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A NO Bt (P<0.05 3 P<0.01) fb& 9 5 FEMREE A 50.00 wmol - LB XF NO (14 B ik it T 41 il 4
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Abstract; Ligularia virgaurea is one of the original plants of the Tibetan medicine “Rixiao” for the treatment of clearing

heat and removing yellow water. In order to study the chemical constituents and anti-inflammatory activity of L.
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virgaurea , the compounds were separated by silica gel, Sephadex LH-20 gel, ODS gel column chromatography and other
column chromatography technologies. The structures of all isolates were identified by spectroscopic methods (NMR and
HR-ESI-MS). Their inhibitory activity of the compounds on nitric oxide (NO) was determined by lipopolysaccharide
(LPS) -induced RAW264.7 cell model. The results were as follows: (1) Twenty-one compounds were separated and
identified from petroleum ether and n-butanol extracts of L. virgaurea, including spiroeuryolide (1), cacalol acetate
(2), oplopenone (3), 8-ethyl-palmosalide A (4), 1-hydroxy-3, 7-dimethyl-2-( pent-3-enyl ) benzofuran (5),
syringaresinol-0-8-D-glucopyranoside (6) , pinoresinol-O-8-D-glucopyranoside (7) , isoeucommin A (8) , eucommin A
(9), 6,7-dimethoxycoumarin (10), ferulic acid (11), ethyl caffeate (12), methyl caffeate (13), methyl ferulate
(14) , ethyl ferulate (15), caffeic acid (16), 2-[ (2'E)-3",7'-dimethyl-2’,6’-octadienyl ] -4-methoxy-6-methylphenol
(17), 2, 8-dimethyl-6-methoxy-2-( 4'-methylpent-3’-enyl ) -chromene ( 18 ), B-sitosterol (19 ), dodecyl ( Z )-9-
hexadecenoate (20) and hexacosanal (21). Compounds 1-4, 6, 11-16, 18, 20, 21 were isolated from the whole herbs
of L. virgaurea for the first time. (2) The anti-inflammatory activity in vitro showed that compounds 1-3, 6, 11-16, 17,
19 could significantly inhibited releases of NO at concentration ranging from 1.56 to 50.00 wmol - L' ( P<0.05 or P<
0.01) , Compound 5 had no inhibitory effect on the release of NO at a concentration of 50.00 wmol - L, but it could
inhibit releases of NO at concentrations of 12.50, 25.00 wmol + L' (P<0.05). This finding enriches the chemical
constituent and biological activity research of L. virgaurea and provides a certain theoretical reference for the future

development and utilization of its anti-inflammatory activity.
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5 5 ( Ligularia virgaurea) N FHEE R £
AEAERLAAH ), SR 2 H O " R FAE Y 2 — i
AT (e N RAEFE DA AR AE - K 2)
(1995 Ji) AT 4 G bl ) (1992 i) Hf, 22
O3 TR VYRR AL AR L r AR U]
HOR SR, DL 5 A2y, BAT I e B A L
B (5 DATT, 1992) 4 KU ()57 42 %,
2006) SEIHR, SCHRHRIE 8 525 O B4 U0 25
T B HA M HAEH (Lo et al., 2015) , HAb2 45
PR A 2e RIR R I8 RN R
(Wu et al., 2004; Wu et al., 2005a,b; Zhang et al.,
2007; Dong et al., 2015; Tori, 2016; Qi et al.,
2017; Nakashima et al., 2018 Saito et al., 2019) , H
T A S o ALY, I B SCHRARE H oA
G FRN R G W) BA —E PRI M (56 8
45,2018 BIERRAE,2023) , ACURIZH H 0N B
S LR OTRE AL A3 12 MG (ER =
8, 2022) O T i — 2D BFSE B BE B BRI M
93 A5 D B A P8 T B A 0
BYE N 21 Mead, b kG 1-4 .6 11-16,
18.20 .21 2 B IR B S5 oy B A5 2, 2 30 13
ETERIFCRIE TRy, o 8 525 B IT & 5 R H]
Pt 1 Al 2 R 2 B LA

sesquiterpenes, chemical constituent,

structural  identification, anti-

1 g 548

W3 4% 0 3 A AX-600 %Y (7% [ Bruker 24
Fl) ;5 A A {4 % { Waters €2695 Y (32 [
Waters /A H] ) ; Eclipse XD-C ¢ 73 BT B {8, 3% 44 ( 250
mm X 4.6 mm, 5 pm, 3EEZHERRHARAF) ;
AR A Agilent 1260 7 ( 36 [ % FE AR FLHH:
AR T ; ZORBAXSB-C > il £ 11 (535 4% (250
mm X 9.4 mm, 5 pm,SEEZHERRHLARAA) ;
=55 BET IS AL Triple TOF56 % ( HR-QTOF-MS, 3
AB SCIEX 7y #]); fH & CO, 5 3% 44 (2014-
88759, Hr N Esco AR/ ] ) ; Rotavator R-210 Jig
Fez% B A (Fit: BUCHI 22 F]) ; MultiskanGo 423 <
AR ( 52 [E Thermo Fisher Scientific A ] ) ,

Sephadex LH-20( i - Amersham Pharmacia 73
) 5 GF 5 W2 G5 RE M (JA 5 48 PR A RHA BR 2>
7)) ;0DS JARBE I ( H A Fuji Bk 53U 2 4E) 5 Nitric
Oxide Detection Kit ¥l 7 & ( FifE3 = KA
B A R A ) 5 Cell Counting Kit-8 5] & ( K i
FKCEYREA RN s RAW264.7 /N E
Wt 200 i (R 2 g 40 P R 5 IR PR AS T ) (3%
FIEE (3% [ TEDIA A FR2 7)) 5 i AR (36 [
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Cambridge Isotope Laboratories, Inc 2y A ) ; A HL ik
M PBEAL A IR F) 5 DMEM (= B 35 57 2 i
A1 v FBS( ZE[H Gibco Life Technologies /L\\ﬁj) o

AT 2020 AF 8 TR A U H A, g
FEBR AT 5T 03 4 E N B = B s ) o s
( Ligularia virgaurea ) B + I & ¥, t5 K
(20200801 ) fAHL TYLPG B 2 K2z 25 B2 R 5 )R
JELGIFFE O

2 ik

2.1 RS H

5.0 kg TR B ELE M 75% L BER
B2 K, B IR e A A3 B2 E 0l A T 2R
CBREVABOE T B AT 28 B e = 5, 2022) , 1%
AR (Fr. 1) LR O BR AL (Fr.2) (IET
AV (Fr.3) FKFRA (Fr.4) o A MBS Fr.1
(73.8 g) & hE B AE (3%, H A ik - 2 R & Bis
(100 :2~7 = 3, V/V) ¥, 58] 6 25 (Fr.1-
1~Fr.1-6), Fr.1-2(12.4 g) &A%, i A
- B9 1~7 2 3, V/V) AT B,
i Sephadex LH-20 4% 43 ( F1 i) DL & ODS 2 #H
FEAE(HmE-K6:4~9:1,V/V)%0ETE,
BEMEA Y 3(32.0 mg) 18(37.2 mg) .20(21.3
mg) .21(24.3 mg), Fr.1-3(9.2 g) ZHE R @
B FHAMEE - AP B (7 : 3~5 5, V/V) #EATUE
W, FZed ODS AHME s (FHEE-7K 4 1 6~7 ¢
3,V/V) Ml Sephadex LH-20 (1% ( B % ) 25 73 55
TFBE 8564 1(42.8 mg) 2(21.4 mg) 4(8.7
mg) .5(48.6 mg) 10(12.3 mg) .17(10.2 mg) ,,

1E T EEERA Fr.3(159.1 g) £k ek (3%, 1
AR EE(100 1 5~8 2 2, V/V) BEME G 15 5
6 N> (Fr.3-1~Fr.3-6), Fr.3-1(10.1 g) &5k
A i, ATk - R G BR (100 2 1~6 2 4,V/
V) VR, P 3 Sephadex LH-20 € 3% ( FH ) F
ODS JZAHFE A3 (FHEE-K 4 0 6~8 : 2, V/V) %)
BTBL SRS 14(34.7 mg) (15(45.1 mg) |
19(107.1 mg) . Fr.3-2(6.0 g) &A%,
LM~ R TR (8 = 2~5 2 5, V/V) BEAT BN, 1
21 Sephadex LH-20 A (HE) SR EY
11(48.0 mg) , 2R 5 &L 5810 T & WA (38, LU
HIiE 7K (37 = 63, V/V,228 nm) fE 4R SIAH, 15 2

A& 12(10.8 mg, 1, = 32.4 min) ,13(50.1 mg,
1= 40.6 min) , Fr.3-4(5.6 g) % ODS [ A&k
OISR I EE-/K (12 9~5: 5, V/V) A7k
R, SR 5 28 B e A €8 33% AT Sephadex LH-20 A% i
(W) %5 B T B A 2L 5 9 6(73.2 mg) |7
(8.6 mg) .8(5.9 mg) 9(3.4 mg), Fr.3-5(6.1¢g)
28 ODS RAHRERCA: (B33, I EE-7K (1 : 9~5: 5,
V/V) BRI EIME 51 16(20.0 mg) .
2.2 MAE TN

KA G 1-3.5.6,11-16 .17 .19 X/ R
RAW264.7 4 1 (9 B £, ¥ x5 % 4 K 9 W
RAW264.7 470 5] 96 FLAR (4L 3 x 10°4>),
[ S5 F T 4555 24 h, 34 B2 R 3 6 S0 5
YRS I MR 2l LR E 4 M REAL,
S M A E A A E U E 259 (6.25 ~ 100. 00
pwmol « L) [ 37 15 3% 3 Ab # 5, M A CCK-8 ¥
W, 30 min, T 450 nm AL I WG R R A
FREHUPEAE (2022) 1 7 35 VT 0 A7 35 2R, 1 T A
EE VI Z W

0B B9 RAW264.7 4 it 42 Fh ] 96 fL ARk
o BB AL 3 x 1000 IR SIS 4 s A
BIRUZH RS A 25 AL s 4 N EAL,
AR 24 h 5 W IHEE SRS I BRAs VA Hoim A K
FRILHN  HAAB A M AWIE ] 1.00 pg - mL' 1Y
LPS AT, B4R E 1 h BUL S, 25 4R
R s DR A AN N [ B3-S 7
(1.56~50.00 pwmol - L), F G M55 41 fin A H 2 1
14(0.06 pmol + L) BLAILLF1ZS [ 410 A ff 555
FRIE BEFRARTFE 24 h 5 B 96 FLAREUH IR AR
i RS IR I (AL 50 L) FE RS 2 96 FLk
HSBEAR YA (4 4L 50 wL) Griess A 1 B i
I, T 540 nm PAALM RO T NO WAL,

3 HERG M

3.1 HFHERE

&Y 1-21 E5HCILE 1,

AT HEEMIRY 4 FRHC L H,L0,,
ESI-MS m/z: 231.1 [M+H]*, "H-NMR (600 MHz,
Methanol-d,) 6,: 6.52 (1H, d, J = 1.4 Hz, H-
6),5.69 (1H, s, H-9), 2.23 (1H, m, H4),
2.07 (3H, s, H-14) , 2.06~1.94 (5H, m, H-1,



1020 L i N7 44 %
0
o)J\ o~ OH
- (o] 0 o = O
o |/ < /
—
o)
5
1 5
2 3 4 (o]
X" “OR,
OMe MeO N HO
OR, OR,
& MeO 0" o
OR; 10 11 R;=Me, R,= H
12 R;=H, R,= Et
R, OH 13 R;=H, R,= Me
0o o L 14 R;=Me, Ry= Me
R,0 15 R;=Me, R,= Et
OR; 16 R;=H, R,=H
6 R;=Rs=OMe, R,=H, Ry;=Me, R,;=Glc okt AT o
7 R;=R,=Rs=H, R,=Glc, Ry;=Me
8 R;=R;=H. Ry=Glc, R3=Me, Rs=OMe L S I N
9 R,=OMe, R,=Glc, Ry=Me, Ry=Rs=H S
20
MeO N
S
HO
10
18 19 21

B 1

Structural formulas of compounds 1-21

Fig. 1

2, 3a), 1.90 (3H, s, H-13), 1.71 (1H, m, H-
38), 0.76 (3H, d, J = 7.1 Hz, H-15); "C-NMR
(150 MHz, Methanol-d,) &.: 38.6 (C-1), 25.4
(C-2),35.4 (C-3), 48.9 (C4), 156.2 (C-5),
117.3 (C-6), 144.6 (C-7), 147.8 (C-8), 119.2
(C-9), 57.5 (C-10), 112.8 (C-11), 174.5 (C-
12), 7.8 (C-13), 23.5 (C-14), 14.1 (C-15), Lk
BRSOk (B Uh A, 2013) B A — 5,
Y 5E R spiroeuryolide ,

fer¥r 2 AEREE, 735X € H, 0,
ESI-MS m/z; 273.1 [M+H]*_,'"H-NMR (600 MHz,
Chloroform-d) 6,,:7.23 (1H, d, J = 1.4 Hz, H-
12),3.27~3.22 (1H, m, H-4), 2.85~2.81 (1H,
m, H-la) , 2.57 (3H, s, H-14), 2.39 (3H, s, H-
17), 2.37 (3H, d, J = 1.4 Hz, H-15), 1.91 ~
1.75 (4H, m, H-2, 3), 1.19 (3H, d, J = 7.1
Hz, H-13); “C-NMR ( 150 MHz, Chloroform-d)

e 1-21 gl

8.:23.6 (C-1), 16.7 (C-2), 30.1 (C-3), 29.1
(C-4), 125.1 (C-5), 135.6 (C-6), 127.2 (C-7),
145.3 (C-8), 131.5 (C-9), 127.0 (C-10), 116.9
(C-11), 141.6 (C-12), 11.4 (C-13), 14.4 (C-
14), 20.7 (C-15), 168.9 (C-16), 21.5 (C-17),
LI %04 5 SCk (Arellano et al., 2018) it 8 7
— 35 L2 E N cacalol acetate

k&3 wmakik, 7k CH,0,
ESI-MS m/z: 221.2 [M+H]*.'"H-NMR (600 MHz,
Chloroform-d) 6,:4.63 (1H, m, H-10a), 4.53
(1H, m, H-108), 2.70~2.66 (1H, m, H-3),
2.35~2.32 (1H, m, H-78), 2.15 (3H, s, H-
15), 1.10~1.03 (1H, m, H-68), 0.87 (3H, d,
J = 6.9 Hz, H-12), 0.62 (3H, d, J = 6.9 Hz, H-
13); "C-NMR (150 MHz, Chloroform-d) §,: 27.4
(C-1), 28.6 (C-2), 56.1 (C-3), 52.1 (C-4),
49.3 (C-5), 26.6 (C-6), 35.3 (C-7), 150.9 (C-
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8),51.8 (C-9), 103.6 (C-10), 29.6 (C-11),
22.0 (C-12), 15.7 (C-13), 211.7 (C-14), 29.0
(C-15), DL %45 SCHk (Joseph-Nathan et al.
1989) il He A —F, K % & oplopenone

e a  wEAMR, 270 €, H,,0;,
ESI-MS m/z; 277.2 [M+H]*_,'H-NMR (600 MHz,
Chloroform-d) 6,,: 5.57 (1H, m, H-1), 3.47~3.42
(1H, m, H-16«), 3.27~3.22 (1H, m, H-168),
2.85 (1H, d, J = 14.3 Hz, H-9«a), 2.74 (1H, d,
J =13.0 Hz, H-6a), 2.44~2.40 (1H, m, H-
98), 2.16 (1H, m, H-2«a), 2.03 (1H, m, H-
2B), 1.95 (1H, d, J = 13.0 Hz, H-68), 1.89
(3H, d, J = 1.5 Hz, H-13), 1.73~1.67 (1H, m,
H-4), 1.48~1.41 (2H, m, H-3), 1.16 (3H, t,
J =17.0Hz, H-17), 1.00 (3H, d, J = 7.0 Hz, H-
14), 0.82 (3H, s, H-15); "C-NMR (150 MHz,
Chloroform-d) 8. 126.2 (C-1), 25.8 (C-2), 27.1
(C-3), 40.5 (C-4), 41.2 (C-5), 37.5 (C-6),
158.2 (C-7), 106.2 (C-8), 44.0 (C-9), 136.4
(C-10), 124.6 (C-11), 172.1 (C-12), 8.2 (C-
13), 15.9 (C-14), 17.9 (C-15), 58.7 (C-16),
15.4 (C-17), LA L %ds 5 SCHk ( Wiemer et al.,
1990) 4 3t 3 A — B0, 4 B % 5 K S-ethyl-
palmosalide A,

e s wEAREIE, 27X CH 0,
ESI-MS m/z; 231.1 [M+H]*_,'H-NMR (600 MHz,
Chloroform-d) &,,: 7.26 (1H, d, J = 1.3 Hz, H-
8), 6.85 (1H, s, H-4), 5.56~5.45 (2H, m, H-
13, 14), 2.77 (2H, t, J = 7.3 Hz, H-11), 2.36
(3H, s, H-10), 2.15 (3H, d, J = 1.3 Hz, H-9),
1.63 (3H, d, J = 6.1 Hz, H-15); "C-NMR (150
MHz, Chloroform-d) 6,: 138.8 (C-1), 122.9 (C-
2), 131.9 (C-3), 111.9 (C-4), 127.7 (C-5),
142.7 (C-6), 116.2 (C-7), 140.8 (C-8), 8.0 (C-
9),20.1 (C-10), 26.8 (C-11), 32.6 (C-12),
131.3 (C-13), 125.4 (C-14), 18.1 (C-15), KA
B0 5 SCHR (Liu et al., 2007; Sun et al., 2007)
el B A — 2%, W% & A 1-hydroxy-3, 7-
dimethyl-2-( pent-3-enyl) benzofuran,

k& e HEKAK, TR CyH,0,,
ESI-MS m/z: 603.0 [ M+ Na]*, '"H-NMR ( 600
MHz, Pyridine-d;) 6,: 7.00 (2H, s, H-1, 1"),

6.98 (2H, s, H-5, 5'), 5.02 (2H, br s, H-7,
7'), 4.35 (4H, m, H-9, 9"), 3.86 (6H, s, H-
10, 10"), 3.84 (6H, s, H-11, 11"), 3.31~3.24
(2H, m, H-8, 8'); "C-NMR (150 MHz, Pyridine-
dy) 6.:132.1 (C-1), 105.0 (C-2), 154.0 (C-3),
138.4 (C-4), 154.0 (C-5), 105.0 (C-6), 86.6
(C-7), 55.0 (C-8), 72.3 (C-9), 56.6 (C-10),
56.8 (C-11), 130.2 (C-1"), 104.8 (C-2"), 149.3
(C-3"), 137.3 (C-4"), 149.3 (C-5"), 104.8 (C-
6'), 86.3 (C-7"), 54.9 (C-8"), 72.2 (C-9"),
56.6 (C-10"), 56.8 (C-11"), 104.9 (C-1"), 76.1
(C-2"), 78.4 (C-3"), 71.6 (C-4"), 78.7 (C-5"),
62.4 (C-6") . LA bR 5 3CHk (XIBE 2245, 2016)
HRIEIEA —F, NI 2 o T & If R -0-B-D-7# %
BEH

k&7 HEBAK, > TR CgH,0,,
ESI-MS m/z: 543.0 [ M+Na]*, '"H-NMR ( 600
MHz, Methanol-d,) 6,,: 7.14 (1H, d, J = 8.3 Hz,
H-5), 7.03 (1H, d, J = 1.8 Hz, H-2), 6.95
(1H, d, J = 1.5 Hz, H-2"), 6.91 (1H, dd, J =
8.3, 1.8 Hz, H-6), 6.81 (1H, dd, J = 8.1, 1.5
Hz, H-6"), 6.77 (1H, d, J = 8.1 Hz, H-5"),
475 (1H, d, J = 4.4, H-7), 4.71 (1H, d, J =
4.0 Hz, H-7"), 4.25~4.21 (2H, m, H-9, 9'),
3.87 (3H, s, H-10), 3.85 (3H, s, H-10"), 3.12
(2H, m, H-8, 8); "C-NMR (150 MHz,
Methanol-d,) 6.: 137.4 (C-1), 111.6 (C-2),
147.5 (C-3), 150.9 (C-4), 118.0 (C-5), 120.0
(C-6), 87.1 (C-7), 55.5 (C-8), 72.7 (C-9),
56.7 (C-10), 133.7 (C-1"), 111.0 (C-2"), 147.3
(C-3"), 149.1 (C-4"), 116.1 (C-5"), 119.8 (C-
6'), 87.5 (C-7"), 55.3 (C-8"), 72.7 (C-9"),
56.4 (C-10"), 102.8 (C-1"), 74.9 (C-2"), 78.0
(C-3"),71.3 (C-4"),77.8 (C-5"), 62.5 (C-6"),
DA b B8l 5 SCHk (5K 2 e 55,2008 ) i 18 FE A — 3
PR I 365 5 A A0 R 8 - O -B-D -7 2 ML g A 1

ka8 HEKAK,» TN CyH,0,,
ESI-MS m/z: 573.0 [ M+Na]*, '"H-NMR ( 600
MHz, Methanol-d,) 6,: 7.15 (1H, d, J = 7.8 Hz,
H-5), 7.04 (1H, br s, H-2), 6.93 (1H, br d,
J= 7.8 Hz, H-6), 6.66 (2H, s, H-2', 6'),
4.77~4.72 (2H, overlap, H-7, 7"), 4.27 ~4.25
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(2H, m, H-98, 9'8), 3.88 (3H, s, H-10), 3.85
(6H, s, H-11, 12), 3.14 (2H, m, H-8, 8');
“C-NMR (150 MHz, Methanol-d,) &.: 133.1 (C-
1), 104.5 (C-2), 149.3 (C-3), 137.5 (C4),
149.3 (C-5), 104.5 (C-6), 87.6 (C-7), 55.5 (C-
8), 72.7 (C9), 56.8 (C-10), 56.8 (C-11),
56.7 (C-12), 136.2 (C-1"), 111.6 (C-2"), 151.0
(C-3"), 147.5 (C-4"), 118.0 (C-5"), 119.8 (C-
6'),87.1 (C-7"), 55.5 (C-8), 72.8 (C-9"),
102.8 (C-1"), 74.9 (C-2"), 77.8 (C-3"), 71.3
(C-4"), 78.2 (C-5"), 62.5 (C-6"), Lk i S
SCHR (FEEAR S, 2015 ) 4RIEHA — 2, NS E
isoeucommin A

& HEBmAK, >k CyH,0,,
ESI-MS m/z: 573.0 [ M+ Na]*, '"H-NMR ( 600
MHz, Methanol-d,) 6,,: 6.96~6.73 (5H, overlap,
H-2,2",5",6,6"),4.76~4.71 (2H, overlap, H-
7,7),4.29~4.24 (2H, m, H-98, 9'8), 3.86
(9H, s, H-10, 11, 12), 3.30~3.14 (2H, m, H-
8, 8); “C-NMR (150 MHz, Methanol-d,) &,:
135.6 (C-1), 104.8 (C-2, 6), 154.4 (C-3, 5),
139.6 (C-4), 87.4 (C-7), 55.4 (C-8), 72.9 (C-
9), 57.1 (C-10, 11), 56.4 (C-12), 133.7 (C-
1), 111.0 (C-2"), 149.1 (C-3"), 147.3 (C-4"),
116.1 (C-5"), 120.1 (C-6"), (C-7"), 55.8 (C-
8'), 72.7 (C-9"), 105.3 (C-1"), 75.7 (C-2"),
77.8 (C-3"), 71.3 (C-4"), 78.3 (C-5"), 62.6 (C-
6") o Ph AU 5 SCHR (B AR S5, 2015) il B AR
— 3, N4 E ) eucommin A

EW 10 TOERAR (AT B, 5T
A Hm C,H,0,, ESI-MS m/z: 207.1 [M+H]"*,"H-
NMR (600 MHz, Chloroform-d) 6,,:7.88 (1H, d,
J = 9.4 Hz, H4), 7.13 (1H, s, H-5), 6.97
(1H, s, H-8), 6.26 (1H, d, J = 9.4 Hz, H-3),
3.92 (3H, s, H-11), 3.88 (3H, s, H-12); “C-
NMR (150 MHz, Chloroform-d) 6.: 163.8 (C-2),
113.5 (C-3), 145.9 (C-4), 109.9 (C-5), 148.1
(C-6), 154.7 (C-7), 100.9 (C-8), 151.2 (C-9),
113.0 (C-10), 56.9 (C-11), 56.8 (C-12), LI I
s 55 Sk (R AE 2005 ) B B AR — S
YN 6,T-HERFTE,

&Y 11 WEEREK, 57X CH,0,,

ESI-MS m/z: 217.0 [ M+Na]*, 'H-NMR ( 600
MHz, Methanol-d,) 8,: 7.60 (1H, d, J = 15.9
Hz, H-7), 7.20 (1H, d, J = 2.0 Hz, H-2), 7.07
(1H, dd, J = 8.2, 2.0 Hz, H-6), 6.81 (1H, d,
J = 8.2 Hz, H-5), 6.31 (1H, d, J = 15.9 Hz, H-
8), 3.90 (3H, s, H-12); “C-NMR (150 MHz,
Methanol-d,) 6.: 127.8 (C-1), 116.4 (C-2),
150.5 (C-3), 149.4 (C-4), 115.9 (C-5), 124.0
(C-6), 146.9 (C-7), 111.7 (C-8), 171.0 (C-9),
56.4 (C-10), Db I %#s 5 SCHR (Shen et al.,
2010) 38 FeA—Z, P A5 S BB

t&Ew 12 Ak KR, 2+ C,H,0,,
ESI-MS m/z; 231.0 [ M+Na]*, '"H-NMR ( 600
MHz, Methanol-d,) &,: 7.54 (1H, d, J = 15.9
Hz, H-7), 7.04 (1H, d, J = 2.0 Hz, H-2), 6.95
(1H, dd, J = 8.1, 2.0 Hz, H-6), 6.78 (1H, d,
J = 8.1 Hz, H-5), 6.25 (1H, d, J = 15.9 Hz, H-
8), 4.22 (2H, q, J = 7.1 Hz, H-1"), 1.31 (3H,
t, J = 7.1 Hz, H-2'); “C-NMR (150 MHz,
Methanol-d,) 6.: 127.7 (C-1), 115.1 (C-2),
146.8 (C-3), 149.5 (C-4), 116.5 (C-5), 122.9
(C-6), 146.7 (C-7), 115.2 (C-8), 169.3 (C-9),
61.4 (C-1'), 14.6 (C-2"), VI F%¥e 5 SCiik (#
A, 2006 ) 4z 38 B A — F, B S E Sy o M R
VN

Ew 13 Atk R, 2 +FXh CyH,0,,
ESI-MS m/z; 217.0 [ M+Na]*., '"H-NMR ( 600
MHz, Methanol-d,) 6,: 7.55 (1H, d, J = 15.9
Hz, H-7), 7.04 (1H, d, J = 2.0 Hz, H-2), 6.95
(1H, dd, J = 8.2, 2.0 Hz, H-6), 6.78 (1H, d,
J = 8.2 Hz, H-5), 6.27 (1H, d, J = 15.9 Hz, H-
8), 3.76 (3H, s, H-10); “C-NMR (150 MHz,
Methanol-d,) 6.: 127.7 (C-1), 114.8 (C-2),
146.9 (C-3), 149.6 (C-4), 116.5 (C-5), 122.9
(C-6), 146.8 (C-7), 115.1 (C-8), 169.7 (C-9),
52.0 (C-10), VA I %¥g 5 SCHk ( Prevost et al.,
2013 ) e 1B B A — 3, PR 4 0 Ry o2 HH G

t&Ew 14 Atk R, 58 C,H,0,,
ESI-MS m/z: 231.0 [ M+Na]*, '"H-NMR ( 600
MHz, Methanol-d,) 6,: 7.61 (1H, d, J = 15.8
Hz, H-7), 7.18 (1H, d, J = 2.0 Hz, H-2), 7.08
(1H, dd, J = 8.2, 2.0 Hz, H-6), 6.82 (1H, d,
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J =8.2Hz, H-5), 6.37 (1H, d, J = 15.8 Hz, H-
8), 3.89 (3H, s, H-10), 3.77 (3H, s, H-11);
“C-NMR (150 MHz, Methanol-d,) §.: 126.3 (C-
1), 110.3 (C-2), 147.9 (C-3), 149.2 (C-4),
115.1 (C-5), 122.7 (C-6), 145.4 (C-7), 113.8
(C-8), 168.3 (C-9), 55.0 (C-10), 50.6 (C-11) .
VL F % 5 SCHik ( Karakousi et al., 2020) 18 FeA
— 3, R T O B B P

fKEw1s AeEkmAR, 27N C,H,0,,
ESI-MS m/z: 223.0 [ M+H]*."H-NMR (600 MHz,
Methanol-d,) 8,: 7.60 (1H, d, J = 15.9 Hz, H-
7),7.18 (1H, d, J = 2.0 Hz, H-2), 7.07 (1H,
dd, J = 8.2, 2.0 Hz, H-6), 6.82 (1H, d, J =
8.2 Hz, H-5), 6.35 (1H, d, J = 15.9 Hz, H-8),
4.23 (2H, q, J = 7.1 Hz, H-10), 3.90 (3H, s,
H-12), 1.32 (3H, t, J = 7.1 Hz, H-11); “C-
NMR (150 MHz, Methanol-d,) 8,: 127.7 (C-1),
115.6 (C-2), 149.3 (C-3), 150.5 (C-4), 116.4
(C-5), 124.0 (C-6), 146.6 (C-7), 111.7 (C-8) ,
169.2 (C-9), 61.4 (C-10), 14.6 (C-11), 56.4
(C-12) . DA R 5 SCmk (Pl 45 ,2018) i i
FEAR—F DI 855 BT BRIR L1

&Y 16 B AR, 77X CH,0,,
ESI-MS m/z: 183.0 [ M+H]*."H-NMR (600 MHz,
Methanol-d,) 6,: 7.49 (1H, d, J = 15.8 Hz, H-
7)., 6.99 (1H, d, J = 2.0 Hz, H-2), 6.88 (1H,
dd, J = 8.2, 2.0 Hz, H-6), 6.73 (1H, d, J =
8.2 Hz, H-5), 6.17 (1H, d, J = 15.8 Hz, H-8) ;
"C-NMR (150 MHz, Methanol-d,) 8.: 127.8 (C-
1), 115. 1 (C-2), 146.8 (C-3), 149.4 (C-4),
116.5 (C-5), 122. 8 (C-6), 147.0 (C-7), 115.6
(C-8), 171.1 (C-9) ., VA %5 Sck (bR sk
55,2016 e FeA— 2, DA g 5 S W HERR

&Y 17 BEMIRY), 737X € Hy,O0,,
ESI-MS m/z: 275.2 [ M+H]*."H-NMR (600 MHz,
Chloroform-d) &,: 6.58 (1H, d, J = 3.0 Hz, H-
5), 6.53 (1H, d, J = 3.0 Hz, H-3), 5.30 (1H,
t, J = 7.2 Hz, H-2"), 5.07 (1H, t, J = 6.5 Hz,
H-6"), 4.80 (1H, brs, OH), 3.74 (3H, s, H-
8).3.33 (2H, d, J = 7.2 Hz, H-1"), 2.22 (3H,
s, H-7), 2.15~2.07 (4H, overlap, H-4", 5"),
1.78 (3H, s, H-10"), 1.69 (3H, s, H-8'), 1.60

(3H, s, H-9"); "C-NMR (150 MHz, Chloroform-
d) 6.: 146.9 (C-1), 125.6 (C-2), 113.1 (C-3),
153.2 (C-4), 114.2 (C-5), 127.4 (C-6), 16.4
(C-7), 55.8 (C-8), 30.7 (C-1"), 121.8 (C-2"),
138.9 (C-3"), 39.8 (C4'), 26.5 (C-5"), 123.9
(C-6"), 132.2 (C-7"), 25.8 (C-8"), 17.9 (C-
9'), 16.3 (C-10") ., VA % HE 5 SCHK ( Resch et
al., 2001) i FeA —5, F L% E N 2-[ (2'E) -
3",  7'-dimethyl-2",
methylphenol ,

k& 18 WwE ARy, oA Rh
C,H,,0,, ESI-MS m/z: 273.2 [M+H]",'H-NMR
(600 MHz, Chloroform-d) 6,: 6.57 (1H, d, J =
2.9 Hz, H-7), 6.40 (1H, d, J = 2.9 Hz, H-5),
6.30 (1H, d, J = 9.8 Hz, H-3), 5.59 (1H, d,
J =9.8Hz, H-2), 5.12 (1H, t, J = 7.2 Hz, H-
3"), 3.74 (3H, s, H-11), 2.18 (3H, s, H-10),
1.68 (3H, s, H-5"), 1.59 (3H, s, H-6"), 1.38
(3H, s, H-7"); "C-NMR (150 MHz, Chloroform-
d) 6..:77.8 (C-1), 130.7 (C-2), 121.2 (C-3),
123.2 (C-4), 108.9 (C-5), 153.0 (C-6), 116.2
(C-7), 126.3 (C-8), 145.1 (C-9), 15.7 (C-10),
55.7 (C-11), 40.98 (C-1"), 22.8 (C-2"), 124.4
(C-3"), 131.7 (C-4"), 25.8 (C-5"), 17.7 (C-
6'),26.1 (C-7"), VA &5 3CHR (Capon et al.,
1981; Resch et al., 1998) i JE A — 2, K L %
E N 2, 8-dimethyl-6-methoxy-2-( 4'-methylpent-3'-
enyl) -chromene

EaM 19 HEk KR, 5 CH, 0,
ESI-MS m/z; 415.4 [M+H]*_,'H-NMR (600 MHz,
Chloroform-d) 8,: 5.32 (1H, t, J = 2.8 Hz, H-
6),2.28~2.18 (1H, m, H-2a), 2.05~1.93 (1H,
m, H-12a), 1.85~1.80 (2H, m, H-7), 1.68 ~
1.62 (3H, overlap, H-lae, 28, 25), 1.55~1.40
(3H, m, H-8, 15), 1.35 (5H, m, H-11, 20,
22), 1.28 (4H, m, H-16, 28), 1.25 (2H, m, H-
23), 1.15 (2H, m, H-128, 17), 0.99 (3H, s, H-
19), 0.90 (3H, d, J = 6.4 Hz, H-26), 0.66
(3H, s, H-18); "C-NMR (150 MHz, Chloroform-
d) 6.: 37.4 (C-1), 31.7 (C-2), 71.8 (C-3),
42.3 (C-4), 140.9 (C-5), 121.7 (C-6), 32.0 (C-
7), 32.0 (C-8), 50.2 (C-9), 36.3 (C-10), 21.2

6’-octadienyl |-4-methoxy-6-
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(C-11), 39.9 (C-12), 42.4 (C-13), 56.9 (C-
14), 24.4 (C-15), 28.4 (C-16), 56.2 (C-17),
12.1 (C-18), 19.5 (C-19), 36.3 (C-20), 18.9
(C-21), 34.0 (C-22), 26.2 (C-23), 45.9 (C-
24),29.2 (C-25), 19.2 (C-26), 19.9 (C-27),
23.2 (C-28), 12.0 (C-29). Lk F%¥#s 5 Ck
( Kadowaki et al., 2003 ) HziB FeA — 2, K % E
H B-A

& 20 REAWRY, 5F AN
C,xH,,0,, ESI-MS m/z; 421.4 [M-H] ,'H-NMR
(600 MHz, Chloroform-d) 6,,: 5.33 (2H, m, H-9,
10), 4.11 (2H, t, J = 7.0 Hz, H-1"), 2.27 (2H,
t, J = 7.6 Hz, H-2), 2.13 (2H, m, H-8, 11),
1.62 (4H, m, H-3,2'), 1.36~1.21 (34H, m, H-
4-6, 12-15,3'-11"), 0.87 (6H, t, J = 7.0 Hz,
H-16, 12'); “C-NMR (150 MHz, Chloroform-d)
8.: 174.0 (C-1), 34.5 (C-2), 25.1 (C-3), 29.3
(C-4),29.8 (C-5), 29.8 (C-6), 29.7 (C-7),
27.3 (C-8), 130.2 (C-9), 130.3 (C-10), 27.3
(C-11), 29.5 (C-12), 29.3 (C-13), 31.7 (C-
14), 22.7 (C-15), 14.4 (C-16), 64.3 (C-1'),
29.2 (C-2'),25.8 (C-3"),29.3 (C-4"),29.3 (C-
5'),29.3 (C-6"), 29.3 (C-7'), 29.5(C-8"),
29.3(C-9'), 32.0 (C-10"), 22.8 (C-11"), 14.2
(C-12") . DA% 5 30k (FRrPE45,2021) B
B A — I % & K dodecyl ( Z)-9-
hexadecenoate ,

k& 21 wREAWMRY, XN
C,H,,0, ESI-MS m/z: 381.4 [M+H]",' H-NMR
(600 MHz, Chloroform-d) 6,,: 9.76 (1H, s, H-1),
2.42 (2H, t, J = 7.3 Hz, H-2), 1.33~1.25
(46H, overlap, H-3-25), 0.88 (3H, t, J = 6.8
Hz, H-26); "“C-NMR (150 MHz, Chloroform-d)
8.1 203.0 (C-1), 43.4 (C-2), 22.7 (C-3), 29.7
(C-4-23), 31.9 (C-24), 22.1 (C-25), 14.1 (C-
26) ., VI F#PE S SCHk ( Govindan et al., 2019) i
A —Z, IS 2 4 hexacosanal ,

32 MAREEEMNER

FIF CCK-8 % 70 3 45 21 1 8 4k & W #E 4 7
SRR G, S5 R R S 1-3.6.11 12
17 19 7EWE 4 6.25 pmol - L L& 5.14-16
TEHRBEH 50.00 pmol « L' L K AL &4 13 7Rk BE

4 12.50 wmol - L' L FEF, XF RAW264.7 40 i )6
S A 40 I EE . RAW264.7 40 £ LPS(1.00
pe - mL) BB 24 h J5, 525 A4 g, AL A
BEIAY NO 5 5 B & 1N (P<0.01) ; SEAI 4] [
BACEY 1-3.6 11-16 17 19 7 £ I ¥ J&
(1.56~50.00 pmol - L) T fE & EFMEH NO 8y
B (P<0.05 8% P<0.01) ,fb&W 5 7R IE K
50.00 pmol « LA Xt NO f14 6 il 2 JC 10 il 4 1 , 15
£ 12.50.25.00 wmol + L IRE T, % NO A9 B il i
AMHEH (P<0.05) , 45 R EW ik &Y A
H—ERPLRIEE(F ),

4 HWibE i

SEE R A £ B A i RN R
S BB bR SRR (B SR, 2023)
AR 5 DB 7 2 A S S S R I T S A o
25 21 MEE Y, 136 5 MEEm A (1-5) |
ANKIEERILEW(6-9) 9 MERKLEY
(10-18) DL Jz 3 AN H AL E W1 (19-21) , Horf ik
G 1-4.6 11-16 18 20 21 HH RN EHFaEE
AR E]

WmER M HE MEFREYZ —, ]
HAFEER WS TFOK ERB%ETs, B
FIT 0 A DL AR SE BT A 06 M i . R, A 5T R
LPS i 319 RAW264.7 41 Jif 455 5 %} 358 43 s Ak b &
YIEAT PR TE HEF 5T K B & W 1-3 5 (5 2F 5
) 6(KRIEEZE) 11-16 17 (AFRZ) 19 (Hik
2 S 13 AR BT A I8 PRy o AR SOk T
AL A 2 38 5 5 LPS/NF-kB K 7= A B 7E i
RUEME ( Mora-Ramiro et al., 2020) ;46549 5 FEi%
A PR I R A B TG M, 2 B A R
FF% (Liu et al., 2007; FhBEF, 2007) ;4654 6
I 5 48 A B A VR PR AR TR T (B
RN 2022) ;46 A9 11 38 05 p38 MAPK
5 S o P AR P o 1E M (< P94, 2023) 51k
A 12 13 16 FZ N B AL VE T (5 58, 2013
TR, 2019) s 4k A4 14 0T AR K B 20 R (7 24
PR AE BT R TG E (Botti et al., 2022) ;fbA& 4 15 KB
MR TR, 5 208 i KX 2 8 A R AETEA B 18
IR RE SR IE i 2 A 2 S e 2 iR R ok ik #
PR BVER (A4 2023) 5 tb&W 17 @il
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x1 BELEWI RAW264.7 408 NO B EWEIN( FHE+RAEZE, n=3)

Table 1 Effects of monomeric compounds on the releases of NO in RAW264.7 cells (x+s, n=3)

o ] W ' NO B e ‘ W e . NO Bl i
Compound Lunccnlranj)n NO relcasi‘ls Compound Conccntrat{(lm NO rcleaéf
(pmol + L) (pmol - L) (pmol + L) (pmol + L)

%5 Control — 0.07+0.02%* 12 1.56 2.62+0.09 %%
HEAS Model — 3.28+0.25" 3.12 2.02+0.34 %
FH e 7% Methotrexate 0.06 1.28+0.12%* 6.25 2.01+0.12%*
1 1.56 2.33+£0.25%* 13 3.12 1.75+£0.16%*
3.12 1.56+0.31 ** 6.25 1.39+0.18%**
6.25 1.15+0.09 ** 12.50 0.95+0.26*%*
2 1.56 1.86+0.10 % 14 12.50 2.13+£0.46**
3.12 1.60+0.08 ** 25.00 1.99+0.35**
6.25 1.39+0.05 ** 50.00 1.70+£0.25 **
3 1.56 2.18+0.34 % 15 12.50 1.91+0.14 **
3.12 1.72+£0.06 ** 25.00 1.45+0.34 %x*
6.25 1.42+0.09 ** 50.00 0.99+0.06 **
5 12.50 2.76+0.25%* 16 12.50 2.42+0.26%*
25.00 2.90+0.28* 25.00 2.09+0.61 **
50.00 3.26+0.12 50.00 1.55+0.09 **
6 1.56 1.57+£0.43 %* 17 1.56 1.61+0.13 %%
3.12 1.63+£0.21 ** 3.12 1.44+0.06 **
6.25 1.73+£0.05 ** 6.25 1.18+0.07 **
11 1.56 2.98+0.13* 19 1.56 1.84+0.10%*
3.12 2.67+0.14 % 3.12 1.49+0.45 **
6.25 2.43+0.20%* 6.25 1.38+0.11%**

T SRR AL, ¢ P<0.05, *F P<0.01; 528 {41 HE, 7 P<0.01,
Note: Compared with the model group, * P<0.05, ** P<0.01; compared with the blank group, * P<0.01.

il 5-LOX A1 COX-1 A9 i 1 i a5 7 A4 Bt R I 1
(Resch et al., 2001) ;b &9 19 i ) ] TNF-«
W0 MHTA ZHHL 3658 /% A= 28 F1 9 0E 1
IR AT RAE T (43 B ,2023) 0 ARBESE
FE TR S G A, B T PR I
BT, O e SR B 5 B B A M A T R AR T 4R
HE T S
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