
Abstract
Purpose Panax ginseng and its extracts have long been

used for medical purposes; there is increasing interest in

developing ginseng products as cancer preventive or

therapeutic agents. The present study was designed to

determine biological structure–activity relationships

(SAR) for saponins present in Panax ginseng fruits.

Methods Eleven saponins were extracted from P.

ginseng fruits and purified by use of D101 resin and

ordinary and reverse-phase silica gel column chroma-

tography. Their chemical structures were elucidated on

the basis of physicochemical constants and NMR

spectra. Compounds were then evaluated for SAR with

their in vitro cytotoxicity against several human cancer

cell lines.

Results The 11 compounds were identified as 20(R)-

dammarane-3b,12b,20,25-tetrol (25-OH-PPD, 1);

20(R)-dammarane-3b,6a,12b,20,25-pentol (25-OH-

PPT, 2); 20(S)-protopanaxadiol (PPD, 3); daucosterine

4, 20(S)-ginsenoside-Rh2 (Rh2, 5); 20(S)-ginsenoside-

Rg3 (Rg3, 6); 20(S)-ginsenoside-Rg2 (Rg2, 7); 20(S)-

ginsenoside-Rg1 (Rg1, 8); 20(S)-ginsenoside-Rd (Rd,

9); 20(S)-ginsenoside-Re (Re, 10); and 20(S)-ginseno-

side-Rb1 (Rb1, 11). Among the eleven compounds, 1, 3
and 5 were the most effective inhibitors of cell growth

and proliferation and inducers of apoptosis and cell

cycle arrest. For 1, the IC50 values for most cell lines

were in the range of 10–60 lM, at least twofold lower

than for any of the other compounds. Compounds 1

and 3 had significant, dose-dependent effects on

apoptosis, proliferation, and cell cycle progression.

Conclusions The results suggest that the type of

dammarane, the number of sugar moieties, and dif-

ferences in the substituent groups affect their anti-

cancer activity. This information may be useful for

evaluating the structure/function relationship of other

ginsenosides and their aglycones and for development

of novel anticancer agents.
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Introduction

For thousands of years, Panax ginseng (Korean gin-

seng) has been used in China and other Asian coun-
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tries for medicinal purposes, particularly for treatment

of cancer, diabetes, and heart problems [12]. There also

is an increasing use of ginseng products in Western

countries, with major research efforts being focused on

their anti-cancer activity [10, 12]. Although numerous

compounds have been isolated from the roots of the

plant, the ginsenosides have shown the most activity [2,

3, 13, 18, 19, 23, 40]. Among the saponin ginsenosides

are compounds with a dammarane structure, of which

there are two main classes: panaxadiols (PPD) and

panaxatriols (PPT) [2]. Derivatives of the primary

ginsenosides are naturally generated by intestinal

bacteria [1, 4, 5] and by acid hydrolysis [33].

Ginseng and compounds derived from ginseng have

been reported to have a variety of anti-cancer effects.

Several studies have demonstrated that ginsenosides

have chemopreventive properties. Oral administration

of ginseng to rats dosed with a carcinogen such as

DMBA, urethane, or aflatoxin B1, reduces the inci-

dence and size of tumors that develop [42]. Ginseng

components reportedly inhibit the induction of tumors

in rats dosed with MNU, ethylnitrosourea, diethyl-

amine or DMBA [6, 39]. When applied to mouse skin,

Rg3 and protopanaxatriols inhibit the tetradecanoyl-

phorbol acetate (TPA)-induced expression of COX-2,

an effect that is attributed to inactivation of NF-jB

[14]. Similarly, application of a ginseng extract with

antioxidant properties reduces the number of papillo-

mas appearing on mouse skin following tumor induc-

tion with 7,12-dimethylbenzanthracene (DMBA) and

promotion with TPA [15]. In humans taking ginseng,

there is a lower risk for developing cancers of the lung,

oral cavity, and liver [41].

Ginseng compounds also can be used therapeuti-

cally. In mice, a glucosyl ginsenoside compound inhib-

ited metastasis of lung carcinoma [11] and melanoma

[35]. Another ginsenoside, Rb2, inhibited angiogenesis

and metastasis of melanoma cells in mice [32]. Rh2

inhibited the growth of human ovarian cancer cells in

nude mice and increased the survival of tumor-bearing

mice [25]. Ginseng apparently extends postoperative

survival in human patients with gastric cancer [34].

Although the mechanism(s) of action of ginseno-

sides are still being defined, studies of these com-

pounds and their specific effects on tumor cells are of

interest to cancer researchers. The ginsenosides Rh1

and Rh2, which are panaxadiols, induce differentiation

of tumor cells [28]. When added to cells in culture,

ginseng extracts inhibit DNA synthesis, reduce the

effect of a mutagen, and diminish the effects of

chemicals with transforming activity [31]. Further,

several ginsenoside metabolites reduce the mutage-

nicity of benzo[a]pyrene [20]. Ginseng also has a

radioprotective effect against radiation-induced dou-

ble-strand breaks in DNA [17]. In lipopolysaccharide-

stimulated macrophages, the increase in inducible ni-

tric oxide synthase and COX-2 expression is blocked in

the presence of 20(S)-protopanaxatriol [27]. Ginseng

also has immunomodulatory activity, as evidenced by

its stimulation of natural killer cells [16]. Finally, gin-

senoside Rh2 and a ginsenoside with a glucosyl moiety

at the 20-position induce apoptosis in tumor cells

through the activation of caspase-3 and proteolytic

cleavage of poly(ADP-ribose) polymerase [21, 29].

Any or all of these mechanisms—decreased DNA

synthesis, decreased susceptibility to mutation, trans-

formation and DNA damage, decreased inflammation,

increased immunosurveillance, and increased tumor

apoptosis—can lead to decreased tumor growth and

improved prognosis for cancer patients.

More than 60 different ginsenosides have been iso-

lated from the leaves, stems, berries, and roots of

various Panax species [7]. Twenty-nine of these are

classified as protopanaxadiols [7]. Since different parts

of ginseng plant contain different ginsenosides,

administration of one part of the plant could result in

pharmacological actions different from those caused by

administration of another part [2]. Although several

compounds present in the roots of P. ginseng have

been identified, the fruit of this plant has not been

extensively characterized.

In this report, we describe the isolation and identi-

fication of eleven ginsenoside components from P.

ginseng fruits, seven of which had not previously been

isolated from this source. We then evaluated the

activities of the ginsenosides in several human cancer

cell lines with diverse genetic backgrounds and eluci-

dated the structure–activity relationships between the

eleven compounds.

Materials and methods

Compound extraction and purification

The procedure for isolation and purification of the

compounds is illustrated in Fig. 1. Melting points were

determined on a WRS-1S digital melting point appa-

ratus (Shanghai Precision Scientific Instrument Co.

Ltd., China). 1H and 13C-NMR spectra were mea-

sured with an ARX 300 Spectrometer (Bruker, Ger-

many) and chemical shifts were expressed in d from

trimethylsilane as an internal standard; mass spectra

were taken on an electron-impact mass spectrometer

(TSQ-7000, Finnigan); IR spectra were recorded with

an IFS-55 IR spectrometer (Bruker, Germany). For
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HPLC, a Shimadzu RID-6A refractive index detector

was used.

For chromatography, the following were used: nor-

mal-phase silica gel column chromatography, silica gel

ASTM 230–400 chromatography (Whatman Inc.); re-

verse-phase silica gel column chromatography, Chro-

matorex ODS DM1020T (Fuji Silysia Chemical, Ltd.,

100–200 mesh); HPTLC-plates silica gel 60 (Merck,

0.25 mm) (normal-phase) and silica gel RP-18 F254S

(Merck, 0.25 mm) (reverse-phase); reverse-phase

HPTLC, pre-coated TLC plates with silica gel RP-18

WF254S (Merck, 0.25 mm). For TLC plates, detection

was achieved by spraying with 10% H2SO4/EtOH fol-

lowed by heating.

Panax ginseng fruits were obtained from Liaoning

Xinbin Pharmaceutical (Fushun, China) and the iden-

tity of the fruits was confirmed by Professor Taikun

Zheng (Liaoning University of Traditional Chinese

Medicine). Fruits with seeds removed were extracted

twice with 75% EtOH. The EtOH extract was evapo-

rated under vacuum. Water was added to the dry

material and the preparation was filtered. The solution

was placed on a macro-reticular resin (D101, Tianjin,

China) column and eluted with 70% EtOH to yield the

saponin fraction. The dried material was extracted

sequentially with CHCl3 and 1-BuOH. The CHCl3 and

1-BuOH-soluble fractions were evaporated to dryness.

The soluble materials were repeatedly subjected to

column chromatography on silica gel

(100 mm · 25 mm) and eluted with CHCl3–1-BuOH–

H2O (10:1:1, v/v, upper layer) and CHCl3–MeOH–

H2O (65:35:10, v/v, lower layer) and were further

separated using semipreparative reverse-phase HPLC

(250 · 10 mm, YMC-Pack ODS-A) to yield com-

pounds 1–11.

Identification and characterization of compounds

1–11

The identities of each of the compounds were eluci-

dated by comparison with known samples by their IR,
1H and 13C-NMR spectra, melting points and TLC

bands on precoated silica gel 60 F254 (developing sol-

vent, I, CHCI3–MeOH–H2O (65:35:10, 7:3:1, 40:10:1, v/

v/v, lower phase); II, n-BuOH-HOAc-H2O (4:1:2, up-

per phase); III, n-BuOH-HOAc-MeOH-H2O (4:2:1: 1);

spraying agent, 10% H2SO4 /EtOH; developed by

heating at 110–120�C for 10 min).

The ginsenosides are characterized according to the

number and position of sugar moieties on the dam-

marane-type triterpene saponin structure (Table 1).

Rh2 (Compound 5), which has a PPD-type structure,

differs from PPD (compound 3) in that it has a glucose

moiety at position C-3; Rg3 (compound 6) has two

additional glucose moieties at the same position. Rd

and Rb1 (compounds 9 and 11) are PPD-type saponins

with three and four glucose moieties, respectively. 25-

OH-PPD (compound 1) and PPD (compound 3) are

aglycones of PPD-type ginsenosides and have the same

basic structure; the difference is the variation in their

side-chains (C-22-C-27). 25-OH-PPD (compound 1)

has no double bond between C-24 and C-25. Of the 20-

protopanaxatriols, 25-OH-PPT (compound 2), Rg2

(compound 7), Rg1 (compound 8) and Re (compound

10) differ from PPD-type saponins by the presence of a

hydroxyl group at C-6 (Table 1).

Biological experiments

Reagents

All chemicals and solvents were of the highest ana-

lytical grade available. Cell culture media, fetal bovine

serum (FBS); phosphate-buffered saline (PBS), sodium

pyruvate, non-essential amino acids, penicillin-strep-

tomycin and other cell culture supplies were obtained

from the Comprehensive Cancer Center Media Prep-

aration Shared Facility, University of Alabama at

Birmingham.

CHCl3-MeOH-H2O 

MeOH-H2O

CHCl3-MeOH

CH3CN-H2O

Extracted with CHCl3 and 1-BuOH 

Eluted with 70%  EtOH  

Evaporated in vacuum

Extracted with 75%  EtOH

5. 20(S)-ginsenoside-Rh2

6. 20(S)-ginsenoside-Rg3

7. 20(S)-ginsenoside-Rg2

8. 20(S)-ginsenoside-Rg1

9. 20(S)-ginsenoside-Rd
10. 20(S)-ginsenoside-Re 
11. 20(S)-ginsenoside-Rb1

1. 20(R)-dammarane- 
3β,12β, 20, 25–tetrol

2. 20(R)-dammarane-3β, 
6α ,12β, 20, 25 -pentol  

3. 20(S) -protopanaxadiol   
4. Daucosterin 

1-BuOH fractionCHCl3 fraction

Total saponins

Resin column

EtOH extract

Compounds 1-4 Compounds 5-11

Identification and
characterization by EI-MS,

IR, 1H- NMR, and 13C-
NMR

Silica gel column 
reverse-phase HPLC

Fruits of P. ginseng

Fig. 1 Scheme for isolation and identification of compounds
1–11
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Compound Name Structure 

1

2

4

20(R)-dammarane-
3β

3β

, 12β  

, 12β  

, 20, 25-
tetrol (25-OH-PPD) 

20(R)-dammarane-
, 6α , 20, 25-

pentol (25-OH-PPT) 

β β-sitosterol- 3-O-  -
D-glucopyranoside 
(daucosterin)

HO

OH

OH

HO

OH

HO

OH

HO

OH

O

C2H5

glc

R1 R2

3 20(S) -PPD H H 

5 20(S) -Rh2 Glc H 

6 20(S) -Rg3 Glc2-Glc H

9 20(S) –Rd Glc2-Glc Glc 

11 20(S) -Rb1

R1O

R2O
OH

20S

3

12

20R

OR2

                     PPD-type saponin 

                     PPD-type saponin 

Glc2-Glc Glc6-
Glc

R1 R2

7 20(S)-Rg2 Glc2-Rha H 

8 20(S)-Rg1 Glc Glc

10 20(S)-Re 

R2O

HO

OH

20S

3

12

20R

OR2

   OR1

6

Glc3-Rha Glc 

Table 1 The chemical structures of compounds 1–11 isolated from the fruits of Panax ginseng
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Cell culture

Human cancer cells were obtained from the American

Type Culture Collection (Rockville, MD, USA) and

cultured following their instructions. Human lung

cancer cell lines used were: A549 (p53 wt), H1299

(p53 null), H838 (p53 wt) and H358 (p53 null). H838

cells were grown in RPMI 1640. H358 and H1299 cells

were grown in RPMI 1640 supplemented with 1.5 g/l

sodium bicarbonate, 4.5 g/l glucose, 10 mM HEPES

buffer, 1 mM sodium pyruvate and 2 mM L-glutamine.

A549 cells were grown in Ham’s F12K medium sup-

plemented with 2 mM L-glutamine and 1.5 g/l sodium

bicarbonate. All media contained 10% FBS and 1%

penicillin/streptomycin. Human prostate cancer cell

lines were LNCaP (p53 wt) and PC3 (p53 null).

LNCaP cells were cultured in RPMI 1640 media con-

taining 10% FBS, 2 mM L-glutamine, 10 mM HEPES,

1 mM sodium pyruvate, glucose (4.5 mg/ml) and so-

dium bicarbonate (1.5 mg/ml). PC3 cells were cultured

in Ham’s F-12K medium containing and 2 mM L-glu-

tamine.

Human breast cancer cell lines were MCF-7

(p53 wt) and MDA-MB-468 (p53 mt). MCF-7 cells

were grown in MEM media containing 1 mM non-

essential amino acids and Earle’s BSS, 1 mM sodium

pyruvate and 10 mg/l bovine insulin. MDA-MB-468

cells were grown in DMEM/F-12 Ham’s media

(DMEM/F-12 1:1 mixture). Human pancreatic cancer

cell lines were HPAC (p53 wt) and PANC-1 (p53 mt).

HPAC cells were grown in a 1:1 mixture of Dulbecco’s

modified Eagle’s medium and Ham’s F12 medium

containing 1.2 g/l sodium bicarbonate, 2.5 mM L-glu-

tamine, 15 mM HEPES and 0.5 mM sodium pyruvate

supplemented with 2 lg/ml insulin, 5 lg/ml transferrin,

40 ng/ml hydrocortisone, 10 ng/ml epidermal growth

factor and 5% fetal bovine serum. PANC-1 cells were

cultured with RPMI 1640 containing 1 mM HEPES

buffer, 25 lg/ml gentamicin, 1.5 g/l sodium bicarbon-

ate, and 0.25 lg/ml amphotericin B. Human glioma cell

lines were T98G (p53 mt) and A172 (p53 wt/mt).

T98G cells were cultured in EMEM supplemented

with 1% non-essential amino acids, and A172 cells

were cultured in DMEM supplemented with 4.5 g/l of

glucose. All cell culture media contained 10% FBS and

1% penicillin/streptomycin unless otherwise specified.

Cell survival assay

The effects of test compounds on human cancer cell

growth, expressed as the percentage of cell survival,

were determined using the MTT assay [22, 37]. The

cells were grown in 96-well plates at 4–5 · 103 cells per

well and exposed to the test compounds (0, 1, 10, 25,

50, 100, 250, or 500 lM). After incubation for 72 h,

10 lL of the MTT solution (5 mg/ml; Sigma; St. Louis,

MO, USA) were added into each well. The plates were

incubated for 2–4 h at 37�C. The supernatant was then

removed and the formazan crystals were dissolved with

100 ll of DMSO. The absorbance at 570 nm was re-

corded using an OPTImax microplate reader (Molec-

ular Devices; Sunnyvale, CA, USA). The cell survival

percentages were calculated by dividing the mean OD

of compound-containing wells by that of DMSO-con-

trol wells. Three separate experiments were accom-

plished to determine the IC50.

Detection of apoptosis

Following a similar protocol as above, cells in early and

late stages of apoptosis were detected using an Ann-

exin V-FITC apoptosis detection kit from BioVision

(Mountain View, CA, USA), using a protocol previ-

ously reported [8, 22, 26, 36, 37, 43]. In this procedure,

2–3 · 105 cells were exposed to the test compounds (0,

1, 5, 10, 25, or 50 lM) and incubated for 48 h prior to

analysis. Cells were collected and washed with serum-

free media. Cells were then re-suspended in 500 ll of

Annexin V binding buffer followed by addition of 5 ll

of Annexin V-FITC and 5 ll of propidium iodide (PI).

The samples were incubated in the dark for 5 min at

room temperature and analyzed with a Becton Dick-

inson FACSCalibur instrument (Ex = 488 nm;

Em = 530 nm). Cells that were positive for Annexin V-

FITC alone (early apoptosis) and Annexin V-FITC

and PI (late apoptosis) were counted.

Cell proliferation

The effects of test compounds on cell proliferation were

determined by BrdU incorporation (Oncogene, La Jo-

lla, CA, USA), with a protocol previously reported [8,

22, 26, 36, 37]. Cells were seeded in 96-well plates

(8 · 103 to 1.2 · 104 cells per well) and incubated with

various concentrations of test compounds (0–50 lM)

for 24 h. BrdU was added to the medium 10 h before

termination of the experiment. The BrdU incorporated

into cells was determined by anti-BrdU antibody, and

absorbance was measured at dual wavelengths of 450/

540 nm with an OPTImax microplate reader (Molecu-

lar Devices; Sunnyvale, CA, USA).

Cell cycle measurements

For determination of effects on the cell cycle, a pro-

tocol similar to that described above was used. Cells
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(2–3 · 105) were exposed to the test compounds (0, 1,

5, 10, 25, or 50 lM) and incubated for 48 h prior to

analysis. Cells were trypsinized, washed with PBS and

fixed in 1.5 ml of 95% ethanol at 4�C overnight, fol-

lowed by incubation with RNAse and staining with

propidium iodide (Sigma). The DNA content was

determined by flow cytometry.

Results

Extraction, isolation, and purification

of ginsenosides

As illustrated in Fig. 1, compounds were extracted

from fresh P. ginseng fruits using 75% EtOH. The

extract was passed through a macro-reticular resin

column and saponins were eluted with 70% EtOH. The

saponins, obtained after evaporation of the EtOH,

were extracted with CHCl3 and 1-BuOH. These frac-

tions were evaporated to dryness and repeatedly sub-

jected to silica gel column and semi-preparative

reverse-phase HPLC to obtain compounds 1–11 (Ta-

ble 1). The compounds were identified by comparison

of their physical characteristics (melting point (mp),

mass spectroscopy, IR, 1H- NMR, and 13C-NMR

spectra) with reported values [9, 38, 44].

Structure elucidation

Compound 1 was characterized as 20(R)-dammarane-

3b,12b,20,25-tetrol (25-OH-PPD) based upon the fol-

lowing: 1 was isolated as white needle crystals, with mp

252–254�C from EtOAc. EI-MS (m/z): 478 for

C30H54O4 ,
13C-NMR (pyridine-d5, 600 MHz) d (ppm);

signals of hydroxyl carbons: 79.5 (C-3), 71.9 (C-12),

74.7 (C-20), 71.5 (C-25-OH); 51.3 (C-17), 22.4 (C-21),

44.0 (C-22) (the diagnostic signals for determination of

the 20R configuration). 13C-NMR data for other car-

bons were as follows: 40.3 (C-1), 28.0 (C-2), 40.0 (C-4),

57.3 (C-5), 18.9 (C-6), 35.9 (C-7), 40.9 (C-8), 50.9 (C-9),

38.2 (C-10), 32.0 (C-11), 49.5 (C-13), 52.6 (C-14), 32.0

(C-15), 27.1(C-16), 16.3 (C-18-CH3), 6.8 (C-19-CH3),

19.4 (C-23), 45.4 (C-24), 29.4 (C-26-CH3), 29.1

(C-27-CH3), 28.6 (C-28-CH3), 16.2 (C-29-CH3), 17.4

(C-30-CH3).

Compound 2 was characterized as 20(R)-dammara-

ne-3b,6a,12b,20,25-pentol (25-OH-PPT). It was isolated

from EtOAc as white needle crystals with mp 177–

179�C. EI-MS (m/z): 494 for C30H54O5, 13C-NMR

(pyridine-d5, 600 MHz) d (ppm): signals of hydroxyl

carbons: 79.5 (C-3), 69.9 (C-6), 71.9 (C-12), 74.7 (C-20),

71.5 (C-25-OH); 50.9 (C-17), 22.4 (C-21), 44.0 (C-22)

(the diagnostic signals for determination of the 20R

configuration). 13C-NMR data for other carbons were as

follows: 40.2 (C-1), 27.8 (C-2 ), 40.5 (C-4), 62.1(C-5),

47.3 (C-7), 42.0 (C-8), 50.7 (C-9), 40.2 (C-10), 32.0 (C-

11), 49.6 (C-13), 52.5 (C-14), 31.4 (C-15), 27.1 (C-16),

17.6 (C-18), 17.7 (C-19), 18.9 (C-23), 45.4 (C-24), 29.1

(C-26), 29.4 (C-27), 31.9 (C-28), 16.1 (C-29), 17.4 (C-30).

Compound 3 was characterized as 20(S)-proto-

panaxadiol (PPD). Compound 3 formed colorless fine

crystals with mp 196–198�C from EtOAc; IR (KBr)

cm–1: 3,410, 1,645, 1,068 cm–1; 1H-NMR (pyridine-d5,

300 MHz) d (ppm) 0.84, 0.98, 0.98, 0.99, 1.29, 1.66, 1.63,

1.64 (3H each, all s, 3H-19, 18 , 30, 29, 28, 26, 21, 27),

5.34 (1H, m, H-24); 13C-NMR (pyridine-d5, 600 MHz)

d (ppm): signals of olefinic carbons: 126.2 (C-24), 130.5

(C-25). Signals of hydroxyl carbons: 77.8 (C-3), 70.9

(C-12), 72.9 (C-20); 54.5 (C-17), 22.8 (C-21), 35.7(C-22)

(the diagnostic signals for determination of the 20S

configuration). Signals of eight methyl carbons:

16.5(C-18), 16.3(C-19), 22.8 (C-21), 25.6 (C-26), 17.6

(C-27), 28.6 (C-28), 15.8 (C-29), 17.1(C-30). 13C-NMR

data for other carbons were as follows: 39.4 (C-1), 28.2

(C-2), 39.6 (C-4), 56.3 (C-5), 18.7 (C-6), 35.2 (C-7), 40.1

(C-8), 50.4 (C-9), 37.3 (C-10), 32.0 (C-11), 48.5 (C-13),

51.6 (C-14), 31.8 (C-15), 26.6 (C-16), 22.9 (C-23).

Compound 4 was characterized as daucosterin

(b-sitosterol-3-O-b-D-glucopyranoside). It formed a

white amorphous powder with mp 288–289�C from

MeOH. IR (KBr) cm-1: 3,435, 1,644, 1,078. 13C-NMR

(pyridine-d5, 600 MHz) d (ppm): signals of olefinic

carbons: 41.2 (C-5), 21.7 (C-6). Signals of hydroxyl

carbons: 78.2 (C-3). 13C-NMR data for other carbons

were as follows: 37.6 (C-1), 30.2 (C-2), 39.2 (C-4), 32.2

(C-7), 31.9 (C-8), 50.5(C-9), 36.9 (C-10), 31.3 (C-11),

8.5 (C-12), 42.7 (C-13), 56.9 (C-14), 24.5 (C-15), 40.0

(C-16), 56.4 (C-17), 12.1 (C-18), 19.3 (C-19), 36.2

(C-20), 19.1 (C-21), 34.7 (C-22), 26.8 (C-23), 46.2

(C-24), 29.6 (C-25), 19.4 (C-26), 19.8 (C-27), 28.5

(C-28), 12.0 (C-29), 102.4 (3-glc C-1¢), 74.9 (C-2¢), 78.4

(C-3¢), 71.7(C-4¢), 77.6 (C-5¢), 62.9 (C-6¢).

Compound 5 was characterized as 20(S)-dammara-

ne-3-O-b-D-glucopyranosyl-12b, 20-diol (Rh2). It

formed colorless fine crystals with mp183–184�C from

EtOAc. IR (KBr) cm-1: 3,430, 1,644, 1,078. 13C-NMR

(pyridine-d5, 600 MHz) d (ppm): signals of olefinic

carbon: 126.4 (C-24), 130.7 (C-25). Signals of hydroxyl

carbons: 88.8 (C-3), 71.1 (C-12), 73.2 (C-20); 54.7

(C-17), 22.0 (C-21), 35.4 (C-22) (the diagnostic signals

for determination of the 20S configuration). 13C-NMR

data for other carbons were as follows: 39.3 (C-1), 27.4

(C-2), 39.9 (C-4), 56.5 (C-5), 18.6 (C-6), 35.4 (C-7), 40.2

(C-8), 50.7 (C-9), 37.4 (C-10), 32.2 (C-11), 48.6 (C-13),

51.8 (C-14), 31.8 (C-15), 26.7 (C-16), 16.6 (C-18), 16.4
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(C-19), 23.0 (C-23), 25.7 (C-26), 17.7 (C-27), 28.4

(C-28), 16.1 (C-29), 17.2 (C-30), 106.7 (3-glc C-1¢), 75.9

(C-2¢), 78.7 (C-3¢), 72.2 (C-4¢), 78.0 (C-5¢), 63.3 (C-6¢).

Compound 6 was characterized as 20(S)-damma-

rane-3-O-b-D-glucopyranosyl-(1 fi 2)-O-b-D-glucopyr-

anosyl-12b, 20-diol (Rg3). It formed colorless fine

crystals with mp 298–303�C from EtOH-1-BuOH. IR

(KBr) cm-1: 3,410, 1,645, 1,076. 1H-NMR (pyridine-d5,

600MHz) d 0.81, 0.96, 0.96, 1.10, 1.27, 1.62, 1.62, 1.66

(3H each, all s, H3–19, 18, 30, 29, 28, 26, 21, 27), 4.89

(1H, d, J = 7.0 Hz, H-1¢), 5.31 (1H, d-like, H-24), 5.35

(1H, d, J = 7.0 Hz, H-1’’). 13C-NMR (pyridine-d5,

600 MHz) d (ppm): signals of olefinic carbons: 126.1

(C-24), 130.4 (C-25). Signals of hydroxyl carbons: 88.9

(C-3), 70.9 (C-12), 73.0 (C-20); 54.5 (C-17), 22.3 (C-21),

35.3 (C-22) (the diagnostic signals for determination of

the 20S configuration). 13C-NMR data for other carbons

were as follows: 39.2 (C-1), 26.9 (C-2), 39.7 (C-4), 56.4

(C-5), 18.5 (C-6), 35.2 (C-7), 40.1 (C-8), 50.4 (C-9), 37.0

(C-10), 32.0 (C-11), 49.1 (C-13), 51.8 (C-14), 31.5 (C-15),

26.8 (C-16), 16.3 (C-18), 16.2 (C-19), 22.8 (C-23), 25.6

(C-26), 17.4 (C-27), 28.2 (C-28), 15.7 (C-29), 17.1 (C-30),

105.1 (3-glc C-1¢), 83.6 (C-2¢), 78.2 (C-3¢), 71.7 (C-4¢),

78.0 (C-5¢), 62.9 (C-6¢), 106.1 (C-1¢¢), 77.2 (C-2¢¢), 78.4

(C-3¢¢), 71.7 (C-4¢¢), 78.1 (C-5¢¢), 62.8 (C-6¢¢).

Compound 7 was characterized as 20(S)-damma-

rane-6-a-O-L-rhamnopyranosyl-(1 fi 2)-O-b-D-gluco-

pyranosyl-3b,12b,20-tetrol (Rg2). It formed colorless

fine crystals with mp 183–184�C from MeOH-EtOAc.
13C-NMR (pyridine-d5, 600 MHz) d (ppm): signals of

olefinic carbons: 126.4 (C-24), 130.8 (C-25). Signals of

hydroxyl carbons: 78.4 (C-3), 74.4 (C-6), 70.9 (C-12),

72.7 (C-20); 54.3 (C-17), 22.6 (C-21), 35.5 (C-22) (the

diagnostic signals for determination of the 20S con-

figuration). 13C-NMR data for other carbons were as

follow: 39.7 (C-1), 27.8 (C-2), 40.0 (C-4), 60.9 (C-5),

46.1 (C-7), 41.2 (C-8), 49.8 (C-9), 39.4 (C-10), 31.4

(C-11), 48.9 (C-13), 51.7 (C-14), 31.3 (C-15), 26.7

(C-16), 17.2 (C-18), 17.1 (C-19), 22.8 (C-23), 25.8

(C-26), 17.9 (C-27), 28.8 (C-28), 16.6 (C-29), 17.5

(C-30), 102.0 (C-1¢), 78.3 (6-glc-C-2¢), 79.4 (C-3¢), 73.0

(C-4¢), 78.6 (C-5¢), 63.2 (C-6¢), 101.8 (rha C-1†), 72.5

(C-2†), 72.3 (C-3†), 74.3 (C-4†), 69.5 (C-5†), 18.8 (C-6†).

Compound 8 was characterized as 20(S)-dammara-

ne-6-O-a-L-rhamnopyranosyl-20-O-b-D-glucopyrano-

syl-3b,12b-diol (Rg1). It formed colorless fine crystals

with mp 194–195�C from BuOH-EtOAc. 13C-NMR

(pyridine-d5, 600 MHz) d (ppm): signals of olefinic

carbons: 126.2 (C-24), 130.6 (C-25). Signals of hydroxyl

carbons: 78.4 (C-3), 77.9 (C-6), 70.8 (C-12), 83.3 (C-20);

54.6 (C-17), 22.5 (C-21), 35.9 (C-22) (the diagnostic

signals for determination of the 20S configuration).
13C-NMR data for other carbons were as follows:

39.5 (C-1), 27.6 (C-2), 40.1 (C-4), 61.3 (C-5), 44.9 (C-7),

41.0 (C-8), 49.9 (C-9), 39.5 (C-10), 31.8 (C-11), 48.9

(C-13), 51.6 (C-14), 31.9 (C-15), 26.9 (C-16), 17.4

(C-18), 17.2 (C-19), 23.2 (C-23), 25.7 (C-26), 17.7

(C-27), 28.5 (C-28), 16.2 (C-29), 17.0 (C-30), 106.3

(6-glc C-1¢), 75.3 (C-2¢), 80.0 (C-3¢), 71.6 (C-4¢), 79.3

(C-5¢), 62.9 (C-6¢), 98.1 (20-glc C-1¢), 74.9 (C-2¢), 78.8

(C-3¢), 71.3 (C-4¢), 77.8 (C-5¢), 62.9 (C-6¢).

Compound 9, characterized as 20(S)-dammarane-

3-O-b-D-glucopyranosyl-(1 fi 2)-O-b-D-glucopyrano-

syl-20-O-b-D-glucopyranosyl-(1 fi 6)-xylopyranosyl-

12b-ol (Rd), formed a white amorphous powder with

mp 206–209�C from EtOH-EtOAc. 13C-NMR (pyri-

dine-d5, 600 MHz) d (ppm): signals of olefinic carbons:

126.4 (C-24), 130.9 (C-25). Signals of hydroxyl carbons:

89.0 (C-3), 70.2 (C-12), 83.3 (C-20); 54.6 (C-17), 22.4

(C-21), 36.2 (C-22) (the diagnostic signals for deter-

mination of the 20S configuration). 13C-NMR data for

other carbons were as follows: 39.2 (C-1), 26.8 (C-2),

39.7 (C-4), 56.4 (C-5), 18.5 (C-6), 35.2 (C-7), 40.1 (C-8),

50.2 (C-9), 36.9 (C-10), 31.0 (C-11), 49.6 (C-13), 51.5

(C-14), 30.8 (C-15), 26.7 (C-16), 16.6 (C-18), 16.4

(C-19), 23.2 (C-23), 25.8 (C-26), 17.4 (C-27), 28.1

(C-28), 16.3 (C-29), 17.8 (C-30), 105.2 (3-glc C-1¢), 83.6

(C-2¢), 78.3 (C-3¢), 71.7 (C-4¢), 78.1 (C-5¢), 62.9 (C-6¢),

106.1 (C-1¢¢), 77.2 (C-2¢¢), 79.4 (C-3¢¢), 71.7 (C-4¢¢), 78.0

(C-5¢¢), 62.8 (C-6¢¢), 98.3 (C-1¢), 75.2 (C-2¢), 79.3

(20-glc1C-3¢), 71.7 (C-4¢), 78.1 (C-5¢), 62.6 (C-6¢).

Compound 10 was characterized as 20(S)-damma-

rane-6-O-b-D-rhamnopyranosyl-(1 fi 2)-O-b-D-gluco-

pyranosyl-20-O-b-D-glucopyranosyl-3b,12b-diol (Re).

It formed colorless fine crystals with mp 199–201�C

from MeOH-H2O. 13C-NMR (pyridine-d5, 600 MHz) d
(ppm): signals of olefinic carbons: 125.8 (C-24), 130.8

(C-25). Signals of hydroxyl carbons: 78.5 (C-3), 74.0

(C-6), 70.2 (C-12), 83.3 (C-20); 54.8 (C-17), 22.3 (C-21),

36.0 (C-22) (the diagnostic signals for determination of

the 20S configuration). 13C-NMR data for other car-

bons were as follows: 39.7 (C-1), 27.5 (C-2), 39.7 (C-4),

61.0 (C-5), 45.5 (C-7), 41.2 (C-8), 49.6 (C-9), 39.7

(C-10), 30.8 (C-11), 49.1 (C-13), 51.4 (C-14), 30.8

(C-15), 26.6 (C-16), 17.3 (C-18), 17.2 (C-19), 23.1

(C-23), 25.4 (C-26), 17.6 (C-27), 29.2 (C-28), 17.0

(C-29), 17.6 (C-30), 101.3 (6-glc C-1¢), 78.7 (C-2¢), 77.6

(C-3¢), 72.1 (C-4¢), 77.6 (C-5¢), 62.9 (C-6¢), 101.7 (rha

C-1†), 72.1 (C-2†), 72.2 (C-3†), 73.9 (C-4†), 69.3 (C-5†),

18.3 (C-6†), 98.0 (20-glc1 C-1¢), 75.0 (C-2¢), 78.7 (C-3¢),

71.8 (C-4¢), 78.7 (C-5¢), 63.3 (C-6¢).

Compound 11, characterized as 20(S)-dammarane-

3-O-b-D-glucopyranosyl-(1 fi 2)-O-b-D-glucopyrano-

syl-20-O-b-D-glucopyranosyl-(1 fi 6)-O-b-D-glucopyr-

anosyl-12b-ol (Rb1), formed a white amorphous

powder with mp 198–200�C from EtOH–BuOH.
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13C-NMR (pyridine-d5, 600 MHz) d (ppm): signals of

olefinic carbons: 125.8 (C-24), 130.8 (C-25). Signals of

hydroxyl carbons: 89.3 (C-3), 70.3 (C-12), 83.5 (C-20);

54.7 (C-17), 22.6 (C-21), 36.1 (C-22) (the diagnostic

signals for determination of the 20S configuration).
13C-NMR data for other carbons were as follows: 39.3

(C-1), 26.6 (C-2), 39.6 (C-4), 56.3 (C-5), 18.5 (C-6), 35.1

(C-7), 39.9 (C-8), 50.3 (C-9), 36.8 (C-10), 30.7 (C-11),

49.3 (C-13), 51.3 (C-14), 30.8 (C-15), 26.6 (C-16), 16.2

(C-18), 15.9 (C-19), 23.1 (C-23), 125.8 (C-24), 131.0

(C-25), 25.8 (C-26), 17.9 (C-27), 28.0 (C-28), 16.5

(C-29), 17.3 (C-30), 105.0 (3-glc C-1¢), 82.9 (C-2¢), 77.2

(C-3¢), 71.5 (C-4¢), 78.0 (C-5¢), 62.6 (C-6¢), 105.6 (C-1¢¢),

76.7 (C-2¢¢), 78.8 (C-3¢¢), 71.5 (C-4¢¢), 78.0 (C-5¢¢), 62.6

(C-6¢¢), 97.9 (20-glc1 C-1¢), 74.9 (C-2¢), 78.6 (C-3¢), 71.5

(C-4¢), 76.7 (C-5¢), 71.5 (C-6¢), 105.0 (C-1¢¢), 74.9 (C-2¢¢),

78.0 (C-3¢¢), 71.5 (C-4¢¢), 78.0 (C-5¢¢), 62.6 (C-6¢¢).

Biological activity of ginsenosides

Initial screening for growth inhibition in vitro

Compounds 1–11 were tested for their in vitro anti-

cancer activity using the MTT assay [43]. Four cell

lines representing three types of human malignancies

(breast, lung and prostate) were cultured with test

compounds at concentrations in the range of 1–

100 lM for 72 h, and cell viability was determined.

The inhibitory effects of these compounds on

cell growth are illustrated in Table 2. Of the 11

compounds, 1 (25-OH-PPD), 3 (PPD), and 5 (Rh2)

consistently showed substantial activity in all four cell

lines. We subsequently evaluated the activity of these

three compounds in comparison with compound 6

(Rg3) and compound 2 (25-OH-PPT) in thirteen cell

lines representing five types of human malignancies.

Compound 2 and compound 6, which is currently

marketed as an anti-cancer agent in China [24], were

used as controls. Although compound 2 has a struc-

ture similar to 1 and 3, it showed minimal effects in

most cells. In a dose-dependent manner, compounds 1
(25-OH-PPD), 3 (PPD), and 5 (Rh2) inhibited the

growth of all cell lines tested; IC50 values are listed in

Table 3. For 1 (25(S)-OH-PPD), the IC50 values for

most cell lines were in the range of 10–60 lM, dem-

onstrating a 5–15-fold greater growth inhibition than

Rg3. The effects on growth by compounds 1, 3 and 5
were similar, consistent with previous reports [30]. A

representative comparison of growth inhibitory po-

tential of the five compounds to lung cancer cells is

shown in Fig. 2.

Induction of apoptosis in human cancer cells

In subsequent studies, we focused on lung cancer cell

lines H838 and H358. As illustrated in Fig. 3, com-

pounds 1 (25-OH-PPD), 3 (PPD), and 5 (Rh2) induced

apoptosis in a dose-dependent manner in both H838

(p53 wild-type) and H358 (p53 null) cell lines. At var-

ious concentrations, compound 1 consistently showed

more potent effects relative to the other compounds.

Compound 2 had minimal effects on apoptosis.

No. MCF-7 Cells (CV%) H838 Cells (CV%) LNCaP Cells (CV%) PC3 Cells (CV%)

1µM 10µM 100µM 1µM 10µM 100µM 1µM 10µM 100µM 1µM 10µM 100µM 

1 25-OH-PPD

2 25-OH-PPT 

3 PPD

4 Daucosterol* 

5 Rh2

6 Rg3

7 Rg2

8 Rg1

9 Rd

10 Re

11 Rb1

Table 2 Inhibition of growth of human cancer cells by compounds 1–11

Cell viability (CV): inhibition <20%, in light gray; 20–90%, in dark gray; >90%, in black

*Highest concentration tested was 50 lM
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Inhibition of cell proliferation

In a dose-dependent manner, compounds 1, 3, 5, and 6

inhibited cell proliferation (Fig. 4). The anti-prolifer-

ative effects were seen in both H838 (p53 wild type)

and H358 (p53 null) cell lines. The effect of compound

2 on cell proliferation was minimal.

Cell cycle arrest in the G1 phase by compound 1,

25(S)-OH-PPD

In a dose-dependent manner, compound 1 (25-OH-

PPD) induced cell cycle arrest in the G1 phase in both

the H838 and H358 cell lines (Fig. 5). At various

concentrations, compound 1 (with the highest

Table 3 Growth inhibitory
activity of five selected
compounds (1, 25-OH-PPD;
2, 25-OH-PPT; 3, PPD; 5, Rh2

and 6, Rg3) in human cancer
cells

Cancer type Cell line IC50 (lM)

25-OH-PPD 25-OH-PPT PPD Rh2 Rg3

Glioma A172 49.4 >500 77.6 56.0 303.0
T98G 27.5 125.9 72.8 71.8 397.0

Pancreatic HPAC 22.5 >500 63.9 66.4 >500
Panc-1 21.2 >500 30.2 41.3 180.3

Lung A549 22.5 >500 27.2 33.9 369.1
H1299 11.6 >500 20.3 20.4 357.2
H358 22.9 >500 50.4 65.8 470.0
H838 25.9 >500 77.4 64.4 293.0

Breast MCF7 59.8 >500 68.4 41.5 361.2
MDA-MB-468 68.7 >500 69.0 43.0 153.1

Prostate LNCaP 35.7 >500 44.8 46.7 302.1
PC3 59.8 >500 29.3 29.3 266.5

Fig. 2 Cytotoxicity of
ginsenosides (1, 25-OH-PPD;
2, 25-OH-PPT, 3, PPD; 5,
Rh2; and 6 Rg3) to human
lung cancer cells in culture.
Percent viability is in
comparison to untreated cells
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concentration of 25 lM) consistently showed stronger

effects in both cell lines, relative to the other com-

pounds (with the highest concentration of 50 lM).

Again, the effect of compound 2 was minimal.

Discussion

This is the first reported isolation of compounds 1, 2, 3,

4, 5, 6 and 8 from the fruits of P. ginseng, indicating

that the fruit of this plant may provide a novel source

of these compounds. Numerous investigations have

determined that the activities of ginsenosides are re-

lated to the types of aglycone and glycoside and the

number of sugars linked to the core structure [40].

Previous studies of the structure–activity relationship

of ginsenosides have shown that the activities of PPD

compounds are greater than those of the PPT com-

pounds, and that the aglycones are more effective than

the glycosides. For example, ginsenosides Rh1 (PPT

type) and Rh2 (PPD type), possessing sugar moieties at

C-6 and C-3, respectively, have similar chemical

structures, but their effects on B16 melanoma cells

were remarkably different [26]. The activity of the

various ginsenosides has been demonstrated to be in

the order: monosaccharide glycoside > disaccharide

glycoside > trisaccharide glycoside > tetrasaccharide

glycoside, indicating that increasing the number of

sugar moieties reduces the potency of the compound

[8]. Further, both Rh2 and Rh1 (with a single sugar

moiety) had anti-proliferative effects on human leu-

kemia cells (THP-1), while Rg3 (two sugar moieties)

did not have a substantial anti-proliferative effect on

the cells [30].

The present data further demonstrated this rela-

tionship. Compounds 1 (25-OH-PPD) and 3 (PPD)

inhibited the growth of cancer cells, but a similar ef-

fect was not apparent for compound 6 (Rg3) or for

compounds 7–11. Both compound 1 (25-OH-PPD)

and compound 3 (PPD) increased apoptosis, but the

effects of 5 (Rh2) were less than those observed for 1
and 3, showing that the presence of the sugar moiety

attached to the Rh2 structure reduces the ability of

the ginsenoside to induce apoptosis. 1 also had

stronger effect than 3 or 5 on cell growth inhibition,

and its IC50 values (10–60 lM) were 5–15-fold lower

than those for 6, an agent already being marketed for

cancer therapy [24]. Compounds 6, 9 (Rd) and 11

(Rb1) had little or no effect on cell growth and pro-

liferation. These results indicate that specific differ-

ences in the ginsenoside chemical structure influence
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Fig. 3 Induction of apoptosis in lung cancer cells by ginsenosides
(1, 25-OH-PPD; 2, 25-OH-PPT; 3, PPD; 5, Rh2 and 6, Rg3). The
apoptotic index is in comparison to untreated cells

Fig. 4 Anti-proliferative effects of ginsenosides (1, 25-OH-PPD;
2, 25-OH-PPT; 3, PPD; 5, Rh2 and 6, Rg3) on human lung cancer
cells in culture. The proliferative index is in comparison to
untreated cells
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their cytotoxic properties. Although compound 1 was

more effective than 3 or 5, all three compounds

(which are PPD-type saponins) were much more

effective for inhibiting cancer cell growth and prolif-

eration and increasing apoptosis than the PPT type

saponins (compounds 2, 7, 8 and 10). However,

compound 1 was more effective for inducing apoptosis

than the other compounds, suggesting that the dif-

ferent compounds may have different targets, result-

ing in different biological activities.
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Thus our studies, and previous studies by other

groups, of the SAR of the ginsenosides suggest that the

structural type of dammarane saponin, the number of

sugar moieties, and the substituent group(s) in the side

chain of the aglycone affect their activity against can-

cer cells in culture. Our research results will be useful

for evaluating the SAR of other ginsenosides and their

aglycones, and possibly for developing novel agents

that may be useful, especially as adjuvants, for the

treatment of cancer.

In conclusion, we have isolated several ginsenosides

from the fruits of P. ginseng, and have determined their

structures on the basis of their physicochemical char-

acteristics and NMR data. Several of the compounds

have activity in a broad spectrum of human cancer

cells. Although their mechanisms of action have yet to

be elucidated, the notable activity of 1 (25-OH-PPD)

may be associated with pathways involved in cell pro-

liferation and cell cycle regulation, and more likely

with apoptosis. With respect to the potency of these

compounds, our results indicate that in vitro anticancer

activities, such as the IC50 in cell cytotoxicity assays

and the effective concentrations for inducing apoptosis,

are similar to those observed with other natural prod-

ucts with demonstrated chemopreventive and chemo-

therapeutic activities, such as genistein [22]. Further

molecular and pharmacological studies are underway

in order to demonstrate the in vivo anti-tumor activity

and elucidate the underlying mechanisms of action.

The SAR results also will be helpful in developing

synthetic ginsenoside derivatives or for using semi-

synthetic approaches.
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