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mEEFE, F R, F & AFE, ExXa, KWk, Fox'

(LTRSS 2etpe, ARy AL F 5258 0 F TREE RS L8 =,
JVE FEAK 5410045 2. JTPE-AR MBS RAI L, BT 530029 )

W B WA EE LR R T T 1 5T SR I RE S \MCI L, Sephadex LH-20 , il £ %4 =5 2508 AH (2
TS T A W 95% CEARIUYI I £ R SR A U AL AT 43 B R 2liAb , 38 3 A G 2L AR I3 (NMR ) | #5543 3F
JBi (HR-MS ) 45 3% 2 T B L2 | TR R AT AR 220 (LPS) 175 5 1/ BUE W 40 L RAW264.7 #E 7 AR AP 20
R RPN R TEE . SRR A B QR R 0 O R GRS E T B AN S
Y, A AN (1) FhER/NEERR (2) SR B (3) VL NEER (4) A RSET (5) AMENAE DT
(6) ZjMRuk (7) HFLEE (8) APEMBXRIIR LN (9) MR HER—TH: (10) (LZB (11) St
AR (12) AR (13), Hi G 3.4.8-13 R N ZAE Y 3 B 5 L5 ) 4.9 .11 X
LPS 53 B A0 M RAW264.7 77 A2 2 0E K NO 424 R AP Al /R, 1 40 I BE (1, ) (E 43510 (18.8 +
0.2) .(29.1 + 0.3) ,(18.0 = 0.1) wmol « L, P F BHYEXS RIS SE 2 FEHT R 25 9098 5 & R B RAT
B RS S) . W 45 BT T A B BT R W i, O otk — R 98 5 9 A R AR AE T — 2 Rk
A
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Chemical constituents of ethyl acetate extract from
Corydalis saxicola and its anti-inflammatory activity
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( 1. Key Laboratory for the Chemisiry and Molecular Engineering of Medicinal Resources, School of Chemistry and Pharmaceutical Sciences ,
Guangxi Normal University, Guilin 541004, Guangxi, China; 2. Guangxi—Asean Food Inspection Center, Nanning 530029, China )

Abstract: Corydalis saxicola which belongs to the family of Papaveraceae, is always used to treat various diseases such

as hepatitis B, cirrhosis, furuncle, acute icteric hepatitis, and advanced cancer as traditional Zhuang medicine in
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Guangxi province. To study the anti-inflammatory activity of the chemical constituents of C. saxicola, silica gel, MCI,
Sephadex LH-20 column chromatography and preparative high performance liquid chromatography were used to separate
the chemical constituents from the ethyl acetate fraction of 95% ethanol extract of C. saxicola. Their structures were
identified by nuclear magnetic resonance (NMR) and high resolution mass spectrum (HR-MS). In addition, the anti-
inflammatory activity was evaluated by the mouse macrophage RAW264.7 induced by lipopolysaccharide (LPS). The
results showed that 13 chemical compounds were isolated and identified as coptisine (1), berberine hydrochloride (2) ,
crinumaquine (3), worenine (4), dehydrocavidine (5), (—)-tetrahydropalmatine (6) , jatrorrhizine (7), corydaldine
(8), N-trans-feruloyl tyramine (9), dibutylterephthalate (10), kaempferol (11), isololiolide (12), loliolide (13)
respectively. Compounds 3, 4, 8-13 were isolated from this plant for the first time. Compounds 4, 9 and 11 showed good
inhibitory effects on LPS induced NO production by macrophage RAW264.7 with 1C,, values of (18.8 + 0.2), (29.1 =
0.3), (18.0 £ 0.1) wmol - L™ respectively, which was better than the positive control indomethacin, exhibited good
potential in the research and development of anti-inflammatory drugs. These results can clarify the anti-inflammatory
material basis of C. saxicola, and provide a scientific theoretical basis for its further utilization.

Key words: Corydalis saxicola, ethyl acetate extract, chemical constituents, isolation and identification, anti-
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inflammatory activity

HEE, XA L EE AW, N B ER
( Papaveraceae ) %5 %% J& 8 ¥ £1 4 8 2 ( Corydalis
saxicola) & HE, 2045 TR E VG M =/ 4%
LA A Ao e B R g o 3R b 24 A
Z—(JHEEE,2018) , VI E) (P2
REFHY (R AR ) S50 8, A P R %€ H
AR TEM 2k R R PR SR TR I
IR EHTFIEIT CHF A | St B B R LA 2
I S5 R 0 , LA S 37 A (b B 24 B ) e
T 5T I, 1993 5 VL I3 8T BE 22 Bt , 1996 ; [F K H &
MR (P AR AR R G 22 43, 1999; F L 4F,
2006 ; 5 Fi B 4, 2012 ; Zeng et al., 2013; Liang et
al., 2016; Zhang et al., 2016; Wu et al., 2017) ,

ARG R B, A 8% v BB WUN 2 R
W, 3 A S R P A /N BE AR A | /N BE A
B AN R0 o R A TR R S s R R A L
ARYETT /N BERE AN 57T Sk e A W 2R
PR, HA UM R BUR PLE A5 2 Rl 2 2
W (A4, 2018 7k W45, 2020 ; Kuai et al. |
2020) , WAMFFRRI, RAE 5 JFEL | #E
U JHF 4 S5 95 05 %% D) AH G, 6 3% B 95595 1) K 2B RN &
BRI EE EEMAG, AT R, AT
i PR 114 22 fift FIRH OGBS IR T ( Luigi et al., 2013;
Ashwini et al., 2018; Lee et al., 2021) ., HHi, X}
A PR GO AR D H R A
FEA W) S0 6 A5 R B2 W T 5T b (R R B AR
2018 ;1 55 W 45,2019 5 4 ¥ 45, 2019 ; Z10HE 1 45

2021 ) , T Xk He i AR AL 5 W 0 4% 18 1 1 IF 5 9 R
WARGE , YT R Y B R A I, o8 T WA T
fifp o AL A By R TS HYTR TG VEY B, A TR
XA B 95% L BRI P 1 £ 1R £ W o it
T RGEWI AL 7 WLy o3 B M2l S5 40 %8 Kt 4
WEPERTSE, LUBI 26 s fAR e 5 W = i s A 2
POE ARy, B LT R I PR B A O
PO 1 B — 0T 5 R S R S Al

1 #MHEF&*

1.1 &}

FEGEW T VR AR R, &) PEIRE R
ARk B R A TH A S8 O B SRR ) A AR A
( Corydalis saxicola) W5,

1.2 (XA F

LC3000 7Y il 5 /55 250 AH £ 1% A3 (b 5T A %7 8
TEHRME A BR A T ) 5 LC-20A 43 A1 5 w2 200 4R €03
(A A SRS A 7)) ; Inertil ODS-3 (4.6 mmXx
250 mm) 43 7 A (B A 5 H AR 2 F) 5400, 600
MHz 3 4% % 2 4% A% (5 -+ Bruker 23 7)) ; ZHJH-
C1112B #¥% T AEH (Clean Bench 22 H]) ; TH4-200
{38 738 (OLYMPUS /A 7 ) ; Infinite M1000 4
ZIIHEME R 1L ( Tecan 23 7] ) ; YMC-Pack-ODS (%%
F (20.0 mmx250 mm) ( H A& YMC /A 7)) ; AB-8
FAL B (B 1B HT 4 RH R A RS FD) 5100 ~
200 HAE A3 mE B (F BRI TAHRAA);
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Sephadex LH-20 &£/ (3£ E GE /A #]) ; MCI A (i
(HA=ZERNHE]), WEE(@igs, 3¢ E TEDIA 2
A)) s OFE LR TR OE T FESEV ) (43 i, v Bl
LT AR s HEE, =9 LR (TFA) 3% 7
(o 3k ali, b @B R A RAA);
RAW264.7 E W5 40 M ( th & Be b1 4 A Bl 4 0 5T
Bi) s —E LA (NO) XK & (2B RAFA SN
022421210608 ) ; ME M 5 ( MTT) #5 7] ( Solarbio 23
A4t 5o 1223G0531) 5 ig 2 4% ( Solarbio 24 ], it
5N 426Y031) ; DMEM 2 filt 5% 9% 3 )it 4 1f 3%
(Gibco 23 Al , L5 K 2110875CP) ;M| 563 (V5
oAl SR Y2462)

1.3 RN 5

%% Zhang % (2016) (W75 304 e sh,
9 kg A EIE LRSS, A 50 L A7 3 ik 5]
Ui 3 h KBRS R RIS FINA 95% SRl i 4
B3 W, BRI 3 h KR EUR A T W4 15 21 0.7
kg, KR BHET 1 L 3% A RER (pH = 2~
3) RO A B L8R LW E T BEAEER 3 K,
ARSI EETR AL 100 g LR LR 60 g 1E T BE
Az 60 g,

B2 1R e A7 (60 g) , FH AB-8 K LA 547
AYES L WE-JK (0 £ 100100 = 0, V/V) BBV
Bii , 753 Fr.1~Fr.8 3£ 8 44, Fr.3 4 Sephadex
LH-20 B ( % - 7K, 30 : 70100 : 0, V/V)
OYES BF] Fr.3-1~Fr.3-8 3£ 8 Ny, Hip,
Fr.3-22:4 4 % HPLC ( FF@E-0.1% TFA ,45 : 55,
V/V)aifb E S B A % 1(16 mg) .2(15 mg);
Fr.3-4 244 % HPLC( I f%-0.1% TFA,40 : 60,
V/V) aife 55 2L 59 3(83.7 mg) ;Fr.3-5 4l
%A HPLC (1 % -0.1% TFA,40 : 60, V/V) 4lifk
JEREME A 4(10 mg) 5(10 mg) ;Fr.3-6 £l
#70 HPLC (W F%-0.1% TFA,40 : 60, V/V) 4lifk
JFAR LAY 6 (14 mg) ; Fr.3-8 24l 45 % HPLC
(HI-0.1% TFA,45 : 55, V/V) difb 515 384k &
YW7(11.7 mg) 8(7 mg), Fr.5 £ Sephadex LH-20
BECAE (I EE-/K, 30 : 70—100 : 0, V/V) 7> 55,
B3] Fr.5-1~Fr.5-5 35 g5y, Hbp Fr.5-5
2l #5A HPLC (W BE-7K ,35 = 665, V/V) dlifb s
BEEEY 9(6.1 mg) . Fr.8 LM% ( K
Hbe-H ) 173 %5, 15 8] Fr.8-1~Fr.8-6 1L 6
ANy, Hod Fr.8-1 21 £ % HPLC ( F i -
0.1% TFA,75 : 25, V/V) 4tk 5 5 21k &9 10

(4.6 mg) ;Fr.8-3 £ MCI (i1 &b B 28 1 45 7Y
HPLC( -k |72 : 28, V/V) 4lifb )58 84k& 9
11(3.4 mg) \12(118.6 mg) ;Fr.8—4F/ Fr.8-5 £
R HPLC (I EE-/K ,78 = 22, V/V) 4lifb)5 15 24k
AW 13(3.7 mg) . EYHISEHIE 1 iR,
1.4 WEMIEF RS ETN

RAW264.7 4 il 76 & A 10% Mt 4 135 1)
DMEM R 284 F 37 °C 5% CO, & FHi3%, &
K& 70%0f #1748, K] MTT % ( Mosmann,
1983) Wl 1k & ) % RAW264.7 28 jl 77 1% % 1Y
AL

B0t BOE K TR RAW264.7 40 i bk, #i2 1R
180 pL AHALAYMRFRE W B 1x10°4> - mL™ A9 4
JitL B PR B T 96 FLAR Y, TR B 15 A8 1 Al sl
WESEE AL DL L 2541 (50 wmol - L) BE4H K 3 A4
Z1L, T 5% CO,.37 CHMTHFE 24 h, TEHRG
ST EALIMA 10 wL 5 g - LAY MTT 15, 4k &%
T 5% CO, 37 CHRAMTHET 4 h, FEEEFRW, 5
FLANA 100 wL DMSO 25 78 437 it 5 FH A A AR
570 nm YE AL 5B OD {8, IFARHE OD {E 11
RAW264.7 ARG %, HTFREAKXWT .

FE = (0D ) / (OD ) X100%
1.5 MR EFEEM

AR 4 4, 53 508 25 LA LPS 58 i 45 Al
2 ATRIHR B 25 25 40 (I A G 0 B PH 24 s e 5
F) R E 3 AL, O AR K A T
RAW264.7 4HE#k, L 1x10°4 - mL™" 4 25 B 32 Fh
T 96 fLARH, BEFRAASE IR 24 h R 4G 2, S A4
ATERREFRIE B UM AN RIR EE AL &9, 4k
SEEL SRR 4 h 5 A LPS S8 5E R A 4] — i fin AR
HWE N 1 mg - LAY LPS, 4k 2 T 40 i 5 5546
B:9% 24 h,
1.6 NO £ E0E

K H Griess 7 ( Green et al., 1982; f& 45,
2019) 72 45 25 40 %) LPS i 5 HY RAW264.7 41l il
W NO BB WCAR A A A R TR, AR
e HEONO Az i3 70) 65 10 BH 5 20 70 2
1.7 it 454

FIF SPSS 21.0 B A4 47 B Ab B AN 455 127
G35 DL BE (1C,) (RS AL & IR ST R
PR B R 3 W, A BUE Y LA vxs
WAFIR,
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2 HER G4

21 LEVMHENERE

&1 C,H, NO,, 8 A 51K, HR-ESI-MS
m/z: 321.259 0 [M+H]"_,"H-NMR ( DMSO-d, ,400
MHz) 8,: 7.78 (1H, s, H-1), 7.08 (1H, s, H-
4),3.20 (2H, t, J = 6.3 Hz, H-5), 4.89 (2H,
t, J = 6.3 Hz, H-6), 9.97 (1H, s, H-8), 8.03
(1H, d, J = 8.6 Hz, H-11), 7.83 (1H, d, J =
8.6 Hz, H-12), 8.98 (1H, s, H-13), 6.17 (2H,
s, 2-0CH,0-3), 6.53 (2H, s, 9-OCH,0-10) ; “C-
NMR ( DMSO-d,, 100 MHz) &c: 105.3 (C-1),

Chemical structures of compounds 1-13

147.7 (C-2), 149.8 (C-3), 108.4 (C-4), 130.6
(C-4a), 26.3 (C-5), 55.1 (C-6), 143.8 (C-8),
111.6 (C-8a), 144.6 (C-9), 147.7 (C-10),
121.1 (C-11), 121.8 (C-12), 132.3 (C-12a),
121.1 (C-13), 136.8 (C-13a), 120.5 (C-13b),
102.1 (2-0CH,0-3), 104.5 (9-0CH,0-10) , V) I
B 5 S0k (BT A, 2006 ) HE FE A — 2, B E
ZA AW B B ( coptisine)

&% 2 C,H, CINO,, ¥ 8 {0 45 & ok K,
HR-ESI-MS m/z: 372.103 3 [ M+H]*,'"H-NMR
(DMSO-d,, 400 MHz) &,: 7.79 (1H, s, H-1),
7.08 (1H, s, H-4), 3.20 (2H, t, J = 6.4 Hz, H-
5),4.94 (2H, t, J = 6.3 Hz, H-6), 9.91 (1H,
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s, H-8), 8.20 (1H, d, J = 9.2 Hz, H-11), 8.00
(1H, d, J = 9.0 Hz, H-12), 8.97 (1H, s, H-
13), 6.17 (2H, s, 2-OCH,0-3) , 4.09 (3H, s, 9-
OCH,), 4.06 (3H, s, 10-OCH,); “C-NMR
(DMSO-d,, 100 MHz) &.: 105.5 (C-1), 147.7
(C-2), 150.4 (C-3), 108.4 (C-4), 130.7 (C-
4a), 26.3 (C-5), 55.2 (C-6), 143.7 (C-8),
121.4 (C-8a), 145.5 (C-9), 149.8 (C-10),
126.7 (C-11), 123.6 (C-12), 133.0 (C-12a),
120.5 (C-13), 137.5 (C-13a), 120.2 (C-13b),
102.1 (2-0CH,0-3), 62.0 (9-OCH,), 57.1 (10-
OCH,) ., Ph %5 SCHk (Janssen et al., 1989)
T B A — B, WS E Z AL B W ER R N BE T
( berberine hydrochloride) ,,

LAY 3 CuyH NO,, F KK, HR-ESI-MS
m/z: 337.127 6 [M+H]*,' H-NMR ( DMSO-d,,
400 MHz) 6,: 7.78 (1H, s, H-1), 7.09 (1H, s,
H-4), 13.20 (2H, t, J = 8.0 Hz, H-5), 4.93
(2H, t, J = 8 Hz, H-6), 9.88 (1H, s, H-8),
7.99 (1H, d, J = 9.1 Hz, H-10), 8.20 (1H, d,
J =9.2 Hz, H-11), 8.92 (1H, s, H-13), 6.17
(2H, s, -OCH,0-), 4.09 (3H, s, -OCH,) , 4.07
(3H, s, -OCH,) ; "C-NMR ( DMSO-d,, 100 MHz)
8.: 105.4 (C-1), 149.8 (C-2), 147.7 (C-3),
108.5 (C-4), 120.4 (C-4a), 26.3 (C-5), 55.2
(C-6), 145.5 (C-8), 121.4 (C-8a), 150.4 (C-
9), 123.5 (C-10), 126.8 (C-11), 143.7 (C-12),
133.0 (C-12a), 120.2 (C-13), 137.5 (C-13a),
130.7 (C-13b), 102.1 (C-OCH,0), 61.9 (9-
OCH;), 57.1 (12-OCH;) . DA b 3% %4 5 Sk
(Sun et al., 2009) fiZ 8 —5K , B EZ LAY R L
B 2% 8Bk ( crinumaquine )

k&4 C,H,NO,", # @k &, HR-ESI-MS
m/z; 351.143 3 [M+H]",' H-NMR ( DMSO-d,,
400 MHz) 8,: 7.15(1H, s, H-1), 7.47 (1H, s,
H-4), 3.11 (2H, s, H-5), 4.82 (2H, s, H-6),
9.89 (1H, s, H-8), 8.20 (2H, s, H-9, 12), 4.09
(6H, s, -OCH,), 6.18 (2H, s, -OCH,0-), 2.93
(3H, s, CH,); “"C-NMR (DMSO-d,, 100 MHz)
8.: 110.6 (C-1), 146.4 (C-2), 149.0 (C-3),
108.2 (C-4), 133.8 (C-4a), 27.3 (C-5), 57.0
(C-6), 144.0 (C-8), 121.4 (C-8a), 144.1 (C-

9), 150.3 (C-10), 125.9 (C-11), 120.4 (C-12),
133.0 (C-12a), 135.9 (C-13), 120.8 (C-13a),
130.1 (C-13b), 56.7 (0-CH,), 62.1 (0-CH,),
17.7 (C-CH,), 102.0 (-OCH,0-) , LI F%¥i 53¢
MR (2RI SE 2012) HE JEA — B, U E b &
Wy 0 H L/ NBERR ( worenine )

fE&EW 5 €, HyNO,  E A KK HR-ESI-MS
m/z: 373.099 7 [M+Na]*,'H-NMR ( DMSO-d,,
400 MHz) 6,,: 7.17 (1H, s, H-1), 7.38 (1H, s,
H-4), 3.14 (2H, t, J = 5.9 Hz, H-5), 4.79
(2H, t, J = 5.8 Hz, H-6), 9.95 (1H, s, H-8),
8.00 (1H, d, J = 9.0 Hz, H-11), 8.06 (1H, d,
J =9.0 Hz, H-12), 3.89 (3H, s, 2-0CH,), 3.85
(3H, s, 3-0CH,), 6.56 (2H, s, 9-0-CH,-0-10) ,
2.97 (3H, s, 13-CH,) ; “C-NMR ( DMSO-d,, 100
MHz) 8.: 111.0 (C-1), 150.6 (C-2), 147.2 (C-
3), 110.9 (C-4), 135.6 (C-4a), 26.8 (C-5),
56.7 (C-6), 143.1 (C-8), 132.4 (C-8a), 147.0
(C-9), 144.7 (C-10), 114.4 (C-11), 119.2 (C-
12), 131.8 (C-12a), 120.2 (C-13), 130.5 (C-
13a), 119.4 (C-13b), 56.1 (2-0-CH,), 55.9 (3-
0-CH,), 104.7 (-OCH,0-), 18.2 (13-CH,), LI
B S SCHER (T B AR, 2014 ) HiaE HE AR — B, K
WEAEY M A FYET (dehydrocavidine)

&Y 6 CyH,NO,, IR 4 JC 2 B K oK,
HR-ESI-MS m/z: 356.186 6 [ M+H]",'H-NMR
(DMSO-d,, 400 MHz) 8,: 6.87 (1H, s, H-1),
6.68 (1H, s, H-4), 2.93 (1H, m, H-5a), 2.44
(1H, m, H-58), 2.54 (1H, m, H-6a), 3.10
(1H, m, H-68), 4.06 (1H, d, J = 15.7 Hz, H-
88), 6.88 (2H, s, H-11,12),2.60 (1H, dd, J =
15.3, 11.2 Hz, H-13a), 3.35 (1H, d, J = 3.7
Hz, H-138), 3.39 (2H, dd, J = 3.6 Hz, H-8a,
13a), 3.77 (3H, s, 2-OCH,), 3.75 (3H, s, 3-
OCH,), 3.73 (3H, s, 9-0CH,), 3.72 (3H, s,
10-OCH;); “"C-NMR ( DMSO-d,, 100 MHz) §,:
109.4 (C-1), 147.2 (C-2), 147.2 (C-3), 111.7
(C-4), 126.4 (C-4a), 28.6 (C-5), 50.9 (C-6),
53.4 (C-8), 127.7 (C-8a), 144.4 (C-9), 149.8
(C-10), 111.1 (C-11), 123.7 (C-12), 128.3 (C-
12a), 35.7 (C-13), 58.8 (C-13a), 129.7 (C-
13b), 55.4 (2-0CH,), 55.7 (3-OCH,), 59.6 (9-
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OCH,), 55.7 (10-OCH;). LA I 4l 5 SCHik
( Blanchfieid et al., 2003) 94218 F AR — 2, B e
& W ok A& AE 5T [(-)-
tetrahydropalmatine ]

EWT CuyH,NO,  HE A TCE LK K, HR-
ESI-MS m/z: 339.1434 [ M + H]".,' H-NMR
(DMSO-d,, 400 MHz) &,: 7.04 (1H, s, H-1),
7.57 (1H, s, H-4), 3.19 (2H, t, H-5), 4.93
(2H, t, ] = 6.3 Hz, H-6), 9.85 (1H, s, H-8),
8.03 (1H, d, J = 9.1 Hz, H-11), 8.17 (1H, d,
J=9.1Hz, H-12), 8.78 (1H, s, H-13), 3.88
(3H, s, C2-OCH,), 4.05 (3H, s, C9-OCH,),
4.08 (3H, s, C10-OCH,); "“C-NMR ( DMSO-d,,
100 MHz) 6.: 111.5 (C-1), 150.7 (C-2), 146.6
(C-3), 112.3 (C-4), 127.1 (C-4a), 26.1 (C-5),
55.6 (C-6), 145.5 (C-8), 119.2 (C-8a), 150.3
(C-9), 143.6 (C-10), 123.7 (C-11), 126.7 (C-
12), 133.2 (C-12a), 119.6 (C-13), 137.9 (C-
13a), 121.4 (C-13b), 56.0 (C-OCH,), 62.0 (C-
OCH,), 57.1 (C-OCH,) , VA - %dls 55 3CHR (Li et
al., 2019) i — 2, B % & b & Wl 25 AR o
(jatrorrhizine)

k&8 €, H,NO,, LK, HR-ESI-MS
m/z: 208.097 6 [M+H]*,' H-NMR ( DMSO-d,,
600 MHz) &,: 3.33 (2H, m, H-3), 2.81 (2H, t,
J = 6.6 Hz, H-4), 7.34 (1H, s, H-5), 7.72
(1H, s, H-8), 6.88 (1H, s, N-H), 3.80 (3H,
s, 6-OCH,), 3.75 (3H, s, 7-OCH,); "“C-NMR
(DMSO-d,, 150 MHz) 8.: 164.7 (C-1), 40.1 (C-
3), 27.4 (C-4), 132.9 (C-4a), 109.7 (C-5),
151.6 (C-6), 147.4 (C-7), 110.4 (C-8), 121.6
(C-8a), 55.7 (6-CH,), 55.5 (7-OCH,) ., DL %
I 550k R HAE 2018) B AR AT, i s ek S
WM 28 85 ( corydaldine)

&Y 9 CoH, NOS, R K (B K, HR-ESI-
MS m/z: 344.149 3 [M+H]".'H-NMR ( CDCl,,
600 MHz) 6,: 6.96 (1H, s, H-2), 7.03 (1H, d,
J = 8.4Hz, H-5), 689 (1H, d, J = 8.4 Hz, H-
6),7.53 (1H, d, J = 15.5 Hz, H-7), 6.17 (1H,
d, J = 15.5Hz, H-8),6.70 (2H, d, J = 7.8 Hz,
H-2",6'), 6.86 (2H, d, J = 7.8 Hz, H-3", 5"),
2.81 (2H, t, J = 6.9 Hz, H-7'), 3.62 (2H, q,

J = 6.9 Hz, H-8"), 3.88 (6H, d, -OCH,); “C-
NMR (CDCl,, 150 MHz) 6, 127.4 (C-1), 109.7
(C-2), 147.6 (C-3), 146.8 (C-4), 111.4 (C-5),
122.3 (C-6), 141.3 (C-7), 114.6 (C-8), 166.4
(C-9), 130.8 (C-1"), 114.9 (C-2), 146.8 (C-
3'), 144.4 (C-4"), 118.2 (C-5"), 121.5 (C-6"),
35.4 (C-7'), 41.0 (C-8') ., Vh b-%dE 5 Ciik (K
WA 2014) B A — 2, E AW 9 K
BT B PR e XS B gL R & BE ( N-trans-feruloyl
tyramine ) ,,

k& 10 C (H,,0,, TR, HR-ESI-
MS m/z: 301.142 4 [M+Na]*,"H-NMR ( DMSO-
d,, 600 MHz) 6,,: 7.70 (2H, q, J = 4.3 Hz, H-2,
5),7.65 (2H, q, J = 4.3 Hz, H-3, 6), 4.19
(4H, t, H-9, 9'), 1.58 (4H, m, H-10, 10'),
1.33 (4H, m, H-11, 11’), 0.88 (6H, t, H-2,
12'); “C-NMR (DMSO-d,, 150 MHz) &,: 132.1
(C-1,4), 129.1 (C-2, 5), 132.0 (C-3, 6),
167.6 (C-7, 7'), 65.6 (C-9, 9') ,30.4 (C-10,
10"), 19.1 (C-11, 11"), 13.9 (C-12, 12"), DL |k
BOE 5 SR (BRERSE,2010) H)08 JE AR — 20, e
Zik AW 10 xR R — T M
( dibutylterephthalate ) ,

& 11 C3H, O, 8 (T8 E B K K, HR-
ESI-MS m/z: 287.0548 [ M + H]*.,' H-NMR
(MeOH-d,, 600 MHz) &,: 8.04 (2H, d, J = 8.8
Hz, H-2', H-6'), 6.86 (2H, d, J = 8.8 Hz, H-
3', H-5"), 6.14 (1H, d, J = 1.8 Hz, H-6) , 6.35
(1H, d, J = 1.7 Hz, H-8); "C-NMR (MeOH-d,,
150 MHz) 8. 146.6 (C-2), 135.7 (C-3), 175.9
(C-4), 161.1 (C-5), 97.9 (C-6), 164.1 (C-7),
93.1 (C-8), 156.8 (C-9), 103.1 (C-10), 122.3
(C-1"), 129.3 (C-2', C-6'), 114.9 (C-3', C-
5'), 159.1 (C-4"), DL %5 Scmk (3 55 4%,
2006) iz 8 AH — B, #C% w1k A WA L &R B
(‘kaempferol )

k& 12 €, H,0,, IR B8 K, HR-ESI-
MS m/z; 197.117 0 [ M+H]*_,'"H-NMR ( DMSO-d,,
600 MHz) 6,: 5.79 (1H, s, H-8), 4.90 (1H, s,
3-OH), 3.98 (1H, m, H-3), 2.35 (2H, ddd, J =
11.6, 4.1, 2.1 Hz, H-2a), 1.51 (3H, s, H-1),
1.89 (1H, ddd, J = 12.8, 4.3, 2.2 Hz, H-4a),
1.29 (2H, d, J = 11.6 Hz, H-2B8), 1.22 (3H, s,



14 RRBHASAR A . B LR SR e B AT ARG AT 5T 117

H-12),1.19 (3H, s, H-11),1.15 (1H, d, J =
12.1 Hz, H-48); “C-NMR (DMSO-d,, 150 MHz)
8.:34.8 (C-1), 47.9 (C-2), 63.1 (C-3), 49.7
(C-4), 86.5 (C-5), 171.0 (C-7), 112.4 (C-8),
181.8 (C-9), 25.3 (C-10), 29.8 (C-11), 24.7
(C-12) . VI b8l 5 SClk (188 55,2019 ) He & A
— 3, W e AL AW R S = Y TR (isololiolide )

& 13 €, H, 0, 3% ¥ (48 K , HR-ESI-
MS m/z: 197.117 0 [M+H]*,"H-NMR ( Pyr-d;,
600 MHz) 8,: 5.86 (1H, s, H-8), 4.38(1H, s,
3-OH), 3.94 (1H, m, H-3), 2.60 (1H, dd, J =
13.4, 2.3 Hz, H-4a), 2.04 (1H, dd, J = 14.2,
2.5 Hz, H-2a), 1.93 (3H, s, H-1), 1.76 (1H,
dd, J = 13.4, 3.9 Hz, H4B8), 1.52 (3H, s, H-
12), 1.41 (1H, dd, J = 14.2, 3.9 Hz, H-2B),
1.14 (3H, s, H-11); “C-NMR ( Pyr-d;, 150
MHz) 8.: 37.1 (C-1), 47.3 (C-2), 66.8 (C-3),
48.6 (C-4), 88.0 (C-5), 172.8 (C-7), 114.0 (C-
8), 183.9 (C-9), 31.6 (C-10), 28.2 (C-11),
27.5 (C-12), & WX, 56 12 HE s 70
I H DL E 5 SCHk (Sun W oet al., 2015) 4
TEAH— 2, TS e LA o b 32 5 I (Loliolide)
2.2 A FE MK

BT A A PR B Ak A W o sl A A 1 B
A R I 38 3 B NO | TNF-o 55 4 i A1 Joi B A
FRIPUATE 6 B AR T, LY AL - 1
T8 1R 98 RE SR A W AR A R AR E B R R 22 1
PN SN 2 5 S5 4H AR b K | 2 T R i A B
YR, 5 R AL UK BE , 51 & R AE P % 9 ( Sun
LD et al., 2015), NO J&—Fp 0l 55 () oy IV 15 5
Gy, 25 R A HNE )5 SR, R AE S A B R
KHF NO &5t ik PR E R, S £
Toft & JE 52 5 114 & A= A e 23 DR O, 3 8 A
JE AT 7 AR W bR 2R JT AR ST % 245 W 1 1 A58 74
(Guzik et al., 2003), A< 58 >k HI LPS H #
RAW264.7 4 il 7= A= 48 5E A it NO X Fir 43 25 1 4k
BYHATHCRIEERI T, E A, R MTT J5 i
EAYIXT RAW264.7 20 M 7716 2R B9 5% Wi, DL
PR S5 55 NO 1 il 52 56 76 BE AR T8 1 A% 140 1 it
1o AWFRAREW, SILEWIRIE N 50 wmol -
LB BRAES 9 1-3 51 HR LG9 RAW264.7 48
WA TS R & T 70% ., Ht, FATH Griess 14 it
—BIK T A6 AW 4-13 XF LPS 55 RAW264.7

Table 1

AL NO Y RIE T (R 1) . R 1 AT LLE
WL AEAY 4.9 11 XF NO By 7= A= 45 B 8 A% 310 1 3%
PELIC,E 7 % (18.8 = 0.2) ,(29.1 + 0.3) .
(18.0 £ 0.1) wmol + L™, 4 F X} BR 2 | e & 2= | 3%
PR R A RS S T T

x1 *EW4-13 5t LPS F5 RAW264.7
A= 4 NO MEI8Y IC,, &

IC,, values of compounds 4-13 on NO production
in LPS-induced RAW264.7 macrophage cells

T
Compound ( pmol 5.0 L) Compound ( ol 5.0 L)
4 18.8 + 0.2 9 29.1 + 0.3
5 >50 10 >50
6 >50 11 18.0 + 0.1
7 >50 12 >50
8 >50 13 >50
WIS = 3435+ 0.8
Indomethacin

3 W5 E&%®

A S T8 1 4 g 307 R b A RS JR) R BB B 2
M2z — AW EAEIRYT 2B R & A 4L
JHF 98 A5 7 T2 A R R, AR R E AR IR A
W S5 R F M, A B A O™ S I &, HiAk
S5 2B N R G ST R A AR B
W 95% LRI B £ 1R £ TG A8 BGH A v 40 B
3 A E Y, aEE 9 NMEWRIE S (1-9) |
3AEERALA Y (10 12 13) FI 1 8- (11) . H
WAL A Y 3.4 8-13 AT B IR A B E R oy
BASR], PUR TG RS A R R LS 4.9
ik & 9 11 X% LPS i % A9/ BB 1 40
RAW264.7 ;=4 RAE N i NO H A R4 09 41 1 3%
P T B X R g S o

AR RN, A REAFRAEES ST
FERAE RN, IF H AR AE 23 5 R Ak i 1) & e 4%
YA G, 3 2 T 100 48 4 A Bl T 33k 28 5 0% 1Y R T
( Muratori & Longhi, 2013; Karthikeyan et al.,
2018; Lee et al., 2021) , ‘& # & P AL S W)
Br R B PO B POR S G RSN R R B R AF
(4T 9 16 M, AT B8 7R 38 ok X 4 E B T 10 44 T
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