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The roots of Panax species (Araliaceae) are widely used in
Chinese herbal medicine or as a food in Asian countries,

because these plants are well-known for their beneficial proper-
ties. Pharmacological studies of triterpene saponins isolated
from Panax species have reported anticancer,1,2 immunomo-
dulatory,3,4 anti-inflammatory,5 antiallergic,6 neuroprotective,7

antihypertensive,8 and antidiabetic effects.9,10 The chemical
constituents in Panax species are triterpenoid saponins that
can be classified into two groups based on their sapogenin
skeleton: the dammarane and oleanane types. The dammar-
ane-type triterpenoid saponins are known as ginsenosides,
including glycosides of (20S)-protopanaxadiol and (20S)-proto-
panaxatriol. Oleanolic acid-type ginsenosides seem to be typical
constituents of ginseng species and are particularly characteristic
for P. ginseng, P. pseudoginseng subsp. himalaicus (Himamayan
ginseng), P. vietnamensis (Vietnamese ginseng), P. zingiberensis
(ginger ginseng), and P. japonicus (Japanese ginseng or Zhujie-
Shen).11,12

Panax japonicus C. A. Meyer var. major (Chinese name,
“ZuTziSeng”) also contains many oleanolic acid saponins and
dammarane saponins.13 It is an important herb prescribed in
traditional Chinese medicine to treat diabetes (wasting-thirst)14

and exhibits expectorant, antitussive, hemostatic, sedative, and
analgesic activities. Recently, we reported the isolation and
structure elucidation of three new polyacetylenes, panaxjapynes
A�C, from the active CHCl3-soluble fraction of the roots of
P. japonicus var. major through bioassay-guided fractionation
using an assay for inhibitory activity ofR-glucosidase.15 As part of
a continuing investigation on the bioactive constituents of this
plant, we have now isolated two new compounds (1 and 2)
together with 35 known compounds. Herein, we describe the
detailed structure elucidation of the new compounds as well as
their inhibitory effects on fMLP/CB-induced superoxide anion
generation and elastase release in human neutrophils, their
cytotoxic activity for cancer cells, and their inhibitory effects
on R-glucosidase. Moreover, we have confirmed that the butyl
ester-containing compounds in this plant were indeed natural
products using a LC-MS/MS method. This method was
developed to distinguish between minor natural and artifactual
compounds.
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ABSTRACT: Two new saponins, panajaponol (1) and pseu-
doginsenoside RT1 butyl ester (2), together with 35 known
compounds (3�37), were isolated from the roots of Panax
japonicus var. major. The structures of 1 and 2 were elucidated
on the basis of spectroscopic analysis and chemical methods.
Furthermore, a LC-MS/MS method was developed for con-
firming 2, 3, and 8 as natural compounds containing a butyl
ester group. This method should be useful for distinguishing
betweenminor natural and artifactual compounds in Panax species. Moreover, compounds 3, 6, 8, 9, 11, 13, and 15 exhibited strong
inhibition of superoxide anion generation and elastase release by human neutrophils in response to formyl-L-methionyl-L-leucyl-L-
phenylalanine/cytochalasin B (fMLP/CB), with IC50 values ranging from 0.78 to 43.6 μM. In addition, 1 showed greater than 2- to
3-fold selective cytotoxic activity against KB and DU145 cancer cell lines.
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’RESULTS AND DISCUSSION

An ethanolic extract of the roots of P. japonicus var. major
yielded two new compounds, panajaponol A (1) and pseudo-
ginsenoside RT1 butyl ester (2), together with 35 known
compounds, identified as taibaienoside I (3),16 chikusetsusapo-
nin-IV (4),17 chikusetsusaponin-IV methyl ester (5),18 chikuset-
susaponin-IVa (6),18 chikusetsusaponin-IVa methyl ester (7),19

chikusetsusaponin-IVa butyl ester (8),20 stipuleanoside R2 (9),21

chikusetsusaponin-V (10),22 chikusetsusaponin-Ib (11),23 pseu-
doginsenoside RT1 (12),24 pseudoginsenoside RT1methyl ester
(13),20 oleanolic acid 28-O-β-D-glucopyranoside (14),25 olea-
nolic acid (15),25 ginsenoside Rf (16),26 ginsenoside Rg1 (17),27

ginsenoside Rd (18),28 ginsenoside Rb1 (19),29 (20R)-ginseno-
side Rg3 (20),30 (20S)-ginsenoside Rg3 (21),30 ginsenoside Rg5
(22),31 majonoside-R1 (23),24 β-sitosteroyl-β-D-glucoside
(24),32 panaxjapynes A�C (25�27),15 (3R)-(�)-falcarinol
(28),33 (3S,10S)-panaxydiol (29),34 (3S,9R,10R)-panaxytriol
(30),35 (3S,9R,10R)-gensenoyne C (31),36 docosyl trans-
ferulate (32),37 vanillin (33),38 syringaldehyde (34),39

3,4,5-trimethoxybenzoic acid (35),39 2,6-dimethoxyphenol
(36),40 and 1β,6R-dihydroxy-4(14)-eudesmene (37)41 by

comparing their spectroscopic data with those reported in
the literature.

Panajaponol A (1) was isolated as a colorless powder
([R]D �14.1) and showed a [M þ Na]þ ion peak at m/z
839.4777 in its positive HRESIMS, corresponding to the molec-
ular formula C42H72O15. This formula was corroborated from the
13C NMR spectrum, which showed 42 carbon resonances. The
IR spectrum of 1 showed strong absorption bands at 3345, 1076,
1030, and 1640 cm�1 due to glucose and olefinic moieties,
respectively. In the 1H NMR spectrum of 1, diagnostic signals
were found for a sapogenin moiety with seven methyl groups at
δ 2.07 (s), 1.99 (s), 1.45 (s), 1.34 (s), 1.15 (s), 0.94 (s), and
0.79 (s), an olefinic proton at δ 5.47 (m), and three oxymethine
groups at δ 3.46 (d, J = 5.6 Hz), 4.34 (m), and 3.86 (m). In
addition, the 1H NMR spectrum showed signals for two anome-
ric protons [δ 4.91 (d, J = 7.6 Hz, H-10) and 5.91 (d, J = 7.2 Hz,
H-100)], which showed HMBC correlations to carbons at δ 104.0
and 103.9, respectively. On the basis of the coupling constants of
the anomeric protons, both sugar substituents were identified as
β-configured glucose units, which was confirmed by acid hydro-
lysis of 1 to give D-glucose, identified by HPLC analysis.42,43 The
1H and 13CNMRdata (Table 1) of 1were very similar to those of
ginsenoside Rf (16), except that the C-27 signal was shifted
downfield to δ 59.9, and the H-27 protons were present as a
methylene group [δ 4.47 (m) and 4.54 (dd, J = 12.0, 4.0Hz)] in 1
rather than a methyl group in 16. These data indicate that the

Table 1. 13C NMR Data of 1, 2, and 16 in Pyridine-d5 at 100
MHz

no.

1

δC (m)

2

δC (m)

16

δC (m) no.

1 δC
(m)

2δC
(m)

16

δC (m)

C-1 39.5 (t) 38.8 (t) 38.7 (t) C-10 104.0 (d) 105.4 (d) 105.3 (d)

C-2 27.8 (t) 26.8 (t) 26.2 (t) C-20 79.6 (d) 83.4 (d) 83.3 (d)

C-3 78.0 (d) 89.4 (d) 89.5 (d) C-30 76.1 (d) 76.6 (d) 76.6 (d)

C-4 40.2 (s) 39.7 (s) 40.0 (s) C-40 71.8 (d) 72.8 (d) 72.9 (d)

C-5 61.5 (d) 55.9 (d) 55.9 (d) C-50 79.9 (d) 78.3 (d) 78.3 (d)

C-6 79.9 (d) 18.6 (t) 17.5 (t) C-60 63.4 (t) 170.0 (s) 170.0 (s)

C-7 45.1 (t) 33.2 (t) 33.2 (t) C-10 0 103.9 (d) 107.0 (d) 107.0 (d)

C-8 41.2 (s) 40.0 (s) 40.0 (s) C-20 0 72.4 (d) 77.0 (d) 76.9 (d)

C-9 50.2 (d) 48.1 (d) 48.1 (d) C-30 0 78.0 (d) 77.7 (d) 77.7 (d)

C-10 39.5 (s) 37.0 (s) 37.0 (s) C-40 0 78.1 (d) 71.2 (d) 71.2 (d)

C-11 32.1 (t) 23.7 (t) 23.7 (t) C-50 0 78.5 (d) 67.3 (t) 67.2 (t)

C-12 71.1 (d) 123.3 (d) 123.3 (d) C-60 0 63.0 (t)

C-13 48.3 (d) 144.2 (s) 144.2 (s) C-10 0 0 95.8 (d) 95.8 (d)

C-14 51.7 (s) 42.2 (s) 42.2 (s) C-20 0 0 74.2 (d) 74.2 (d)

C-15 31.3 (t) 30.8 (t) 27.9 (t) C-30 0 0 79.0 (d) 79.2 (d)

C-16 26.8 (t) 23.8 (t) 23.7 (t) C-40 0 0 71.2 (d) 71.2 (d)

C-17 54.5 (d) 47.1 (s) 47.1 (s) C-50 0 0 79.4 (d) 79.4 (d)

C-18 17.5 (q) 41.8 (d) 41.8 (d) C-60 0 0 62.3 (t) 62.3 (t)

C-19 17.7 (q) 46.3 (t) 46.3 (t) C-10 0 0 0 65.0 (t)

C-20 73.1 (s) 30.9 (s) 30.8 (s) C-20 0 0 0 30.8 (t)

C-21 27.0 (q) 34.1 (t) 33.2 (t) C-30 0 0 0 19.3 (t)

C-22 36.2 (t) 32.6 (t) 30.8 (t) C-40 0 0 0 13.8 (q)

C-23 22.6 (t) 27.9 (q) 27.9 (q) OCH3 52.2 (q)

C-24 128.1 (d) 16.4 (q) 16.4 (q)

C-25 135.5 (s) 15.6 (q) 15.6 (q)

C-26 22.0 (q) 17.5 (q) 17.5 (q)

C-27 59.9 (t) 26.2 (q) 26.8 (q)

C-28 32.1 (q) 176.5 (s) 176.5 (s)

C-29 16.9 (q) 33.2 (q) 33.2 (q)

C-30 16.9 (q) 23.7 (q) 24.7 (q)
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C-27 methyl group is oxygenated as a hydroxymethyl group in 1.
HMBC experiments confirmed that H-27b (δ 4.54) correlated
with C-24 (δ 128.1), C-25 (δ 135.5), and C-26 (δ 22.0). The
oligoglycoside structure at position C-6 in 1 was determined
from the HMBC spectrum, which showed proton�carbon
correlations of H-10 (δ 4.91)/C-6 (δ 79.9) and H-100 (δ 5.91)
with C-20 (δ 79.6). The relative configurations at the ring
junctions were determined from key NOE correlations observed
between H-3 (δ 3.46)/H-5 (δ 1.38)/H-28 (δ 2.07), H-6
(δ 4.34)/H-18 (δ 1.15)/H-19 (δ 0.94), H-12 (δ 3.86)/H-9
(δ 1.50)/H-30 (δ 0.79), and H-17 (δ 2.25)/H-12 (δ 3.86)/H-
21 (δ 1.34)/H-30 (δ 0.79). Furthermore, the signals of H-26
(δ 1.99) andH-24 (δ 5.47) showed anNOE correlation, suggest-
ing that the double bond has aZ-configuration. Thus, the structure
of 1 was proposed as shown, and this compound has been named
panajaponol A (1).

Pseudosaponin RT1 butyl ester (2) was isolated as a colorless
powder with [R]D�18.2. TheHRESIMS of 2 exhibited a sodiated
molecular ion peak at m/z 1005.5405 [M þ Na]þ, consistent
with the molecular formula C51H82O18. The IR spectrum of 2
showed absorption bands at 3387, 1053, 1045, and 1744 cm�1,
indicating the presence of an oliglycoside and ester carbonyl
group. Acid hydrolysis of 2 gave D-glucose, D-xylose, and D-
glucuronic acid, identified by HPLC analysis.42,43 The 1H NMR
spectrum showed three anomeric proton signals at δ 6.33 (d, J =
8.0 Hz), 5.27 (d, J = 7.2 Hz), and 4.96 (d, J = 8.0 Hz), which were
correlated to carbon resonances at δ 95.8 (C-1000), 107.5 (C-100),
and 105.4 (C-10) in the HMQC spectrum. On the basis of the
coupling constants, all three sugar moieties have a β-configura-
tion. The diagnostic 1H NMR spectrum signals for an oleanane-
type aglycone included seven methyl groups at δ 1.26 (s), 1.26
(s), 1.09 (s), 1.08 (s), 0.90 (s), 0.87 (s), and 0.86 (s), an olefinic
proton at δ 5.41 (m), and an oxymethine at δ 3.30 (dd, J = 9.6,
3.6 Hz). The NMR spectroscopic data of 2 were strikingly very
similar to those of pseudosaponin RT1 methyl ester (13), except
for the presence of signals corresponding to a butyl group [(δC
65.0, 30.8, 19.3, 13.8), correlated to δ 4.31 (m, H-10000), 1.34 (m,
H-20000), 1.60 (m, H-30000), 0.74 (t, J = 6.8 Hz, H-40000)] in 2 rather
than the methyl group in 13. This assignment was confirmed by
HMBC correlations observed between H-10000/C-60 (δ 170.0) in
the HMBC spectrum. The 1H and 13C NMR assignments for 2
were assigned unambiguously on the basis of 1H�1H COSY,
HMQC, and HMBC studies. Esterified derivatives have been
reported previously in some Araliaceae species.16,19,20,44 Thus,
the structure of 2 was determined as oleanolic acid 3-O-[β-D-
xylopyranosyl-(1f2)-β-D-glucuronopyranoside-6-O-butyl
ester]-28-O-β-D-glucopyranoside, and this compound has been
named pseudosaponin RT1 butyl ester.

In order to confirm that butyl ester-containing compounds
occur naturally in the plant rather than being artifactual com-
pounds, 2, 3, and 8, which contain a butyl ester group, were
analyzed using LC-MS/MS. Fragmentation of 2 produced ions
at m/z 820 and 651 corresponding to [M � H � Glc]� and
[M � H � Glc � Xyl � H2O]

�, respectively (Figure 1B). In
addition, the corresponding product ions of 3 and 8 are also
shown in Figure 1A and C. The ethanolic root extraction (PJ)
and n-BuOH-soluble portion (PJB) were detected by using
LC-MS/MS with optimized SRM parameters, and the chroma-
tograms are shown in Figures 2 and 3. SRM signals for m/z
981.6f651.4, 820f669, and 849.5f687.4 corresponding to 2,
3, and 8 were detected simultaneously at 28.28, 26.30, and 29.32
min, respectively, during the LC-MS/MS run. Therefore, the

butyl compounds were confirmed as naturally occurring in this
plant, and the LC-MS/MS method used could be applied to
distinguish between natural and artifactual compounds in other
Panax species.

The isolated pure compounds 1�24 were evaluated for
inhibitory effects on superoxide anion generation and elastase
release by human neutrophils in response to fMLP/CB (Tables 2
and 3). Compounds 1 and 16 have very similar structural

Figure 1. Product ion mass spectra of (A) taibaienoside I (3) (m/z
981.6), (B) pseudoginsenoside RT1 butyl ester (2) (m/z 981.6), and
(C) chikusetsusaponin-IVa butyl ester (8) (m/z 849.5).

Figure 2. Base peak intensity (BPI) chromatogram (A) and the SRM
chromatograms of (B) taibaienoside I (3) (m/z 981.6 > m/z 669.4), (C)
pseudoginsenoside RT1 butyl ester (2) (m/z 981.6 >m/z 651.4), and (D)
chikusetsusaponin-IVa butyl ester (8) (m/z 849.5 > m/z 687.4) for PJ.
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features, differ-
ing only at the C-27 position, where 1 has a hydroxymethyl
group and 16 has a methyl group. However, with 20.3%
(superoxide) and 42.0% (elastase) inhibition at 30 μM, 1
exhibited greater potency than 16 with 8.94% and 29.5% inhibi-
tion at the same concentration (Table 3). These results indicated
that the presence of the hydroxymethyl group rather than methyl
group enhanced inhibitory effects on superoxide anion genera-
tion and elastase release in human neutrophils. Compounds 4
and 5, with carboxylic acid and methyl ester functionalities,
respectively, at the sugar C-60 position, inhibited both O2

•�

generation and elastase release, and the potency increased
significantly when the carboxylic acid group was esterified with
a butyl group in 3 (IC50 2.24 μM for superoxide and 1.36 μM for
elastase, Table 2). Compounds 6, 7, and 8 have a carboxylic acid,
a methyl ester, and a butyl ester group, respectively, at the C-60
position. Among them, 6 and 8 exhibited more potent inhibition
than 7 in res-
ponse to fMLP/CB-induced superoxide anion generation, while
7 was more potent than 6 and 8 against elastase release. The
methyl ester analogue 13 showed significantly greater inhibition
of both fMLP/CB-induced O2

•� generation and elastase release
than butyl ester analogue 2. Compound 15, with a free carboxylic
aid group at position C-28, showed more potent inhibition of
both O2

•� generation and elastase release (IC50 1.37 and 0.75
μM) than 14, esterified with glucose at this position.

In addition, the isolated compounds were evaluated for cyto-
toxicity against KB (nasopharyngeal), A549 (lung), HCT-8
(colon), and DU145 (prostate) human cancer cell lines. Com-
pound 1 showed marginal cytotoxicity against KB and DU145 cell
lines with GI50 values of 6.3 and 7.3 μg/mL, respectively.

Interestingly, the lung and colon tumor-derived cell lines were
significantly less susceptible, suggesting 1 may have some antitum
or selectivity. The remaining compounds did not exhibit
cytotoxicity.

In our previous report, the polyacetylenes 25, 27, 28, 29, and
30 strongly inhibited R-glucosidase activity.15 In this study, we
found that saponins 14 and 15 also exhibited potent inhibition of

Table 3. Inhibitory Effects of 1, 4, 9, 10, 16�19, 23, and 24 at
30 μM on Superoxide Anion Generation and Elastase Release
by Human Neutrophils in Response to fMLP/CBa

compound superoxide inhibition % elastase inhibition %

1 (20.3 ( 5.20)b (42.0 ( 5.98)c

4 (14.6 ( 3.72)b (27.6 ( 4.14)c

9 (0.78 ( 3.05) (23.7 ( 6.39)

10 (14.2 ( 5.78) (37.4 ( 5.60)c

16 (8.94 ( 0.96)d (29.5 ( 4.81)c

17 (14.1 ( 2.35)c (19.0 ( 4.37)b

18 (�3.54 ( 3.46) (2.88 ( 2.95)

19 (10.8 ( 1.37)c (7.36 ( 3.72)

23 (7.40 ( 6.26) (�4.95 ( 2.03)

24 (7.45 ( 2.20)b (21.7 ( 1.63)d

aResults are presented as mean( SEM (n = 3�4). b p < 0.05 compared
with the control value. c p < 0.01 compared with the control value. d p <
0.001 compared with the control value.

Table 2. Inhibitory Effects of 2, 3, 5�8, and 11�15 on
Superoxide AnionGeneration and Elastase Release byHuman
Neutrophils in Response to fMLP/CBa

superoxide elastase

compound IC50 (μM)a IC50 (μM)a

2 21.2 ( 3.61 �e,b

3 2.24 ( 0.60 1.36 ( 0.12

5 19.7 ( 3.48f,c �e,b

6 2.88 ( 0.77 4.76 ( 1.71

7 13.6 ( 1.70g,c 1.97 ( 0.63

8 3.73 ( 1.22 7.28 ( 1.48

11 1.56 ( 0.18 1.87 ( 0.27

12 19.4 ( 4.29 44.5 ( 2.53

13 5.26 ( 0.30 7.75 ( 1.51

14 �e,d 9.64 ( 1.92

15 1.37 ( 0.19 0.75 ( 0.08

DPIh 1.02 ( 0.35 N.T.i

PMSFh N.T.i 95.0 ( 25
aResults are presented as mean( SEM (n = 3�4). b p < 0.05 compared
with the control value. c p < 0.01 compared with the control value. d p <
0.001 compared with the control value. e 50% inhibition was not reached
at the maximum concentration tested (30 μM). For the indicated
compounds, the percentages of inhibition at this concentration were
20.0% ( 5.69 (2), 27.5% ( 6.59 (5), and 43.6% ( 4.86 (14). f 5 (30
μM) induced superoxide generation in the presence of cytochalasin B.
g 7 (30 μM) induced superoxide generation in the absence of fMLP/CB.
hDiphenyleneiodonium (DPI, a NADPH oxidase inhibitor) and phe-
nylmethylsulfonyl fluoride (PMSF, a serine protease inhibitior) were
used as the positive controls in the generation of superoxide anion and
release of elastase, respectively. iN.T.: not tested.

Figure 3. Base peak intensity (BPI) chromatogram (A) and the SRM
chromatograms of (B) taibaienoside I (3) (m/z 981.6 > m/z 669.4), (C)
pseudoginsenoside RT1 butyl ester (2) (m/z 981.6 >m/z 651.4), and (D)
chikusetsusaponin-IVa butyl ester (8) (m/z 849.5 > m/z 687.5) for PJB.
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R-glucosidase activity with IC50 values of 75.0 and 50.4 μM,
respectively, compared with the positive control acarbose (IC50 =
678 μM).

In conclusion, it has been demonstrated in the present study
that certain pure compounds found in the roots of P. japonicus
var. major exhibit neutrophil pro-inflammatory activity, cytotoxi-
city against KB and DU145 cell lines, and inhibition of R-gluco-
sidase activity. These results substantiate, in part, the past medicinal
uses of this herb andmay provide a basis for potential therapeutic
applications of the roots of P. japonicus var. major for anti-
inflammatory, anticancer, or antidiabetes effects. In addition, the
developed LC-MS/MS method could be applied to distinguish
between natural and artifactual compounds in Panax species.

’EXPERIMENTAL SECTION

General Experimental Procedures.Melting points were deter-
mined on a Yanagimoto MP-S3 micromelting point apparatus. Optical
rotations were measured using a JASCO DIP-370 polarimeter. IR spectra
were recorded on a Shimazu FTIR Prestige-21 spectrometer. NMR
spectra, including 1H, 13C, COSY, NOESY, HMBC, and HMQC
experiments, were recorded on Bruker AVANCE-500 and AMX-400,
using tetramethylsilane (TMS) as internal standard, and all chemical
shifts are reported in parts per million (ppm, δ). ESI and HRESI mass
spectra were recorded on a Bruker APEX II mass spectrometer. Silica gel
(E. Merck 70-230, 230�400 mesh) was used for column chromatogra-
phy. RP-HPLC was carried out on Shimadzu LC-8A and -10A VP
systems equipped with a CLASS-VP workstation (Shimadzu Co., Ltd.,
Japan) and an SPD-10AV UV�vis detector.
Plant Material. Dried roots of P. japonicus var. major were purchased

from Lijiang and Yongsheng, Yunnan Province, People's Republic of
China, in September�December 2005. The roots of P. japonicus var.
majorwere 2�3 years growth. Thematerial was identified by Prof. Xi-Wen
Li, Kunming Institute of Botany. A voucher specimen has been deposited
in Kunming Institute of Botany, Chinese Academy of Sciences, Kunming
(KIB05102320), and theDepartment of Chemistry, National ChengKung
University, Tainan, Taiwan (TSWu 2006010).
Extraction and Isolation. The dried roots of P. japonicus (4.6 kg)

were pulverized and extracted with EtOH (5� 10 L) under reflux. The
filtrate was concentrated under reduced pressure to obtain a crude EtOH
extract (1212 g, PJ). This extract was suspended into H2O and succes-
sively partitioned with CHCl3 and n-BuOH to obtain a CHCl3-soluble
brown syrup (77 g, PJC), a n-BuOH-soluble portion (482 g, PJB), and a
H2O layer. The isolation of compounds from the CHCl3 fraction was
described in our previous report.15 The precipitate of the H2O portion
was further chromatographed on a silica gel column eluted with CHCl3�
EtOAc (3:1) to provide chikusetsusaponin-IV (4) (3.8 g). The n-BuOH
portion was chromatographed on a Dianion HP-20 column eluted with
H2O, followed by step gradients with MeOH to obtain seven fractions
(Fr. 1�7). Fr. 2 was chromatographed on a silica gel column eluted with
CHCl3�MeOH (3:1) to give panajaponol A (1) (13.3 mg), chikuset-
susaponin-Ib (11) (51.4 mg), oleanolic acid 28-O-β-D-glucopyranoside
(14) (182.9 mg), and oleanolic acid (15) (40.9 mg). Fr. 3 was also
chromatographed on a silica gel column eluted with CHCl3�MeOH
(3:1) to afford panajaponol A (1) (27.8 mg), chikusetsusaponin-IV (4)
(778.4 mg), chikusetsusaponin-IV methyl ester (5) (12.5 mg), stipu-
leanoside R2 (9) (480.0 mg), pseudoginsenoside RT1methyl ester (13)
(19.1 mg), oleanolic acid 28-O-β-D-glucopyranoside (14) (43.4 mg),
ginsenoside Rf (16) (324.5 mg), ginsenoside Rg1 (17) (2.3 mg), (20R)-
ginsenoside Rg3 (20) (4.1 mg), and majonoside-R1 (23) (12.4 mg).
Silica gel column chromatography of Fr. 4 eluted with EtOAc�MeOH
(3:1) and further purification by reversed-phase HPLC provided
chikusetsusaponin-IV (4) (420.5 mg), chikusetsusaponin-IV methyl

ester (5) (21.8 mg), chikusetsusaponin-V (10) (607.9 mg), oleanolic
acid 28-O-β-D-glucopyranoside (14) (130.5 mg), ginsenoside Rf (16)
(110.5 mg), ginsenoside Rd (18) (3.1 g), and ginsenoside Rb1 (19)
(302 mg). Fr. 5 was chromatographed on a silica gel column eluted
with CHCl3�MeOH (3:1) and further purified by HPLC to afford
taibaienoside I (3) (3.1 mg), chikusetsusaponin-IV (4) (214.9 mg),
chikusetsusaponin-IV methyl ester (5) (60.4 mg), chikusetsusaponin-
IVa methyl ester (7) (85.5 mg), chikusetsusaponin-IVa butyl ester (8)
(2.3 mg), chikusetsusaponin-V (10) (16.3 mg), pseudoginsenoside RT1
methyl ester (13) (14.8 mg), oleanolic acid 28-O-β-D-glucopyranoside
(14) (370.5 mg), ginsenoside Rd (18) (10.9 g), and ginsenoside Rb1
(19) (395.5mg). Fr. 6 was chromatographed on silica gel usingCHCl3�
MeOH (4:1) as eluent and further purified by HPLC to give pseudo-
ginsenoside RT1 butyl ester (2) (7.5 mg), taibaienoside I (3) (35.9 mg),
chikusetsusaponin-IVa (6) (2.2 mg), chikusetsusaponin-IVa methyl
ester (7) (94.8 mg), pseudoginsenoside RT1 (12) (1.1 mg), pseudo-
ginsenoside RT1 methyl ester (13) (88.6 mg), ginsenoside Rd (18)
(53.5 mg), (20S)-ginsenoside Rg3 (21) (1.3 mg), ginsenoside Rg5 (22)
(3.5 mg), and β-sitosteryl-β-D-glucoside (24) (33.2 mg). β-Sitosteryl-
β-D-glucoside (24) (423.1 mg) was also obtained from Fr. 7, using silica
gel column chromatography (eluent, CHCl3�MeOH, 9:1).
Panajaponol A (1): colorless powder; mp 208�210 �C;

[R]25D �14.1 (c 0.046, MeOH); IR (KBr) νmax 3345, 2936, 2878,
1640, 1076, 1030 cm�1; 1H NMR (pyridine-d5, 400 MHz) δ 5.91 (1H,
d, J = 7.2 Hz, H-10 0), 5.47 (1H, t, J = 6.8 Hz, H-24), 4.91 (1H, d, J = 7.6
Hz, H-10), 4.54 (1H, dd, J = 12.0, 4.0 Hz, H-27b), 4.47 (1H, m, H-27a),
4.34 (1H, m, H-6), 3.86 (1H, m, H-12), 3.46 (1H, d, J = 5.6 Hz, H-3),
2.70 (1H, m, H-23b), 2.42 (1H, m, H-7b), 2.39 (1H, m, H-23a), 2.25
(1H, m, H-17), 2.07 (1H, m, H-11b), 2.07 (3H, s, H-28), 2.03 (1H, m,
H-22b), 1.99 (3H, s, H-26), 1.96 (1H, m, H-7a), 1.81 (2H, m, H-2), 1.78
(1H, m, H-16b), 1.50 (1H, m, H-22b), 1.60 (1H, m, H-1b), 1.58 (1H, m,
H-15b), 1.67 (1H, m, H-11b), 1.50 (1H, m, H-9), 1.45 (3H, s, H-29),
1.39 (1H, m, H-16a), 1.38 (1H, m, H-5), 1.34 (3H, s, H-21), 1.23 (1H,
m, H-13), 1.15 (3H, s, H-18), 1.09 (1H, m, H-15a), 0.98 (1H, m, H-1a),
0.94 (3H, s, H-19), 0.79 (3H, s, H-30); 13C NMR data see Table 1;
ESIMS m/z 839 ([M þ Na]þ); HRESIMS m/z 839.4777 [M þ Na]þ

(calcd for C42H72O15Na, 839.4769).
Pseudoginsenoside RT1 butyl ester (2): colorless powder; mp

202�204 �C; [R]25D �18.2 (c 0.048, MeOH); IR (KBr) νmax 3387,
2943, 1744, 1173, 1053, 1045 cm�1; 1HNMR (pyridine-d5, 400MHz) δ
6.33 (1H, d, J = 8.0 Hz, H-10 0 0), 5.41 (1H, m, H-12), 5.27 (1H, d, J = 7.2
Hz, H-10 0), 4.96 (1H, d, J = 8.0Hz, H-10), 4.31 (2H,m,H-10 00 0), 3.30 (dd,
J = 9.6, 3.6 Hz, H-3), 3.16 (1H, m, H-18), 2.10 (1H, m, H-2b), 2.09 (1H,
m, H-11b), 1.86 (1H, m, H-2a), 1.62 (1H, m, H-9), 1.46 (2H, m, H-6),
1.43 (2H, m, H-7), 1.40 (2H, m, H-1), 0.71 (1H, m, H-5), 1.97 (1H, m,
H-11a), 1.89 (2H, m, H-16), 1.79 (1H, m, H-22b), 1.75 (1H, m, H-19b),
1.71 (1H, m, H-22a), 1.60 (2H, m, H-300 0 0), 1.53 (2H, m, H-15), 1.34
(2H, m, H-20 0 0 0), 1.26 (1H, m, H-19a), 1.26 (3H, s, H-27), 1.26 (3H, s,
H-23), 1.09 (3H, s, H-26), 1.08 (3H, s, H-24), 1.07 (2H, m, H-21), 0.90
(3H, s, H-29), 0.87 (3H, s, H-30), 0.86 (3H, s, H-25), 0.74 (3H, t, J = 6.8
Hz, H-40 0 00); 13C NMR data see Table 1; ESIMS m/z 1005 ([M þ
Na]þ); HRESIMS m/z 1005.5405 [M þ Na]þ (calcd for C51H82-
O18Na: 1005.5399).
Chromatography and Mass Spectrometry. A LTQ Velos

mass spectrometer (Thermo Scientific, San Jose, CA) equipped with
an Accela HPLC (Thermo Scientific, San Jose, CA) using a BioBasic C18

column (150 � 2.1 mm, 5 μm, Thermo Scientific, San Jose, CA) was
used for LC-MS experiments. The HPLC instrument was programmed
to form a linear gradient from 90% solvent A (H2Oþ 0.1% formic acid)
to 55% solvent B (MeCN þ 0.1% formic acid) over 30 min at a flow
rate of 250 μL/min. The MS system was operated in negative-ion
mode with a capillary temperature of 250 �C, spray needle voltage of
�3.5 kV, normalized collision energy of 35%, and sheath gas flow and
auxiliary gas flow of 50 and 10 arbitrary units, respectively.
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Acid Hydrolysis of 1 and Determination of Sugar Config-
uration. A solution of 1 (1 mg) in 1.0 M HCl�p-dioxane (1:1 v/v,
1.0 mL) was heated at 80 �C for 4 h. After cooling, the solution was
neutralized with Amberlite IRA-400 (OH� form), and the resin was
removed by filtration. The filtrate was extracted with EtOAc. The
aqueous layer was dried in vacuo, and the residue was dissolved in
pyridine (0.1 mL) containing L-cysteine methyl ester hydrochloride
(0.5 mg) and heated at 60 �C for 1 h. A 0.1 mL solution of o-tory-
lisothiocyanate (1 μL) in pyridine was added to the mixture at room
temperature and kept for 1 h. The reactionmixture was directly analyzed
by reversed-phase HPLC. The peak (tR at 38.30 min) coincided with a
derivative of D-glucose, as compared with standard D-glucose with tR at
38.12 min.
Acid Hydrolysis of 2 and Determination of Sugar Config-

uration. A solution of 2 (1 mg) was hydrolyzed in HCl 1.0 M�p-
dioxane (1:1 v/v, 1.0 mL) as described above for 1. The peaks (tR at
25.939, 39.850, and 41.801 min) coincided with derivatives of D-
glucuronic acid, D-glucose, and D-xylose. Derivatives obtained for
standard D-glucuronic acid, D-glucose, and D-xylose gave peaks at tR at
25.970, 39.384, and 41.701 min, respectively.
Preparation of Human Neutrophils. Blood was taken from

healthy human donors (20�32 years old) by venipuncture, using a
protocol approved by the Institutional Review Board at Chang Gung
Memorial Hospital. Neutrophils were isolated using a standard method
of dextran sedimentation prior to centrifugation in a Ficoll Hypaque
gradient and the hypotonic lysis of erythrocytes. Purified neutrophils
that contained >98% viable cells, as determined by the trypan blue
exclusion method, were resuspended in calcium (Ca2þ)-free HBSS
buffer at pH 7.4 and maintained at 4 �C before use.
Measurement of O2

•� Generation. The assay of O2
•� genera-

tion was based on the SOD-inhibitable reduction of ferricytochrome c.
In brief, after supplementation with 0.5 mg/mL ferricytochrome c and
1 mM Ca2þ, neutrophils were equilibrated at 37 �C for 2 min and
incubated with drugs for 5 min. Cells were activated with 100 nM FMLP
for 10 min. When FMLP was used as a stimulant, CB (1 μg/mL) was
incubated for 3 min before activation by the peptide (fMLP/CB).
Changes in absorbance with the reduction of ferricytochrome c at
550 nm were monitored continuously in a double-beam, six-cell posi-
tioner spectrophotometer with constant stirring (Hitachi U-3010,
Tokyo, Japan). Calculations are based on the differences in the reactions
with and without SOD (100U/mL) divided by the extinction coefficient
for the reduction of ferricytochrome c (ε = 21.1/mM/10 mm).
Measurement of Elastase Release. Degranulation of azurophi-

lic granules was determined by elastase release, as described previously.
Experiments were performed using MeO-Suc-Ala-Ala-Pro-Val-p-nitroa-
nilide as the elastase substrate. Briefly, after supplementation withMeO-
Suc-Ala-Ala-Pro-Val-p-nitroanilide (100 μM), neutrophils (5 � 105/mL)
were equilibrated at 37 �C for 2 min and incubated with test compound
for 5 min. Cells were activated by 100 nM FMLP and 0.5 μg/mL CB.
Changes in absorbance at 405 nmwere continuously monitored to assay
elastase release. The results are expressed as a percentage of the initial
rate of elastase release in the fMLP/CB-activated, drug-free control
system.
In Vitro Cytotoxicity Bioassays. All stock cultures were grown in

T-25 flasks. Freshly trypsinized cell suspensions were seeded in 96-well
microtiter plates at densities of 5000 cells per well with compounds
added from DMSO-diluted stock. After three days in culture, attached
cells were fixed with cold 10% trichloroacetic acid and then stained with
0.4% sulforhodamine B. The absorbency at 562 nm was measured using
a microplate reader after the bound dye was solubilized. The mean EC50

is the concentration of agent that reduces cell growth by 50% under
the experimental conditions and is the average from at least three
independent determinations that were reproducible and statistically
significant. The following human tumor cell lines were used in the

assay: nasopharyngeal (KB), human lung (A549), colon (HCT-8), and
prostate (DU145) cancer cell lines. All cell lines were obtained from the
Lineberger Cancer Center (UNC-CH) or from ATCC (Rockville, MD)
and cultured in RPMI-1640 medium supplemented with 25 mM
HEPES, 0.25% sodium bicarbonate, 10% fetal bovine serum, and 100
μg/mL kanamycin.
r-Glucosidase Inhibitory Assay. The R-glucosidase inhibitory

activity was determined by a partial modification of the procedure
reported by Matsui et al.45 Briefly, each well of the 96-well plates
contained 150 μL of 2 mM 4-nitrophenyl R-D-glucopyranoside (PNP-
G) in 100 mM potassium phosphate buffer (pH 7.0) and 20 μL of
sample inDMSO. The reaction was initiated by the addition of 150μL of
the enzyme solution (32 mU/mL from baker's yeast purchased from
Sigma Chemical Co.). The plates were incubated at 37 �C for 20 min.
The absorbance of 4-nitrophenol released from PNP-G at 400 nm was
measured using a μQuant universal microplate spectrophotometer. The
increased absorbance (ΔA) was compared with that of the control
(DMSO in place of sample solution) to calculate the inhibition.

Inhibition ð%Þ ¼ ðΔAcontrol �ΔAsampleÞ=ΔAcontrol � 100%

The concentration of inhibitors required for inhibiting 50% of R-
glucosidase activity under the assay conditions was defined as the
IC50 value.
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