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Chemical constituents of the necroptosis-inhibited
active fraction from Xanthium mongolicum (1)
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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

i B 2022-01-10
BEE&WB: HEAARFIEEES (81760706) ; TLPY A & 24 K2 vh 2 2% — Ji % B & Wi R 36 45 (JXSYLXK-ZHYA0022 , JXSYLXK-
ZHYAO112)
F—1EE . KREE(1995-) AT A, EENE TR =Y 14022 i3 5T, (E-mail ) 2907078452@ qq.com,
CEAEMEE . XE A B A A T, 2N S AR 2R I AR R PE ST, (E-mail ) winner616@ 163.com,,



13 BER &5 S HAN G R IEEJH T2 (necroptosis ) T PEFS A7 AL 2% B4 58 (1) 133

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 M 4% FR 4 T2 7 P 4H Jfd 34 58 55 448 fifg
IRFEAEH T, S 3 AR R A — P BEAZ SE T4
SV SO IR SEAE S5 M R S B AL TS A
VF 2 W57 42 Bl Necroptosis 5 i 83 40 ff 5% 7% 1 x4k
ISP A 24 25 WS 0 A A | R 22 R AT 1 R E
DL O WUREBE | Hp XU BB AR i 8 R0 e ik 4% 45 7
L2 B B RS B SR A % (Andress et
al., 2014) . X} Necroptosis #E47 1 Wl n] BEFZE I IR |
Pl /L X BRI Al SR 45405 ( Galluzzi et al.,2012)

T2 BT AR IR YT SE FI AL P 1Y D B
& H-( Xanthium strumarium) 3 ( Compositae ) &
HJ& ( Xanthium L.) —FAEFARIEY) . VB RE%
GriAEY , A& b R TA] A BB T S R K
MR ICTT R R | BT L 2 A R R R
(Ma et al., 2009; Huang et al., 2011; Nibret et
al., 2011) . (AEARFD) LA B JE IRk 2,
A/NEE, BATIKOXEE i 3 AR IR (25 R
L 1985) , MARZYEEMI SR R, B H R AR
PR BB PR SR 2 BAE ] (rh AR N RSN
[ 258 ,2020) , TLP4 5T N IZJE ALY 220 58l
& H-(X. mongolicum) ( -}/ ,2017) , AP
29I 56 A R 27 74 R B2 2 rpuo X 3 A VT
P4 100 Fofr i 5L 25 42 O 20 43 PR A ot 26 47 305 A2 i 328
I, 52 45 B L4 ) 22 K ALY g & e ot
BB EA R PR A M IR SE Y AR BT M,
B 5% iy 4 - 00 ) R A A0 R R BE 1 3 M 4,
JETT R HEAR M 1 53 1Y R GEA S Mo 0 B . AR5
KA i 50% £ 15k JB 8 457 43 25 45 3 1y 14 4
&P (E 1) . b eGP 1-4.7-10 E R
S H B,

1 B 5 NHE

AT 2017 4R 7 AR TILA M &, L
PR 24 R X I 280 48 5 9 A Bk B A 58y
TH-(X. mongolicum ) WL 34, FEUEAR AR R A7
FALP R 2 REER A E ( 2Y-20170701)

2695 Alliance Separations Module Y = 25 &

3% A0 A 1525 AL ) o R0 WO A X
[ Lichrospher C18 ﬂ?ﬂ%{@*ﬁ@lﬁ*fz(30 mm X 250
mm, 10 pm) ] ( € [E Waters 23 7] ) , Inova-600 Y
S ILIR P TE AL (35 Varian 22 7] ), AB Triple
QUAD 4500 i (3£ E AB SCIEX A #]) , WFH-
203 (ZF-1) B = HIS A o A AR ( RS B Sk A BR
Z3HE])  AE100 Y 7730 A K1 (i A A - FE )
Z /s ) . LH-20 #2759 5 ) 58 B Bt S ( Sephadex
LH-20, Jii #t GE Healthcar 24 7)) , (438 K& )2 (5,
AL (200 H, 7 S EEEA T 76 . #IR
Gy AR 38 O 43 B 4, 2 i £ HPLC ) Iy
sl (PP AL TR A RA ) K 2K

I R 0 2k A0 Al M R S N e A i &R
HT29, 553535 DMEM Medium 1 10% FBS F1 1%
P/S, Cell Titer-Glo 4 i i 4 46 I 3 55 & Wy T
Promega /A Al , Mg RFE K+ TNF-o 38 35 KM #F 16
RKIERG R BI i3 22 0 -G Smac
mimetic F1 Caspase #il7] z-VAD.fmk it 504 fiy
PR AL O A

2 HER %

2.1 #EASE

H AR 1% 10 kg Z5M M 08 5 12 0,95 % £, BE
B PEE, BER 7 d, BRE 3 R, A IR R EUR, bR
[T 390 i A5 20 4 B = 800 g, AR LU
T LRI, PERE 25 A B A B A R FL AR R A
RO LA [R) 9 B 2 T 88 0 I, 75 1) 7K 28 ot 3
BL(FRIE R A FFAL) (200 g) 30 % £ T3k Bt 3 4o
(FRieR B #47) (80 g) .50 % & B Pk AL (A5
0K CEBAL) (120 g) .70% ZBEVER AL (hRic N
D #437) (60 g) .90 % L BELE N ERAL (FRic  E &6
i) (150 g) . 43 BIHUAS 4503327 20 mg JHl DMSO
e i B 20 mg - mL BEAFIE, S, T-20 CI-TF,
2R E
2.2 iE M AR AL IR ik

HT29 ( N B ) ARy | 28 TSZ( KM% o
A4 20 ng + mL" TNF-a, 100 nM Smac F1 20 nM z-



134 |1 I G/ 43 %
Rl R2 g
oH 2 W CH,CH,COCH; HO 0
R, 3 CH,OH H O
4 H COCH;, !
5 H CHO
Ry 6 OH CH=CHCOOGH 5 R,
7 OCH, CH=CHCHO 10 OCH;

B1 kEWw1-14 &4

Fig.1  Structure of compounds 1-14
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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.
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Fig. 2 Screening results of eluted fractions by macroporous
resin of Xanthium mongolicum
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E&w 1 EEE K CHE), ESI-MS m/z:
199 [M+H]",4rFxX K €, H, 0, 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,) 8:
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 #5045 5 SCHR ( 75 0 i 55,
2011) Mk B — FH, MK E Z &Y H
hydroxydihydrobovolide .

a2 JLEKAR(HEE)  ESI-MS m/z:163
[M-H]™,4+F:X K C,yH,,0,.,' H-NMR (600 MHz,
Methanol-d,) 6:7.02 (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 $4fE 5 SCHR ( Baek et al., 2011) 438 —=2,
B S8 2 A B W) W RS FR ( raspberry ketone, RK) |
R Ry 78 2T 1

&Y 3 IREGOHAE(IK) ,ESI-MS m/z:126
[M-H] ", % F X~ 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).
BC-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 %4
L5 3CHik (Jensen et al., 1979) 18 — 2, % E %
AW K EE .

k& a4 TEMAE(HEE),ESI-MS m/z:134
[M-H]", %> F3m 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 1k 51 39 55 2008 ) iz 18
— B0, MU E A W) R R T

G s RECABK(TE) ,ESI-MS m/z:
123 [M+H]",4rF 28 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 55 SCik (4300 55,2019 ) 238 — 2, il %
A W R R RS OR

G 6 IRE AT (TE) ,ESI-MS m/z:
209 [M+H]",4r+:F C,,H,,0,," H-NMR ( 600
MHz, Methanol-d,)é8:7.52(1H, d, J = 15.9 Hz,
H-7),7.02(1H, d, J = 2.1 Hz, H-2),6.93(1H,
d, J=82Hz, J =2.1Hz, H6),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 %4 5 SCilik ( 4 4 01 45
2018) i — 2, Wk iz AL & W A WHERR 21

&7 REAHIR(FE) , ESI-MS m/z.
179 [M+H]", 5> F X~ C, H,,0,,' H-NMR (600
MHz, Acetone-d;) 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,) :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-NMR 5 "C- NMR % i
5 R (Haruna et al., 1982) Hitif — 2, it % & 1%
165k B B |

a8 HEMA(HE),ESI-MS m/z:193
[M+H]", %7k C,,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 %4 5 ik
(FPAL P45 ,2010) RIE — 30, S E iz &Y b 5+
REFR,

EW 9 IR EWRY (B EE), ESI-MS
m/z:335 [M+H]", 4> F X~ CyyH,, 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,)é: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 %# 5 SC ik ( Saleem
et al., 1997) #ftii — 8, B EExfb 5Nl 3, 3'-

bis ( 3, 4-dihydro-4-hydroxy- 6-methoxy-2H-1-
benzopyran)
fe& ¥ 10 Bk K (HBE)  ESI-MS m/z:

347 [M+H]", 2 F3X K €, H, 04, H-NMR (600
MHz, Methanol-d,) §: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 %45 5 SCiik
(Fadul et al.,2020) #fi8 — 2, B @z & 90
axillarin .

a1 BEE S (B, ESI-MS m/z:
303 [M+H]", 4+ F3F 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 SC#ik ( 85 4 0545
2017) i — B, s ez e & W ot &

fREY 12 B AR AR SR () |, ESI-MS
m/z:359 [M+H]", &+ F3:X 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 %4 5 Sk ( 7k % %5,
2020) i — 2, MEEE R EY N (+) IMIEER

&Y 13 e RE S (P EE) , 5 FU R
Cy,H0,10%HiR - L B M S 5L ARt i, 5 X IR
AR A AR R ETT R — B W AEAT
R, s izt B B- B

&Y 14 HER RZ & (B, ESI-MS
m/z:257 [M+H]*, 4>+ 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,) §: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 %4 5 SC ik ( 414 1)
84,2018 i — B, WS e iz AL B R

4 ik

CH GHF R R R A [ 245 F AL 69 25 %1
Z AR B0 T B 43 G A AL Y
WAL, 3BT 1989 MR VLT3 48 H 25 B Am e ) Al
2020 W P E 258y o B H PR, B0 GE 8
B K2 Rk, e YRR TE, B KA
REEZ N ( XN FH IS, 2013) A 55 40 Wiy 39 78
& R AF N K2 VG B 5 2 vp o 47 306 2 O 3 s & R
SR B VLV A 5 iy 4 B 1A 00 R 1 A0 i YR AE 1
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A= BTG B 2 R FL AR 509% & B v 158 358 437 3%
R TE

MIEHEIRAL A B A B 14 Me Y e
¥ 1 (hydroxydihydrobovolide ) 2 5¢ iy 45 H-H1 55 Ik 43
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