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ABSTRACT
In traditional Chinese medicine, Panax ginseng C.A. Meyer (PG) invigorates “qi” of kidney, spleen and lung, promotes body fluids
production, calms the mind to promote intelligence, while P. quinquefolium L. (PQ) supplies “qi”, nourishes “Yin”, clears fire and
promotes body fluid production, both are classified as “restoratives”. P. notoginseng (Burk.) F.H. Chen (PN) removes blood stasis, stops
bleeding, promotes blood circulation with analgesic effect, and is classified as “hemostatics”. The major bioactive principles of Panax
species, ginseng saponins, are classified into dammarane, oleanane, and ocotillol types. PQ contains all three types of ginseng saponins.
PG contains dammarane and oleanane types. PN contains only dammarane type, and a peptide like substance dencichine is the major
active component to stop bleeding. PN contains the highest level of ginseng saponins (6.24-10.32%), followed by PQ (4.50-6.45%) and
PG (3.50-4.84%). Besides ginseng saponin in which the chemistry and biological effects have been studied in detail, the polysaccharides,
polypeptides and fatty acids are also investigated by many scholars. In this paper, the separation and identification of ginseng saccharides,
immuno-modifier, anti-inflammatory, anticancer, anti-ulcer or antiadhesive, anti-diabetic and anti-hyperlipidemic effects of such
saccharides are reviewed, while the causes of succession cropping obstacle and future ways for the development of Panax species are

discussed and suggested.
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INTRODUCTION Meyer (PG), P. quinquefolium L. (PQ), and P. notoginseng

The traditional Chinese medicine (TCM) believes that inter-
nal organs perform the vital function by generating and
storing essential air of life, “Qi”. These organs are classified
into heart (.[» Xin, the utter superiority of the organ to all
other organs; the emotions, intellect, thinking, memory,
conscience all belong to the realm of the heart), liver (JIT
Gan, a principal reservoir of blood, for issuance and dis-
tributing of blood and nutrients, promotion of high spirit in
one’s outlook on life and the brightening of the vision),
spleen (J#! Pi, as a messenger; the basic functions are trans-
forming, transporting, and distribution of digested matter as
well as a transitional storage, initiation of body movements,
and clearing up internal pollution), lungs (fifi Fei, all blood-
vessels converge towards the lungs and lungs promote the
wholesomeness of the skin and hairs; there is reciprocal
correlation between the lungs and the kidneys), and kidneys
(% Shen, organs that responsible for the process of repro-
duction and food essence, the growth and development of
the brain, marrow and bone) (Liu and Liu 1980).

Among the Araliaceae family, Panax ginseng, C.A.

(Burk) F.H. Chen (PN) are the most commonly used herbal
drugs. PG was recognized by TCM to invigorate “Qi” of
kidney, spleen and lung, promote body fluids production,
calm the mind to promote intelligence, which could be
administered even in substantial amounts or for sustained
usage without causing damage to the body, thus it was
considered as “top class” in the oldest Chinese Materia
Medica “‘Shen-Nong-Ben-Cao-Jing” (Shen-Nong-Herbal
Classic) edited around 200 A.D. PQ was first introduced by
Wang Ang in “Essential of Materia Medica” in 1694,
which supplies “Qi”, nourishes “Yin”, clears fire and pro-
motes body fluid production. PG and PQ are classified as
“restoratives”. PN was first mentioned in “Ben Cao Gong
Mu” by Li Shi-Zhen (1518-1593) as to remove blood stasis,
stop bleeding, promote blood circulation with analgesic
effect, and is classified as “hemostatics”.

Saponins are major bioactive components or ingredients
of Panax species. Until recently, more than 100 kinds of
saponins are purified and identified from Araliaceae family
(Jia and Zhao 2009; Jia et al. 2009). Such saponins are clas-
sified into dammarane, oleanane and ocotillol types. PQ
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contains all three types of ginseng saponins. PG contains
dammarane and oleanane types. PN contains only dam-
marane type. Root of PN contains the highest level of gin-
seng saponins (6.24-10.32%), followed by PQ (4.50-6.45%)
and PG (3.50-4.84%). However, an acre land can produce
600-700 kg of PG, 300 kg of PQ or 180 kg of PN root.

Besides ginseng saponins in which the chemistry and
bioactive activities were studied in detail, the polysac-
charides and polypeptides are also investigated by many
scholars. The pharmacological effects and chemical compo-
nents, majorly ginseng saponins, of PG, PQ and PN have
been reviewed (Vogler et al. 1999; Ellis and Reddy 2002;
Cheng et al. 2005; Ng 2006; Zhang et al. 2006; Chen et al.
2008; Choi 2008; Jia and Zhao 2009; Jia et al. 2009). The
results of such efforts in the study of ginseng demonstrated
that ginseng meets the so-called adaptogen (Brekman and
Dardymov 1969) and the effects of ginseng mentioned in
the classic Chinese medicine. In this paper, the isolation,
identification, and the pharmacology of polysaccharides
will be reviewed, and the causes of succession cropping
obstacle (SCO) and the future ways for ginseng research
will also be discussed and suggested.

SEPARATION AND IDENTIFICATION OF GINSENG
SACCHARIDES

The diversity of the molecular mass, acidic to alkali proper-
ties, composition of various sugars, the way of sugars lin-
kage or chain formation, and biological activities remain
saccharides as a mysterious area to be investigated.

Separation and identification of saccharides from Panax
species and the study of their bioactivities have been repor-
ted. They include disaccharides, trisaccharides, oligosac-
charides and polysaccharides (Takiura and Nakagawa 1963a,
1963b, 1963c). Li (1987) determined the content of poly-
saccharides in PG (Jilin red ginseng and Korean ginseng).
Konno ef al. (1984) isolated 5 hypoglycaemic panaxans A,
B, C, D, E from PG roots. Tomoda et al. (1984) reported the
partial structure of panaxan A. Then, 5 panaxans Q, R, S, T,
and U in a water extract of PG roots from Nagano and
Japan as well as 4 panaxans I, J, K, and L in a water extract
of PG roots from Korea were isolated. All these panaxans
remarkably reduce blood sugar levels in normal and
alloxan-induced hyperglycemic mice (Konno et al. 1985;
Oshima ef al. 1985). Smolina et al. (1998) purified pana-
xan-1 from PG root and panaxan-2 from PG cell culture and
demonstrated their induction of interferon and tumor
necrosis factor in human leukocytes. Oshima et al. (1987)
isolated hypoglycemic quinquefolans A, B and C from PQ
roots.

Heteroglycans: Gao et al. (1989) prepared water-soluble
and alkaline-soluble polysaccharide fractions from PG roots
and leaves, and further fractionated into strongly acidic,
weakly acidic, and neutral polysaccharide fractions by
cetyltrimethyammonium bromide, respectively. Gao et al.
(1990) again prepared two acidic heteroglycans (IA and
ITA) from PG leaves, which are obtained by base-catalysed
beta-elimination in the presence of sodium borodeuteride or
enzymic digestion with endo-a-D-(1—4)-polygalacturonase,
and beta-eliminative degradation. IA and IIA contain Rha--
Rha-ol-L-D, HexA---Rha-ol-L-D, and HexA---Rha---Rha-ol-
L-D. IA and IIA consist mainly of 2-linked Rha, 4-linked
GalA, and terminal and 6-linked Gal. ITA contains more 2-
linked Rha than IA. Gao ef al. (1991) purified two potent
anti-complementary heteroglycans, neutral GL-Nla and
acidic GL-Ala. Glycosyl linkage analysis demonstrated that
GL-Nla mainly consisted of arabinogalactan moieties. Beta-
elimination indicated that GL-Ala was pectic polysac-
charides consisting of rhamnogalacturonan core with neut-
ral side chains. Gao et al. (1996) prepared four immunosti-
mulating heteroglycans (PF 3111, 3112 and PBGA 11, 12)
from PN with MWs ranging from 37 kDa to 730 kDa, com-
posed of glucose, galactose, arabinose, mannose, and xylose
in different molar ratios.

Pectic polysaccharide: Sun et al. (1992a, 1992b) puri-
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fied an anti-ulcer pectic polysaccharide, GL-411Ib11I1I, from
the weakly acidic polysaccharide fraction GL-4 obtained
from water-soluble crude polysaccharide (GL-2) of PG
leaves. GL-4IIIbIIII (average relative molecular mass,
16,000) is composed mainly of galactose and galacturonic
acid with small proportion of rhamnose, arabinose, man-
nose, glucose, and glucuronic acid. Same group of investi-
gators (Kiyohara et al. 1994) purified another anti-ulcer
polysaccharide (GL-BIII) from PG leaves. Methylation ana-
lysis indicated that GL-BIII consists mainly of terminal
Arap, 4- or 5-substituted Ara, 2,4-disubstituted Rha, 4- and
6-substituted Gal, and 3,6-disubstituted Gal. Single radial
gel diffusion using B-glucose-Yavir antigen indicated that
GL-BIII contains a small proportion of B-(1—3,6)-galactan
moiety. GL-BIII also contains terminal, 4-substituted, and
3,4-disubstituted GalA, and terminal and 4-substituted
GIcA. Base-catalysed B-elimination suggested that some 2-
substituted Rha in GL-BIII is attached to position 4 of a 4-
substituted uronic acid. GL-BIII contains a GalA-(1—4)
Rha unit in addition to longer acidic units consisting of 2-
substituted Rha and 4-subsitituted GalA. Lithium-mediated
degradation of GL-BIII followed by borohydride reduction
gave small amounts of fractions containing long and inter-
mediate neutral oligosaccharide-alditols and a large amount
of a fraction containing short oligosaccharide-alditol. The
long neutral oligosaccharide-alditol fraction mainly com-
prises 4- or 5-substituted Ara, terminal Galf, 6-substituted
Glc and 2-substituted Man, the intermediate oligosac-
charide-alditol fraction consists mainly of terminal and 6-
substituted Galp, 6-substituted Glc and 2-substituted Man,
and the short oligosaccharide-alditol fraction contains at
least 14 kinds of di- to tetra-saccharide-alditols. Shin et al.
(1997) isolated a complex pectic polysaccharide (GL-411b2)
from PG leaves, which consists of 15 different monosac-
charides with the characteristic of rhamnogalacturonan II
(RG-II), and its molecular mass (11,000) are large than
sycamore RG-II (5,000). It contains a-Rhap-(1—5)-Kdo
and Arf-(1—5) Dha structural elements, an AceA-con-
taining oligosaccharide, and uronic acid-rich oligosac-
charide chain in addition to an a-(1—4)-galacturono-oligo-
saccharide chain. Zhu et al. (2005) characterized cell wall
polysaccharides of PN roots, which include pectic polysac-
charides (neutral Type I 4-galactan (21%), arabinan (5%),
acidic rhamnoglacturonan 1 (1.2%) and homogalacturonan
(24%), non-cellulosic polysaccharides (heteroxylan, 3%),
xyloglucan (3%), heteromannan (1%)) and cellulose (24%).

Acidic polysaccharides: Tomoda ef al. (1993a) isolated
two acidic polysaccharides, ginsenan PA and PB, from PG
roots. Their structural features include mainly both alpha-
arabino-f-3,6-galactan type and rhamnogalacturonan type
structural unit as analysis by reduction of carboxyl groups,
methylation analysis, nuclear magnetic resonance and peri-
odate oxidation. The molecular masses of PA and PB are
1.6x10° and 5.5x10* and composed of L-arabinose: D-galac-
tose: L-rhamnose: D-galacturonic acid: D-glucuronic acid as
11: 22: 1: 6: 1 and 3: 7: 2: 8: 1, respectively. Tomada et al.
(1993Db) also isolated two other acidic polysaccharides, gin-
senan S-IA and SITA, from PG roots. Ginsenan S-IA (mole-
cular mass 5.6x10% is composed of L-arabinose: D-galac-
tose: D-galacturonic acid in the molar_ ratio of 8:8:1 and
ginsenan S-IIA (molecular mass 1.0x10%) is composed of L-
arabinose: D-galactose: D-glucose: D-galacturonic acid as
15:10: 2: 5. About a half (ginsenan S-IA) and about a quar-
ter (ginsenan S-ITA) of the hexuronic acid residues exist as
methyl esters. Their structural features include mainly a-
1,5-linked L-arabino-B-3,6-branched D-galactan type struc-
tural units. Lee et al. (1997) purified an acidic polysac-
charide, ginsan from an ethanol-insoluble fraction of PG
with a molecular weight of 150,000 and devoid of lectin
properties, which is demonstrated as an anti-neoplastic
immunostimulator. Ginsan contains glucopyranoside and
fructofuranoside. Zhu et al. (2006) prepared immunoactive
polysaccharide-rich fraction 1MD3-G2, the fraction ob-
tained from the strong alkali (1 M KOH) extract fraction of
PQ high-molecular-weight polymers by anion-exchange
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chromatography followed by gel-permeation chromatog-
raphy and strongly bound to the DEAE anion-exchange col-
umn with a MW of 1140 kDa. It is composed of acidic
polysaccharides (glucuronoarabinoxylan, homogalacturo-
nan, rhamnogalacturonan I), neutral polysaccharides (4-
galactan and arabinan), and some protein. Lee et al. (2006)
prepared PG-F2, an acidic polysaccharide from PG, and
showed its selective antiadhesive activity against patho-
genic bacteria. PG-F2 is a pectin-type polysaccharide with
mean MW1.2x10* Da and consists primarily of galactu-
ronic and glucuronic acids along with rhamnose, arabinose,
and galactose as minor components.

Wu and Wang (2008) purified an antiradical arabino-
glucogalactan from PN roots through successive phosphate
buffer (pH 7.0) extraction after cold-water pretreatment and
purification by ion-exchange and gel-filtration chroma-
tography. This arabinoglucogalactan possesses a backbone
of (1—3)-linked B-d-galactofuranosyl residues, with bran-
ches of a-1-Ara f-(1—4)-p-d-Glc P-(-1— residues at O-6).

Xu et al. (2008) reported the optimum extraction pro-
cess of polysaccharide constituents from Panax japonicus.
The conditions of the ideal extraction process using com-
pound enzyme method are that of the pH value is at 5.0, the
extraction temperature is at 50°C, solvent volume is 50
times of material, cellulose quality score is 1-2%, pectinex
quality score is 1.0%, and the extraction time is 2 h. Under
these conditions, the yield of polysaccharide extract from P,
Jjaponicus was up to 14.3%.

Recently, Guan and Li (2010) determined the enzymatic
hydrolysis properties of the polysaccharides from 9 trad-
itional Chinese medicines including PG, PQ and PN and
their saccharide mapping by using endo-carbohydrases
enzymatic digestion following by high performance size
exclusion chromatography as well as derivatization with 1-
phenyl-3-nethyl-5-pyrazolone and HPLC analysis.

IMMUNO-MODIFIER AND ANTI-INFLAMMATORY
EFFECTS OF GINSENG POLYSACCHARIDES

The anti-complementary effects of water-soluble and
alkaline-soluble polysaccharide fractions obtained from PG
leaves are more potent than that obtained from PG roots,
and neutral polysaccharide GL-Nla and acidic polysac-
charide GL-Ala exhibit potent effect at low concentrations
(Gao et al. 1989, 1991). Polymorphonuclear (PMN) leuko-
cytes and macrophages stimulating effects of the polysac-
charides from ginseng tissue culture were also reported
(Solo’vera et al. 1989). Then, anti-complementary or im-
munostimulating polysaccharides such as GL-PI, GL-PII,
GL-PIV, PF3111, PF3112, PBGAL11, and PBGA12 are iden-
tified (Gao et al. 1990, 1996; Park et al. 2001; Lim et al.
2004). Other acidic polysaccharides, named ginsenan PA
and PB, were reported to dose-dependently potentiate reti-
culoendothelial system activity (Tomoda et al. 1993a).
Tomoda et al. (1993b) again identified ginsenan S-IA and
S-1IA, both showing promoting phagocytosis and anti-com-
plement activities.

Ma et al. (1995) found that PG polysaccharides dose-
dependently promote interleukin (IL)-2 production by peri-
pheral blood mononuclear cell (PBMC) in healthy and kid-
ney diseases patients. In addition to anticomplementary
activity, the PN water-soluble polysaccharides, PF3111,
PF3112, and PBGA 12 have interferon-gamma (IFN-y) and
tumor necrosis factor-alpha (TNF-0) inductive activities in
vitro (Gao et al. 1996).

Lee et al. (1997) demonstrated that PG acidic polysac-
charide ginsan induces the expression of TNF-a, IFN-y,
IFN-p and inducible nitric oxide synthase mRNAs in spleen
cells and peritoneal macrophages from C3H/HeN mice.
Ginsan also enhances the viability and proliferation of
mouse spleen cells (Ko and Joo 2010). In addition, ginsan
can stimulate dendritic cells by inducing maturation (Kim et
al. 2009a) and enhances antibody response to orally del-
ivered Salmonella antigen in mice, mediated by chemokine
(C-C motif) ligand 3 (CCL3) via cyclooxgenase (Na et al.
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2010).

Smolina et al. (2001) reported that panaxan-1 (from
ginseng root) and panaxan-2 (from ginseng cell culture) can
induce production of TNF and IFN-y in human leukocytes.

GL-41Ib2, a complex pectic polysaccharide from PG
leaves has been shown to be a macrophage Fc receptor
expression-enhancing polysaccharide (Shin ef al. 1997). A
part of polysaccharides from the stem and leaves of PG,
termed PGP-SL, exhibits immunopotentiation effects on
murine spleen lymphocytes by the Ca®*-calcineurin-nuclear
factor of activated T-cells (NFAT) -IL-2 signaling pathway
(Zhang et al. 2010).

CVT-E002, an aqueous extract containing mainly oligo-
saccharides and polysaccharides from PQ stimulated the
proliferation of normal mouse B lymphocytes, enhanced IL-
1, IL-6, TNF-a and nitric oxide production of exudate
macrophages (Wang ef al. 2001) and enhanced Con-A in-
duced IL-2 and IFN-y productions in murine spleen cells
(Wang et al. 2004). CVT-E002 also modifies system
immune responses and appears to affect gut-associated
immunity (Biondo ef al. 2008). Three days’ CVT-E002 (5
g/kg/day) treatment in C57BL/6J mice did not affect the
tested activities of various drug-metabolizing enzymes.
Thus, CVT-E002 has low potential of incidence of meta-
bolism-based drug interaction (Ueng and Chen 2002).

Choi et al. (2008) showed the synergistic effect of red
ginseng acidic polysaccharide in combination with I[FN-y in
enhancing macrophage function through nuclear factor-
kappa B (NF-xB) pathway activation in murine melanoma
B16 cells. The synergistic immunostimulatory effect of
pidotimod, a biological immuno-regulatory modifier, and
red ginseng acidic polysaccharide against cyclophospha-
mide-induced immunosuppression was also reported by Du
et al. (2008).

Lim et al. (2002) reported that a PG polysaccharide
possesses a potent anti-septicemic activity by stimulating
macrophage and a potentiality as an immunomodulator
against sepsis occurred by Staphylococcus aureus. And
Song et al. (2002) reported that ginsan activated the peri-
toneal macrophage secretory and tumoricidal activities.
Similarly, Ahn ef al. (2006a) showed that ginsan protects
mice from S. aureus-induced sepsis through the suppression
of acute inflammatory responses at an early phase and the
enhancement of antimicrobial activities at subsequent
phases of infection. Furthermore, the antiseptic activity of
ginsan is demonstrated to be attributed to enhanced bac-
terial clearance, and reduced proinflammatory cytokines via
the Toll-like receptor (TLR) signaling pathway (Ahn et al.
2006b). Ginsan also has antiallergic effect on ovalbumin-
induced asthma in mice, partially mediated through enhan-
cing the cycloxygenase expression and prostaglandin E,
production (Lim et al. 2009). Ginsan is also demonstrated
to effectively prevent carbon tetrachloride-induced liver in-
jury in mice, mainly through down-regulation of oxidative
stress and inflammatory response (Shim ez al. 2010). Fur-
thermore, ginsan can act as an effective anti-fibrotic agent
against transforming growth factor-beta (TGF-B) induced
fibrosis by blocking multiple TGF-f signaling pathways in
murine or human normal lung fibroblasts (Ahn ez al. 2011).

The anti-inflammatory and immunosuppressive effects
of whole extract of PN are stronger than ginsenosides Rbl
and Rgl in LPS activated RAW264.7 macrophage (Rhule ef
al. 2006). PN flower extract also attenuates LPS-induced
inflammatory response via blocking of NF-kB signaling
pathway in RAW264.7 macrophage (Jung et al. 2009).
Furthermore, PN extract inhibits the production of specific
inflammatory molecules and innate immune responsiveness
by cultured dendritic cells (DC2.4) following TLR activa-
tion (Rhule ef al. 2008). In addition, arabinoglucogalactan
from PN root exhibits high scavenging activity against 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radicals (Wu and
Wang 2008).

Among the PN high-molecular-weight fractions, the
strong alkali (1 M KOH) extract fraction and its sub-frac-
tion IMD3-G2 show the highest complement-fixing activity
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and priming of reactive oxygen species (ROS) production
by human polymorphonuclear neutrophils, and mitogenic
and IFN-y productive effects on peripheral blood mononuc-
lear cells (Zhu et al. 2005, 2006).

ANTICANCER EFFECTS

Ginsan exhibits significant in vivo antitumor activity against
B16 melanoma cells and in the benzo(a)pyrene-induced
autochthonous lung tumor model (Lee et al. 1997), parti-
ally by generating LAK cells from both NK and T cells
through endogenously produced multiple cytokines (Kim et
al. 1998). Ginsan also has radioprotective effect on bone
marrow cells (Kim et al. 2007), partially through reduction
of radiation-induced genotoxicity (Ivanova et al. 2006).
Ginsan also can act a defense against small intestinal dam-
age by whole-body gamma irradiation of mice, indicating
ginsan might be a useful adjunct to therapeutic irradiation
as a protective agent for the gastrointestinal tract of cancer
patients (Park et al. 2011). Post-treatment of ginsan reduces
the adverse effects of cyclophosphamide on tumor bearing
mice (Shim et al. 2007).

Ginseng polysaccharides can improve immune function
in nasopharyngeal carcinoma patients during radiotherapy
(Xie et al. 2001). Red ginseng acidic polysaccharide enhan-
ces the antitumor effects of paclitaxel in mice transplanted
with sarcoma 180 (S180) and B16 melanoma (Shin e? al.
2004). In S180 tumor-bearing mice, intragastric administra-
tion with a neutral polysaccharide fraction (WGPN) from
PG alone inhibits S180 tumor growth in a bell-shaped dose-
response curve, and the combination with 5-fluorouracil (5-
FU) shows a synergistic effect. In combination with 5-FU,
WGPN mitigates 5-FU-induced damage to the immune sys-
tem in S180-bearing mice (Ni et al. 2010).

Different ginseng polysaccharide fractions and their
temperature-modified products have been compared for
their antiproliferative effects on HT-29 human colon cancer
cells, showing that the HG-rich pectin exerts its antipro-
liferative effect via cell cycle arrest and the temperature
modification markedly increased the antiproliferative effect
(Cheng et al. 2011). In contrast, ginseng polysaccharide
was showed no direct effect on killing of tumor cells (K562,
HL-60, and KGlalpha cells), but it can stimulate mouse
peritoneal macrophage-mediated cytotoxic activity against
these tumor cells (Wang ef al. 2010c¢).

ANTI-ULCER OR ANTI-ADHESIVE EFFECT

The anti-ulcer effect of polysaccharides was reported by
Cheng ef al. (1985). The anti-ulcer and cytoprotective ef-
fects of pectic polysaccharide from PG root or leaves were
reported by Yamada’s group (Sun ef al. 1991, 1992a, 1992b;
Kiyohara et al. 1994). Belogortseva ef al. (2000) demons-
trated the inhibiting effects of PG acidic polysaccharides on
Helicobacter pylori-induced hemagglutination. Lee et al.
(2004a, 2004b) showed that acidic polysaccharides (0.2-2.8
mg/ml) from PG inhibited Helicobacter pylori adhesion to
human gastric adenocarcinoma epithelial cells and the abil-

ity of Porphyromonas gingivalis to agglutinate erythrocytes.

Lee et al. (2006, 2009) again demonstrated that this pectin
type acidic polysaccharides also inhibited the adhesion of
Actinobacillus actinomycetemcomitans, Propionibacterium
acnes and Staphylococcus aureus to host cells but had no
effect against Lactobacillus acidophilus, Escherichia coli,
or Staphylococcus epidermidis. However, complete hydro-
lysis of these acidic polysaccharides via chemical or carbo-
hydrolase enzyme treatment caused complete loss of its
anti-adhesive activity.

Two pectic polysaccharides, named as GP50-dHR (56.0
kDa) and GP50-eHR (77.0 kDa), from hot water extract of
ginseng rescues cell viability from rotavirus infection (the
leading cause of severe diarrhea) via inhibiting rotavirus
attachment to cells (Baek ef al. 2010).

66

ANTI-DIABETIC AND ANTI-HYPERLIPIDEMIC
EFFECTS

Kimura et al. (1981) demonstrated in alloxan diabetic mice
that hypoglycemic components must be existed in ginseng
radix which is different from saponin. Then, Hikino and his
colleagues (Konno ef al. 1984; Tomoda ef al. 1984; Konno
et al. 1985; Oshima et al. 1985; Hikino et al. 1986; Oshima
et al. 1987) isolated panaxans A, B, C,D,E,LJ,K, L, Q, R,
S, T, and U from PG roots, eleutherans A, B, C, D, E, F, and
G from Eleutherococcus senticosus (Siberian ginseng) roots,
and quinquefolans A, B, and C from PQ and demonstrated
their hypoglycemic effect in alloxan-induced hyperglycemic
mice. In diabetic ob/ob mice, the anti-hyperglycemic effect
of intraperitoneal administration of polysaccharides from
PQ berry has been reported by Xie et al. (2004). The hypo-
glycemic effects of ginseng polypeptide and glypeptide
have been reported by Wang ef al. (1990a, 1990b, 2003a,
2003b). However, Yang and Wang (1991) reported that gin-
seng polysaccharide GH1 can reduce liver glycogen and in-
crease adenosine-3',5'-cyclic monophosphate (cAMP) level
and adenyl cyclase activity in mice.

In addition to the immunostimulatory and anti-tumor
activities, red ginseng acidic polysaccharide also exhibits
anti-hyperlipidemic effects in hyperlipidemic rats acutely
induced by Triton WR1339 (an inducer of endogenous
model hyperlipidemia) or corn oil (an inducer of exogenous
model hyperlipidemia) intravenously injected (Kwak et al.
2010).

OTHER PHARMACOLOGICAL EFFECTS

The learning and memory enhancing effects, and anti-
ammestic effects of Panax species and ginseng saponins
have been reported and reviewed (Ellis and Reddy 2002;
Cheng et al. 2005; Chen et al. 2008; Choi 2008; Jia and
Zhao 2009; Jia et al. 2009). However, only Lyubimov et al.
(1997) demonstrated that a polysaccharide fraction of PG
enhances the learning and memory in rats by using an
active escape response. Oral administration of the acidic
polysaccharide portion of PG root (WGPA, 100 mg/kg once
daily for 1 week) to mice had no effects on spontaneous
activity or anxiety-like behavior in the elevated plus-maze
test, but WGPA treatment exhibited antidepressant-like
effects by showing reduced immobility time in the forced
swim test (FST), increase in social interactions and decrease
in aggressive behaviors (Wang et al. 2010a). Oral adminis-
tration to mice once daily for 15 days of ginseng polysac-
charides (WGP), the neutral portion (WGPN) or the acidic
portion (WGPA) was found to have anti-fatigue activity in
the FST and to inhibit the physiological markers for fatigue.
The acidic polysaccharide is more potent than the neutral
polysaccharide (Wang et al. 2010b). Using chronic hypoxia
model, PG polysaccharide was demonstrated to have the
pharmacological activities of antihypoxia, antioxidation and
improving energy status (Li et al. 2009).

Treatment with ginsan (100 mg/kg, i.p.) in mice did not
seem to cause hepatic injury, because serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
and alkaline phosphatase (ALP) activities and levels of total
bilirubin and albumin were not changed (Song ef al. 2004).

THE CULTIVATION OF GINSENG SPECIES

The root of PG, PQ, and PN are the most commonly used
herbal supplement medicine. The duration of the cultivation
of ginseng species roots for the harvest are long, where
sunproof sheds are necessary to block direct sunlight and
there are so-called succession cropping obstacles (SCOs).
All increase the capital expenditure and worsen the quantity
and quality of ginseng products. The soil environmental
factors (air, moisture, nutrient and microorganisms), active
substances (phytotoxin, residue decomposition substances,
microbial toxin), and pathogenic microbes on root exudates
under continuous cropping of crops, vegetables, fruit trees
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and nursery seedlings have been introduced (Gao and Zhang
1998; Wu and Zhao 2003; Zheng et al. 2005). Guan et al.
(2006) stated the relationship between root rot in PG and
soil microbes. Chun ef al. (2009) isolated nine phenolic and
five aliphatic autotoxic compounds from aqueous extracts
of fibrous roots of PQ, and these compounds were also veri-
fied in the plow layer soil of commercially cultivated PQ
fields. Therefore, SCO are caused by over cropping and
agrochemical treatment, or the increase of harmful microor-
ganisms, salt accumulation, soil acidification, and plant
autotoxicity after long duration of cultivation (Liu et al.
2009). Jian et al. (2008) summarized the research progress
of SCO on Panax species, and included the way to control
SCO by soil sterilizing, decomposing allelopathy using
available fungus, supply with fertilizer and rotating or inter-
cropping. For the rotating or intercropping of ginseng spe-
cies, it is necessary to find the new fields which further
worsen the ecological environment.

Biotechnological approaches for the replace of field
cultivation have been performed. Chang and Hsing (1980)
cultured mature PG root callus in chemically defined
medium, and these embryoids produce flowers and fertile
pollen without establishing normal seeding. Yoshikawa and
Furuya (1987) cultured hairy-root of PG. Yu et al. (2002)
cultured adventitious root of PG and used jasmonic acid to
improve gensenoside accumulation. Asaka ef al. (1993) cul-
tured embryogenic tissues of PG in bioreactors. Furuya and
Ushiyama (1994) as well as Wu and Zhong (1999) cell
cultured PG. Wang and Zhong (2002) cell cultured PN by
addition of jasmonates. Choi et al. (2000) used bioreactor to
culture adventitious root and Kim ef al. (2004) studied the
effect of methyl jasmonate on adventitious root growth and
ginsenoside accumulation in PG cultures.

For the more fundamental approach, the pathway for the

biosynthesis of squalene was reported by Kuzuyama (2002).

Jung et al. (2003) sequenced 11,636 expressed sequence tag
(EST) of ginseng to find the genes for ginsenoside biosyn-
thesis. The squalene synthase was cloned from PG (PgSS1)
and the effect of methyl jasmonate (MeJA) treatment on
PgSS1 was studied by Lee ef al. (2004). Choi et al. (2005)
identified 3,134 ESTs in MeJA-treated ginseng hairy roots.
Han er al. (2006) characterized the gene encoding dam-
marenediol synthase in PG.,, while Tansakul er al. (2006)
characterized the dammarenediol-II synthase in PG. Kim et
al. (2009b) reported that upregulation of ginsenoside and
gene expression in ginseng hairy root cultures is elicited by
MeJA. Such genomic and proteomic approaches are valua-
ble for the more successful bioengineering production of
ginsenosides.

CONCLUSION AND SUGGESTION

Human complement system, PMN and PBMC are used by
Zhu et al. (2006) to determine the complement-fixing acti-
vity, priming of ROS production, and mitogenic effect of
phenol-acetic acid-water, hot water, weak and strong alkali
soluble fractions of ginseng polysaccharides. They found
that starch of PN did not show any significant biological
activity, the weak alkali fraction was the most potent, but
the other fractions of polysaccharides all showed immuno-
modulatory effects. The report of Zhu et al. (2006) let us
consider whether it is necessary to purify the so-called bio-
active component. The human G-I tract, with pH values
ranged from 2 in stomach to 8.6 in small intestine, are the
good place to dissolve polysaccharides, of course the diges-
tive enzymes and bacterial folia will enhance this digestive
process. Thus, polysaccharides can be digested in human
and their bioactivities should occur in body.

Thus, it is suggested that the future ways for the deve-
lopment of Panax species are:
(1) Study the similarity and difference of bioactive com-
ponents;
(2) Learn how to well utilize the different parts of plants;
(3) Improve the technique for the large quantity isolation of
bioactive components;
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(4) Study the stability of active components (polysac-
charides, peptides, glycoproteins);

(5) Study the pharmacokinetics of active components;

(6) Identify and characterize the genes and enzymes in-
volved in the biosynthesis of active components; and

(7) Develop cell, tissue cultures or bioengineering tech-
niques instead of field cultivation.

ACKNOWLEDGEMENTS

The authors thank Dr. Jaime A. Teixeira da Silva for extensive im-
provements to style.

REFERENCES

Ahn JY, Choi IS, Shim JY, Yun EK, Yun YS, Jeong G, Song JY (2006a) The
immunomodulator ginsan induces resistance to experimental sepsis by in-
hibiting Toll-like receptor-mediated inflammatory signals. European Journal
of Immunology 36 (1), 37-45

Ahn JY, Kim MH, Lim MJ, Park S, Lee SL, Yun YS, Song JY (2011) The
inhibitory effect of ginsan on TGF-B mediated fibrotic process. Journal of
Cellular Physiology 226 (5), 1241-1247

Ahn JY, Song JY, Yun YS, Jeong G, Choi IS (2006b) Protection of Staphylo-
coccus aureus-infected septic mice by suppression of early acute inflam-
mation and enhanced antimicrobial activity by ginsan. FEMS Immunology
and Medical Microbiology 46 (2), 187-197

Asaka 1, Li I, Hirotani M, Asada Y, Furuya T (1993) Production of ginseno-
side saponins by culturing ginseng (Panax ginseng) embryogenic tissues in
bioreactors. Biotechnology Letters 15 (12), 1259-1264

Baek SH, Lee JG, Park SY, Bae ON, Kim DH, Park JH (2010) Pectic poly-
saccharides from Panax ginseng as the antirotavirus principals in ginseng.
Biomacromolecules 11 (8), 2044-2052

Belogortseva NI, Yoon JY, Kim KH (2000) Inhibition of Helicobacter pylori
hemagglutination by polysaccharide fractions from roots of Panax ginseng.
Planta Medica 66 (3), 217-220

Biondo PD, Goruk S, Ruth MR, O’Connell E, Field CJ (2008) Effect of
CVT-E002 (COLD-fx) versus a ginsenoside extract on systemic and gut-
associated immune function. International Immunopharmacology 8 (8),
1134-1142

Brekman II, Dardymov IV (1969) New substances of plant origin which in-
crease nonspecific resistance. Annual Review of Pharmacology 9, 419-430

Chang WC, Hsing YI (1980) In vitro flowering of embryoids derived from
mature root callus of ginseng (Panax ginseng). Nature 284, 341-342

Chen CF, Chiou WF, Zhang JT (2008) Comparison the pharmacological
effects of Panax ginseng and Panax quinquefolium. Acta Pharmacologica
Sinica 29 (9), 1103-1108

Cheng H, Li S, Fan Y, Gao X, Hao M, Wang J, Zhang X, Tai G, Zhou Y
(2011) Comparative studies of the antiproliferative effects of ginseng poly-
saccharides on HT-29 human colon cancer cells. Medical Oncology 28 (1),
175-181

Cheng XJ, Liu AJ, Wang BX (1985) Studies on the anti-ulcer action of four
polysaccharides. Yao Xue Xue Bao 20 (8), 571-576

Cheng Y, Shen LH, Zhang JT (2005) Anti-amnestic and anti-aging effects of
ginsenoside Rgl and Rbl and its mechanism of action. Acta Pharmacologica
Sinica 26 (2), 143-147

Choi DW, Jung JD, Ha YI, Park HW, In DS, Chung HJ, Liu JR (2005)
Analysis of transcripts in methyl jasmonate-treated ginseng hairy roots to
identify genes involved in the biosynthesis of ginsenosides and other sec-
ondary metabolites. Plant Cell Reports 23 (8), 557-566

Choi HS, Kim KH, Sohn E, Park JD, Kim BO, Moon EY, Rhee DK, Pyo S
(2008) Red ginseng acidic polysaccharide (RGAP) in combination with IFN-
gamma results in enhanced macrophage function through activation of the
NF-kappaB pathway. Bioscience, Biotechnology, and Biochemestry 72 (7),
1817-1825

Choi KT (2008) Botanical characteristics, pharmacological effects and medical
components of Korean Panax ginseng C.A. Meyer. Acta Pharmacological
Sinica 29 (9), 1109-1118

Choi SM, Son SH, Kwon OW, Seon JH, Paek KY (2000) Pilot-scale culture
of adventitious roots of ginseng in a bioreactor system. Plant Cell, Tissue,
and Organ Culture 62 (3), 187-193

Chun NH, Wei WG, Tia XY, Wu B, Xue SZ, Yang TS (2009) Identification of
autotoxic compounds from fibrous roots of Panax quinquefolium L. Plant
and Soil 318 (1-2), 63-72

Du XF, Jiang CZ, Wu CF, Won EK, Choung SY (2008) Synergistic immuno-
stimulatory effect of pidotimod and red ginseng acidic polysaccharide on
humoral immunity of immunosuppressed mice. Die Pharmazi 63 (12), 904-
908

Ellis JM, Reddy P (2002) Effects of Panax ginseng on quality of life. The An-
nals of Pharmacotherapy 36 (3), 375-379

Furuya T, Ushiyama K (1994) Ginseng production in cultures of Panax gin-
seng cells. In: Shargool P, Ngo TT (Eds) Biotechnological Application of
Plant Cultures, CRC Press, Boca Raton, pp 1-22



International Journal of Biomedical and Pharmaceutical Sciences 6 (Special Issue 1), 63-69 ©2012 Global Science Books

Gao H, Wang F, Lien EJ, Trousdale MD (1996) Immunostimulating polysac-
charides from Panax notoginseng. Pharmaceutical Research 13 (8), 1196-
1200

Gao QP, Kiyohara H, Cyong JC, Yamada H (1989) Chemical properties and
anti-complementary activities of polysaccharide fractions from roots and
leaves of Panax ginseng. Planta Medica 55 (1), 9-12

Gao QP, Kiyohara H, Cyong JC, Yamada H (1991) Chemical properties and
anti-complementary activities of heteroglycans from the leaves of Panax gin-
seng. Planta Medica 57 (2), 132-136

Gao QP, Kiyohara H, Yamada H (1990) Further structural studies of anti-
complementary acidic heteroglycans from the leaves of Panax ginseng C.A.
Meyer. Carbohydrate Research 196, 111-125

Gao ZQ, Zhang SX (1998) Continuous cropping obstacle and rhizospheric
microecology. I. Root exudates and their ecological effect. Chinese Journal
of Applied Ecology 9 (5), 549-554

Guan HL, Chen YJ, Lin SQ, Zhang WD, Xia CF (2006) On the relationship
between root rot in Panax ginseng and soil microbes. Journal of Southwest
Agricultural University 28 (5), 706-709

Guan J, Li SP (2010) Discrimination of polysaccharides from traditional Chi-
nese medicines using saccharide mapping-enzymatic digestion following by
chromatographic analysis. Journal of Pharmaceutical and Biomedical Analy-
sis 51 (3), 590-598

Han JY, Kwon YS, Yang DC, Jung YR, Choi YE (2006) Expression and RNA
interference-induced silencing of the dammarenediol synthase gene in Panax
ginseng. Plant and Cell Physiology 47 (12), 1653-1662

Han SK, Song JY, Yun YS, Yi SY (2005) Ginsan improved Thl immune res-
ponse inhibited by gamma radiation. Archives of Pharmacal Research 28 (3),
343-350

Hikino H, Takahashi M, Otake K, Konno C (1986) Isolation and hypoglyce-
mic activity of eleutherans A, B, C, D, E, F, and G: glycans of Eleutherococ-
cus senticosus roots. Journal of Natural Products 49 (2), 293-297

Ivanova T, Han Y, Son HJ, Yun YS, Song JY (2006) Antimutagenic effect of
polysaccharide ginsan extracted from Panax ginseng. Food and Chemical
Toxicology 44 (4), 517-521

Jia L, Zhao YQ (2009) Current evaluation of the millennium phytomedicine —
Ginseng (I): Etymology, pharmacognosy, phytochemistry, market and regu-
lations. Current Medicinal Chemistry 16 (19), 2475-2484

Jia L, Zhao YQ, Liang XL (2009) Current evaluation of the millennium phyto-
medicine (I): Collected chemical entities, modern pharmacology, and clini-
cal applications emanated from traditional Chinese medicine. Current Medi-
cinal Chemistry 16 (22), 2924-2942

Jian ZY, Wang WQ, Meng L, Zhang ZL (2008) Research progress of continu-
ous cropping obstacle on Chinese medicinal plant in Panax. Modern Chinese
Medicine 10 (6), 3-5

Jung HW, Seo UK, Kim JH, Leem KH, Park YK (2009) Flower extract of
Panax notoginseng attenuates lipopolysaccharide-induced inflammatory res-
ponse via blocking of NF-kappaB signaling pathway in murine macrophages.
Journal of Ethnopharmacology 122 (2), 313-319

Jung JD, Park HW, Hahn Y, Hur CG,; In DS, Chung HJ, Liu JR, Choi DW
(2003) Discovery of genes for ginsenoside biosynthesis by analysis of
ginseng expressed sequence tag. Plant Cell Reports 22 (3), 224-230

Kim HJ, Kim MH, Byon YY, Park JW, Jee Y, Joo HG (2007) Radioprotec-
tive effects of an acidic polysaccharide of Panax ginseng on bone marrow
cells. Journal of Veterinary Science 8 (1), 39-44

Kim JA, Lau E, Tay D, de Blanco EJ (2010) Antioxidant and NF-kB inhib-
itory constituents isolated from Morchella esculenta. Natural Product Re-
search 16, 1-6

Kim KH, Lee YS, Jung IS, Park SY, Chung HY, Lee IR, Yun YS (1998) Aci-
dic polysaccharide from Panax ginseng, ginsan, induces Th1 cell and macro-
phage cytokines and generates LAK cells in synergy with rIL-2. Planta
Medica 64 (2), 110-115

Kim MH, Byon YY, Ko EJ, Song JY, Yun YS, Shin T, Joo HG (2009a)
Immunomodulatory activity of ginsan, a polysaccharide of panax ginseng, on
dendritic cells. The Korean Journal of Physiology and Pharmacology 13 (3),
169-173

Kim OT, Nang KH, Kim YC, Hyun DY, Kim MY, Choi SW (2009b) Up-
regulation of ginsenoside and gene expression related to triterpene biosyn-
thesis in ginseng hairy root cultures elicited by methyl jasmonate. Plant Cell,
Tissue and Organ Culture 98 (1), 25-33

Kim YS, Hahn EJ, Murthy HN, Paek KY (2004) Adventitious root growth
and ginsenoside accumulation in Panax ginseng cultures as affected by
methyl jasmonate. Biotechnology Letters 26 (21), 1619-1622

Kimura M, Waki I, Tanaka O, Nagai Y, Shibata S (1981) Pharmacological
sequential trials for the fractionation of components with hypoglycemic acti-
vity in alloxan diabetic mice from ginseng radix. Journal of Pharmacobio-
dyamics 4 (6), 402-409

King ML, Murphy LL (2010) Role of cyclin inhibitor protein p21 in the inhi-
bition of HCT116 human colon cancer cell proliferation by American ginseng
(Panax quinquefolius) and its constituents. Phytomedicine 17 (3-4), 261-268

Kiyohara H, Hirano M, Wen XG, Matsumoto T, Sun XB, Yamada H (1994)
Characterisation of an anti-ulcer pectic polysaccharide from leaves of Panax
ginseng C.A. Meyer. Carbohydrate Research 263 (1), 89-101

Ko EJ, Joo HG (2010) Stimulatory effects of ginsan on the proliferation and
viability of mouse spleen cells. The Korean Journal of Physiology and Phar-

68

macology 14 (3), 133-137

Konno C, Murakami M, Oshima Y, Hikino H (1985) Isolation and hypogly-
cemic activity of panaxans Q, R, S, T and U, glycans of Panax ginseng roots.
Journal of Ethnopharmacology 14 (1), 69-74

Konno C, Sugiyama K, Kano M, Takahashi M, Hikino H (1984) Isolation
and hypoglycaemic activity of panaxans A, B, C, D and E, glycans of Panax
ginseng roots. Planta Medica 50 (5), 434-436

Krylova NV, Besednova NN, Solov'eva TF, Loenko IuN, Faustov VS, Kons-
tantinova NA, Smolina TP, Eliakov GB (1990) Anti-inflammatory effect of
polysaccharide obtained from ginseng cell cultures. Antibioitiki i Khimiotera-
piia 35 (4),41-42

Kuzuyama T (2002) Mevalonate and nonmevalonate pathways for the biosyn-
thesis of isoprene units. Bioscience, Biotechnology, and Biochemistry 66 (8),
1619-1627

Kwak YS, Kyung JS, Kim JS, Cho JY, Rhee MH (2010) Anti-hyperlipidemic
effects of red ginseng acidic polysaccharide from Korean red ginseng. Biolo-
gical and Pharmaceutical Bulletin 33 (3), 468-472

Lee JH, Lee JS, Chung MS, Kim KH (2004a) /n vitro anti-adhesive activity
of an acidic polysaccharide from Panax ginseng on Porphyromonas gingi-
valis binding to erythrocytes. Planta Medica 70 (6), 566-568

Lee JH, Park EK, Uhm CS, Chung MS, Kim KH (2004b) Inhibition of Heli-
cobacter pylori adhesion to human gastric adenocarcinoma epithelial cells by
acidic polysaccharides from Artemisia capillaris and Panax ginseng. Planta
Medica 70 (7), 615-619

Lee JH, Shim JS, Chung MS, Lim ST, Kim KH (2009) Inhibition of patho-
gen adhesion to host cells by polysaccharides from Panax ginseng. Biosci-
ence, Biotechnology, and Biochemistry 73 (1), 209-212

Lee JH, Shim JS, Lee JS, Kim MK, Chung MS, Kim KH (2006) Pectin-like
acidic polysaccharide from Panax ginseng with selective antiadhesive acti-
vity against pathogenic bacteria. Carbohydrate Research 341 (9), 1154-1163

Lee MH, Jeong JH, Seo JW, Shin CG, Kim YS, In JG, Yang DC, Yi JS, Choi
YE (2004) Enhanced triterpene and phytosterol biosynthesis in Panax gin-
seng overexpressing squalene synthase gene. Plant and Cell Physiology 45,
976-984

Lee YS, Chung IS, Lee IR, Kim KH, Hong WS, Yun YS (1997) Activation of
multiple effector pathways of immune system by the antineoplastic immuno-
stimulator acidic polysaccharide ginsan isolated from Panax ginseng. Anti-
cancer Research 17 (1A), 323-331

Li LG (1987) Determination of the polysaccharide content in Jilin red ginseng
and Korean ginseng. Zhong Yao Tong Bao 12 (6), 40-41

Li XT, Chen R, Jin LM, Chen HY (2009) Regulation on energy metabolism
and protection on mitochondria of Panax ginseng polysaccharide. The Ameri-
can Journal of Chinese Medicine 37 (6), 1139-1152

Lim DS, Bae KG, Jung IS, Kim CH, Yun YS, Song JY (2002) Anti-septicae-
mic effect of polysaccharide from Panax ginseng by macrophage activation.
The Journal of Infection 45 (1), 32-38

Lim TS, Na K, Choi EM, Chung JY, Hwang JK (2004) Immunomodulating
activities of polysaccharides isolated from Panax ginseng. Journal of Medici-
nal Food 7 (1), 1-6

Lim YJ, Na HS, Yun YS, Choi IS, Oh JS, Rhee JH, Cho BH, Lee HC (2009)
Suppressive effects of ginsan on the development of allergic reaction in
murine asthmatic model. International Archives of Allergy and Immunology
150 (1), 32-42

Liu F, Liu YM (1980) Chinese Medical Terminology, The Commercial Press
Ltd., Hong Kong, pp 36-55

Liu L, Liu DH, Jing H, Feng GQ, Fan ZH, Yang WZ (2009) Overview on the
mechanisms and control of continuous cropping obstacle of Panax notogin-
seng F.H. Chen, Treatises Collection, International Forum on Special Local
Herbal Medicines Represented by Sangi in Wenshan Yunan China, (2009
12.17-12.18), pp 85-89

Liubimov II, Borzenkov VM, Chepurnova NE, Chepurnov SA (1995) The
effect of the polysaccharide fraction of Korean ginseng on learning and
memory in rats (exemplified by active avoidance reactions). Fiziologicheskii
Zhurnal Imeni I. M. Sechenova 81 (8), 169-173

Lyubimov 11, Borzenkov VM, Chepurnova NE, Chepurnov SA (1997)
Effect of a polysaccharide fraction of ginseng root on learning and memory
in rats (using an active escape response as an example). Neuroscience and
Behavioral Physiology 27 (5), 555-558

Ma L, Zhou ZL, Yang Q (1995) Study on effect of polysaccharides of ginseng
on peripheral blood mononuclear cell induced interleukin-2 production and
activity of its receptors in vitro. Zhongguo Zhong Xi Yi Jie He Za Zhi 15 (7),
411-413

Na HS, Lim YJ, Yun YS, Kweon MN, Lee HC (2010) Ginsan enhances
humoral antibody response to orally delivered antigen. Immune Network 10
1),5-14

Ng TB, Yeung HW (1985) Hypoglycemic constituents of Panax ginseng.
General Pharmacology 16 (6), 549-552

Ng TB (2006) Pharmacological activity of sanchi ginseng (Panax notoginseng).
Journal of Pharmacy and Pharmacology 58 (8), 1007-1019

Ni W, Zhang X, Wang B, Chen Y, Han H, Fan Y, Zhou Y, Tai G (2010) Anti-
tumor activities and immunomodulatory effects of ginseng neutral polysac-
charides in combination with 5-fluorouracil. Journal of Medicinal Food 13
(2),270-277

Oshima Y, Konno C, Hikino H (1985) Isolation and hypoglycemic activity of



Pharmacology of ginseng polysaccharides. Liao et al.

panaxans I, J, K and L, glycans of Panax ginseng roots. Journal of Ethno-
pharmacology 14 (2-3), 255-259
Oshima Y, Sato K, Hikino H (1987) Isolation and hypoglycemic activity of

quinquefolans A, B, and C, glycans of Panax quinquefolium roots. Journal of

Natural Products 50 (2), 188-190

Park E, Hwang I, Song JY, Jee Y (2011) Acidic polysaccharide of Panax gin-
seng as a defense against small intestinal damage by whole-body gamma
irradiation of mice. Acta Histochemica 113 (1), 19-23

Park KM, Kim YS, Jeong TC, Joe CO, Shin HJ, Lee YH, Nam KY, Park
JD (2001) Nitric oxide is involved in the immunomodulating activities of
acidic polysaccharide from Panax ginseng. Planta Medica 67 (2), 122-126

Qian BC, Zang XX, Li B, Xu CY, Peng XY (1987) Effects of ginseng poly-
saccharides on tumor and immunological function in tumor-bearing mice.
Zhongguo Yao Li Xue Bao 8 (3), 277-280

Rhule A, Navarro S, Smith JR, Shepherd DM (2006) Panax notoginseng
attenuates LPS-induced pro-inflammatory mediators in RAW264.7 cells.
Journal of Ethnopharmacology 106 (1), 121-128

Rhule A, Rase B, Smith JR, Shepherd DM (2008) Toll-like receptor ligand-

induced activation of murine DC2.4 cells is attenuated by Panax notoginseng.

Journal of Ethnopharmacology 116 (1), 179-186

Shim JY, Han Y, Ahn JY, Yun YS, Song JY (2007) Chemoprotective and ad-
juvant effects of immunomodulator ginsan in cyclophosphamide-treated nor-
mal and tumor bearing mice. International Journal of Immunopathology and
Pharmacology 20 (3), 487-497

Shim JY, Kim MH, Kim HD, Ahn JY, Yun YS, Song JY (2010) Protective
action of the immunomodulator ginsan against carbon tetrachloride-induced
liver injury via control of oxidative stress and the inflammatory response.
Toxicology and Applied Pharmacology 242 (3), 318-325

Shin JY, Song JY, Yun YS, Yang HO, Rhee DK, Pyo S (2002) Immunosti-
mulating effects of acidic polysaccharides extract of Panax ginseng on
macrophage function. Immunopharmacology and Immunotoxicology 24 (3),
469-482

Shin HJ, Kim YS, Kwak YS, Song YB, Kim YS, Park JD (2004) Enhance-
ment of antitumor effects of paclitaxel (taxol) in combination with red gin-
seng acidic polysaccharide (RGAP). Planta Medica 70 (11), 1033-1038

Shin KS, Kiyohara H, Matsumoto T, Yamada H (1997) Rhamnogalacturonan
1I from the leaves of Panax ginseng C.A. Meyer as a macrophage Fc receptor
expression-enhancing polysaccharide. Carbohydrate Research 300 (3), 239-
249

Smolina TP, Orlova TG, Shcheglovitova ON, Besednova NN (1998) Inter-
feron-inducing action of polysaccharide-containing biopolymers from gin-
seng root and cell culture Antibiotiki i Khimioterapiia 43 (11), 21-23

Smolina TP, Solov'eva TF, Besednova NN (2001) Immunotropic activity of
panaxans — bioglycans isolated from ginseng. Antibiotiki i Khimioterapiia 46
(7), 19-22

Solo'veva TF, Besednova NN, Uvarova NI, Faustov VS, Konstantinova NA,
Krylova NV, Tsybu'lskii AV, Ovodov IuS, Eliakov GB (1989) Phagocyto-
sis-stimulating effect of polysaccharides isolated from ginseng tissue culture.
Antibiotiki i Khimioterapiia 34 (10), 755-760

Song JY, Akhalaia M, Platonov A, Kim HD, Jung IS, Han YS, Yun YS
(2004) Effects of polysaccharide ginsan from Panax ginseng on liver func-
tion. Archives of Pharmacal Research 27 (5), 531-538

Song JY, Han SK, Bae KG Lim DS, Son SJ, Jung IS, Yi SY, Yun YS (2003)
Radioprotective effects of ginsan, an immunomodulator. Radiation Research
159 (6), 768-774

Song JY, Han SK, Son EH, Pyo SN, Yun YS, Yi SY (2002) Induction of sec-
retory and tumoricidal activities in peritoneal macrophages by ginsan. Inter-
national Immunopharmacology 2 (7), 857-865

Sonoda Y, Kasahara T, Mukaida N, Shimizu N, Tomoda M, Takeda T
(1998) Stimulation of interleukin-8 production by acidic polysaccharides
from the root of Panax ginseng. Immunopharmacology 38 (3), 287-294

Sun XB, Matsumoto T, Kiyohara H, Hirano M, Yamada H (1991) Cytopro-
tective activity of pectic polysaccharides from the root of Panax ginseng.
Journal of Ethnopharmacology 31 (1), 101-107

Sun XB, Matsumoto T, Yamada H (1992a) Anti-ulcer activity and mode of
action of the polysaccharide fraction from the leaves of Panax ginseng.
Planta Medica 58 (5), 432-435

Sun XB, Matsumoto T, Yamada H (1992b) Purification of an anti-ulcer poly-
saccharide from the leaves of Panax ginseng. Planta Medica 58 (5), 445-448

Takiura K, Nakagawa I (1963a) Studies on oligosaccharides. IV. Separation of
oligosaccharides and identification of disaccharides in radix ginseng. Yaku-
gaku Zasshi 83, 298-300

Takiura K, Nakagawa I (1963b) Studies on oligosaccharides. VI. Ginseng tri-
saccharides. (2). Yakugaku Zasshi 83, 305-308

Takiura K, Nakagawa I (1963c) Studies on oligosaccharides. V. Ginseng tri-
saccharides. (1). Yakugaku Zasshi 83, 301-304

Tansakul P, Shibuya M, Kushiro T, Ebizuka Y (2006) Dammarenediol-II
synthase, the first dedicated enzyme for ginsenoside biosynthesis, in Panax
ginseng. FEBS Letters 580 (22), 5143-5149

Tomoda M, Takeda K, Shimizu N, Gonda R, Ohara N, Takada K, Hira-
bayashi K (1993a) Characterization of two acidic polysaccharides having
immunological activities from the root of Panax ginseng. Biological and
Pharmaceutical Bulletin 16 (1), 22-25

69

Tomoda M, Hirabayashi K, Shimizu N, Gonda R, Ohara N, Takada K
(1993b) Characterization of two novel polysaccharides having immunologi-
cal activities from the root of Panax ginseng. Biological and Pharmaceutical
Bulletin 16 (11), 1087-1090

Tomoda M, Shimada K, Konno C, Sugiyama K, Hikino H (1984) Partial
structure of panaxan A, a hypoglycaemic glycan of Panax ginseng roots.
Planta Medica 50 (5), 436-438

Ueng YF, Chen CF (2002) Effects of CVT-E002, a proprietary extract from the
North American ginseng (Panax quinquefolium) on hepatic drug-metabo-
lizing enzymes in C57B2/6] mice. Journal of Chinese Medicine 13 (2), 89-96

Vogler BK, Pittler MH, Ernst E (1999) The efficacy of ginseng. A systematic
review of randomized clinical trials. European Journal of Clinical Pharma-
cology 55 (8), 567-575

‘Wang BX, Yang M, Jin YL, Cui ZY, Wang Y (1990a) Studies on the hypogly-
cemic effect of ginseng polypeptide. Yao Xue Xue Bao 25 (6), 401-405

Wang BX, Yang M, Jin YL, Liu P (1990b) Studies on the mechanism of gin-
seng polypeptide induced hypoglycemia. Yao Xue Xue Bao 25 (10), 727-731

Wang BX, Zhou QL, Yang M, Wang Y, Cui ZY, Liu YQ, Ikejima T (2003a)
Hypoglycemic activity of ginseng glycopeptide. Acta Pharmacological Sin-
ica 24 (1), 50-54

‘Wang BX, Zhou QL, Yang M, Wang Y, Cui ZY, Liu YQ, Ikejima T (2003b)
Hypoglycemic mechanism of ginseng glycopeptide. Acta Pharmacological
Sinica 24 (1), 61-66

Wang J, Flaisher-Grinberg S, Li S, Liu H, Sun L, Zhou Y, Einat H (2010a)
Antidepressant-like effects of the active acidic polysaccharide portion of gin-
seng in mice. Journal of Ethnopharmacology 132 (1), 65-69

Wang J, Li S, Fan Y, Chen Y, Liu D, Cheng H, Gao X, Zhou Y (2010b) Anti-
fatigue activity of the water-soluble polysaccharides isolated from Panax gin-
seng C. A. Meyer. Journal of Ethnopharmacology 130 (2), 421-423

Wang J, Zuo G Li J, Guan T, Li C, Jiang R, Xie B, Lin X, Li F, Wang Y,
Chen D (2010c) Induction of tumoricidal activity in mouse peritoneal macro-
phages by ginseng polysaccharide. International Journal of Biological Macro-
molecules 46 (4), 389-395

Wang M, Guilbert LJ, Ling L, Li J, Wu Y, Xu S, Pang P, Shan JJ (2001)
Immunomodulating activity of CVT-E002, a proprietary extract from North
American ginseng (Panax quinquefolium). Journal of Pharmacy and Phar-
macology 53 (11), 1515-1523

Wang M, Guilbert LJ, Ling L, Li J, Wu Y, Pang P, Basu TK, Shan JJ
(2004) A proprietary extract from North American ginseng (Panax quinque-
folium) enhanced IL-2 and IFN-gamma productions in marine spleen cells
induced by Con-A. International Immunopharmacology 4 (2), 311-315

‘Wang W, Zhong JJ (2002) Manipulation of ginsenoside heterogeneity in cell
cultures of Panax notoginseng by addition of jasmonates. Journal of Biosci-
ence and Bioengineering 93 (1), 48-53

Wu FZ, Zhao FY (2003) Study on root exudates and continues cropping obs-
tacle. Journal of Northeast Agricultural University 34 (1), 114-118

Wu JY, Zhong JJ (1999) Production of ginseng and its bioactive components
in plant cell culture: current technological and applied aspects. Journal of
Biotechnology 68 (2-3), 89-99

Wu Y, Wang D (2008) Structural characterization and DPPH radical scaven-
ging activity of an arabinoglucogalactan from Panax notoginseng root. Jour-
nal of Natural Products 71 (2), 241-245

Xie FY, Zeng ZF, Huang HY (2001) Clinical observation on nasopharyngeal
carcinoma treated with combined therapy of radiotherapy and ginseng poly-
saccharide injection. Zhongguo Zhong Xi Yi Jie He Za Zhi 21 (5), 332-334

Xie JT, Wu JA, Mehendale S, Aung HH, Yuan CS (2004) Anti-hypergly-
cemic effect of the polysaccharides fraction from American ginseng berry ex-
tract in ob/ob mice. Phytomedicine 11 (2-3), 182-187

Xu B, Chen P, Chen X (2008) Study on extraction process of polysaccharide
constituents from Panax japonicus by enzyme method. Zhongguo Zhong Yao
Za Zhi 33 (13), 1549-1551

Yang M, Wang BX (1991) Effects of the ginseng polysaccharides on reducing
liver glycogen. Zhongguo Yao Li Xue Bao 12 (3), 272-275

Yoshikawa T, Furuya T (1987) Saponin production by cultures of Panax gin-
seng transformed with Agrobacterium rhizogenes. Plant Cell Reports 6 (6),
449-453

Yu KW, Gao WY, Hahn EJ, Paek KY (2002) Jasmonic acid improves gin-
senoside accumulation in adventitious root culture of Panax ginseng C.A.
Meyer. Biochemical Engineering Journal 11 (2-3), 211-215

Zhang JT, Chui DH, Chen CF (2006) The Chemistry, Metabolism and Biolo-
gical Effects of Ginseng, Chemical Industry Press, Beijing, pp 1-369

Zhang SD, Yin YX, Wei Q (2010) Immunopotentiation on murine spleen lym-
phocytes induced by polysaccharide fraction of Panax ginseng via upregu-
lating calcineurin activity. APMIS 118 (4), 288-296

Zheng LY, Hu JF, Lin CH (2005) The production of succession cropping obs-
tacles and its prevention and cure steps. Chinese Journal of Tropical Agricul-
ture 25 (2), 58-62

Zhu Y, Pettolino F, Mau SL, Bacic A (2005) Characterization of cell wall
polysaccharides from the medicinal plant Panax notoginseng. Phytochemis-
try 66 (9), 1067-1076

Zhu Y, Pettolino F, Mau SL, Shen YC, Chen CF, Kuo YC, Bacic A (2006)
Immunoactive polysaccharide-rich fractions from Panax notoginseng. Planta
Medica 72 (13), 1193-1199



