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This study was designed to evaluate the effects of oral administration of a water extract made from the
Rhizoma Atractylodis Macrocephalae (RAM) on the immune responses in mice immunized with FMDV type
0 vaccine. Thirty-five ICR mice were randomly divided into five groups with seven animals in each group,
and orally administered daily for 4 days at a dose equivalent to 0, 0.0625, 0.125, 0.25 or 0.5¢g of dried
RAM, respectively. After that, the animals were subcutaneously immunized twice with FMDV vaccine
at 2-week intervals. Blood samples were collected 3 weeks after boosting for measurement of FMDV-
specific IgG titers and the IgG subclasses, lymphocyte proliferation as well as production IL-5 and IFN-y.
Results indicated that serum FMDV-specific IgG titers and the IgG subclass responses were significantly
enhanced in mice orally administered RAM at the dose of 0.25 or 0.5 g when compared with the control
group (P<0.05). Splenocyte proliferation in response to Con A and LPS and production of IL-5 and IFN-y
by splenocytes were also significantly enhanced (P<0.05). Considering the immunomodulatory effect
and safety of RAM demonstrated in this study, this herb deserves further investigation to evaluate its
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potential improvement of FMD vaccination in other animals such as pigs, goats and cattle.
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1. Introduction

Foot-and-mouth disease (FMD) is a highly contagious disease
that affects cloven-hoofed animals such as cattle, swine and sheep
[1]. Because FMD virus (FMDV) can rapidly spread between sus-
ceptible animals, it is listed by the World Organization for Animal
Health (OIE) one of the most important animal diseases in the
world [2]. Vaccination is a common practice against FMD in many
countries. However, failure to elicit effective immune responses
by vaccination has been frequently reported [3-5]. For examples,
Xie et al. [6] observed only 20.9% of piglets had produced immune
responses with antibody titer high enough for protection following
vaccination against FMD in Ningxia Province of China. Hao et al. [7]
analyzed 91 serum samples of the pigs having received vaccination
against FMD and found that only 31.9% of the samples had antibody
titer required for immune protection immunity. Therefore, there is
aneed to improve currently available vaccines in order to effectively
protect humans and animals from infection.
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Strategies to improve the immune response to vaccination have
included the use of higher vaccine dose or increasing number
of doses, use of different route of administration (e.g., intra-
dermal versus intramuscular administration), accelerating dosing
schedule and use of adjuvants such as antigen delivery systems
and various immunomodulators [8-16] There is growing evidence
that medicinal herbs and the ingredients enhance the immune
response to vaccines direct against infectious agents [17,18]. Medic-
inal herbs have a variety of effects on immune responses and
co-administration with herbal extracts has been shown to increase
the antibody response and to enhance the proliferative response of
T cells [19,20]. The efficacy of herbal extracts as adjuvant to vac-
cines has been an object of several clinical trials conducted in both
humans and animals [21-24].

Atractylodis macrocephalae Koidz. is a plant in family of Com-
positae with a plenty of natural resource in Zhejiang, Jiangsu and
Anhui Provinces in China. The Rhizoma Atractylodis Macrocephalae
Koidz. (RAM) as a traditional Chinese medicine has been utilized
for at least 2000 years. The annually consumed RAM for medical
purpose is estimated at 7000 tons in this country [25]. The RAM
is often cooked together with other herbs and the soup is used
for oral administration in the treatment of diseases such as diar-
rhea and infections in humans and animals. For examples, Zhou
[26] has reported effective treatment of infections in the upper
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respiratory tract in 125 cases with Shen Ling Bai Zhu San, which
contains Rhizoma Atractylodis Macrocephalae, Radix Codonopsis Pilo-
sulae, Poria, Radix Glycyrrhizae, Rhizoma Dioscorea, Semen Dolichoris
Album, Semen Nelumbinis, Semen Coicis, Fructus Amomi and Radix
Platycodi.

Our previous study has shown that oral administration of a water
extract made from the Rhizoma Atractylodis Macrocephalae Koidz.
has significantly increased immune responses elicited by a model
antigen ovalbumin in mice. Based on that observation, this study
was designed to investigate the effects of oral administration of
RAM on the immune responses in mice immunized with a commer-
cial FMDV vaccine by measuring serum specific antibody responses,
lymphocyte proliferation and cytokine production.

2. Materials and methods
2.1. Animals

Female ICR mice were purchased from Shanghai Laboratory
Animal Center (SLAC) Co. Ltd. (Shanghai, China), and housed in
polypropylene cages with sawdust bedding in hygienically con-
trolled environment. The average body weight was 24 + 1.2 g. Feed
and water were supplied ad libitum. All procedures related to the
animals and their care throughout this study conformed to the
internationally accepted principles as found in the Guidelines for
Keeping Experimental Animals issued by the government of China.

2.2. Rhizoma Atractylodis Macrocephalae (RAM)

Dried RAM were purchased from Hu Qing Yu Tang Co. Ltd,
Hangzhou, China. Drug source was in Panan County of Zhejiang
Province of China where the best RAM is produced. The rhizome is
harvested in winter when the active principles are believed to reach
the highest. After cleaning and drying, RAM is cut into pieces for
medical use. The qualified RAM has light fragrance with sweet taste.
The drug (50¢g) was ground into powder and saturated in 500 ml
of water. After that, the soup was harvested by passing through a
filter paper and condensed at a concentration equivalent to 4 g of
dried RAM per ml by a R502B rotary evaporator (Shenko Tech Co.
Ltd., Shanghai, China). The herbal solution was kept at 4 °C before
use.

2.3. Oral administration of RAM extract and immunization

Thirty-five ICR mice were randomly divided into five groups
with seven mice in each. The animals were subcutaneously injected
twice with 200 pl of FMDV type O vaccine (Lanzhou Veterinary
Research Institute) with 2-week intervals. One day before each
immunization, the mice had already been orally administered daily
for 4 days with 0.25 ml of 0.89% saline solution containing RAM of 0,
0.0625,0.125,0.25 or 0.5 g (equivalent to 0, 2.6, 5.2, 10.4 or 20.8 g/kg
body weight). Blood samples were collected 2 weeks after the boost
for detection of IgG titers and the IgG subclasses. Splenocytes were
collected for determination of cell proliferation and production of
[FN-vy and IL-5.

2.4. FMDV type O specific IgG titer and the IgG subclasses

Serum samples were analyzed for measurement of FMDV-
specific IgG titer and the isotypes by an indirect double antibody
sandwich enzyme-linked immunosorbent assay as described by
Song et al. [27]. The wells of polyvinyl 96-well microtitre plates
were coated with 50 pl rabbit anti-FMDV serotype O antibody (LVRI,
China) diluted in 0.05 M carbonate/bicarbonate buffer (1:800), pH
9.6 and incubated overnight at 4°C. After five washes with phos-
phate buffer saline containing 0.05% Tween-20 (PBST), the wells

were blocked with 5% skimmed milk and incubated at 37°C for
2 h. Thereafter, 50 ul FMDV type O antigen (LVRI) (1:3 dilution)
was added and incubated at 4°C for 2 h. After five washes, 50 .l
of serum (diluted serially for IgG titer analysis or diluted 1:50
in PBS 5% skimmed milk for isotype analysis) was added to each
well and incubated at 37°C for 1h. Plates were then washed five
times in PBST. For IgG titer detection, 50 .l of goat anti-mouse
IgG (1:500) (Kirkegaard, Perry Lab., Maryland, USA) was added
to the wells and incubated at 37°C for 1h. Plates were washed
again with PBST. Fifty microliters of 3,3’,5,5'-tetramethyl benzi-
dine solution (100 pg/ml of 0.1 M citrate-phosphate, pH 5.0) was
added to each well and incubated for 15min at 37°C. The reac-
tion was stopped by adding 50 ul of 2M H,SO4 to each well.
The optical density of the plate was read by an automatic ELISA
plate reader at 450 nm. Values above the cut-off background level
(mean value of sera from unimmunized mice multiplied by a
factor of 2.1) were considered positive. Titers were depicted as
reciprocal end-dilutions. For subclasses, 50 .l of biotin-conjugated
goat anti-mouse IgG1, IgG2a, IgG2b or IgG3 (1:600) (Santa Cruz
Biotechnology Inc., California, USA) was added to corresponding
plate and then incubated for 1h at 37°C. After washing, 50 .l
of horseradish peroxidase conjugated anti-biotin (BD Biosciences,
Pharmingen, USA) diluted 1:4000 in PBST was added to each
well and incubated for 1h at 37°C. Incubations, washing and
development were as described above for detection of FMDV-
specific IgG titer. The optical density of the plate was read at
450 nm.

2.5. Splenocyte proliferation assay

Spleen collected from the FMDV-immunized ICR mice under
aseptic conditions, in Hank’s balanced salt solution (HBSS, Sigma),
was minced and passed through a fine steel mesh to obtain a homo-
geneous cell suspension. After centrifugation (380 x g at 4°C for
10 min), the pelleted cells were washed three times in HBSS and
resuspended in complete medium (RPMI 1640 supplemented with
0.05 mM 2-mercaptoethanol, 100 [U/ml penicillin, 100 jLg/ml strep-
tomycin and 10% heat inactivated FCS). Cell numbers were counted
with a haemocytometer by trypan blue dye exclusion technique.
Cell viability exceeded 95%. Splenocyte proliferation was assayed as
described previously [24]. The stimulation index (SI) was calculated
based on the following formula: SI=the absorbance value for mito-
gen cultures divided by the absorbance value for non-stimulated
cultures.

2.6. IFN-y and IL-5 production by splenocytes in vitro

Single cell suspensions were adjusted to a concentration of
2.5 x 108 cells/ml in a complete medium. To a 96-well flat-bottom
microtiter plate (Nunc), 100 .l of the cell suspension and equal vol-
ume of Con A solution (Final concentration 5 j.g/ml) were added.
The plates were incubated at 37 °Cin a 5% CO, atmosphere for 48 h.
After that, the culture supernatants were collected for cytokine
assay. The concentrations of IFN-y and IL-5 were determined by a
commercial capture ELISA kit (R&D Systems Inc., Minneapolis, USA).
Concentrations of cytokines were calculated from interpolation of
the cytokine standard curve.

2.7. Statistical analysis

Data analysis was performed with SPSS software (SPSS, Version
11.5, SPSS Inc., Chicago, IL). ANOVA with Bonferroni post-hoc test
was used for multiple comparisons between groups. Values were
expressed as the mean + standard deviation (S.D.). P-values of less
than 0.05 were considered statistically significant.
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Fig.1. FMDV-specificIgG titers. Mice were orally administered RAM solution (equiv-
alent to 0, 0.0625, 0.125, 0.25 or 0.5g of RAM/mouse/day) for 4 days, and then
immunized s.c. twice with 200 pl of FMDV vaccine at 2-week intervals. Blood sam-
ples were collected 2 weeks after boosting for measurement of FMDV-specific IgG
titers by an indirect ELISA. Values above the cut-off background level (the mean from
unimmunized mice as negative control multiplied by a factor of 2.1) were considered
positive. Titers were depicted as reciprocal end-dilutions. The values are presented
as mean +S.D. (n=7). Bars with different letters are statistically different (P<0.05).

3. Results

3.1. FMDV-specific IgG and the IgG isotypes

FMDV-specific IgG titers were significantly higher in mice orally
administered RAM once a day for 4 days at a dose of 0.0625,
0.125,0.25 and 0.5 g than in mice administered saline solution only
(P<0.05) (Fig. 1). The IgG titers tended to increase with increasing
dose of RAM administered.

Fig. 2. indicated that all IgG isotypes tended to be higher in mice
administered RAM than in the group, but significantly increased
IgG isotypes were found in mice administered RAM at doses of 0.25
and 0.5g (P<0.05).

3.2. Proliferation of splenocytes isolated from FMDV-immunized
mice

The effects of RAM on splenocyte proliferative responses to Con
A and LPS are shown in Fig. 3. SI for the proliferation in response
to Con A and LPS were numerically increased in mice adminis-
tered 0.0625 and 0.125 g of RAM but significantly increased in mice
administered 0.25 and 0.5 g of RAM when compared with the con-
trol (P<0.05).
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Fig. 2. FMDV-specific IgG isotypes. Mice were orally administered RAM solution
(equivalent to 0, 0.0625, 0.125, 0.25 or 0.5g of RAM/mouse/day) for 4 days, and
then immunized s.c. twice with 200 il of FMDV vaccine at 2-week intervals. Blood
samples were collected 2 weeks after boosting for measurement of FMDV-specific
IgG isotypes by an indirect ELISA. The values are presented as mean+S.D. (n=7).
Bars with different letters are statistically different (P<0.05).
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Fig. 3. Splenocyte proliferative responses to Con A and LPS. Mice were orally admin-
istered RAM solution (equivalent to 0,0.0625, 0.125, 0.25 or 0.5 g of RAM/mouse/day)
for 4 days, and then immunized s.c. twice with 200 pl of FMDV vaccine at 2-week
intervals. Splenocytes were prepared 2 weeks after the last immunization and cul-
tured with Con A (5 pg/ml) or LPS (5 pg/ml) or RPMI 1640. Splenocyte proliferation
was measured by the MTT method as described in the text, and shown as a stimu-
lation index (SI). The values are represented mean +S.D. (n="7) Bars with different
letters are statistically different (P<0.05).

3.3. Effects of oral administration of RAM extract on IL-5 and
IFN-y production by mouse splenocytes

Cytokines secreted in the supernatants are shown in Fig. 4. IFN-
v and IL-5 production were significantly higher in the cultures of
cells isolated from the mice administered RAM (0.2 g) than from the
mice administered saline solution only (P<0.05).

3.4. Effects of oral administration of RAM on the body weight of
mice

No abnormal behavior and side effects were found in mice
throughout the experiment. There was no significant difference
for the body weight between the mice administered RAM (0.0625,
0.125,0.25 or 0.5 g) and the control mice administered saline solu-
tion as indicated in Table 1 (P>0.05).

4. Discussion

Enhanced immune responses to vaccination against FMD have
been demonstrated in mice by oral administration of an extract
made from Rhizoma Atractylodis Macrocephalae. After oral admin-
istration for 4 days of RAM, immunization of a commercial FMDV
vaccine induced significantly higher serum specific IgG and the IgG
isotype responses, splenocyte proliferation in response to Con A
and LPS as well as production of IL-5 and IFN-vy by splenocytes than
in mice administered saline solution alone.

The mouse model has been used to study the immunity of a host
against FMDV infections [28,29,34]. Salguero et al. have reported
that the mice immunized with conventional inactivated FMDV vac-
cine can be protected against challenge with a lethal dose of FMDV

Table 1
Effects of oral administration of RAM on the mean body weight (mean & S.D. gram)
of mice (n=7).

Gram of RAM/mouse Before Before booster” 2 weeks after
immunization” booster”

0 23.86 + 1.11 26.26 + 1.18 27.21 + 141

0.0625 2430 £+ 1.35 26.29 + 1.64 26.96 + 1.52

0.125 23.89 + 0.81 26.97 £ 0.83 28.40 + 0.81

0.25 24.40 + 1.32 28.06 + 2.07 28.74 + 1.48

0.5 2349 + 141 26.14 £ 1.71 26.94 + 1.57

" No statistical difference between groups at the same time (P<0.05).
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Fig.4. IFN-y(A)andIL-5 (B) production by ICR mouse splenocytes stimulated with Con A. Mice were orally administered RAM solution (equivalent to 0.25 g of RAM/mouse/day)
for 4 days, and then immunized s.c. twice with 200 !l of FMDV vaccine at 2-week intervals. Splenocytes were prepared 2 weeks after the last immunization and cultured
with Con A (5 pg/ml) for 48 h. The supernatants were harvested for determination of IL-5 and IFN-y by a capture ELISA. The values are presented as mean=+S.D. (n=7). Bars

designated as * are statistically different from the control (P<0.05).

[28]. Wong et al. have observed that a FMD DNA vaccine induc-
ing immune response in mice can also elicit protection in swine
against FMD infection [29]. Humoral immune response against FMD
infection has been well documented [30,31] and the contribution
of antibodies to the major immune defense against FMDV is clear
[32,33]. Studies in animal models [32,34] have shown that specific
antibodies play an important role in the immune defense against
FMD. However, poor humoral immune response to vaccination of
some commercial FMD vaccines has been reported previously in
both experimental animals and pigs [34,24]. Fig. 1 showed that
oral administration of RAM significantly increased serum FMDV-
specificIgG titers to a commercial FMD vaccine. This result is similar
to that previously found when OVA was used as antigen in a mouse
model.

Oral administration of RAM significantly increased IgG1, I1gG2a,
IgG2b and IgG3 as indicated in Fig. 2. In mice, Th2 lymphocyte
cytokines such as IL-4, IL-5 and IL-10 augment the production of
IgG1, while the IL-2, TNF-3 and IFN-vy produced by Th1 lympho-
cytes improve the production of IgG2a [35,36]. In terms of the
body response against infectious diseases, the Th1 response pri-
marily targets intracellular pathogens such as viruses and certain
bacteria, while the Th2 response is mainly targeted to extra cellu-
lar pathogens, such as most bacteria and certain parasites [35,36].
Enhanced production of all IgG subclasses may be explained by
increased release of both IL-5 and IFN-y as shown in Fig. 4. All these
suggested that both Th1 and Th2 immune responses were activated.
Thus, when the purpose of a vaccination is to activate both Th1
and Th2 immune response, the oral administration of RAM before
immunization is indicated.

The increased production of IgG and the IgG subclasses (as indi-
cated in Figs. 1 and 2) may be due to an activation of specific
lymphocytes by RAM. Fig. 3 shows that both Con A- and LPS-induced
proliferations were significantly enhanced, suggesting that T as well
as B cells were activated [37]. In order to induce antibody produc-
tion, triggered B lymphocytes are required for clonal expansion.
The enhanced lymphocyte responses to Con A or LPS stimulation
paralleled the increased serum IgG responses detected in the mice
administered RAM. Similar results have been found in other stud-
ies. Chang et al. [38] reported that oral administration of an extract
made from Rhizoma Atractylodis Macrocephalae for 10 days signif-
icantly enhanced lymphocyte transformation in response to PHA

stimulation in mice. Hu et al. [39] have found an increased body
weight and potentiated lymphocyte proliferation in response to
Con A and LPS stimulation in rats fed a diet supplemented with
the powder made from Rhizoma Atractylodis Macrocephalae.

Chemical analysis has indicated that RAM is full of volatile
oil and polysacchrides [40]. Volatile oil fraction has been found
to contain selina-4(15)-7(11)-dien-8-one, atractylenolides I, II,
IlI, IV, 8-B-ethoxy-atractylenolide, 3-[3-acetoxyatractylon, 3-f3-
hydroxyatroctylon and hiessol, etc. [40]. Both volatile oil and
polysaccharide fractions have been reported to have immunomod-
ulatory properties. Guan et al. have observed a significantly
increased expression of Fc receptors on the peritoneal macrophages
in mice orally administered for 7 days the oil fractions at a dose of
15 g/kg body weight [41]. Mao et al. have found that incubation of
polysaccharide fraction with mouse spleen lymphocytes can sig-
nificantly enhance the proliferative response to Con A or PHA and
increase IL-2 production [42]. Therefore, the immunomodulatory
effects found in our study may be attributed to both volatile oil and
polysaccharide fractions in RAM.

In addition to the immunomodulatory effects, RAM has anti-
inflammatory activity as well. RAM together with other herbs
has been used to treat infections in the upper respiratory tract
in humans [26]. Dong et al. have found that xylene-induced
acute inflammatory edema of the ear in mice has been signifi-
cantly reduced after oral administration of the compounds such
as atractylenolide isolated from the rhizome [43]. Imbalance of
Th1/Th2 lymphocytes can be one of the reasons for some inflamma-
tory diseases [44,45]. In this study, RAM has been found to stimulate
both IFN-vy (Th1-like cytokine) and IL-5 (Th2-like cytokine), sug-
gesting that can RAM promote balanced Th1/Th2 responses. This
may constitute the anti-inflammatory mechanism of RAM.

A conventional approach to improvement of the efficacy of vacci-
nation is to add adjuvant to vaccines. Adjuvant used for this purpose
should be safe enough to induce minimal adverse effects to prove
acceptable for use in healthy individuals. Many natural products
have been reported having immunomodulatory properties while
their active principles are usually unclear. Thus, purification of the
herbal extracts is usually difficult, and irritation will take place
when unpurified herbal extracts are co-injected with immunizing
antigens. As traditional medicinal herbs are usually administered by
oral route, oral use of immunomodulators can avoid the side effects
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found in parenteral administration. For example, oral administra-
tion of crude saponins made from the bark of the Quillaja tree has
been proven to have immunopotentiating activity with moderated
toxicity, however, they are toxic when administered parenterally
[46,47]. In our study, no abnormal behavior and side effects were
found in mice throughout the experiment, and there was no signifi-
cant difference for the body weight between the mice administered
RAM and the control mice administered saline solution as indicated
in Table 1, suggesting that oral administration of RAM is safe.

In summary, the oral administration for 4 days of RAM signifi-
cantly increased the IgG and the IgG subclass responses, splenocyte
proliferation as well as production of IL-5 and IFN-y in mice
immunized with a commercial FMD vaccine. Considering the
immunomodulatory effect and safety of RAM demonstrated in this
study, this herb deserves further investigation to evaluate its poten-
tial improvement of FMD vaccination in other animals such as pigs,
goats and cattle.

Acknowledgements

This study was supported by the Natural Scientific Foundation
of China and the Ministry of Science and Technology of China.

References

[1] Pereira HG. Foot-and-mouth disease. In: Gibbs EPJ, editor. Virus disease of food
animals. San Diego, CA: Academic Press Inc; 1981. p. 333-63.

[2] Office-International-des-Epizooties, 2008 Office-International-des-Epizooties.
http://www.oie.int.

[3] He QG, Chen HC, Wu B, Suo XF, Fang LR, Wang C. Detection of serum antibody
against hog cholera, porcine parvovirus and the foot-and-mouth disease on 44
pig farms of six provinces. Chin ] Prev Vet Med 2007;22(1):5-9.

[4] Wei DS. Discussion on the failure of vaccination in animals. ] Anim Sci Vet Med
2007;26:33-4.

[5] Wang YM, Lu HL, Ying QX. Analysis of serum antibodies elicited by foot-and
mouth disease vaccine in pigs. Fujian Anim Husb Vet Med 2007;6:32.

[6] Xie Q, Li YG, Zhang ML. Detection of immune response to swine fever and FMD
on a pig farm in Ningxia province. ] Gansu Anim Vet Sci 2005;35:8-10.

[7] Hao DL, Luo R, Xu YF, Li K. Analysis of antibody titers to foot-and-mouth disease
in pigs. ] Anim Sci Vet Med 2005;24:2.

[8] Mitwalli A. Responsiveness to hepatitis B vaccine in immunocompromised
patients by doubling the dose scheduling. Nephron 1996;734:17-20.

[9] Rey D, Krantz V, Partisani M, Schmitt MP, Meyer P, Libbrecht E, et al. Increasing
the number of hepatitis B vaccine injections augments anti-HBs response rate
in HIV-infected patients. Vaccine 2000;18:1161-5.

[10] Rawer P, Willems WR, Breidenbach T, Guttmann W, Pabst W, Schutterle G.
Seroconversion rate, hepatitis B vaccination, hemodialysis, and zinc supple-
mentation. Kidney Int Suppl 1987;2:149-52.

[11] Quiroga JA, Castillo I, Porres JC, Casado S, Saez F, Gracia MM, et al. Recombinant
gamma-interferon as adjuvant to hepatitis B vaccine in hemodialysis patients.
Hepatology 1990;12:661-3.

[12] Donati D, Gastaldi L. Controlled trial of thymopentin in hemodialysis patients
who fail to respond to hepatitis B vaccination. Nephron 1988;50(2):133-6.

[13] Jungers P, Devillier P, Salomon H, Cerisier JE, Courouce AM. Ran-
domised placebo-controlled trial of recombinant interleukin-2 in chronic
uraemic patients who are non-responders to hepatitis B vaccine. Lancet
1994;344:856-7.

[14] Bryan JP, Sjogren MH, Perine PL, Legters LJ. Low-dose intradermal and intra-
muscular vaccination against hepatitis B. Clin Infect Dis 1992;14:697-707.

[15] Disis ML, Bernhard H, Shiota FM, Hand SL, Gralow ]JR, Huseby ES, et al.
Granulocyte-macrophage colony-stimulating factor: an effective adjuvant for
protein and peptide-based vaccines. Blood 1996;88:202-10.

[16] Taglietti M. Related Vaccine adjuvancy: a new potential area of development
for GM-CSE. Adv Exp Med Biol 1995;378:565-9.

[17] Rajput ZI, Hu SH, Xiao CW, Arijo AG. Adjuvant effects of saponins on animal
immune responses. ] Zhejiang Univ Sci B 2007;8:153-61.

[18] Liu CX, Xiao PG. Recent advances on ginseng research in China. ] Ethnopharma-
col 1992;36:27-8.

[19] Hu S, Concha C, Lin F, Persson WK. Adjuvant effect of ginseng extracts on the
immune responses to immunization against Staphylococcus aureus in dairy cat-
tle. Vet Immunol Immunopathol 2003;91:29-37.

[20] Sun ], Hu S, Song X. Adjuvant effects of protopanaxadiol and protopanaxatriol
saponins from ginseng roots on the immune responses to ovalbumin in mice.
Vaccine 2007;25:1114-20.

[21] Scaglione F, Ferrara F, Dugnani S, Falchi M, Santoro G, Fraschini F. Immunomod-
ulatory effects of two extracts of Panax ginseng C.A. Meyer. Drugs Exp Clin Res
1990;16:537-42.

[22] Scaglione F, Cogo R, Cocuzza C, Arcidiacono M, Beretta A. Inmunomodula-
tory effects of Panax ginseng C.A. Meyer (G115) on alveolar macrophages
from patients suffering with chronic bronchitis. Int J Immunother 1994;10:
21-4.

[23] Scaglione F, Cattaneo G, Alessandria M, Cogo R. Efficacy and safety of the stan-
dardized ginseng extract G115 for potentiating vaccination against influenza
syndrome and protection against the common cold. Drugs Exp Clin Res
1996;22:65-72.

[24] Xiao C, Rajput ZI, Hu S. Improvement of a commercial foot-and-mouth disease
vaccine by supplement of Quil A. Vaccine 2007;25:4795-800.

[25] Chen W, He GF, Jiang MH, Qiu XM. Advances of the rhizome of Atractylodis
macrocephalae Koidz, during the recent decades. Lishizhen Med Met Medica
Res 2007;18(2):338-40.

[26] Zhou MY. Shen Ling Bai Zhu San in treatment of 125 cases with infections in the
upper respiratory tract. Sci Technol Chin Mater Medica 2001;8(2):68.

[27] Song XM, Bao SJ, Wu LH, Hu SH. Ginseng stem-leaf saponins (GSLS) and mineral
oil act synergistically to enhance the immune responses to vaccination against
foot-and-mouth disease in mice. Vaccine 2009;27(1):51-5.

[28] Salguero FJ, Sanchez-Martin MA, Segundo FDS, de Avila A, Sevilla N. Foot-and-
mouth disease virus (FMDV) causes an acute disease that can be lethal for adult
laboratory mice. Virology 2005;332:384-96.

[29] Wong HT, Cheng SCS, Chan EWC, Sheng ZT, Yan WY, Zheng ZX, et al. Plas-
mids encoding foot-and-mouth disease virus VP1 epitopes elicited immune
responses in mice and swine and protected swine against viral infection. Virol-
ogy 2000;278(1):27-35.

[30] Brown F. Antibody recognition and neutralisation of foot-and-mouth disease.
Semin Virol 1995;6:243-8.

[31] McCullough KC, Crowther JR, Butcher RN, Carpenter WC, Brocchi E, Capucci L,
et al. Immune protection against foot-and-mouth disease virus studied using
virus-neutralizing and non-neutralizing concentrations of monoclonal anti-
bodies. Immunology 1986;58:421-8.

[32] McCullough KC, Simone FD, Brocchi E, Capucci L, CrowtherJR, Kihm U. Protective
immune response against foot-and-mouth disease. ] Virol 1992;66:1835-40.

[33] McCullough KC, Parkinson D, Crowther JR. Opsonization enhanced phagocytosis
of foot-and-mouth disease virus. Immunology 1988;65:187-91.

[34] Shi XJ, Wang B, Wang M. Immune enhancing effects of recombinant
bovine IL-18 on foot-and-mouth disease vaccination in mice model. Vaccine
2007;25:1257-64.

[35] Soren K, Ricardo SM, Alfredo D, Hans G, Kristian D. Preparation and char-
acterisation of quillaja saponin with less heterogeneity than Quil-A. Vaccine
2000;21:2244-9.

[36] Cherwinski HM, Schumacher JH, Brown KD, Mosmann TR. Two types of mouse
helper T cell clone. IIl. Further differences in lymphokine synthesis between
Th1 and Th2 clones revealed by RNA hybridization, functionally monospecific
bioassays, and monoclonal antibodies. ] Exp Med 1987;166:1229-44.

[37] Tizard IR. Veterinary immunology: an introduction. 6th ed. Philadelphia: Saun-
ders WB, Co.; 2000. p. 1-8.

[38] ChangY, Sun JL, Qiu SC, Wang ZQ, Zhou ]. Effect of atractylodes on the immune
function of mice. ] Binzhou Med Coll 2003;26:350-1.

[39] Hu XL, Hu YL, Wang YZ. Effects of Atractylodes macrocephala Koidz and PAM
on the growth performance and immune function of SD rats. Chin J Vet Drugs
2006;40:2-6.

[40] Li W, Wen HM, Cui XB, Zhang FC, Dong ]. Chemical constituents of Rhizoma
Atractylodis macrocephalae. Chin Tradit Herbal Drugs 2007;38(10):1460-2.

[41] Guan XH, Qu X, Yang ZP, Huang WL, Sun HX. Effect of Atractylodes macrocephala
Koidz on immune function of mice. ] Beihua Univ (Nat Sci) 2001;2(2):122-4.

[42] Mao JH, Lu ZL, Zeng QL, Ruan H. Effects of the polysaccharide of Atractylis macro-
cephala Koidz on the function of mouse T lymphocyte. Immunol ] 1996;12(4):
233-6.

[43] Dong AY, Dong YL, He LC, Pei WJ. Studies on constituents and anti-inflammatory
activity of Rhizoma Atractylodis macrocephalae. Chin Pharm 2007;42(14):
1055-9.

[44] Shirai T, Suzuki K, Inui N, et al. Thl/Th2 profile in peripheral blood in atopic
cough and atopic asthma. Clin Exp Allergy 2003;33:84-9.

[45] Smart]JM, Kemp AS. Increased Thl and Th2 allergen-induced cytokine responses
in children with atopic disease. Clin Exp Allergy 2002;32:796-802.

[46] Maharaj [, Froh KJ, Campbell ]B. Immune responses of mice to inactivated rabies
vaccine administered orally: potentiation by Quillaja saponin. Can ] Microbiol
1986;32(5):414-20.

[47] Chavali SR, Campbell JB. Adjuvant effects of orally administered saponins on
humoral and cellular immune responses in mice. Immunobiology 1987;174(3):
347-59.


http://www.oie.int/

	Enhancement of the immune responses to vaccination against foot-and-mouth disease in mice by oral administration of an extract made from Rhizoma Atractylodis Macrocephalae (RAM)
	Introduction
	Materials and methods
	Animals
	Rhizoma Atractylodis Macrocephalae (RAM)
	Oral administration of RAM extract and immunization
	FMDV type O specific IgG titer and the IgG subclasses
	Splenocyte proliferation assay
	IFN-gamma and IL-5 production by splenocytes in vitro
	Statistical analysis

	Results
	FMDV-specific IgG and the IgG isotypes
	Proliferation of splenocytes isolated from FMDV-immunized mice
	Effects of oral administration of RAM extract on IL-5 and IFN-gamma production by mouse splenocytes
	Effects of oral administration of RAM on the body weight of mice

	Discussion
	Acknowledgements
	References


