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Background: Panax notoginseng saponin (PNS) is the extraction from the roots and rhizomes of Panax
notoginseng (Burk.) F. H. Chen. PNS is the main bioactive component of Xuesaitong, Xueshuantong, and
other Chinese patent medicines, which are all bestselling prescriptions in China to treat cardiocere-
brovascular diseases. Notoginsenoside R and ginsenoside Rgy, Rd, Re, and Rb; are the principal effective
constituents of PNS, but a systematic research on the rare saponin compositions has not been conducted.
Objective: The objective of this study was to conduct a systematic chemical study on PNS and establish
the HPLC fingerprint of PNS to provide scientific evidence in quality control. In addition, the cytotoxicity
of the new compounds was tested.
Methods: Pure saponins from PNS were isolated by means of many chromatographic methods, and their
structures were determined by extensive analyses of NMR and HR-ESI-MS studies. The fingerprint was
established by HPLC-UV method. The cytotoxicity of the compounds was tested by 3-(4,5-
dimethylthiazol-2-y1)-2,5 -diphenyltetrazolium bromide assay.
Results and Conclusion: Three new triterpenoid saponins (1—3) together with 25 known rare saponins (4
—28) were isolated from PNS, except for the five main compounds (notoginsenoside Ry and ginsenoside
Rg1, Rd, Re, and Rby). In addition, the HPLC fingerprint of PNS was established, and the peaks of the
isolated compounds were marked. The study of chemical constituents and fingerprint was useful for the
quality control of PNS. The study on antitumor activities showed that new Compound 2 exhibited sig-
nificant inhibitory activity against the tested cell lines.
© 2019 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Panax notoginseng saponin (PNS) are developed into the tradi-
tional Chinese medicine agents with the trademarks of Xuesaitong

Panax notoginseng (Burk.) F.H. Chen (P. notoginseng), commonly
called “Sanqi” or “Tianqi” in Chinese is a species of the genus Panax,
family Araliaceae [1]. P. notoginseng is one of the most widely used
Chinese herbal drugs for the treatment of cardiovascular diseases,
such as occlusive vasculitis, coronary diseases, atherosclerosis, and
cerebral infarction in China, Korea, and Russia for a long time [2].
There are about 200 chemical compositions that have been isolated
from P. notoginseng, including saponins, flavonoids, and cyclo-
peptides [3]. Dammarane triterpenoidal saponins are the major
bioactive ingredients of P. notoginseng [4].

injection, Xueshuantong injection, and Xuesaitong tablet, which are
all bestselling prescriptions used for treatment of cardiovascular
and cerebrovascular diseases in China [5,6]. Notoginsenoside R;
and ginsenoside Rgy, Rd, Re, and Rby are regarded as the main active
constituents [7,8]. But, there is a lack of references about the
extraction and structure identification of the rare ginsenosides in
PNS. As the study on microconstituents is important to control the
quality and safety of clinical medication, we investigated the rare
content in the PNS; three new and 25 known dammarane-type
triterpenoids were isolated and identified (Fig. 1). We also

* Corresponding author. Yunnan Institute of Materia Medica, Kunming 650111, China.
** Corresponding author. Yunnan Institute of Materia Medica, Kunming 650111, China.

E-mail addresses: wjkyimm1@163.com (J. Wang), zzy1370@163.com (Z. Zhu).

https://doi.org/10.1016/j.jgr.2018.12.001

p1226-8453 €2093-4947/$ — see front matter © 2019 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



674 J Ginseng Res 2020,;44:673—679

Table 1
H [ 6 in ppm, multiplicity (J in Hz)] and '*C NMR (4 in ppm) spectroscopic data of Compounds 1-3."
Position 1 2 3
(55 6H (5c 5}-[ 6C 6H
1 399 1.70 (1H, m) 39.7 1.65 (1H, m) 40.0 1.71 (1H, m)
1.05 (1H, m) 1.02 (1H, m) 1.05 (1H, m)
2 284 1.94 (1H, m) 282 1.91 (1H, m) 284 1.95 (1H, m)
1.87 (1H, m) 1.84 (1H, m) 1.88 (1H, m)
3 79.0 3.55 (1H, m) 78.7 3.52 (1H, m) 79.0 355 (1H, m)
4 40.9 40.7 40.9
5 61.8 1.46 (1H, m) 617 1.43 (1H, m) 61.9 1.46 (1H, m)
6 80.5 4.46 (1H, m) 80.2 4.45 (1H, m) 80.6 4.45 (1H, m)
7 458 2.59 (1H, m) 456 2.57 (1H, m) 458 2.55 (1H, m)
1.98 (1H, m) 1.94 (1H, m) 1.96 (1H, m)
8 41.7 41.5 41.7
9 51.1 1.59 (1H, m) 50.9 1.59 (1H, m) 51.1 1.58 (1H, m)
10 40.1 40.0 40.2
11 32.7 1.50 (2H, m) 328 1.88 (1H, m) 315 1.98 (1H, m)
1.52 (1H, m) 1.57 (1H, m)
12 80.2 429 (1H, m) 80.0 425 (1H, m) 802 428 (1H, m)
13 59.1 2.13 (1H, m) 55.4 229 (1H, m) 52.8 2.16 (1H, m)
14 52.2 51.7 51.6
15 334 1.92 (1H, m) 329 1.52 (1H, m) 330 1.76 (1H, m)
1.26 (1H, m) 1.22 (1H, m) 1.16 (1H, m)
16 347 2.16 (1H, m) 359 221 (1H, m) 35.1 2.18 (1H, m)
1.60 (1H, m) 1.43 (1H, m) 2.05 (1H, m)
17 402 3.05 (1H, m) 384 2.91 (1H, m) 487 2.29 (1H, m)
18 17.8 125 (3H, s) 17.6 1.28 (3H, s) 17.8 1.24 (3H, s)
19 182 1.04 (3H, s) 18.1 1.03 (3H, s) 182 1.05 (3H, s)
20 160.2 156.3 156.5
21 1112 531 (2H, d, ] = 12.5) 1139 529 (2H, d, ] = 12.5) 108.4 5.15 (1H, s)
497 (1H, s)
2 77.0 452 (1H, m) 913 471 (1H, ] = 7.1) 331 2.77 (1H, m)
2,51 (1H, m)
23 363 2.73 (1H, m) 313 2.60 (1H, m) 332 2.06 (1H, m)
2.54 (1H, m) 232 (1H, m) 2.46 (1H, m)
24 1224 542 (1H, t, ] — 6.9) 121.1 534 (1H, t, ] — 6.9) 755 446 (1H, m)
25 132.8 1334 150.0
26 26.4 171 (3H, 5) 26.1 1.65 (3H, s) 1105 529 (1H, s)
496 (1H, s)
27 18.6 1.65 (3H, s) 18.3 1.59 (3H, s) 18.7 1.91 (3H, s)
28 322 210 (3H, 5) 320 2.08 (3H, s) 322 2.10 (3H, s)
29 16.8 1.63 (3H, 5) 16.7 1.60 (3H, 5) 16.8 1.63 (3H, 5
30 17.1 0.88 (3H, s) 16.9 0.82 (3H, s) 172 0.82 (3H, s)
6-0O-sugar
1 106.5 5.07 (1H, d, ] = 8.0) 106.3 5.04 (1H, d, ] = 7.8) 106.4 5.05 (1H, d, ] = 7.8)
2 73.0 3.99 (1H, m) 732 3.93 (1H, m) 73.0 3.91 (1H, m)
3 78.7 3.99 (1H, m) 78.5 3.96 (1H, m) 78.6 3.98 (1H, m)
4 723 426 (1H, m) 721 422 (1H, m) 723 427 (1H, m)
5 759 413 (1H, m) 75.7 410 (1H, m) 759 413 (1H, m)
6 63.5 457 (1H, m) 63.4 454 (1H, m) 635 454 (1H, m)
441 (1H, m) 436 (1H, m) 4.44 (1H, m)

NMR, nuclear magnetic resonance; s, singlet; d,doublet; t, triplet; m, multiplet

1) Measured in pyridine-ds, 500 MHz for 'H, 125 MHz for '3C, The assignment was based on DEPT, correalation spectroscopy (COSY), HSQC, and HMBC experiments.

established the HPLC fingerprint and marked the compounds iso-
lated. In addition, we tested the cytotoxic activity of the three new
compounds against three human cancer cell lines.

2. Materials and methods
2.1. General experimental procedures

UV spectra: Shimadzu UV-2401A spectrophotometer (Shimadzu
Instruments Co., Ltd, Tokyo, Japan). IR spectra: Nicolet FT-IR-360
spectrometer (Thermo Nicolet, Inc., Waltham, MA, USA). NMR
spectra: Bruker ARX-400 spectrometers (Bruker Ltd, Karlsruhe,
Germany). High resolution electrospray ionization mass spectrum
(HR-ESI-MS) were taken using, Agilent G6230 instruments (Agilent
Technologies, Santa Clara, CA, USA). Preparative HPLC was performed
on an Agilent 1100 apparatus equipped with a Rheodyne injector and
with UV detectors using a Thermo Cqg column (10 x 250 mm, 5 um).

Column chromatography was performed using silica(200—300 mesh
and 100—200 mesh; Qingdao Marine Chemical, Inc., Qingdao, Peo-
ple’s Republic of China) and octadecylsilyl (ODS) (50 um; YMC Co.,
Kyoto, Japan). The reagents were of HPLC grade or analytical grade
(Sinopharm Chemical Reagent Co., Ltd, Beijing, China).

2.2. Plant material

The PNS was provided by Yunnan Baiyao Group Co., Ltd.
2.3. Extraction and isolation

The PNS (2 kg) was separated by silica gel column using a
gradient of CH,Cl/CH30H (100:1—50:1—25:1—10:1—5:1—
2:1—1:1, v/v) to obtain eight fractions (Fr.1—Fr.8). Fr.1 (10 g) was

chromatographed subsequently over silica gel chromatography
with CHCl3-MeOH (30:1—20:1—10:1, v/v) to get five major
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fractions (Fr.1-1—Fr.1-5) based on thin-layer chromatography (TLC)
analysis. Fr.1-2 was purified by ODS eluted with MeOH-H,0
(40:60—55:45—70:30, v/v) to provide Compounds 2 (5.1 mg) and
4 (75.5 mg). Fr.1-3 was then separated into three major fractions
(Fr.1-3a—Fr.1-3c) by silica gel chromatography with CHCl3-MeOH
(15:1 and 13:1, v/v) as eluent. Fr.1-3a and Fr.1-3b were further
separated by preparative HPLC (p-HPLC) eluting with MeCN-H,0
28:72 to yield Compounds 3 (10.2 mg) and 16 (25.3 mg), while 25
(3.0 mg) and 8 (4.5 mg) were prepared from Fr.1-3¢ with MeCN-
H,0 (29:71, v/v) as a solvent system. Fr.2 (18.8 g) was subjected to
chromatography on ODS gel to afford 10 factions (Fr.2-1—Fr.2-10).
Fr.2-3 was subjected to chromatography on silica gel to yield
Compound 6 (7.7 mg). Compounds 7 (5.3 mg) and 14 (3.6 mg) were
isolated from Fr.2-6 by p-HPLC with MeCN-H,0 (30:70, v/v), and
Compounds 18 (9.8 mg) and 20 (5.6 mg) were isolated from Fr.2-7
by p-HPLC with MeCN-H,0 (28:72, v/v). Fr.2-8 was chromato-
graphed over silica gel to obtain 10 major fractions with CHCl3-
MeOH (50:1 to 5:1, v/v) as eluent (Fr.2-8-1—Fr.2-8-10). Fr.2-8-5 was
separated subsequently by ODS chromatography eluting with
MeOH-H;0 (40:60— 55:45 —70:30, v/v) to afford 19 (2.3 mg). Fr.2-
4 was fractionated by ODS eluted with MeOH-H,0
(40:60—60:40—80:20, v/v) to afford five major fractions (Fr.2-4-
1—Fr.2-4-5). The analysis of a combined fraction of Fr.2-4-1—Fr.2-4-
3 was performed by p-HPLC. Compound 27 (9.5 mg) was isolated
from Fr.2-4-1 by HPLC system of MeCN-H,0 (28:72, v/v). Com-
pounds 10 (8.5 mg) and 15 (3.3 mg) were prepared from Fr.2-4-2
with MeCN-H,0 (20:80, v/v) as a solvent system, whereas 9 (11.2
mg) and 12 (3.5 mg) were obtained from Fr.2-4-2 with MeCN-H;0
(37:63, v/v) as a solvent system. Compounds 11 (3.8 mg) and 28 (2.2
mg) were got from Fr.2-4-3 by HPLC system of MeCN-H,0 (43:57
and 35:65, v/v). Fr.5 (23.5 g) was subjected to chromatography on
ODS gel to provide ten factions (Fr.5-1—Fr.5-10). Compound 5
(1115.8 mg) was purified by recrystallizing from Fr.5-1. The analysis
of other compounds isolated from Fr.5 was performed by p-HPLC:
Compound 22 (mg) was purified from Fr.5-2, and Compounds 17
(51.1 mg) and 21 (12.7 mg) were isolated from Fr.5-3 by HPLC
system of MeCN-H,0 (30:70, v/v). Compound 13 (13.4 mg) were
isolated from Fr.5-5 HPLC system of MeCN-H,O (34:66, v/v).
Compounds 1 (4.3 mg) and 26 (8.5 mg) were prepared from Fr.5-7
with MeCN-H,0 (27:73, v/v) as a solvent system, whereas 23 (36.7
mg) and 24 (8.9 mg) were prepared from Fr.5-8 with MeCN-H,0
(37:63, v/v) as a solvent system.

2.4. Notoginsenoside Ab; (1)

36,6¢,12,22S-tetrahydroxy-dammar-20(21),24-diene-6-0-(-
D-glucopyranoside: white amorphous powder; [«]20D : +10.5,
(c = 0.20, MeOH); IR vimax 3420, 2931, 1634, 1454, 1384, 1074, 1032
cm™!; 'H and 3C NMR: see Table 1; HR-ESI-MS m/z 659.4130
[M+Na]* (calculated for C3gHgpO9Na, 659.4135).

2.5. Notoginsenoside Aby (2)

22S-hydroperoxyl-33,6a,123-trihydroxy-dammar-20(21),24-
diene-6-0-3-D-glucopyranoside: white amorphous powder;
[2]20D : +11.6, (¢ = 0.18, MeOH); IR vmax 3422, 2933, 1637, 1452,
1384, 1075, 1031 cm™'; 'H and >C NMR: see Table 1; HR-ESI-MS
675.4077 [M + Na]™ (calcd. for C3gHgoO10Na 675.4084).

2.6. Notoginsenoside Abs (3)

34,6a,12(3,24R-tetrahydroxy-dammar-20(21),25-diene-6-0-(-
D-glucopyranoside: white amorphous powder; [«¢]20D : +3.4,
(c =0.25, MeOH); IR vimax 3416, 2941, 1636, 1452, 1386, 1163, 1076,

1041 cm™'; 'H and 3C NMR: see Table 1; HR-ESI-MS 659.4132
[M+Na]* (calcd. For. C3g6HgoOgNa 659.4135).

2.7. Acid hydrolysis and HPLC analysis

The absolute configurations of the sugar moieties in Compounds
1-3 were determined by the method of literature reported [9].
Compounds 1-3 (2.0 mg/sample) were refluxed with 10 mL of 60%
aqueous dioxane with 5% HCI for 2 h. The reaction mixture was
evaporated under vacuum and then suspended in H,0 and extrac-
ted with CHCls. After drying in vacuum, the residue of aqueous layer
was melted in 0.2 mL of CsHsN with 2 mg of L-cysteine methyl ester
hydrochloride followed by warming at 60°C for 1 h. After that, 5 mL
of o-tolylisothiocyanate is added and warmed up at 60°C for another
hour. The reaction mixture was analyzed directly by reversed-phase
HPLC on a Thermo Cjg column (250 x 4.6 mm, 5 pum), with 20%
CH3CN at a flow rate of 1.0 mL/min at 30°C, and the detection
wavelength was 254 nm. The analysis of standard monosaccharide,
D-glucose, followed the same procedure. The value of tg of the
standard monosaccharide derivatives was 17.8 min, and the de-
rivatives of 1-3 gave peaks at tg 17.7—17.9 min, respectively.

2.8. Computational studies

Conformational searches were performed with Gaussian 09W
program (Gaussian Inc., USA). The geometry of each conformer in
the energy window of the conformational search was optimized
with Gaussian 09W in vacuum, at the B3LYP-6-31g (d,p) level.
Imaginary vibrational frequency of each conformer was checked,
and no such frequency indicates true energy minima. [sotropic
magnetic shielding was calculated with the GIAO (gauge-inde-
pendent atomic orbital) method at the B3LYP/6-31G (d, P) level by
using Gaussian 09W [10,11].

2.9. Fingerprint analysis

Chromatographic conditions: Waters 1525 HPLC system (Waters
Corp., Milford, Massachusetts, USA); Chromatographic column: VP
ODS Cyg (250 mm x 4.6 mm, 5 pm; Agilent Technologies, Santa
Clara, CA, USA); volume flow: 1.0 mL/min; column temperature:
30°C; detection wavelength: 203 nm; injection volume: 10 pL. The
samples were eluted with the mixture of Solvent A (water) and
Solvent B (acetonitrile). The elution rate using Solvent B was 20—
45% for 0—60 min.

Preparation of samples: Accurately weighed 25 mg of powder
sample was diluted with 10 mL of 70% methanol. Before injection,
the samples were filtered through a 0.45-um membrane filter.

2.10. Cell line

HepG-2 (human hepatic cancer cell line), NCI-H460 (human
lung cancer cell), and MCF-7 (human breast cancer cell) were
purchased from Shanghai Institutes for Biological Sciences, Chi-
nese Academy of Sciences (Shanghai, China). The HepG-2 and NCI-
H460 cancer cells were maintained in Roswell Park Memorial
Institute 1640 medium, and MCF-7 cancer cells were maintained
in high-glucose Dulbecco’s minimum essential medium, supple-
mented with 10% fetal bovine serum. The cells grew in a 5% CO;
incubator at 37°C. The cells were routinely digested and passaged
every 3 days.

2.11. Cell viability assay

The cells were plated in 96-well plates (1 x 10% cells/well)
overnight, then 1-3 at various concentrations of 0.01, 0.1, 1, 10, and
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100 pg/mL and the positive control cisplatin at concentrations of
0.5, 1, 2, 4, and 8 pg/mL were treated in the plates for 72 h. Sub-
sequently, 20 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5 -diphenylte-
trazolium bromide reagent (5 mg/mL) was added to each well for 4
h, and then 100 pL of triple liquid containing 10 mg SDS (sodium
dodecyl sulfate), 1.2 pL of 36—37% concentrated hydrochloric acid,
and 50 pL of isobutanol were added. After the coculture for 12 h, the
reduction of cell viability was determined at 570 nm using a

1 2

O~NOO A

©

R1=OH; Ry=0Glc(2-1)Xyl; R3=OH
Ry=OH; Ry=0Glc; R3=OH

Ry =OH; R,=0Glc(2-1)Rha; R3=OH
Ry = OGle(2-1)Glc; Ry=H; R3=OH
R1=0H; Ry=OXyl;
Ry=0Glc; Ry=H; R3= OGlc(6-1)Glc
10 R = OGIc(2-1)Glc; Ry = OH; R3=0Glc
11 Ry = OH; R, = OGlc; R3= OGlc(6-1)Gle 22

microplate reader (Bio-Rad, USA). The cell proliferation inhibition
rate was calculated according to the following formula: Inhibition
rate (%) = (Acontrol — Asample)/Acontrol x 100 [12].

3. Result and discussion

Compound 1 was obtained as white amorphous powder. The
molecular formula of 1 was deduced to be C36HggOg by positive

R3= OGlc

12 Ry = OGlc(2-1)Gle; Rp=H; R3=OAra

R Ri

R
13 R1=0H; Ry,=0Glc; R3=OH
14 R4=0Glc; Ry=H; R3=0Glc
15 R1=OH; Ry=OH; R3= OGlc(6-1)Glc

16 Ry = OH; R, = OGlc(2-1)Rha
17 Ry = OH; R, = OGlc
18 Ry = OH; R, = OGIlc(2-1)Xyl

20 R = OGlc(2-1)Xyl
21 R = 0GIc

19 R1 = OGilc(2-1)Glc; Ry=H

HOG

HO HO

R4= OGlc(2-1)Glc; Ry, = OGle
26 27

HO =
OH Y

=

R4= OGlc(2-1)Gle
28

Fig. 1. The structure of the Compounds 1-28. Glc, §-D-glucopyranosyl; Xyl, f-D-xylopyranosyl; Ara, a-L-arabinofuranosyl; Rha, a-L-rhamnopyranose.
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Fig. 2. The important HMBC correlations of Compounds 1-3. HMBC, heteronuclear multiplebond correlation.

mass spectrometry (HR-ESI-MS) data at m/z 659.4130 [M+Na]"
(calculated for C3gHgpOgNa, 659.4135). The '3C NMR (Table 1)
showed 36 carbon signals. The distortionless enhancement by po-
larization transfer (DEPT) spectrum exhibited 7 methyls, 9 methy-
lenes, 14 methines, and 6 quaternary carbons signals. Four olefinic
carbon signals at 6c 160.2, 132.8, 122.4, and 111.2 ppm suggested
two double bonds in the molecule. The 'H NMR showed signals of
seven methyl groups at 6y 0.88 (3H, s), 1.04 (3H, s), 1.25 (3H, s), 1.63
(3H, s), 1.65 (3H, s), 1.71 (3H, s), and 2.10 (3H, s); four oxygen
substituted protons at égy 3.55 (1H, m), 4.29 (1H, m), 4.46 (1H, m),
and 4.52 (1H, m); and one anomeric proton at éy 5.07 (1H, d,
J = 8.0). The 'H and 3C signals were fully assigned according to
heteronuclear signal quantum correlation (HSQC) spectra (Table 1).
Methylene carbon signal at §¢ 111.2 ppm showed correlation spots

with protons at 6y 5.18 (H-21) and 4.52 (H-21) ppm in HSQC
spectrum. These two proton signals showed connections with
carbon signals at d¢c 160.2 (C-20), 77.0 (C-22), and 40.2 (C-17) ppm
in heteronuclear multiple bond correlation (HMBC) spectrum, and
oy 4.52 (H-22) showed connection with é¢c 111.2 (C-20), 122.4 (C-
24), and 40.2 (C-17) (Fig. 2). Thus, the signals at ¢ 160.2, 111.2, and
77.0 ppm were assigned to be the signals of C-20, C-21, and C-22,
respectively. oy 5.42 (H-24) showed connections with d¢ 132.8 (C-
25), 26.4 (C-26), and 18.6 (C-27). Therefore, it was concluded
that the two double bonds were at /\ 20(21) and A 24(25). The
signals of Compound 1 were quiet similar to those of ginsenoside
Rks, except for the chemical shift of C-20, C-22, and C-23, which
were at dc 160.2, 77.0, and 36.3 of Compound 1 but were at 6¢c 155.4,
33.7, and 27.0 of ginsenoside Rks, respectively [13]. The shift to
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Fig. 3. (A) The HPLC fingerprint of PNS. (B) The magnified HPLC fingerprint of PNS with compounds isolated from PNS marked. (

ne

1, notoginsenoside Aby; 2, notoginsenoside Abs; 3,

notoginsenoside Abs; 4, notoginsenoside Ry; 5, 20(S)-ginsenoside Rhy; 6, 20(S)-ginsenoside Rgy; 7, ginsenoside Rgs; 8, pseudoginsenoside RTs; 9, gypenoside-XVII; 10, vina-gin-
senoside-R4; 11, notoginsenoside Rs3; 12, quinquenoside Li4; 13, 20(R)-ginsenoside Rhy; 14, ginsenoside F,; 15, ginsenoside U; 16, ginsenoside Rgg; 17, ginsenoside Rks; 18,
notoginsenoside Ts; 19, ginsenoside RK; 20, ginsenoside Rgy; 21, ginsenoside-Rhy; 22, ginsenoside-Rhs; 23, 20(S)-ginsenoside-ST,; 24, floralquinquenoside A; 25, ginsenoside-Rhy4;
26, notopanaxoside A; 27, notopanaxoside G; 28, sanchirhinoside D). All the Compounds 1-28 isolated form PNS and the sample of PNS were analysis by HPLC at the same condition.

In addition, 1-28 were marked on the HPLC spectrum of PNS.
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downfield of C-20 (+4.8 ppm), C-22 (+43.3 ppm), and C-23 (+9.3
ppm) indicated that C-22 of 1 was linked to hydroxyl. In addition,
the § configuration was prompted by the large coupling constant
observed for the anomeric proton 6y 5.07 (1H, d, ] = 8.0). The ab-
solute configurations of sugar was elucidated as D-glucose through
acid hydrolysis and HPLC analysis. Moreover, the linkages between
H-1" (6y 5.07) and C-6 (6¢c 80.5) were determined by HMBC corre-
lations. The configuration of OH at C-6 was « based on the corre-
lations between H-6 with H-18(, 194 in rotating frame overhauser
effect (ROESY) spectrum. In addition, H-17 was deduced as a-forms
by correlations between H-17 and Me-30 in the ROESY spectrum.
The configuration of C-22 was identified by the comparison of the
calculated and experimental chemical shifts of '*C. The calculated
chemical shifts of C-22 about (22R)-1 and (225)-1 were 6¢ 72.0 and
0c 77.8, whereas the experimental result was d¢ 77.0. Therefore, the
configuration of C-22 was identified as S. On the basis of the
aforementioned analyses, Compound 1 could be deduced to be
36,6¢,12(,22S-tetrahydroxy-dammar-20(21),24-diene-6-0-(-D-
glucopyranoside and named as notoginsenoside Ab;.

Compound 2 was isolated as white amorphous powder. The HR-
ESI-MS spectrum showed [M+Na]* at m/z 675.4077 (calcd. for
C36Hgo010Na 675.4084). It was proposed to possess a hydroperoxyl
group due to positive response to N,N-dimethyl-p-
phenylenediammonium dichloride reagent [14]. The 3C NMR
(Table 1) showed 36 carbon signals. The DEPT spectrum exhibited 7
methyls, 9 methylenes, 14 methines, and 6 quaternary carbons
signals. The 'H NMR showed signals of seven methyl groups at oy
0.82 (3H, s), 1.03 (3H, s), 1.28 (3H, s), 1.59 (3H, s), 1.60 (3H, s), 1.65
(3H, s), and 2.08 (3H, s). The signals of Compound 2 were quiet
similar to those of Compound 1, except for the chemical shift of C-
20 (—3.9 ppm), C-22 (+14.3 ppm), and C-23 (-5 ppm), indicating
the hydroperoxyl substitution of C-22. C-22 (oy 4.71, ic 91.3)
bearing hydroperoxyl group was also supported by chemical shift
comparison with those of related hydroperoxylated triterpenes
[15—17]. In addition, the long-range correlations between H-21 and
C-17,22, H-22 and C-17, 21, 23, 24, H-24 and C-26, 27, in the HMBC
spectrum further confirmed the structure (Fig. 2). The mono-
saccharide was determined to be D-glucose by HPLC analysis of
chiral derivatives of sugars in the acid hydrolyzate. The f-anomeric
configuration for the glucosyl unit was established from the
coupling constant for the anomeric proton dy 5.04 (d, ] = 7.8 Hz).
Compared with the calculated chemical shifts of C-22 about (22R)-2
(6c 82.8) and (22S)-2 (dc 88.2), the configuration of C-22 in Com-
pound 2 was identified as S. Compound 2 could be deduced to be
22S-hydroperoxyl-3(,6«,12-trihydroxy-dammar-20(21),24-
diene-6-0-B-D-glucopyranoside and named as notoginsenoside
Ab,.

Compound 3, was obtained as white amorphous powder. The
molecular formula was assigned as C3gHggOg9 by the HR-ESI-MS
spectrum at m/z 659.4132 [M+Na]" (calcd. For. C3gHgpOgNa
659.4135). The '>*C NMR (Table 1) showed 36 carbon signals, and the
TH NMR showed six methyl groups signals. The signals were similar
to those of ginsenoside-Rhs [18], except for the position of the
double bond. The corrections between H-21 (¢y 4.97, 5.15) and C-
20,17, 22 in HMBC spectrum (Fig. 2) demonstrated there is a double
bond in C-20, 21. What is more, the chemical shift of C-20, C-21, and
C-22 were at dc 156.5, 108.4, and 33.1 in Compound 3 but that of
ginsenoside-Rhs were at d¢ 142.5, 13.2, and 122.2 in ginsenoside-
Rhs, further indicating that the double bond was in C-20, 21 instead
of in C-20, 22. There was an additional -D-glucose in Compound 3
based on the results of acid hydrolysis analysis and the coupling
constant for the anomeric proton. The correlation of H-6/H-18(, H-
6/H-194 in ROESY spectrum revealed the a-orientation of OH at C-6.
The correlation between H-17 and Me-30 in ROESY spectrum
indicated the a-forms of H-17. The configuration of C-24 was

Table 2

ICs0 values of the new Compounds (1—3) against HepG2, NCI-H460, and MCF-7 cells.
Comp. ICs0 (ng/mL)"

HepG2 NCI-H460 MCF-7

1 >100 >100 >100
2 449 8.06 7.38
3 >100 >100 >100
Cisplatin® 0.97 1.34 2.66

Cell inhibition activity was determined by the MTT assay. MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5 -diphenyltetrazolium bromide
) ICsq is the concentration of the compound inhibiting 50% of cell proliferation.
2) Cisplatin was used as positive control.

identified as R by the comparison of the calculated chemical shifts
of (24R)-3 (6c 72.3) and (24S)-3 (6c 67.9) with experimental
chemical shift of C-24 (6¢ 75.5). Compound 3 could be deduced to
be 34,6a,12(,24R-tetrahydroxy-dammar-20(21),25-diene-6-0-(-D-
glucopyranoside and named as notoginsenoside Abs.

The known compounds were identified as notoginsenoside R;
(4) [19], 20(S)-ginsenoside Rhy (5) [20], 20(S)-ginsenoside Rg>
(6) [21], ginsenoside Rgs (7) [22], pseudoginsenoside RT3 (8)
[23], gypenoside-XVII (9) [24], vina-ginsenoside-Ry (10)
[25], notoginsenoside Rz (11) [26], quinquenoside L14 (12) [27],
20(R)-ginsenoside Rhy (13) [28], ginsenoside F, (14) [29], ginse-
noside U (15) [30], ginsenoside Rg6 (16) [31], ginsenoside Rks3 (17)
[13], notoginsenoside Ts (18) [32], ginsenoside Rk (19) [33], gin-
senoside Rg4 (20) [34], ginsenoside-Rhy (21) [35], ginsenoside-Rhs
(22) [18], 20(S)-ginsenoside-ST, (23) [36], floralquinquenoside A
(24) [37], ginsenoside-Rhy4 (25) [38], notopanaxoside A (26) [39],
notopanaxoside G (27) [40], sanchirhinoside D (28) [41] by com-
parison of their data with the literature (Fig. 1).

As typical multiple-constituent and multiple-action traditional
Chinese medicine, the quality is difficult to control, so a systematic
study about the complicated ingredients of PNS is much essential.
This is the first study to explore the rare content of PNS compre-
hensively. In the study, we isolated 3 new and 25 known
dammarane-type triterpenes from PNS. In addition, a method of
HPLC-UV was successfully applied to the determination of rare
ginsenosides in PNS. As the Fig. 3 showed, we also marked the
compounds isolated in the fingerprint. The results of this study are
significant for quality improvement and evaluation of clinical
medicines made of PNS.

The new Compounds (1—3) were evaluated for their cytotoxic
activity against HepG2, NCI-H460, and MCF-7 cancer cell lines by
using the modified 3-(4,5-dimethylthiazol-2-yl)-2,5 -diphenylte-
trazolium bromide method, with cisplatin as the positive control
(Table 2). New Compound 2 showed significant activity against
HepG2, NCI-H460, and MCF-7 with ICsg 4.49, 8.06, and 7.38 pug/mL,
respectively.
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