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Inhibitory Effect of Ginseng Polysaccharides on Rotavirus Infection
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Abstract Polysaccharides and saponins were isolated from
the root of Panax ginseng C.A. Meyer (Family Araliaceae),
treated at various temperatures, and their inhibitory effects on
rotavirus were investigated. As the temperature of processing
increased, the molecular weight of the polysaccharides decreased,
but the yields of water extracted increased. These polysaccharides
inhibited rotavirus infection in MA104 cells, but there were
no significant differences in rotavirus infection-inhibitory
potency. However, ginseng saponins did not exhibit rotavirus
infection-inhibitory activity.
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Rotavirus is the most important etiological cause of severe
diarrhea in infants and young children in developed as well
as developing countries, being responsible for approximately
35- 50% of such illness [9, 11, 16, 22]. To prevent rotaviral
diarrhea, many kinds of orally administered vaccines against
each of the epidemiologically important serotypes have
been developed [8, 10]. However, the vaccines developed
were not completely effective in preventing rotaviral
diarrhea until now. Recent therapeutic approaches in the
treatment of rotavirus diarrhea include the introduction
of oral rehydration solutions within 4- 6 h of infection.
Alternative therapies have not been developed.
Ginseng (the root of Panax ginseng C.A. Meyer,
Araliaceae) is frequently used as a crude substance taken
orally in Asian countries as a traditional medicine. The
major components of ginseng are ginsenosides, which
contain an aglycone with a dammarane skeleton and
polysaccharides [12, 20]. Ginsenosides have been reported
to show various biological activities including antiallergic
[5], anti-Helicobacter pylori [2], and antitumor effects
(inhibition of tumor-induced angiogenesis and the prevention
of tumor invasion and metastasis) [6, 17, 21]. Ginseng
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polysaccharides have been reported to exhibit various
biological activities including bifidogenic [18], antitumor
[2], and anti-HP-induced hemagglutination effects [7].
However, the effect of ginseng polysaccharides on
infection by rotavirus has not been studied. Therefore, this
study was undertaken to examine the in vitro inhibitory
effects of ginseng polysaccharides and ginsenosides on the
infection of MA104 cells by rotavirus.
The SA11 virus (simian rotavirus) was purchased from
Korea National Institute of Health, Korea. Macaccus Rhesus
monkey kidney cells (MA-104) and Wa virus (a wildtype of human rotavirus) were kindly donated by Toyama
Institute of Health, Japan. Dulbecco’s modified Eagle’s
medium (DMEM) and phosphate buffered saline (PBS)
were purchased from Sigma Co. (U.S.A.). Antibioticsantimycotics, trypsin-EDTA (×10), trypsin (1:250), and
fetal bovine serum (FBS) were from Gibco Co. (U.S.A.).
Ginsenosides were isolated according to our previously
published methods [4- 6].
Polysaccharides were isolated as follows. One-kilogram
of dried white ginseng roots (5-year-old Panax ginseng
C.A. Meyer) was powdered, the fat removed by extracting
with petroleum ether, and saponins were excluded by
extracting them three times with aqueous 85% methanol
[12, 18]. The remaining residues were extracted twice with
5 l of water at 60oC, 100oC, or 120oC for 2 h. Each extract
was concentrated to a suitable volume and dialyzed against
water for 7 days. It was then centrifuged to remove
insoluble materials, and precipitated with 5 volumes of
ethanol. The resulting precipitates were freeze-dried and
named LT (fraction extracted at 60oC), MT (fraction
extracted at 100oC), and HT polysaccharides (fraction
extracted at 120oC), respectively.
To measure the rotavirus infection-inhibitory activity of
ginseng saponins and polysaccharides, MA104 cells were
cultured in DMEM containing 10% FBS, 1% antibioticantimycological solution, and 3.5 g/l sodium bicarbonate
under 5% CO2 at 37oC according to the previously published
methods [1, 3, 19]. To prepare the active rotavirus,
rotavirus strains Wa and SA11 (400 µl) were activated with
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20 µl of 0.1 mg of trypsin per ml at 37oC for 0.5 h. A
monolayer of washed MA104 cells (2.0×10 6 cells/25 cm2
flask) was inoculated with the activated rotavirus, incubated
for 1 h, and then aspirated. After the inoculum was removed
and serum-free medium containing 5 µg/ml trypsin was
added, the cells were grown until the cytopathic effect
(CPE) was visible, usually within 3- 4 days. Quantifying
the rotavirus in a given sample was performed according to
an end-point dilution assay. The assay of the inhibitory
activity of ginseng polysaccharides was based on the
inhibition of rotavirus-induced cytopathogenicity. In short,
50 µl of 10- 3-diluted Wa (10- 4-diluted for SA11) virus
(1×103 pfu) were inoculated into 100 µl of MA104 cells
(2×105 cells/ml) containing 50 µl of the sample. The cells
were then grown until a cytopathic effect was visible, and
the inhibitory effect on rotavirus infectivity was measured.
Ginsengs are classified into white ginseng (Baeksam),
red ginseng (Hongsam), and heated ginseng (Sunsam)
according to the treatment at different temperatures. They
were pretreated to make different ginseng products. These
ginsengs contain different kinds and compositions of
saponins. Therefore, the biological activities are different
depending on the kinds and compositions of saponins. For
example, heated ginseng contains higher amounts of
ginsenoside Rg3, which is a vasorelaxant [13, 14]. However,
the differences in molecular weight and biological activity
of polysaccharides due to different processing temperatures
have not been studied. Therefore, polysaccharides from
ginsengs treated at various temperatures were isolated, and
the molecular weights of polysaccharides were measured
by gel filtration (Table 1). The molecular weight of the
polysaccharides decreased in proportion to the increase in
processing temperature. However, the yield of soluble
polysaccharides extracted with water increased in proportion
to the increase of processing temperature. The yield
extracted at 120oC was 7.0±2.42%.
The antirotaviral activity of these polysaccharides was
measured (Table 2). All tested polysaccharides exhibited
antirotaviral activities with 50% inhibitory concentration
values of 6.3- 16.6 µg/ml. There were no significant differences
in the rotavirus infection-inhibitory action of these
polysaccharides. Their inhibitory potency was comparable
to that of hesperidin, which is the most potent agent for
Table 1. Molecular weight and yields of ginseng polysaccharides
extracted with water.
Treated
Molecular
temperature (oC) weighta (kDa)
LT polysaccharide
MT polysaccharide
HT polysaccharide
a

060
100
120

>100 - 70
>100- 70
>080- 60

Yield
(%)
0.2±0.11
2.5±0.65
7.0±2.42

Their average molecular weights were determined to be >100- 70, 10070, and 80- 60 kdaltons by Sephadex G-75, respectively.
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Table 2. Inhibitory effects of ginseng polysaccharides and
ginsenosides on the infection of rotavirus.
Agent
LT polysaccharide
MT polysaccharide
HT polysaccharide
Ginsenoside Rb1
Ginsenoside Rb2
Ginsenoside Rc
Ginsenoside Rd
Ginsenoside Re
Ginsenoside Rg3
Ginsenoside Rh1
Ginsenoside Rh2
Compound K
Hesperidin

IC50 (µg/ml)
Wa virus

SA11 virus

10.4
06.3
16.6
>30
>30
>30
>30
>30
>30
>30
>30
>30
6.1

12.5
06.3
09.4
>30
>30
>30
>30
>30
>30
>30
>30
>30
-a

10- 3-diluted Wa and 10- 4-diluted SA11 virus were used. CPE was observed
for 3- 5 days after virus infection into cells.
a
Not determined.

rotavirus infection into MA104 cells [15]. The antirotaviral
activity of saponins was also measured. Not all ginsenosides
tested showed antirotaviral activity.
Many kinds of vaccines and medicines for rotaviral
diarrhea have been developed [8, 10]. However, the vaccines
developed are not completely effective in preventing
rotaviral infection. In addition, ginseng has been used for a
long time to prevent or cure many kinds of diseases such as
tumors and diarrhea. Ginseng shows no serious toxicity,
and has been considered as one of the most beneficial
herbal medicines. Therefore, this study concludes that
these ginseng polysaccharides can contribute to the
prevention of rotaviral illnesses.
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