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Abstract: Ligularia virgaurea is one of the original plants of the Tibetan medicine Rixiao for the
trearment of clearing heat and removing yellow water. In order to study the chemical constituents
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and anti-inflammatory activity of L. 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
-0O-$-D-glucopyranoside (6), pinoresinol-O--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), p-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 pumol-L™* (P < 0.05 or P < 0.01), Compound 5 had no inhibitory release of NO at a
concentration of 50.00 pmol-L™, but it could inhibit releases of NO at concentration of 12.50 and
25.00 pmol-L™* (P < 0.05). This finding enriches the chemical composition and biological activity
research of L. virgaurea and provides a certain foundation for the future development and
utilization of its anti-inflammatory activity.
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anti-inflammatory activity
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BNZ), HAWER et Tk GEigE PAST, 1992)  #£ X8 CRIF<4:55, 2006)
G SCHRIRIE 3T S5 SEFHR AN G500 B BA 7 (Luo et al., 2015) , Ak
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AHLRF (P HRARD ; DMEM mfilisess. GG FBS (3£ Gibco Life
Technologies A #])

W ETE T 2020 4E 8 AREAVUNIH A Beh E BT 7T 51 % e NS R TR A v T
H (Ligularia virgaurea) [T #5425, FrA (20200801) A7 TVLF B KP4 3RS
RO ZGHE T O
2 T3k
2.1 /A E

I 5.0 kg TR ETREZMA 7T5%LFEIRE 2 IR, SRR EIRTE, 20 A
fit, MR CERUAROE T TR (FhensE, 2022) , RELAMESTA (Frl) 4R 4

B (Fr2)  IETEESAL (Fr.3) FUKERAL (Frd) o FAilEkEsir Frl (73.8 @) &R

G, A MES- OB COlE (100 1 2~7 1 3) Helt, 536 M5 (Fr.l-1~Fr.1-6) o Fr.l-2
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(6.0 9) ARERME, FAME-2MROEE (8:2~5:5) BEM, &It Sephadex LH-20 7
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elit, ARG A RERAE €A1 Sephadex LH-20 i EPHAL R A 1% (HFEE 2505 FB, 433
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R 2T 96 LA, B IINN (4EFL 50 L) Griess A Fl1 B ik57), T 540 nm 3 KAk
MWL FERE, THE NO IR .

3 4R 50

3.1 ke

a1 wE LR, 2738 CisHis0,, ESI-MS m/z: 231.1 [M+H]*. *H-NMR (600
MHz, Methanol-d,) 8y: 6.52 (1H, d, J = 1.4 Hz, H-6), 5.69 (1H, s, H-9), 2.23 (1H, m, H-4), 2.07
(3H, s, H-14), 1.94~2.06 (5H, m, H-1, 2, 3a), 1.71 (1H, m, H-38), 1.90 (3H, s, H-13), 0.76 (3H,
d, J = 7.1 Hz, H-15); *C-NMR (150 MHz, Methanol-d,) dc: 38.6 (C-1), 25.4 (C-2), 35.4 (C-3),
48.9 (C-4), 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). DL E¥¥E 5 ik (M4, 2013) i
TEHEAR—3Y, R4 A spiroeuryolide.

&2 Ak, 47308 CiH00s, ESI-MS miz: 273.1 [M+H] . 'H-NMR (600 MHz,
Chloroform-d) dy: 7.23 (1H, d, J = 1.4 Hz, H-12), 3.22~3.27 (1H, m, H-4), 2.81~2.85 (1H, m,
H-1a), 2.57 (3H, s, H-14), 2.39 (3H, s, H-17), 2.37 (3H, d, J = 1.4 Hz, H-15), 1.75~1.91 (4H, m,
H-2, 3), 1.19 (3H, d, J = 7.1 Hz, H-13); *C-NMR (150 MHz, Chloroform-d) dc: 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). LA %3 5 Sk E (Arellano et al., 2018) %74 —3, Rt % & A cacalol acetate.

&3 Lk, 27308 CisHu0, ESI-MS miz: 221.2 [M+H]". *H-NMR (600 MHz,
Chloroform-d) d: 4.63 (1H, m, H-10a), 4.53 (1H, m, H-108), 2.66~2.70 (1H, m, H-3), 2.32~2.35
(1H, m, H-78), 2.15 (3H, s, H-15), 1.03~1.10 (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) dc: 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-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). LA L ¥#E 5 ik # &

(Joseph-Nathan et al., 1989) J&A—3, [ k% w4 oplopenone.

a4 wEGR, 27208 CisH0s, ESI-MS m/z: 279.2 [M+H]*. *H-NMR (600
MHz, Chloroform-d) 6,: 5.57 (1H, m, H-1), 3.42~3.47 (1H, m, H-16a), 3.22~3.27 (1H, m, H-16p),
2.85 (1H, d, J = 14.3 Hz, H-9a), 2.74 (1H, d, J = 13.0 Hz, H-64), 1.95 (1H, d, J = 13.0 Hz, H-6p),
2.16 (1H, m, H-2a), 2.03 (1H, m, H-25), 2.40~2.44 (1H, m, H-98), 1.89 (3H, d, J = 1.5 Hz, H-13),
1.67~1.73 (1H, m, H-4), 1.41~1.48 (2H, m, H-3), 1.16 (3H, t, J = 7.0 Hz, H-17), 1.00 (3H, d, J =
7.0 Hz, H-14), 0.82 (3H, s, H-15); *C-NMR (150 MHz, Chloroform-d) dc: 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). DL E¥HE 5 ChkIRiE (Wiemer et al.,1990) A3, K% % Jy 8-ethyl-palmosalide
A,

&5 wE G, 5 TRA CisHis0,, ESI-MS m/z: 231.1 [M+H]*. 'H-NMR (600
MHz, Chloroform-d) dy: 7.26 (1H, d, J = 1.3 Hz, H-8), 6.85 (1H, s, H-4), 2.77 (2H, t, J = 7.3 Hz,



H-11), 5.45~5.56 (2H, m, H-13, 14), 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) dc: 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). DL _E¥i¥& 5 CHikIkiE (Liu et al.,
2007; Sun et al, 2007) JE=A —%, KL% N 1-hydroxy-3,7-dimethyl-2-(pent-3-enyl)
benzofuran.

&6 AR, 4T A CeHasOrs ESI-MS m/z: 603.0 [M+Na]™. 'H-NMR (600
MHz, Pyridine-ds) 54 7.00 (2H, s, H-1, 1'), 6.98 (2H, s, H-5, 5'), 5.02 (2H, brs, H-7, 7), 4.35 (4H,
m, H-9, 9'), 3.86 (6H, s, H-10, 10"), 3.84 (6H, s, H-11, 11'), 3.24~3.31 (2H, m, H-8, 8'); *C-NMR
(150 MHz, Pyridine-ds) dc: 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-17), 76.1 (C-2"), 78.4 (C-3"), 71.6 (C-4"), 78.7 (C-5"), 62.4
(C-6")o VLB S CokiRE (XIRF224%, 2016) A5, KL% ENT FHEH-0-4-D-
A BE

W& T AR, 4T HA CeHxO11, ESI-MS m/z: 543.0 [M+Na]". 'H-NMR (600
MHz, Methanol-d,) 6y: 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'), 4.75 (1H, d, J = 4.4, H-7), 4.71 (1H, d, J = 4.0 Hz, H-7"), 4.21~4.25 (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,) dc: 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 (C-3"), 71.3 (C-4"), 77.8 (C-5"), 62.5 (C-6"). VA F¥¥ 5 kIRiE (7K = 2%,
2008) FEA—F, RS e A R -O-p-D-7 ) ik b

& e AR, 45T A CyHO1,, ESI-MS m/z: 573.0 [M+Na]™. 'H-NMR (600
MHz, Methanol-d,) dy: 7.15 (1H, d, J = 7.8 Hz, H-5), 7.04 (1H, brs, H-2), 6.93 (1H, brd, J = 7.8
Hz, H-6), 6.66 (2H, s, H-2', 6"), 4.72~4.77 (2H, overlap, H-7, H-7"), 4.25~4.27 (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,) d¢c: 133.1 (C-1), 104.5 (C-2), 149.3 (C-3), 137.5 (C-4), 149.3 (C-5), 104.5 (C-6),
87.6 (C-7), 55.5 (C-8), 72.7 (C-9), 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"). LA L4 5 STk 4k
T (PR, 2015) HEA—3, K% e isoeucommin A,

&9 AR, 4T A CyH01,, ESI-MS m/z: 573.0 [M+Na]*. 'H-NMR (600
MHz, Methanol-d,) dy: 6.73~6.96 (6H, overlap, H-2, 2', 5', 6, 6"), 4.71~4.76 (2H, overlap, H-7, 7’),
4.24 ~4.29 (2H, m, H-98, 9'B), 3.86 (9H, s, H-10, 11, 12), 3.14~3.30 (2H, m, H-8, 8'); *C-NMR
(150 MHz, Methanol-d,) dc: 135.6 (C-1), 104.8 (2C, C-2, 6), 154.4 (2C, C-3, 5), 139.6 (C-4), 87.4
(C-7), 55.4 (C-8), 72.9 (C-9), 57.1 (2C, 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"). LA ¥ 5 kil (FFEAi%%,
2015) FEAR—F, KL% N eucommin A.

& 10 LasHREE (CEFRD , 73 FN CiH1004, ESI-MS m/z: 207.1 [M+H] .
'H-NMR (600 MHz, Chloroform-d) dy: 7.88 (1H, d, J = 9.4 Hz, H-4), 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) dc: 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). LA F¥# 5 S lkIRIE (14 fd
%, 2005) HEA—F, FLEEN6,7-HEEFT R,

& 11 R, 75 CyoHi04 ESI-MS m/z: 217.0 [M+Na]*. *H-NMR (600
MHz, Methanol-d,) 6: 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,) dc: 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). LA L-%i# 5 SCiHikR
18 (Shenetal., 2010) HA—3, K% E AR

& 12 AR, TR N CuHi04 ESI-MS miz: 231.0 [M+Na]*. *H-NMR (600
MHz, Methanol-d,) 6y: 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
=7.1Hz, H-1'), 1.31 (3H, t, J = 7.1 Hz, H-2'); ®*C-NMR (150 MHz, Methanol-d,) dc: 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"). VA FHRE kil (3AEAE, 2006) JEA—F, HILEERN
WNMERR 218 -

&M 13 AR, 4T3 CioHO4, ESI-MS m/z: 217.0 [M+Na]*. *H-NMR (600
MHz, Methanol-d,) 8y: 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,) dc: 127.7 (C-1), 114.8 (C-2), 146.9 (C-3), 149.6 (C-4),
116.48 (C-5), 122.9 (C-6), 146.8 (C-7), 115.1 (C-8), 169.7 (C-9), 52.0 (C-10). LA F¥¥s 5 kiR
18 (Prevostetal., 2013) FEA—%, [ %5 ynnHERR 905 o

& 14 AR, TR N CuHp04 ESI-MS miz: 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, J = 8.2 Hz, 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,) dc: 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%l 5 CrikfiiE (Karakousi et al., 2020) A3, R4 & AR ELER
g .

& 15 AR, 2T RN CpHu04 ESI-MS miz: 223.0 [M+H]". 'H-NMR (600
MHz, Methanol-d,) 6,: 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,) dc: 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). LA ¥l 5 CHkik
1 (PhVEESE, 2018) JEAR—F, K% e ARTELR 8.

& 16 AR, 4> TR CoHig04 ESI-MS m/z: 183.0 [M+H]". 'H-NMR (600
MHz, Methanol-ds) Jy: 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,) dc: 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). LA b%df 5 ki (MRaEmk%s, 2016) FA
—H, RIS R o

W& 17T EEOMPR, 7 TN CigHa02, ESI-MS miz: 275.2 [M+H] . 'H-NMR (600



MHz, Chloroform-d) Jy: 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), 2.07~2.15 (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) éc: 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 (C-4), 26.5 (C-5), 123.9 (C-6"), 132.2 (C-7"), 25.8 (C-8'), 17.9 (C-9),
16.3 (C-10). LA ¥ ¥5 5 SCHk 78 (Resch et al, 2001) A —%, HELEEN
2-[(2'E)-3",7"-dimethyl-2',6'-octadienyl]-4-methoxy-6-methylphenol .

&) 18 WE MR, 73T A CigH240,, ESI-MS miz: 273.2 [M+H]". 'H-NMR (600
MHz, Chloroform-d) 6y: 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 = 9.8 Hz, 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) dc: 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). LA ¥¥i 5 ClikikiE (Capon et al.,
1981; Resch et al., 1998) A —F, K %5E N 2,8-dimethyl-6-methoxy-2-(4'-methylpent-3'
-enyl)-chromene.

A1 AR, 4T 3N CpHsO, ESI-MS m/z: 415.4 [M+H]*.*H-NMR (600 MHz,
Chloroform-d) dy: 5.32 (1H, t, J = 2.8 Hz, H-6), 2.18~2.28 (1H, m, H-2a), 1.93~2.05 (1H, m,
H-12¢), 1.80~1.85 (2H, m, H-7), 1.62~1.68 (3H, overlap, H-1a, 28, 25), 1.40~1.55 (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) d¢: 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 (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), 36.26 (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). DL L%k
I 5 CHkIRIE (Kadowaki et al., 2003) JEA 8, KL% EN p-4 %,

WA 20 Wik, 2 T2 CogHssO,, ESI-MS miz: 421.4 [M-H] . "H-NMR (600
MHz, Chloroform-d) dy: 5.33 (2H, m, H-9, 10), 4.11 (2H, t, J = 7.0 Hz, H-1"), 2.27 (2H, 1, J = 7.6
Hz, H-2), 2.13 (2H, m, H-8, 11), 1.62 (4H, m, H-3, 2), 1.21~1.36 (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) dc: 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), 64.28 (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"). DL F¥dl 5 ikl (BRPHTSE, 2021) FEA—E,
X % 72 A dodecyl(Z)-9-hexadecenoate

W& 21 WEEAMR, T 3RN CeHs0, ESI-MS m/z: 381.4 [M+H]". 'H-NMR (600
MHz, Chloroform-d) dy: 9.76 (1H, s, H-1), 2.42 (2H, t, J = 7.3 Hz, H-2), 1.25~1.33 (46H, overlap,
H-3~25), 0.88 (3H, t, J = 6.8 Hz, H-26); *C-NMR (150 MHz, Chloroform-d) dc: 203.0 (C-1),
43.4 (C-2), 22.7 (C-3), 29.7 (20C, C-4~23), 31.9 (C-24), 22.1 (C-25), 14.1 (C-26). L F¥i#E 5
BkH1E (Govindan etal., 2019) FEA—%, [Kt% %A hexacosanal.
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3.2 BIREHEIFMER

M A CCK-8 V2% 73 B 43 BT ER /A S AT A s eI 2, &5 KW, e 1-3. 6.
11, 12, 17. 19 7E¥KJE N 6.25 pmol- L™, LA 5. 14-16 7EHKE M 50.00 pumol- L™ LA K AL &
W 13 7EME )9 12.50 pmol- L™ AR, % RAW264.7 4l 76 B & 140 357 . RAW264.7 41
MaZeit LPS (1.00 pgmL™) Hil¥ 24 h J5, 545 AUIELE, BRI AR NO 2 B i 3 1
B(P <0.01); GHAIAE, th& 1-3. 6. 11-16. 17, 19 ZEA MWK & (1.56~50.00 pmol-L™)
TR B EH] NO HIBHR: (P < 0.05 8P < 0.01) , tb&4 5 EWE y 50.00 umol-L™
% NO IR /], {E7E 12,50, 25.00 pmol- L™ ik E T, % NO HIBCE A i1
M (P<0.05 , ZREH ERUEYHEA —EMiEE GRD .

1 BELAYIRT RAW264.7 41 NO BIRERIEM ( x45,n=3)
Table 1 Effects of isolated compounds on the release of NO in RAW264.7 cells ( xds, n = 3)

=t RE NO B = asry WRE NO BN &
Compound Concentration NO release Compound Concentration NO release
(pmol-L™") (pmol-L™) (umol-L™") (pmol-L™)

ZSq CON — 0.07£0.02** 1.56 2.62+£0.09%*
R MOL — 3.28+0.25" 12 3.12 2.02+£0.34**
AR MTX  0.06 1.28+0.12** 6.25 2.01+£0.12**
1.56 2.33+0.25** 3.12 1.75+0.16**

1 3.12 1.56+0.31** 13 6.25 1.394+0.18**

6.25 1.154+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**
1.56 2.18+0.34** 12.50 1.91+£0.14**
3 3.12 1.72+£0.06** 15 25.00 1.45+0.34**
6.25 1.42+£0.09** 50.00 0.99+0.06**
12.50 2.76+0.25* 12.50 2.42+0.26**
5 25.00 2.90+0.28* 16 25.00 2.09+0.61**
50.00 3.26+0.12 50.00 1.55+£0.09**
1.56 1.57£0.43** 1.56 1.61£0.13**
6 3.12 1.63+£0.21** 17 3.12 1.44+0.06**
6.25 1.73£0.05** 6.25 1.18£0.07**
1.56 2.98+0.13* 1.56 1.84+0.10**
1 3.12 2.67+0.14** 19 3.12 1.49+£0.45**
6.25 2.43+0.20** 6.25 1.38£0.11**

IE: SHAA A *P <0.05, **P <0.01, 54 AP <0.01.
Note: Compared with the model group *P < 0.05, **P < 0.01, compared with the blank group # P < 0.01.

4 g5

SE R EER AR = RN RS, BATUME . TR (AR,
2023) o AHFFEME T EE AR ALNE T R AL o B AR R 21 MEaW, BFE 5 MEE
W EY) (1-5) « A MARBRERFUEY (6-9) . I NEKIFRIEY (10-18) LI 3 A HAh
BB (19-21) , HALEY 1-4. 6. 11-16. 18, 20, 21 N IR ETHE T4 H5 5.

Fm SR O “CHEEEEY) . —, HEAEER MEE. TEK. RE
LIHAL, HRTAWAHSCHU RGN IE . RIAHT 7R LPS 5% 1 RAW264.7 41 g i 2 %f
B> AR S AT HURIETERE L, SRR G 1-3. 5 (i) |« 6 CRIEERZE)
11-16. 17 R L 19 (HHASR) 13 /MBERTRIEIER Y . RIG TR A, (L&) 2
ML LPSINF-xB K= A EPT 4% (Mora-Ramiro et al., 2020) , L&) 5 BER A BT
JHR Ve P A PR I, HZGBEMEA /TR (Liu et al., 2007; #MBEH, 2007) . (L&
6 It X 5-HEA G EEANHIE AT RIENE G A4S, 2022) k&Y 11 it i
p38 MAPK HIfE AL SR AFIRTENE (7985, 2023) , L&) 12, 13, 16 LE A
FULIER (815%, 2013; FEHF45E, 2019) , tb&Y) 14 "IVENRIERRRRTZ, AP RIE T

(Botti et al., 2022) , L&) 15 NFBEIR LBE, H5 2l L2 EHEFEH LI, R

THW B Z R ZRALZEEKREEITRIEN (Enf%E, 2023) , L&Y

17 i@ 5-LOX F1 COX-1 MiE MEAL sl = A 41 4 0% 1 (Reschetal., 2001) , fb&4 19 18

T AIH] TNF-o 35 51 MHTA 403958 1088 (RZBH RAER TR AR RAE (&

BigE, 2023) o AWPARFE Rw B RS, ST RIETERUY, N RS RS

ORGP TT A IR IR A — 5 B A .

SR :

MRPHPE, 3, sk R, &%, 2021, dARET HAL S RO IR TR D). H R, 43(12): 3360-3366.
[CHEN DD, YANG YS, ZHANG KY, et al., 2021. Chemical constituents from Lysimachia
capillipes[J]. Chin Tradit Pat Med, 43(12): 3360-3366.]

Wb, EUgE, EJ), 5, 2006, BEAERE IR A4 S B BE AT ). I R 25 2R, 31(21):
1798-1800. [DAI Z, WANG F, WANG LG, et al., 2006. Studies on chemical constituents of
Balanophora spicata[J]. Chin J Chin Mater Med, 31(21): 1798-1800.]



BEE, RIKR, fihnkE, 55, 2023, B-75 8 BT 288 KGR 1t 515 28 M M s 4144 4t e Ty e P 2 i
KMLHEI]. HE 24555, 34(15): 1847-1852. [GU HM, MENG QL, ZUO RT, et al., 2023. Effects
of p-sitosterol on the function of synovial fibroblasts in rheumatoid arthritis and its
mechanism[J]. Chinese Pharm J, 34(15): 1847-1852.]

FRELE, BRERAE, ERG, 4, 2022, KRR B R FIFIZ RIS 4TSS RAW264.7
EWR AN A R AERE TS (2 [J]. 2525 5K, 38(2): 49-53. [GUO MX, OU YANG X,
WANG LU, et al,, 2022. The effects of plantamajoside, tricin and chrysoeriol on the
inflammation model of RAW264.7 macrophage induced by sodium urate crystals[J]. Pharmacol
Clin Chin Mater Med, 38(2): 49-53.]

FRALEL, BHEEN, FKoKkTE, 2018, RGPl SWPTRAE RN B FE it R[], b
Zi 2k i, 43(20): 3989-3999. [GUO LM, LU JL, ZHANG LB, 2018. Research progress on
anti-inflammatory mechanism of natural sesquiterpenoids[J]. Chin J Chin Mater Med,
43(20): 3989-3999.]

N, SKRIETE, A, 5F, 2013, XUAET HLGH B Bk g AR ke LA [0]. A HLL
%, 33(6): 1337-1339. [HUANG S, ZHANG JH, HUANG J, et al, 2013. New
furanoeremophilanen derivative from Senecio dianthus[J]. J Org Chem, 33(6): 1337-1339.]

BRI, 2013, W T A A ORI B A4 S e KVETERE FL[D). T e R A
66-67. [HU T, 2013. Study on isolation and identification of llex latifolia thumb and its
bioactivities [D]. Guangzhou: South China University of Technology: 66-67.]

MBZE, XE, 36T, 5%, 2016, AR Z AR T TN]. 2 EEREZ, 27(5):
1064-1065. [LIU KL, LIU X, HUANG GY, et al., 2016. Studies on chemical constituents of the
rhizomes of Smilax scobinicaulis[J]. Lishizhen Med Mater Med Res, 27(5): 1064-1065.]

AR, BXSLFR, SR, A, 2016, e FRA ML B AL A I BE ). ThELZY, 47(11):
1841-1844. [LIN JB, ZHAO LC, GUO JZ, et al., 2016. Chemical constituents from aerial parts
of Fagopyrum dibotrys[J]. Chin Tradit Herb Drugs, 47(11): 1841-1844.]

BAERL, kBT, BHI, & 2023, StE RV SO A2 BE LR BT S D], T2 AT,
46 (5): 1310-1317. [LIAO JH, ZHANG XY, LUO RC, et al., 2023. Research progress on
chemical constituents and pharmacological activities of the genus Ligularia[J]. J Chin Med
Mate, 46(5): 1310-1317.]

XI5 4x, BOWRH, S50, 45, 2006. 1 E PEILHLIX 525 @AY AR e 25 SR [I]. R 2
&, 31(10): 793-797. [LIU SJ, QI HY, QI H, et al., 2006. Species of Ligularia in the
northwestern China and their medicinal uses[J]. Chin J Chin Mater Med, 31(10): 793-797.]

FIVEAR, BRI, 225, 4%, 2015, BErPRB e A AR T EOARIE R B[], T E 2R,
40(3): 463-468. [NAN ZD, ZHAO MB, JIANG Y, et al.,, 2015. Lignans from stems of
Cistanche deserticola cultured in tarim desert[J]. Chin J Chin Mater Med, 40(3): 463-468.]

e N RS AN AR 24 302 4, 1995, v [N BRI AN [E A ER 24 bt JEZ4[S]. S —
Mo dbat AR NRIEAIE TAEES: 91. [Pharmacopoeia Commission of the Ministry of
Health of the People 's Republic of China, 1995. Drug Standards of the Ministry of Health of
the People's Republic of China. Tibetan Medicine [S]. Volume 1. Beijing: Ministry of Health of
the People's Republic of China: 91.]

HilgE AT, 1992, HilgE ML brE[S]. Hif: &4 AT 56. [Qinghai Provincial
Health Department, 1992. Qinghai Tibetan Medicinal Materials Standard[S]. Qinghai: Qinghai
Provincial Health Department: 56.]



PVEE, SR, B, &, 2018, KFF =AM AT R[], ) AR T, 2018,
45(7): 39-40. [SUN ZG, MA YL, TANG JY, et al., 2018. Studies on chemical consituents from
stems and leaves of Trigonos temon Howii [J]. Guangdong Chem Ind, 45(7): 39-40.]

B, 2007. ZS AT 2 B FER S TIAD]. M =MK% 31-36. [SUN XB, 2007.
Studies on the chemical constituents of Polygomm bistorta and Ligularia virgaurea [D].
Lanzhou: Lanzhou University: 31-36.]

TR, BUERE, XRER, &5, 2022, 3@ 5t QIR OBEIAIAL 7 B DT 5T 0], TR 24544, 45(6):
1354-1357. [WANG XY, LIAO JH, LIU CX, et al., 2022. Chemical constituents from ethyl
acetate extract of Ligularia virgaurea whole herb[J]. Chin Med Mat, 45(6): 1354-1357.]

FEW, T4, 5, 5, 2019, #iE s ot 7L AD[E]. 52y, 50(22): 5411-5418.
[WANG MJ, WANG JL, WANG D, et al., 2019. Study on chemical constituents of Artemisia
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