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Isolation of the Constituents with Cancer Cell Growth Inhibition and
Anti-inflammatory Activity from Persicaria nepalensis
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Abstract — This study was initially explored to procure biomaterials capable of inhibiting cancer cell growth from nine Per-
sicaria species (Polygonaceae). The extract of P. nepalensis that was selected from the initial screenings was further fractionated
to identify bioactive compounds. The ethyl acetate (EtOAc) fraction was shown to be the most active in the inhibition of cell
growth against six cancer cell lines (ICy, value of 3.77-12.87 pg/ml). Phytochemical study led to the isolation of two galac-
tolipids of 1,2-di-O-linolenoyl-3-O-B-D-galactospyranosyl-sn-glycerol (1) and 1-O-linolenoyl-3-O-B-D-galactospyranosyl-sx-
glycerol (2) from the hexane fraction and three phenylpropanoyl sucroses of lapathoside A (3), vanicoside B (4) and lapathoside
C (5) from the EtOAc fraction. These isolated compounds have not been reported from this plant. Compounds 3 and 4 exhibited
the effective growth inhibition against a panel of cancer cell lines (ICy, value of 6.90-18.09 uM). In addition, the anti-inflam-
matory activity was evaluated to determine lipopolysaccharide (LPS)-induced nitric oxide (NO) formation in RAW264.7 mouse
macrophage cells. The EtOAc fraction (ICs,; 34.14 pug/ml) and its constituents, 3 (8.55 uM) and 4 (7.83 pM) were shown to
be effective in the inhibition of LPS-induced NO production. Therefore, compounds 3 and 4 were considered to be active con-
stituents for anti-inflammatory and antitumor activity from P. nepalensis.
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Persicaria®s 2 E2A 7YAAH (P dissitiflora), 71 (P
longiseta), 2P| (P, thunbergii), =21 (P. senticosa),
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BE vl ¢l

M= W

7171 A A - =422 E 8l AHEE ARE HE2
YamazenAF2] prepacked column(30pm, Japan) ©] S,
TLC plate= MerckAH(Darmstadt, Germany)$] A|&-& AR
3t UV spectrum= UVI60A UV-vis recording
spectrometer(Shimadzu, Kyoto, Japan)E ©]-&3l>] 27431
o™, IR spectrum< JASCO 4200 FT-NMR spectrometer
£ o]g3le] KBr taa oz 24319t} 'H-, PC-nuclear
magnetic resonance(NMR) Z=2] E& 3} 2D-NMR spectrum
2 Bruker AM-600 spectrometer(Bruker, Rheinstetten,
Germany)®] A|F2Z TMS(tetramethylsilane)s WF-ETE
A7 A5k 2935tk 228]3 HR-ESI-MS spectrum-
Synapt G-2(Waters, Miliford, MA) A &< AF&3te] Q-
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column(30 pum, silica gel column, ¢ 3.0cm %30 cm,
Yamazen Co., Japan)S AHE-3F1L, 7080 24 CHCI;-
MeOH-H,0(8:2:1, 315 )& ARS8ttt SHHZE ALE-3)
of ZNEulE AN e EEFH7E ol83te] 30 mL
A it 4 BEES TLCE AlZsbaA 9 #
6 — 103} # 31 — 442 FHsto] 42 F53 ths ol
Sephadex LH-20 column chromatography= “dA|}$3t}. o]
S # 6 - 102257 39HE 1(43 me)ye, 183 # 31 —
4475 E] BFHE 2232 mg) LTt

5182 1-Glassy resin, IR v, (KBr) cm” : 3379
(OH), 2960, 2924 (CH), 1707 (C=0), 1628, 1605 (C=C),
1514, 1455 (CH,), 1361 (CH,), 1265, 1163 (C-O), 833;
'H-NMR (600 MHz, CDCl,) &: glycerol - 4.20 (1H, dd,
J=3.0, 12.0 Hz, H,-1), 424 (1H, dd, 6.6, 12.0 Hz, H,-1),
534 (1H, brs, H-2), 3.76 (1H, dd, 5.4, 10.8 Hz, H,3),
394 (1H, dd, /=54, 10.8 Hz, H,-3); linolenoyl - 2.35
(4H, q, /=2.35 Hz, H-2, 2"), 1.63 (4H, m, H-3', 3"), 1.31
(12H, brs, H-4', 4", 5, 5", 6, 6"), 1.37 (1H, d, /=7.8 Hz,
H-7), 2.08 (4H, m, H-8', 8"), 5.36 — 5.43 (10H, H-9', 9"
10, 10", 12, 12", 13", 13", 15", 15"), 5.34 (2H, m, H-16,
16") 2.83 (8H, t-like, H-11', 11"), 2.11 (4H, m, H-17,
17", 1.00 (6H, t, /=7.8 Hz, H-18, 18"); D-gal — 4.30
(1H, d, J/=7.8 Hz, H-1"), 3.63 (1H, t-like, H-2), 3.62 (1H,
dd-like, H-3), 4.04 (1H, brs, H-4), 3.58 (1H, t-like, H-5),
3.89 (1H, dd-like, H,-6), 3.99 (1H, dd-like, H,-6); Be-
NMR (150 MHz, CDCl,) &: glycerol — 62.8 (C-1), 70.2
(C-2), 68.4 (C-3); linolenoyl — 173.5 (C-1', 1"), 34.1 (C-2,
2", 29.0, 29.1, 29.2 (C-4, 4", 5', 5", 6", 6", 7, "), 27.2
(C-8), 127.7 (C-9, 9"), 1283 (C-10, 10", 25.6 (C-11,
11"), 1314 (C-12, 12"), 130.2 (C-13', 13"), 25.4 (C-14,
14", 1282 (C-15, 15"), 127.1 (C-16', 16"), 20.5 (C-17,
17", 14.3 (C-18', 18"); D-galactose — 103.1 (C-1"), 71.7
(C-2"), 73.5 (C-3"), 69.7 (C-4"), 74.6 (C-4"), 62.7 (C-6");
HR-ESI-MS m/z: 773.5311, calc. for [C,sH,;0,] -

51828 2 - Glassy resin, IR v, (KBr) cm” : 3374
(OH), 2967, 2931 (CH), 1712 (C=0), 1628, 1607 (C=C),
1514, 1464 (CH,), 1365 (CH,), 1268, 1163 (C-O); 'H-
NMR (600 MHz, CDCl,) 6: glycerol — 4.04 (1H, m, H,-
1), 4.10 (1H, m, H-1), 5.33 (1H, brs, H-2), 3.86 (1H, m,
H,-3), 390 (1H, m, H,-3); linolenoyl - 235 (2H, q,
J=8.4, H-2"), 1.63 (2H, m, H-3"), 1.31 (6H, brs, H-4', 5',
6", 1.37 (2H, d, J=7.8 Hz, H-7), 2.08 (2H, m, H-8), 5.36
— 543 (SH, H9, 104, 12, 13, 15", 5.34 (1H, m, H-16')
2.83 (4H, t-like, H-11', 14", 2.11 (2H, m, H-17'), 1.00
(3H, t, 7.8 Hz, H-18'); D-galactose - 431 (1H, d, J=7.8
Hz, H-1"), 3.62 (1H, t-like, H-2"), 3.60 (1H, dd-like, H-
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3"), 4.02 (1H, brs, H-4"), 3.57 (1H, tlike, H-5"), 3.88
(1H, dd-like, H,-6"), 3.98 (1H, dd-like, H,-6"); “C-NMR
(150 MHz, CDCL,) &: Glycerol — 62.8 (C-1), 69.6 (C-2),
69.7 (C-3); linolenoyl — 173.4 (C-1"), 34.1 (C-2'), 24.9 (C-
3", 29.0, 29.1, 29.2 (C4, 5', 6", 7", 27.2 (C-8), 127.9 (C-
99, 1282 (C-10", 25.6 (C-11', 131.9 (C-12, 130.2 (C-
13, 252 (C-14'), 1283 (C-15"), 127.8 (C-16), 20.5 (C-
17), 143 (C-18'); D-galactose - 101.1 (C-1"), 71.9 (C-2"),
733 (C-3"), 69.6 (C-4"), 74.6 (C-4"), 62.6 (C-6"); HR-
ESI-MS m/z: 513.3114, calc. for [C,;H,s0,] .

Phenylpropanoyl Sucrose(ElgfE 3, 4, 5) M&2o| £2|
- EtOAc 8 E(3.0 g)=F-H silica gel column(Yamazen
3.0 x40 cm, 30 um)°l|A ©]&% CHCl,-MeOH-H,O(8:3:1,
=)o g Bkt 30 mLA FRsPEA # 17 - 20 2
# 22 — 24 FHAE T5310] MeOHellA 242t Al 27g st
3HHE 331 me) 439 me)E AAUTH. L)AL # 29 - 33
FHAE Hol FHAZ|L MeOHONA A A8t 81gE
5(54 mg)ye AT}

Compound 3 (lapathoside A)—White powder, [a]5(23)
+ 22.7° (¢ 026, MeOH), UV A (MeOH) nm (log ¢):
271 (4.47), 345 (4.51); IR v, (KBr) cm™: 3188 (broad,
OH), 2957, 2925 (aliphatic C-H), 1652 (a,p-unsaturated
ester), 1630, 1514 (aromatic C=C), 1449 (CH,), 1264,
1161 (C-0), 1059 (glycoside C-O), 834; HR-ESI-MS m/z:
9852704, calc. for [CyH,0,,]: 'H-NMR (300 MHz,
CD;0D) é: D-glucose — 3.30 (1H, m, H-4), 3.30 (1H, m,
H-5), 3.47 (1H, dd, J=9.6, 4.0, H-2), 3.65 (1H, dd, J=9.6,
9.0, H-3), 420 (1H, m, H,-6), 472 (1H, m, H,-6), 5.57
(1H, d, /~4.0 Hz, H-1); D-fructose — 4.20 (1H, m, H-5"),
433 (2H, m, H-1"), 456 (1H, m, H,-6"), 4.58 (1H, m, H-
6, 474 (1H, m, H-4"), 5.65 (1H, d, /8.4 Hz, H-3); 6-
O-feruloyl — 3.84 (3H, s, OCH;), 6.48 (1H, d, J=16.0, H-
8", 6.76 (1H, d, J=8.4 Hz), 7.01 (1H, dd, J=8.4 Hz, 2.0
Hz, H-6"), 7.20 (1H, d, J=2.0 Hz, H-2"), 7.72 (1H, d,
J=16.0, H-T"); 1-O-feruloyl — 3.83 (3H, s, OCH,), 6.39
(1H, d, /~16.0 Hz, H-8"), 6.75 (1H, d, /=84 Hz, H-5"),
7.04 (1H, dd, /=84, 2.0 Hz, H-6"), 7.15 (1H, d, /2.0
Hz, H2"), 7.65 (IH, d, /160 Hz, H-7"); 3-Op-
coumaroyl — 6.44 (1H, d, J=16.0 Hz, H-8"), 6.78 (2H, d,
J=8.8 Hz, H-3", 5"), 7.47 (2H, d, J/=8.8 Hz, H-2", 6"),
7.70 (1H, d, J=16.0 Hz, H-7"); 6-O-p-coumaroyl — 6.26
(1H, d, /~16.0 Hz, H-8""), 6.76 (1H, d, J=8.8 Hz, H-3"",
5™), 7.33 (2H, d, /=8.8 Hz, H-2", 6™), 7.58 (1H, d,
J=16.0 Hz, H-7"); "C-NMR (75.5 MHz, CD,0D) &: D-
glucose — 65.8 (C-6'), 722 (C-4), 724 (C-5), 72.9 (C-2),
749 (C-3), 92.9 (C-1); D-fructose - 65.5 (C-6'), 66.2 (C-
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1", 74.0 (C-4), 79.1 (C-3"), 81.0 (C-5"), 103.4 (C-2"); 6-O-
Seruloyl — 56.4 (OCH,), 111.5 (C-2"), 1153 (C-8"), 116.4
(C-5"), 124.5 (C-6"), 127.7 (C-1"), 147.2 (C-7"), 148.3 (C-
3", 150.6 (C-4"), 1693 (C-9"),; I1-O-feruloyl — 56.4
(OCH,), 111.6 (C-2"), 115.0 (C-8"), 1163 (C-5"), 124.4
(C-6"), 127.6 (C-1"), 147.4 (C-7"), 149.3 (C-3"), 150.7
(C-4™), 168.5 (C-9™); 3-O-p-coumaroyl — 114.3 (C-8"),
116.8 (C-3", 5"), 127.1 (C-1"), 131.5 (C-2", 6"), 147.9
(C-7), 161.5 (C-4"), 168.5 (C-9"); 6-O-p-coumaroyl —
114.8 (C-8"), 116.8 (C-3", 5"™), 127.1 (C-1"), 131.6 (C-
2" 6"™), 146.8 (C-7™), 161.3 (C-4"), 168.9 (C-9™).
Compound 4 (vanicoside B)— White powder, [a]5(23)
+ 15.6 (c 0.70, MeOH), UV 2, (MeOH) nm (log ¢) :
270 (4.45), 344 (4.49); IR v, (KBr) em” : 3361 (broad,
OH), 2932 (aliphatic C-H), 1654 (o.p-unsaturated ester),
1610, 1491 (aromatic C=C), 1447 (CH,), 1262, 1162 (C-
0), 1094 (glycoside C-O), 838; HR-ESI-MS m/z
955.2702, calc. for [C,H,;04]5 'HANMR (300 MHz,
CD,0D) &: D-glucose - 3.34 (1H, m, H-4), 3.50 (1H, dd,
J =102, 42 Hz, H-2), 435 (1H, m, H-5), 459 H, m,
H-6), 4.75 (1H, m, H-3), 520 (1H, d, 3.8 Hz, H-1); D-
Sfructose — 3.67 (1H, t, /=9.0 Hz, H-4"), 424 (1H, m, H,-
6", 459 (2H, m, H-1"), 4.74 (1H, m, H,-6"), 5.62 (1H, d,
8.4 Hz, H-3"), 5.67 (1H, d, J=8.4 Hz, H-3"); 6-O-feruloyl -
3.87 (3H, s, OCH;), 6.49 (1H, d, J=16.2 Hz, H-8"), 7.22
(1H, d, 1.8 Hz, H-2"), 7.74 (1H, d, J=15.6 Hz, H-7");
1"-O-p-coumaroyl - 6.46 (1H, d, J=15.6 Hz, H-8), 6.82
(1H, d, J=8.4 Hz, H-3), 7.50 (1H, d, /~8.4 Hz, H-2), 7.68
(1H, d, J=16.2 Hz, H-7); 3"-O-p-coumaroyl - 6.36 (1H, d,
J=15.6 Hz, H-8"), 6.79 (IH, d, /=84 Hz, H-3"), 7.44
(1H, d, J=9.0 Hz, H-2"), 7.64 (1H, d, /=162 Hz, H-7");
6"-O-p-coumaroyl - 629 (1H, d, J=16.2 Hz, H-8"), 6.78
(1H, d, /=84 Hz, H-3"), 7.36 (1H, d, /=9.0 Hz, H-2""),
760 (1H, d, J=15.6 Hz, H-7"); "C-NMR (75.5 MHz,
CD,0D) &: D-glucose — 66.3 (C-6), 72.8 (C-4), 729 (C-
5), 73.5 (C-2), 74.6 (C-3), 93.5 (C-1); D-fructose - 65.4
(C-1), 669 (C-6"), 75.7 (C-4), 79.7 (C-3"), 81.5 (C-5),
103.9 (C-2); I-O-feruloyl — 57.1 (3"-OCH,), 112.2 (C-2"),
1153 (C-8"), 116.8 (C-53"), 125.0 (C-6"), 1283 (C-1"),
147.3 (C-7"), 149.8 (C-3"), 151.1 (C-4"), 169.8 (C-9"); 1"
O-p-coumaroyl — 115.3 (C-8), 117.3 (C-3, 5), 127.7 (C-1),
132.0 (C-2, 6), 147.7 (C-7), 161.9 (C-4), 169.4 (C-9); 3"
O-p-coumaroyl — 1149 (C-8"), 117.3 (C-3",5"), 127.7 (C-
™), 132.0 (C-2", 6™), 1484 (C-7"), 161.7 (C-4™), 169.4
(C-9"); 6-O-p-coumaroyl — 115.3 (C-8™), 117.3 (C-3"",5"),
127.7 (C-1"), 131.8 (C-2"™,6™), 149.8 (C-7™), 169.0 (C-
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9", 161.9 (C-4").

Compound 5 (lapathoside C)-— White powder, mp 125
- 127°C, UV A,,, MeOH) nm (log €) : 230 (4.23), 320
(4.56); v, (KBr) em’ ;3189 (broad, OH), 3023 (aromatic
C-H), 2925 (aliphatic C-H), 1698 (a,pB-unsaturated ester),
1630, 1604, 1514 (aromatic C=C), 1449 (CH,), 1361
(CH;), 1264 (C-0O), 1059 (glycoside C-O), 835, 755; HR-
ESI-MS m/z : 809.2409, calc. for [C,H,,O5]; "H-NMR
(300 MHz, CD;0D) 6: D-glucose - 3.32 (1H, m, H-4),
3.35 (1H, m, H-5), 3.48 (1H, m, H-2), 3.65 (1H, m, H-3),
429 (1H, m, H,-6), 4.71 (1H, m, H-6), 5.50 (1H, m, H-
1); D-fructose - 3.60 (2H, m, H,-1', H-1'a), 4.18 (1H, m,
H-5"), 4.55 (2H, m, H-6'a, 6'b), 4.65 (1H, m, H-4'), 5.54
(1H, m, H-3"); 6-O-p-feruloyl — 3.84 (3H, s, OCH;), 6.48
(1H, d, /=159 Hz, H-8"), 6.75 — 6.82 (1H, m, H-5"),
7.02 (1H, d, J=7.5 Hz, H-6"), 7.21 (1H, brs, H-2"), 7.62
(1H, d, J=15.9 Hz, H-7"); 3-O-p-coumaroyl — 6.43 (1H,
d, /=159 Hz, H-8"), 6.75 — 6.82 (2H, m, H-3",5"), 7.52
(2H, d, /=8.4 Hz, H-2", 6"), 7.73 (1H, d, /=159 Hz, H-
7™); 6-O-p-coumaroyl — 6.24 (1H, d, J=15.9 Hz, H-8"),
6.75 — 6.82 (2H, m, H-3",5""), 7.34 (2H, d, /=8.4 Hz, H-
2"6™), 7.62 (1H, d, J=15.9 Hz, H-7"); "C-NMR (75.5
MHz, CD,0D) &: D-glucose - 65.8 (C-6), 72.1 (C-4),
72.3 (C-5), 73.1 (C-2), 74.8 (C-3), 92.5 (C-1); D-fructose
- 654 (C-1, 65.8 (C-6"), 75.0 (C-4"), 79.0 (C-3"), 81.1
(C-5"), 104.8 (C-2); 6-O-p-feruloyl — 564 (OCH,), 111.5
(C-2"), 115.3 (C-8"), 116.3 (C-5"), 124.5 (C-6"), 127.7 (C-
1"), 147.2 (C-7"), 149.3 (C-3"), 150.6 (C-4"), 169.3 (C-9");
3"-O-p-coumaroyl — 114.6 (C-8"), 116.8 (C-3",C-5"), 127.1
(C-1"), 131.5 (C-2",6"), 147.6 (C-7"), 161.4 (C-4"), 168.4

1: R = linolenoyl
e 2:R=H

Fig. 1. Structure of compounds 1 — 5 isolated from P. nepalensis.
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(C-9™);, 6-O-p-coumaroyl — 1148 (C-8"), 116.8 (C-
3"™5™), 127.1 (C-1"), 131.2 (C2™, 6™), 146.8 (C-7™),
161.4 (C-4™), 168.4 (C-9™).

MZH{QE — Q1A QHMIAER] H|F A (A549), TRt Al
(HCT116), f-3< Al £(MDA-MB-231), 919 Al 2 (SNU-
638), 7Ht M3 (SK-HEP-1), A4 ME(PC3) 52 Al
X9} vl A L (RAW 264.7)2 American Type
Culture Collection(ATCC, VA, USA)ZH-E] Al ket Al
EFE2 10% heat-inactivated fetal bovine serum(FBS) %
antibiotics-antimycotics(PSF; 100 units/mL  penicillin G
sodium, 100 ng/mL streptomycin, and 250 ng/mL. ampho-
tericin B)S F7Fgk WA & ARE-ake] wlj Fstith. o 714
SK-HEP-1, MDA-MB-231, RAW 264.7 X| £+ DMEM
w2 wj s, UHA] 45 Al EF= AS49, HCTI16,
SNU-638, PC30l| HlallA= RPMI 1640 HlX]l|A] wll4F3}5]
th 2t AZE 5% COE THreh & 371 Foll 37°C =&
w2 fA3n.

MESA| Mg - Aze] Z20) that A5e] oA ETE
559 Aol thsiA] ¥ sulforhodamine B(SRB) assay
2 St A 85e] oE] TS ¥ 96-well plated]
AZE JF3L 5% COE Tt 55 371 SollAl 37°C
ol A 72A17F vl FSH & 10% trichloroacetic acid® 327 3
Ack. IAE AZ SlFL 1% acetic acid 45 ZFs}
£ 0.4% SRBE @43 F 10 mM Tris buffer(pH 10.0)]
=gtk FREE SI5nm O S stk AL
W 2-8(%)- cell proliferation(%) = 100 X [(Ayeaea— Asero day)
H(A control = Asero aay)1] AR 0] 8314 AU, o714, A
= B FEEE Tt IC,, %2 TableCurve 2D v5.01
(Systat Software Inc., San Jose, CA, USA)Z ©|&3}o] H]
2 B S St ATt

OCH,

= feruloyl (lapathoside A)
= p-coumaroyl (vanicoside B)
= H (lapathoside C)
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iINOS Assay — 72~ 2] AlIZ520 RAW 264.7 cellS
10% FBS-DMEMOIA] wikatar 24-well plates(2 x 10° cells/
mL)l HE3sAc} o2 & 1% FBS-DMEMO.E WA 51
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Z3 g D@

AAEE AEstetH o R O Adto] 8] o FolA 3l
o
=

AEE Asith 117 & NO A4S e8] flsted] | eke vt Z349] Persicaria?dl 45 AES AAE
lipopolysaccharide(LPS)-controk A28} 1 ug/mL LPSE sto] StedS sl S8l 959 Persicariady XES
A7kl AEE 1847HERF v & Griess WH8-2 ©] AFsl] L MeOH FE2EES AZsit) ol FE2EE

2ajo] wjx|e] NO A4e] %S =gt 7eks] fokel
o, 180 pLe] Griess reagent(0.1% N-(1-naphthyl)ethylenedi-
amine dihydrochloride in H,O and 1% sulfanilamide in
5% H,PO,)S 100 pL wiAlell 715190}, S35 540 nm
o R S5 INOS AAE-E 100 % [(Ayeea— At ps.)/
(Arps:— Arps)]8] AIRHA S o] &34 AUt 4714, A=
Wt FHEE Dt IC,, w2 TableCurve 2D v5.01
(Systat Software Inc., San Jose, CA, USA)Z ©]&3}] H]
24 ARG Bl AarslAnt?

Cell Viability Assay - 935 &3 7] AR 371
24-well plated] HFEFEE 500 pgmLOZ 3 MTT &
7} welloll AL 37°Coll A 4x]7F &<t wjgFatint. viAl =
A 78k & dimethylsulfoxide (DMSO)E 7131t A EAY
&2 570 nmollM FHE=E S5l HEE 15 (LPSH)

S oz sl 55 GAEF tel YHE AFIA &
s W71E 8t Table I 22 AE ATt 2 A= 4t
AF|(P. nepalensis) FZ=°| 35| LA thate], ¥
(P hydropiper) F2Z2°] 452 Mo st 100 pug/ml
SE olstollA AAASEHE Ve S SIS

o] F AkH 7} A HL} o 8|S Ado]7] wjiEe] &
AoM s A FE2ES Aesie] g F4 Hxo u}
£ BYES Axsta, 7t Y5 tist A2 Al
T5S B8t Table 1), £3S 913 8% AFd=
A549, SNU638, HCT116, MDA-MB-231, SK-Hep-1, PC3
9] 65 IMEFE ARSSISITE o] AFolA 40 pg/mL ©]
3} FxollA] 4ted¥] MeOH FE&5S &35 Yepl#] &
O} EtOAc E8 52 9.01-38.88 pg/mLoll X 652] o
Az tiete] A A oA &35 Yepli]el o]

3 Hlaste] A5 3 Eo] HHE 4 g7l 254 F8 EFd 740l
Table I. Inhibition activity (IC;;) of the MeOH extracts of ten Persicaria species on cancer cell growth in vitro
Extract MDA-MB-231" SK-MB-231 A549 HCT116 SNU638
P dissitiflora >100” >100 >100 >100 >100
P. longiseta 57.93 >100 >100 >100 32.02
P thunbergii >100 >100 >100 >100 >100
P senticosa >100 >100 >100 >100 >100
P, sieboldii >100 >100 >100 >100 >100
P. nepalensis 55.52 >100 >100 >87.3 >65.59
P. filiforme 93.86 >100 >100 >100 >100
P yokusaiana for. laxiflora >100 >100 >100 >100 >100
P hydropiper 85 >100 46.27 94.57 95.81
Etoposide (uM)” 5.48 0.33 0.24 0.41 0.60

UCancer cell line: A549 (lung), HCT116 (colon), MDA-MB-231 (breast), SNU638 (stomach), SK-Hep-1 (liver). “Unit: pg/mL.

IPositive control

Table II. Inhibition activity of the fractions of P. mepalensis on cancer cell growth in vitro

IC,, (ug/ml) A549" SNU638 HCT116 MDA-MB-231 SK-Hep-1 PC3
Hexane ft. > 407 31.32 39.63 > 40 28.36 > 40
EtOAc fr. 38.88 10.47 9.01 17.15 3.77 12.87
BuOH fi. > 40 35.64 24.02 > 40 > 40 > 40
Etoposide (uM)” 0.47 0.18 0.52 4.05 0.84 >20

UCancer cell line: A549 (lung), HCT116 (colon), MDA-MB-231 (breast), SNU638 (stomach), SK-Hep-1 (liver), PC3 (prostate).
IUnit: pg/mL. YPositive control



250

UL o471t} Hexane T8 359] AlEgol thsle] 28.36
— 39.63 pg/mloA &5 YERHA 2 EtOAc 8ol H]
stole 2 Edo] v oS & < ATk

wEbA, & AolA Aty FEEEFEHY F8 G4
AR B2e $420 2 hexane £33} EtOAc #3828 T
qoz Arstdnh 2 A3, hexane 3OS ZHE
galactolipidell &3 315HE 13} 22 E2131902M, EtOAc
3] 2 XE phenylpropanoyl sucroseol] 4= 313HE 3,
4, 55 HElkiTh

ol I EFEAA N A st BHE 12 1,2-di-O-
linolenoyl-3-O-B-D-galactospyranosyl-sn-glycerol ©] 31 2. |
3}5HE 2= 1-O-linolenoyl-3-O-B-D-galactospyranosyl-sn-
glycerol 725 7= sHHELS GR1E + At 3¢
T 3,4, 55 BAEHAE A vlaLste] 74z
lapathoside A(3),” vanicoside B(4),” lapathoside C(5)"%
1= AT

Galactolipid®l] £8h= 33+ 12 Takahashi 5] NMR
datas X3} Qlon} ofof] #sje] B} IS assignment
7 gorg B AF1E 53l assignments: & YRS
B2 I 3gs AAE Bt o] sigke § 5.36 - 543
of A4 120 siFshe V=7t Yepdong o344S
7z} 370 7HAE linoleic acid 7 AT A% RS &
T AU E glycerol moietyol] ¢l I AZ7F § 4.20,

Fig. 2. Selected HMBC correlation of compound 1.
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424(H-1), 5 534(H-2), § 3.76, 3.94H-3)] F|=e] B ¢
O ZRE o] galactolipid= glyceroglycolipidel] &8-S
T Aok 283 e EAl= D-galactoyranose®] anomeric
proton®] J=7.8 Hz= ZEA|l= § 4.309] 9|25 E A%
S Bl S & Atk PC-NMR spectrumell A £313]
9] D-galactopyranosyl®] 332} UX|5H2Z monogalactosyl
diacylglycerol 2 7FF= it} o] 33HE <9 HMQC NMR
spectrum<S ©] €3k PC-NMR  spectrum®] o] E] S
assignmentZ 4~ S W o}, tl$o] HMBC spectrum
< WS Fote o)E s & N EE HMBC
correlation2- Fig. 20 YERSITh.

3132 28 3= 1914 linolenoyl”] 37t
monogalactosyl monoacylglycerol®l] &3l= 35221
21 linolenoyl®] +4 A JIFEFH & F AUtk D-
galactopyranosyl”7 |2l 17438t 32| 2-OHell linolenoyl”|7} &4
Su g Fo] anomeric proton= SIRHE 13 2] §. 101.19]
A ettt ojof] vlal 3}3HE 1914 D-galactose®] anomeric
carbon 3. 103.1914 2 937} e Bl g}, o) g}
7ro] 313 137} 29] NMR spectrum®] assignment2] 7237}
E AE 2 W gl 78k

39S 45 WAl BuE o) o] 3§HEe] UV
spectruml A= 270 nme} 344 nmollA A 7+ YERG LRt
Z 2] phenylpropanoid®] 3] W Zlo 7 &=t} IR

O

e
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spectrum®| A1 = o, B-unsaturated ester®] 71918+ 1654 cm’”,
aromatic C=Cel 71¢13} 1610, 1491 cm™oll A Yreh} o]
gt 9 3= o] 3152 phenylpropanoid moietyel] 7191
RS & ek 'H-NMR spectrumol A& D-glucose
9] anomeric proton®] § 5.20°14 J=3.8 HzZA] doubletZ
veht o-28S S & 4= U3, D-fructose?] H-17} §
4.592H, m)oll Al Ve, § 4.249F § 4.74001 4 2H £
H-67} YEREZ -2 sycrosel] A2 o4E AT p-
coumaric acid®} ferulic acid®} #©| o,B-unsaturated
carbonyl”] & 7}A]:= moiety”} #rans-double bondell 3|33}
= J #kol 15.6-162 Hz=2 Yehte= 3137t g/i7F veht
u= o] 3l§HE2 sucrose®l| phenylpropanoid’} 452} A%t
g SHEYS & AUl

Fig. 3 HMBC correlations YERNA=0] 472
phenylpropanoid= D-glucose C-6, D-fructose2] C-1', C-3',
C-6°l AFata At PC-NMR spectrumol A= HEA]
710l 71918k 8k 7fe] J =37} § 57.0004 YEREZ 471 €]
phenylpropanoid & sH4& ferulic acido] 2L Y™ A] 371 &

OH

OH

OH

Fig. 3. Selected HMBC correlation of compound 2.
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p-coumaric acidZ <’$E T}, Vanicoside A —C, lapathoside
A—-D®} 7+& phenylpropanoyl sucrose S+3HEollA T4
ferulic acids= sucorse®] C-6°l A%3l= Aoz vehdr)
Fig. 32] HMBC correlation®| 4] X 59], ferulic acid= D-
glucose®] C-6° ZAgtstar 3L YwA] 370¢] p-coumaric
acide= C-1', C-3', C-6'll Ztzt At Uit} 2B
o] 3HE-2& 6-O-feruloyl-1',3',6'-tri-O-p-coumaroylsucrose-1-
ZE Zr= vanicoside B SFHEE 5T 4 ot o] s
Eo] 'H-NMR 2 "C-NMR 2 E#¢] dlo]E]7} vanicoside
B¢ Hlo[Elel? dx]8l9lom = S3HE 4= vanicoside BOITh.

183, 3iREE 339 5= SME 49 729] phenylpropanoyl
sucrose 7-%2] 3}§HE-24 HR-ESI-MS data} 'H-NMR 2
BC-NMR dateel] 2]7181e] 2k2} 6,1'-di-O-feruloyl-3',6'-tri-O-
p-coumaroylsucrose(3, lapathoside A) ¥ 6-O-feruloyl-3',6'-
di-O-p-coumaroylsucrose(5, lapathoside C)& 543I53t}. 8}
32 337 59] 3}3HE2] NMR assignment= 3}H3HE 49
NMR assignment®] 23} 2 #3290 vlmaslo] 233k
e AT

HEHE e 555 659 HIET tig gAa
ol g AFS FYsie] 2 AFE Table ol YERHSA
o} o] F SRHE 33 47ke] 20 uM o]l A Edo] AN
Sy YA setES 237 sl o] F sgEe
SNU638, MDA-MB-231, SK-Hep-1 A2 tjgh A&
’d& YERATE. Phenylpropanoyl moiety 371& 7FA+= 3}
= 55 20 M oA &3t glley aE TR E
st 39 4= & A AsizHE-S JERAIT. ©]
3}k 7ol AkedH o] EtOAc #80] 7= &2 oAl EA
2 Al @3 ©15<] phenylpropanoyl sucrosedl] 71213+ 71
O 2 HEHERE o]E o]&dt] & XEE F HA==d
2L S ZoE diEnh

SHA, Atod 7 o] FEE3 Aol T S0E 2=
UERHEAE Lot WAk LPSE =3 mh§~2~ macrophage
RAW 264.7 AlEe412] NO /35 tigh Al &35 3
7kt om 2 A= Table IVl YERHSATH NOE Al X
AT F835 AT oY dFWgol 2o Aosk=

[o

Table III. Inhibition activity (IC,) of the constituents isolated from P. nepalensis on cancer cell growth in vitro

IC5, (UM) A549" SNU638 HCT116 MDA-MB-231 SK-Hep-1 PC3

1 > 207 > 20 > 20 > 20 > 20 > 20

2 > 20 > 20 > 20 > 20 > 20 > 20

3 > 20 8.59 > 20 10.74 6.90 > 20

4 19.68 18.09 18.49 7.036 11.51 8.39

5 > 20 > 20 > 20 > 20 > 20 > 20
Etoposide (uM)” 0.13 0.13 0.54 1.1 0.18 > 20

Cancer cell line: A549 (lung), HCT116 (colon), MDA-MB-231 (breast), SNU638 (stomach), SK-Hep-1 (liver), PC3 (prostate).

?Unit: uM. *Positive control
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Table IV. Inhibition activity (ICs)) of the fractions of P
nepalensis and the isolated compounds (1 — 5) on LPS-
induced NO production and cell viability in RAW 264.7
cells

Treatment iNOS MTT
Hexane ft. > 40 > 40
EtOAc fr. 34.14 > 40
BuOH ft. > 40 > 40
1 > 20 > 20
2 > 20 > 20
3 8.55 > 20
4 7.83 > 20
5 > 20 > 20
AMT" <02 -

1>2-amino-5,6-dihydro-6-methyl-4H- 1,3-thiazine hydrochloride
(AMT), iNOS 67% inhibition at 0.2 pM
?Unit: extract and fractions (ug/mL), compounds (M)

& deiA Aok @A) EtOAc B30l 9

S e, AE SelMe sigte 33 4
3 AT ads 7}x]L Aoz FrlEU). oL 1
2

i
2L

J3}2] F=o14 macrophage Raw 264.7 A o]l
g—g- #lol NO A&l m2= s avt

o2 o AT} oAka} 72| AedH EtOAc 5
§] £ phenylpropanoyl sucroseol] 2= &9 2 FAE

I vehfo] deadza o] 77t & Aoz Z|diEd.

ﬂ M = 4 o ofN

z =

o] e drhellA XVE k= 9%°| Persicaria®s 2
2 5 X A 558 B AT (P nepalensis)
ZRE AEISE tx BA 2 o Z2AA A9} 3
% &5 Wke AABIsiTE. 1 Ax, Akl FEEC] EtOAc
e =2 HE B A 2dE e, EtOAc
T ENA A2 phenylpropanoyl sucrose A€ A<l

oo
-
]_

lapathoside A2} vanicoside B7} 9HH|I2E A7 A4S L

E]'LHCH ‘I‘—U- ’E‘ ’% E ‘T /\1011:]' T T":_L'g: @’?&% a
= UeS ¢ 5 AATE ESH hexane oA A&
+ 3}FE  1,2-di-O-linolenoyl-3-O-B-D-galactospyranosyl-

sn-glycerol % 1-O-linolenoyl-3-O-B-D-galactospyranosyl-
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sn-glycerolol] I3l 2 NMR assignments- 7-AH 42 2

Aste] T2 242 B8] Sk, AR EIE P of

—_

W

5 5% 4R o ARl mud v} gl

[ =]
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