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St

& E. B % 5 ( Siegesbeckia glabresce) ) £, TR £, Tif A6 BUHS 7 EL A3 W 35 49 30 41 40 M 35 36 1% 94 1~
(necroptosis)ﬁﬁ‘iﬁ'rﬁz Sk W 6 B 5 35 0 9 M A3 I 5 SR FH L AR R R A i ( S B - R
20:1~0: 1) JZAH ODS A 435 (30% ~ 100% ) | Sephadex LH-20 A% (03 | 55 45 i 45 J7 125 % T A 40 %5 1
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Chemical components and bioactivity from the ethyl
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Abstract: The ethyl acetate extracts of Siegesbeckia glabrescens had significant physiological activity to inhibit

necroptosis. In order to identify the active components and find the target compounds, the ethyl acetate extracts of
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S. glabresce were isolated and studied systemically in chemistry. The compounds were isolated and purified by chroma-

tography on silica gel, ODS, and Sephadex LH-20 columns, and their structures were determined according to

physicochemical properties and spectral analyses. Nine compounds were isolated from the ethyl acetate of S. glabresce

and identified as 3,7-dimethoxyquencetin (1), apigenin(2), okanin(3), okanin-4'-0-B-D-6"-trans-p-coumaroylglucoside
(4), 1H-indole-3-carbaldehyde ( 5), p-hydroxybenzaldehyde (6 ), 3, 5-dimethoxy-4-hydroxybenzaldehyd (7 ),
3,4-divanillyltetrahydrofuran(8) , buddlenol D(9). Compounds 2—5, 7-9 were isolated in this herbal plant for the first

time.

Key words: Siegesbeckia glabresce, ethyl acetate extracts, extraction and separation, chemical components, bioactivity

th 250 5 R R AR R — AR AR A W) A
% ( Siegesbeckia orientalis) JRAE 5 & (S. pubescens)
FEHEFG 5 (S, glabrescens) W T4y &5 (H4¢
NRIEFIE 258« —3,2015) , PEFE, Rk 3%, 10
JF B2 ATRISET A s, BT, X5 5 2 H
WF 5% 2 W1, 5% 35 57 HT R (Hong et al., 2014;
Nguyen et al., 2017 ; &4 FI55E,2018)  Po AR (fH
BB 2013 ; Wu et al., 2017) Hilh9E (Lu et al.,
2014;1Lee et al., 2014; Chang et al., 2016) . PL
(Kim et al., 2016;BR415%, 2017) Prafb (Park
et al., 2013; Zhang et al., 2014 ) Fl.(» Ifil 5 f& 7
( Weber et al., 2007 ; &M, 2012) 557 R
R W6 Mo SE T 224 ( Yang et a., 2016) |
fE52MEZE(Wu et al., 2015;Lee et al., 2016) | B
F(EHAIVE,2013) FEY

YHHEIRFEE PR T2 (necroptosis ) J& U 4F 2 B &
PR — i B R P 1 AT A B A 2 Db R AR 1
(caspase) MRASEAY G0 T FE T 32 AR5 5 1 — Fh 48
FETZZE R, i R R A T 2 4K tumor
necrosis factor, TNF-o) ZZJ% LA I Toll FEZ 44 ( Toll-
like receptors, TLR) K Ji% Ji 311 , il 1 W6 4> 25 34 g
RIPK1 ( receptor interacting protein kinase 1) #l
RIPK3 ( receptor interacting protein kinase 3) 1% i% 5t
59, F+E IR L MLKL ( mixed lineage kinase
domain-like protein) ( % R 5% % ,2016) , $ 47 41 i
FET, AH K LEIRFE . Al MR BB PR R T2 2 1 29K
o ALY AR IR, T RE 7R 60 5 e AU e M &
IBAT P AE DL KO LR ZE | v R TR i 58 i R F
B Wk 48 4 5 0 1Y & e BIL R b R B B 2R
(Andreas & Green, 2014 ;Dongshi et al., 2016) ,

AR HTIY] E A VLT 100 b 5 2 £

Wy e o3 P, X0 R i AT 0 3 |, BB A 2 R Y
95% BEHE W R LT A U AL AT — 0 e i
o7 B AR 5 (4 il necroptosis 7% 1, A B &
s N (ORI C oy W PO R TR & VB TIB R S )
i, ODS HE A% BERAE @5 HPLC 5507 kT 1
2 15y 3 B, N SR TR A 43 B 45 51 9 A4k
B, R 3, 7- PR R (1) PR R
(2). B K 7 (3). okanin-4’-0-B-D-6"-trans-p-
coumaroylglucoside ( 4 ). 1H-indole-3-carbaldehyde
(5) XA HEE (6),3,5- 7 H A JE-4- 0 K
HBE (7). 3, 4-divanillyltetrahydrofuran ( 8 ) |
buddlenol D(9) . BRILEY 1 FfLEH) 6 Sb, Hidx
T G W38 R UG 5 AR o B AR E

1 M5 7 &

L1 ## A ERFnILF
111 A# 2561 2015 45 A1 FILPERAR,
VLG H B2 2 R 2 i 2 SC AR 8 T Ry 5 R W 5 3
J& BAE 5% 25 ( Siegesbeckia glabresce) , FEEFR A PRAF
TALV P B2 R A S S5 0 2Y-20150525,
RNV N T NN 7R T
HT29, 553 3% DMEM Medium il 10% FBS #1 1%
P/S,
1.1.2 B EFRX A U#R:2695 Alliance Separations
Module 78 i ZCHAR (35 (AN 1525 Y il 46 vos 28 v A
354X LichrospherC18 il & ¥ AH (L35 4 ( 30 mm x
250 mm, 10 pm) | ( 3E[E Waters /A F)) ; Inova-600 7
B ARG IR I AN ( 9 [H Varian A ] ) ; WFH-203
(ZF-1) B =5 50 o0 B A (B TRERS B Sl AT BR 2
A]) s AE100 AL HL 53 B K7 (B A 50 -4E R 22
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AT o R LH-20 F2 P9 L RMEBERE (- Sephadex
LH-20, ¥l GE Healthcar 28 ) ) ; £ (43 & )2 (4
TEIRERE (200 H 5 BEEFEAL T dh) ;0DS A
FEEDRL (50 wm, HAS YMC 28] ) 5 42 B4 85 i )
Yoh Ay Hr e, il s HPLC I H ok (o ik 4l (v B f
TR A BRA T ) 5K Ry =28K

Cell Titer-Glo 4fl Jfd ¥ ¥ A& M L ) & W T
Promega 23 A, IR IR LA 5~ TNF-o 3 5 K AT 1
RKIERFE R B oiR B R E TS Smac
mimetic Fl Caspase 5 2-VAD.fmk Hy b 50 A= fiy
BRI O G .
1.2 Fik
1.2.1 #IE 5 & BT BB 42025 kg, B
W5 95% S BEMI AL B 4 I, Bk 3 h, A4
IO, R TS 77049 BIR T 1.2 ke, INZEIRKIR
BRI A S LR Ol OE T EE A, 158 B
ASFEWCERAL , 43 51 HLA% 20 43128 20 mg J1 DMSO Fic
il B 20 mg - mL B, G, T-20 CORAE, &
e .
1.2.2 Cell Titer-Glo 28 it & A 75 & = BEIR IR
1 ( Adenosine Tri-Phosphate, ATP ) J& i ¥4 41 A Hr
ARSI — S48 bR, CTG ¥ /& 38 i Cell Titer-
Glo™ 7% 240 A A6 I 325 6 O R WG Y 2 6 RO 1B R
Wt ATP 5 6 A9 8 A, T 428 S IR A4 i ) 5 i K 4
JRDIR A F 6 3 5 v 0 2 07 26 | 240 14 2 0 40 i o
P HT .
1.2.3 &M ik HT29( N E W) i sisd, g
JeZ TSZ (KW 43 %) 4 20 ng + mL”' TNF-a, 100
nmol + mL™" Smac I 20 nmol - mL"' z-VAD 5 S 1
WG, F7H necroptosis, SRS, K EL A 20 mg « mL!
FIRE b A B 28 TSZ Ak PR35 5 6 4 i 3K B8 Y
HT29 4R b 37 CHERSTFRAGACE %, B
J&i , H Cell Titer-Glo ( Promega ) i 71 & £ I 41 i
ATP 7KV DUBA 28 40 A7 15 5, 20 MO A7 05 5 i i 4
43, UL TSZ A3 B 4 LR A T 7E .

2 HER G

2.1 iEMEMLIFIELE R
B DMSO BL A 5 3 S A7 W4 5o A (BIR

) B (A kA B AL) L C (LR 4T A BUR
f2) DCIET BEAIBGHAL ) F1E (K ERAL) o G e 4
W 1 iR,

HI P 1 AT, 28 TSZ ¥5 1Y HT29 40 i i A7 3%
RAVA 9% , 175 'F A necroptosis B9 HT29 4 ffd 78 il
A BCA A RGRAL) (D (IE T ARG ) A1 E
(KAL) Fe A% A BE 5 S5 A 77 76 O R 45 21 e 3%
B ACRRE) ORI m 3 45% ,C( LR
CERAEBGRAL ) AN R 38 77 % , 3 & T AR A
A 9% M A7 TG 3, XA 45 AL U0 B B R A S X
necroptosis A3 M il VEFH , 1M £ & £, g 2 B 67 oy
TR,

120 HT29 cells
100 EDMSO EmTSZ

83
75 81 80 77 81

80

60

MpRTEER

Cell viability (%)

DMSO/TSZ A B C D E
#£58 Samples

[ g5 2 48 Cell Titer-Glo il 71 & 00 52 (19 ATP 7KF, &2
W HT29 41 M55 050 5 AN [ AR RIS A795 12 h 19
HT29 4%, DMSO. —H EA; T. TNF-a; S. Smac;
Z. 2-VAD; A. BT B. A ARG C. LR OB
IR, D, IE T BEAIGRAL; E. KFEBGRAL,

The number of surviving HT29 cells with the indicated stimuli for
12 h was determined by measuring ATP levels using the Cell
Titer-Glo kit. DMSO. Dimethylsulfoxide; T. TNF-a; S. Smac;
Z. z-VAD; A. Crude extracts; B. Petroleumether extract;
C. Ethyl acetate extract; D. N-butyl alcohol extract; E. Water

extract.

1 TR 5 % AR oL T e 24 2R
Fig. 1 Screening results of extraction parts of

Siegesbeckia glabrescens

22 iEFHESMAUESIBER

WOE A5y TR R A B ALRF (60 g) ,
KB E G, 5 100 g (9 100 ~200 H AT
FE,MRR LA B © ZBROER 15 1~0 1 B YR
B VRS IR 4 TLC & 9F, 158 Fr-a~ Fr-j 45
10 D415, 445 23 90 LLJF R ODS o 33 3
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HEAT 43 B, 45 B & A 42 TLC & I A7 W 2 43,
Hovp, Fr-b-2 28 1l 28 24 i J AE (3% 2R 47 20 &, DA
30% W BEAE R VR, 14 2654 3(10 mg) o Fr-d-2
25 il £ R0 gy AT €6 3% LA 30% H 55 B R, 15 3]
EY 2(7 mg), Fr-d-3, Fr-d-4 ¢4 Sephadex
LH-20 4 fk Jm , 4 28 i & B TR FE 3% 20 51 DL
50% HV P 409% WY1 55 e B, 15 Bk & W) 4 (7
mg) LAY 5(6 mg) FALEY) 8(15 mg) . Fr-e-3
o2 45 B T TR R €03 L 509 P 45 i R, 15
LAY 1(5 mg) . Fr-f-5 20l 4 B 5 6 R €53
L 45% Wi S5 BV, 15 246 59 9(6 mg) o Fr-
h-2 Fr-h-3 552 Sephadex LH-20 ZiifL )5 , R 2 1 4%
A e HEAE €35 43 0 LA 559% HY B 509 HY I 45 B 1
i, A3 2L A 6(8 mg) F17(5 mg) .

MR LIS B A B 9 MMEB Y, 530
N4 A EEIA A Y, B 3, 7- H R SR R
(1) JF3RE(2) BE7T(3) . okanin-4'-0-B-D-6"-
trans-p-coumaroylglucoside (4) ; 1 >4 ¥ il 251k &
¥y, Bl 1 H-indole-3-carbaldehyde (5) ;2 757 &b &
P, B F B R HRE (6) A3, 5- T A4
AW (7);2 DARIBREMLE D, W 3, 4-
divanillyltetrahydrofuran (8 ) Al buddlenol D (9), Bk
&Y 1 L& 6 b, Hodx 7 MMEEW I R E IR
NG TR A oy B A E

k&1 E s & (), HR-ESI-MS
m/z; 329.0740 [M-H] ", 2+ 3/ C,, H, O,
"H-NMR( CD,0D,600 MHz)8:7.67 (1H,d, J=2.1
Hz,H-2'),7.56(1H,dd,J=8.5 Hz,J=2.1 Hz, H-
6').6.91(1H,d,J=8.5 Hz,H-5") ,6.59(1H,d,J=
2.1 Hz,H-8),6.33 (1H,d,J=2.1 Hz, H-6) ,3.89
(3H,s,3-0CH, ) ,3.80 (3H,s,7-0CH,) ."* C-NMR
(CD,0D,150 MHz) 6.148.7(C-2,4"),138.3(C-
3),178.7(C-4),156.9(C-5),97.5(C-6),165.9
(C-7),91.7(C-8),161.5(C-9),105.3 (C-10),
121.4(C-1'),115.2(C-2") , 145.1(C-3"), 115.0
(C-5"),121.0(C-6"),59.1(C-3-0CH,) ,55.1(C-7-
OCH;) . DA L% 5 3CHR (Xiong et al., 1997)
E—2 O e B R 3, T-Z W AR R R R
(3, 7-dimethoxyquercetin) ,

a2 R GRS R (B,

HR-ESI-MS m/z:270.9702 [M+H]", 7> F X N
C,H,,0,, "H-NMR ( DMSO-d,, 600 MHz) §:12.97
(1H,s,5-0H) ,10.92( 1H,s,7-OH) ,10.42( 1H, s,
4'-OH),7.93(2H,d,J=8.3 Hz,H-2' ,H-6"),6.97
(2H,d,J=8.4 Hz,H-3' /H-5') ,6.79(1H,s,H-3) ,
6.50(1H,d,J=2.1 Hz,H-6) ,6.20(1H,d, J=2.1
Hz,H-8) ," C-NMR ( DMSO-d,, 150 MHz) §: 164.6
(C-2),103.3(C-3),182.2(C-4),157.7(C-5),
99.3(C-6),164.2(C-7),94.4(C-8),161.9(C-9),
104.1(C-10),121.6(C-1"),130.1(C-2"),116.4
(C-3"),161.7(C-4"),116.4(C-5"),128.9(C-6") ,
DL BE 5 S0k (2R AE 2007 ) il — 3K, ik
FEAE W) T S E (apigenin) o

&EW 3 akrEBhR(HFE), HR-ESI-MS
m/z: 287.0556 [ M-H |, 73 T X i C;s Hy, O
"H-NMR ( DMSO-d, ,600 MHz) §:7.25(1H,d, J =
1.8 Hz,H-2),7.18(1H,dd,J=8.4 Hz,J/=1.8 Hz,
H-5),6.80(1H,d, /= 8.4 Hz,H-6) ,7.63(1H, d,
J=15.6 Hz,H-a) ,7.65(1H,d,J= 15.6 Hz,H-B),
6.41(1H,d,J=9.0 Hz,H-5") ,7.67(1H,d,J=9.0
Hz,H-6") ., C-NMR ( DMSO-d,, 150 MHz) §;126.3
(C-1),115.9(C-2),145.6(C-3),148.9(C-4),
115.8(C-5),122.3(C-6),122.3(C-a) , 144.6( C-
B),192.0(C=0),113.4(C-1"),153.6(C-2"),
132.4(C-3"),152.5(C-4"),107.7(C-5"),117.4
(C-6"), VI L %¥a 5 3Cik (Kwon et al., 2009) %
T —3%, B e AW A LR T (okanin) .

EY 4 BEK R (HBEE), Molish J )i FH
4, "H-NMR ( DMSO-d,, 600 MHz)8.:7.27 (1H,d,
J=1.8 Hz,H-2) ,7.21(1H,dd, J=8.4 Hz,/=1.8
Hz,H-5),6.84(1H,d,J=8.4 Hz,H-6),7.65( 1H,
d,J=15.6 Hz,H-a) ,7.69(1H,d, J=15.6 Hz, H-
B),6.75(1H,d,J=9.0 Hz,H-5") ,7.75(1H,d, J=
9.0 Hz,H-6") ,8: 3.75~5.47 N %88 b i 715
5,7.56(2H,d,J=9.0 Hz,H-2" ,H-6") ,6.73(2H,
d,J=9.0 Hz, H-3",H-5") ,6.43(1H,d, J=16.2
Hz,H-8"),7.55 (1H, d, J = 16. 2 Hz, H-9"),
"C-NMR(DMSO-d,, 150 MHz) &: 126.1 ( C-1),
116.2(C-2) ,145.6(C-3),149.1(C-4),115.5(C-
5),122.2(C-6) ,117.4(C-a) ,145.4(C-B) ,192.6
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(C=0),115.7(C-1"),152.5(C-2"), 134.4 ( C-
3'),150.3 (C-4'),106.3 (C-5"),121.4 (C-6),
100.5 (C-1"),73.8(C-2"),75.7(C-3"),69.9( C-
4"y ,73.1(C-5") ,63.3(C-6"),125.0(C-1") ,130.4
(C-2",C-6"),115.7(C-3",C-5") ,159.9.(C-4") ,
145.0( C-7") , 113.9( C-8") ,166.5( C-9") , LA I
B 5 SCHk ( Hoffmann & Holzl, 1988) 28 — %k,
% b A W R okanin-4'-0-B-D-6"-trans-p-
coumaroylglucoside ,

&S AEE (PR . HR-ESI-MS m/z.
146.0602 [M+H]", 4+ F X~ C,H,NO, 'H-NMR
(CD,0D,600 MHz)5:9.90( 1H,s,3a-CHO) ,8.18 (1H,
dt,/=7.7 Hz,J=1.1 Hz,H-4) ,8.10(1H,s,H-2) ,7.27
(1H,m,H-5),7.27(1H,m,H-6) ,7.49 (1H,dt, J=8.1
Hz,/=1.0 Hz,H-7) ,” C-NMR ( CD, 0D, 150 MHz)$§:
138.3(C-2),118.7(C-3),124.3(C-3") ,122.2(C-4) ,
121.0(C-5) ,123.6 (C-6) ,111.7(C-7) ,137.5(C-7") ,
186.0(C-3a) , LA L-Zdi 5 3R (Yang & Ye, 2009) i
H—3, MR AR 1 H-indole-3-carbaldehyde,

&Y 6 IRTORA(HEE), HR-ESI-MS
m/z:123.0441 [M+H]", 2> F X K C, H,0,,
"H-NMR( CD,0D,600 MHz)6:9.72(1H,s,-CHO) ,
7.76(2H,d,J=8.7 Hz,H-3/5) ,6.87(2H,d,J=8.6
Hz,H-2/6) ,” C-NMR ( CD,0D, 150 MHz) §:127.6
(C-1),132.2(C-2/6),116.3 (C-3/5),166.5 ( C-
4),191.2(-CHO) , DA %4 55 Sk ( Jr i i 5%,
2010) #fiE — 25, i % G W) o i 7R R OR
( p-hydroxybenzaldehyde) ,

& T RE AR EE) . HR-ESI-MS
m/z;183.0645 [M+H]", 5+ F X H C,H, O,
"H-NMR( CD,0D,600 MHz)6:9.74(1H,s,-CHO) ,
7.21(2H,s,H-2/6),3.93(6H,s,-OCH,) ,"C-NMR
(CD, OD, 150 MHz) 6: 106.9 ( C-2/6), 148. 5
(C-3/5),191.4(-CHO) ,55.4(-2 = OCH;), Vi I
B35 5 SCHR ( Chang et al., 2013) IR 18 —5, BMUEE
&l 3,5-2 B A Bk-4-58 Bk 28 W (3, 5-
dimethoxy-4-hydroxybenzaldehyde) ,,

k&8 TR (T EL) . HR-ESI-
MS m/z:343.1545 [ M-H]", 7+ F X~ CyH,y, 05,

"H-NMR ( CD,0D,600 MHz)8:6.59 (2H,d, J=2.0
Hz,H-3/3"),6.67(2H,d,J=7.9 Hz,H-6/6") ,6.53
(2H,dd,J=8.0 Hz,/=2.0 Hz,H-5/5") ,3.87(2H,
dd,J=8.6 Hz,J=6.6 Hz,H-9/9"a) ,3.78 (6H, s,
2/2'-OMe) ,3.50(2H,dd, /=8.6 Hz,J=6.6 Hz, H-
9/9'b),2.51(4H,dd, J=7.2Hz, J=5.3 Hz, H-
7/7'),2.18 (2H, m, H-8/8") ,** C-NMR ( CD, OD,
150 MHz)6:144.4(C-1/1") ,147.5(C-2/2") ,111.9
(C-3/3"),131.9(C-4/4") ,120.8(C-5/5") ,114.6
(C-6/6"),38.5(C-7/7") ,46.3(C-8/8"),73.0(C-
9/9'),54.9(2/2'-0OMe) , DL b %4 5 SCHik ( Lai-
King & Brown, 1998) iz — &, S 2 b &9 N0
3, 4-divanillyltetrahydrofuran,,

G 9 R B (o [E A (HEE) . HR-ESI-
MS m/z;643.1002 [M-H]", 4+ FxX N C,,H, 0,5,
"H-NMR ( CD, OD, 600 MHz) 8:6.69 (2H, s, H-
2/6),6.66 (2H, s, H-2"/6"), 6.28 (2H, s, H-
2'/6'),4.99 (1H, m, H-7") ,4.77 (1H,d, J=4.5
Hz,H-7) ,4.74(1H,d,J=4.5 Hz,H-7") ,4.31(1H,
m,H-9a),4.31 (1H, m, H-9"a) ,4.31 (1H, m, H-
8"),3.93 (1H, m, H-9'b),3.93 (1H, m, H-9b) ,
3.93(1H,m,H-9"a) ,3.93(1H,dd, J=12.0 Hz, =
3.5 Hz,H-9"b) ,3.87(6H,s,2 = OMe) ,3.84 (6H,
s,2 % OMe) ,3.83(6H,s,2 * OMe) ,3.16(1H, m,
H-8),3.16 (1H, m, H-8") . C-NMR ( CD, 0D, 150
MHz) 8; 134.8 (C-1),102.8 (C-2/6),147.5 ( C-
3/5),137.5(C-4),85.9(C-7),54.3(C-8),71.5
(C-9),134.8(C-1"),103.1(C-2'/6"),153.1(C-
3'/5"),131.7(C-4"),85.7(C-7"),54.0(C-8"),
71.6(C-9") ,131.6(C-1") ,103.8 ( C-2"/6") , 147.9
(C-3"/5"),134.4 (C-4"),72.9(C-7"),86.2(C-
8"),60.4(C-9” "), 55.4(2 * OMe), 55.3 (2 =
OMe) ,55.3(2 * OMe) , VA L %¥a 5 SCHk (50 45
55,2013 ) i — 3%, B 598 buddlenol D,
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