 Al PPAR-S, SE4iE
k. Li SGPVRBLEAN (13) f—E g
JEEH, AU AERS i HEK293 4ifiuF B-catenin
(0355 T S LA B R0 A% v 1R K SF, TR B RE B AR
SW480 FI HCT116 &5l 4i it B-catenin 3&E, I
J#%/> Wnt/B-catenin {5551l % HARKEA cyclinD1 A
c-myc [FFIE, AT, e 4 3 5 o
3 HiERRE

A NIk, AP OB AR T 42 4,
H ML oplopane Fll bisabolane 4 3=, g 44
A5 2 AR 2D o NGE R IE SR, X4
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52k R 2 AR, J BRIHE TR R K 2 R A A

o AT v () AR BE 45 MesenO MebuO
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