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Abstract; Xanthium strumarium is a traditional folk medicinal plant. The 50% ethanol eluting faction of X. mongolicum
had significant activity to inhibit necroptosis. In order to investigate the active constituents, the active fraction of
X. mongolicum were isolated and purified by various chromatographic methods such as repeated silica gel column
chromatography, Sephadex LH-20 column chromatography, preparative high performance liquid chromatography and
recrystallization. Their structures were established on the basis of NMR, MS spectraoscopic analyses and comparison with

lirerature date. The results were as follows: A total of 14 compounds were isolated from the active part and identified as
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hydroxydihydrobovolide ( 1), raspberry ketone ( 2),

salicyl alcohol ( 3), 4-hydroxyl-acetophenone ( 4), 4-

hydroxybenzaldehyde(5) , ethyl caffeate(6) , ferulaldehyde(7), isoscopletin(8), 3,3’-bis(3,4-dihydro-4-hydroxy-6-
methoxy-2H-1-benzopyran) (9) , axillarin (10) , quercetin (11), (+) pinoresinol (12) , B-sitosterol (13) and palmatic

acid(14). Compounds 1-4, 7-10 were all isolated from Xanthium mongolicum for the first time.

Key words: Xanthium mongolicum, necroptosis, active fraction, chemical constituents, Jiangxi

Necroptosis SRR R R P A1 i YR A 5l 40 i
INBCHEPA T° 2 3T AR R B R ) — Rl BESZ 2 T 15
SR SO R SRR S AR R A T 2R A
VFZ 55 2 B Necroptosis 5 a3 40 it 5% 7 K xt 1k
S7 AR 25 2538 5 0 I O | 2 AR AT I e
PLRGC WUREBE | Hh XU BB 2R W 48 R0 e K 4% 45 7
2295 (1) BRI 85 5T PR S5 05 A7 5C (Andress et
al., 2014) . X} Necroptosis #£47 1 WAl BEFE I IR |
ﬁyﬁ%ﬁﬁ%ﬂéﬁgjﬁ’fﬁ< Galluzzi et al.,2012) ,

H GG BT AR IR T S8 0E FI AR 29 1 IO B
& H-( Xanthium strumarium ) 2} ( Compositae ) &
HJ& ( Xanthium L.) —4FAEFARKEY . VB8 K&
Se 20 A, thE 545 1 B TR) 5 P AS B VR T S R KL
MR ICTT A R BE | B T 2 45 A% R MR
(Ma et al., 2009; Huang et al., 2011; Nibret et
al., 2011) , (FAEARE Y L& BPEFE IR 2,
A/NEE, BATIOXE i 2 A I (25 R
L 1985) , MARZGEEMI SR R, B HEAHR
YoM PUTE PAEA S 2 BAE T (R e N RE
[ 25 8,2020) , VLV 5 N IZJE AR Y T2 5
& H(X. mongolicum) ( -}/ ,2017) , AR
L UIAE 56 A K 27 PG R B2 2 rpuo X 3 T
VY 100 B BE 2 52 B 20 43 P W 20 A7 30 P O
B, 5 45 B O B W) 22 RAL B g & st e ot
FR A EA R e PR A M IR B AR FRTE M B
B 5 iy A H- 400 ) R P A L DR AR A T M L 4,
JE T Xof JLTE A B A0 1) R e A2 W A B . ARE Y
IS i 50% &5k I A8 407 43 25 45 3 1y 14 4
eEw(E 1) . b AeEY 1-4.7-10 R E RN
S H P ERE

1 AR5 DU

kT 2017 4 7 AR TILVE R B, b e
2 24 R 2 X W R 200452 2 0 i A P BT Al W 5y
& H-(X. mongolicum) )M I &8 43, FEUEFR A (R A7
THLPG B 25 R2Epn A% ( 2Y-20170701)

2695 Alliance Separations Module = %A

3% AR 1525 A A Ak WA S Y
[ Lichrospher C18 fﬁﬂ%’@j‘ﬁ@lﬁﬂl‘f(?ﬁ) mm X 250
mm, 10 wm) ] ( 3£ & Waters 23 A ) , Inova-600 Y
PGSR B35 (9 E Varian A F]) , AB Triple
QUAD 4500 i (3£ E AB SCIEX A #]) , WFH-
203 (ZF-1) BU=HIS AN A A (- ieRE B Sl A BR
N))  AE100 #9438 K- (i Mg 3 — 6 A
Z /s ) . LH-20 #2179 5 ) 5B B Bt IS ( Sephadex
LH-20, Hif#t GE Healthcar 23 7)) , k(533 K& )2 (4
T HIEEIE (200 H, & BT ™M) . 28
3 8 R R 24 Sy 43 A 48 2 il & HPLC T ol
kol (VOB AL TR A BR A R ) K A Ak,

I 1 O 3 00 Al B R A N B R A M &R
HT29, 353745 DMEM Medium il 10% FBS F1 1%
P/S, Cell Titer-Glo il ifg 1% 4 45 I 420 77) & 1 T
Promega 2 A, R IR TNF-o 38 52 K AT 3
RERGE R BT 2 W 1S5 Smac
mimetic Fll Caspase THIF 2-VAD. fmk Hdb 5T A A
(RTINS

2 HER Ok

2.1 REFMSE

HAREIT 19 10 kg 25 B i 5 L 0, 95 % LB
IR, BEK T d, 3 W, A I R O, DR
[ ) i A5 2 $2 B R F 800 g, R LU
T O, PERE B AL B B K FL R I A
AR DAAS ]V BE 2 T B e G, 45 310 7K 3 e 3
PE(FRICH A FBAL) (200 g) .30 % £ P35k it 3 Ao
(FRich B #40) (80 g) .50 % & BEBE W &R A7 (s
I0H C L) (120 g) 70% L BEVEIRHR AL (FRid N
D #437) (60 g) .90 % L BELE N ERAL (FRic H E &
£1) (150 g) . 43 BIHUSS 42012 8 20 mg JH DMSO
B i B 20 mg - mL ' BEAFIR, S, T-20 CI-PF,
#OHE
2.2 iEMHEABALIF %

HT29 (N B ) 40 MAR R | 28 TSZ(Z4Hk 47
A4 20 ng -+ mL"' TNF-a, 100 nM Smac F1 20 nM z-
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Fig.1  Structure of compounds 1-14
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0 al
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P R 200 Cell Titer-Glo IR 77 & I %2 (9 ATP /K7, R
W HT29 2 375 S SR B0 )5 TS TR R8O 4735 12 ho i 2
Mkt . DMSO. WA ; T. M SR3E K T TNF-o; S. {2
FT-4b A% Smac mimetic; Z. Caspase #IHHl5] z-VAD. A. /K
W ERAL; B. 30% SEEGEBLARAL; C. 50% & BB AR A 5
D. 70% L EEVEILRAL 3 E. 90% LBV MEFAL .

The number of surviving HT29 cells with the indicated stimuli for
12 h was deternmined by measuring ATP levels using the Cell
Titer-Glo kit. DMSO. Dimethysulfoxide; T. TNF-a; S. Samc;
Z. 7-VAD. A. Water eluted fraction; B. 30% ethanol eluted
fraction; C. 50% ethanol eluted fraction; D. 70% ethanol eluted
fraction; E. 90% ethanol eluted fraction.

B 2 BEXFLIRMAS & 5t AR AL I 1 45 3R
Fig. 2 Screening results of eluted fractions by macroporous

resin of Xanthium mongolicum

VAD % % 1 % J&, /7 = Necroptosis; 5 B¢ 5 20
mg - mL™ AORE SN B 28 TSZ 4b #1755 5 40 i 3K 58

() HT29 40 AR rfr 37 °C fE R % S5 A0 U E AL 9
Cell Titer-Glo( Promega ) i 71 & 45 I 40 s ATP 7K-F
DAB S 20 MOAA 5 56 20 B A7 175 56 e 1Y) 2 4 T3 D %
TSZ -5 (1 A SR SE A T I VE A

AR I A AT A0 B R R R BT ) S
X, Gl L RN 2 fras, i 2 Al &8 TSZ 3
T/ OHT29 40 M /9 77 15 R N 28%, % 7 K
necroptosis [ HT29 4 TE M A C (50 % & FEVEE
FRAL) o A A 08 R A = B 75% , B 50% £ R
BB A TG PR 2 —

3 ¥R B EEMER

31 U=ERSHE

Sk it — 20 BH ol L M B A3, B 50% < B Uk i
HRAL C(120 g) A S W BE « HEE(200: 1~0: 1)
MhREVENG , 28 TLC 5P A R A, 153 C-1~C-11
iy, ¥ C-5(15 ) ik - ZBREOER 9+ 1~
0: 1 JEATRREVEM, 58] C-5-1~ C-5-2 A%,
¥ C-5-1(5g) =&MW ke : HEE15:1~0: 1 £
FEVEG, 155 C-5-1-1~C-5-1-7 #H %>, C-5-
-1 B A g i, EEs WAk & 9 13(33
mg) , C=5-1-5(0.2 g) ¥ A @ 5h ik, & F BEE
25 EME A 8(9 mg) o K HARH 415 i #
RIS ROR AT o B 2k, 15 2L &40 6 (5 mg) (10
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(4mg) . 3(5mg), C-5-2(7 g) A& W%z : |
B 15 1~0: 1 BREEPENL 45 C-5-2-1~C-5-2-
5 451, BS54 ) DAl 28 B S0 AR A R AT
g B 5 EE Y 11(6 mg) 4(3 mg) .6(50
mg) \9(4 mg) 2(5 mg) . C-6(8 g) LI 5N ¥t :
FHEE15 1~ 0 1 BRREVEML, 193] C-6-1~C-6-
8 LAy B a5 20 4343 il FH il £ B v RO AR A iR AT
O e SR EY 7(4 mg) 11(7 mg) 5(5
mg) . 14(10 mg) . 1(8 mg) 12(5 mg) .

3.2 BEHMEE

&W 1 AR CH R, ESI-MS m/z:
199 [M+H]", 4+ K C,,H0,,' H-NMR (600
MHz,Methanol-d,) 8:1.81(d, J = 0.85 Hz, 3H,
H-12),1.95(d, J = 0.75 Hz, 3H, H-11),1.32~
1.01(m, 8H, H-6, 7, 8,9),0.91(t, J = 6.8 Hz,
1H, H-10) ,"”C-NMR (150 MHz, Methanol-d,)§:
173.16(C-2),124.28(C-3),159.11(C-4),107.73
(C-5), 35.50(C-6),31.30(C-7),22.37(C-8),
22.10(C-9),12.96(C-10),9.31(C-11),6.91( C-
12) ,"H-NMR 5" C-NMR 4 5 SC#ik ( 75 0 i 45,
2011) i i — B, M E E x k&Y N
hydroxydihydrobovolide ,

GW 2 JTEBAR(HEE) ESI-MS m/z:163
[M-H] ", 4 FXH C,,H,,0,,"H-NMR (600 MHz,
Methanol-d, ) §:7.02 (2H, d, J = 8.5 Hz, H-2'/
6'),6.70(2H, d, J = 8.5 Hz,H-3'/5") ,2.76(4H,
m, H-3, 4),2.14(3H, s, 1- CH;) ,”C-NMR (150
MHz, Methanol-d, ) 8:28.6 (C-1),210.0(C-2),
28.6(C-3),44.9(C-4),131.8(C-1"),128.8(C-2"/
6'),114.7(C-3"/5"),155.2(C-4"), '"H-NMR 5"
C-NMR %4 5 3Ciik ( Baek et al., 2011) 48 — 2L,
B e Z AL G W) W AR ( raspberry ketone, RK)
AR B 1

a3 WEAHK(OK) ,ESI-MS m/z:126
[M-H] ,4r ¥4 C,H,0,,' H-NMR (600 MHz,
D,0)8:7.24(1H, dd, J = 7.5 Hz, J = 1.7 Hz, H-
3),7.18(1H, m, H-5),6.89(1H, m, H-4),6.84
(1H, d, J = 8.1 Hz, H-6) ,4.57(2H, s, H-7),
"C-NMR( 150 MHz, D,0)6:153.8(C-1),126.5
(C-2),129.6 (C-3),120.5(C-4),129.5(C-5),
115.5(C-6),59.6(C-7) ,'"H-NMR 5" C-NMR % ¥
53¢k (Jensen et al., 1979) 4 8 — 2, 2 & %
AW R KB,

&4 TLEKAR(HEE) ,ESI-MS m/z:134
[M-H]", 4 F X~ C,H 0, H-NMR (600 MHz,

Methanol-d,) 6:7.87 (2H, d, J = 8.5 Hz, H-2,
6),6.80(2H, d, J = 8.6 Hz, H-3, 5),2.53(3H,
s,8- CH,), "“C-NMR ( 150 MHz, Methanol-d, ) §:
129.2(C-1),132.2(C-2, 6),116.3(C-3, 5),
165.9 (C-4),199.4 (C-7),26.2(C-8),"' H-NMR
5P C-NMR 4 5 SCik (35 5k 51 39 55 2008 ) i 18
— B, WS Z AR G X R R ST

EW S REOKHAKR(HE),ESI-MS m/z:
123 [M+H]", 5+~ C,H,0,, H-NMR (600
MHz, Methanol-d,) 8:9.7(1H, s, —CHO), 7.7
(2H, d, J = 8.6 Hz, H-3, 5), 6.9(1H, d, J =
8.5 Hz, H-2, 6).,”C-NMR (150 MHz, Methanol-
d,) 8:191.3(-CHO), 165.1(C-4), 132.1(C-2,
6), 128.3(C-1),115.8(C-3, 5).,'H-NMR 5"C-
NMR %05 SCHk (#R%5E,2019 ) ]R8 — 2, i E
A A W R N R SR

&6 RE AL (HEE) ,ESI-MS m/z:
209 [M+H]", 4 F K C,,H,0,.," H-NMR ( 600
MHz, Methanol-d,)é6:7.52(1H, d, J = 15.9 Hz,
H-7),7.02(1H, d, J = 2.1 Hz, H-2),6.93(1H,
d, J=8.2Hz, J=2.1Hz, H-6),6.76(1H, d,
J = 8.1 Hz, H-5),6.24(1H, d, J = 15.9 Hz, H-
8),4.20(2H, q, J = 7.1 Hz, H-10) ,1.30(3H, t,
J = 7.1 Hz, H-11) ,*C-NMR (150 MHz, Methanol-
d,)8:122.9(C-1),115.1(C-2),146.7(C-3) ,149.5
(C-4),116.5(C-5),127.7(C-6),146.8(C-7),
115.3(C-8),169.3(C-9),61.4(C-10),14.6( C-
11) ,"H-NMR 5" C-NMR %45 5 SC#ik ( A A5 145,
2018) il — 2, B %A G Y R NEERR Z.T .

&EW 7 REAWAR(HEE) , ESI-MS m/z:
179 [M+H]", 5 F X~ C, H,,0,,' H-NMR (600
MHz, Acetone-dy) 8:9.64 (1H, d, J = 7.7 Hz, H-
9),7.55 (1H, s, H-2),8.14 (1H, d, J = 15.8
Hz, H-7), 7.20(1H, dd, J = 8.3, 2.0 Hz, H-6) ,
7.04(1H, d, J = 8.3 Hz, H-5),6.59 (1H, dd,
J = 15.8, 7.7 Hz, H-8) ,3.91 (3H, s, 3-OCH,) ,
BC-NMR (150 MHz, Acetone-d,) 8:126.6(C-1),
111.4(C-2),150.5 (C-3),147.0(C-4),122.0( C-
5),126.6(C-6),153.9(C-7),114.0(C-8),193.1
(C-9),55.4(3-0CH, ), 'H-NMR5"C- NMR %t ¥
5 3CHk (Haruna et al., 1982) it 8 — 3, MK E 1%
A0 R BT B

a8 HEMA(HE),ESI-MS m/z:193
[M+H]*, 2> 73 & €, H,0,, H-NMR ( 600 MHz,
Methanol-d, )8:7.86 (1H, d, J = 9.5 Hz, H-4),
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7.12 (1H, s, H-8 ),6.78 (1H, s, H-5),6.21
(1H, d, J = 9.4 Hz, H-3),3.91 (3H, s, H-
11) ., C-NMR ( 150 MHz, Methanol-d,) &:111.22
(C-3),144.73 (C-4),102.56(C-5),106.54 ( C-
8),55.41(C-11) ,'"H-NMR 5" C-NMR %¥& 5 ik
(EPAE B ,2010) B — 3, BE e iz G 9 oh =
REEER,

a9 REEMRY (FEE), ESI-MS
m/z:335 [M+H]", 7>+ & C, H,, 0., H-NMR
(600 MHz, Methanol-d, ) 6:6.97 (2H, d, J = 1.9
Hz, H-5, 5'),6.83(2H, dd, J = 8.2 Hz, J = 2.0
Hz, H-7, 7'),6.79(2H, d, J = 8.1 Hz, H-8,
8),4.73(2H, d, J = 4.2 Hz, H-4, 4'),4.25
(2H, dd, J = 9.1, 6.9 Hz, H-2a, 2a’),3.88(6H,
s, 6, 6'-0CH,),3.86(2H, dd, J = 9.5 Hz, 3.9
Hz, H-2b, 2b"),3.17(2H, m, H-3, 3") ,"C-NMR
(150 MHz, Methanol-d,)8:71.2(C-2, 2'),54.0
(C-3, 3"),86.1(C-4, 4'),114.7(C-5, 5') ,147.7
(C-6, 6'),118.6(C-7, 7'),109.5 (C-8, 8'),
145.9 (C-9, 9'), 132. 4 ( C-10, 10"), 55. 0
(OCH;) ,'H-NMR 5" C-NMR %3 5 SC#k ( Saleem
et al., 1997) i — 8, B EExfL5WHh 3, 3'-
bis ( 3, 4-dihydro-4-hydroxy-  6-methoxy-2H-1-
benzopyran) ,

G 10 B AR K (HE) , ESI-MS m/z.
347 [M+H]", 4+ K C;H,0,,  H-NMR (600
MHz, Methanol-d,) 8:7.62 (1H, d, J = 2.2 Hz,
H-2"), 7.52 (1H, dd, J = 8.5, 2.2 Hz, H-6'),
6.89 (1H, d, J = 8.5 Hz, H-5'), 6.49 (1H, s,
H-8),3.88 (3H, s, 3'-OCH,),3.78 (3H, s, 6-
OCH,) . "C-NMR ( 150 MHz, Methanol-d, ) §:
156.72(C-2) 137.83(C-3),178.89(C-4), 152.28
(C-5),131.18(C-6),157.40(C-7),93.58(C-8) ,
152.37 (C-9), 104.89 ( C-10), 121.53 (C-1"),
115.02 (C-2"), 145.07 ( C-3"), 148.58 ( C-4"),
115.07 (C-5"),120.94 (C-6'),59.55(3-0CH,),
59.11(6-0CH,) ,' H-NMR 5" C-NMR #4555 SCiik
(Fadul et al.,2020) 48 — 2, & E Zb &R
axillarin .

fkEw 11 WA R (H ), ESI-MS m/z:
303 [M+H]", 4>+ N CsH,,0,.," H-NMR ( 600
MHz, Methanol-d, ) 6: 7.51 (1H, s, H-2"),7.37
(1H, d, J = 8.5 Hz, H-6') ,6.72(1H, d, J = 8.4
Hz, H-5'),6.24(1H, s, H-8),6.02(1H, s, H-
6) . C-NMR (150 MHz, Methanol-d,)&:146.8( C-

2),135.7(C-3),175.8(C-4),156.1(C-5),98.2
(C-6),163.9(C-7),93.4(C-8),160.7(C-9),
103.0(C-10),122.0(C-1"),115.1(C-2") ,145.1
(C-3"),147.7 (C-4"),115.6 (C-5"), 120.0 ( C-
6') ,'H-NMR 5" C-NMR %4l 5 SCiik ( 8 & 545
2017 ) 38 — B, MU EZ B i &

fEEW 12 AN AR SR (HEE) , ESI-MS
m/z:359 [M+H]", T3 K C,H,, 0., H-NMR
(600 MHz, Methanol-d,) 8:6.97 (2H, d, J = 1.
9Hz, H-2, 2’ ),6.93 (2H, dd, J = 8.2, 1.8Hz, H-
6,6'),6.79 (2H, d, J = 8.1Hz, H-5, 5'),4.73
(1H, d, J = 4.4 Hz, H-7, 7'),4.26 (2H, dd, J =
9.0, 6.9 Hz, H-9a, 9'a),3.86(2H, dd, J = 9.0,
3.2Hz, H-9b, 9'b),3.88 (4 3H, s, 2x-0CH,)
“C-NMR ( 150 MHz, Methanol-d,) &: 132.3 ( C-1,
1),109.5(C-2, 2') 147.7(C-3, 3'),145.9 (C- 4,
4'),114.6 (C-5, 5'),118.6 (C-6, 6'),86.1(C-7,
7'),53.9(C-8, 8'),71.2(C-4, 8),54.9( 3', 3''-
OCH,) ,'"H-NMR 5" C-NMR %#i 5 SCilik (5K %%,
2020) #E—2, BUE I G (+) IR ER .

EW 13 ARG (HE) , 518
Cy,H0,10% 6 - LB I S 52 ARt R, 5 X IR
ARG =R RJEIF R A — B B RAT
K W B AL G B-A4F KB

e 14 [k RS & (HEE), ESI-MS
m/z:257 [M+H]* ¥k C,,H,0,,' H-NMR
(600 MHz, Methanol-d,) 8:0.89(3H, t, J =5.9
Hz, H-2),1.6(24H, brs, H-4~15),2.08(2H, m,
H-3),2.29(2H, t, J =5.9 Hz, H-2)., "“C-NMR
(150 MHz, Methanol-d,) 8:173.7(C-1),33.2(C-
2),31.7(C-14) ,29.6(C-7~12),29.5(C- 6) ,29.4
(C-13),29.3(C-4) ,24.7(C-3) ,22.4(C-15) ,13.5
(C-16) ,'"H-NMR 5" C-NMR % ¥ 5 Sk ( 414 1)
4,2018) B — B, WS e AL B R IR

4 T

GH B H TN R R PR AN [R] 25 JHER AL 25 4
FARHE YIS H 00 1M b 373 AR AT SR Y
R, 3BT 1989 RS TL IR H 25 B AR HME) Al
2020 fiR( 2y L) o B R, FOEOXE il
S R 2 DAk, i B R O B AUER
fift e Z DI ( X F5 IR 55, 2013) o A U84 i 391 AE
T RGP 27 PG 19 1= 2 v BEA T 356 P 9 8 N 2 B
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