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Asian ginseng (Panax ginseng C. A. Meyer) has been used in Chinese medicine for two thousand years. The
root of ginseng contains several saponins (ginsenosides) which are biologically active compounds. Individual
ginsenosides suppress tumor cell growth, induce cell differentiation, regulate apoptosis and inhibit metastasis
formation. The aim of this study was to evaluate its chemo-preventive effects in an animal test model, through
its regulatory effects on apoptosis and the cell cycle.

The expression of genes (Bcl-2, Bcl-x and Cyclin D1) which affect apoptosis were examined, in different
organs of animals which had consumed a ginseng-containing diet in the presence of a known carcinogen
(DMBA). The pattern of gene expression was determined by Q-RT-PCR. The increase of antiapoptotic gene
expression after carcinogenic exposure was suppressed by consumption of ginseng which promoted apoptosis.

The population is exposed to numerous physical and chemical insults in the modern environment and these
include compounds which are known carcinogens. Research has shown that it is possible to interfere with the
multi-step process of carcinogenesis through the use of compounds with chemo-preventive effects, such as the
inhibition of the activation of antiapoptotic genes.

These results support the efficacy of ginseng-containing diets and dietary supplements in the prevention of
cancerous diseases. Copyright © 2009 John Wiley & Sons, Ltd.
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INTRODUCTION

According to plant taxonomic classification ginseng
refers to species of Panax. The roots of this slow-growing
plant have been used in Chinese medicine for over two
thousand years. Two species are generally used, the
Asian ginseng (Panax ginseng C. A. Meyer), which is
rare in its natural form but cultivated, and American
ginseng (P. quinquefolius L.), which is found in both
wild and cultivated forms (Radad et al., 2006; Helms,
2004). The roots of both species contain several saponins
named ginsenosides which are biologically active com-
pounds (Radad et al., 2006; Adams et al., 2006). Panax
ginseng is one of the most commonly used and studied
species of ginseng. Originating from Korea, China and
Russia, it has been an important herbal Chinese medi-
cine for thousands of years, mainly used for treating
weakness and fatigue (Mahady et al., 2000).

Owing to their saponins, ginseng has been considered
an aphrodisiac, having potential in the prevention and
treatment of diseases of the heart and circulatory system.
They inhibit the formation of lipid peroxides (fat oxida-
tion) in the cardiac muscle or in the liver, by influencing
the function of enzymes, decreasing blood coagulation,
cholesterol and sugar levels in blood, and stimulating
the immune system (Kiefer and Pantuso, 2003; Block
and Mead, 2003). Other compounds are ginsenosides
which can be further classified into three categories:

the panaxadiol group (e.g. Rb1, Rb2, Rb3, Rc, Rd, Rg3,
Rh2, Rs1), the panaxatriol group (e.g. Re, Rf, Rg1, Rg2,
Rh1) and the oleanolic acid group (e.g. Ro) (Tackikawa
et al., 1999; Radad et al., 2006; Xu et al., 2007). Ginseno-
sides have anticarcinogenic and immunomodulatory
effects. Studies have shown that individual ginsenosides
suppress tumor cell growth, induce cell differentiation,
regulate apoptosis and inhibit metastasis formation (Oh
and Lee, 2004). Epidemiological studies have demon-
strated that ginseng consumers have a lower risk for
different cancers compared with those who did not
consume ginseng, suggesting that ginseng may have non
organ-specific anticarcinogenic effects (Fukushima et al.,
2001). The process of cell death is either caspase-
dependent or caspase-independent. It is also known
that intramitochondrial processes play an important
role in the initiation of apoptosis (Yue et al., 2007;
Tackikawa et al., 1999). It has been observed that
ginsenosides induce apoptosis via different signaling
cascades. Rh2 and compound K (the metabolites of
Rb1) have been shown to induce apoptosis in prostate
cancer cells, ovarian cancer cells, neuroblastoma cells
and A549 lung adenocarcinoma cells by activating
caspase-3 and caspase-8 (Cheng et al., 2005; Meijerman
et al., 2006; Kim et al., 2004; Liu et al., 2000).

Kim et al. (1999) have demonstrated that such apoptotic
activation can be Bcl-2, Bcl-xL or Bax independent.
Rh2 has been demonstrated to arrest the cell cycle at
the G1/G0 phase, and to prolong the S-phase in intes-
tinal cells and also SKHEP-1 hepatoma cells (Nakata
et al., 1989; Popovich and Kitts, 2004). It also induces
cell cycle arrest by down-regulation of Cyclin/Cdk
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Table 2. The treatment of the AKR/J mice

Day 1–7 Day 6 Day 7

Group 1 Normal nutriment –****
Group 2 Special nutriment
Group 3 Normal nutriment* 20 mg/bw kg Autopsy***
Group 4 Special nutriment DMBA**

* below, separated of the first and second rows.
** below, it has to be visible that belong third and fourth group.
*** below, it has to be visible that belong all four group.
**** below, it has to be visible that belong first and second group.

Table 1. Average yields (%) of saponins from Panax ginseng
radix

Ginsenoside %

20(s) Protopanaxadiol-type Ginsenoside Rb1 0.4–0.5
20(s) Protopanaxadiol-type Ginsenoside Rb2 0.2–0.25
20(s) Protopanaxadiol-type Ginsenoside Rc 0.1–0.15
20(s) Protopanaxadiol-type Ginsenoside Rd 0.036–0.04
20(s) Protopanaxadiol-type Ginsenoside Rg3 0.03
20(s) Protopanaxadiol-type Ginsenoside Rh2 0.001
20(s) Protopanaxatriol-type Ginsenoside Re 0.2–0.25
20(s) Protopanaxatriol-type Ginsenoside Rf 0.07–0.075
20(s) Protopanaxatriol-type Ginsenoside Rg1 0.3–0.35
20(s) Protopanaxatriol-type Ginsenoside Rg2 0.03
20(s) Protopanaxatriol-type Ginsenoside Rh1 0.012–0.015
Oleanane-type Ginsenoside R0 0.045–0.05

Table 3. List of the primers for the genes and endogenous reference gene

Gene name Symbol Forward primer/Reverse primer

B-cell leukemia/lymphoma 2 Bcl-2 5′ CATTATCAATGATGTACCATG 3′
5′ GCAGTAAATAGCTGATTCGAC 3′

Bcl2-like 1 Bcl-x 5′ ATGGCAGCAGTGAAGCAAGC 3′
5′ ACGATGCGACCCCAGTTTACTC 3′

Cyclin D1 Ccnd1 5′ ATGGAACACCAGCTCCTGTG 3′
5′ ACCTCCAGCATCCAGGTGGC 3′

Hypoxanthine guanine HPRT1 5′ CAGGACTGAAAGACTTGCTC 3′
phosphoribosyl transferase 1 5′ TCATAGGAATGGACCTATCAC 3′

complex kinase activity in MCF-7 breast carcinoma cells,
or by modulation of MAP kinases in prostate carci-
noma cells (Panwar et al., 2005; Oh et al., 1999).

In the current study the changes of gene expression
pattern in mice consuming ginseng-containing food and
exposed to DMBA (7,12-dimethylbenz(a)anthracene)
as a carcinogen in a short term experimental model were
examined (Ember et al., 1998; Gyöngyi and Somlyai,
2000). Among the genes playing a role in the regulation
of apoptosis the expression of Bcl-2, Bcl-x and Cyclin
D1 genes in certain mice tissues were determined.

MATERIAL AND METHODS

Animals. In this experiment six mice (6 week female
AKR/J H-2k inbred) were used in each group. (The mice
were bred in the animal test laboratory of the University
of Pécs, Faculty of Medicine, Institute of Public Health).

Panax ginseng. The ginseng root powder (Panax ginseng
C. A. Meyer), which was used in these experiments
contains in 1.5–2% triterpenoid saponins (ginsenoside:
20S-protopanaxadiol, -triol, malonyl-ginsenoside –
Table 1). Moreover it contains in 0.05% aetheroleum
(limonen, citral, -monoterpene), in traces polyethyne
(falcarinol, panaxynol), peptidoglycane (panaxane) and
polysaccharide. The Panax ginseng was cultivated at
the University of West Hungary, Agriculture Science
Faculty, Department of Medicinal and Aromatic Plants.

Special food preparation. Special food was prepared as
follows: the ground form of normal pet food granules
were made, then the same quantity (50% mass) of

ginseng root powder was mixed in. By adding a small
quantity of water, rod-shape objects were formed and
dried at room temperature.

The treatment of the AKR/J H-2k mice. The first group
of mice was fed with normal nutriment; the second
group was fed with the special nutriment for 7 days. A
third group was fed with normal nutriment and DMBA
was administered on day 6. The fourth group was fed
with special nutriment, and similarly to the third group,
DMBA was administered intraperitoneally (20 mg/bw
kg doses DMBA) on day 6 (Table 2).

Isolation of mRNA. All the groups were autopsied
on day 7, 24 h post-carcinogenic exposure, with sub-
sequent isolation of mRNA from lung, liver, spleen and
kidney, using MagNA Pure Compact Instrument (Roche
Applied Science).

Quantitative RT-PCR. Quantitative RT-PCR was
performed using the Gene Amp® 5700 Sequence
Detection System (Applied Biosystems) according to
the manufacturer’s instructions. All the primers were
designed by Primer Express™ Software (Applied
Biosystems) and synthesized by Integrated DNA Tech-
nologies. Relative gene expression values were calcu-
lated by the comparative CT (threshold cycle) method
(ΔΔCT method, Applied Biosystems). The comparative
CT method gives the amount of target gene normalized
to an endogenous reference gene and to a relative cali-
brator sample. Primers for the genes and endogenous
reference gene are listed in Table 3.

Statistical analysis. Mean values and ranges were derived
from quantitative results of mRNA gene expression
measurement of three independent parallel experiments.
Qualitative variables were summarized by means of
absolute frequencies and percentages. For all calculations,
χ 2 tests were performed, where the level of significance
was set at 5% (95% CI – confidence interval).
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Figure 1. The gene expression pattern and confidences interval
of mRNA isolated from AKR/J mice liver tissue (the arbitrary
unit is gene expression % of HPRT1 gene).

Figure 3. The gene expression pattern and confidences interval
of mRNA isolated from AKR/J mice spleen tissue (the arbitrary
unit is gene expression % of HPRT1 gene).

Figure 2. The gene expression pattern and confidences interval
of mRNA isolated from AKR/J mice lung tissue (the arbitrary
unit is gene expression % of HPRT1 gene).

Figure 4. The gene expression pattern and confidences interval
of mRNA isolated from AKR/J mice kidney tissue (the arbitrary
unit is gene expression % of HPRT1 gene).

License. All legal licenses needed to perform this study
were possessed.

RESULTS

The results are shown in four diagrams (Figs 1–4).
Figure 1 shows the gene expression pattern determined
from mice liver tissue. The Bcl-2 gene expression in
mice consuming ginseng-containing regimen was 20%
of the gene expression in mice consuming normal regi-
men. Similar gene expression was detected in the group
consuming ginseng-containing food and treated with
DMBA. Increased Bcl-2 gene expression was detected
in the mice being on normal diet 24 h after treatment
of DMBA. The Bcl-x the gene expression in the group
on the ginseng containing diet treated with DMBA
was three times higher than that in the control group;
moreover, the gene expression in the group treated with
DMBA was 35% of the control group. The pattern
of the Cyclin D1 gene expression was similar to that of
Bcl-2. Treatment with DMBA led to a surge in gene
expression and ginseng suppressed the gene expression
when the results were compared with the values meas-
ured in the group on the normal diet.

Figure 2 represents the gene expression pattern of lung
tissue. The Bcl-2 gene expression was similar in all groups.
On the other hand, both ginseng and DMBA increased
the Bcl-x gene expression, but in terms of cumulative
effect, they resulted in expression close to the normal
values. Cyclin D1 gene showed similar profiles in groups
consuming normal and ginseng-containing diets while
there was an increased expression in the lung tissue of
mice exposed to the carcinogen (DMBA).

Similar patterns of gene expression for all three
examined genes (Fig. 3) were found in the spleen and
lung.

The pattern of gene expression detected in kidney
(Fig. 4) shows that DMBA increased the expression of
antiapoptotic genes compared with the animals kept
under normal conditions, however, the ginseng containing
diet suppressed the expression, and promoted apoptosis.
The Cyclin D1 expression did not show any significant
differences in the renal tissue of mice belonging to the
different experimental groups.

DISCUSSION

Tumorigenesis is a multi-step process that can be acti-
vated by any of various environmental carcinogens (such
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as cigarette smoke, industrial emissions, gasoline vapors),
inflammatory agents and tumor promoters. These car-
cinogenic compounds are known to modulate transcrip-
tion factors (e.g. NF-κB, AP-1, STAT3), antiapoptotic
proteins (e.g. Akt, Bcl-2, Bcl-x), proapoptotic proteins
(e.g. caspases, PARP), protein kinases (e.g. IKK, EGFR,
HER2, JNK, MAPK), cell cycle proteins (e.g. cyclins,
cyclin-dependent kinases), cycloxygenases (COX1, COX2)
and growth factor signaling pathways.

Many of the target genes, when activated, give rise to
establishment of the early and late stages of aggressive
cancers, including expression of Cyclin D1, apoptosis
suppressor proteins such as Bcl-2 and Bcl-x and genes
required for metastasis and angiogenesis, such as matrix
metalloproteases (MMP) and the vascular endothelial
growth factor (VEGF). AP-1 activation is linked to
growth regulation, cell transformation, inflammation and
innate immune response (Aggarwal and Shishodia, 2006,
Kundu and Surh, 2005). Dietary bioactive components
can regulate the intracellular location of antiapoptotic
proteins (Bcl-2, Bcl-x) or pro-apoptotic proteins (Bax
and Bak) promoting the release of cytochrome C from
the mitochondria. Curcumin (Curcuma longa) down-
regulates the antiapoptosis proteins Bcl-2 and Bcl-x in
several cancer cell lines, thus promoting apoptosis.
Genistein (Glycine max), another polyphenolic com-
pound, has been shown to regulate Bcl-2 and/or Bax as
a pro-apoptotic mechanism. Genistein can increase
phosphorylation of Bcl-2, up-regulate pro-apoptotic Bax,
and down-regulate the Bcl-2 death suppressor protein
leading to apoptosis (Block and Mead, 2003).

Ginseng has potent cancer chemopreventive effects
in humans (Yun and Choi, 1995). Epidemiological stud-
ies have shown that the odds ratios of ginseng consumers
are decreased with all kinds of cancers in case–control
studies (Yun and Choi, 1990, 1995; Sato et al., 1994).
Prospective studies have also reported the preventive
effect of ginseng by reducing risk with increasing
ginseng intake (Fukushima et al., 2001).

Therefore the role of ginseng in the regulation of
apoptosis through mapping the expression pattern of

certain key genes (Bcl-2, Bcl-x, cyclin D1) has
been investigated in this short-term animal model
experiment.

Kim et al. (2003) and Chen et al. (2002) reported
the antiapoptotic effect of Ginseng radix. Ginseng has
attenuated MPP+-induced apoptosis as it decreased the
intensity of MPP+-induced DNA laddering in PC12 cells.
Furthermore, ginsenoside Rg1 had protective effects
against MPTP-induced apoptosis in the mouse substantia
nigra. These antiapoptotic effects of ginseng may be
attributed to enhanced expression of Bcl-2 and Bcl-x,
reduced expression of Bax and nitric oxide synthase
(NOS), and inhibited activation of caspase-3 (Kim et al.,
2003; Chen et al., 2002). Cell-line studies have shown
control of differentiation (by Rh1 and Rh2), inhibition
of proliferation (by red ginseng), inhibition of tumor
angiogenesis and metastasis (by Rb2), and most recently
proliferation inhibition via up-regulation of p27 and
down-regulation of c-myc and Cyclin D1 (by compound
K) (Helms, 2004).

Based on this short-term experiment on the mRNA
expression patterns in different organs of AKR/J H-2k

inbred mice, ginseng-containing food has a chemopre-
ventive effect. Cyclin D1 expression was down-regulated
in the liver, lung and spleen tissues compared with
the measured values in the DMBA treated group.
Bcl-2 gene, which plays a role in the regulation of
apoptosis, showed a low level of expression in mice
kept on the special diet. Moreover, the level of Bcl-x
gene expression was low both in the lung and spleen.
Contrary to the literature, this animal model experi-
ment showed an apoptotis-inducing effect of ginseng
radix-containing diet, which may be a possible mecha-
nism of chemoprevention.

It is the task of the modern diet and nutrition science
to draw the public’s attention to a healthy diet and to
the proper selection of dietary ingredients and com-
ponents. Our results and the current literature both
highlight and support the efficiency of consuming
ginseng-containing diets and dietary supplements in the
prevention of cancerous diseases.
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