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bstract

We have investigated the adjuvant roles of common herbal medicines (ginseng, Salviae) and their effects on early immune responses during
nfluenza virus infection in a mouse model. Intranasal co-administration with inactivated influenza virus A (PR8) and ginseng or Salviae
xtract increased the levels of influenza virus specific antibodies and neutralizing activities compared to immunization with PR8 alone, and
rovided protective immunity. Salviae co-administration significantly enhanced IFN-� and IL-2 cytokine producing splenocytes while ginseng
nduced high levels of IL-4 and IL-5 cytokine producing cells after challenge infection. Cells expressing an early activation marker CD69 and
evels of a pro-inflammatory cytokine IL-6 were highly elevated in lungs from naı̈ve mice during challenge virus infection, which might be a

echanism in lung inflammation leading to death. In contrast, immunized mice that were co-administered ginseng or Salviae modulated CD69

xpressing immune cells, did not produce IL-6, and showed significant enhancement of influenza virus specific IgA antibody in lungs after
hallenge virus infection. Therefore, these results indicate that both ginseng and Salviae play a role as mucosal adjuvants against influenza
irus as well as immuno-modulators during influenza virus infection.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

Herbal medicines have been used in humans for a thousand
ears to treat medical illness or to improve physical perfor-
ance. Among over 20,000 herbal medicines known to be in

uman use, very few have been proven to have efficacy by
ontrolled experiments [1,2]. The herbal extracts contain a
ixture of proteins and other organic chemicals and carbo-

ydrates, which may include alkaloids, flavoids, glycosides,
aponins, and terpenes [3,4]. Since approximately one third
f human drugs were originally derived from plant sources,

esearch efforts have been encouraged towards identifying
ovel herbal products that have efficacy for treating disease
2].

∗ Corresponding author.Tel.: +1 404 727 3228; fax: +1 404 727 3659.
E-mail address: skang2@emory.edu (S.-M. Kang).
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Ginseng is one of the most well studied herbal medicines.
placebo-controlled study in normal human volunteers

evealed that ginseng significantly increased functions of neu-
rophil, CD4 T, and natural killer cells [5]. In an in vitro
tudy, ginseng was also found to increase the activities of
eripheral blood mononuclear cell from AIDS patients and
ormal individuals [6]. Salviae species are used as traditional
edicines around the world. Previous studies demonstrated

hat Salviae species improved renal disease [7], enhanced
ardiovascular activities promoting blood flow [8], exhibited
nti-inflammatory [9] and sedative effects [10], and amelio-
ated acute hepatotoxicity [11].

The potential adjuvant and/or immunomodulatory effects

f these herbal medicines after mucosal immunization have
ot been previously studied. In this study, we investigated
he possible roles of ginseng and Salviae extracts as mucosal
djuvants and their potential immunomodulatory functions.

mailto:skang2@emory.edu
dx.doi.org/10.1016/j.vaccine.2006.07.041
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mmune responses were evaluated after intranasal immu-
ization of mice with an inactivated influenza PR8 virus
o-administered with the herbal extracts ginseng or Salviae.
he adjuvant effects of ginseng and Salviae extracts were

ound to be comparable to those of the well-studied mucosal
djuvant, cholera toxin (CT) and a conventional adjuvant
pproved for human use, aluminium hydroxide. Also, the
arly activation status of immune cells in the lungs from
aı̈ve and immunized mice after challenge infection was
etermined.

. Materials and methods

.1. Virus

Influenza virus A/PR8 (PR8) was grown in 10-day old
mbryonated hen’s eggs and purified from allantoic fluid
y using a discontinuous sucrose gradient (15%, 30% and
0%) layers. Inactivation of the purified virus was per-
ormed by mixing the virus with formalin at a final con-
entration of 1:4000 (v/v) as described [12,13]. Inacti-
ation of the virus was confirmed by plaque assay on
onfluent monolayer Madin-Darby canine kidney (MDCK)
ells and inoculation of the virus into 10-day old embry-
nated hen’s eggs. For challenge experiments, mouse
dapted PR8 (provided by Dr. Huan Nguyen, Univer-
ity of Alabama at Birmingham, Birmingham, AL) was
repared as lung homogenates from intranasally infected
ice.

.2. Herbal extract preparation

Korean red ginseng (Panax ginseng C.A. Meyer) pow-
er capsules (Korea Ginseng Co., South Korea) were pre-
iously used in clinical studies of individuals infected with
uman immunodeficiency virus type 1 [14]. An extract of
he Salviae radix species has been previously used in ani-

al models [7], in clinical studies, and is routinely pre-
cribed by Oriental medicine-licensed doctors. Dried Salviae
adix roots were kindly provided by Dr. In-S. Jung (Grace
cupuncture and Herbs Clinic, Duluth, GA). Dried Salvial
erbs were ground into small pieces. Water extracts of
oth herbs were prepared as follows. Herbs were mixed
ith distilled water (ginseng: 80 mg/ml, Salviae: 36 mg/ml)

nd then heated to 80–90 ◦C for 2 h. The aqueous extracts
ere 0.45 �m membrane-filtered and kept at 4 ◦C until use.
pproximately 20% of the weight of dried ginseng and
alviae herbs were extracted into the aqueous solution. Batch

o batch preparations were consistent and showed similar
ffects in independent animal experiments. Herbal extract
reparations were initially tested for their safety. Ginseng or

alviae extract (4 mg dose per mouse) was subcutaneously
dministered to mice daily for 7 days, and we did not observe
ny changes in body weight or sign of disease (data not
hown).
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.3. Immunization and challenge

Female inbred BALB/c mice (Charles River) aged 6–8
eeks were used. For immunization we used 12 mice per
roup. Mice were intranasally immunized with 25 �g of
nactivated PR8 alone or co-administered with 25 �g of inac-
ivated PR8 and herbal extracts (in terms of dried ginseng
r Salviae raw plant materials, 200 mg/kg body weight) at
ay 0 and 14. As control groups, mice were intranasally
dministered the same dose of ginseng or Salviae extract
sed for immunization at day 0 and 14. Also, for compar-
son, additional groups of mice were intranasally immunized
ith 25 �g of inactivated PR8 virus and 2 �g of cholera toxin

CT) or 3% of aluminium hydroxide at day 0 and 14. For virus
hallenges, isoflurane-anesthetized mice were infected with
50 PFU (5× the 50% lethal dose) in 50 �l of phosphate-
uffered saline (PBS) per mouse at week 4 after the boost
mmunization. Mice were observed daily for 17 days to mon-
tor changes in body weight and to record death.

.4. Sample collections

Blood samples were collected by retro-orbital plexus
uncture before immunization and 2 weeks after priming and
oost immunizations. Vaginal lavage fluids were collected by
ashing the vagina with 200 �l of PBS. Ten pieces of freshly
oided feces were collected at 2 weeks after boost immuniza-
ion, weighed, and resuspended in PBS with NaN3 in a ratio
f 1 mg of feces in 1 ml PBS solution. The feces in PBS were
esuspended by vortexing vigorously until solutions were
omogenous. Samples were then spun in a microcentrifuge
or 10 min and supernatants were collected. For measurement
f immune response parameters, six mice from each group
ere sacrificed at day 4 to 5 post-challenge, and six remaining
ice were sacrificed at day 15 post-challenge. Lymphocytes

rom lung and spleen samples were collected from sacrificed
ice, and used for ELISPOT and fluorescence activated cell

orting (FACS) analysis.

.5. Antibody responses

IgG, IgG1, IgG2a, IgG2b, IgG3, and IgA Ab titers
o influenza virus were determined by enzyme-linked
mmunosorbent assay (ELISA) as described previously
15]. Ninety-six-well microtiter plates (Nunc-Immuno Plate

axiSorpTM, Nunc Life Technologies, Basel, Switzland)
ere coated with 100 �l of inactivated PR8 (4 �g/ml) in

oating buffer (0.1 M Sodium Carbonate, pH 9.5) at 4 ◦C
vernight. One hundred-fold diluted sera, 10-fold diluted
aliva, and 10-fold diluted vaginal washes were added to
ells to determine influenza specific binding antibody levels.
he plates were then incubated with horseradish peroxidase-
abeled goat anti-mouse IgG, IgG1, IgG2a, IgG2b, IgG3, and
gA (Southern Biotechnology) at 37 ◦C for 1.5 h and then
he substrate O-Phenylenediamine (OPD) (Zymed, San Fran-
isco, CA) in citrate–phosphate buffer (pH 5.0) containing
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increased after a boost immunization (P < 0.001). Placebo
groups that received ginseng or Salviae alone without inacti-
vated PR8 virus did not show induction of influenza specific
antibody indicating that antibody levels measured in immune

Fig. 1. Influenza virus specific total serum IgG antibody responses. Mice
were intranasally immunized with inactivated influenza virus PR8/34 (PR8)
alone (25 �g) or with a mixture of PR8 and ginseng or Salviae (4 mg per
mouse) on day 0 and 14. As placebo controls, mice were intranasally admin-
istered with ginseng or Salviae alone (4 mg per mouse). Blood samples
were collected individually at 2 weeks after primary (first) and boost (sec-
ond) immunizations, and 100-fold diluted sera used to determine total IgG
by ELISA coated with inactivated influenza virus. Optical densities were
read at 450 nm (OD450), and results are expressed as the arithmetic mean
(OD450) and error bars indicate standard deviation (S.D.). Statistical signif-
icance is indicated between mice immunized with PR8 alone and mice with
PR8/herbal extracts (*P < 0.005; **P < 0.0001). PR8, immunization with
74 F.S. Quan et al. / Va

.03% H2O2 (Sigma) was used to develop color. The optical
ensity at 450 nm was read by an ELISA reader (model 680,
io-Rad).

.6. Virus neutralization assay

Neutralization assay was performed using MDCK cells
ollowing the procedure previously described [15]. Serum
amples were serially diluted in Dulbecco’s modified Eagle’s
edium (DMEM), and final volume of 190 �l was mixed
ith 10 �l of diluted virus stock containing approximately
00 infectious particles. The virus–serum mixtures were
ncubated at 37 ◦C for 1 h and then added to 6-well plates con-
aining confluent MDCK cell monolayers. The plates were
ncubated at 37 ◦C for 1 h, and overlay medium was added
ontaining DEAE dextran, non-essential amino acid, glu-
amine, and trypsin, and incubated for 2–3 days. The cells
ere then fixed with 20% ethanol and stained with 1% crystal
iolet. The neutralization activity was expressed as percent-
ge reduction of plaque numbers.

.7. Cytokine assays

All antibodies against mouse cytokines used in ELISPOT
ssays were purchased from PharMingen (San Diego, CA).
nti-mouse gamma interferon (IFN-�), IL-2, IL-4 and IL-
antibodies (3 �g/ml in coating buffer) were used to coat
ultiscreen 96-well filtration plates (Millipore). Freshly iso-

ated splenocytes (1.5 × 106 cells) were added to each well
nd stimulated with inactivated influenza virus (2 �g/ml).
he plates were incubated for 36 h at 37 ◦C with 5% CO2.
evelopment and counting of ELISPOTs were performed as
escribed [16]. Cytokine ELISA was performed as described
reviously [17]. Ready-Set-Go IL-6 and IFN-� kits (eBio-
cience, San Diego, CA) were used for detecting cytokine lev-
ls in lung extracts following the manufacturer’s procedures.

.8. Lung viral titers, cytokines, and lymphocyte analysis

The whole lungs were collected at day 4 (or 5) and
5 post-challenge and minced between glass slides. Lung
omogenates were centrifuged at 1000 RPM for 10 min to
eparate cells. The lung supernatants were frozen and kept
t −70 ◦C until used for virus titer and cytokine assays. The
ung cell pellets were suspended in red blood cell lysis buffer
Sigma) to remove red blood cells. Then 0.5 × 106 single cell
uspensions were stained with cell phenotypic and activation
arker antibodies, FITC conjugated-CD4, APC conjugated-
D8, APC conjugated-CD11b, and PE conjugated-CD69 for
0 min at 4 ◦C in 50 �l 10% BCS buffer (PBS containing
0% bovine calf serum and 0.1% sodium azide). Cells were
ashed with 2% BCS, fixed with 1% paraformaldehyde and
hen analyzed by flow cytometry on a FACScan (Becton
ickinson). Fifty thousand events were counted for each sam-
le and WINMDI 2.8 software (Scripps Research Institute
ytometry Software) was used for the analysis.
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.9. Statistics

All parameters were recorded for individuals within all
roups. Immunization experiments were repeated to con-
rm the reproducibility of different batches of ginseng and
alviae extracts, and immune responses were found to be
eproducible. Statistical comparisons of data were carried
ut using the ANOVA and Npar1-way Kruskal–Wallis test
f the PC-SAS system. A value of P < 0.05 was considered
ignificant.

. Results

.1. Ginseng or Salviae extracts enhance humoral
mmune responses

To determine whether herbal extracts have mucosal adju-
ant effects, groups of mice were intranasally immunized
ith inactivated influenza virus (PR8) plus ginseng or Salvia

xtract. Influenza virus specific binding antibodies were
etermined using an ELISA plate coated with inactivated
nfluenza virus antigen (Fig. 1). Low levels of serum binding
ntibodies were induced similarly in all groups after priming.
he levels of influenza virus specific IgG were significantly
nactivated influenza virus PR8 alone; PR8 + G, immunization with PR8
nd ginseng extract (4 mg per mouse); PR8 + S, Immunization with PR8
nd Salviae extract (4 mg per mouse); Ginseng, administration with ginseng
lone (4 mg per mouse); Salvia, administration with Salviae alone (4 mg per
ouse).
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Table 1
Comparison of antibody titers to PR8 antigen after intranasal co-immunization with different adjuvantsa

Groupb IgG IgG1 IgG2a IgG2b IgG3

PR8 (1.3 ± 0.19) × 105 (1.2 ± 0.29) × 105 (3.0 ± 1.1) × 104 (1.6 ± 0.47) × 104 (1 ± 0.23) × 103

PR8 + G (5 ± 1.0)* × 105 (5 ± 1.2)* × 105 (6.4 ± 1.1)* × 104 (3.2 ± 0.47)* × 104 (1 ± 0.24) × 103
PR8 + S (1 ± 0.23)** × 106 (1 ± 0.27)** × 106 (6.4 ± 0.64)* × 104 (3.2 ± 0.45)* × 104 (1 ± 0.27) × 103

PR8 + CT (1 ± 0.25)** × 106 (2.6 ± 0.24)* × 105 (2.6 ± 0.2)** × 105 (1.3 ± 0.24)** × 105 (1.6 ± 0.25)** × 104

PR8 + Al(OH)3 (2.6 ± 0.22)* × 105 (3.2 ± 0.24) × 104 (6.4 ± 0.26)* × 104 (3.2 ± 0.29)* × 104 (4 ± 0.27)* × 103

a Antibodies specific to influenza virus PR8 were determined at 2 weeks after the boost (second) immunization. Titers are expressed as the highest dilution
of serum having a mean optical density at 450 nm greater than the mean plus 2 standard deviations of similarly diluted naı̈ve or placebo control serum samples.
Results are expressed as the geometric mean titers ± standard deviation of reciprocal serum dilutions.
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b PR8, Intranasal immunization with inactivated influenza PR8 virus alo
nfluenza PR8 virus plus Salviae; PR8 + CT, inactivated influenza PR8 virus

* P < 0.05 between the PR8 group and a comparing group; **P < 0.005 be

era are influenza specific (Fig. 1). Interestingly, after a
oost immunization, groups of mice which received PR8
lus ginseng or Salvia extract showed 2–2.5-fold increases
n antibody levels measured by OD at 450 nm, and 5–10-fold
ncreases in antibody titers of total IgG antibody (Table 1)
hen compared with those in mice immunized with PR8

lone (P < 0.005). We found that one OD450 unit of 100-fold
iluted samples (Fig. 1) is equivalent to 1.6 mg/ml concentra-
ion based on the standard curve of purified mouse IgG anti-
ody control (data not shown). These increases in total IgG
ntibody in groups of mice that received co-administration
ith ginseng or Salviae were comparable to those observed in

he aluminium hydroxide or CT-adjuvanted group (Table 1).
To further characterize antibody production, serum IgG

ubtypes IgG1, IgG2a, IgG2b, IgG3 and IgA were determined
fter the boost immunization as shown in Table 1. All isotype
ntibodies binding to influenza viral antigen were observed
n all groups of immune sera with IgG1 being the highest
mong the subtypes. Compared to that of the PR8 group the
evels of subtype antibodies, particularly IgG1, were induced
t 4–7-fold higher levels in groups of mice co-administered
ith PR8 and ginseng or Salviae extract (P < 0.05 and <0.001,

espectively). It is interesting to note that the adjuvant effects
f ginseng and Salviae on IgG1 subtype were 2–3-fold higher
han that of the CT adjuvant group, whereas the highest levels
f IgG2a, IgG2b, and IgG3 were found in the group with CT
djuvant group (Table 1). Also, ginseng or Salviae groups
howed levels of IgG2a and IgG2b that were 2-fold higher
han the PR8 control group, which were similar to that of
he aluminium hydroxide adjuvanted group. This is consis-
ent with the results of total IgG antibody in the PR8 plus
inseng or Salviae groups, which showed the higher level
fter the boost immunization (Fig. 1). These results indicate
hat both ginseng and Salviae extracts have an adjuvant effect
n enhancing immune responses against the co-administered
nactivated influenza virus PR8 antigen, and that their adju-
ant effects are equivalent to those of CT or aluminium
ydroxide.
Mucosal immune responses were evaluated to further
etermine the effects of herbal extracts. Mucosal secretions
rom vagina, and lung and fecal extracts were collected at 2
eeks after the boost immunization and ELISA was used to

s
B
c
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8 + G, inactivated influenza PR8 virus plus ginseng; PR8 + S, inactivated
T; PR8 + Al(OH)3, inactivated influenza PR8 virus plus Al(OH)3.
he PR8 group and a comparing group.

etect mucosal IgA and IgG production. Co-administration
f either ginseng or Salviae extract enhanced the levels of
ucosal IgA and IgG antibodies against influenza virus in

ung and fecal extract samples when compared with PR8
lone (Fig. 2A, B, E, and F). Salviae enhanced the levels of
aginal IgA responses while increased vaginal IgG antibody
evels were observed with the ginseng group (Fig. 2C and D).
hese results indicate a positive effect of co-administration
ith ginseng or Salviae extract in enhancing mucosal anti-
ody responses, particularly in lung IgA and IgG antibod-
es which are expected to play primary roles in preventing
nfluenza virus infection.

.2. Co-administration of ginseng or Salviae extract
nhances neutralization activity

To determine the effects of herbal extracts on inducing
eutralizing activities, serum samples collected at 2 weeks
fter the boost immunization were used in a standard plaque
eduction assay on MDCK cells (Fig. 3). Mice immunized
ith PR8 plus Salviae or ginseng extract showed 3-fold
igher levels of neutralizing activity (50% neutralization
ctivity titer, 180) than mice with PR8 alone (50% neutral-
zation activity titer, 60). The placebo groups of mice with
dministration of herbal extracts alone showed only a back-
round level of neutralization activity similar to those of naı̈ve
ontrols (data not shown). Thus, these results indicated that
o-immunization with Salviae or ginseng extract can enhance
nduction of neutralizing antibody against influenza virus.

.3. Protection of mice from a lethal challenge

To investigate whether immunized mice are protected
gainst lethal challenge, body weight changes and survival
ates were monitored after challenge (Fig. 4A and B). The
aı̈ve and placebo (ginseng or Salviae alone) groups of mice
ith challenge infection showed a significant and progressive

oss in body weight and shivering, indicating that these mice

uffered severe illness due to PR8 viral challenge infection.
y day 8 post-challenge, all mice in the naı̈ve and placebo
hallenge group lost around 40% of body weight and died.
n contrast, all immunized mice showed only 5–10% loss
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Fig. 2. Mucosal antibody responses. Vaginal lavage and fecal samples were collecte
ELISA was used to determine mucosal IgA and IgG antibody levels. Values of OD
vaginal and fecal samples (C–F), and results represented as the arithmetic mean (
group. Immunization groups are the same as described in Fig. 1.

Fig. 3. Serum neutralizing activities. Virus-neutralizing antibody activities
in sera collected at 2 weeks after the boost immunization were determined
using the plaque assay. Diluted sera of individual mice (12 mice per group)
were incubated with approximately 100 plaque forming unit of PR8 virus
for 1 h at 37 ◦C. The mixtures were then applied to monolayers of confluent
MDCK cells, and a standard plaque reduction assay was performed. Immu-
nization groups are the same as described in Fig. 1. The placebo groups of
mice immunized with ginseng or Salviae extract alone showed similar titers
as pre-immune controls (data not shown).
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d at 2 weeks and lung samples at 4.5 weeks after the second immunization.

450 were obtained from 2-fold diluted lung extracts (A, B), 10-fold diluted
OD450) + S.D. Each data represents the arithmetic mean from 6 mice per

n body weight between day 3–8 post-challenge, and then
ecovered to normal condition. There was no significance dif-
erence between groups immunized with ginseng or Salviae
xtract together or PR8 alone. Lung viral titers post-challenge
ere analyzed to determine the replication of challenge virus

t day 4 and 5 post-challenge (Fig. 4C). The naı̈ve and placebo
roups that received PR8 challenge virus showed high viral
iters reaching to 6 logs while no virus was detected in any
mmunized groups including the ginseng or Salviae herbal
xtract group. These results indicate that mice immunized
ith PR8 alone or PR8/ginseng or Salviae extract mixture

an induce fully protective immune responses against lethal
hallenge.

.4. Herbal extracts enhance cytokine responses

Production of cytokines is an indicator of cellular immune
esponses. To determine the effects of ginseng and Salviae
xtract co-administration on inducing cytokine production
fter challenge, spleens were collected at day 15 post-

hallenge and cytokine-producing splenocytes were deter-
ined by ELISPOT in response to stimulation with inac-

ivated influenza virus (Fig. 5). Immunization with PR8
howed increased levels of splenocytes producing cytokines
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Fig. 4. Protection from the lethal challenge infection. (A) Changes in body
weight after challenge infection. At week 4 after the second immunization,
naı̈ve or immunized mice were intranasally infected with 750 PFU (5× the
50% lethal dose) of mouse-adapted PR8 virus. Mice were monitored for
changes in body weight daily for 17 days. (B) Survival rate. All mice in
the naı̈ve and placebo groups died at day 7 and 8 post-challenge. (C) Lung
influenza virus titer was detected at day 4 and 5 post-challenge. Naı̈ve + Cha,
naı̈ve mice infected with challenge virus; PR8 + Cha, mice immunized with
PR8 alone then challenge infection, PR8 + G + Cha, mice co-administered
with PR8 and ginseng then challenge infection; PR8 + S + Cha, mice co-
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dministered with PR8 and Salviae then challenge infection; G + Cha, mice
dministered with ginseng alone then challenge infection; S + Cha, mice
dministered with Salviae alone then challenge infection.

FN-�, IL-2, IL-4, and IL-5 compared to those from naı̈ve
ice. Co-immunization with ginseng or Salviae extract

howed significantly enhanced levels of the cytokine-

roducing cells compared to the immunization with PR8
lone. Interestingly, inclusion of Salviae increased levels of
FN-� and IL-2 producing cells by 5–7-fold when compared
o the PR8 immunized group (Fig. 5A and B). In contrast,
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inseng co-immunization showed 4–5-fold enhanced levels
f IL-4 and IL-5 producing splenocytes compared to those
n PR8 immunized mice (Fig. 5C and D). Salviae was more
ikely to induce Th1 type cytokines (IFN-�, IL-2) whereas
inseng augmented Th2 type cytokine responses (IL-4, IL-5).
he placebo groups of mice that received ginseng or Salviae
xtract alone did not show the production of cytokines spe-
ific to influenza virus stimulation (data not shown). These
esults indicate that co-administration with herbal extract
ignificantly enhanced influenza specific cytokine producing
ymphocytes.

.5. Immunization reduces early lymphocyte activation
fter challenge infection

The status of early lymphocyte activation in the lung dur-
ng respiratory viral infection is not well understood. To
valuate the early events in immune cell activation and the
ffects of immunization with inactivated PR8 and ginseng or
alviae extract during influenza virus infection, we analyzed

ymphocytes in the lungs after intranasal challenge with PR8.
ungs were collected from individual mice at day 4 post-
hallenge. To examine the lung lymphocyte populations in
etail, lung cells were prepared and stained with cell surface
arker antibodies, CD4, CD8, CD11b, and an early activa-

ion marker, CD69 (Fig. 6). From the flow cytometry profiles
f each phenotypic population out of total lymphocytes gated
Fig. 6), results on CD4, CD8, and CD11b cells and CD69+

opulations of their corresponding phenotypic lymphocytes
ere summarized in Fig. 7.
CD69 is expressed on activated lymphocytes but not on

esting cells [18]. Analysis of naı̈ve mice indicated that
D69+ populations were present in small percentages in
D4+ T, CD8+ T cells, and CD11b+ monocyte/macrophage
opulations (Figs. 6 and 7). Also, all groups of immunized
ice showed similar levels of cells in CD69+ populations

s naı̈ve mice prior to challenge infection (data not shown).
owever, percentages of cells in gated CD69+ populations
ere increased by 7–60-fold during early influenza virus

nfection in naı̈ve mice depending on cell phenotypes (7-
old in CD69+CD4+, 9-fold in CD69+CD8+ T cells, and
0-fold in CD69+CD11b+ phenotypic cells) (Fig. 6A and
). In contrast, the PR8 immunized group did not show such

ignificant increases in CD69+ populations after challenge.
he group receiving ginseng showed a moderate increase

n levels of CD69+CD4+ cells compared to the PR8 group
fter challenge. The Salviae group showed a 2-fold increase
n CD69+CD4+ and CD69+CD11b+ phenotypic cell popula-
ions compared to the PR8 immunized group.

In summary, these results indicate that CD69+ cell pop-
lations were significantly increased in naı̈ve mice after
hallenge, which may be involved in development of lung

nflammation. Immunization with inactivated influenza virus
ignificantly reduced CD69+ cell populations in lung after
hallenge infection, and co-administration of ginseng or
alviae extract modulated the levels of CD69+ populations.
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Fig. 5. Quantitative analysis of cytokine-producing splenocytes. Cytokine (IFN-�, IL-2, IL-4, IL-5) producing splenocytes isolated at day 15 post-challenge
were determined by ELISPOT after stimulation with inactivated influenza virus. The spots for cytokine-producing cells from the spleen were counted and
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.6. Cytokine and virus specific IgA antibody levels in
he lung post-challenge

Like activated CD69+ lymphocytes, cytokines are
nvolved in clearing virus as well as in inflammation causing
issue damage. After challenge infection, cytokines in lung
xtracts were determined using cytokine ELISA (Fig. 8A).

pro-inflammatory cytokine IL-6 was detected at a signifi-
antly high level in naı̈ve mice infected with challenge virus
hereas little or no IL-6 was observed in the groups of immu-
ized mice both before and after challenge infection. IFN-�
as also increased by 10-fold in naı̈ve mice after challenge

nfection, and was approximately 2.5-fold higher than those
n the groups of immunized mice at day 4 post-challenge
Fig. 8B). In addition, there were no significance changes in
FN-� levels in immunized mice before and after challenge
at day 4). Interestingly, at day 15 post-challenge, INF-� in
ung extracts was observed in the PR8 group but little or no
FN-� was detected in groups receiving ginseng or Salviae
nd virus.

To determine the induction of lung IgA levels which
ight have played a role in providing protection from chal-

enge infection, PR8 virus specific IgA antibody was deter-
ined (Fig. 9). There was no IgA specific to PR8 detected

n naı̈ve mice with challenge infection. At day 4 post-
hallenge, all groups of mice immunized showed enhanced

evels of PR8 specific lung IgA antibodies. At day 15 post-
hallenge, groups of mice co-immunized with ginseng or
alviae showed significant enhancements in IgA levels com-
ared to the PR8 immunized mice (Fig. 9).

f

h
i

er group. *P < 0.05 (between PR8 and PR8 + herbal extracts). Immunization

These results indicate that highly increased levels of IL-6
nd IFN-� cytokines induced in naı̈ve mice after viral infec-
ion may be involved in lung inflammation. Immunization
ith inactivated virus plus ginseng or Salviae induced high

evels of virus specific IgA antibodies in lung, which may
lay a beneficial role in long-term protection.

. Discussion

In this study, we have investigated whether herbal extracts
ginseng, Salviae) would have an adjuvant role in enhanc-
ng immune responses against influenza virus antigens, and
heir effects on early events in lymphocyte activation dur-
ng influenza virus infection using a mouse model. We
bserved that ginseng or Salviae extract increased the lev-
ls of influenza virus specific antibodies and neutraliz-
ng activities when co-administered with inactivated virus.
alviae resulted in significant enhancement of IFN-� and
L-2 cytokine responses after challenge infection while gin-
eng induced high levels of IL-4 and IL-5 cytokine producing
ymphocytes. Finally, we observed that herbal extracts modu-
ated leukocytes expressing CD69, an early activation marker,
nd induced high levels of lung IgA antibody after challenge
nfection. These results indicate that both ginseng and Salviae
xtracts have an adjuvant role as well as immunomodulatory

unctions.

Salviae species have been used widely to treat certain
uman diseases. Studies with Salviae extracts performed
n chronic hepatitis B virus infected patients in combina-
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Fig. 6. Representative flow cytometry profiles indicating increased populations expressing the CD69 early activation marker. Single cell suspensions were
prepared from lungs isolated at day 4 post-challenge and stained with cell surface and CD69 marker antibodies. Fifty thousand events of stained splenocytes
were collected by FACS and gated lymphocyte populations were analyzed by WINMDI software. Panel A, naı̈ve mice; Panel B, naı̈ve mice with challenge
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nfection; Panel C, PR8 alone immunized mice with challenge infection; P
nfection; Panel E, PR8 + S + Cha, mice co-immunized with PR8 and Salvia
opulations. CD69+CD4+, CD69+CD8+, CD69+CD11b+ populations were
ions with several different herbs showed beneficial effects,
esulting in a higher rate of recovery from further disease pro-
ression than control groups [19–22]. However, the potential
djuvant and/or immunomodulatory effects of Salviae have

ig. 7. Lung immune cell populations with CD69+ phenotypes before and
fter challenge. Each phenotype of cells was gated by FACS analysis and
esults are expressed as percentile of each population based on the total
ated populations (four individual mouse in each group). CD69+CD4+,
D69+CD8+, and CD69+CD11b+ phenotypic cells are expressed as per-
entiles based on total gated populations (Fig. 6). Groups denoted as
aı̈ve + Cha, PR8 + Cha, PR8 + G + Cha, and PR8 + S + Cha are described

n Fig. 4.
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PR8 + G + Cha, mice co-immunized with PR8 and ginseng then challenge
hallenge infection. Numbers indicate percentages based on the gated total

antly elevated in the naı̈ve mice with challenge infection.

ot been previously reported. Our study clearly demonstrates
n adjuvant role for Salviae extract. Co-administration of
alviae extract significantly enhanced both mucosal IgA and
gG antibodies as well as binding and neutralizing antibody
evels in blood. Also, mice immunized with PR8 plus Salviae
howed significant enhancement of IFN-� and IL-2 cytokines
s well as a moderate increase in IL-4 cytokine production
y splenocytes. These results suggest that Salviae extract can
e developed as a promising adjuvant for enhancing humoral
nd cellular immunity.

Ginseng is one of the most well studied herbal
edicines and appears to have multiple effects including an

mmunomodulatory function. Recent studies demonstrated
hat ginseng extract alone or in combination with aluminium
ydroxide played an adjuvant role against inactivated porcine
arvovirus and bacterial antigens [23–25] and that gin-
eng treatment reduced lung pathology caused by chronic

seudomonas aeruginosa [26]. All these previous studies
ere performed by subcutaneous immunization. We inves-

igated the effect of ginseng as a potential mucosal adjuvant
gainst influenza virus antigens. We found that intranasal
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ig. 8. Cytokines in lung post-challenge. Lung extracts were prepared at
ost-challenge (day 4), and at day 15 post-challenge. Naı̈ve mouse samples
nd results were geometric mean values obtained from 4 mice at each time p

o-administration of ginseng resulted in not only significant
ncreases in serum IgG antibody but also in lung IgA antibody
evels. Although addition of ginseng increased the levels of
ll cytokines (IFN-�, IL-2, IL-4, IL-5) analyzed, increases
n IL-4 and IL-5 were more prominent than other cytokines
ndicating a Th2 type response. Regardless of the route of
mmunization, our study and others demonstrate that ginseng
an play a role as an adjuvant for co-administered antigens.

The underlying mechanisms by which ginseng or Salviae
xtract play a role as an adjuvant and potentially as an
mmunomodulator is not understood yet. Herbal extracts pre-
ared in hot aqueous solution contain a mixture of protein
nd organic chemical as well as carbohydrate components.
lthough we detected the presence of proteins (data not

hown), proteins may not be the active components since
xtracts were prepared in hot water. Recent studies demon-

trated that human immunodeficiency virus type-1 (HIV-1)
nfected individuals who had taken Korean red ginseng for
ver 10 years showed significantly improved clinical param-
ters including slower decreases in CD4 T cells and lower

ig. 9. Influenza virus specific IgA in lung before and after challenge.
nfluenza virus specific IgA antibody was determined in 10-fold diluted
ung extract samples collected at day 4 and 15 post-challenge. Immuniza-
ion groups are the same as described in Fig. 4.

t
t
t
t
a
i
p
i
u
o
w
i
l
n
p
b
T
r
d
i
a
a
o

e points: at 4 weeks after the boost immunization (pre-cha), at day four
sed as a control. Cytokines in lung extracts were determined using ELISA,
) IL-6; (B) IFN-�. Immunization groups are the same as described in Fig. 4.

opy number of viral RNA [14,27]. Also, purified ginseno-
ides from the Panax ginseng, a kind of saponin, were shown
o have adjuvant effects, which were equivalent to those of
luminium hydroxide [25]. A water-soluble polysaccharide
solated from Salviae officinalis species was shown to have
mitogenic activity as indicated by induction of the prolif-

ration of thymocytes [28]. An extract of Salviae root was
emonstrated to inhibit the mast cell-derived IgE allergic
eaction [29] and tanshinone components of Salviae mod-
rately inhibited the production of IFN-� [30]. This result is
onsistent with our finding of reduction of proinflammatory
ytokines after challenge infection in a group of mice co-
dministered with PR8 and Salviae. However, more research
s needed to better understand the immunomodulatory roles
f herbal extracts and to identify the active components.

Over-reaction of the immune response induces infiltra-
ion of lymphocytes, neutrophils and macrophages in lung
issue, and is known to be involved in the pathogenicity of
he influenza virus [31,32]. CD69, an activation marker, is
ransiently expressed on activated lymphocytes at the sites of
ctive immune responses in vivo and selectively in chronic
nflammatory infiltrates, but is not detected in resting lym-
hocytes [33,34]. However, the activation status of these
mmune cells during influenza virus infection is not well
nderstood. Here, we demonstrated extremely high levels
f CD69+ cells in the lungs of unimmunized mice infected
ith influenza virus. All phenotypes of leukocytes analyzed

ncluding CD4+, CD8+, and CD11b+ cells expressed higher
evels of CD69 in infected naı̈ve mice than those in immu-
ized mice with challenge infection. In addition, the over-
roduction of inflammatory cytokines in response to micro-
ial infection also seems to be involved in immunopathology.
he level of IL-6 was demonstrated to have a positive cor-

elation with lung inflammation [35,36]. Although IFN-�
eficiency was found to be associated with a more intense

nflammatory response [37], high levels of IFN-� might be
lso involved in inflammation [38]. High levels of IFN-�
nd pro-inflammatory cytokine IL-6 were detected in lungs
f infected naı̈ve mice. However, immunized mice did not
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how significant changes in levels of lung IFN-� and did
ot induce the production of lung IL-6 before and after
hallenge, and cleared virus by day 4 post-challenge. Our
esults therefore provide the first evidence that high levels of
D69+ leukocytes in combination with over-production of
ro-inflammatory cytokines may be involved in lethal dam-
ge to the lung leading to death.

CD69 is also known to be involved in activating lympho-
yte functions in addition to its modulating inflammatory
esponses [34]. The presence of CD4+ populations express-
ng CD69 was shown to have a correlation with enhanced
learance of influenza virus in an IL-18 knockout mouse
odel [39]. After challenge, we found that co-administration

f Salviae to immunized mice resulted in moderate increases
n levels of CD69+CD4+ and CD69+CD11b+ populations
n lung compared to PR8 immunization, and these levels
f CD69+ cells were maintained even 2 weeks after chal-
enge (data not shown). Coincidently, influenza virus specific
ung IgA antibody levels were moderately increased and

aintained in groups of immunized mice receiving ginseng
r Salviae compared to the PR8 immunized mice. It is of
nterest to further investigate the significance of maintain-
ng the influenza virus specific lung IgA antibody levels in
roups of mice co-immunized with ginseng or Salviae herbal
xtract.

Herbs are believed to be safe and effective without clear
cientific evidence. Our preliminary results using a mouse
odel suggest that use of traditional herbal medicines regard-

ng human health needs some caution. In mice infected with
nfluenza virus without vaccination, administration of gin-
eng or Salviae did not show any beneficial effects (data not
hown). Daily administration of ginseng or Salviae by either
ral or systemic route for a week prior to influenza virus
nfection resulted in a partial protective effect of 20–30%,
hich is far below the level of protection from the inacti-
ated influenza virus vaccination (data not shown).

In summary, the herbal medicines ginseng and Salviae
ave been found to have an adjuvant role against co-
dministered inactivated influenza viral antigen in a mouse
odel. CD69 expressing leukocytes may have dual functions,
pro-inflammatory function possibly exerting damage to the

issue as well as functional activation of leukocytes lead-
ng to host defense for the clearance of infectious agents.
hus, maintaining certain thresholds of CD69+ cells may be
ritically important to avoid immunopathogenesis from viral
nfection and to induce protective immunity. Importantly,
inseng and Salviae seem to have also an immunomodula-
ory function affecting the levels of CD69+ leukocytes and
odulating cytokine production as well as serving immune

ctivators in enhancing lung IgA antibody.
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