Chapter 5

Panax Quinquefolius (American Ginseng)
and Panax Notoginseng (Notoginseng)

in Cancer Chemoprevention

Chong-Zhi Wang and Chun-Su Yuan

Abstract The clinical management of cancer invariably involves diverse conven-
tional modalities, including surgery, radiation, and chemotherapy. However, the
complexity of human cancer requires some alternative management to improve the
therapeutic efficacy of conventional treatment and/or the quality of life of cancer
patients. Medicinal botanicals have recently gained more attention for cancer man-
agement. Numerous effective anticancer drugs have been developed from botani-
cals, and identifying new herbal sources to develop ideal chemoprevention remains
an essential step in advancing the treatment of cancer. In this chapter, potential
roles of ginseng herbs, especially American ginseng and notoginseng, in cancer
chemoprevention are presented. The major pharmacologically active constituents of
ginsengs are ginsenosides, which can be mainly classified into protopanaxadiol and
protopanaxatriol groups. The recognized active anticancer compounds from Ameri-
can ginseng and notoginseng are ginsenosides Rg3, Rh2, and protopanaxadiol. The
structure-activity relationship between their chemical structures and pharmacologi-
cal activities is discussed. Sugar molecules within a ginsenoside have a high impact
on cancer cells. Anticancer activities increase with the decrease of sugar number. In
addition, various steaming temperatures and time treatments of the ginseng herbs
can change their ginsenoside profiles and enhance their anticancer activities. This
heat treatment process may increase the role and efficacy of American ginseng and
notoginseng in cancer chemoprevention.

5.1 Introduction

Cancer is a leading cause of death worldwide. In the United States, a total of
1,529,560 new cancer cases and 569,490 deaths from cancer are projected to occur
in 2010 (Jemal et al. 2010). Although early diagnosis with rigorous screening may
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have reduced its incidence compared to a few years ago, the prognosis associated
with metastatic disease remains bleak. Current cancer treatment generally employs
surgical resection combined with chemotherapy, using cytotoxic drugs and radia-
tion therapy. Because this therapy is only moderately successful for late stage can-
cers, novel approaches to the treatment of cancer are required. The data from sev-
eral controlled clinical trials supports a multimodal and multidisciplinary approach,
including combinations of treatments and schedules in which they are administered,
for treating both early and advance stage cancers (Goldberg et al. 2004; Hurwitz
et al. 2004; Ma and Adjei 2009). Studies also showed that patients with cancer
often resort to complementary and alternative medicine for the treatment of cancer-
related symptoms and/or to reduce the adverse effects of chemotherapy (Shumay
et al. 2001; Ott 2002; Lee et al. 2006; Wu et al. 2007).

There is compelling evidence that patients in this country resort to supplements
or substitute them for conventional pharmacotherapy. Several national surveys
indicate that at least one third of American adults take some form of dietary sup-
plement, and botanicals comprise approximately 25% of the supplement market
(Barnes et al. 2004). Botanicals have also been the major source of therapy in
many traditional medical systems and have been used clinically for the treatment
of a variety of diseases (Mashour et al. 1998; Wang et al. 2007a, c; Wicks et al.
2007; Xie et al. 2006). Botanical ingredients in natural products contain bioac-
tive constituents with medical benefits (Akerele 1993; Leung 2007; Zhou et al.
2007; Li and Zhang 2008). Furthermore, botanicals have contributed significantly
to cancer therapy, and it is likely that extracts and active constituents from herbal
medicine will continue to play an important role in cancer therapeutics (Liu and
Jiang 2006; Ng et al. 2006; Shieh et al. 2006; Ozaslan et al. 2007). In this chapter,
we will discuss the potential roles of ginseng herbs in the chemoprevention of
cancer.

5.2 Medicinal Use of Botanicals in Ginseng Family

Panax L. is a small genus in the family Araliaceae. Nearly all species in the genus
Panax, such as Panax ginseng C.A. Meyer (Asian ginseng), Panax quinquefolius
L (American ginseng), and Panax notoginseng (Burk) F.H. Chen (notoginseng),
are important herbs used for different medical conditions (Chen et al. 2001; Wang
et al. 2007c¢). Asian ginseng and notoginseng are considered Chinese herbal medi-
cines, and American ginseng is one of the most commonly used botanicals in the
US (Wang et al. 1999, 2006c).

It is generally believed that the active compounds in Asian ginseng, American
ginseng, and notoginseng are triterpene glycosides or dammarane saponins, com-
monly referred to as ginseng saponins (ginsenosides and notoginsenosides). These
ginseng saponins are the major active ingredients in the herbs, and their levels
can be used to develop quality controls for these herbs (Fuzzati 2004; Chao et al.
2006; Wang et al. 2006a). There are over 100 different known ginseng saponins,
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Notoginsenoside R1 -H -O-glc2-'xyl -glc
Ginsenoside Rb1 -glcz-'glc -H -glct-'glc
Ginsenoside Rb2 -glc2-'gle -H -glct-'ara(pyr)
Ginsenoside Rb3 -glc2-'gle -H -glcs-'xyl
Ginsenoside Rc -glc®'glc -H -glct-'ara(fur)
Ginsenoside Rd -glc®'glc -H -glc
Ginsenoside Re -H -O-glc-'rha -glc
Ginsenoside Rg1 -H -O-glc -glc
Ginsenoside Rg2 -H -O-glcz-rha -H
Ginsenoside Rg3 -glc-'gle -H -H

Fig. 5.1 Chemical structures of saponins from American ginseng and notoginseng

and they are characterized by a four trans-ring rigid steroid aglycone skeleton
and attached sugar moieties. Based on the aglycone skeleton, all representative
ginseng saponins can be divided into protopanaxadiol group and protopanaxatriol
group, except for the ginsenoside Ro, which is derived from the oleanolic acid
group (Fig. 5.1).

Ginseng has many reported health benefits (Attele et al. 1999; Liu et al. 2006;
Yamakage et al. 2006; Yoo et al. 2006). Regarding its anticancer effects, a case-
control study on over one thousand subjects in Korea showed that Asian or Korean
ginseng intakers had a decreased risk for many different cancers compared with
nontakers (Yun and Choi 1995, 1998). It also suggested that ginseng has a non-
organ specific preventive effect against cancer (Yun 2003).

Regarding the responsible anticancer constituents from Asian ginseng, published
studies showed that some saponins could reduce the proliferation of cancer cells and
sensitize cancer cells to chemotherapeutic agents in vitro (Lee and Huemer 1971;
Kim et al. 2007; Koo et al. 2007). Several investigators found antitumor properties
and other pharmacological activities of ginseng, and ginsenosides Rg3 and Rh2 are
recognized as active anticancer saponins (Helms 2004). Jia et al. (2004) noted that
ginsenoside Rh2 inhibited proliferation and induced apoptosis in cancer cell lines,
and sensitized drug-resistant breast cancer cells to paclitaxel. Kim et al. (2004)
studied 11 ginsenosides and determined that Rg3 and Rh2 inhibited the proliferation
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of prostate cancer cells. Iishi et al. (1997) used a rat model to determine the effects
of ginsenoside Rg3 on inhibiting colon cancer cell proliferation.

5.3 American Ginseng

Ginseng root has been used for centuries in Oriental medicine as a panacea that pro-
motes longevity (Yun 2003; Fuzzati 2004). However, relatively few studies focus
on American ginseng, which is a popular herbal supplement in the US with consum-
ers and patients (Attele et al. 1999; Helms 2004).

American ginseng is an obligate shade perennial plant native to eastern North
America. The most commonly used part of the plant is the root, which is harvested
after several years’ cultivation. The largest ginseng growing area in the US is in
Wisconsin. The bioactive constituents of American ginseng are ginsenosides, which
are present in the root, leaf, stem, and berry of the plant. More than 60 ginsen-
osides, such as Rb1, Rb2, Rb3, Rc, Rd, Re, Rgl, Rg2, and Rg3 have been identi-
fied (Wang et al. 1999, 2006b; Assinewe et al. 2003; Qi et al. 2010) in American
ginseng (Fig. 5.1). Previous studies of American ginseng focused on its activities
on the cardiovascular system, such as its anti-ischemic, anti-arrhythmic, and anti-
hypertensive effects (Yuan and Dey 2001; Kim and Park 2003). These pharmaco-
logical effects are, to a significant extent, considered to be linked to the antioxidant
properties of the herb (Kitts et al. 2000; Wang et al. 2007c).

American ginseng extracts were found to inhibit the growth of breast cancer
cells (Corbit et al. 2006). We investigated the effects of several herbal extracts on
reducing chemotherapeutic side effects and found that American ginseng and one
of its major constituents, ginsenoside Re, can attenuate cisplatin-induced nausea
and vomiting in a rat model, while not affecting its anticancer properties in human
cancer cells (Aung et al. 2007; Mehendale et al. 2005). In addition, the extract
from American ginseng enhanced the anti-proliferation effect of cisplatin on human
breast cancer cells, suggesting that it possesses its own anticancer activity (Aung
et al. 2007). Our group also showed that after steaming American ginseng, its anti-
proliferative effects improved significantly, possibly due to the altered ginsenoside
profile (Wang et al. 2006c, 2007a, 2008).

To explore the mechanisms involved in cancer cell inhibition, we observed
the effects of American ginseng on the gene expression and apoptotic pathways.
From the analysis of microarray hybridization, we found that the anticancer
mechanism of American ginseng extract and its representative compound, gin-
senoside Rg3, have many of the same characteristics and the alterations in gene
expression level imply important information for exploring this mechanism. The
two recognized genes regulated by the extract and Rg3 (AKAPASL and PITPNA)
suggest that American ginseng takes effect through the regulation of cell mitosis
and an intracellular singling pathway (Luo et al. 2008). In a separate study, the
observed expression profiling of the selected pathways revealed various apop-
totic related genes that inhibited growth in human colorectal cancer cells treated
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with American ginseng. The mitochondrial apoptotic pathway was a key target
in cancer chemoprevention by steamed American ginseng extract (Wang et al.
2009a; Li et al. 2010). These expression analyses may lead to the identification
of markers that predict the responsiveness of human cancer cells to American
ginseng treatment.

Chronic inflammation is associated with increased cancer risk (Aggarwal et al.
2009). Ginseng has been observed to play a role in reducing inflammation, and sup-
pressing colitis through p53-mediated apoptosis of inflammatory cells (Hofseth and
Wargovich 2007; Jin et al. 2010). Ginsenoside compound K [20-O-beta-D-glucopy-
ranosyl-20(S)-protopanaxadiol] exerts immunomodulatory and anti-inflammatory
effects by deactivating the inflammatory response through the inhibition of COX-2
(cyclooxygenase-2) expression (Kimura et al. 2006; Hofseth and Wargovich 2007).
Ginsenoside Rg3 attenuates COX-2 expression, NF-kB (nuclear factor-xB) activa-
tion, and activator protein-1 transcription factors (Lee et al. 2005). PPD inhibits
inducible nitric oxide synthase and COX-2 expression through the inactivation of
NF-kB (Kim et al. 2010).

For the clinical study, to investigate whether American ginseng might help can-
cer-related fatigue, in a randomized, double-blind study, 290 cancer patients re-
ceived American ginseng in doses of 750, 1,000, or 2,000 mg/day or a placebo giv-
en twice daily over 8 weeks. Overall, this study suggested that American ginseng,
at a dose of 750 mg/day, did not provide any benefit over that seen with a placebo.
However, the two highest doses of ginseng (1,000 and 2,000 mg/day) did appear
to decrease fatigue more than a placebo, as measured by various scales of fatigue,
vitality, and well being. Data suggested that the higher doses studied may be helpful
in cancer-related fatigue (Barton et al. 2010).

5.4 Notoginseng

Notoginseng is a Chinese herbal medicine that has a long history of use in China
and other Asian countries. This herb is distributed in southwest China, Burma, and
Nepal. Notoginseng is cultivated commercially in southwest China, especially in
the Yunnan Province. The root is commonly used in remedies and it is dug up after
the fruit has ripened.

The earliest scientific description of notoginseng was in Compendium of Materia
Medica, a dictionary of Chinese herbs, written by Li Shi Zhen (1518-1593 AD).
In Compendium of Materia Medica, notoginseng was described as “more valuable
than gold,” indicating the significance of this herb in traditional Chinese medicines.
Notoginseng is regarded as the emperor herb in the treatment of different types of
wounds because it is favored for the treatment of both internal and external hemor-
rhage (Ng et al. 2006; Wang et al. 2006c).

Modern pharmacological research on notoginseng has found that notoginseng
exerts various effects on the cardiovascular system, central nervous system, endo-
crine system, and the inflammation response (Sun et al. 2005; Wang et al. 2006a, c).
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Consistent with the hemostatic effect of notoginseng reported in ancient China,
recent studies showed that the alcohol extract of notoginseng resulted in a reduction
of the extent of bleeding and provides better hemostatic effects than no treatment,
placebo treatment, or treatment with hydrophilic or lipophilic extracts (White et al.
2001). Notoginseng can also decrease blood pressure, improve blood supply, pro-
tect against shock, and protect the cardiovascular system and brain vasculature. Its
protective mechanism could work by conferring protection against damage by oxy-
gen free radicals, and also by binding to the estrogen receptor, since ginsenosides
share many of the protective actions of estrogen in various body systems. Pharma-
cokinetic and pharmacodynamic studies have shown that the intranasal preparation
of notoginseng saponins is a promising development and may be beneficial for the
treatment of Alzheimer’s disease. Notoginseng extracts were also found to possess
the capacity to adjust energy metabolism and treat diabetes (Ng 2006).

Notoginseng has a very distinct saponin profile compared to that of American
ginseng (Chen et al. 2001; Sun et al. 2005). The main bioactive compounds in no-
toginseng are dammarane saponins. Oleanane-type saponins, present in Asian gin-
seng and American ginseng, are not found in notoginseng. To date, 56 saponins
have been isolated from the notoginseng plant. 35 of these notoginseng saponins
belong to the protopanaxadiol group, while 21 of them belong to the protopanaxa-
triol group (Sun et al. 2005; Wang et al. 2006a). Ginsenosides Rb1, Rgl, Rd, and
notoginsenoside R1 are the main saponins in the notoginseng root (Fig. 5.1).

Some studies have shown that notoginseng has antitumor effects (Chen et al.
2001; Wang et al. 2006¢c). We observed that the notoginseng root extract and its
constituents have significant antiproliferative effects on human colorectal cancer
cells (Wang et al. 2007a). Other plant parts of notoginseng also displayed potential
antiproliferative effects on colorectal cancer cells (Wang et al. 2009b). The flower
extract’s most potent cancer cell growth inhibitory effects were shown within spe-
cial chemical compositions (Wang et al. 2009b).

Ginsenosides Rbl and Rd are major constituents in American ginseng and
notoginseng. After oral administration, protopanaxadiol-type ginsenosides such
as Rbl and Rd are mostly metabolized by intestinal bacteria to a protopanaxadi-
ol monoglucoside, compound K. In humans, compound K is detected in plasma
7 hours after the intake of ginsenosides and in urine 12 hours after the intake, in-
dicating that compound K is the final metabolite of this type of ginsenoside (Ren
et al. 2008). Ginsenoside Rb1 was not detectable in serum for 24 hours, indicating a
major intestinal bacterial metabolism (Wakabayashi et al. 1997). Compound K has
been recognized as an potential anticancer compound (Jeong et al. 2010).

Recently, we performed a steaming treatment on notoginseng root. We observed
that there was a significant difference in the ginsenoside content after steaming the
notoginseng root. No differences were observed in total ginsenoside content and an-
tiproliferative effect between steaming the root for 4 hours or 6 hours. After steam-
ing, ginsenoside Rg3 content increased significantly, an increase that was partially
responsible for the increase in anticancer activity. On the other hand, ginsenoside
Rh2 content increased only slightly after steaming. Thus, some other active anti-
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cancer components, in addition to Rg3 and Rh2, may form in the notoginseng root
extract after the steaming process (Sun et al. 2010).

Our group also found that the notoginseng extract can increase the effects of can-
cer chemotherapy. Using the HCT-116 human colorectal cancer cell line, the antipro-
liferative effect of notoginseng extract combined with 5-FU was investigated. Com-
pared to the control, when cells were treated with 5-FU or notoginseng separately,
cell proliferation was reduced by 31% and 25%, respectively. The combination of
5-FU and notoginseng reduced cell proliferation by 59%, suggesting that combining
notoginseng with 5-FU can reduce the dose of 5-FU, while significantly increasing
the overall anti-proliferation effect on the cancer cells. Since it is well known that
5-FU has cytotoxic effects on primary cells, this synergistic effect between notogin-
seng and 5-FU makes it possible to reduce the dose of 5-FU in combination with
notoginseng and thereby further decrease dose-related toxicity (Wang et al. 2007b).

In another study, notoginseng’s potential to enhance the effects of irinotecan
without affecting irinotecan’s activity was observed. It appears that irinotecan-in-
duced toxicity can be reduced by using notoginseng as a chemo-adjuvant (Wang
et al. 2007a). When notoginseng potentiates the tumoricidal effects of chemothera-
peutic agents, smaller chemotherapy doses can be used. Data obtained from our
studies will have the potential to advance treatment regimens and improve the qual-
ity of life for patients suffering from cancer.

5.5 Saponin Structure-activity Observation
and Heat-treatment of Ginsengs

Ginseng saponins belong to a family of triterpene glycosides or triterpene saponins.
Ginseng saponins (except ginsenoside Ro) possess the four trans-ring rigid steroid
skeleton, with a modified side chain at C-20. Sugar residues are attached to the -OH
of the aglycon. As mentioned above, ginsenosides can be mainly classified into
protopanaxadiol and protopanaxatriol groups. For the protopanaxadiol group, sugar
residues are attached to the B-OH at C-3 and another -OH at C-20 of the aglycon,
e.g. ginsenosides Rb1, Rb2, Rc, Rd, Rg3, and Rh2. For the protopanaxatriol group,
sugar residues are attached to the a-OH at C-6 and another -OH at C-20 of the agly-
con, e.g. ginsenosides Re, Rgl, Rh1, and notoginsenoside R1 (Fig. 5.1).

The structure-activity relationship elucidates the relations between chemical
structure and the pharmacological activity for a series of compounds (Ooi et al.
2006; Benjamin et al. 2008). The anticancer activities of ginseng saponins are re-
lated to their aglycons and sugar residues (Helms 2004; Wang et al. 2007d). Sugar
molecules within a ginsenoside have a high impact on cancer cells. Anticancer ac-
tivities increase with a decrease in sugar number. The main anticancer saponins
so far identified are from the protopanaxadiol group. The three most potent com-
pounds in this group are Rg3, Rh2, and their aglycon, protopanaxadiol, and the
latter two may have stronger effects (Popovich and Kitts 2002; Wang et al. 2007d).
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Fig. 5.2 Chemical conversions starting from protopanaxadiol group saponins using acidic hydro-
lysis or steaming process

Other compounds in the protopanaxadiol group showed less or no anticancer activi-
ties, probably due to the fact that their sugar residues are attached to the -OH at C-20
(Wang et al. 2006c¢).

Ginsenoside Rg3 was isolated from Asian ginseng, American ginseng, and no-
toginseng (Chen et al. 2002; Xu et al. 1987). However, Rg3 is only a trace saponin
in different species of the genus Panax (Fuzzati 2004). Rg3 can also be obtained
from a mild acidic hydrolysis of protopanaxadiol group saponins, such as Rb1, Rb2,
and Rc (Fig. 5.2). Since Rg3 was found to effectively inhibit the growth of cancer
cells (Mochizuki et al. 1995), studies of Rg3 sources were emphasized. In 2003,
Rg3 was approved as a new anticancer drug in China (Lu et al. 2008). Although
this saponin can be obtained by biological transformation and chemical synthesis,
the process is complicated, the yield is limited and thus, the cost of the product
is high. As shown in Fig. 5.2, Rh2 and protopanaxadiol are also derived from the
protopanaxadiol group saponins. In Asia, Asian ginseng root can be prepared as (1)
air-dried to white ginseng, or (2) steamed at approximately 100°C to red ginseng.
Red ginseng has stronger anticancer activities than white ginseng (Yun et al. 2001)
due to its relatively high Rg3 content. It seems likely that the steaming process or
heat-treatment of ginseng is a good approach to transform inactive ginsenosides to
active anticancer compounds, such as Rg3, Rh2, and protopanaxadiol.

Our laboratory treated the American ginseng berry at various temperatures and
heating times to observe the changes in ginsenoside content and anticancer activi-
ties on human colorectal cancer cells. We found that steaming the American gin-
seng berry extract very significantly augmented the content of Rg3. When human
colorectal cancer cells were treated with steamed berry extract (120°C, 2 hours),
the anti-proliferation effects were 98% for HCT-116 and 99% for SW-480 cells. At
the same treatment concentration, the effects of unsteamed extract were 34% for
HCT-116 and 5% for SW-480 cells. This suggests that the steamed American gin-
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seng berry augmented Rg3 content and anticancer activity significantly (Wang et al.
2006b). We also steamed American ginseng root and found a comparable change to
its chemical constituent and antiproliferative activities (Wang et al. 2007a). Recent
studies suggested that increasing the steaming time resulted in additional chemical
changes and an increase in cancer cell growth inhibitory effects (Wang et al. 2009a).

Constituent changes of notoginseng after steaming treatment have also been re-
ported (Lau et al. 2004). After the treatment, the content of Rbl, Rgl, Rd, and
notoginsenoside R1 decreased, while Rg3 had increase, and this trend is similar
to what we observed after the steaming treatment of American ginseng. Recently,
we performed steaming treatment on the notoginseng root. After the treatment, the
content of Rg3 was found to have increased remarkably, and the antiproliferative
effects on cancer cells significantly increased (Sun et al. 2010).

After assaying the chemical structure-functional relationship of ginsenosides,
we propose that the number of sugar molecules, structure of hydroxyl groups, and
stereoselectivity in ginsenosides affect their anticancer activity. An understanding
of this relationship is a prerequisite for purposeful modifications to produce novel
agents for use in medical oncology (Qi et al. 2010).

5.6 Perspectives and Challenges

Previous studies suggested that American ginseng and notoginseng possess anti-
cancer activities. We recently observed that after using a special heat-preparation or
steaming process, the content of Rg3, a previously identified anticancer ginsenoside,
increased significantly and became the main constituent in the steamed American
ginseng. As expected, using the steamed extract increased anticancer activity signif-
icantly. Notoginseng has a very distinct saponin profile compared to that of Ameri-
can ginseng. Steaming notoginseng also significantly increased its anticancer effect.

The next logical step would be to characterize the effects of the two ginseng
herbs (unsteamed and steamed) and their active constituents on cancer, and their
mechanisms of action. Data obtained from future studies will help develop useful
products for complementary and alternative therapies in oncology and expand our
understanding about the biological mechanism behind the antitumor activity of gin-
seng and its active compounds.

Although ginseng plants have been extensively studied, much more knowledge
is required to answer the questions regarding the observed effects of American gin-
seng and notoginseng in cancer chemoprevention. Thus, looking to the future, the
widespread research of American ginseng and notoginseng seems certain to ensure
continued interest in the development of this herb. With the trend of interdisci-
plinary research and the development of modern combinatorial techniques, it ap-
pears promising that new insights will be gained into novel cancer chemopreventive
agents from ginseng in drug discovery.
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