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Abstract Phytochemical investigation of the ethanol
extract of the roots of Sanguisorba officinalis resulted in
the isolation of three new triterpene glycosides, 3f-[(a-L-
arabinopyranosyl)oxy]-190,23-dihydroxyolean-12-en-28-oic
acid  28-[6-O-acetyl-f-D-glucopyranosyl] ester (1),
2a,3,190,23-tetrahydroxyurs-12-en-28-oic acid 28-[6-O-
acetyl-f-D-glucopyranosyl] ester (2), and 3f-[(a-L-arabi-
nopyranosyl)oxy]-19a-hydroxyurs-12,20(30)-dien-28-oic
acid 28-[6-0-acetyl-f-D-glucopyranosyl] ester (3). All the
triterpene glycosides exhibited the significant cytotoxic
potential with low ICs, values (ICso < 5.0 pM) against six
tumor cell lines (MCF-7, HeLa, HepG2, SGC-7901, NCI-
H460, and BGC-823).
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Introduction

Radix Sanguisorbae, the dried root of Sanguisorba offi-
cinalis L. (Rosaceae), is a traditionally valuable plant
with hemostatic, analgesic, and astringent properties
(Liang et al. 2013; Cheng and Cao 1992). In China,
Korea, and Japan, this perennial plant has been used for
the treatment of inflammatory and metabolic disease such
as diarrhea, chronic intestinal infections, duodenal ulcers,
and internal hemorrhage (Yu et al. 2011; Cheng and Cao
1992; Zhang et al. 2012a, b). Previous studies reported
the isolation of some types of natural products such as a
series of hydrolysable tannins, gallic acid, as well as tri-
terpenes and their glycosides (e.g. ziyuglycoside I) which
have been reported as characteristic constituents of S.
officinalis and are considered to be major responsible for
the in vitro and in vivo pharmacological effects of this
crude drug (Liu et al. 2004; Liu et al. 2005; Mimaki et al.
2001). In search for bioactive constituents from the
abundant saponin components (>3 % weight of the dry
roots) of S. officinalis, we systematically examined the
triterpene glycoside components and isolated three new
ones, 3f-[(a-L-arabinopyranosyl)oxy]-19a,23-dihydrox-
yolean-12-en-28-oic  acid  28-[6-O-acetyl-f-D-gluco-
pyranosyl] ester (1), 2,3f,192,23-tetrahydroxyurs-12-
en-28-oic acid 28-[6-O-acetyl-f-D-glucopyranosyl] ester
(2), and 3p-[(a-L-arabinopyranosyl)oxy]-19a-hydroxyurs-
12,20(30)-dien-28-oic acid 28-[6-O-acetyl--D-glucopyr-
anosyl] ester (3). This paper deals with the isolation and
structure elucidation of the new triterpene glycosides by
spectroscopic methods, and of the results of hydrolytic
cleavage. All the isolated compounds were in vitro eval-
uated for their cytotoxic activities against six tumor cell
lines (MCF-7, HeLa, HepG2, SGC-7901, NCI-H460, and
BGC-823).
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Materials and methods
General experimental procedures

Optical rotations were taken on a Perkin-Elmer 341 polar-
imeter. IR spectra were recorded on Nicolet Magna FT-IR
750 spectrophotometer using KBr disks. NMR spectra were
recorded on Bruker AM-300, AM-400, and INVOR-600
NMR spectrometers. The chemical shift (9) values are given
in ppm with TMS as internal standard, and coupling con-
stants (J) are in Hz. FAB-MS spectra were recorded on a
Finnigan MAT TSQ-700. EI-MS and HR-EI-MS spectra
were recorded on a Finnigan MAT-95 mass spectrometer
(San Jose, CA, USA). Column chromatographic separations
were carried out using silica gel (200-300 mesh and H60,
Qingdao Haiyang Chemical Group Corporation, China),
MCI gel CHP20P (75-150 pm, Mitsubishi Chemical
Industries, Japan), and Sephadex LH-20 (Pharmacia Biotech
AB, Uppsala, Sweden) as packing material. TLC was carried
out on precoated silica gel GF,s4 plates (Yantai Chemical
Industrials), and the TLC spots were viewed at 254 nm and
visualized using 5 % sulfuric acid in alcohol containing
10 mg/mL vanillin. Analytical HPLC was performed on a
Waters 2690 instrument with a 996 PAD (photodiode array
detector) coupled with an Alltech ELSD 2000 detector.
Semipreparative and preparative HPLC was performed on a
Varian SDI instrument with a 320 single-wave detector.
Their chromatographic separations were carried out on C-18
columns (250 x 10 mm, 5 um, Waters; 220 x 25 mm,
10 um, Merck, respectively), using a gradient solvent system
comprised of H;O and MeOH, with a flow rate of 3.0 and
15.0 mL/min, respectively. All cell lines were purchased
from Cell Bank of Shanghai Institute of Biochemistry & Cell
Biology, Chinese Academy of Sciences. Other reagents were
purchased from Shanghai Sangon Biological Engineering
Technology & Services CO., Lt.

Plant materials

The dried roots of S. officinalis were collected in the suburb
of Qujing, Yunnan province of China, in October of 2012
and identified by one of the authors (X. Mao). A voucher
specimen (SO20121001) was deposited in the Herbarium
of the College of Biological Resources and Environment
Science, Qujing Normal University, Qujing, Yunnan
province, China.

Extraction and isolation
The air-dried roots of S. officinalis (5 kg) were ground into
powder and were extracted thrice with 80 % EtOH. After

evaporation of the EtOH, the aqueous brownish syrup (1 L)
was suspended in H,O (1 L) and then partitioned with
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petroleum ether (1 L x 3), chloroform (1 L x 3), and
ethyl acetate (1 L x 3) gradually to afford three fractions
(51.0, 81.0, and 143.0 g respectively). The ethyl acetate
fraction was further fractionated through a silica gel col-
umn (200-300 mesh, 10 x 80 cm) eluting with a gradient
of CHCI;—MeOH (100:1, 50:1, 30:1, 20:1, 15:1, 10:1, 5:1,
2:1, 1:1, each 10 L) to afford 9 fractions. Fraction 3 (5.6 g)
was applied to an ODS MPLC column and eluted with
MeOH/H,O (10:90, 20:80, 30:70, 40:60, 50:50, 60:40,
80:20, 90:10, eachl L) to yield 3 subfractions. Subfraction
2 (830 mg) was purified by a preparative RP-HPLC using
25 % methanol as mobile phase to obtain 2 (112 mg).
Fraction 4 (6.1 g) was applied to an ODS column and
eluted with MeOH/H,0 (10:90, 20:80, 30:70, 40:60, 50:50,
60:40, 70:30, 90:10, each 500 mL), followed by a Sepha-
dex LH-20 column eluting with MeOH/H,O (50:50, 3 L) to
obtain 3 (138 mg). Fraction 5 (4.9 g) was applied to an
ODS column using MeOH/H,O (10:90, 20:80, 30:70,
40:60, 50:50, 60:40, 70:30, 90:10, each 1 L) as mobile
phase to yield 4 subfractions. Subfraction 2 (898 mg) was
purified by a preparative RP-HPLC eluting with 22 %
methanol to get 1 (151 mg).

Acid hydrolysis and sugar analysis of compounds 1-3

A solution of compound 1 (2 or 3) (about 10.0 mg) in
1 M HCI (dioxane-H,O, 1:1, 1 mL) was heated at 95 °C for
2 h based on a previous reference (Zhang et al. 2008). After
cooling, the reaction mixture was neutralized by passage
through an Amberlite IRA-93ZU (Organo, Tokyo, Japan)
column and subjected to silica gel chromatography using a
gradient mixture of CHCl;—-MeOH (19:1;9:1; 1:1) to give an
aglycone fraction and a sugar fraction (3.0 mg). The agly-
cone fraction was purified by silica gel CC eluting with
hexane-Me,CO (4:1) to give an aglycone 1a (2.9 mg) [2a
(3.3 mg) or 3a (3.1 mg)]. HPLC analysis of the sugar frac-
tion under the following conditions showed the presence of
D-glucose and L-arabinose. Column: Capcell Pak NH, UG80
(4.6 mmi.d. x 250 mm, 5 um, Shiseido); detector: Shodex
OR-2 (Showa-Denko, Tokyo, Japan); solvent: MeCN-H,O
(17:3); flow rate: 1.0 mL/min. R; (min): 8.27 (L-arabinose,
positive optical rotation); 13.39 (p-glucose, positive optical
rotation). All chemical reagents and standard sugars were
purchased from Sigma-Aldrich Corporation.

3f-[(a-L-arabinopyranosyl)oxy]-19¢,23-dihydroxyolean-
12-en-28-0ic acid 28-[6-O-acetyl-f-D-glucopyranosyl]
ester (1): White amorphous powder; [oc]}?'3 = 423.8
(c 0.64, MeOH); IR (KBr) vpax 3450, 2943, 1731, 1459,
1389, 1073, 860, 781 cm™'; 'H NMR (pydirine-ds,
600 MHz) data see Table 1, °C NMR (pydirine-ds,
150 MHz) data see Table 2; FAB-MS (pos.) m/z: 847
[M + Na]*;  HR-ESI-MS  (pos.) m/z: 847.4451
([M + Na]+, C43H68015Na; calc. 8474456)
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Table 1 'H NMR data of compounds 1-3 in pydirine-ds (6 in ppm

and J in Hz)
No. 1 2 3
H-lax  1.03 (ddd, 14.0, 1.94 (dd, 13.6, 1.06 (ddd, 13.8,
13.6, 3.8) 13.2) 13.6, 2.8)
H-leq 1.60 (ddd, 13.6, 2.17 (dd, 13.2, 1.56 (overlapped)
3.6, 3.2) 3.6)
H-2ax 1.95 (m) 4.26 (ddd, 13.6, 1.96 (overlapped)
13.2, 3.6)
H-2eq 2.22-2.25 - 2.26 (m)
(overlapped)
H-3ax  3.40 (dd, 13.6, 3.72 d, 13.2) 3.45 (dd, 13.6,
3.6) 3.6)
H-5 0.92 (dd, 13.8, 1.00 (dd, 13.8, 0.95 (dd, 13.8,
3.2) 3.6) 3.0)
H-6ax  1.37 (m) 2.10-2.12 1.39 (m)
(overlapped)
H-6eq 1.57 (m) 2.37 (m) 1.56 (overlapped)
H-7ax  1.40 (ddd, 13.8, 2.07-2.09 1.42 (ddd, 13.8,
13.6, 3.8) (overlapped) 13.6, 3.8)
H-7eq 1.63 (ddd, 13.6, 2.22 (ddd, 13.6, 1.56 (overlapped)
3.6,3.4) 3.6, 3.0)
H-9 1.91 (dd, 13.8, 2.19 (dd, 13.6, 1.83 (dd, 13.8,
3.2) 3.0) 3.2)
H- 2.03 (m) 2.15 (m) 1.93 (m)
11ax
H- 2.12 (m) 2.34 (m) 2.07 (overlapped)
1leq
H-12  5.62 (brs) 5.59 (br s) 5.58 (brs)
H- 1.33 (ddd, 13.8, 2.48 (ddd, 13.8, 1.31 (ddd, 13.8,
15ax 13.6, 3.8) 13.6, 3.8) 13.6, 3.8)
H- 2.16 (ddd, 13.6, 2.57 (ddd, 13.6, 2.32 (ddd, 13.6,
15eq 3.6, 3.5) 3.6, 3.5) 3.6, 3.5)
H- 2.14 (ddd, 13.8, 2.10-2.12 2.09 (ddd, 13.8,
16ax 13.6, 3.6) (overlapped) 13.6, 3.6)
H- 2.90 (ddd, 13.6, 3.07 (ddd, 13.6, 2.82 (ddd, 13.6,
16eq 3.8, 3.5) 3.8, 3.5) 3.8, 3.5)
H- 3.70 (d, 2.8) 2.99 (s) 2.97 (s)
18ax
H- 3.66 (d, 2.8) - -
19eq
H-20 - 1.37 (m) -
H- 1.25 (ddd, 13.6, 1.32 (m) 1.96 (overlapped)
2lax 13.2, 3.0)
H- 2.22-2.25 1.43 (m) 2.40 (ddd, 13.6,
2leq (overlapped) 3.2,3.0)
H- 1.87 (ddd, 13.8, 2.07-2.09 2.78 (ddd, 13.8,
22ax 3.6, 2.8) (overlapped) 13.2, 3.2)
H- 2.22-2.25 2.13 (ddd, 13.6, 2.90 (ddd, 13.2,
22eq (overlapped) 3.6, 3.0) 3.6, 3.0)
H-23  4.30 (d, 13.0) 4.29 (d, 13.0) 1.37 (s)
- 3.72 (d, 13.0) 3.77 (d, 13.0) -
H-24 1.01 (s) 1.03 (s) 1.03 (s)
H-25 0.96 (s) 1.39 (s) 0.93 (s)
H-26 1.11 (s) 1.35 (s) 1.10 (s)

Table 1 continued

No. 1 2 3

H-27 1.74 (s) 1.72 (s) 1.41 (s)

H-29 1.28 (s) 1.47 (s) 1.82 (s)

H-30  1.20 (s) 1.18 (d, 5.1) 4.83 (s)

- - - 5.03 (s)

3-O-ara

H-1 4.80 (d, 7.0) - 4.88 (d, 7.0)

H-2 4.48 (m) - 4.54 (m)

H-3' 4.22-4.25 - 4.23 (m)
(overlapped)

H-4 4.40 (m) - 4.43 (m)

H-5 4.34-4.37 - 4.40 (m)
(overlapped)

- 3.89 (dd, 4.0) - 3.91 (dd, 4.0)

- 3.92 (dd, 4.0) - 3.93 (dd, 4.0)

28-0-glc

H-1" 6.29 (d, 8.0) 6.29 (d, 8.0) 6.32 (d, 8.0)

H-2"  4.22-425 4.20 (m) 4.21 (m)
(overlapped)

H-3"  4.34-437 4.33 (m) 4.34 (m)
(overlapped)

H-4" 412 (m) 3.35 (m) 3.37 (m)

H-5"  4.42 (m) 4.12 (m) 4.11 (m)

H-6"  4.26 (dd, 13.0, 4.23 (dd, 13.0, 4.25 (dd, 13.0,
6.6) 6.6) 6.6)

- 4.32 (dd, 13.0, 4.30 (dd, 13.0, 4.32 (dd, 13.0,
6.6) 6.6) 6.6)

Me 2.07 (s) 2.05 (s) 2.07 (overlapped)

2,3 f3,190,23-tetrahydroxyurs-12-en-28-oic acid 28-[6-
O-acetyl-f-D-glucopyranosyl] ester (2): White amorphous
powder, [« = +33.8 (¢ 0.99, MeOH); IR (KBI) Vinax
3423, 2933, 1720, 1459, 1381, 1070, 932, 773 cm™'; 'H
NMR (pydirine-ds, 600 MHz) data see Table 1, '*C NMR
(pydirine-ds, 150 MHz) data see Table 2; FAB-MS (pos.)
m/z: 731 [M + Na]™; HR-ESI-MS (pos.) m/z: 731.3981
(IM + Na]*, C33Hgo0;,Na; calc. 731.3982).

3-[(a-L-arabinopyranosyl)oxy]-19a-hydroxyurs-
12,20(30)-dien-28-oic acid 28-[6-O-acetyl-f-D-glucopyr-
anosyl] ester (3): White amorphous powder, [oc]lz)3‘3 =
+29.8 (¢ 0.51, MeOH); IR (KBr) vpnax 3441, 2939, 1712,
1455, 1389, 1086, 866, 781 cm™'; "H NMR (pydirine-ds,
600 MHz) data see Table I, '*C NMR (pydirine-ds,
150 MHz) data see Table 2; FAB-MS (pos.) m/z: 829
[M + Na]™; HR-ESI-MS  (pos.) m/z:  829.4347
(IM + Na]™*, C43Hgs0,4Na; calc. 829.4350).

Cytotoxicity assay in vitro

The revised MTT method (Chen et al. 2011) was used for
in vitro evaluation of the cytotoxic potential of the isolated

@ Springer
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Table 2 '*C NMR data of compounds 1-3a in pydirine-ds (5 in ppm)

Table 2 continued

No. 1 la 2 2a 3 3a No. 1 la 2 2a 3 3a
1 384 () 388 () 470 469 389() 388 (n C=0 1728 - 172.6 - 172.8 -
2 262 () 282 () 68.6(d) 685(d) 267 () 2151 (s) () ()
3 88.5(d) 783 (d) 793 (d) 79.5(d) 88.8(d) 79.0(@  Me 208 () - 20.6 (9) - 20.6 (9) -
4 434 (s) 432(s) 433 (s) 434 (s) 39.6(s) 39.1 (s)
> 558(d) 560(d) 483(d) 484(d) S6.1(d) 3557(d compounds against six cultured human tumor cell lines. All
j ;2; 8 ; ii Eg j;g 8 ;22 8 ;2? Eg ; 22 x; tumor cell lines (MCF-7, HeLa, HepG2, SGC-7901, NCI-
H460, and BGC-823) were cultured on RPMI-1640 medium
8 400 () 40.1(s) 408(s) 406(s) 40.1() 398()  gypnlemented with 10 % foetal bovine serum, 100 U/mL
0 480(d) 482(d) 476(d) 480(d) 48.1(d) 47.9(d) penicillin and 100 pg/mL streptomycin in 25 cm? culture
10 31.0(s) 373 () 393 () 390(s) 37.1() 373(s)  flagks at 37 °C in humidified atmosphere with 5 % CO,. For
1 240 241(n 2481 246(n 2400 244  the cytotoxicity tests, cells in exponential growth stage were
12 123.1 1233 1288 1287 1286 1283 harvested from culture by trypsin digestion and centrifuging
@ (@ (d) (d) @ () at 180 x gfor 3 min, then resuspended in fresh medium at a
13 l‘tgo 14:?54 lét?)'o 145),9 13(3)'0 13(3)'6 cell density of 5 x 10 cells per mL. The cell suspension was
14 419 () 42.1 () 42i3 ) 420 () 432 (s) 43:0 ®) .dispensed .into a9.6fwell microplate at.100 pL per well, and
15 288 () 298 () 293 () 289 () 293 (1) 289 (1) incubated in humidified atmqsphere with 5 % CO, at 37 °C
16 28 () 280 269 () 2700 2650 27.0 (1) for 24 h, a}nd then treated with the compounds at various
17 463 (s) 460(s) 489 (s) 493 (s) 49.0(s) 492 (s) concentrations (0, 1, 10, 100 uM). After 48 h of treatment,
18 M2 46 546 543 540 542 (@) 50 pL of 1 @g/mL MTT solution was a@ded to each well,
19 808 (@) 8LIW T28() 7T28(H T30(s) 729 (s) and furthe'r .1ncub§ted for 4 h. The cells in each well were
20 352() 356() 424(d) 422 1502 1504 then solubilized with DMSO (100 pL for each well) and the
- o ’ ' (S)' (s)' optical density (OD) was recorded at 570 nm. All drug doses
21 288 (1) 2901 2721 27.0() 318 320 () were tested with doxorubicip as positive control in triplicate
” RI@ BAG 3T@ TT@ 250 3260 and t}.le I.C50 values were derived from the mean OD values of
23 645 (1) 649 () 67.0() 665 284(q) 285 () the triplicate tests versus drug concentration curves.
24 166 (q) 164 (q) 148(g) 150(g) 169(q) 16.8(q)
25 152(@) 153(@) 156() 154(9) 159@@) 157(@  poon o o
26 176 () 174(q) 17.8(q) 17.6(q) 17.6(q) 17.4(q)
z; ?7‘.780@ TZ()gS(Q) ?‘;'782(61) ?g(:é(q) T?;g(q) ?2.180(‘1) Compound 1 was obtained as a white amorphous solid, and
(Si (s)' (s)‘ (S)' (S)' (X)' its molecular formula was indicated as C43HggO;5 by HR-
29 286(q) 287(q) 27.6(q) 277(q) 240(g) 286 () ESI-MS, corresponding to IQ u.nsaturatioln degre.es. The IR
30 246(q) 248(q) 170(g) 169(q) 1063 106.1 spectrum showed a characteristic absolrptlon attributable to
() 0 an ester carbonyl group at 1,731 cm™ ', as well as a broad
3.0-ara absorption due to hydroxyl groups near 3,450 cm™'. Acid
% 1075 - _ _ 107.6 - hydrolysis of 1 with 1 M HCl in dioxane-H,O (1:1) gave a
(d) (d) triterpene (3,19,23-trihydroxyolean-12-en-28-oic acid,
2 73.0 (d) - - - 728 (d) - C;30H4s05) (1a) (Zhang et al. 2012a, b), p-glucose and
3 74.6 (d) - - - 747 (d) - L-arabinose, which was identified by direct HPLC analysis
4 69.6 (d) - - - 69.8 (d) - and detected by using an optical rotation (OR) detector
5 66.9 () - _ _ 66.9 () - (Hara et al. 1987). Besides two anomeric proton signals at
28-0-gle 6 6.29 (d, J = 8.0 Hz) and 4.80 (d, J = 7.0 Hz), the 'H
v 958 (d) - 96.6 (d) - 98.6 (d) - NMR spectrum of 1 exhibited signals for six tertiary
2/ 742 (d) - 745 () - 74.1 () - methyl groups at 6 1.74, 1.28, 1.20, 1.11, 1.01, and 0.96
3 788 (d) — 795 (d) - 790 (d) - (each, s), an olefinic proton at ¢ 5.62 (br s), and an oxy-
& 1@ - 71.6(d) - 71.0 ) - genated methylene at 6 4.30 and 3.72 (each, d, J = 13.0),
5 788 (d) - 796 (d) - 793 (d) - which were characteristic of the oleanolic acid skeleton
6 647 (1) - 64.6 (1) - 645 (1) - with a OH group at C-23 (Liu et al. 2004; Liu et al. 2005;

@ Springer

Mimaki et al. 2001) (Table 1). In HMBC spectrum, the
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Ri R R Ri R
1 Ara 6-Ac-Glc 2 6-Ac-Glc 3 Ara 6-Ac-Glc
1a H H 2a H 3a H H

Fig. 1 The structures of compounds 1-3a

Fig. 2 Key HMBCs () of compounds 1-3

correlations of the proton signals at ¢ 4.30 and 3.72 with
C-3 (0 88.5), C-5 (6 55.8), and C-24 (6 16.6) established
the position of the hydroxyl group at C-23, which was
further verified by the ROESY correlations of H-2//H-24/
H-25. Furthermore, The HMBC correlations of the proton
signal at 6 3.66 with C-13 (6 144.0), C-17 (6 46.3), C-29 (o
28.6), and C-30 (6 24.6) indicated that the hydroxyl group
was located at C-19. The 3JH,H value of 2.8 Hz between
H-18 and H-19 and the ROESY correlations from H-19 to
H-18 and Me-30 (6 1.20) confirmed the f-oriented con-
figuration of H-19. The 'H and '*C NMR signals of the
glycoside moieties were readily assigned by interpretation
of the "H-"H COSY and HMQC spectra. Proton multiplet
patterns and coupling constants, as well as the proton and
carbon chemical shifts revealed that 1 contained an o-L-
arabinopyranosyl and a f-D-glucopyranosyl units (Fig. 1).
In the HMBC spectrum of 1, correlation peaks were
observed from J 4.80 (anomer of arabinosyl) to ¢ 88.5 (C-3
of aglycone), and from ¢ 6.29 (anomer of glucosyl) to ¢
177.0 (C-28 of aglycone), indicating that the a-L-arabino-
pyranosyl and a f-D-glucopyranosyl units were positioned
at C-3 and C-28 of the aglycone respectively. The C-6"
location of the AcO group in the glucopyranosyl unit was
established by the HMBC correlations of H-6” (6 4.32 and

4.25) with the C = O (J 172.8) of the AcO group (Fig. 2).
The ROESY correlations of H-3/H-1a and H-3/H-5 indi-
cated that H-3 was a-oriented. Accordingly, the structure of
1 was determined as 3pf-[(a-L-arabinopyranosyl)oxy]-
190,23-dihydroxyolean-12-en-28-oic acid 28-[6-O-acetyl-
p-D-glucopyranosyl] ester.

Compound 2 was obtained as a white amorphous solid,
showed a positive-ion at m/z 731 [M + Na]t, and the
molecular formula C3gHgyO1, was established by HR-ESI-
MS (found m/z 731.3981 [M + H]*; calc. 731.3982). Acid
hydrolysis with 1 M HCI in dioxane-H,O (1:1) afforded a
triterpene (22,3 3,190,23-tetrahydroxyurs-12-en-28-oic
acid, C3gH430¢) (2a) (Shu et al. 2012), and p-glucose
which was identified by direct HPLC analysis and detected
by using an OR detector. "H NMR spectrum exhibited the
presence of five tertiary methyl groups (6 1.72, 1.47, 1.39,
1.35, and 1.03), one secondary methyl group at é 1.18 (d,
J = 5.1 Hz), one characteristic methine proton (H-18) of
pomolic acid (J 2.99, s), one trisubstituted olefinic proton
(6 5.59, br s), and one anomeric proton (& 6.29, d,
J = 8.0 Hz). Except six signals assignable to the sugar
moiety, '*C NMR spectrum showed 30 carbons of the
aglycone, including six methyl carbons, two olefinic car-
bons at 6 128.8 (C-12) and 140.0 (C-13), one characteristic

@ Springer
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oxygenated quarternary C-atoms at ¢ 72.8 (C-19), and two
oxygenated methine at ¢ 68.6 (C-2) and 79.3 (C-3), and one
oxygenated methylene 67.0 (C-23) respectively, indicating
that the aglycone was a pomolic acid derivative with four
hydroxyl groups. The HMBC correlations between the
proton signals at 6 4.29 and 3.77 with C-3 (6 79.3), C-5 (
48.3), and C-24 (6 14.8), indicating that the proton signals
of the oxygenated methine was assigned as H-23. The
proton signal at § 3.72 was assigned as H-3 by the HMBC
correlations of the proton signal with C-5, C-23, and C-24.
The 'H-'"H COSY correlations of the proton signal at &
426 with H-3 indicated that a hydroxyl group was
substituted at C-2. Furthermore, the HMBC correlations
from the anomeric H-atom (6 6.29) (anomer of arabinosyl)
to & 177.2 (C-28 of aglycone) suggested that the gluco-
pyranosyl unit was linked to C-28. The HMBC correlations
of H-6" (6 4.30 and 4.23) with the C = O (J 172.6) of the
AcO group (Fig. 2) indicated AcO group in the glucopyr-
anosyl unit was located at C-6”. The ROESY correlations
of H-2 with H-24 and H-25, and of H-3 with H-5 and H-1o
suggested that the hydroxyl group at C-2 and C-3 should be
o- and f-oriented respectively. The ROESY correlations of
H-29/H-20 and H-29/H-21p indicated the o-oriented of the
hydroxyl group at C-19. All of these data for 2 were con-
sistent with the structure of 20,3 ,190,23-tetrahydroxyurs-
12-en-28-0ic acid 28-[6-O-acetyl-f-D-glucopyranosyl]
ester.

Compound 3 was obtained as a white amorphous solid,
with a molecular formula, C43HggO14, as determined by the
positive-ion FAB-MS (m/z 829 [M + Na]') and HR-ESI-
MS (found m/z 829.4347 [M + Na]t; calc. 829.4350).
Acid hydrolysis of 3 with 1 M HCI in dioxane-H,O (1:1)
yielded a triterpene (3,19a-dihydroxyurs-12,20(30)-dien-
28-oic acid, C30H4604) (3a) (Thuong et al. 2008), p-glu-
cose and L-arabinose which were identified by direct
HPLC analysis and detected by using an OR detector. Its
"H NMR spectrum exhibited the presence of six tertiary
methyl groups (6 1.82, 1.41, 1.37, 1.10, 1.03, and 0.93),
one characteristic methine proton of H-18 in pomolic acid
(6 2.97, s), two anomeric protons (¢ 4.88, d, / = 7.0 Hz
and 6.32, d, J = 8.0), one trisubstituted olefinic proton (J
5.58, br s), and two exocyclic olefinic protons at é 4.83 and
5.03 (each, s). Its '>*C NMR spectrum showed six signals
assignable to a sugar moiety and 30 signals to the aglycone
which contained six methyl carbons, two olefinic carbons,
one characteristic oxygenated quarternary carbon at 6 73.0
indicating that the aglycone was a pomolic acid derivative.
Comparison the NMR data of the aglycone of 3 with those
of pomolic acid (Liu et al. 2004; Liu et al. 2005; Mimaki
et al. 2001), the mere 13C NMR difference was that a
methyl carbon was replaced by the signals for the exocyclic
olefinic carbon. The HMBC correlations of the exocyclic
olefinic proton signals (¢ 4.83 and 5.03) with C-19 (6 73.0),
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Table 3 Cytotoxicity of compounds 1-3 against six human tumor
cell lines (ICso, uM)

Cell lines
MCF- HelLa HepG2 SGC- NCI- BGC-
7 7901 H460 823

1 2.6 2.4 2.7 3.1 2.7 33

2 4.3 4.1 4.6 4.5 4.8 4.7

3 3.2 3.6 2.9 3.7 3.0 3.7

Doxorubicin  0.02  0.05 0.04 0.01 0.01 0.02

and C-21 (6 31.8), and of H-18 (6 2.97, 5), H-22 (5 2.90
and 2.78) with the olefinic carbon C-20 (6 150.2) indicated
the methyl at C-30 was oxygenated to exocyclic olefinic
carbon. In the HMBC spectrum of 3, correlation of J 4.88
(anomer of arabinosyl) to 6 88.8 (C-3 of aglycone), and of
0 6.32 (anomer of glucosyl) to § 178.9 (C-28 of aglycone)
were observed. The HMBC correlations between H-6" (6
4.32 and 4.25) with the C = O (6 172.8) of the AcO group
indicated AcO group in the glucopyranosyl unit was linked
at C-6” (Fig. 2). The ROESY correlations of H-3/H-1o and
H-3/H-5 and H-29/H-18 and H-29/H-21f confirmed that
the arabinosyl unit at C-3 and the hydroxyl group at C-19
should be f5- and a-oriented respectively. Accordingly, the
structure of 3 was characterized as 3p-[(a-L-arabinopyr-
anosyl)oxy]-19a-hydroxyurs-12,20(30)-dien-28-oic  acid
28-[6-0-acetyl-f-D-glucopyranosyl] ester.

The cytotoxic activities of the isolated compounds were
determined by using the revised MTT method (Chen et al.
2011) against BGC-823 cells (human gastric carcinoma),
HeLa cells (human cervical cancer), HepG2 cells (human
hepatocellular carcinoma), MCF-7 cells (human breast
cancer), NCI-H460 (human large cell lung cancer), and
SGC-7901 cells (human gastric adenocarcinoma). The ICs
value (Table 3) indicated that all triterpene glycosides
showed significant cytotoxic properties and, compound 1
and 3 possessed higher cytotoxic potential than 2. These
results indicated that the sugar moiety which could assist in
the influx of ex-cellular compounds into cell maybe
enhance the cytotoxic activities.
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