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H OE: BH LUEHBEASHXEAZ Inula racemosa MREFIEMES e mE B BT 4, HERILW R HALH R
(nigericin) 755 AN SAZ AN E U5 THP-1 20 -FR A AN 2-1B Cinterleukin-1B, IL-1) MMHlEME. FiE A&
% BN FLE MR AT B Atk SRABURIE ISR CEIRER A HEIE . R, R, A ANFITIE L
FIET Y%, SRA ELISA SEYRS TN AL&4 1 X nigericin 5 51 THP-1 4 F IL-1B BBUX4m /e, R LDH A
FOXF THP-1 4IRS 8. SR MOBRE AHBEZE I 2 B A3 2 1 Me B A5l N BR, S AR ER | (D, H
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ZNFEAREF |, EXF nigericin 5 THP-1 4HARBEHC IL-18 BA B2 HIEE, REIMHIRE (1Cso) 24 2.1 pmol/L, i H.
F Xt nigericin 5 $ 10 THP-1 41 BT 40 # v, JF AR — w2 I —EH
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A new eudesmane sesquiterpene lactone from Inula racemosa
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Abstract: Objective To study the active sesquiterpenes and their inhibitory activities on nigericin-induced IL-1f release in THP-1
cells from the roots of Inula racemosa. Methods Based on the bioassay-guided fractionation, the active sesquiterpenes were
isolated via various chromatography, and their structures were determined by extensive spectroscopic analysis including 1D and 2D
NMR, HR-ESI-MS, and optical rotation values, as well as chemical method. The inhibitory effect of compound 1 on
nigericin-induced IL-1p production in THP-1 cells was evaluated by ELISA assay. The LDH assay was used to detect the release of
LDH in THP-1 cells to investigate the cytotoxicity of compound 1. Results One new eudesmane sesquiterpene lactone was isolated
from the petroleum ether fraction of I. racemosa, and its structure was identified as racemosin | (1). Two alkaline hydrolysis products
of compound 1 were identified as isotelekin (1a) and 3-benzoyl acrylic acid (1b). Conclusion Compound 1 is a new eudesmane
sesquiterpene lactone, namely racemosin I, which showed significant inhibitory effect on nigericin-induced IL-1f production in
THP-1 cells with the 1Cso value of 2.1 pmol/L. In addition, compound 1 did not show toxicity to THP-1 cells, but alleviated
nigericin-induced cell death.
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AT NHE (Asteraceae) HE7EAEJE Inula L.
T ROR K7 Inula racemosa Hook. f.A 14,
JMA AN I W, R, R, S, BAAT
AR T AR IKERRR . 1IREZ
D2, 154k 2 2 U5 a0 DY R B B i 4155
JZ R, FEIRITIHAAS R, 22 g E 280,
I B A D95 I8 T ThI 7 8O U o 1T AR 245 BT 5
IR WA 2 M it | Ak Y S i B AR Y
F 2w R BT 2 7 T B B2 v 81, B,
AR L% 25 Je H A & (nigericin) S A
B ZH M P IR THP-1 40 i oF 1 40 A 2K -1
(interleukin-1B, IL-1p) [FNHIVER AT M, 18 EE#E
AREPHEIERS S, WILTEAR S B B A
Tk 25 B 73 o B A AR 3] 1 /NEPER s, R I
ARG T AR K AR T3 12 A G AT A5 4
€, WENEY 1 M BGEnsE, v 44 9o
REZR | NAEFIIEIZ4E58, 1] 0.2 mol/L NaOH
XTHEATKAR, A3 BKMEF=Y0N isotelekin (1a) F
-HEHIBELPIAER (1b). 5K LI 1. Mahidise
X HMLEY) 1 % nigericin i S:H THP-1 4ifiurh
IL-1B FRURECEA W35 BmHIE A, HR Bk
B (ICsp) N 2.1 umol/L. K FLERMENS (lactate
dehydrogenase, LDH) il €452 J5 nigericin
P31 THP-1 4R h LDH (B LA WAL A 40 1)
PURAMEH SR T HA S S8 M, 4
BRINZAAYANT THP-1 A A B 3, 1M
Hur 4l nigericin ¥5-F 1 THP-1 4ifastT:, *t
THP-1 4ifii A7 — & R4 EH .

(.2mol/L NaQH

1 &Y 1 REKB LTSN
Fig. 1 Structure of compound 1 and its alkaline hydrolysis
products

1 X E5#H

Bruker Ascend 400 A% IR (£ E Bruker
/N]D; Waters Synapt G2 B = 20 R i AL (E[H
Waters /A ) ); Perkin Elmer one FT-IR B0 40kt
([ PerkinElmer /A %] ); Anton Paar MCP200 %4 jig
JAX (32 Anton Paar AH]); Shimadazu UV-2600/
2700 4] Wy He 6 EE T (H AR Shimadazu A ) );
Ultimate3000 FEER & =y 0B i A3 [FRER Gt /R B}
B (hED HRRAT]: Capcell pak Cig 20477 (i
(250 mm X 4.6 mm, 5 um, HZA Shiseidao 2 7] );
NP7000 Al £ VAR (i LT3 DU RHE A TR
AF]D; Kromasil Cag il 25 a4 (250 mmX 10
mm, 5 pum, 4t Akzo Nobel A®]); /2 (il ik
GFass FIAE A RERE AR (5 B AL T )5 50 um ODS
M Cig B (HA YMC 2A7]); 50 um MCI 4 i
( HAS Mitsubishi Chemical A 7] ). SZ56 AT R -
AR (3£ Sigma Aldrich A 7)) o ikl B i [ 5%
B R B (R ED AR A ] ELISA 77 & (b
KU EAAERE AR A D AN THP-1 4hE i
ke g (RGP s R AR R A PR A D
RPMI 1640 £57%3: ([ Gibco A#]); opti-MEM
(£ Gibco A F]); NEZHE (31H Sigma Aldrich 2>
7]); LDH gifu s AR & (3€E Promega 2
7], CytoTox 96® Non-Radioactive Cytotoxicity Assay)

T 58 BT A & 2544 F- 2020 4F 1 H K E Ph ki
B TR R B, EH T R 24 R T R 4 8 %
Rl e E AL JE A A 1. racemosa Hook. f.H /g
R, BEAS (HX20200130) A7 758 P01 K- 17 BE B
2 BRSNS

AT EELM PRV, BETIR G, M
XA B AT BT S TR 2 6.5 kg At
2 5, F 50 L 95%ZBHRIEHEH 3 IR, BEHKIRIE
A4d. BEMIESEIR SRR BIRE, 15 O
HW) 1056 go #4554 1% S BEER HU) 73 80T 5 L K H,
S AR, R b, FIESIR 28645 5 L 34T
AL, BEE 3, WEIRESEESEEDBRE (254,
202. 280. 300 ). >KF] ELISA SLB6 6 5526 B
KXt nigericin 7% S THP-1 ZH b 1L-1B FORET
HHIER, 1 A B BGEAL  BE R AL
BZAMENR B MCI A% LREER, DL 90%
FREIEAT Ve, RAG VeI, 19K IR E 85 9.
K A AT B o 1% A R A 53R4T 7 B, DA T
k-l A R (100 @ 1~1: 1) HEATHAE VRN,
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RIEHEEHE (TLC) &F133 8 N (A~H)D,
FEIFIFEFIH nigericin i75 5 1 THP-1 40 B3k 4735 H4: 07
%, WhEH S B HIEERLF. 45 B (689 &
ODS HFJEFETE, DL 10%~100% FF EEA: R it ,
100 mL Y8 1 43, AR TLC KA [ A v k- 1
OME (5:1) 1553 10 M Fr. 1~10. 495
PGS, BIETEAL > Fr. 8 (556 mg) Zf-i#%
HPLC i, FARFIHCN 85% R, AFUmE 3
mL/min FEEENL, Rk 9 210 #1254 nm, 4
BAFMEY 1 (20mg, %=10.31min).
3 SHEXE

WEY 1. REOHARBAE, [a]d -9 (c 05,
CHCl3). HR-ESI-MS %5 it 73 7 85 T m/z:
429.167 6 [M+ Na]* (if 5 {H v 429.167 8,
CasH260sNa), HAEH)7§ XN CosHoeOs, ANLAN
FEN 13, LLAMGi WoRBkEE (1764, 1717, 1671
cm ). ZEIL (1159, 1017, 978 cm™D) ZHFEE 5.
H-NMR 3 (R 1) BRA 26 1M4ES, 14
BRI 5 B R R A5 5 on 7.99 (2H, dd, J = 7.6,
1.2 Hz), 7.63 (1H, tt, J = 7.5, 1.2 Hz,), 7.51 (2H, t, J =
75 Hz); 1 HRAILPEMHEE S o0 7.90 (IH, d, J =
15.5 Hz, H-3") #16.89 (1H, d, J = 15,5 Hz, H-2); 4

MEHEEART1E5 on 6.14 (1H, s, 13p), 559 (1H, s
13a), 5.20 (1H, s, 15p), 4.76 (1H, s, 15a); LLJz 1 > H
HA55 on 0.86 (3H, s, H-15). it DEPT ##i& A LA
Wi5E 6 M H 3155 oc 120.6 (C-13), 113.3 (C-15),

41.0 (C-9), 36.5 (C-1), 27.1 (C-2) #127.0 (C-6); 4 1>
RIS S 5 76.7 (C-3), 76.6 (C-6), 41.6 (C-5) Al
40.5 (C-7); LA 7 MEBRIE S . 456 HSQC 1EXT |
I A% R — 455 5 AT A S . /£ HMBC 3% ]
MELH| H-1 5 C-3. C-5. C-9 Ml C-14 X [AIfEAEIT
FEAHE; H-2 5 C-4 Al C-10 Z [AlF im A 9%, H-5
5 C-7.C-9 M1 C-14 Z [RfF{Em FEAH 5% H-6 5 C-10.
C-11 Z A A mfEM>%; H-9 5 C-1. C-7HfIC-14
W] f7 /£ 1 F2 MH 9% s 45 A H-'H COSY i A
H-1/H-2/H-3 F1 H-5/H-6/H-7/H-8/H-9 FH4R )5 T2 IA]
MG S UE T 2 A/Soc&iEid 5. 10
RERRHAT WA - LEAE, R4 HMBC 159 H-7 5 C-12.
C-13 Al C-9 Z [AI I FEAHG; H-13 5 C-11, C-12
A C-7 ZMPBEFEARG, LK H-8 5 C-12 Z [af7
TEMEFEAADE, T CAHEN Y C-8 f F2 4k 5% HeAE C-7
B S IGIRIE N G BeJe, TTRRHE H-15 5
C-4. C-3 WmAEAHIRAT THiE C-4 7 XA E

T ELE C-11 {7 I RUEE A7 B U i H-13 5 C-11.C-12,

#F1 A4 1H 'H-NMR (400 MHz, CDCls) #1 3C-NMR (100 MHz, CDCls) ##E
Table 1 'H NMR (400 MHz, CDCls) and **C NMR (100 MHz, CDCls) data for compound 1

AL OH oc /DA OH oc
lo 1.44 (dt, J = 13.1, 3.1 Hz) 365 130 5.59 (s) 1206
1B 1.63 (m)? 13p 6.14 (s)

20 1.73 (ddd, J = 9.6, 7.0, 2.6 Hz) 27.1 14 0.86 (3) 17.2
2B 1.88 (m)? 150 476 (s) 113.3
3 5.50 (t, J = 2.5 Hz) 76.7 15p 5.20 (s)

4 145.1 1 164.7
5 2.27 (dd, J=10.3, 1.1 Hz) 416 2' 6.89 (d, J = 15.5 Hz) 133.0
6 1.36 (dt, J = 13.5, 12.4 Hz) 27.0 3 7.90 (d, J =15.5 Hz) 136.7
6B 1.88 (m)? g 189.8
7 3.02 (M) 405 5 136.6
8 453 (td, J = 4.7, 1.1 Hz) 76.6 6 7.99 (dd, J=7.6, 1.2 Hz) 129.0
9a 1.59 (dd, J = 14.0, 4.7 Hz)? 41.0 7' 751 (t, J=75Hz) 129.0
9B 2.24 (dd, J = 14.0, 1.1 Hz) 8 7.63 (tt, J=7.5,1.2 Hz) 134.1
10 34.0 9 751 (t, J=75Hz) 129.0
11 142.0 10’ 7.99 (dd, J=7.6, 1.2 Hz) 129.0
12 1706

SRR RAERR

aoverlapped with other signals
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C-7 WEEFEARAE S HIE. 2k, S MRRLGH
FIWr o] 7, R T 5 ke b A AT s N R
isotelekinlEHEH W& o R IR R A HMBC 1545 H
ff) H-6'5 C-4'. C-5'Fl C-8'Z IAl[fiZFEAHRAZ 5,

H-3'5 C-1'. C-5'Z[EMmMEMHRAES, BLK H-3
5 C-4Z [ mfee ;4G H-1H COSY
H-6'/H-7'/H-8'/H-9'/H-10'F1 H-3"/H-2'HIAH A5 5

W 23 5 K S5 RN 325 FE R T4 s R L0V A
BLo [RIE, AR 4% HMBC %+ 1) H-3 (6n 5.50) 5 C-1
(0c 164.7) HIZEFEAHIE 5 0] LA E 1246 &4 1T B
& 13- FH R 2L T R 5 isotelekin ) C-3 1 2 L T
FRBREEAETT . 25 DR, A 1 PP Igs s
ESER (B 2). 7ok, ERIAERHE A AT DL
NOESY itrh H-5 5 H-7 f1 H-8 2 |f], H-3 5 H-14 2
], DLK H-2'5 H-6"Z [ AH OS5 15207 (B 3D

____ . HMBC
1H-1H cosY

2 &1 89EZE HMBC #1 H-1H COSY %
Fig. 2 Key HMBC and 'H-'H COSY correlations of
compound 1

E3 &4 1HEZE NOESY X

Fig. 3 Key NOESY correlations of compound 1

H T2 SV T 1 O 2 A AE T b AL
i A BRARZ S A L, DRk S S I L R 450 A
RURA] DL TE A S RO ZE R 1Y o AR SEZIR R AL
FIKMERA G 1 48X R AT 2 112, i 0.2
mol/L NaOH X HAEAT /K fi#, SN 56 B in 5%
FRREAT AN, FHBEER CBEAEEL, ZEHU- 2 b %
WO > B AT R K4 1a A 1b. 85 E0
B PR T A S B B AT LEXT, W E S

1 1a F1 1b 43 5114 isotelekin Fi1 3- 2 F I 35 P A 1R
ZELERTR, A 1 MG MILE 1, R Y
5k e, a2 IR .

WA 1a: KA G FIREE, [o]d +92 (¢ 0.5,
CHCl3), HR-ESI-MS %5 tH#E 7725 70§ m/z 271.130 8
[M+Na]* GH&EAE N 271131 0O, #ED TN
Ci5H2003. H-NMR (400 MHz, CDCls) 8: 6.06 (1H, d,
J = 0.8 Hz, H-13B), 5.54 (1H, d, J = 0.6 Hz, H-130),
4.92 (1H, s, H-15B), 4.51 (1H, s, H-150), 4.45 (1H, td,
J = 4.8, 1.4 Hz, H-8), 4.25 (1H, t, J = 2.7 Hz, H-3),
2.95 (1H, m, H-7), 2.37 (1H, dd, J = 12.5, 1.6 Hz,
H-5), 2.13 (1H, dd, J = 15.4, 1.3 Hz, H-9p), 1.70~
1.60 (4H, m, H-2a, 2P, 6B, 90), 1.52 (1H, dd, J = 15.7,
4.7 Hz, H-1B), 1.33~1.19 (2H, m, H-lo, 6a), 0.74
(3H, s, H-14); 3C-NMR (100 MHz, CDCly) §: 170.7
(C-12), 150.2 (C-4), 142.1 (C-11), 120.2 (C-13), 109.6
(C-15), 76.9 (C-8), 73.1 (C-3), 40.9 (C-9), 40.4 (C-5),
40.1 (C-7), 35.7 (C-1), 34.1 (C-10), 29.1 (C-2), 27.0
(C-6), 16.9 (C-14). LA b %4 5 Sk ik 1) i ds —
FO3, I ENE W) 1a N isotelekin.

&Y 1b: AEBRAKE AL, HR-ESI-MS %4
HE Sy T B T miz 199.036 8 [M+Na]* (it &l A
199.037 1), #iE /T 3 N CioHgOs. *H-NMR (400
MHz, DMSO-dg) &: 8.02 (2H, J = 7.7 Hz, H-7, 9),
7.87 (1H, d, J = 15.6 Hz, H-3), 7.71 (1H, t, J = 7.4 Hz,
H-8), 7.58 (2H, t, J = 7.7 Hz, H-6, 10), 6.68 (1H, d,
J =15.6 Hz, H-2); 3C-NMR (100 MHz, DMSO-dg) ¢:
189.6 (C-4), 166.4 (C-1), 136.3 (C-5), 136.2 (C-3),
134.1 (C-8), 133.0 (C-2), 129.1 (C-7, 9), 128.8 (C-6,
10). DA b H5d 5 STk aE 1 FE — S, ik
A 1b 9 3-2K M EE N A 1R o
4  f nigericin 5589 THP-1 4B IL-1p BRAY
HIFHER

HRAE 22 SCHR AR GE ISR A ELISA VAR IL-1B
HIREIE, YR A4 1 % nigericin #7551 THP-1 41
F A IL-18 R4 v M, LA R (1Cs0)
Fon, AEPBRSRATIERAS. SRR,
A4 1 % nigericin 75 51 THP-1 4+ IL-1B HIFE
R A 53 AEIVERT, 1Cso 4 2.1 pmol/L, TMiBH
PEZJZHEZEN S pmol/L.

5 LDH K&

NHEBRAL A 16 IL-1B B4 1 F T B

AT A 7 1 S S0 THP-1 Sl AE T s, R
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LDH X245 25 5 nigericin 55 () THP-1 ZJfg
i LDH RiE, LR TARIRIET b, B
B BB ERF R, SREW (H 4, e
Y1 1A THP-1 da i oie AR, &fe L&A
K77 2842 nigericin i SHO4HEAET, Wi HA LT
THP-1 4l B —E R EH .

100 o
80
60

40

LDH BHUE/%
*
*
*

20

pagict it 5 25 1.25

&Y 1/(umol-LY)

x4 #*P <0.001; SEERIAHELE: 7P <0.001

ok

##P < 0.001 vs control group; *P < 0.001 vs model group

4 LDH E&ML &Y 1 &I nigericin 5589 THP-1
YR LDH MREHE

Fig. 4 LDH release in supernatants from nigericin-induced
THP-1 cells treated with compound 1

6 g
ASZIGHIF 22 P it o) B R S R IR =W 454
SE gk, IR IR B MG 4 215 B R
HRL ZAEY nigericin %51 THP-1 41
IL-1B BCEA BEMGIER, HIodsEtt,
A AERA A 1 — 2P RIS P 555 .
MBFR FHHEHHEFRARGEEAZFTR
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