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INTRODUCTION

Korean ginseng (Panax ginseng) is a novel pharmaco-
logical agent that has been used to increase natural ener-
gy and physical ability in East Asia for several thousand 
years [1,2]. Recently, it has been proven to have a broad 
range of biological activities including anti-infl ammato-
ry, antioxidant and anti-tumor actions [3]. Red ginseng 
(RG) is a Panax ginseng that has been treated with heat 
and steam [4]. It has broad range of biological activities 
similar to Panax ginseng [5,6]. Its immunomodulatory 
action is the best-studied effect of ginseng [3,7-10]. 
However, the anti-viral effect of ginseng, if any, has not 
yet been examined.

Influenza virus is a common human pathogen that 
causes serious respiratory illness and has the potential to 
cause widespread pandemics [11]. Influenza A viruses 
are the most common types that cause human disease 

and are subdivided into subtypes based on surface anti-
gens, haemagglutinin and neuraminidase [12,13]. The 
H1N1 infl uenza virus is a subtype of infl uenza A virus, 
and the cause of the Spanish flu of 1918 and the pan-
demic of 2009. The Spanish flu resulted in 50 million 
deaths, corresponding to 3% of the world’s population 
[14]. Recently, the World Health Organization [15] re-
ported that the pandemic of 2009 resulted in 17 thousand 
deaths, and seasonal fl u results in 250 to 500 thousand 
deaths annually. Therefore, the prevention of infl uenza 
infection has become a universal issue. 

Four kinds of antiviral agents are available for use 
against infl uenza infection. Oseltamivir (Tamifl u®, Roche, 
Basel, Switzerland), zanamivir (Relenza®, Glaxo Smith-
Kline, Vienna, Austria), rimantadine (Flumadine®, Forest 
Pharmaceuticals, New York, NY, USA), and amantadine 
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(Symmetrel®, Norvatis, Basel, Switerland) are anti-in-
fl uenza drugs that can reduce the duration of infl uenza A 
virus infection [16]. In addition, administration of vita-
min C, vitamin A, N-acetylcysteine, garlic, and ginseng, 
are helpful for treating the common cold [11]. Kaneko 
and Nakanishi [5] have suggested that oral administra-
tion of RG is effective in decreasing the incidence of the 
common cold symptom complex (CCSC), and Predy 
et al. [17] have suggested that oral administration of a 
poly-furanosyl-pyranosyl polysaccharide-rich extract 
of Panax quinquefolium root prevents upper respiratory 
tract infections. However, there is no clear defi nition of the 
effect of ginseng on infl uenza virus infection because the 
common cold is caused by a variety of pathogens such 
as rhinovirus, infl uenza virus, coronavirus and adenovi-
rus [13,18], and the previous studies were not designed 
to investigate the effect of ginseng on infl uenza virus. 

In this study, we investigated whether RG extract con-
tains components that inhibit infl uenza virus A (H1N1) 
replication in a cell-based plaque assay, and whether 
orally administered RG extract reduces the severity of 
infl uenza A virus infection in mice. 

MATERIALS AND METHODS

Materials
Four-year-old RG extract was purchased from Ge-

umsan Korean Ginseng Nonghyup (Geumsan, Korea). 
The extract was dissolved in distilled water (DW) and 
adjusted to 2.8 mg/mL (the concentration was based on 
the residual amount of RG extract). The preparation was 
centrifuged at 12,000 g for 10 min and fi ltered through 
a cellulose membrane (0.22 µm pore size; Whatman, 
UK). Oseltamivir (Tamiflu) was dissolved in DW and 
adjusted to 1 mg/mL [19]. The prepared RG extract and 
oseltamivir were further diluted with DW in each ex-
periment. 

Virus and cell
To investigate the anti-influenza A (H1N1) virus ef-

fect of RG in vitro, we employed Madin-Darby canine 
kidney (MDCK) cells, which have been frequently used 
to study infl uenza virus. The cells were grown in mini-
mal essential medium alpha (Gibco, Grand Island, NY, 
USA) supplemented with 10% fetal bovine serum (Hy-
clone, Logan, UT, USA) and 1% penicillin-streptomycin 
(Gibco). Infl uenza A/PR/8/34 virus (H1N1 subtype) was 
kindly donated by Professor Man-Seong Park (Hallym 
University, Chuncheon, Korea). The 50% lethal dose 
(LD50) of the infl uenza A stock was determined as de-

scribed [20]. 

Determination of the non-cytotoxic concentration 
of RG extract

To assess the cytotoxicity of RG for MDCK cells, we 
performed methyl tetrazolium (Sigma, St. Louis, MO, 
USA) assays [21]. MDCK cells were incubated with 
various concentrations of RG extract in 96-well tissue 
culture plates for 48 h at 37°C. Color reactions were de-
veloped using dimethyl sulfoxide (Sigma) and measured 
at 540 nm. The highest non-cytotoxic concentration of 
RG extract was the highest concentration yielding an 
optical density similar to that of controls cultured with-
out RG extract. 

Cell-based plaque reduction assay
Plaque reduction assays were performed according to 

a previous report [22]. Confl uent monolayers of MDCK 
cells in six-well plates were inoculated with 100 plaque 
forming unit of virus per well for 45 min with rocking. 
Unattached virus was removed by washing three times 
with medium and the cells were incubated with overlay 
medium (DMEM [Gibco] containing 1% low melting 
point agarose [Lonza, Rockland, ME, USA], 10 µg/mL 
trypsin [Invitrogen, Carlsbad, CA, USA] and non-cyto-
toxic concentrations of RG extracts). Three days later 
the monolayers were fixed with 4% formalin, and the 
agarose removed. The monolayers were stained with 1% 
crystal violet and 20% methanol in phosphate buffered 
saline, and plaques were counted. 

Animals
Five-to-seven-week-old female C57BL/6 mice were 

purchased from Orient Bio (Seongnam, Korea) and ac-
climatized for 1 week. All animal experiments were 
performed in accordance with the National Research 
Council’s Guide for the Care and Use of Laboratory 
Animals and with the Guidelines for Animal Experi-
ments of Chung-Ang University, and were approved by 
the University Committee for Animal Experiments.

Eff ect of oral administration of RG extract on mice 
infected with infl uenza A virus

To investigate the effect of RG extract on influenza 
infection, body weights and survival rates of mice were 
monitored for 14 and 15 days (Fig. 1). Mice were divided 
into three groups (DW-, oseltamivir-, and RG extract-), 
each consisting of four to six mice. Prior to virus challenge, 
two of the groups received orally DW (200 µL/day) and 
one RG extract (10 mg/kg/day) for 14 days (Fig. 1). The 
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mice were then anesthetized intraperitoneally (i.p.) with 
zoletil 50 (50 mg/kg; Virbac Animal Health, Fort Worth, 
TX, USA), and exposed to 50 µL of virus by intranasal 
instillation (i.n.) [23,24]. To monitor changes of body 
weight and survival, the mice were challenged with 0.2X 
and 2X LD50 of virus, respectively (Fig. 1A, B), follow-
ing which the three groups were given DW, oseltamivir 
or RG extract for 8 days as shown in Fig. 1, and body 
weights and survival rates were monitored for 14 and 
15 days, respectively, after virus challenge (Fig. 1A, B). 

The body weight of each mouse one day before virus 
challenge was set at 100%. 

Analysis of viral titers in the lung
Whole lungs were collected on days 3, 5, 7, 9, and 

14 post virus challenge (Fig. 1A), homogenized with a 
Dounce homogenizer and centrifuged at 12,000 g for 10 
min. The supernatants were frozen at -70°C for subse-
quent virus titration. The virus titration was performed 
according to previous reports [22,25]. 

Fig. 1. Overview of the experimental schedules. The schedules for measuring body weight and survival rate are shown in (A) and (B), re-
spectively. Distilled water (DW) and red ginseng (RG) extract were orally administered to mice for 14 days prior to infl uenza A virus (A/Puerto 
Rico/8/34, PR/8) challenge, and then DW, oseltamivir and RG extract were orally administered for a further 8 days. The mice used to investigate 
body weight change and survival were instilled intranasally with 0.2X and 2X LD50 of infl uenza A virus and monitored for 14 and 15 days, respec-
tively. Whole lungs for measuring viral titer were collected on days 3, 5, 7, 9, and 14 after virus challenge (A).
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Statistical analysis
The statistical signifi cance of differences between groups 

was determined using a two-tailed Student’s t-test. A p-
value less than 0.01 was considered statistically signifi -
cant. 

RESULTS

Inhibitory effect of RG extract on plaque formation 
by infl uenza A virus in MDCK cells

Concentrations of RG extract below 140 µg/mL were 
found to be non-cytotoxic to MDCK cells (data not 
shown). As shown in Fig. 2, RG extract dose-dependent-
ly inhibited plaque formation by infl uenza A virus. Since 
the RG extracts were applied after virus adsorption this 
result indicates that the RG extract contains components 
inhibiting the replication of infl uenza A virus. 

Eff ect of oral administration of RG extract on mice 
infected with infl uenza A virus 

RG extract was administered orally for 14 days prior 
to virus challenge and for a further 8 days post chal-
lenge. To investigate body weight change and survival 
rate following infl uenza A virus infection, 0.2X and 2X 
LD50 of virus, respectively, were given (Fig. 1A, B). As 
shown in Fig. 3A, the body weights of the oseltamivir-
administered group (positive control) did not change for 14 
days. The body weights of both the DW and RG groups 
fell signifi cantly by the eighth day post infection but those 
of the RG groups recovered considerably. This result 

indicates that oral administration of RG extract signifi -
cantly reduces the severity of infl uenza A virus infection. 

As shown in Fig. 3B, survival of the RG group was 
66% at fi fteen days post infection, while that of the DW 
group was 10%. This suggests that the RG components 
of RG absorbed through the intestinal tract not only re-
duce the severity of infl uenza A virus infection in mice 
but also increase survival. 

Eff ect of oral administration of RG extract on infl u-
enza A virus replication in vivo

The whole lungs of three mice group were collected 
on days 3, 5, 7, 9, and 14 post virus challenge, and lung 
virus titers were measured (Fig. 1A). It is known that the 
administration of neuraminidase inhibitors such as osel-
tamivir does not reduce lung virus titers very effi ciently 

Fig. 2. Inhibitory effect of red ginseng (RG) extract on plaque for-
mation. Confluent monolayers of Madin-Darby canine kidney cells 
in six-well plates were infected with influenza A virus and cultured 
with overlay medium containing non-cytotoxic concentrations (0, 70, 
35, and 17.5 µg/mL) of RG extract as described in Materials and 
Methods. Control plaque numbers were set at 100%. The values are 
means±SD of three independent experiments. **p<0.01 compared to 
control plaque number.

Fig. 3. Effect of oral administration of distilled water (DW), oselta-
mivir and red ginseng (RG) extract on infl uenza A virus infection of 
mice. Three mice groups were administered orally with DW or RG 
extract for 14 days prior to virus challenge (see Fig. 1). After virus 
challenge, administration was continued for 8 days as described in 
Fig. 1. Daily monitored body weights and survival are presented in 
(A) and (B), respectively. Body weight one day before virus challenge 
was set at 100%. The values in (A) are means±SEM of twelve indi-
vidual mice from three separate experiments (n=12). The values in (B) 
are percentages from three separate experiments (n=17). **p<0.01 
compared to the body weights of the oseltamivir-administered group. 
PR/8, A/Puerto Rico/8/34.
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in lethal infl uenza virus infections [26,27], and this was 
also true in the present case. As shown in Fig. 4, the viral 
titer in the oseltamivir group was about tenfold lower 
than in the DW group in which all the mice perished by 
day 9 after challenge. The virus titers of the RG group 
were the same as those of the DW group although their 
symptoms were substantially less (Figs. 3 and 4). Thus 
we have shown that the RG extract, absorbed through 
the intestinal tract, reduces the severity of infection but 
does not inhibit infl uenza virus replication in the mouse 
lung. 

DISCUSSION

Seasonal influenza infection is accompanied by symp-
toms such as coryza, cough, headache, prostration, and 
malaise that persist for 7 to 10 days in humans [28]. 
In the mouse model, however, the major symptom pa-
rameters are weight loss and virus in the lungs [29]. We 
showed above that RG extract contains components 
inhibiting infl uenza A virus replication in vitro, and that 
orally administered RG extract not only ameliorates 
weight loss but also decreases death in infl uenza virus-
infected mice. 

It has been proposed that excessive or dysregulated lung 
infl ammation is responsible for infl uenza-induced mor-
tality [30,31]. Cilloniz et al. [30] have showed that virus 
type H5N1 VN/1203 is more lethal than the H1N1 1918 
pandemic virus in mice even though there was no dif-
ference in lung virus titers; however the greater lethality 

of H5N1 VN/1203 was associated with an earlier and 
stronger inflammatory response and a down-regulated 
anti-infl ammatory response. Therefore, it seems that the 
inflammatory response has an important effect on the 
symptoms and lethality of infl uenza virus infection. 

Yeung et al. [32] have suggested that injection of the 
total saponins extracted from Panax ginseng has no sig-
nifi cant effect on the generation of cytotoxic T cell activ-
ity, induction of natural killer cell activity and humoral 
antibody production in mice infected with virus. Biondo 
et al. [33] have shown that oral administration of a poly-
furanosyl-pyranosyl polysaccharide-rich extract of North 
American ginseng (CVT-E002) can delay the production 
of pro-infl ammatory cytokines such interferon-γ, tumor 
necrosis factor-α and intereukin-1β. Consequently, these 
previous reports indicate that ginseng extract may re-
duce infl ammatory responses, rather than simply up-reg-
ulating the immune system to eliminate infected virus. 
Also in the present study, the lung virus titer in the RG 
extract-administered group was not different from that 
of the DW-administered group whereas the severity of 
infection was signifi cantly lower (Figs. 3 and 4). There-
fore, we assume that the orally administered RG extract 
acts indirectly to decrease symptoms by counteracting 
infl ammatory responses rather than by directly inhibit-
ing virus replication.

Mutations are frequent in RNA viruses including 
infl uenza, because of the lack of proof reading mecha-
nisms [34]. This characteristic offers them the oppor-
tunity to avoid the immune system and antiviral drugs 
[35,36]. In 2009, the Center for Disease Control and 
Prevention [37] reported that 100% of seasonal infl uen-
za A (H3N2) and 99.6% of seasonal infl uenza A (H1N1) 
were resistant to amantadine and oseltamivir, respective-
ly. In addition, the emergence of the oseltamivir-resistant 
2009 pandemic infl uenza A (H1N1) virus was reported 
in 2009 [37]. Therefore, the widespread and sustained 
use of these antiviral agents raises concerns over the 
emergence of infl uenza viruses resistant to anti-infl uenza 
agents. These agents directly target components of the 
influenza virus such as neuraminidase and M2 protein 
[38,39]. Thus the rapid evolution of infl uenza virus will 
continually call for new treatment strategies.

In this study we have presented evidence that oral 
administration of RG extract is effective in reducing the 
severity of infl uenza A virus infection. Our data suggest 
that orally administered RG acts indirectly to reduce the 
severity of infection. We propose that RG extract may 
offer a new strategy for treating influenza virus infec-
tion. A previous report suggested that the incidence of 

Fig. 4. Lung virus titers in infl uenza A-infected mice given distilled 
water (DW), oseltamivir or red ginseng (RG) extract. Whole lungs of 
each group were collected on days 3, 5, 7, 9, and 14 post-virus chal-
lenge. Values are mean±SD of three individual mice (n=3). PR/8, A/
Puerto Rico/8/34.
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CCSC in an RG-administered cohort was three times 
lower than in a cohort not taking RG [5]. However, just 
10% to 15% of common colds are caused by infl uenza 
virus [11]. Therefore, the effect of RG extract in reduc-
ing the incidence of CCSC implies that RG extract is 
also effective against other viruses such as rhinoviruses 
and coronaviruses, which are also major causes of the 
common cold. We anticipate that further studies will 
lead to an understanding of how ginseng extract acts on 
infl uenza virus infections.
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