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Background: Panax ginseng has been used for a variety of medical purposes in eastern countries for
more than two thousand years. From the extensive experiences accumulated in its long medication use
history and the substantial strong evidence in modern research studies, we know that ginseng has
various pharmacological activities, such as antitumor, antidiabetic, antioxidant, and cardiovascular
system—protective effects. The active chemical constituents of ginseng, ginsenosides, are rich in
structural diversity and exhibit a wide range of biological activities.
Methods: Ginsenoside constituents from P. ginseng flower buds were isolated and purified by various
chromatographic methods, and their structures were identified by spectroscopic analysis and compar-
ison with the reported data. The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H- tetrazolium bromide
method was used to test their cytotoxic effects on three human cancer cell lines.
Results: Six ginsenosides, namely 6'—malonyl formyl ginsenoside F; (1), 3—acetoxyl ginsenoside F; (2),
ginsenoside Rhy4 (6), ginsenoside Rhys (7), 76—hydroxyl ginsenoside Rd (8) and ginsenoside Rhyg (10)
were isolated and elucidated as new compounds, together with four known compounds (3—5 and 9). In
addition, the cytotoxicity of these isolated compounds was shown as half inhibitory concentration values,
a tentative structure—activity relationship was also discussed based on the results of our bioassay.
Conclusion: The study of chemical constituents was useful for the quality control of P. ginseng flower
buds. The study on antitumor activities showed that new Compound 1 exhibited moderate cytotoxic
activities against HL-60, MGC80-3 and Hep-G2 with half inhibitory concentration values of 16.74, 29.51
and 20.48 pM, respectively.

© 2019 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

protopanaxadiol (PPD) type, protopanaxatriol type, octillol type,
oleanolic acid type, C17 side chain—varied type, and miscellaneous

Panax ginseng Meyer (Araliaceae) is a precious botanical drug
that has been used as a general tonic in eastern countries for more
than two thousand years. It is famous for the efficacy in rein-
forcing vital energy, invigorating spleen for benefiting the lung,
and recuperating from diseases. Ginseng saponins (ginsenosides),
the major biologically active components of P. ginseng, were
contributed to its various pharmacological effects and have been
administrated to treat cancer [1,2], diabetes [3], cardiovascular
disorders [4], aging [5], and so on. Based on the diverse structure
differentiation of the sapogenins, the known ginsenosides can
be further classified into six different subtypes: the

triterpenes. The PPD, protopanaxatriol, oleanolic acid, and octillol
types are the four most common subtypes among the saponins
from ginseng plant [6,7].

Recent studies have been focusing on the synthesis of more
active PPD derivatives from dammarane-type triterpene saponins,
conversion products using artificial gastric juice, acidic and alkaline
hydrolysis from total ginseng saponins, and extraction of malo-
nylginsenosides under room temperature. The new products ob-
tained have showed promising antidiabetic and antitumor
properties [8—13]. Researchers never stop to report new com-
pounds related to ginsenosides [14,15]. In view of the wide range of
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potent activities, ginseng (ginsenosides) can be regarded as the
source of active lead compounds research.

Owing to our continued interests in the chemical diversity and
structure—bioactivity relationship of ginsenosides [16—21], we
investigated the flower buds of P. ginseng and obtained 6 new
ginsenosides, 1, 2, 6—8, and 10, and 4 known ginsenosides. Herein,
we report the isolation and structure elucidation of these new
ginsenosides, along with their antiproliferative activities against
three human cancer cell lines (HL-60, MGC80-3, and Hep-G2).

2. Materials and methods
2.1. Plant materials

The flower buds of P. ginseng were collected in Tonghua city, Jilin
province of China in July 2014 and identified by one of the authors
(Xiao-Jie Gong). A voucher specimen (No.2014003) of this plant was
deposited at our laboratory.

2.2. Apparatus and chemicals

Optical rotation values were measured using a P—2000 digital
polarimeter (Jasco, Tokyo, Japan). IR spectra were recorded on a
Nicolet 550 FT—IR spectrophotometer (Nicolet Instrument. Inc.,
Madison, USA) using KBr pellets. NMR spectra were measured uisng
a DRX 500 MHz NMR spectrometer (Bruker Corporation, Bremen,
Germany) using trimethylsilane as the internal standard. The high-
resolution LC—MS spectra were recorded using a QTOF 6540 mass
spectrometer (Agilent Technologies, Waldbronn, Germany) and LC—
MS—2010EV mass spectrometer (Shimadzu Corporation, Kyoto,
Japan). Column chromatography (CC) was performed on silica gel
(200—400 mesh, Qingdao Marine Chemical co., Ltd, Qingdao, China),
Diaion HP-20 (Mitsubishi Chemical Corporation, Tokyo, Japan) and
MCI gel (75—150 pm, Chengdu Kepubio Co., Ltd, Chengdu, China).
TLC was carried out on a precoated silica gel plate High-efficiency
Silica Gel (HSG) F254 (0.25 mm, Qingdao Marine Chemical Co., Ltd,
Qingdao, China); spots were visualized by spraying with 10% H,SO4
solution followed by heating. The semi-preparative HPLC was per-
formed on a Beijing CXTH LC—3000 system (Beijing Chuang Xin Tong
Heng Science Technology Co. Ltd., Beijing, China) coupled with
Daisogel Cig column (5 um, 250 x 30 mm; Cherish Technology Co.,
Ltd, Beijing, China), and all UV detection was set at 203 nm with a
flow rate of 5 mL/min. The sugar determinations were conducted
using a 1200 HPLC system (Agilent Technologies) using a Kaseisorb
LC NH;—60—5 column (5 pm, 250 x 4.6 mm; Kasei Kogyo Co. Ltd,
Tokyo, Japan). Analytical-grade reagents of n-hexane, ethyl acetate
(EtOACc), chloroform (CHCI3), ethanol (EtOH), and methanol (MeOH)
were purchased from Kemiou Pure Chemical Co. Ltd. (Tianjin,
China). HPLC-grade acetonitrile (MeCN) and MeOH were obtained
from Sigma—Aldrich Chemical Co. (St. Louis, USA). Deionized water
was purified using a Milli—-Q system (Billerica, USA) in our
laboratory.

The human cancer cell lines, HL-60, MCF-7 and Hep-G2, were
obtained from the Cell Resource Center, Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences/Peking Union
Medical College (Beijing, China). The cell lines were cultured in an
MCO-15 AC carbon dioxide (CO2) incubator (Sanyo, Osaka, Japan).
Dimethyl sulfoxide and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H- tetrazolium bromide (MTT) were purchased from Sigma-
Aldrich Co. (St. Louis, USA). Ninety-six—well plates (Corning
Costar) were purchased from Corning Inc. (Cambridge, USA).
Nonessential amino acids, fetal bovine serum, Roswell Park Me-
morial Institute (RPMI) 1640 medium, and Dulbecco’s modified
Eagle’s medium were purchased from Gibcol Laboratories (Grand
Island, USA). Penicillin—streptomycin solution was purchased from

Corning CellGro (Manassas, USA). Vinorelbine was purchased from
Jianglaibio Co. Ltd. (Shanghai, China).

2.3. Extraction and isolation

The extraction of P. ginseng flower buds (4.1 kg) was performed
with 70% EtOH (3 x 16 L) under reflux. The extract was concentrated
on a rotary evaporator to give a dark brown residue (892 g), and then
the residue was dissolved in H,0 (4 L) and subjected to liquid—liquid
partitioning using n—hexane (3 x 12 L)and EtOAc (3 x 12 L) to provide
the n-hexane (200 g), EtOAc (31 g), and water-soluble (645 g) frac-
tions. The EtOAc fraction was separated on silica gel and eluted with
CHCl3/MeOH/H,0 (gradient, 100:10:1 to 10:10:1) to yield fractions
E1—E9. Fraction E5 (2.8 g) was chromatographed on an MCI gel col-
umn using 75% EtOH to yield 6 subfractions ESA—E5F, and the sub-
fraction E5E (62 mg) was purified by semipreparative HPLC with 80%
MeOH to afford 1 (11.4 mg). Similarly, Fraction E6 (900 mg) was
separated by 80% EtOH to yield 5 subfractions EGA—EGE, and the
subfraction E6D (41 mg) was purified with 75% MeOH to afford 2 (10.2
mg). Fraction E7 (4.8 g) was separated by a gradient of EtOH-H,0 (60%
to 100%), and 3 (524 mg) was afforded with 80% EtOH. The water
fraction (200 g) was further fractionated on a Diaion HP-20 resin
column, eluting with EtOH/H,0 (gradient, 0:100 to 100:0) to yield 5
fractions W1-W5. Fraction W3 (26 g) was separated on an MCI gel
column eluting with EtOH/H,O0 (gradient, 40:60 to 100:0), producing
11 subfractions W3A—W3K. And, the subfraction W3B (6 g) was
separated by MCI gel column eluting with 70% EtOH, giving two
subfractions W3B-1 and W3B-2. Semipreparative HPLC was used to
purify subfraction W3B-2 (911 mg) to obtain 4 (25.4 mg) and 5 (661
mg). Subfraction W3D (3.2 g) was separated by combining silica gel
(CHCl3/MeOH/H06:1:0.1t02:1:0.1)and MClI gel (75% EtOH) column.
After the MCI gel fractionation, four (subfraction W3D-1 to sub-
fraction W3D-4) subfractions were obtained. Subfraction W3D-2 (77
mg) and W3D-4 (43 mg) were all further purified by semipreparative
HPLC with 35% MeCN to afford 6 (8.6 mg), 7 (9.2 mg), and 8 (7.5 mg).
Subfraction W3H (1.4 g) was separated by silica gel (CHCI3/MeOH/
H,0 5:1:0.1) repeatedly to afford 9 (282 mg). Fraction W4 (21 g) was
separated by MCI gel column eluting with 80% EtOH, giving 6 sub-
fractions W4A—WA4F. Further purification of subfraction W4D (92 mg)
by semipreparative HPLC with 35% MeCN afforded 10 (12.5 mg).

2.4. Acid hydrolysis of new compounds

The acid hydrolysis of new compounds and sugar determination
were based on our previously reported method by HPLC analysis
[16]. All the glucose residues from those 6 new compounds showed
the retention time of 12.6 min, which was the same as p-glucose
[16]. In addition, the rhamnosyl moiety in 6 and the arabinosyl
moiety in 6 and 7 were |-configured (tg 9.6 and 10.7 min, respec-
tively) [16,22], and the xylosyl moiety in 7 was p-configured (tg 9.2
min) [22], showing that the retention times were consistent with
those of the authentic samples.

2.5. Cytotoxicity assay

HL-60 and MGC80-3 cells were cultured in RPMI 1640 medium,
and Hep-G2 cells were cultured in Dulbecco’s modified Eagle’s
medium, supplemented with 10% fetal bovine serum, 100 unit/mL
penicillin plus 100 pg/mL streptomycin at 37°C in a humidified
atmosphere of 5% CO,. The cytotoxicity assay was detected by MTT
method [23]. MCF-7, Hep-G2, and HL-60 cells were seeded into 96-
well plates in a density of 2 x 10%,1 x 10% and 0.5 x 10* cells/well in
100 pL, respectively. After 24 h of incubation at 37°C, test com-
pounds at various concentrations (1, 10, 50, 100, 150, and 200 pM)
were added and incubated for 48 h. Continuously, each well was
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Table 1

'H- and 3C-NMR data for Compounds 1 and 2 (CsDsN, 500 MHz)
No. 1 2

dc On dc On
1 394 101(1H m),172(1H,m) 389 0.91(1H, m), 1.59 (1H, m)
2 282 187(2H m) 239  1.71(2H, m)
3 786 3.54(1H,dd, 105, 6.5) 813 476 (1H, t, 9.0)
4 404 — 392 -
5 618 122(1H,d, 10.0) 614 120 (1H, d, 10.0)
6 67.8 4.42 (1H, m) 674 4.35(1H,d, 11.5)
7 475 188(1H,m),196(1H,m) 473 186 (1H, m), 1.93 (1H, m)
8 413 - 412 -
9 500 1.57(1H, m) 497 150 (1H, m)
10 394 -— 386 —
11 308 1.61(1H m), 209 (1H, m), 308 1.62(1H, m), 2.02 (1H, m)
12 702 418 (1H, m) 703 413 (1H, m)
13 492 2.02(1H, m) 49.1 1.98 (1H, m)
14 514 - 514 —
15 310 1.06(1H m), 155(1H,m) 309 091 (1H m), 1.58 (1H, m)
16 267 138(1H,m),1.86(1H,m) 267 135 (1H, m), 1.84 (1H, m)
17 516 258 (1H, m) 51.8 253 (1H,m)
18 177 1.12(3H,s) 176 1.07 (3H,s)
19 175 1.03(3H,s) 174 098 (3H,s)
20 835 -— 834 —
21 221 162 (3Hs) 225 1.63(3H,s)
22 362 184(1H,m), 232 (1H,m) 361 1.82 (1H, m), 2.40 (1H, m)
23 230 229(1H,m),254(1H,m) 234 226 (1H, m), 2.50 (1H, m)
24 1261 535 (1H,t, 6.4) 1260 528 (1H, m)
25 1311 - 1311 -
26 258 1.70(3H,s) 258 1.62(3H,s)
27 178 167(3H,s) 179  1.60 (3H, s)
28 320 200 (3H,s) 314 1.65(3H,s)
29 16,5 147 (3H,s) 17.0 133(3H,5s)
30 175 1.00(3H,s) 174 095 (3H, s)
1 980 5.10(1H,d, 8.0) 984 5.19(1H,d,7.5)
2 750 3.96 (1H, m) 753 402 (1H, t, 8.0)
3 792 417 (1H, m) 793 427 (1H, t, 9.0)
4 715 3.92(1H, m) 716 421 (1H,t, 9.0)
5 748 3.94(1H m) 783  3.94 (1H, m)
6 65.8 4.68 (1H, dd, 11.5, 7.0) 62.9 4.33(1H,brd, 11.5)
5.05 (1H, br d, 11.5) 450 (1H, dd, 11.5, 2.0)

1”7 167.0 — 1709 -
2" 417 371(1H brs), 372 (1H brs) 213 2.11(3H,s)

37 1673 —
4 523 367(3Hs)

treated with 20 pL of MTT solution (5 mg/mL), and the plates were
incubated for another 4 h. Then, 100 pL of dissolving solution
(containing 5% isopropanol, 10% sodium dodecyl sulfate, and 0.1%
HCI, dissolved in water) was added to dissolve the formazan. The
optical density was measured at 540 nm using a microplate reader
(BioTeck Instruments, Vermont, US). The half inhibitory concen-
tration (ICsg) value of each compound was calculated using the
Origin75 software.

3. Results and discussion
3.1. Structure identification

Six new (1, 2, 6—8, and 10) and four known (3—5 and 9)
dammarane-type saponins were isolated. The four known saponins
were identified as ginsenosides F; (3) [24], Rc (4) [25], Re (5), and
Rd (9) [19].

Compound 1 was obtained as a white amorphous powder. [¢]25
D+ 25.8° (c = 0.1, MeOH). Its molecular formula was determined as
C40Hg6012, evidenced by the High-Resolution-Electron Spray
Ionization-Mass Spectra data (HR-ESI-MS) data (m/z 761.4446
[M + Na]™, calculated for C40Hgs012Na, 761.4446). The absorption
bands at 3321, 1651, and 1015 cm~' due to hydroxyl, ester, and
olefin groups, respectively, were shown in its IR spectrum. The

acidic hydrolysis of 1 gained p-glucose. One anomeric proton (6
5.10) in the 'H-NMR spectrum and one corresponding anomeric
carbon were recorded at 6 98.0 in the >3C-NMR spectrum (Table 1).
Furthermore, nine methyl singlets (éy 1.00, 1.03, 1.12, 1.47,1.62, 1.67,
1.70, 2.00, and 3.67) were observed in the "H-NMR spectrum, and
0y 3.67 of which was protons bearing an oxygen function. Thirty
carbon signals were assigned to the 20(S)-PPT sapogenin [19], and a
set of signals showed a $-p-glucosyl moiety in the >*C-NMR spec-
trum. Compared with 3 [24], the presence of additional signals
corresponding to two carbonyl carbons (6c 167.0 and 167.3), one
methylene group [dc 41.7/0y 3.72, 3.71 (each 1H, br s)], and one
methoxyl group [dc 52.3/0y 3.67 (3H, s)], along with the Hetero-
nuclear Multiple Bond Correlation (HMBC) cross-peaks of oy 5.05,
4.68/6c 167.0, 6y 3.71/d¢c 167.0, 6y 3.71/6¢c 167.3 and oy 3.67/6¢c 167.3
(Fig. 1), as well as a downfield shift for C-6’ (6¢c 65.8) of the gluco-
pyranosyl unit, revealed that there was a terminal methyl-esterified
malonic acid group attached to C-6’ of glucopyranosyl moiety in 1
[13,26,27]. On the basis of the aforementioned results, the structure
of 1 was determined as 34,6a,12(,20(S)-tetrahydroxy-dammar-24-
ene-20-0-(6-O-malonyl methyl ester)-3-p-glucopyranoside and
given the trivial name 6’-malonyl methyl ester ginsenoside F;.
Compound 2 was isolated as a white amorphous powder with a
molecular formula C3gHgsO19 determined by HR-ESI-MS (m/z
703.4343 [M + Na]™, calcd for C3gHgs010Na, 703.4391). [a]25 D+
28.4° (¢ = 0.1, MeOH). Its IR spectrum showed strong absorption
bands at 3324 and 1012 cm™ ', suggesting an oligoglycosidic struc-
ture, together with absorption band at 1649 cm™! due to carbonyl
group. The acid hydrolysis of 2 liberated p-glucose. The 'H- and 13C-
NMR spectra (Table 1) of 2 were very similar to those of 3 [24],
except for the signals due to an acetoxyl group at ¢ 21.3 and
170.9 and dy 2.11 (3H, s), which suggested that 2 was an acetyl
derivative of 3 (Fig. 1). The acetoxyl group was confirmed at C-3
position of aglycone moiety on the basis of an acetylation shift ef-
fect on C-3 around d¢ 81.3 and HMBC cross-peaks of H-3 [y 4.76
(1H, t, ] = 9.0 Hz)] to carbonyl carbon at ¢ 170.9 and H-2" [6y 2.11
(3H, s)] to C-3 (6c 81.3). Thus, the structure of 2 was determined as
60,123,20(S)-trihydroxy-34-acetoxyl-dammar-24-ene-20-0-(-b-
glucopyranoside and named as 38-acetoxyl ginsenoside F;.
Compound 6 was isolated as a white amorphous powder with a
molecular formula C47HgpO17 determined by HR-ESI-MS spectrum
(m/z939.5289 ([M + Na|*, calcd for C47HgpO17Na, 939.5293)). [«]25
D—6.2° (¢ = 0.1, MeOH). Its IR spectrum showed absorption bands
due to hydroxyl and olefin groups at 3412 and 1630 cm ™. The 'H-
NMR spectrum of 6 (Table 2) displayed eight methyl singlets [dy
0.99, 1.10, 1.18, 1.36, 1.61, 1.62 (6H), and 2.01], a methyl doublet [éy
1.77 (3H, d,] = 6.2 Hz)], an olefinic [0y 5.26 (1H, t, ] = 7.5 Hz)], and
three anomeric [0y 6.26 (1H, br s), 5.32 (1H, d,J = 5.0 Hz), 5.20 (1H,
d,J = 8.0 Hz)]. In the '3C-NMR spectrum of 6, thirty carbon signals
assigned to the aglycone and three sets of signals due to one §-
glucopyranosyl, one a-arabinopyranosyl, and one «-rhamnopyr-
anosyl groups were observed. The result of acidic hydrolysis of 6
was consistent with the 3C-NMR findings of sugar moiety type.
Comparison of the '>*C-NMR chemical shifts of the aglycone moiety
in 6 with those of 20(S)-protopanaxatriol and its glycosides [19]
suggested that 6 (Fig. 1) was a 20(S)-PPT ginsenoside, which was
confirmed by HMBC analysis. Furthermore, the HMBC correlation
between anomeric proton of rhamnosyl éy 6.26 (1H, br s) and ¢
77.8 of C-2’ arabinosyl showed that there was a sugar sequence of
a-i-rhamnopyranosyl-(1—2)-a--arabinopyranosyl in 6. The 'H-
and 3C-NMR data of the sugar moiety were identical to the re-
ported data [28,29]. The linkage sites of the sugars and the aglycone
were determined by HMBC correlations of H-1’ [dy 5.32 (1H, d,
J=5.0 Hz)] to C-6 (6c 75.8) and H-1" [y 5.20 (1H, d, ] = 8.0 Hz)]
to C-20 (6c 83.3). Accordingly, the structure of 6 was determined as
6-0- [a--rhamnopyranosyl-(1— 2)-«--arabinopyranosyl]-3(,6«,
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Fig. 1. Chemical structures and HMBC (H~xC) correlations of Compounds 1, 2, 6—8, and 10. The red part of each structure shows its novelty, and the key HMBC correlations are

shown by blue arrows.
HMBC, heteronuclear multiple bond correlation.

124,20(S)- tetrahydroxy-dammar-24-ene-20-0-3-p-glucopyrano-
side and given the trivial name ginsenoside Rhy4 [30]. So far as we
know, the sugars and their the sequence located at C-6 resulted in a
new type of sugar chain among all the known ginsenosides in Panax
genus plants [6,7].

Compound 7 was isolated as a white amorphous powder with a
molecular formula Cs;HggO,; determined by HR-ESI-MS (my/z
1071.5707 [M + Na], calcd for Cs,HggO21Na, 1071.5716). [«]25 D+
48.2° (¢ = 0.1, MeOH). Its IR spectrum showed absorption bands due
to hydroxyl and olefin groups at 3389 and 1646 cm™ .. The 3C-NMR
spectrum gave 52 carbon signals, of which 22 were assigned to the
sugar moiety and 30 to the 20(S)-PPD sapogenin [19]. The acidic
hydrolysis of 7 obtained p-glucose, p-xylose, and |-arabinose. The
TH- and 3C-NMR data (Table 2) of 7 were very similar to those of 4
[25], except for a xylosyl instead of a glucosyl at C-2’. The xylosyl
group at C-2’ was further confirmed by the correlation observed
between anomeric proton of xylosyl 6y 5.27 (1H, d,J = 7.0 Hz) and d¢
84.1 of C-2’ glucosyl that linked at C-3 of the aglycone in the HMBC

experiment (Fig. 1). Thus, the structure of 7 was determined as 3-0O-
[8-p-xylopyranoyl-(1—2)-8-p-glucopyranoyl]- 34,126,20(S)- trihy-
droxy-dammar-24-ene-20-0-a--arabinofuranosyl-(1 —6)-(-b-
glucopyranoside and given the trivial name ginsenoside Rhys.
Compound 8 was obtained as a white amorphous powder. It
exhibited the molecular formula C4gHg>019 according to the HR-ESI-
MS data (m/z985.5349 [M + Na|*, calcd for C4gHg>019Na, 985.5348).
[a]25 D+ 51.5° (c = 0.1, MeOH). Its IR spectrum showed absorption
bands due to hydroxyl and olefin groups at 3397 and 1604 cm™.
Glucose was identified in the acid hydrolysates. Comparison of the
TH- and 3C-NMR data of 8 (Table 3) with those of 9 [19] revealed
that some different signals due to the B-ring part of the sapogenin
moiety was due to the presence of a hydroxyl group signals at oy
4.02/dc 74.6. The long-range correlations between H-5 [y 0.84 (1H,
brd, ] = 12.5Hz)], H-6 [1.75 (1H, m), 1.93 (1H, m)], H-18 [0y 1.26 (3H,
s)], and oc 74.6 in the HMBC experiment (Fig. 1), as well as signals for
C-6 and C-7, were shifted to lower field at 6c 29.2 and oc 74.6
compared to those of 9 [19], indicating that the original methylene
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Table 2 Table 3
"H- and 3C-NMR data for Compounds 6 and 7 (CsDsN, 500 MHz) 'H- and '*C-NMR data for Compounds 8 and 10 (CsDsN, 500 MHz)
No. 6 7 No. 8 10
oc 0y Oc On dc L oc On
1 394 097 (1H,m),172(1H,m) 393  0.76 (1H, m), 1.57 (1H, m) 1 392 074(1H,m), 156 (1H,m) 392  0.76 (1H, m), 1.58 (1H, m)
2 278 181(1H,m), 1.87 (1H,m) 267 137 (1H, m), 1.85 (1H, m) 2 269 184(1H,m), 223 (1H,m) 268 187 (1H, m), 222 (1H, m)
3 784 345(1H,m) 89.1  3.30(1H, dd, 12.5, 5.0) 3 889  3.30(1H dd, 12.0,4.5) 89.0  3.30(1H, dd, 11.5, 4.0)
4 39.9 - 39.8 — 4 39.6 - 39.7 -
5 609 1.41(1H d, 11.0) 565 071 (1H, d, 11.0) 5 541 084(1Hd, 125) 564  0.69 (1H, d, 11.5)
6 758 453(1H,m) 185  1.41(1H, m), 1.55 (1H, m) 6 292 175(1H,m), 1.93(1H,m) 185  1.40(1H, m), 151 (1H, m)
7 457 201 (1H m) 352 121 (1H, m), 1.49 (1H, m) 7 746 402 (1H,m) 352 123 (1H, m), 1.49 (1H, m)
2.18 (1H, dd, 12.0, 3.0) 8 45.9 — 40.1 -
8 41.2 — 40.1 — 9 50.0 1.39 (1H, m) 50.2 1.40 (1H, m)
9 496  1.55(1H m) 503 1.40 (1H, m) 10 370 - 369 -
10 396 - 370 - 11 310 1.64(1H,m), 203 (1H,m) 307 150 (1H, m), 1.98 (1H, m)
11 310 155(1H,m), 209 (1H,m) 309 150 (1H, m), 1.99 (1H, m) 12 702 415(1H,m) 701 420 (1H, m)
12 702 417 (1H,m) 703 415 (1H, m) 13 505 207 (1H, m) 496  2.01(1H, m)
13 49.2 2.07 (1H, m) 49.5 2.01 (1H, t, 11.0) 14 51.6 - 515 —
14 514 — 515 - 15 345 177 (1H,m),2.15(1H,m) 310  1.03 (1H, m), 1.58 (1H, m
15 308 102 (1H m), 1.61 (1H,m) 308  1.01(1H m), 1.58 (1H, m) 16 272  146(1H,m), 194 (1H,m) 267 139 (1H, m), 1.87 (1H, m
16 267 136 (1H,m), 1.84 (1H,m) 269 137 (1H m), 1.85 (1H, m) 17 509 260 (1H, m) 516 261 (1H m)
17 516 256 (1H, m) 517  2.56 (1H, m) 18 107 126 (3H,s) 160 096 (3H, s)
18 176 1.18(3H,s) 160 098 (3H,s) 19 165 088 (3H,s) 163 084 (3H,s)
19 173 099 (3H,s) 163 084 (3H,s) 20 836 - 835 -
20 833 - 834 — 21 224 1.66 (3H, s) 22.0 1.62 (3H, s)
21 223 162 (3Hs) 224 165 (3H,s) 22 363 190 (1H,m), 245 (1H,m) 361 181 (1H, m), 2.41 (1H, m)
22 362 185(1H,m), 239 (1H,m) 362 185 (1H, m), 2.38 (1H, m) 23 232 228(1H,m)252(1H,m) 230 231 (1H, m), 2.58 (1H, m)
23 232 225(1H,m), 250 (1H,m) 232 238 (1H, m), 2,57 (1H, m) 24 1260 527 (1H,t, 7.0) 1261 530 (1H, t, 7.5)
24 126.0 5.26 (1H,t, 7.5) 126.1 532 (1H,t, 7.0) 25 1319 - 1309 -—
25 1309 - 131.0 - 26 25.8 1.61 (3H, s) 25.8 1.66 (3H, s)
26 258 161 (3H,s) 258 163 (3H,s) 27 178 162 (3H,s) 178 1.66 (3H, s)
27 178 162 (3H5) 179 168 (3H,s) 28 281 129(3H,s) 281  131(3Hs)
28 321 2.01 (3H, s) 27.8 1.31(3H, s) 29 16.8 1.13(3H, s) 16.6 1.14 (3H, s)
29 174 136(3H,s) 163  1.12(3H,s) 30 174 117 (3H,s) 175 1.00 (3H, s)
30 175  1.00(3H,s) 174 097 (3H,s) 1 1051 493 (1H,d,7.5) 1051 493 (1H, d, 7.5)
1 102.8 5.32(1H,d, 5.0) 105.1 4.93 (1H,d, 7.5) 2 83.6 4.24 (1H, m) 83.6 4.25 (1H, m)
2 778 442(1Hm) 841 416 (1H, m) 3 780 425(1H,m) 780 426 (1H, m)
3 759 433 (1H, m) 785 431 (1H, m) 4 717 414 (1H m) 717 416 (1H, m)
4 708 422 (1H,m) 717 416 (1H, m) 5 783 432 (1H,m) 750 402 (1H, m)
5 66.0 3.83 (1H,dd, 11.4, 8.2) 78.2 3.93(1H, dd, 11.4, 8.2) 6 62.9 4.36 (1H, m) 64.4 4.75 (1H, dd, 11.5, 7.0)
450 (1H, m) 458 (1H, br d, 11.5) 5.05 (1H, dd, 11.5, 2.0)
6 630 433 (1H, m) 17 1062 537 (1H,d,7.5) 106.1 538 (1H,d, 7.5)
457 (1H, br d, 11.5) 2 772 413(1H,m) 772 414(1H m)
17 1016 626 (1H, brs) 1070 527 (1H, d, 7.0) 3 782  3.94(1H, m) 781  3.94 (1H, m)
2 724  474(1H,m) 766 413 (1H, m) 4 717 433 (1H,m) 717 3.99 (1H, m)
3 724 462 (1H, dd, 9.0, 3.0) 782 416 (1H, m) 57 781  3.94(1H,m) 783 3.94 (1H, m)
4 741 433 (1H, m) 712 424 (1H, m) 6" 629 436 (1H, m) 629 436 (1H,m
5 698 478 (1H, m) 676 373 (1Ht, 11.0) 452 (1H, dd, 11.5, 2.5) 458 (1H, dd, 12.0, 2.0)
4.41 (1H, dd, 11.0, 5.0) 17 983 523 (1H,d,7.5) 981 5.14(1H,d, 7.5)
6 188 177 (3H d 62) 27 752 404 (1H,t, 8.5) 750 402 (1H,m)
17 983 520 (1H, d, 8.0) 982  5.15(1H, d, 8.0) 37 793 426 (1H,m) 792 421 (1H m)
2" 752 401 (1H, ¢, 8.0) 751  3.98 (1H, m) 4" 717 414 (1H,m) 717 416 (1H, m)
37 793 425(1H,m) 793 418 (1H, m) 57 783 3.95(1H,m) 784  3.94 (1H, m)
4" 717 414 (1H,m) 722 3.99 (1H, m) 6" 627 436(1H m) 446 (1H,m) 628 443 (1H, m), 450 (1H, m)
5" 783 3.94 (1H, m) 76.6 4.04 (1H, m) 1 1664 —
6” 630 434 (1H,m) 450 (1H,m) 685 4.11(1H, m) 2 1232 599 (1H, dt, 155, 1.5)
467 (1H, dd, 11.0, 2.5) 3 1448 7.07 (1H, dq, 155, 6.9)
1 110.2 5.66 (1H, br s) 4" 17.7 1.68 (3H, dd, 7.0, 1.5)
2! 833 4.87 (1H, m)
3 789 480 (1H, m)
4 861 475 (1H, m)
5 62.7  4.22 (1H, m), 449 (1H, m) by the HR-ESI-MS data (m/z 1037.5646 [M + Na]', calcd for

at C-7 was transformed to a hydroxyl group. In the rotating frame
overhause effect spectroscopy (ROESY) experiment, rotating frame
overhause effect (ROE) correlations were observed between H-7 [y
4.02 (1H, m)], H-9 [0y 1.39 (1H, m)], and H-7 and H-30 [0y 1.17 (3H,
s)] (Fig. 2). Thus, the hydroxyl at C-7 was  configuration. Conse-
quently, the structure of 8 was determined as 3-O-[§3-p- glucopyr-
anoyl-(1—2)-p-p-glucopyranoyl]-38,7(6,12(3,20(S)-tetrahydroxy-
dammar-24-ene-20-0-3-p-glucopyranoside and given the trivial
name 7(-hydroxyl ginsenoside Rd.

Compound 10 was obtained as a white amorphous powder. It
possessed the molecular formula C53HggO19, which was determined

Cs;HgsO19Na, 1037.5661). [«]25 D+ 40.4° (¢ = 0.1, MeOH). The IR
spectrum of 10 showed absorption bands at 1728 and 1655 cm ™!
ascribed to an a,6-unsaturated ester and olefin and strong absorp-
tion bands at 3337 and 1073 cm ™! suggestive of an oligoglycosidic
structure. Glucose was identified in the acid hydrolyzates. The 'H-
and '>C-NMR data (Table 3) of 10 were very similar to those of9[19],
except for the additional signals, i.e., a methyl group 6¢ 17.7 /0y 1.68, a
double bond d¢ 144.8, 123.2/6y 7.07, 5.99, and a carbonyl carbon é¢
166.4. Further analysis confirmed that these signals were assigned
to a crotonic group. Based on the typical AB-system coupling con-
stant (J = 15.5 Hz) of 6y 7.07 and 6y 5.99, the configuration of the
crotonic unit was determined as (E). By comparing the 3C-NMR
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Fig. 2. Selected key ROESY correlations of the sapogenin of Compound 8.

Table 4

Cytotoxicity of Compounds 1-10 against three human cancer cell lines (ICso, pM)
Compounds HL-60 MGC80-3 Hep-G2
1 16.74 + 2.65 29.51 + 0.82 20.48 + 1.83
2 5831 +£3.32 42.18 +2.49 25.62 + 0.87
3 65.36 + 1.35 87.58 + 1.76 82.14 + 3.88
4 >200 >200 >200
5 >200 >200 >200
6 17412 £ 1.93 168.14 + 3.36 >200
7 >200 >200 >200
8 122.63 + 2.46 158.83 + 2.05 >200
9 >200 >200 >200
10 105.51 + 4.84 82.37 +£4.58 156.74 + 2.61
Vinorelbine 9.36 + 2.77 25.24 + 3.18 18.86 + 1.19

Data were expressed as mean + SD (n = 3). Vinorelbine was used as a positive drug.
ICs0, half inhibitory concentration; SD, standard deviation.

data with those of 9 [19], the terminal C-6' resonance was deshiel-
ded, whereas that of C-5’ was shielded. The malonylation site at 6’'-
OH was confirmed by the HMBC cross-peaks of H-6' [6 4.75 (1H, dd,
J=11.5,7.0Hz) and 6y 5.05 (1H, dd, ] = 11.5, 2.0 Hz)] to the carbonyl
carbon at dc 166.4 (Fig. 1). The structure of 10 was thus defined as 3-
0-{6-0-[(E)-but-2-enoyl]-#-p-glucopyranoyl-(1—2)--p-glucopyr-

anoyl}-36,126, 20(S)-trihydroxy-dammar-24-ene-20-0-3-p-gluco-
pyranoside and given the trivial name ginsenoside Rhyg. Its analogs
with C-6" crotonyl group have been isolated from the roots of
P. ginseng and P. quinquefolium [26,31]. To the best of our knowledge,
10 that possesses crotonyl group is the first ginsenoside isolated
from P. ginseng flower buds.

3.2. MTT assay

Ginsenosides have attracted increasing interest because of its
promotion of tumor apoptosis and prevention of tumor invasion
and metastasis [32—34]. To find more potent antitumor agents
from P. ginseng flower buds, in this study, we evaluate the anti-
tumor activity of the isolated compounds against three human
cancer cell lines including human leukemia cell line HL-60, hu-
man gastric cancer cell line MGC80-3, and human hepatoma cell
line Hep-G2 in an MTT assay, using vinorelbine as a positive
control.

As can be seen from the data expressed in the ICsg values in
Table 4, Compound 7 did not affect the cell proliferation of all the
three cell lines even at the highest test concentration of 200 uM,

whereas the other new compounds displayed antiproliferative
activity at wide different concentrations. The direct substitution
of malonyl or acetyl at C-6’ or C-3 position to Compounds 1, 10, or
2 could increase the antiproliferative activity, by comparing
Compounds 1 and 2 with 3,9 and 10. The IC5g value of Compound
1 was about threefold to fourfold higher than that of Compound 3
on the three cell lines, whereas Compound 10 showed minor
cytotoxicity. Additional 78-hydroxyl at C-7 position did not
significantly increase antiproliferative potency, as shown in
Compounds 8 and 9. Comparing with Compounds 1—-3 with one
sugar moiety, the antiproliferative effects of Compounds 4—10
with 3 or 4 sugar moieties were increased with the decreasing
number of sugar moieties in a ginsenoside molecule, which was
consistent with the literature [1]. And, the changes in the sugar
type of the sugar moieties had a slight effect on the antitumor
activity, which can be seen between Compounds 4 and 7 and
between 5 and 6.

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgments

This research was supported by grants from the National Natural
Science Foundation of China (81603272), College Innovation Team
Project of Liaoning Province (LT2016017), High-level Talent Inno-
vation Support Program of Dalian City (2017RQ15), and Science and
Technology Innovation Foundation of Dalian City (2018J12SN062).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/].jgr.2018.12.008.

References

[1] Nag SA, Qin JJ, Wang W, Wang MH, Wang H, Zhang R. Ginsenosides as anti-
cancer agents: in vitro and in vivo activities, structure—activity relationships,
and molecular mechanisms of action. Front Pharmacol 2012;3:25.

[2] Wang CZ, Cai Y, Anderson S, Yuan CS. Ginseng metabolites on cancer che-
moprevention: an angiogenesis link. Diseases 2015;3:193—204.

[3] Li KK, Gong X]. A review on the medicinal potentials of Panax ginseng saponins
in diabetes mellitus. RSC Adv 2015;5:47353—66.


https://doi.org/10.1016/j.jgr.2018.12.008
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref1
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref1
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref1
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref1
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref2
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref2
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref2
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref3
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref3
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref3

[4]

(5]

(6

[7

(8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]

K.-K. Li et al [ Six new dammarane-type triterpene saponins

Lee CH, Kim JH. A review on the medicinal potentials of ginseng and ginse-
nosides on cardiovascular diseases. ] Ginseng Res 2014;38:161—6.

Ru W, Wang D, Xu Y, He X, Sun YE, Qian L, Zhou X, Qin Y. Chemical constit-
uents and bioactivities of Panax ginseng (C. A. Mey.). Drug Discov Ther 2015;9:
23-32.

Yang WZ, Hu Y, Wu WY, Ye M, Guo DA. Saponins in the genus Panax L.
(Araliaceae): a systematic review of their chemical diversity. Phytochemistry
2014;106:7—-24.

Shin BK, Kwon SW, Park JH. Chemical diversity of ginseng saponins from
Panax ginseng. ] Ginseng Res 2015;39:287—-98.

Liu J, Chen D, Liu P, He M, Li J, Li J, Hu L. Discovery, synthesis, and structure-
activity relationships of 20(S)-protopanaxadiol (PPD) derivatives as a novel
class of AMPKa2(31v1 activators. Eur ] Med Chem 2014;79:340—-9.

Xiao S, Chen S, Sun Y, Zhou W, Piao H, Zhao Y. Synthesis and anti-tumor
evaluation of panaxadiol halogen-derivatives. Bioorg Med Chem Lett
2017;27:4204-11.

Ma LY, Zhou QL, Yang XW. New SIRT1 activator from alkaline hydrolysate of
total saponins in the stems-leaves of Panax ginseng. Bioorg Med Chem Lett
2015;25:5321-5.

Ma LY, Yang XW. Six new dammarane-type triterpenes from acidic hydroly-
sate of the stems-leaves of Panax ginseng and their inhibitory—activities
against three human cancer cell lines. Phytochemistry Lett 2015;13:406—12.
Yang XW, Ma LY, Zhou QL, Xu W, Zhang YB. SIRT1 activator isolated from
artificial gastric juice incubate of total saponins in stems and leaves of Panax
ginseng. Bioorg Med Chem Lett 2018;28:240—3.

Qiu S, Yang WZ, Yao CL, Shi X], Li JY, Lou Y, Duan YN, Wu WY, Guo DA.
Malonylginsenosides with potential antidiabetic activities from the flower
buds of Panax ginseng. ] Nat Prod 2017;80:899—908.

Yang XW, Zhou QL. Four new ginsenosides from red ginseng with inhibitory
activity on melanogenesis in melanoma cells. Bioorg Med Chem Lett 2015;25:
3112—-6.

Lee DG, Lee ], Cho IH, Kim HJ, Lee SW, Kim YO, Park CG, Lee S. Ginsenoside
Rgi2, a new dammarane-type triterpene saponin from Panax ginseng root.
] Ginseng Res 2017;41:531-3.

Li KK, Yao CM, Yang XW. Four new dammarane-type triterpene saponins from
the stems and leaves of Panax ginseng and their cytotoxicity on HL-60 cells.
Planta Med 2012;78:189—92.

Li KK, Yang XB, Yang XW, Liu JX, Gong X]. New triterpenoids from the stems
and leaves of Panax ginseng. Fitoterapia 2012;83:1030—5.

Li KK, Yang XW. A new triterpene natural product from stems and leaves of
Panax ginseng. Chin Tradit Herb Drugs 2015;46:169—73.

Yang XW, Li KK, Zhou QL. 20(S)-Ginsenoside-Rf,, a novel triterpenoid saponin
from stems and leaves of Panax ginseng. Chin Tradit Herb Drugs 2015;46:
3137—45.

Li KK, Xu F, Gong X]. Isolation, purification and quantification of ginsenoside
Fs and F3 isomeric compounds from crude extracts of flower buds of Panax
ginseng. Molecules 2016;21:315.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

221

Li SS, Li KK, Xu F, Tao L, Yang L, Chen SX, Gong X]. A strategy for simultaneous
isolation of less polar ginsenosides, including a pair of new 20-methoxyl
isomers, from flower buds of Panax ginseng. Molecules 2017;22:442.
Yoshikawa M, Morikawa T, Kashima Y, Ninomiya K, Matsuda H. Structures of
new dammarane-type triterpene saponins from the flower buds of Panax
notoginseng and hepatoprotective effects of principal ginseng saponins. ] Nat
Prod 2003;66:922—7.

Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. ] Immunol Methods
1983;65:55—63.

Ko SR, Choi K], Suzuki K, Suzuki Y. Enzymatic preparation of ginsenosides Rg>,
Rhy, and F;. Chem Pharm Bull 2003;51:404—8.

Sanada S, Kondo N, Shoji J, Tanaka O, Shibata S. Studies on the saponins of
ginseng. 1. structures of ginsenoside-Ro, -Rby, -Rby, -Rc and -Rd. Chem Pharm
Bull 1974;22:421-8.

Zhu GY, Li YW, Hau DK, Jiang ZH, Yu ZL, Fong WF. Acylated protopanaxadiol-
type ginsenosides from the root of Panax ginseng. Chem Biodivers 2011;8:
1853—63.

Tang Y, Zhao ZZ, Li ZH, Feng T, Chen HP, Liu JK, Irpexoates A-D. Four tri-
terpenoids with malonyl modifications from the fruiting bodies of the me-
dicinal fungus Irpex lacteus. Nat Prod Bioprospect 2018;8:171—6.

Gu ], Li GY, Yang T, Fang DM, Huang TF. Phytochemical study on Holboellia
latifolia. Nat Prod Res Dev 2013;25:1362—6.

Panov DA, Grishkovets VI, Kachala VV, Shashkov AS. Triterpene glycosides
from Kalopanax septemlobum. VII. Minor glycosides from stems of Kalopanax
septemlobum var. maximowiczii and Kalopanax septemlobum var. typicum.
Chem Nat Compd 2006;42:61—6.

Lee DY, Kim HG, Lee YG, Kim JH, Lee JW, Choi BR, Jang IB, Kim GS, Baek NI.
Isolation and quantification of ginsenoside Rhy3, a new anti-melanogenic
compound from the leaves of Panax ginseng. Molecules 2018;23:267.
Yoshikawa M, Murakami T, Yashiro K, Yamahara J, Matsuda H, Saijoh R,
Tanaka O. Bioactive saponins and glycosides. XI. Structures of new
dammarane-type triterpene oligoglycosides, quinquenosides I, II, I1I, IV, and V,
from American ginseng, the roots of Panax quinquefolium L. Chem Pharm Bull
1998;46:647—54.

Shangguan WJ, Li H, Zhang YH. Induction of G2/M phase cell cycle arrest and
apoptosis by ginsenoside Rf in human osteosarcoma MG-63 cells through the
mitochondrial pathway. Oncol Rep 2014;31:305—13.

Wang P, Du X, Xiong M, Cui ], Yang Q, Wang W, Chen Y, Zhang T. Ginsenoside
Rd attenuates breast cancer metastasis implicating derepressing microRNA-
18a-regulated Smad2 expression. Sci Rep 2016;6:33709.

Zheng X, Chen W, Hou H, Li ], Li H, Sun X, Zhao L, Li X. Ginsenoside 20(S)-Rg3
induced autophagy to inhibit migration and invasion of ovarian cancer. Bio-
med Pharmacother 2017;85:620—6.


http://refhub.elsevier.com/S1226-8453(18)30273-2/sref4
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref4
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref4
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref5
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref5
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref5
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref5
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref6
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref6
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref6
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref6
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref7
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref7
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref7
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref8
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref8
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref8
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref8
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref9
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref9
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref9
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref9
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref10
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref10
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref10
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref10
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref11
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref11
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref11
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref11
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref11
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref12
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref12
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref12
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref12
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref13
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref13
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref13
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref13
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref14
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref14
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref14
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref14
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref15
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref15
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref15
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref15
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref15
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref16
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref16
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref16
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref16
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref17
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref17
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref17
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref18
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref18
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref18
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref19
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref19
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref19
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref19
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref19
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref20
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref20
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref20
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref20
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref20
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref21
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref21
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref21
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref22
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref22
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref22
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref22
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref22
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref23
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref23
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref23
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref23
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref24
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref24
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref24
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref24
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref24
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref24
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref25
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref25
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref25
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref25
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref25
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref25
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref26
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref26
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref26
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref26
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref27
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref27
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref27
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref27
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref28
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref28
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref28
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref29
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref29
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref29
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref29
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref29
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref30
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref30
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref30
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref30
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref31
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref31
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref31
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref31
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref31
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref31
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref32
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref32
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref32
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref32
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref33
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref33
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref33
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref34
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref34
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref34
http://refhub.elsevier.com/S1226-8453(18)30273-2/sref34

	Six new dammarane-type triterpene saponins from Panax ginseng flower buds and their cytotoxicity
	1. Introduction
	2. Materials and methods
	2.1. Plant materials
	2.2. Apparatus and chemicals
	2.3. Extraction and isolation
	2.4. Acid hydrolysis of new compounds
	2.5. Cytotoxicity assay

	3. Results and discussion
	3.1. Structure identification
	3.2. MTT assay

	Conflicts of interest
	Acknowledgments
	Appendix A. Supplementary data
	References


