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Chemical Constituents and Antipyretic Effect of Eupatorium lindleyanum DC.

CHU Chun-jun,REN Hui-ling, WU Tian-wei,ZHANG Jian "
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Abstract :In this study, chemical composition of the ethanol extract of Eupatorium lindleyanum DC. was analyzed by UP-
LC/Q-TOF-MS. Six compounds were isolated from E. lindleyanum. These compounds were identified as vanillic acid
(1) ,n-octacosanoic acid (2) ,B-sitosterol (3) ,daucosterol (4) ,linarin (5),5,8,4 -trihydroxy-7,3’-dimethoxy flavone
(6). Compound 2,5 and 6 were obtained from this plant for the first time. In addition, the antipyretic effect and mecha-
nism of E. lindleyanum on LPS-induced febrile response in rats was observed and elucidated. After the LPS challenge,
the temperature of rats was recorded every 30 min, it lasted for 6 h,and then 7 h,8 h. Myeloperoxidase ( MPO) activities
in liver tissues was examined, the levels of inflammatory cytokine tumor necrosis factor-a (TNF-a) and interleukin-6
(IL-6) in serum were measured using ELISA. As a result, the rats of model group showed obvious three-phase fever and
the heating peak value (1.97 °C) appeared at 4 h. The ethanol extract of E. lindleyanum ( EUP-EtOH) significantly de-
creased the body temperature of rats,and at 8 h following LPS challenge effectively inhibited MPO activity in liver tis-
sues, TNF-o and IL-6 levels in serum.
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1.1 #Z#H5iRH

LR A TULRAITIRE T S, 28 B Ry
A 27 WIS % BRI W A M D A LR 2 SR AR
2% Eupatorium lindleyanum DC. )B4 ] T B 4
B, 8L BE LPS, L5 . YY11156, #4% : Escherichia
coli 055 ;B5, Sigma-Aldrich; KFL# g AB-8, 7k &
) 5 R B A R A BR 20 5 BT ) DG AR i o
(A AR 25 A BRI A R L 151210155 /)
FR, TNF-o f1 IL-6 ELISA i) &t 5 . M1305226, |
TSR S S A BR N W] s MPO I3 &4t 5 : 20130702,
AN TR T, ACQUITY UPLC/Q-TOF
MS Z 48 Waters 23 A, 3¢ [, K F H Wi 25 /i B (EST)
TOTE RS TRE R U S, F Sh IR AR Ed R A
54k PR ] MassHunter 2004 5 T A 380 249 4,3 4
( E. Merck , Darmstadt , Germany ) 43 #fr 4li ( 77 [E] = 24
Sz X e m ol AN DI o < EL VS o B
#| Millipore , Bedford , MA , USA ,
1.2 LIz

50 H SD KB CHHIHS) e, 10 F , 214k
#203. 15 = 14. 85 g, 1 Al 4IE % : SCXK (75 ) 2011-
0003, KB HIKEYOK, FREEHREE 26 £0.5 C, A
XREE 40% ~80% o AESEHGHY, @ NPEFFE T d,
1.3 FE{&H

N-1100 Jighs 78 ZAL (ZR e B g ik X 24t
Varian UNITY INOVA-400 %! Bruker AV [-500 7Y
b TR AN w2 J2 A Ak e AT 2 T e i (200 ~
300 H, 7 BiErEfL ) s ODS A A 3k TR ( Daiso-
gel N F]) ; BB Sephadex™ LH-20 ( GE healthcare
Bio-science AB) ; Agilent Infinity 1260 /&30 AH 03
IC(SEEZHEAR A H]) s UV-2600PC 2L AR 350t T
( HA I EEHI A ) s ME21SP-OCE H 1K (18 3§
Z M2 F]) ; CSISOFNX 3 7% 7R 5.0 HL ( H A Bk
Aot H Az ERT) s FSH-IT B iy 3 i 5 5 9 4% (V1
EIRTTHTRAAUES ) s ELx800 BigbRi (& E1A
FEAERAT BR A A ) 3 BT-A21 ek B AL 7l 1 (I8
DIk B S A BR A R ARSES A H]) o
1.4 EBE5SH

HohiB TR 45 20 ke, LA 80% LWEHEHL 2 K,
FEBOR AR AR 2.5 ke, W MK, &0
kA HUBLRE , FF53 0 LA LR TR LI T AR
KAWL, BIF R AR & 2 UZ 15 S TR SRR 329 70

go LR ORI 28 ik AL (3% , S 47-F 1t (100
10 ~0:100) B B YL, 755 4 & Fro 1 ~ Fr. 4,
Fr. 1 28558 Rk A (a3, LU ik - £ 82 £ 15 (100:
U~ 12 1) SURBE B BE VRN, O 200 B 4% W A 24k
A 3(18.43 mg) ; Fr. 2 Lk Ak (3%, 05 -H BE
(40: 1 ~ 1 1) S BRG] , 46 B2 Pe L, 1438 o o 4%
RSP 1(15.41 mg) M2(17.44 mg) . Fr.3 £
FERCHE (i, LA H5-HBE (400 1 ~ 10 1) SR A0) , #6
JEVEL, A ARG 4(26.78 mg) ;Fr. 4 22
FERAE @3, LA - B (102 1 ~0: 100) B EE VRN,
183 2 N4y, Fr. 4-2 334348 Sephadex LH-20 #E it
A3, DI BRI RAS 2I6A 9 5(15. 34 mg) F16
(21.32 mg) ,

1.5 UPLC-Q-TOF/MS 43 #7

151 A e ad B S ol &

X HR G 4l B R T 98% , [ i ; eupalinolide H
37.4 pg/mL; eupalinolide F,40. 4 pg/mL; eupalinol-
ide K,38. 4 wg/mL; eupalinolide 1,39.0 wg/mL;eu-
palinolide G,38. 4 pg/mL; ¥ 36 ) 80% 2, F5 4 I
Y (EUP-EtOH) ,1 mg/mlL,

1.5.2 UPLC-Q-TOF/MS 7 kx5 &4

{635 454 . Waters ACQUITY UPLC® BEH, UPLC
Cp (2.1 mm x 100 mm, 1.7 wm) fl Waters
Van Guard™ BEH C %4 (2.1 mm x 5 mm,1.7
pm ) s FESIAH N 0. 1% PRKE W (A) F10. 1% HIR
ZHE(B) sBEEEBERL,0 ~8 min,5% ~25% B;8 ~ 18
min,25% ~75% B;18 ~25 min,75% ~100% B;{k
Bt 0.4 mL/min; £Fif 20 C BEFEIARL 1.0 pl,

T 4% Agilent 6540 accurate mass Q-TOF
LC/MS ( Agilent Technologies, USA) & 4, Bt A Hi, W
ZFE TR (LS 71X Al MassHunter Z045 70 1 &2
48, AR 300 °CL, A UA B &= 8.0 1/
min, BRI ON,) AR & 8. 0 L/min, BANE
F&2093500 V(IERS 750 |, Wil HL O 500V, 948
JE [ m/z 100 ~ 1700,

1.6 RSN
1.6.1 J8%#if3 K A RARR

BRI 9:00 46, (8] F& 30 min P & — KK FUIL
I, A2 i 10 h, S =K, L3 d [R] [E] S AR
TP BE AR S BE b A, O 2 th AR IR A T 36. 6 ~
38.3 CZM H=WiRZEA#IT 0.5 CHRM; 425
i 12 h BEEr R AR K, LA/ It i 2 05 1 40 A4 1
Ol o BRUCINIR I L AR TSR IR LR S A
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KREE 2 em(7E2 em AR IC I E , /55K
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1000 g Zj#4 4 80% £ Bl HL 2 WK, &9,
IR R A T A4S B Ch B 4R HLY) 127 ¢( EUP-EtOH) ,
EH b5 Y eupalinolide F 0. 98% , eupalinolide K
10. 62% , eupalinolide H 0. 59% , eupalinolide G
7.67% ,eupalinolide 1 2.16% , ¥ EF 5B AT 80% 4,
P SR U T K b, A5 A I B2 A B 2 i, R
i e e A5 SO R AR E AR BRBEHL T 25 4
BERA (LPS,100 pe/kg) (BF SiB AR 4 (A 2550
15 :305 mg/kg) FlFH M 2H (BT &) DT Ak, 200 mg/kg) ,
KA 2 22 e 3 25 7 IR IR TS LPS
(20 pg/mL LPS 4 0. 9% £f 3L K% ) 5% 0. 9% 4
PREKIA W (5 LPS [ARR) |, B 5 42 5 5 0 45
2,30 min JEil S — YOI, 75 1,1.5.2.2.5.3,
3.54.4.5.5.5.5.6.7.8 h 735l ALIR—K ., BE
SEmb AL (BRI (H 0 0, 25 58 25 B [ A
0, 21 44 2 4% I 1) 5P P A T 28 1 il 46, R4 d R
THEMEFE AT (& HA 0 A I F0 R Al A IR 09 22 ) 1Y
Ak, 8 hJE, A BR AR BRIBUIAL , i A 2 KB 1%
RN
1.6.2  #&id &AL B (MPO) g 2

RS 8 b, Bl sk A FE B, F) TF I 4 ST
ELHZY PRI S0 mg FIEZL 2R, Jin AR — 950 mL
IR 5% 281573 4 °C 1500 x g, B§.0> 10 min, I
W 0.9 mL A =545 0. 1 mLL,37 CARWE
15 min, HARBRAEL UL ™4 HEAT, & 460 nm
WO (A) . MPO(U/g) = (IER A-XFREAE A)
+ 113 x B (g) .

1.6.3 X3z W -F TNF-a f= IL-6 K-F6gm 2

WAL 8 h, fRR R RUIR BRI, 4 °C, 1500 x
g, B0 20 min, BT ,-80 CLR-AF, #% & ELISA it
) B 1 B I R 38 TNF-o £ 1L-6 /K5, BEFRAL -
B OD,50 6
1.6.4 Hpa2

JITA e - 280 = AR ifE 22 (mean £ 8. D. ) 3
7, W SPSS 19 A4 % Bt #E AT 5 R 3R 5 22 93
ZH 8] F 3% Fisher’s PLSD 3,24 P <0.05 AHE

2 SIGEER

2.1 UEMENERE
wEWm 1 HEE A (FEE), mp. 211 ~ 213

°C;'H NMR (DMSO-d, ,400 MHz) §:7.44 (1H,d,J
=8.1Hz,H-6),7.43 (1H,s,H-2) ,6.85 (1H,d,J =
8.2Hz, H-5),3.80 ( 3H, s, 3-0CH,);"” C NMR
(DMSO-d,,100 MHz) §:115.0 (C-2),147.3 (C-
3),151.1 (C4),112.7 (C-5),123.6(C-6),167. 4
(-COOH) ,55.6 (-OCH,) . LA b-%ds 5 3cik™ 2 3)
Bli—3 AW 1 A F AR (vanillic acid) .

wEW2 HEMATHE); HNMR (CDCL,
400 MHz) 6:2.35 (2H,t,J =7.1 Hz,-CH,-COOH) ,
1.63 (2H,m,-CH,-) ,1.25 (48H,brs,-( CH,)24-),
0.89 (3H,t,J =7.0Hz,-CH,) , LA I #4553k’
BB R — 2, LAY 2 M iE A+ \BERR (n-octa-
cosanoic acid)

wEW3 AE (PR ,mp. 137 ~138 C,
ST RAOFERR; & 50 g- (S B2 )2
Br,3 FRAFI RS R TLC o R, B 5 A7 M58 4
—3, HEE Y 3 N B-45 i B (B-sitosterol )

LEWA PEmR(PE) ST —RAL
R, e T @A -H IR 5 VA W, Liebermann-Bur-
chard 27 FHA: , Molish |2 b7 BHM: s 42 56 8 N 4 %)
R EREE, TLC H RE(E A R (A7 58 22— 3, B
EY 4 8 M (daucosterol ) .

WEWS REEHR (PR, hER-BE 8 S
L2 PHME, Molish Jiz )i 52 BHPE , $ 7R 2 A0 & 0 vl e R 3
BRI 25164 %' H NMR ( DMSO-d, , 400 MHz) §:
12.92 (1H,s,5-OH) 8.05 (2H,d,J=8.8 Hz,H-=2',
6'),7.15 (2H,d,J =8. 8Hz,H-3",5") ,6.95 (1H,s,
H-3),6.79 (1H,d,J=1.7 Hz,H-8) ,6.45 (1H,d,J
=1.9 Hz,H-6),5.07 (1H,d,J =7.2Hz, H-1""),
4.55 (1H,brs,H-1""") ,3.86 (3H,s,-OCH,),1.08
(3H,d,J =6.2Hz,H-6""") ;°"C NMR ( DMSO-d, ,100
MHz) §:163.9 (C-2),103.8 (C-3),182.0 (C4),
161.1 (€C-5),99.6 (C-6),162.9 (C-7),94.8 (C-
8),157.0 (C9),105.5 (C-10),122.7 (C-1"),
128.5 (C-2'),114.7 (C3"),162.4 (C4'),114.7
(C-5'),128.5 (C-6"),99.9 (C-1""),73.1 (C2""),
76.2 (C-3""),69.6 (C4'"),75.6 (C-5"") ,66.1 (C-
6''),100.5 (C-1"""),70.3 (C-2"""),70.7 (C-3""),
72.1 (C4"""),68.3 (C5"""),17.8 (C6"""),55.6
(-OCH,) o DA F%icdi 5 3cmk ™ 41 2500 — 2%, dfk
G5 5 et (linarin) .

HEW6 IREOKIR(HEE) , 1% =AEKE
WO, 10% R OB RR RO 2 6;' H
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NMR ( DMSO-d, ,400 MHz) §:13.08 (1H,s,5-OH) ,
10.69 (1H,s,-OH) ,9.96 (1H,s,-OH),7.55 (2H,
m,H2",6"),6.90 (2H,m,H-3",5"),6.62 (1H,s,
H-6),3.75 ( 3H, s, 3-OCH, ), 3.89 (3H, s,
OCH,) ;"”C NMR (DMSO-d,,100 MHz) §:164.0 (C-
2),103.0 (C-3),182.4 (C4),157.5 (C-5),94.6
(C-6),152.7 (C-7),131.6 (C-8),153.0 (C-9),
104.3 (C-10),121.8 (C-1"),110.4 (C-=2"),151.0
(C-3"),148.3 (C4'),116.0 (C-5'),120.6 (C-
6') o LI ¥cd5 Semk™ B B — 2, Sk A 6

x10%+BPC Scan EUP-1.d

6

5

4

; l\’a

1 11 4 s
O,J. ML A

H5,8,4"- =2 H7 3 - T A EL B (5,8 ,4 -trihy-
droxy-7,3’-dimethoxy flavone) .
2.2 EFLIBEEIRY UPLC-Q-TOF/MS 4347
o3BT 3B EE 4R IUY) (EUP-EtOH ) fY 1F B 715
KT EIEE(E) R8T EFiE R 1,5
XoF HEL it P R B B[] R 23 25 - A LU, S B AR G
SR BT 23 M (K 1) ,181.6.7.8,
10,11 .13 .15 .16 17 .18 .19 122 Fikib &y, &
23 RS

005 1152253354455556657 758 859 951010.51111.51212.51313.51414.51515.51616.517
Counts vs.Acquisition time(min)

1 EFDEZERERYE LC-MS BB FRE
Fig. 1 LC-MS total ion chromatogram of EUP-EtOH
TE - B PR ) P 5 2 I3k 1

Note ; the peak numbers referred to Table 1

&1 HDEBZEREWE UPLC-Q-TOF/MS £EHER

Table 1 Characteristics of chemical components of EUP-EtOH identified by UPLC-Q-TOF-MS
T ER s R] Oy T T 37 oy
No. Retentin?n time Mass Tons Molecular com;oun d
(min) (m/z) Formula

1 2.567 300. 1812 [M +2Na] * Ci5Hy 04 6,15a-epoxy-18,4B-dihydroxyeudesmane

2 2.670 300. 1812 [M +2Na] * Cy5Hy 05 6 ,15a-epoxy-18,48-dihydroxyeudesmane

3 2.899 316.1759 [M]* (O PO R 7 a-angeloyloxy-1-oxo-a-longipinen

4 3.566 286.2016 [M +2H,0] * Cy5H,, 04 7-0x0-12-hydroxy-6 , 11-dehydroageraphorone

5 5.655 453.3438 [M+H]* CyyHy 0y eupalinilide J

6 6.741 566.4277 [M +2Na +2H] * Cy7Hy, 04 4'-desoxy-4"-hydroxyprovincialin

7 7.559 340.2595 [M2H,0] * o120 ety (LY AD 1L (13) ot 12 o
8 8.150 396.8026 [M] * Cog Has C1Og eupalinilide E

9 8.492 218.2116 [M-H,0] * Cy5H,,0, 9-hydroxy-ageraphorone

10 8. 634 453.3448 [M+H]* CyHyp0y eupalinilide J

11 8. 892 438.2116 [M +H,0] * Cyy Hyg Og eupalinolide F

12 9.535 436.1959 [M +H,0] * Cyy Hyg Og 3B-acetoxy-83-(4'-oxo-tigloyloxy ) -14-hydroxyl-costunolide
13 10. 344 438.2118 [M +H,0] * Cyy Hag O eupalinolide H
oo 21,2545 (M Nal CaHu s T et 2,6.10-hondcaon 13 mosate
15 11.588 463.1961 [M+H]* Cyy Hyy 0y eupalinolide G

16 12.220 463.1965 [M+H]* Cpy Hzp 09 eupalinolide 1

17 13. 447 274.2770 [M]+ unknown

18 13. 563 318.3031 [M + HCOONa] * Cy5H,, 04 6B-hydroxy-7-oxo-ageraphorone
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19 13. 647 362.3272 [M]* Ca0Hag O eupalinolide K

20 14. 306 445.2126 [M+H] * C,sH;, 0, 83-[ 4'-hydroxy-5'-tigloyloxytigloyloxy ] costunolide

21 14. 664 460.2696 [M] * Cyy Hyg Oy 3B-acetoxy-83-(4'-hydroxy-tigloyloxy ) -14-hydroxy-costunolide
2 15. 115 302.3063 [M] * unknown

s enmn Gmoo R
24 16. 691 330.3342 [M-H,0] * CioHy, Og hiyodorilactone C acetate

25 16.758 418.3892 [M] * Cy Hag Og 3B-acetoxy-8B-(4'-oxo-tigloyloxy ) -14-hydroxy-heliangolide

2.3 FLERRYERERRIE
2.3.1 MHAAER

REAYZH K BRI I e 5 LPS J5, R TR T i A8 A 2
—ARBGZR 23 HITE 1.5 4 F16 h i B , fie KTt
IR 1,97 C o M B 38 P S 0k oK Bl i A il T
A WL A RIVERT, DL 2
2.3.2 KAWL MPO F AR i K e B -F
TNF-a #= 1L-6 K-F

RS 8 h, X T2 AL, BRI T ZL MPO
TR LA R i 3 98 E N K BT R T (P <
0.01) , BF thia SR WAL Y MPO 5 1 LK Il 3 Hh &

1.5{ ~ B ihaspml
=€ Bk
1.0

0.5

0+ =
05 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0 5.5 6.0 7.0 8.0

B2 HEXRREBEATHEMREHNTHEBLEE (0 =
10)
Fig. 2 The trends of temperature difference to time ( AT-t)

of rats in each group (n=10)

SiE AT KPR AN R B2 BE R RR AR (P <0.01), B
%%20

£2 FAKRKIFAL MPO FEHELUR M E K ERF TNF-o 8 116 7K FHILLEE (x +5)
Table 2 Effect of EUP-EtOH on MPO,TNF-a and IL-6 of febrile rat induced by LPS (x )

51 4t Dose MPO TNF-a 1.6
Group (me/ke) " (/g (pg/mL) (ng/mL)
2% [9#4H Control - 8 0.70 £0. 05 5.65 1.40 0.13 +0. 021
FERIZH Model - 9 1.70 0. 27% 53.80 +10. 30* 0.50 0. 09%
EUP-EtOH 305 10 0.98+0.15"* 22.50£2.96* 0.29 +0.06* *
BHEZH Aspirin 200 9 0.67+ 0.11*** 5.35£1.73*** 0.15+0.02***

52 AU, ¥ P <0.01; 5RO R4l i, ** P <0.01,*** P<0.001,
Note : Compared with control group,* P <0. 01 ; Compared with model group, * * P <0.01,* ** P <0.001.

3 e

TEAS PSR 2 AT S 7 Sl L, Ak 22 B Eh B i 1k
FROIITSE, B AR 6 ML, R UPLC/Q-
TOF-MS ¥k, 73 Bhit £ B4R Uy iy Ak~ iy, BF
B T E S AR IS Y . RATIE ZWE

RPN H R AR R B SO Bl = AR I
P TEBAN R Y5 AR , 3 -5 i R B P SR A T
BRI, R M SV R PR, HEA A R

R A2 o BT SCIRT AR R T 5 0 2 B
Fith P ) B 6 0T S 6 80l A BB R A B ) T 1 S
FEST B O A A4 R PR A R T D i LD iR

25 BRI AR BRAE 100 pg/kg LPS JE ST S,
PRI AG 5 = A W (R 01 Y BAE 1.5 .4 716 h,

Hrp 4 h R F I, B RIRE L 1.97 C
[F) B 22 00K L BN o 25 B RN FE BiIE IR, B0 B
P VSR T, B s B 4 B P T R
T, R BRGSOl o

JH WS 5 % #45 0E % UT A G i 6 R 4% ', LPS
ZEME I e A T K I8 I, 5 e T i 2 2
MR A IR U TS & R SE SN . R R
JEN BN PGE, v 5 /A4 E ML I PGE Z{& EP3
gh 4 I AR A 6 2 VS, 3k AT BB Ml & 5 — A
RMERFHF 2z """ MPO 7E LPS Hil i 4
e AL RN =S R A s R % vt AN N %t O 22 )
W 2 430 K ST AT WL B W S8 i IR W R
DLW 25 %) v R 40 S 32 T A s il o S v, 8
RULH B R BT IEZHZE MPO 15 5 25 T i , B Lh 3 i
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A B R BT IE MPO 5 P45 20 A Sl . h
AN, B 38 ] 6 3 o 410 ] S S B 2 2 5 RE R
117 A ffAE

REZWEVE I N B R ARSI IR N RE S R TR L) 58
E R T R PV AR B, H G K
PRI ) 3 B T 3 15 1 20 R N R A
MR TL-1, IL-6 1 TNF-o 2505190 piy gt v S50 30
(‘endogenous pyrogen, EP) , i Ifif B 42 uk [a] 2/ H T
PRI IENT HHK, S BOT Bl & #8504
P s B, e A N R D T R B SO E
MY S B D GE B AR 4 00 K BRI R Y
IL-6 Fll TNF-o 7K 545 760 24 I 25 R AT, 106 I BT 5
A I 1 1 1) 4 i PR 0 TR e 2 A A o

25 Tk, B Ih 3B X g 22 WA S 0 R B & AU
R R fAER, OF BB BRIP4 2L MPO 1%
PELL R 135 v TNF-o0 F1 TL-6 (47K, it AT 6 540 4
A1 I ZE 29 s Ry AT i) I 4R R - g
A Ko
CE S
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