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INTRODUCTION

Most infectious agents, including herpes simplex virus 

(HSV) and human immunodeficiency virus, are mainly 
transmitted to hosts through mucosal surfaces [1]. Hence, 

protective innate immunity at mucosal sites is an im-

portant issue influencing whether hosts can successfully 
protect themselves against infection by microorganisms. 
Mucosal surfaces are one candidate site for vaccine de-

livery because they combat a wide variety of infectious 
agents by adaptive immunity. Over the last decade, many 
studies have investigated the immune systems of the di-
gestive and respiratory tracts. For example, an intranasal 
vaccination targeting multiple strains of influenza virus 
has been demonstrated to induce optimal mucosal im-
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mune responses, especially those aided by natural killer 
(NK) T cells [2]. Currently little is known about the geni-
tal mucosal immune system, although many viruses are 
sexually transmitted through the genital tract. An under-
standing of both systemic and local mucosal immunity 
during exposure to infectious agents will provide valu-

able insight for developing antigen nonspecific immune 
boosters or vaccines targeting specific antigens.

HSV is among the most successful of infectious agents 

since it latently infects many immunocompetent human 
hosts [3]. Clinical symptoms usually occur suddenly in 
immunocompromised individuals [4]. Mucosal surfaces 

and injured skin are the major infectious routes of HSV. 

#These two authors contributed equally to this work.
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Mucosal immunity against HSV infection has been ob-

served [5], but there have been limited studies of how to 
induce such immunity. During the past several decades, 
traditional or DNA based vaccines have been suggested 
for protection against HSV infection [4,6]. However, it is 
unclear whether such an approach will be practically ac-

ceptable for the general public because HSV pandemics 

do not occur. Recently, natural health products have been 
introduced for immune stimulation [7,8]. The prophy-

lactic administration of such immune stimulators might 

effectively regulate HSV infection. 
Panax ginseng is a plant that has been taken orally 

for various health benefits, including immune stimula-

tion and preventing geriatric diseases. Recently, in vitro 

and in vivo experiments have revealed the beneficial 

effects of P. ginseng [9-13]. Since the prophylactic ad-

ministration of ginseng products is more acceptable than 

therapeutic treatment, its immune modulatory effects 
(stimulation or regulation) have been studied extensively. 
Such effects include inducing regulatory T cells in an ex-

perimental autoimmune encephalitis model [9], increas-

ing NK cell population in mice [8] and activity in vitro 

[10], stimulating nitric oxide synthesis in a macrophage 
cell line [11], and attenuating the toll-like receptor (TLR) 
ligand-induced activation of dendritic cells [14]. It is 
still unclear whether the immune stimulatory action of 
prophylactic ginseng administration attenuates disease 
progress caused by specific pathogens. Here, we assessed 
the protective effects of Korean red ginseng (KRG) ex-

tract against HSV infection. In present study, the admin-

istration of KRG extract rendered mice more resistant to 
HSV vaginal and systemic infection. Such results might 
be caused by increased NK cell activity. 

MATERIALS AND METHODS

Reagents
KRG extract was kindly provided by the Korea Gin-

seng Corporation (Daejeon, Korea). It was dissolved in 
distilled water at final concentrations of 20, 40, or 80 mg/
mL and kept frozen until use (-80°C).

Animal
Seven-week-old female Balb/c mice were purchased 

from Samtako Bio Korea (Osan, Korea). Mice were 
housed in polycarbonate cages in an animal facility un-

der standard conditions (24±2°C, 50±5% humidity) with 
a 12 h light/dark cycle. The Institutional Animal Care 
and Use Committee of Chonbuk National University ap-

proved the care and use of animals reported in this study. 

Experimental protocol
Mice were randomly divided into four groups of con-

trol (distilled water) and KRG (100, 200, and 400 mg/kg) 
treatment. KRG extract was orally administered every 
day for 10 d. HSV-1 McKrae strain was propagated in 
Vero cells (CCL81; ATCC, Manassas, VA, USA) using 
Dulbecco’s-modified Eagle’s medium (DMEM) contain-

ing 2.5% fetal bovine serum (FBS), penicillin (100 U/
mL), and streptomycin (100 U/mL). The virus stocks 
were titrated using a plaque assay and were stored in ali-
quots at -80°C until use. 

Vaginal challenge
The mice were treated with progesterone to synchro-

nize their estrus cycles. Briefly, mice were subcutaneous-
ly injected with 10 mg medroxyprogesterone 17-acetate 
(Sigma-Aldrich, St. Louis, MO, USA). Five days follow-

ing the injection and one day after the last administration 
of KRG extract, mice were intravaginally challenged 
with 106 PFU of HSV-1 McKrae. Mice were examined 
daily and scored from 0 to 5 depending on the clinical 
severity of disease (0, no change; 1, mild inflammation 
of vagina; 2, moderate inflammation and swelling of va-

gina; 3, severe inflammation and swelling of vagina; 4, 
paralysis; 5, death). 

Viral titration
Vaginal washings were collected by pipetting and 

recovering 100 μL of phosphate-buffered saline (PBS) 
in the vaginal cavity on different days (2 to 5 days post 
infection, dpi) after the vaginal challenge. Samples 

were stored at -80°C until use. Individual samples were 
thawed in ice and further diluted, and viral titration was 
performed by a plaque assay on Vero cells as described 
elsewhere [15]. To determine the effects of KRG extract 
on viral infectivity, 102 PFU HSV-1 McKrae were ap-

plied to Vero cells with DMEM media containing final 
concentrations of 100, 200, or 400 μg/mL KRG extract. 
After 3 d of incubation in a CO

2
 incubator, a plaque as-

say was performed as described earlier. 

Measurement of vaginal IFN-γ secretion 
To measure IFN-γ secretion, vaginal lavage fluid was 

collected from the vaginal cavity using the same method 
as the vaginal washings with viral titration (0 to 6 dpi). 
Samples were stored at -80°C until use. Individual sam-

ples were thawed in ice, and vaginal mucus was removed 
from the fluid by centrifugation at 12,000 rpm for 1 min. 
IFN-γ concentration in vaginal fluid was measured by 
sandwich enzyme-linked immunosorbent assay (ELISA). 
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Briefly, ELISA plates (Greiner Bio-One, Frickenhausen, 
Germany) were coated with purified anti-mouse IFN-γ 
antibody (1:1,000) (eBiosciences, San Diego, CA, USA) 
and incubated at 4°C overnight. The plates were washed 
with 0.05% Tween 20/PBS and blocked with 10% FBS/
PBS for 1 h at room temperature. After washing, serial 
two-fold diluted vaginal lavage fluid and standard IFN-γ 
protein were added to wells and incubated overnight 
at 4°C. Biotin-conjugated anti-mouse IFN-γ antibod-

ies (1:500) (eBiosciences) were added to the wells after 
washing, and wells were incubated at room tempera-

ture for 1 h. Avidin horseradish peroxidase (eBiosci-
ences) was added to the plates for cytokine detection. A 
3,3′,5,5′-tetramethylbenzidine (TMB) substrate reagent 
set (BD Biosciences, San Jose, CA, USA) was used for 
color development, and the reaction was stopped with 
2M H

2
SO

4
. Plate reading was conducted at 450 nm using 

an ELISA reader.

Quantitative real-time polymerase chain reaction
Total RNA was extracted from different mouse tissues, 

including the spleen, iliac lymph nodes, and vagina, us-
ing an Easy-Spin Total RNA extraction kit (iNtRon Bio-

tech, Seoul, Korea). Both nucleic acid concentration and 
purity (A260/A280) were measured with a NanoDrop 
ND-1000 (NanoDrop Technologies, Wilmington, DE, 
USA). Following incubation with RNase-free DNase 
I (Promega, Madison, WI, USA), reverse transcription 
was performed using a PrimeScript RT reagent kit (Takara 
Bio Inc., Shiga, Japan) according to the manufacturer’s 
instructions. The resulting cDNA was subjected to real-
time polymerase chain reaction (PCR) on a CFX96 Real-
Time PCR Detection System (Bio-Rad Laboratories, 
Hercules, CA, USA) using SYBR Green I as a double-
strand DNA-specific binding dye to quantify expression 
for IFN-γ, granzyme B, perforin, Fas ligand (FasL), 

mRNA. PCR amplifications were performed with in-

dividual primers in a total volume of 20 μL containing 
5 pmol of each primer (Table 1), 10 μL of 2× SYBR 
Premix Ex Taq II (Takara Bio Inc.), and nuclease-free 
PCR-grade water after initial denaturation at 95°C for 
10 s and 45 cycles (95°C for 5 s and 61°C for 30 s). The 
forward and reverse primers are shown in Table 1. After 
the reaction was completed, specificity was verified by 
melting curve analysis. Quantification was performed by 
comparing Ct values of each sample with normalization 
to GAPDH. 

Statistical analysis
All data were expressed as mean±standard error. Dif-

ferences between multiple groups were compared with 
one-way analysis of variance (ANOVA) using SAS ver. 
9.1 (SAS Institute Inc., Cary, NC, USA). Individual 
comparisons were obtained by Duncan’s multiple range 
test. 

RESULTS

Korean red ginseng administered mice are resis-
tant to mucosal herpes simplex virus infection

To assess the effects of KRG extract on mucosal HSV 
infection, Balb/c female mice were orally administered 
KRG extracts (0, 100, 200, 400 mg/kg body weight) by 
oral gavage for 10 d. At one day post final administra-

tion, mice were intravaginally challenged with 106 PFU 
of HSV-1 McKrae. Clinical severity (vaginal inflamma-

tion, neurological illness, and death) was scored daily. As 
shown in Fig. 1, mice that received KRG extract solution 
(200 and 400 mg/kg) showed less clinical severity and 
higher survival rates against HSV infection. However, 
the 100 mg/kg KRG extract treatment group did not 
show this clinical pattern. These results suggest that the 
administration of KRG extracts could provide protective 
effects against mucosal HSV infection.

Treatment with KRG accelerated viral clearance 
and increased IFN-g levels in the vaginal tracts of 
herpes simplex virus infected mice

To investigate how KRG extract treated groups were 
resistant to HSV infection, the effects of viral clearance 

were measured in the vaginal tracts of mice at various 
times after infection. As indicated in Fig. 2A, the average 
virus titer in vaginal tracts of mice that received KRG ex-

tract was lower than that of the control group at 2, 3, and 
4 dpi. Moreover, viral clearance was accelerated in the 
KRG extract treated mice (200 and 400 mg/kg) at day 5 

Table 1. Primer sequences used for real time polymerase chain 
reaction

RNA target Primer sequences

IFN-γ F: 5′- TTAACTCAAGTGGCATAGATGTGGAAG -3′
R: 5′- TGACGCTTATGTTGTTGCTGATGG -3′

Granzyme B F: 5′-GGCCTGCACAGCCTTCAT-3′
R: 5′-CAGGGTGTTTAATGGCTTGCTT-3′

Perforin
F: 5′-GGAAGCAAACGTGCATGTGT-3′
R: 5′-TCGGCTGCAAAATTGGCTAT-3′

Fas ligand
F: 5′-GGCTGGGTGCCATGCA-3′
R: 5′-GGAGAAGTGGCACTGCTGTCT-3′

GAPDH F: 5′-ACGGCAAATTCAACGGCACAG-3′
R: 5′-AGACTCCACGACATACTCAGCAC-3′

F, forward; R, reverse.
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post infection, indicating that antiviral events occurred in 

the KRG extract treated group. 
Since the increase in IFN-γ secretion with two peaks 

(days 2 and 5 post HSV infection) is the most pro-

nounced in the HSV infected vaginal tract and IFN-γ 
is the primary cytokine that defines protective Th1 or 
NK cells against mucosal HSV infection [16,17], IFN-γ 
protein levels were measured with vaginal washes. The 
results are shown in Fig. 2B. The recipients of KRG 
extract (200 and 400 mg/kg) had higher levels of IFN-γ 
in vaginal washes than control mice, with two secretion 
peaks observed (first and second peaks on days 2 and 5 
post challenge). In addition, the start of IFN-γ secretion 

was accelerated in the vaginal washes of mice treated 
with 400 mg/kg KRG compared to other groups. This 
suggests that local immune activities start early in the 
KRG extract group and that increased IFN-γ production 
in the vaginal tract of KRG extract administered mice en-

hanced virus clearance. Such conditions may potentially 
affect clinical severity and survival rates related to HSV 
vaginal infection.

Treatment with KRG extract increased the IFN-g 
levels in the iliac lymph node and vaginal tissue of 
herpes simplex virus infected mice

Since dramatically increased IFN-γ secretion was 

Fig. 1. Clinical severity of Korean red ginseng (KRG) administered mice undergoing vaginal herpes simplex virus (HSV) challenge. One day af-
ter final KRG extract (0, 100, 200, 400 mg/kg) administration, mice were intravaginally infected with HSV McKrae strain (106 PFU). Mice were ex-
amined daily for vaginal inflammation, neurological illness, and death. Vaginal clinical severity scores were judged as follows: 0, no inflammation; 1, 
mild inflammation; 2, moderate inflammation and swelling; 3, severe inflammation and swelling; 4, neurologic manifestations such as paralysis; 5, 
death (A). Average clinical scores and survival rates were obtained using seven mice per group (B).
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evident in the vaginal washes of KRG treated groups 
after HSV infection, IFN-γ mRNA expression was 
measured in the spleen, iliac lymph node, and vaginal 
tissue of animals on day 2 post challenge. As indicated 
in Fig. 3, IFN-γ mRNA expression was slightly higher 
in the iliac lymph node and vagina of the HSV infected 
control group than in the non-infected group, but there 

was no significant difference. Markedly increased IFN-γ 
mRNA expression was detected in the iliac lymph node 
and vaginal tissue of mice treated with KRG extract (200 
and 400 mg/kg) compared to mock or HSV infected con-

trol mice. However, there was no significant difference 
between groups regarding IFN-γ mRNA expression in 
the spleen. These findings indicate that local protective 
immune responses were increased in mice treated with 
KRG extract (200 and 400 mg/kg).

Expression of molecules related to natural killer 
cell activities was increased in Korean red ginseng 
extract administered mice

Since IFN-γ secretion was evident on day 1 post infec-

tion and IFN-γ levels remained high in the vaginal tract 
of KRG extract treated animals until day 6 post infection, 
NK cells might be a major source of IFN-γ secretion 
in the vaginal tract. To investigate this hypothesis, the 
mRNA expression of molecules related to NK cell activi-
ties was measured in the spleen, iliac lymph node, and 
vaginal tract on day 2 post infection. Measured molecules 
included granzyme B, perforin, and FasL. The expres-

sion pattern of granzyme B, perforin, and FasL mRNA 
in the spleen was not different for control and KRG ex-

tract consumed groups (Fig. 4). In the iliac lymph nodes, 
expression of granzyme B (400 mg/kg) and FasL (200 
and 400 mg/kg) mRNA was higher in KRG treated mice 

Fig. 2. Viral clearance and vaginal IFN-γ secretion following vaginal infection with herpes simplex virus (HSV) in mice administered with Korean 
red ginseng (KRG) extract. Influence of KRG administration on HSV clearance (A). KRG administered mice (n=5) were intravaginally challenged 
with HSV, and vaginal lavage fluid was collected on days 2, 3, 4, and 5 after virus infection. Virus titers were determined by plaque assay. Open 
circles represent individual virus titers and black lines represent average virus titers. (a) Control, (b) KRG 100 mg/kg, (c) KRG 200 mg/kg, and (d) 
KRG 400 mg/kg. (B) Vaginal IFN-γ concentrations were determined by sandwich enzyme-linked immunosorbent assay, and each concentration 
was adjusted for vaginal protein content. Results are expressed as a mean for four mice. dpi, day post infection.
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than those seen in the HSV infected control group. How-

ever, HSV infected groups had no difference in perforin 

mRNA expression. In vaginal tract tissue samples, the 
mRNA expression of granzyme B and FasL was marked-

Fig. 3. IFN-γ mRNA expression in (A) spleen, (B) iliac lymph node, and (C) vaginal tissue after vaginal herpes simplex virus (HSV) infection in 
mice administered with Korean red ginseng (KRG) extract. KRG administered mice (n=7) were intravaginally challenged, and each organ was 
collected on day 2 after virus infection. IFN-γ mRNA was measured by real time polymerase chain reaction and relative expression levels were 
normalized. (a) Mock control, (b) HSV infected control, (c) KRG 100 mg/kg, (d) KRG 200 mg/kg, and (e) KRG 400 mg/kg. Data are presented as 
means±SEM for each group. Different letters indicate significant differences (p<0.05) according to Duncan’s multiple range test. 

Fig. 4. mRNA expression of granzyme B, perforin, and Fas ligand, cytolytic related molecules in (A) spleen, (B) iliac lymph node, (C) vaginal 
tissue. Korean red ginseng (KRG) administered mice (n=7) were intravaginally challenged, and each organ was collected on day 2 after virus 
infection. The mRNA of each molecule was measured by real time polymerase chain reaction and relative expression levels were normalized. (a) 
Mock control, (b) herpes simplex virus infected control, (c) KRG 100 mg/kg, (d) KRG 200 mg/kg, and (e) KRG 400 mg/kg. Data are presented as 
means±SEM for each group. Different letters indicate significant differences (p<0.05) according to Duncan’s multiple range test. 
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ly higher than those seen in KRG extract treated groups 
(200 and 400 mg/kg) than in HSV infected control mice. 

These results suggest that KRG extract administration 
enhances NK cell activities via the up-regulation of gran-

zyme B and FasL pathways in local lymph nodes and the 
infected organ. These results suggested that granzyme B 
and FasL might regulate HSV vaginal infection.

Treatment with Korean red ginseng extract did not 
affect herpes simplex virus infectivity in vivo or in 
vitro 

The present study was designed to explore alternative 
mechanisms by which KRG directly influences HSV 
infectivity. To determine such effects, HSV infected mice 
were vaginally treated with KRG extract solution (0, 
100, 200, and 400 μg/mL) at 2 h post infection. The virus 
titer in the vaginal tract was measured at different dpi. As 
indicated in Fig. 5A, average virus titers were similar for 
all groups, suggesting that KRG extract itself does not 
affect HSV infectivity. HSV was used to infect Vero cells 
with media containing various concentrations of KRG 

extract, and a plaque assay was performed at 3 dpi (Fig. 
5B). As expected, HSV infectivity was not affected by 
the presence of KRG extract. Therefore, the direct effects 
of KRG on HSV infectivity were not discovered.

DISCUSSION

In this study, we demonstrate that administration of 
KRG extracts on a prophylactic basis regulates vaginal 
and systemic HSV infectivity. These beneficial effects 
have been suggested to involve increased expression of 

IFN-γ, granzyme B, and FasL in the iliac lymph nodes 
and vaginal tissue, presumably by enhanced NK cell ac-

tivities. 

Large numbers of immune stimulators have recently 
been discovered, and many studies have scientifically 
demonstrated their effects on various immune systems. 
However, excessive immune stimulation results in sever-
al side effects, such as the development of immunotoxic-

ity and hypersensitivity. Experimental models are needed 
to verify immune stimulatory activities that increase host 

Fig. 5. Effects of Korean red ginseng (KRG) treatment on herpes simplex virus (HSV) infectivity in vivo and in vitro. Influence of KRG vaginal 
treatment on HSV clearance (A). HSV infected mice (n=5) were intravaginally treated with KRG extract solution at 2 h post challenge, and vaginal 
lavage fluid was collected on days 2, 3, 4, and 5 after virus infection. Virus titers were determined by plaque assay. Open circles represent indi-
vidual virus titers and black lines represent average virus titers. (a) Control, (b) KRG 100 μg/mL, (c) KRG 200 μg/mL, and (d) KRG 400 μg/mL. 
HSV treated Vero cells were incubated with no serum Dulbecco’s-modified Eagle’s medium media containing different concentrations of KRG 
extract for 3 d, and plaque assay was performed (B). Data are presented as means±SEM for each group. NS indicates non-significant difference 
between groups. dpi, day post infection.
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resistance to microbial infection. Here, we investigated 
whether KRG extract administration efficiently boosts 
the immune system and protects KRG administered mice 
against HSV mucosal infection. Since different parts 

of immune cells regulate HSV, KRG related immune 
modulation can be either beneficial or detrimental to the 
host. For example, increased activation of certain TLRs, 
including TLR2, 3, and 6, induces the innate antiviral 
pathway [18,19] and acquired HSV specific CD4+ [5,20] 
and CD8+ T cells [21]. Furthermore, regulatory T cells 
coordinate early protective immunity to HSV infection, 
although their exact function is not yet understood. We 
hypothesized that KRG extract administration would 
modulate the immune environment and affect genital 

HSV infectivity. 
Many controversial studies have shown that ginseng 

inhibits TLR-mediated inflammatory signals [14] or in-

duces the production of proinflammatory cytokines via 
TLR signaling [22]. These studies suggest that ginseng 
differentially modulates TLR signaling depending on dif-
ferent TLR classes and disease models. In our previous 
preliminary study, KRG treatment (20 and 100 μg/mL) 
induced the production of IL-1β (under TLR3 ligand 
stimulation) and TNF-α (under TLR2 or TLR9 ligand 
stimulation) from a macrophage cell line stimulated with 
different TLR ligands (data not shown). Furthermore, 
the expression of TLR2 and 3 was significantly reduced 
in the mesenteric lymph node and spleen of mice treated 
with KRG extract (200 and 400 mg/kg) for 10 d (data 
not shown). These results indicate that KRG has diverse 
effects on TLR-related signaling and that such effects 
might affect genital HSV infectivity. Although the pres-
ent study does not provide detailed information regarding 
the relationship between KRG and TLR signaling and 
HSV infection, future studies will attempt more detailed 
analyses of their activities.

Increased expression of IFN-γ, granzyme B, and FasL 
in the iliac lymph node and vaginal tissue indicates ro-

bust local antiviral immunity in mice treated with KRG. 
Although the source of IFN-γ varies, granzyme B and 
FasL related killing of virus infected cells mainly occurs 
by NK cells. Our findings are in general agreement with 
the previous finding that treatment with ginseng induces 
NK cell activity [8,10]. In another study, we found that 
the population of NK, CD4, CD8, and Foxp3 positive 
cells did not change in the iliac lymph nodes of KRG 
extract administered mice (data not shown). Such results 
indicate that KRG administration does not affect the 
quantity of NK cells, but does increase the quality of NK 
cells. This study did not mechanistically demonstrate 

how KRG administration increases NK cell activity by 
up-regulating IFN-γ, granzyme B, and FasL expression. 
Therefore, a further detailed study is under investigation. 

In summary, we demonstrated the protective effects of 
KRG in HSV infected mice. Increases in antiviral IFN-γ, 
granzyme B, and FasL regulate HSV infectivity, which 
reduces HSV-related clinical severity. The present study 
demonstrates additional prophylactic effects of KRG that 
will pave the way for developing and evaluating dietary 
immunestimulators.
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