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a b s t r a c t

Aim of the study: Radix Bupleuri, one of the most frequently prescribed crude herbs in traditional Chinese
medicine, has been used for centuries to treat inflammatory diseases. However, little is known about
the therapeutic mechanisms of crude polysaccharides (BPs) isolated from the roots of Bupleurum smithii
var. parvifolium. Macrophages play important roles in inflammatory diseases such as systemic lupus
erythematosus (SLE). The purpose of the present work was to investigate immunomodulative effects of
Bupleurum polysaccharides on murine peritoneal macrophages.
Materials and methods: BALB/c mice were administered intragastrically with Bupleurum polysaccharides
20, 40, and 80 mg kg−1 day−1, or prednisone 3 mg kg−1 day−1 or levamisole 25 mg kg−1 day−1 from day 0
to day 6. Peritoneal macrophages were isolated 5 days after intraperitoneal injection of 1 mL 5% sodium
thioglycollate. Phagocytic functions of macrophages were studied; cytokines concentrations in the cul-
ture supernatants were determined by enzyme-linked immunosorbent assay and the secretion of nitric
oxide (NO) was quantified by Griess reaction.
Results: Treatment with BPs enhanced phagocytic functions of macrophages (phagocytosis of apoptotic

thymocytes, IgG-opsonized sheep red blood cells and chicken red blood cells) and inhibited LPS-induced
productions of NO and proinflammatory cytokines (interleukin-1�, interleukin-6 and tumor necrosis
factor-�).
Conclusions: Bupleurum polysaccharides up-regulated phagocytic activities but inhibited LPS-induced
productions of proinflammatory mediators. These data suggested that at least part of the traditional
beneficial effects of Bupleurum on inflammatory diseases could be ascribed to the immunomodulatory
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. Introduction

Little Bupleurum Decoction is a herbal formulas originating from
hanghan Zabing Lun, a classical textbook of traditional Chinese
edicine written by Zhang Zhongjing (220 A.D.). This Decoction
s widely used for the treatment of various diseases such as SLE and
hronic hepatitis C, with Radix Bupleuri as its principal ingredient
Huang et al., 2008; Ma, 2008). Bupleurum smithii var. parvifolium
s affluently distributed in the northwest region of China. Our

Abbreviations: SLE, systemic lupus erythematosus; BPs, Bupleurum polysaccha-
ides; CMC, carboxymethyl cellulose; NS, normal saline; SRBCs, sheep red blood cell;
RBCs, chicken red blood cell; IgG-SRBC, IgG-opsonized SRBC; ELISA, enzyme-linked

mmunosorbent assay; NO, nitric oxide; IL-1�, interleukin-1�; IL-6, interleukin-6;
NF-�, tumor necrosis factor-�; TLRs, toll-like receptors.
∗ Corresponding authors. Tel.: +86 21 5198 0050.

E-mail addresses: lxzhang@shmu.edu.cn (H. Li), dfchen@shmu.edu.cn
D.-F. Chen).

378-8741/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2010.05.019
harides on macrophages.
© 2010 Elsevier Ireland Ltd. All rights reserved.

previous experiments had confirmed that a homogeneous polysac-
charide (D3-S1) isolated from Bupleurum smithii var. parvifolium
had inhibitory properties toward complement activation (Xu et
al., 2007). In addition, the isolated Bupleurum polysaccharides
improved lupus-like syndrome in mice induced by CJ-S131 (Wang et
al., 2009a), while significantly enhanced pinocytosis of peritoneal
macrophages in normal mice (Wang et al., 2009b).

Macrophages initiate the innate immune response by recogniz-
ing pathogens, phagocytosing them, and secreting inflammatory
mediators. Besides, macrophages also play a crucial role in the reg-
ulation of acquired immunity (Beurel and Jope, 2009). Activation
of macrophages induces increased expression of both class II MHC
molecules and various co-stimulatory molecules, thereby render-

ing the macrophages more effective in the development of both
humoral and cell-mediated immune responses (Hongmei et al.,
2009).

Systemic lupus erythematosus (SLE) is a chronic autoimmune
inflammatory disease that affects all organs, including skin, joints,

dx.doi.org/10.1016/j.jep.2010.05.019
http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:lxzhang@shmu.edu.cn
mailto:dfchen@shmu.edu.cn
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ig. 1. HPGPC chromatogram of the Bupleurum polysaccharides obtained with a TSK
t 1.0 mL/min, and detected at 254 nm.

lood and kidneys. The main effectors of disease pathology are the
iverse autoantibodies, immune complexes, complement activa-
ion and autoreactive cells. Altered biology of immune cells and
ossibly other cell types invariably contributes in the expression of
he diseases (Christina and George, 2006).

Macrophages have been considered to play important roles in
he pathogenesis of SLE in numerous studies (Katsiari et al., 2009).
wing to the intrinsic defects of macrophages, SLE is one of the
ell-established examples in which apoptotic cell clearance is dis-

urbed both in mice and patient (Xu et al., 2006). Recent studies also
onfirmed that aberrant function of lupus macrophages appeared
o play a dynamic role in the initiation and perpetuation of the
ystemic autoimmune response and organ damage (Katsiari et al.,
009). Moreover, numerous abnormalities of the cytokine network
ave been described in patients suffering from SLE (Alaa et al.,
006a). Therefore secretion function of macrophages may con-
ribute to the pathophysiology of SLE as well.

It is reported one of the primary mechanisms of immunomod-
lator isolated from plant polysaccharides appears to involve their
bility to influence complement activation and macrophage func-
ion (Schepetkin et al., 2005). Based on our previous studies and
he role of macrophage in inflammatory diseases mentioned above,
e investigated the effects of BPs on some macrophage functions,

ncluding phagocytic activities and LPS-induced inflammatory fac-
ors production.

. Materials and methods

.1. Animals

Male BALB/c mice aged 6–8 weeks were purchased from Slaccas-
hanghai Lab Animal Ltd. (SPF II Certificate; No. SCXK2008-0016)
nd bred and housed under a standard laboratory condition with
ree access to food and water. All experimental protocols described
n the study were approved by the Animal Ethical Committee of
chool of Pharmacy, Fudan University.

.2. Drugs and reagents
The crude polysaccharides from Bupleurum smithii var. parvi-
olium were isolated according to the method described previously
Xu et al., 2007; Wang et al., 2009a). The total carbohydrate and
ronic acid contents were determined by the phenol-sulfuric acid
nd m-hydroxybiphenyl methods respectively, using d-galactose
WXL gel filtration column (7.6 mm × 300 mm, TOSOH), eluted with ultrapure water

andd-galacturonic acid as respective standards. The crude polysac-
charides contained 74.8% of total carbohydrate and 41.5% of
uronic acid. The monosaccharide composition of polysaccharides
was examined by gas chromatographic analysis, the polysac-
charides is mainly consisted of Ara, Gal, Glc and Rha in the
ratio of 6.35:3.15:1.47:1, along with trace of Man and Xyl. High-
performance gel permeation chromatography (HPGPC) analysis
showed that the polysaccharides contained one major polysaccha-
ride with several minor ones (Fig. 1), from which a homogeneous
acidic polysaccharide D3-S1 was isolated and characterized as an
anti-complementary agent (Xu et al., 2007).

Prednisone was provided by Tianjing Tianyao Pharmaceutical
Co., Ltd. and levamisole was purchased from Sigma Co., Ltd.

2.3. Experimental protocol

BPs, prednisone or levamisole were ground and suspended in
normal saline containing 0.5% sodium carboxymethyl cellulose
(CMC) for administration, respectively. There were five groups in
this experiment. One was given 0.5% CMC solution as vehicle-
treated group, the other four groups were given BPs 20, 40, and
80 mg kg−1 day−1, and prednisone 3 mg kg−1 day−1 or levamisole
25 mg kg−1 day−1 intragastrically from day 0 to day 6, respectively.
Prednisone or levamisole was used as a positive control. Mice were
sacrificed on day 7 and peritoneal macrophages were harvested for
the following experiments.

Peritoneal macrophages were isolated from BALB/c mice 4 days
after intraperitoneal injection of 1 mL 5% sodium thioglycollate.
Peritoneal exudate cells were obtained by lavage with 1 mL cold
RPMI-1640. The cells were placed in RPMI-1640 which were sup-
plemented with 10% (v/v) heat-inactivated, endotoxin free fetal calf
serum, 100 �g/mL streptomycin, and 100 U/mL penicillin.

All cells were cultured at 37 ◦C in a humidified atmosphere
containing 5% CO2. Cell number and viability were assessed micro-
scopically using trypan blue exclusion.

2.4. Assay for phagocytosis of apoptotic thymocytes

Macrophage phagocytosis of apoptotic cells was assessed in vitro

using minor modifications of a quantitative measurement assay
described previously (Licht et al., 1999). Murine thymocytes were
incubated with dexamethasone for 3 h for inducing apoptotic cells.

The thymus of BALB/c mice was removed after taking out peri-
toneal exudate cells. The cells were stored in cold PRMI-1640 and a
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Fig. 2. Effect of BPs on phagocytosis. Mice were treated with BPs 20 mg kg−1 day−1,
40 mg kg−1 day−1, 80 mg kg−1 day−1 and prednisone 3 mg kg−1 day−1 or levamisole
25 mg kg−1 day−1 from day 0 to day 6 and were intraperitoneal injected with 1 mL
5% sodium thioglycollate on day 2. Mice were sacrificed on day 7, peritoneal
macrophages were prepared from mice. (A) For phagocytosis of apoptotic thy-
mocytes, peritoneal macrophages were incubated for 3 h and co-incubated with
self-apoptotic cells (apoptotic thymocytes induced by dexamethasone) in fresh
medium for another 1 h. (B) For phagocytosis of IgG-SRBCs, peritoneal macrophages
were incubated for 30 min at 37 ◦C. Then they were co-incubated with IgG-SRBCs in
fresh medium at a target-to-effector ratio equal to 200:1 for another 30 min. (C) For
phagocytosis of CRBCs, peritoneal macrophages were incubated for 2 h, and were
co-incubated with CRBCs for 1 h. Non-engulfed apoptotic cells, SRBCs and CRBCs
were washed out and the cells were fixed and stained with Giemsa-Wright stain-
X.-Q. Cheng et al. / Journal of Eth

ingle-cell suspension of thymocytes was prepared by thymic dis-
uption in a nylon filter net, thymocytes were seeded in 20 mL of
PMI-1640 supplemented with 1 mM dexamethasone (WKP5140,
ako, Japan) at 5 × 106 cells/mL in a cell culture flask and incubated

or 3 h. After that, cells were washed 3 times in order to remove
examethasone. Samples of 20 �L were taken for cell counting by
rypan blue, and the survival rate was about 50%. Then the cells
ere adjusted to a concentration of 2.5 × 106 cells/mL.

Macrophages were plated at a density of 1.5 × 105 cells/mL in
4-well plates (Costar, Corning, NY) and incubated for 1.5 h. Non-
dherent cells were removed by washing softly, and adherent
eritoneal macrophages were incubated again for 1.5 h in RPMI-
640.

Apoptotic thymocytes in 1 mL RPMI-1640 were added gently
nto the 24-well plates containing macrophages and co-incubated
or 1 h. After interaction, the 24-well plates were washed thor-
ughly to remove non-engulfed thymocytes. Then macrophages
ere fixed for 30 min with 99.9% methanol and stained with
right-Giemsa staining before the phagocytic rate and index was

ounted. Phagocytosis was assessed at 400× magnification by reg-
lar light microscopy.

The phagocytic index and phagocytic rate were calcu-
ated as follows: phagocytic rate = number of macrophages that
ngulf apoptotic thymocytes in 100 macrophages, phagocytic
ndex = number of internalized apoptotic thymocytes in 100

acrophages. Only thymocytes clearly within the perimeter of the
acrophages were counted and the procedure was completed by

wo independent observers.

.5. Assay for phagocytosis of IgG-opsonized sheep red blood cells
SRBCs)

Phagocytic assay was performed as previously described with
ome modification (Song et al., 2008). Peritoneal macrophages were
rought to a concentration of 5 × 105 cells/mL in 24-well culture
lates and incubated for 30 min. Then the wells were washed 3
imes to remove non-adherent cells and the adherent ones were
arvested for the following experiment.

IgG-opsonized SRBCs (IgG-SRBCs) were prepared by incubating
heep red blood cells with 1:10 dilution of the maximal subag-
lutinating titer of rabbit anti-sheep red blood cells IgG (200903,
eibian, China). Prepared IgG-SRBCs in 1 mL were added gently

nto the 24-well plates containing macrophages at a target-to-
ffector ratio equal to 200:1 and co-incubated for another 30 min.
he 24-well plates were washed thoroughly to remove non-
ngulfed SRBCs. Then macrophages were fixed for 30 min with
9.9% methanol and stained with Wright-Giemsa staining before
he phagocytic rate and index was counted.

Phagocytosis was assessed at 400× magnification by regular
ight microscopy. The phagocytic index and phagocytic rate calcu-
ation were similar: phagocytic rate = number of macrophages that
ngulfed SRBCs in 100 macrophages, phagocytic index = number of
nternalized SRBCs in 100 macrophages.

.6. Assay for phagocytosis of chicken red blood cells (CRBCs)

Peritoneal macrophages were plated at a density of
× 106 cells/mL in 35 × 10 mm culture plates and incubated

or 2 h. The adherent ones were harvested for the following
xperiment.
CRBCs were prepared as follow: CRBCs were washed 3 times
n barbitol buffer solution (3 mM barbitone, 150 mM NaCl, 1 mM
arbital Sodium) and suspended in this buffer at a density of
× 108 cells/mL; then the suspended fluid was diluted at 1:10 by
PMI-1640.
ing before the phagocytic rate and index were counted. Data were expressed as
means ± S.D.; n = 6 mice for each group. *P < 0.05, **P < 0.01, ***P < 0.001 compared
with control group, tested by ANOVA and Fisher’s PLSD.

The prepared CRBCs were added gently into 35 × 10 mm cul-
ture plates with adherent macrophages at the ratio equal to 25:1
and co-incubated for 1 h. The plates were washed thoroughly to
remove non-engulfed CRBCs and macrophages were fixed with
99.9% methanol and stained with Wright-Giemsa staining.

Phagocytosis was assessed at 400× magnification by regular
light microscopy. Calculation of phagocytic index and phago-
cytic rate was similar: phagocytic rate = number of macrophages
engulfed CRBCs in 100 macrophages, phagocytic index = number of
internalized CRBCs in 100 macrophages.
2.7. Determination of nitric oxide (NO)

Macrophages were plated at a density of 2 × 106 cells/mL in 48-
well culture plates and incubated in medium alone or medium
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Fig. 3. Effect of BPs on peritoneal macrophages NO, IL-6, IL-1� and TNF-� production. Mice were treated with BPs 20 mg kg−1 day−1, 40 mg kg−1 day−1, 80 mg kg−1 d−1, and
prednisone 3 mg kg−1 d−1 from day 0 to day 6 and were intraperitoneal injected with 1 mL 5% sodium thioglycollate on day 2. Murine peritoneal macrophages were incubated
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or 24 h with medium alone or 1 �g/mL LPS. NO production was quantified by measu
upernatants was quantified with ELISA kits based on extrapolation from correspo
eans ± S.D.; n = 6 mice for each group. *P < 0.05, **P < 0.01, ***P < 0.001 compared w

ontaining LPS (1 �g/mL) from Escherichia coli O127:B8 (Sigma) for
4 h. After that 200 �L of supernatants were removed and stored
t 80 ◦C for measurement of NO and cytokines.

Determination was performed according to the colorimetric
ethod described previously (Schepetkin et al., 2005), using nitrite

on concentration as an indication of NO production and NaNO2 as
standard substance. Briefly, 100 �L cell culture supernatant were

ransferred to flat-bottom microtiter plates, mixed with an equal
olume of Griess reagent [0.1% (w/v) N-(1-naphthyl) ethylene-
iamine dihydrochloride and 1% (w/v) sulfanilamide in 5% (v/v)
hosphoric acid]. The samples were incubated for 15 min at room
emperature. The optical densities were measured at 540 nm using
well scanner ELISA reader (Labsystems Dragon) and nitrite con-

entration was determined using a standard curve generated with
nown concentrations of NaNO2.

.8. Determination of interleukin-1ˇ (IL-1ˇ), interleukin-6 (IL-6)
nd tumor necrosis factor-˛ (TNF-˛)

IL-1�, IL-6 and TNF-� enzyme-linked immunosorbent assay
ELISA) kits (R&D, USA) were used to detect IL-1�, IL-6 and TNF-�
n macrophages supernatants. Cytokine concentrations were deter-

ined by extrapolation from IL-1�, IL-6 and TNF-� standard curves,
ccording to the manufacturer’s protocol.

.9. Statistical analysis
Quantitative variables were expressed as means ± S.D. One-way
nalysis of variance (ANOVA) was used. If any significant change
as found, post hoc comparisons were performed using Fisher’s

LSD.
itrite in the cell-free supernatants. IL-6, IL-1�and TNF-� production in the cell-free
standard curve, according to the manufacturer’s protocol. Data were expressed as
ntrol group, tested by ANOVA and Fisher’s PLSD.

3. Results

3.1. Effects of BPs on phagocytic activities

For phagocytosis of apoptotic thymocytes, both the phago-
cytic rate and phagocytic index increased significantly in BPs
80 mg kg−1 day−1 when compared with control group (P < 0.001,
P < 0.01) (Fig. 2A). BPs 20, and 40 mg kg−1 day−1 had no significant
effect on rate and index of phagocytosis of apoptotic thymocytes.
Administration of 3 mg kg−1 day−1 prednisone inhibited the rate of
phagocytosis (P < 0.05).

As shown in Fig. 2B, a considerable enhancement of both rate
and index of phagocytosis of IgG-SRBCs was observed in BPs as com-
pared with control group (P < 0.001). Treatment with prednisone
3 mg kg−1 day−1 suppressed the rate and index of phagocytosis of
IgG-SRBCs (P < 0.01, P < 0.05).

When it comes to phagocytosis of CRBCs, treatment with BPs
and lavamisole increased the index of phagocytic rate and index
significantly (Fig. 2C).

3.2. Effects of BPs on NO

In the culture supernatants, a minimum amount of NO produc-
tion was determined when macrophages incubated with medium
alone; whereas, treatment with 1 �g/mL LPS resulted in a great
increase in NO production (P < 0.001) (Fig. 3A).

NO production in the medium alone was reduced by BPs and

prednisone significantly (P < 0.001) as compared with its control
group.

Compared with its control group, BPs (40 and 80 mg kg−1 day−1)
and prednisone reduced the NO production stimulated by LPS
(P < 0.001).
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.3. Effects of BPs on IL-1ˇ, IL-6 and TNF-˛

TNF-�, IL-1� and IL-6 are inflammation related factors. Com-
ared with medium alone, IL-1�, IL-6 and TNF-� productions
ere significantly increased by LPS stimulation (P < 0.001, P < 0.01,
< 0.001).

IL-6 production was reduced by BPs (20, 40, and
0 mg kg−1 day−1) and prednisone (3 mg kg−1 day−1) signifi-
antly with and without LPS stimulation as compared with control
roup (P < 0.001) (Fig. 3B).

In the absence of LPS treatment, macrophages generated a
ow level of IL-1�. In macrophages treated with 1 �g/mL LPS,
dministration of 40 and 80 mg kg−1 day−1 BPs suppressed IL-1�
roduction as compared with its control group (P < 0.01) (Fig. 3C).

Both BPs and prednisone had no significant effect on TNF-�
ecretion when cultured without LPS. Reduction of TNF-� pro-
uction was observed in BPs (40 and 80 mg kg−1 day−1) with LPS
timulation (Fig. 3D).

. Discussion

In recent decades, numerous polysaccharides isolated from
lants, epiphytes and animals have been proven to be fewer side
ffects and possess a wide range of biological functions such as anti-
umor, immunomodulation and anti-oxidation properties (Li et al.,
009). Overall, the primary effect of botanical polysaccharides is to
nhance and/or activate macrophage immune responses. In partic-
lar, these compounds have been shown to increase macrophage
ytotoxic activity against tumor cells and microorganisms, activate
hagocytic activity, increase reactive oxygen species and NO pro-
uction, and enhance secretion of cytokines and chemokines, such
s TNF-�, IL-1�, IL-6, IL-8, IL-12, IFN-� and IFN-�2 (Schepetkin and
uinn, 2006). However, a few polysaccharides showed suppressive
ffects, for example, the polysaccharides isolated from Phellinus
aumii suppressed the LPS-induced NO production in RAW264.7
ells (Chang et al., 2007). In this study, the crude polysaccharides
rom Bupleurum smithii var. parvifolium enhanced phagocytic activ-
ty of macrophage but inhibited LPS-induced NO and inflammatory
ytokines production. These characteristics were quite different
rom most published polysaccharides.

Macrophage is the most important professional phagocyte and
s able to clear large amounts of various materials (Katsiari et
l., 2009). Besides, phagocytes express a broad array of receptors
hat participate in particle recognition and internalization when
hey play their scavenger role in the clearance of none-self mate-
ials such as microorganisms and altered-self materials such as
poptotic cells, immune complexes, senescent erythrocytes, and
nflammatory products (Thomas et al., 2008). As for the three kinds
f phagocytosis determined in our present work, the first was cor-
elated with scavenger receptor (Licht et al., 1999); Fc� receptor
as involved in phagocytosis of IgG-SRBCs (Song et al., 2008); and

he rate and index of phagocytosis of CRBCs were notably positively
orrelated with the expression of toll-like receptor 4 (Li et al., 2004).

SLE patients have an impaired ability to clear apoptotic mate-
ial via cells of mononuclear phagocyte system (Kavai and Szegedi,
007) and autoimmune-prone mice show genetic defects in the
romoter of the mouse Fc�RII b gene (Hogarth, 2002). Toll-

ike receptors, which are broadly expressed on immune cells as
acrophages, play crucial roles in innate immunity and pathogen-

sis of autoimmune diseases (Wang et al., 2009c).

Our data demonstrated BPs 80 mg kg−1 day−1 had a significant

ffect on rate and index of phagocytosis of apoptotic thymocytes.
considerable enhancement of both rate and index of phago-

ytosis of IgG-SRBCs and CRBCs was observed in BPs (20, 40,
nd 80 mg kg−1 day−1) as compared with control group (P < 0.001).
rmacology 130 (2010) 363–368 367

Since our data suggested that BPs could enhance the phagocytic
capability of macrophages, the benefit effect of BPs on immune and
inflammatory diseases might be partly attributed to the improve-
ment of defective or deficient phagocytosis of macrophage.

NO is a critical mediator of a variety of biological functions,
however production of excessive amounts of NO will lead to a dif-
ferent range of pathological outcomes and important pathologies.
It is demonstrated that NO is overproduced in the setting of lupus
activity (Oates and Gilkeson, 2006).

Cytokines are essential molecules involved in the differen-
tiation, maturation and activation of cells and thus, by nature,
have a significant influence on the immunoinflammatory response
(Aringer and Smolen, 2005). But excessive secretion of cytokines
has harmful effect on human health. Numerous abnormalities of the
cytokine network have been described in patients suffering from
inflammatory diseases, such as SLE (Alaa et al., 2006b). TNF-� plays
a major role in propagating the inflammatory processes responsible
for tissue damage in SLE and is over-expressed both systemically
and locally in this disease (Uppal et al., 2009). Murine data have
suggested that IL-1�, would be of importance in SLE (Lemay et al.,
1996). Several data suggest that IL-6 plays a critical role in the B-cell
hyperactivity and immunopathology of SLE, and that it may have a
direct role in mediating tissue damage (Chun et al., 2007).

According to our data, without LPS treatment, a small quantity
of NO, IL-1�, IL-6 and TNF-� could be detected in the supernatant.
BPs administration inhibited NO and IL-6 production but did not
suppress IL-1� and TNF-�. That means BPs had various influ-
ences on different proinflammatory mediators when they were in
physiologic level. However, with the stimulation of 1 �g/mL LPS,
productions of NO, IL-1�, IL-6 and TNF-� were significantly ele-
vated and BPs administration for 6 days exerted suppressive effect
on the overproduced NO and proinflammatory cytokines in various
degrees. Therefore the suppressive effects of BPs on the elevated NO
and proinflammatory cytokines productions might play an impor-
tant role in releasing symptoms of inflammatory diseases, such as
SLE.

As a typically immunosuppressive drug, prednisone inhibited
the physiologic and LPS-induced productions of NO and cytokines
and exerted suppressive effects on phagocytic activities. Long-term
use of immunosuppressive drug always associates with the risk of
infectious and malignant diseases, which may be partly attributed
to the suppression of normal tissues (Crispin and Tsokos, 2007).
However, BPs decreased the LPS-induced excessive production of
NO and cytokines but had various effects on proinflammatory
cytokines when they were in physiologic levels. Plus, BPs promoted
the phagocytic capability. This divergence characteristic of BPs is
unique and could be of potential benefits in treatment of SLE and
other inflammatory diseases.

TLR-4 is the ligand of LPS. Stimulation of TLR-4 with LPS resulted
in a significant increase in cytokines production (Lorne et al., 2009).
Besides, it is reported the rate and index of phagocytosis of CRBCs
were notably positively correlated with the expression of TLR-4 (Li
et al., 2004). Our present data suggested the suppressive effect of
BPs on the production of NO and cytokines might be closely related
to TLR-4 pathway. That is really a paradox. As Imai et al. (2008)
had mentioned, TLR-4 stimulation was relayed to cellular responses
via different adaptors such as MyD88 and TRIF, the specific mech-
anisms of BPs on macrophages via different signal transduction
tunnel need to be investigated deeply in our laboratory in the near
future.

Some polysaccharides enhanced the expression of MHC

molecules II in macrophages (Gi et al., 2004; Liu et al., 2006), how-
ever, others showed down-modulation of MHC II (Gi et al., 2003). As
the role of macrophages to present antigens via MHC is very impor-
tant and complicate in immune responses, whether BPs have effects
on the expression of MHC and the following antigen-presenting
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mice. European Journal of Pharmacology 607, 102–106.
Xu, W., Roos, A., Daha, M.R., van Kooten, C., 2006. Dendritic cell and macrophage

subsets in the handling of dying cells. Immunobiology 211, 567–575.
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rocess will also be investigated deeply in our laboratory in the
ear future.

In conclusion, our study demonstrated that BPs had potent
mmunomodulatory activity on macrophages and at least part of
he beneficial effects of Bupleurum polysaccharide on inflamma-
ory diseases, such as SLE, might due to modulation of macrophages
mmune functions.
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