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Abstract

Rg3 and Rh2 ginsenosides are primarily found in Korean red ginseng root (Panax ginseng C.A. Meyer) and valued for their
bioactive properties. We quantified both Rh2 and Rg3 ginseng leaf and Rg3 from root extracts derived from North American

ginseng (Panax quinquefolius). Quantification was obtained by application of HPLC with ion fragments detected using ESI-MS.
Ginseng leaf contained 11.3�0.5 mg/g Rh2 and 7.5�0.9 mg/g Rg3 in concentrated extracts compared to 10.6�0.4 mg/g Rg3 in
ginseng root. No detectable Rh2 was found in root extracts by HPLC, although it was detectable by ESI-MS analysis. Ginsenosides
Rg3 and Rh2 were detected following hot water reflux extraction, but not from tissues extracted with 80% aqueous ethanol at room

temperature. Therefore ginsenosides Rg3 and Rh2 are not naturally present in North American ginseng, but are products of a
thermal process. Using ESI-MS analysis, it was found that formation of Rg3 and Rh2, among other compounds, were a function of
heating time and were breakdown products of the more abundant ginsenosides Rb1 and Rc. Our findings that heat processed North

American ginseng leaf is an excellent source of Rh2 ginsenoside is an important discovery considering that ginseng leaf material is
obtainable throughout the entire plant cycle for recovery of valuable ginsenosides for pharmaceutical use.
# 2003 Elsevier Ltd. All rights reserved.
Keywords: Panax quinquefolius; Araliaceae; North American ginseng; ginseng leaf; ginseng root; ginsenosides; Rh2; Rg3; LC/MS
1. Introduction

Ginseng root is a valuable agricultural commodity
grown for use in many traditional medicinal therapies.
More contemporary usages of ginseng, especially in
North America, have included formulations prepared
for herbal supplements or in functional foods; certain
ginsenosides may also have pharmaceutical potential for
drug development. Herbal product usages are based on
specific health expectations that focus on immunologi-
cal, anti-cancer, metabolic, neurological benefits (Kitts
and Popovich, 2003) and anti-oxidant properties (Hu
and Kitts, 2001). The primary active ingredients are a
group of 31 triterpene saponins, also referred to as gin-
senosides, and specific ginsenosides such as Rh2 (1) and
Rg3 (2) have been proposed as chemotherapeutic
agents. Two main sources of ginseng root are typically
used, Asian ginseng (Panax ginseng, C.A. Meyer) and
North American ginseng (Panax quinquefolius). Much
less is known about North American ginseng leaf com-
ponents as compared to the root tissue. Annual recov-
ery of ginseng leaf could be a feasible alternative source
of ginsenosides compared to the long growth cycle
required for harvesting the roots for nutraceutical pro-
ducts. Starratt et al. (2001) reported that the leaves are a
source of ginsenosides but these have not been capita-
lized or exploited at present. Processing conditions have
been reported to effect the composition of ginsenosides.
For example, Korean red ginseng is the same variety as
Asian ginseng but subjected to steam preservation after
harvesting (Kim et al., 2000).
Ginsenoside Rh2 (1) is currently sought after for its

bioactive properties; Rh2 (1) can reduce the prolifer-
ation of a variety of cultured cancer cells and can influ-
ence apoptosis (Popovich and Kitts, 2002; Fei et al.,
2002; Park et al., 1997; Nakata et al., 1998). Rg3 (2) has
also been shown to possess anti-tumor properties and
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have an effect on drug resistant cultured cancer cells
(Kim et al., 2003; Keum et al., 2003).
The purpose of this study was to test the hypothesis

that North American ginseng (Panax quinquefolius) leaf
and root are potentially a source of rare ginsenosides
Rh2 (1) and Rg3 (2) following a thermal process
required to specifically generate these products.
2. Results and discussion

We have shown for the first time that using a simple
hot water extraction of North American ginseng leaf is
a valuable source of rare ginsenosides. Table 1 lists the
ginsenoside fingerprint information identified by HPLC.
Root samples extracted by hot water reflux contained
greater amounts of ginsenosides Rg1, Re, Rb1, Rc and
Rd compared to leaf samples. Ginsenoside Rg3 (2) was
detected in both leaf and root. However, ginsenoside
Rh2 (1), an otherwise rare ginsenoside was detected
only in the leaf and not in the root, by HPLC, when
employing hot water reflux extraction and preparation
process. The main source of both ginsenosides Rg3 (2)
and Rh2 (1) have been reported to be exclusively
Korean red ginseng root (Shin et al., 2000; Park et al.,
2002; Kim et al., 2000). Preparation of Korean red gin-
seng relies on steam processing to ensure preservation
which may alter the ginsenoside composition. Steaming
ginseng has been shown to produce ginsenosides that
are not present in raw ginseng (Kim et al., 2000). We
compared the effect of heat produced from a hot water
reflux extraction procedure, to a room temperature
extraction using 80% aqueous ethanol to determine if
Rg3 (2) and Rh2 (1) were indeed formed as a result of
the addition of thermal energy. Table 2 shows the major
ion fragments detected by ESI-MS analysis of the water
reflux extraction of ginseng root and leaf and the 80%
aqueous ethanol extraction at room temperature. Gin-
seng root and leaf hot water reflux extract were found to
have 23 and 19 different ion fragments, respectively,
whereas, the 80% aqueous ethanol extract contained 14
fragments. Furthermore, the 80% aqueous ethanol
extract contained a malonyl ginsenoside that was not
present in the hot water reflux extract. Malonyl ginse-
nosides are heat-labile and readily demalonylate
(Yamaguchi et al., 1988). Ion fragments of ginsenosides
Rg3 (2) and Rh2 (1), among others, were not recovered
in the 80% aqueous ethanol extraction, but were found
following the hot water extraction procedure. HPLC
analysis of the leaf extracts (Table 1) revealed the pre-
sence of both Rg3 (2) (7.5�0.9 mg/g) and Rh2 (1)
(11.3�0.5 mg/g) in the hot water reflux extract, but not
in the 80% aqueous ethanol extraction. Conformational
isomers of ginsenosides Rg3 (2) and Rh2 (1) [20(S) and
20(R)] were detected by comparing retention order
and ion fragments produced during ESI-MS analysis.
Isomers of Rg3 (2), Rg2 (1) and Rh1 ginsenosides
have been also reported in ‘Shenmai’ derived from red
ginseng and ophiopogon (Haijiang et al., 2003; Bae
et al., 2002).
We provide evidence that Rg3 (2) and Rh2 (1) are

formed during thermal processing of North American
ginseng, and that these breakdown products are not
naturally present in leaf or root materials. The second
set of experiments were designed to identify the heating
times required to form Rh2 (1) after hot water reflux
and to identify the compounds that contributed to the
formation of the rare ginsenoside Rh2 (1). Table 3
shows the ESI-MS analysis of the hot water reflux of
ginseng leaf that was sampled between 10 and 60 min
intervals. Fragments corresponding to malonyl ginse-
nosides disappeared after 30 min of heating. After 10
min of water reflux, ginsenosides Rg3 (2) and Rh2 (1)
were not detected, however, both Rg3 (2) and Rh2 (1)
began to appear after 20 min. The compounds needed
for Rg3 (2) and Rh2 (1) formation were studied and
Table 4 shows the ion fragments of protopanaxadiol
ginsenosides Rc and Rb1 produced after hot-water
reflux. Both ginsenosides Rg3 (2) and Rh2 (1) were
breakdown components from both ginsenosides Rc and
Rb1 after a hot water reflux. Breakdown products or
artifacts generated from heat processing of saponins
from Medicago sativa L have recently been reported by
Tava et al. (2003). They showed that after hot water
reflux of plant material, artifacts were produced which
contained decreased polarity or higher retention time
compared to original compounds when measured by
TLC and HPLC. Furthermore, ginsenosides Rb1 and
Rcwere classified in the same category as Rg3 (2) and Rh2
(1), the 20(S)-protopanaxadiol group of ginsenosides.
Table 1

Ginsenoside profile of North American ginseng root and leaf quantified by HPLCa
Fraction
 Rg1
 Re
 Rb1
 Rc
 Rb2
 Rd
 Rg3 (2)
 Rh2 (1)
Root (hot water)b
 47.0 (0.6)
 151.1 (2)
 157.7 (2)
 27.3 (5)
 7.8 (0.3)
 21.8 (0.5)
 10.6 (0.4)
 ND
Leaf (hot water)b
 8.0 (0.3)
 50.3 (4)
 12.0 (1)
 6.5 (4)
 10.8 (3)
 6.4 (0.9)
 7.5 (0.9)
 11.3 (0.5)
Leaf (aq. 80% ETOH)c
 5.1 (0.4)
 30.8 (0.1)
 36.0 (0.4)
 1.9 (0.03)
 26.7 (3)
 10.2 (0.03)
 ND
 ND
a Data is expressed as mean �(S.D.) measured in triplicate (mg/g) dry weight).
b 90 min hot water reflux extraction.
c Room temperature aq. ethanol (80%) extraction. ND: not detected.
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Table 2

ESI-MS ion fragments of North American ginseng root and leaf extraction
Main fragmentation ions, m/z
 Others
[M�H]�
 [M+Cl]�
 [M+Aco]�
Root (hot water) retention order
Rg1
 799.4
 859.5
 1200
Re
 945.5
 1005.5
 1036.5
 1159.4
Rb1
 1107.5
 1121.3
 1321.4
Rc
 1077.5
 1140.6
 1199.5
 1291.5
Rb2
 1077.5
 1080.1
 1134.4
 1191.4
Rg2*
 783.4
 843.4
 897.4
 1149.4
Rg2 isoa
 783.4
 843.4
 881.3
 897.4
 1149.4
Rd
 945.5
 1008.4
 1159.5
Rd iso
 945.5
 1005.5
 1067.4
 1159.3
Rd2b
 915.5
 975.4
 1037.5
 1129.4
 1371.2
Rd2isob
 915.5
 987.4
 1031.4
 1120.3
Rg6a
 765.4
 843.4
 883.4
Rg6 isoa
 765.4
 825.5
 887.4
Not reported
 712.4
Rg3 (2)
 783.4
Rg3 isob
 783.4
Not reported
 793.3
Rs3a
 825.4
 853.3
 1007.3
Rs3 isoa
 825.4
 853.3
 1107.3
Rg5a
 764.4
 828.3
 979.3
Rg5 iso
 764.4
 979.3
Rh2 (1)
 621.4
 681.4
 1147.4
 1191.5
 1243.8
Rh2 isob
 621.4
 681.4
 1147.4
 1191.5
Leaf (hot water)
Rg1
 799.5
 895.5
 1137.5
Re
 945.5
 981.4
 1035.4
Rb1
 1107.5
 1165.8
 1121.5
 1259.1
 1322.6
Rc
 1077.5
Rb2
 1077.5
 1140.4
 1291.4
Rg2 isoa
 783.4
 843.4
 905.4
 997.3
Rd
 945.5
 1005.5
 1159.4
Rs1/Rs2b
 1119.5
 1124.3
 1140.2
 1217.2
Rd2
 915.4
 975.4
 978.5
 1029.5
 1129.7
 1374.2
 1374.2
Rg6a
 765.4
 825.4
Rk3/Rh4a
 619.5
 656.2
 680.5
 1241
Rg3 (2)
 783.4
 819.4
 905.4
 997.5
Rg3 isob
 783.4
 819.3
 905.4
 997.5
Not reported
 675.3
 711.3
 773.2
 885.5
Not reported
 793.3
 825.4
 956.4
 1108.3
 1136.8
Rg5a
 765.4
 838.4
Rg5 isoa
 765.4
 801.2
Rh2 (1)
 621.4
 681.4
 743.4
 1243.8
 1245.7
Rh2 isob
 621.4
 681.4
 743.4
 1243.8
 1245.7
Leaf (80% EtOH)
Rg1
 799.4
 859.4
Re
 954.4
 981.4
 1035.4
 1067.5
Not reported
 977.5
 1013.3
Not reported
 959.5
 1091.5
 1151.6
 1195.4
 1271.8
Rb1
 1107.6
 1110.5
 1173.5
 1125.4
 1272.7
Rc
 1077.5
Rb2
 1077.5
 1140.6
 1291.4
Rs1/Rs2b
 1119.5
 1233.5
 1242.6
 1333.5
Rd
 945.5
 1059.4
 1159.4
Malonyl-Rb2/Rca
 1163.4
 1261.6
Not reported
 955.4
Rd2b
 915.5
 975.4
 1037.4
 1374.3
Not reported
 843.6
Not reported
 793.4
 875.2
a Identified from Haijiang et al. (2003).
b Modecular weight match, iso-isomer
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Table 3

ESI-MS ion fragments of North American ginseng leaf sampled during hot water reflux extraction
Heating time
 Identification retention

order
Main fragmentation ions, m/z
 Others
[M�H]�
 [M+Cl]�
 [M+Aco]
10 min
Rg1
 799.4
 984.5
 1071
Re
 945.5
 981.4
 1130.6
 1213.1
 1263.6
Not reported
 1053.4
 1069.4
 1123.4
 1197.4
 1289.6
Not reported
 1053.4
 921.5
 977.5
Rg1 isob
 799.4
 859.4
 1067.5
 1160.3
Rd
 945.4
 981.4
 1234.5
Not reported
 1063.5
 1037.5
 1129.4
Rd2b
 915.5
 975.4
 905.4
 997.4
 1374
F2b
 783.5
 843.5
 797.1
Not reported
 675.2
 711.7
20 min
Rg1
 799.4
 859.5
 860.1
Re
 945.5
 981.4
 1006.4
 1067.5
Not reported
 651.1
 799.4
Not reported
 1053.4
 1123.5
 1199.6
 1275.2
Rb2a
 1077.5
 1199.5
 1292.4
 1140.3
Not reported
 703.5
 905.5
Rd
 945.4
 1108.4
 1063.5
 1067.5
Rs1/Rs2b
 1119
 1163.4
Malonyl-Rb2/Rb3/Rc
 1063.5
Rd2b
 915.5
 975.4
 1037.5
 1129.5
 1374.3
Not reported
 957.5
 1017.4
 979.5
 1079.5
 1080.5
 1121.6
Not reported
 905.4
 933.5
 1175.5
Rg3 (2)
 783.5
 843.5
 905.4
 997.4
Rg3 isob
 783.4
Not reported
 957.4
 1001.5
Rh2 (1)
 621.4
 681.3
 682.3
Rh2 isob
 621.4
 681.3
 682.3
30 min
Rg1
 799.4
Re
 945.5
 981.4
 1067.4
Not reported
 651.1
 799.4
Not reported
 1053.4
Not reported
 1053.4
Rg1 isob
 799.4
 862.3
 921.3
 991.5
Rc/Rb2
 1077.5
 1113.6
 1199.6
 1291.3
 1350.4
Rg2a
 783.4
 906.5
Rd
 945.4
 981.3
 1017
 1067.4
Malonyl-Rb2/Rb3/Rc
 1063.5
 1158.6
Rd2b
 915.4
 951.5
 975.4
 1037.5
 1129
 1374.7
Not reported
 957.3
 1017.3
 1079.5
Rg3 (2)
 783.4
 843.5
 905.4
 997.4
 1176.7
Rg3 isob
 783.4
Not reported
 675.3
 1304.2
Rh2 (1)
 621.2
 681.4
 682.4
60 min
Rg1
 799.4
 862.4
Re
 945.5
 981.4
Not reported
 931.4
 991.4
 1053.4
Not reported
 931.4
 991.4
 1053.4
 1056.4
 1137.2
 1214.2
Rg1 isob
 799.4
 921.4
 991.4
Rc/Rb2a
 1077.4
 1199.5
 1249
 1291.3
Rg2a
 783.4
 906.5
Rd
 945.4
 981.3
 1067.4
Rs1/Rs2b
 1119.4
 1224
(continued on next page)
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These compounds are organized according to the
attachment of sugar moieties to position c-3 of the tri-
terpene ring structure (Fig. 1). Conversions of ginseno-
sides Rb1, Rc and Rd have been reported and treatment
with a specific b-glucosidase, resulted in the production
of Rh2 (1) (Bae et al., 2002; Zhang et al., 2001). Future
studies are needed to generate quantitative data on the
conversion of Rh2 (1) and Rg3 (2) from Rb1 and Rc
precursors. A comprehensive time course analysis of
Rh2 (1) and Rg3 (2) generation from Rb1 and Rc
ginsenosides during optimized thermal process for
conversion is required.
We have identified an additional source of the rare
ginsenosides Rh2 (1) and Rg3 (2), which are valued for
potential anti-cancer properties. In cultured cancer cell
experiments, Rh2 (1) has been shown to reduce
proliferation. We previously found that the LC50 for
Rh2 (1) standard was 15 mg/ml in THP-1 human
leukemia cells (Popovich and Kitts, 2002) and 53–55 mg/
ml in intestinal cell lines (Popovich and Kitts, 2003).
Furthermore, Rh2 (1) induced apoptosis in a variety of
cell lines (Popovich and Kitts, 2002; Fei et al., 2002;
Park et al., 1997; Nakata et al., 1998). Rg3 (2) was
effective in reducing proliferation of prostate cancer
Table 4

ESI-MS ion fragments of breakdown products of ginsenosides Rc and Rb1 after hot water reflux extraction
Identification retention

order
Main fragmentation ions, m/z
 Others
[M�H]�
 [M+Cl]�
 [M+Aco]
Rc+heat
Rc
 1077.5
 1140.4
 1291.4
Rd
 945.4
 983.4
 1043.3
 1077.4
 1159.3
Rd2b
 915.4
 975.4
 976.6
 1037.5
 1130.3
 1373.9
Not reported
 843.4
 905.4
 928.4
 979.4
Rg3 (2)
 783.4
 819.4
 881.3
 997.3
Rg3 isob
 783.4
 819.4
 881.3
 1001.4
Not reported
 793.4
Rg5/Rk1a
 765.4
 802.3
 887.4
 979.2
 1087.8
Rg5/Rk1 isoa
 765.4
 801.3
 855.3
 887.4
 979.2
 1043.5
Rh2 (1)
 621.5
 681.3
 682.4
 743.6
Rh2 isob
 621.4
 681.4
 682.4
 743.6
Rb1+heat
Rb1
 1107.5
 1129.6
 1321.5
Rd
 945.4
 1005.4
 1043.5
 1131.4
Not reported
 671.3
Rg3 (2)
 783.4
 843.3
Rg3 isob
 783.4
 819.2
 901.5
 997.4
Not reported
 793.3
Not reported
 793.3
Rh2 (1)
 622.3
 681.4
 682.3
 724.4
a Identified from Haijiang et al. (2003).
b Molecular weight match, iso-isomer.
Table 3 (continued)
Heating time
 Identification retention

order
Main fragmentation ions, m/z
 Others
[M�H]�
 [M+Cl]�
 [M+Aco]
Not reported
 1035.4
Rd2b
 915.4
 975.4
 1063.5
 1129.4
 1379.4
Not reported
 1107.5
 1110.4
Not reported
 783.5
 843.5
 1176.2
Rg3 (2)
 783.4
Rg3 isob
 783.4
 849.5
 775.5
Not reported
 675.2
 711.3
 681.4
 797.3
Not reported
 653.3
 689.3
 681.4
 751.2
Rh2 (1)
 621.3
 682.2
Rh2 isob
 621.3
 682.6
a Identified from Haijiang et al. (2003).
b Molecular weight match, iso-isomer.
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cells (Liu et al., 2000) and cisplatin resistance cells
(Keum et al., 2003).
With the addition of heat in the extraction process for

recovery of ginsenosides from ginseng leaf, we have
shown that bioactive potentials of subsequent extracts
are enhanced by generating Rh2 (1) and Rg3 (2). Fur-
ther studies are required to quantitative the conversion
of Rg3 (2) and Rh2 (1) from Rc and Rb1 during ther-
mal processing of North American ginseng leaf materi-
als and to assess the leaf extract ability to induce
biological responses in human clinical studies which are
critical for the development and use this novel source of
ginsenosides for potential pharmaceutical usage.
3. Experimental

3.1. Experiment 1. The effect of heat on ginseng extract
preparation

Two extraction techniques were used to determine the
effect of heat on the ginsenoside leaf composition. The
first technique consisted of a hot water extraction of
ginseng under reflux and the second technique consisted
of room temperature extraction using 80% aqueous
ethanol and constant stirring. These techniques will be
referred herein as hot water reflux and 80% aqueous
ethanol extraction respectively.
North American ginseng root and plant components

were collected from two-year old ginseng (Panax Q
farms, Vernon BC). Ginseng root and leaf were sepa-
rated, washed, carefully dried and lyophilized 48 h after
harvesting. Samples were subsequently vacuum pack-
aged and stored at �18 �C until analysis. The hot water
reflux extraction procedure consisted of freeze-dried leaf
tissue (2 g) that were powdered and blended separately
in of distilled water for 5 min (500 ml). Samples were
refluxed for 1.5 h at 100 �C. The extracts were vacuum
filtered through Watman no. 4 filter paper. The hot
water reflux extraction was applied to a polymeric
absorbent Amberlite XAD-4 (Sigma St. Louis, MO)
column (with an average pore diameter of 40 Å, bed
volume of 60 cm3 and flow rate of 8 ml/min) and
washed with distilled water (1 L). The extract was eluted
from the column using absolute ethanol (500 ml), which
was subsequently reduced under heat and a stream of
nitrogen. The 80% aqueous ethanol extract preparation
differed from the hot water reflux extraction by the
Fig. 1. The structures of 20(S)-ginsenoside Rh2 and Rg3.
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absence of heat. Freeze-dried leaves (2g) were powdered
and blended separately in 80% aqueous ethanol (500
ml) for 5 min and extracted using a magnetic stirrer for
24 h at room temperature. The extract was vacuum fil-
tered through Watman no. 4 filter paper, concentrated
under a stream of nitrogen to a volume of 100 ml and
combined with distilled water (400 ml) and applied to
an Amberlite XAD-4 column as described above. The
ethanol was evaporated under a stream of nitrogen (12
h). The extract was lyophilized and stored at �18 �C
until analyzed.

3.2. HPLC-ESI-MS

A Hewlett-Packard (HP) series 1100 high-perfor-
mance liquid chromatograph was used with a diode
array detector coupled to a HP Vectra computer run-
ning Chem Station for LC 3D (Agilent Technologies).
The column used was an HP Zorbax C18 (4.0�150 mm,
3.5 mm). An Agilent 1100 MSD mass spectrometer with
electrospray ionization was used for ESI-MS analysis.
The MS conditions used for analysis were negative ion
mode, drying gas 10.0 l/min, temperature 300 �C,
nebulizer pressure 60 psig, and a scan range of 400–1400
m. Solvent systems consisted of acetonitrile (HPLC
grade) and nano-pure water (Barnstead Dubuque, IA)
with a flow rate of 1 ml/min. The solvent gradient pro-
gram used for HPLC quantification was H2O (A) and
acetonitrile (B) (91:9) at time 0 changing to A:B (88:12)
5 min, A:B (75:25) at 15 min, A:B (65:35) at 35 min, A:B
(30:70) at 60 min and finally (B) 100% by 70 min. Test
samples and ginsenoside reference standards were pre-
pared in HPLC grade methanol and injected in a 10 ml
volume monitored at a wavelength of 203 Zm and
measured in triplicate. Concentrations of ginsenosides
were determined by standard curves prepared by inject-
ing different concentrations of ginsenoside standards
(Rg1, Re, Rb1, Rc, Rb2, Rd, Rg3, Rh2).

3.3. Experiment 2. Thermal generation of Rg3 (2) and
Rh2 (1) from abundant ginsenosides

Freeze-dried leaf tissues (2 g) were powdered and
blended separately in of distilled water (500 ml) for 5
min and refluxed for 60 min at 100 �C. Samples of
heated extract were removed at timed intervals of 10,
20, 30 and 60 min and filtered through Watman no. 4
filter paper. The extracts were applied separately to a
fresh polymeric absorbent Amberlite XAD-4 (Sigma St.
Louis, MO) column (with an average pore diameter of
40 Å, bed volume of 16 cm3 and flow rate of 8 ml/min)
and washed with distilled water (100 ml). The timed
extracts were eluted from the column separately using
absolute ethanol (100 ml) and subsequently reduced
under heat and a stream of nitrogen and analyzed by
ESI-MS.
3.4. Ginsenoside breakdown products

Ginsenoside standards Rb1 and Rc were initially dis-
solved separately in 70% aqueous ethanol (100 ml) and
subsequently heated to reflux of nano-pure water (20
ml) (Barnstead Dubuque, IA) for 1.5 h at 100 �C. The
samples were concentrated under heat, analyzed by ESI-
MS and compared to unheated reference standards.
Acknowledgements

We are grateful to Mr. Allen Smith, Panax Q farms,
Vernon, BC Canada for donating ginseng samples, Mr.
Sherman Yee, Food Nutrition and Health, University
of British Columbia for technical assistance and Ms. P.
Brown, BCIT, for access to LC–MS equipment. This
study was supported by an NSERC-strategic grant
(DDK) and a UGF fellowship (D.G.P.).
References

Bae, E.A., Han, M.J., Choo, M.K., Park, S.Y., Kim, D.H., 2002.

Metabolism of 20(S)- and 20(R)-ginsenoside Rg3 by human intest-

inal bacteria and its relation to in vitro biological activities. Biol.

Pharm. Bull. 25, 58–63.

Fei, X.F., Wang, B.X., Tashiro, S., Li, T.J., Ma, J.S., Ikejima, T.,

2002. Apoptotic effects of ginsenoside Rh2 on human malignant

melanoma A375-S2 cells. Acta. Pharmacol. Sin. 23, 315–322.

Haijiang, Z., Yongjiang, W., Yiyu, C., 2003. Analysis of ‘SHENMAI’

injection by HPLC/MS/MS. J. Pharm. Biomed. Anal. 31, 175–183.

Hu, C., Kitts, D.D., 2001. Free radical scavenging capacity as related

to antioxidant activity and ginsenoside composition of Asian and

North American ginseng extracts. J. Am. Oil. Chem. Soc. 78, 249–

255.

Keum, Y.S., Han, S.S., Chun, K.S., Park, K.K., Park, J.H., Lee, S.K.,

Surh, Y.J., 2003. Inhibitory effects of the ginsenoside Rg3 on phor-

bol ester-induced cyclooxygenase-2 expression, NF-kappaB activa-

tion and tumor promotion. Mutat. Res. 523-524, 75–85.

Kim, S.W., Kwon, H.Y., Chi, D.W., Shim, J.H., Park, J.D., Lee,

Y.H., Pyo, S., Rhee, D.K., 2003. Reversal of P-glycoprotein-medi-

ated multidrug resistance by ginsenoside Rg(3). Biochem. Pharma-

col. 65, 75–82.

Kim, W.Y., Kim, J.M., Han, S.B., Lee, S.K., Kim, N.D., Park, M.K.,

Kim, C.K., Park, J.H., 2000. Steaming of ginseng at high tem-

perature enhances biological activity. J. Nat. Prod. 63, 1702–1704.

Kitts, D.D., Popovich, D.G., 2003. Ginseng. In: Watson, D. (Ed.),

Performance Functional Foods. Woodhead Publishing, New York.

pp. 78–88.

Liu, W.K., Xu, S.X., Che, C.T., 2000. Anti-proliferative effect of

ginseng saponins on human prostate cancer cell line. Life Sci. 67,

1297–1306.

Nakata, H., Kikuchi, Y., Tode, T., Hirata, J., Kita, T., Ishii, K.,

Kudoh, K., Nagata, I., Shinomiya, N., 1998. Inhibitory effects of

ginsenoside Rh2 on tumor growth in nude mice bearing human

ovarian cancer cells. Jpn. J. Cancer. Res. 89, 733–740.

Park, I.H., Kim, N.Y., Han, S.B., Kim, J.M., Kwon, S.W., Kim,

H.J., Park, M.K., Park, J.H., 2002. Three new dammarane glyco-

sides from heat processed ginseng. Arch. Pharm. Res. 25, 428–

432.

Park, J.A., Lee, K.Y., Oh, Y.J., Kim, K.W., Lee, S.K., 1997. Activa-

tion of caspase-3 protease via a Bcl-2-insensitive pathway during the
D.G. Popovich, D.D. Kitts / Phytochemistry 65 (2004) 337–344 343



process of ginsenoside Rh2-induced apoptosis. Cancer Lett. 121,

73–81.

Popovich, D.G., Kitts, D.D., 2002. Structure-function relationship

exists for ginsenosides in reducing cell proliferation and inducing

apoptosis in the human leukemia (THP-1) cell line. Arch. Biochem.

Biophys. 406, 1–8.

Popovich, D.G., Kitts, D.D., 2003. Ginsenosides can inhibit pro-

liferation and induce apoptosis in cultured leukemia and intestinal

cells but effects vary according to the structure of the compounds.

Faseb J. 17, A762.

Shin, H.R., Kim, J.Y., Yun, T.K., Morgan, G., Vainio, H., 2000. The

cancer-preventive potential of Panax ginseng: a review of human

and experimental evidence. Cancer Causes Control 11, 565–576.
Starratt, A.N., Hendel, J.G., Reeleder, R.D., 2001. Leaves of North

American ginseng, Panax quinquefolius L.: a renewable source of

certain ginsenosides. Can. J. Plant. Sci. 81, 65–67.

Tava, A., Mella, M., Bialy, Z., Jurzysta, M., 2003. Stability of sapo-

nins in alcoholic solutions: ester formation as artefacts. J. Agric.

Food. Chem. 51, 1797–1800.

Yamaguchi, H., Kasai, R., Matsuura, H., Tanaka, O., Fuwa, T., 1988.

High-performance liquid chromatographic analysis of acidic sapo-

nins of ginseng and related plants. Chem. Pharm. Bull. 36, 3468–

3473.

Zhang, C., Yu, H., Bao, Y., An, L., Jin, F., 2001. Purification and

characterization of ginsenoside-beta-glucosidase from ginseng.

Chem. Pharm. Bull. 49, 795–798.
344 D.G. Popovich, D.D. Kitts / Phytochemistry 65 (2004) 337–344


	Generation of ginsenosides Rg3 and Rh2 from North American ginseng
	Introduction
	Results and discussion
	Experimental
	Experiment 1. The effect of heat on ginseng extract preparation
	HPLC-ESI-MS
	Experiment 2. Thermal generation of Rg3 (2) and Rh2 (1) from abundant ginsenosides
	Ginsenoside breakdown products

	Acknowledgements
	References


