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[ABSTRACT] AIM: To isolate and characterize the anti-complementary polysaccharide from the root of Bupleurum chinense. 
METHODS: Bioactivity-guided fractionation and purification was used to obtain the anti-complementary polysaccharide from the 
hot-water extract of the root of Bupleurum chinense. The polysaccharide was characterized by various chemical and spectral analyses. 
The anti-complementary activities were evaluated by hemolytic assay in vitro. The action targets were identified in the system with 
individual complement-depleted sera. RESULTS: A homogeneous polysaccharide BC-PS2 was isolated as an anti-complementary 
agent. It was identified as a branched polysaccharide with an average molecular weight about 2 000 KDa, composed of Glc, Ara, Gal, 
and Man in the ratio 3.5 : 2.4 : 2.0 : 1.0, respectively, along with a trace of Rha and Xyl, and only 1.11% of protein. The main linkages 
of the residues of BC-PS2 include terminal, 1, 6-linked, 1, 3-linked and 1, 3, 6-linked Glcp, terminal and 1, 5-linked Araf, terminal, 1, 
4-linked, 1, 6-linked and 1, 4, 6-linked Galp, terminal, and, 1, 4-linked and 1, 4, 6-linked Manp. The bioassay experiments revealed that 
BC-PS2 inhibited complement activation on both the classical and alternative pathways, with CH50 and AP50 of (0.222 ± 0.013) and 
(0.356 ± 0.032) mg·mL−1, respectively. Preliminary mechanism studies indicated that BC-PS2 interacted with C1q, C2, and C9 compo-
nents. CONCLUSION: The results demonstrated that BC-PS2 is an anti-complementary polysaccharide, and should be important 
constituent of the root of Bupleurum chinense for its application in the treatment of diseases associated with the excessive activation of 
complement system. 
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1  Introduction  

Recent studies demonstrated that complement represents 
a key component of the innate and adaptive immunity and 
disposing of immune complexes and apoptotic cells [1-2]. 
However, excessive or uncontrolled complement activation 
significantly contributes to undesired tissue damage and the 
pathogenesis of various diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus (SLE), systemic inflammatory 
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response syndrome (SIRS) and acute respiratory distress 
syndrome (ARDS) [3-4]. Thus, there is a pressing need to de-
velop therapeutically effective complement inhibitors to pre-
vent these adverse effects [5]. 

A wide array of complement inhibitors has been devel-
oped to target various components of the complement cascade, 
such as recombination protein [6], anti-complementary anti-
body[7] and synthetic compounds [8]. However, their drawbacks 
cannot be ignored: immune rejection, poor-absorbtion, short 
half-life, and expensive. Thus, there is an increasing interest in 
examining naturally-occurring and low toxicity anti- comple-
mentary agents from traditional Chinese medicine [9-11].  

The root of Bupleurum chinense DC. (Apiaceae) is a bo-
tanical origin of Radix Bupleuri [12], a well-known, traditional 
Chinese medicine which has been used for the treatment of 
influenza, fever, malaria and menstrual disorders for thou-
sands of years[13]. The major constituents associated with the 
pharmacological effects of B. chinense include saikosaponin, 
an essential oil and polysaccharides. The polysaccharides 
D3-S1 from the roots of B. smithii H.Wolff and BR-2-IIb 
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from the roots of B. falcatum L. were confirmed to possess 
anti-complementary activities [9, 14]. Hemolytic assay showed 
that the hot-water extract of the root of B. chinense showed 
anti-complementary activities towards both the classical and 
alternative pathways. Bioactivity-guided fractionation con-
firmed that the crude polysaccharides (BCPs) were the major 
anti-complementary components. Further animal studies indicated 
that the beneficial effect of BCPs against acute lung injury in 
mice might be related to its inhibitory effects on excessive 
activation of complement [15]. These research findings en-
couraged us to search for anti-complementary agents from 
BCPs. A homogeneous polysaccharide, BC-PS2 with robust 
anti-complementary activity was isolated from the root of B. 
chinense by means of bioactivity-guided fractionation and 
purification. In the present paper, the isolation and charac-
terization of BC-PS2 is described, and the anti-complementary 
activities and targets of BC-PS2 in complement activation 
cascade investigated and identified.  

2  Experimental 

2.1  General methods 
The roots of Bupleurum chinense DC. were purchased 

from An-guo herb market, He-bei Province of China, in Oc-
tober of 2007. The plant material was authenticated by Prof. 
PAN Sheng-Li at Fudan University, and the voucher speci-
men (DFC-BC20071015) has been deposited at the Herbar-
ium of Materia Medica, Department of Pharmacognosy, 
School of Pharmacy, Fudan University, Shanghai, China. 
Sephacryl™ S-400 and Sephacryl™ S-300 High Resolution 
were purchased from Amersham Biosciences. Trifluoroacetic 
acid (TFA) was purchased from Fluka. All other reagents 
were of the highest available quality. 

Buffers: isotonic veronal-buffered saline (VBS2+): con-
taining 0.5 mmol·L−1 Mg2+ and 0.15 mmol·L−1 Ca2+. 
EGTA-VB: veronal buffer saline, containing 5 mmol·L−1 
Mg2+ and 8 mmol·L−1 EGTA [16]. Sheep blood was collected 
in Alsevers' solution. Sheep erythrocytes were washed three 
times in VBS2+ and then suspended in this buffer at a cell 
density of 4 × 108 cells/mL. Rabbit blood was obtained from 
the ear vein of New Zealand white rabbits. Rabbit erythro-
cytes were washed three times in EGTA-VB and then sus-
pended in this buffer at a cell density of 1 × 108 cells/mL. 
Anti-sheep erythrocyte antibody was obtained from rabbit 
antiserum provided by Prof. ZHANG Yun-Yi (Department of 
Pharmacology, School of Pharmacy, Fudan University, 
Shanghai, PR China). Normal human serum (NHS) was ob-
tained from healthy male donors (average age of 27 years). 
Heparin (sodium salt, 160 IU·mg−1) was from Shanghai Aiz-
ite Biotech Co., Ltd.. Anti-C1q, Human (Goat) and Anti-C2, 
Human (Goat) were from Merck Biosciences; Anti-C5, Hu-
man (Rabbit) was from Shanghai Shensuo Reagent Co., Ltd. 
and Anti-C9, Human (Goat) was from Calbiochem; Anti-C3, 
Human (Goat) and Anti-C4, Human (Goat) were from Shang-
hai Sun Biotech Co., Ltd. Guinea pigs were purchased from 
the Laboratory Animals Research Institute of Fudan University, 

Shanghai, China. Thrombin (5 U·mL−1) was purchased from 
Shanghai Yingyue Biological Co., Ltd..  

The optical rotation was determined at 25 °C with a 
JASCO P-1020 polarimeter. The infrared spectra (KBr pellets) 
were recorded on a spectrophotometer (Avatar 360 ESP, 
Thermo Nicolet, USA). UV-VIS absorption spectra were 
recorded by using a spectrophotometer (UNICO UV-2900). 
NMR spectra were recorded with a DRX 400 spectrometer 
(Bruker Co., Ltd., Switzerland) in D2O. Elemental analysis 
(C, H, and N) was conducted with a Perkin-Elmer 2400 in-
strument. The total carbohydrate content was determined by phe-
nol-sulfuric acid [17], using D-glucose, D-galactose, 
α-L-arabinose and D-mannose (molar ratio: 3.5 : 2.4 : 2.0 : 1.0) 
as standards. Uronic acid content was determined by 
m-hydroxy-biphenyl method with D-galacturonic acid as 
standard [18]. The concentration of total protein was estimated 
by the folin-phenol method [19], using bovine serum albumin 
as standard. The sulfate content was measured using a modi-
fication of the BaCl2 turbidimetric method [20]. Dialysis was 
carried out by using dialysis tubing (Spectra/Por MWCO: 
5000-8000). 
2.2  Isolation and purification of BC-PS2 

The hemolytic assay on the classical pathway was used 
as biological activity guide in the fractionation and isolation 
of the anti-complementary constituents from the roots of B. 
chinense. 

The dried roots were ground into fine particles, defatted 
using 95% EtOH，the residues dried in the shade, and then 
extracted with hot water. The protein in the hot-water extract 
was precipitated with 7% trichloroacetic acid at 4 °C. The 
supernatant was neutralized by 10% NaOH and then exten-
sively dialyzed against running water for 2 d. The supernatant 
was precipitated by adding four volumes of 95% EtOH. After 
centrifugation, the precipitate was washed with anhydrous 
EtOH, and then lyophilized to produce the crude polysaccha-
ride fraction (BCPs). Among the EtOH extract, the water extract, 
and the crude polysaccharide, the highest anti-complementary 
activity was observed in the crude polysaccharide fraction. 
This fraction was further fractionated on a DEAE-cellulose 
column with water and different concentrations of stepwise 
NaCl solution elution (0.4, 0.8, 1.2 and 2.0 mol·L−1 NaCl), 
leading to the isolation of five sub fractions B1, B2, B3, B4 
and B5. Of those, fraction B4 showed the relatively highest 
activity, and was repeatedly subjected to size-exclusion col-
umn chromatography on Sephacryl™ S-400 and Sephacryl™ 
S-300 to give BC-PS2 which showed the greatest 
anti-complementary activities. 
2.3  High-performance gel permeation chromatography 
(HPGPC) and high–performance capillary electrophoresis 
(HPCE) analysis 

The homogeneity and molecular weight of BC-PS2 were 
determined mainly by HPGPC analysis. The sample was 
analyzed by a TSK GMPWXL gel filtration column (7.6 mm 
× 300 mm, TOSOH) and eluted with ultrapure water at 1.0 
mL·min−1. Standard dextrans T-2000, T-500, T-70, T-40 and 
T-10 were used as molecular markers. HPCE was performed 
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on an uncoated fused-silica capillary tube (50 μm × 60 cm) at 
25 °C using 0.02 mol·L−1 borax buffer (pH 8.6) as solvent, 
with detection at 254 nm. 
2.4  Composition analysis 

A sample of BC-PS2 (5.3 mg) was hydrolyzed with 2 
mol·L−1 trifluoroacetic acid (TFA) (4 mL) at 110 °C for 4 h. 
After reduction with NaBH4 (20 mg), the monosaccharide 
alditol acetates were prepared using the method described by 
Jones and Albersheim [21]. The alditol acetates were subjected 
to GC analysis on an HP6890 GC (Hewlett-Packard, Wil-
mington, USA) fitted with a capillary column DB-225 (0.25 
mm × 30 m). 
2.5  Methylation analysis 

Methylation analysis was performed according to the 
procedures of Ciucanu and Kerek [22]. Briefly, BC-PS2 (8.8 
mg) was de-polymerized in carbonylamines and then dis-
solved in dimethylsulfoxide (DMSO) under nitrogen and 
pre-methylated by treatment with NaOH powder (20.0 mg) 
and iodomethane (0.5 mL). Partially methylated alditol ace-
tates were prepared from fully methylated samples by acid 
hydrolysis with 2 mol·L−1 TFA at 110 °C for 1 h. After reduc-
tion of the hydrolysates with NaBH4, they were acetylated 
with acetic anhydride in the usual manner. The alditol ace-
tates were analyzed by GC-MS on the HP6890 GC equipped 
with a HP5973 mass selective detector. 
2.6  Confirmation of the inhibitory effect of BC-PS2 on the 
complement  

According to the method of Zhou et al [23], there were 
three testing groups: high sheep erythrocyte (8.0 × 108 cells/ 
mL) group, high anti-sheep erythrocyte antibody (1 : 500 
diluted) group, and high NHS (1 : 4 diluted) group; the 1 : 8 
diluted BC-PS2 (0.79 mg·mL−1) was mixed separately. These 
reactants were incubated at 37 °C for 30 min. The different 
assay controls were incubated under the same conditions: (1) 
normal hemolysis inhibition standard of BC-PS2: 100 μL 
BC-PS2 (0.79 mg·mL−1), 100 μL NHS (1 : 8 diluted), 100 μL 
anti-sheep erythrocyte antibody (1 : 1 000 diluted) and 100 
μL sheep erythrocyte (4.0 × 108 cells/mL) in 200 μL VBS2+; 
(2) normal hemolysis standard of complement: 100 μL NHS 
(1 : 8 diluted), 100 μL anti-sheep erythrocyte antibody (1 : 
1000 diluted) and 100 μL sheep erythrocyte (4.0 × 108 
cells/mL) in 300 μL VBS2+; and (3) calibration of BC-PS2: 
100 μL BC-PS2 in 500 μL VBS2+. The reaction mixture was 
centrifuged immediately. The optical density of the super-
natant was measured at 405 nm with a spectrophotometer 
(Wellscan MK3, Labsystems Dragon). The absorbance of the 
calibration of BC-PS2 was subtracted in order to obtain the 
corrected absorbance. 
2.7  Anti-complementary activity through the classical 
pathway 

Based on Mayer's modified method [24], sensitized sheep 
erythrocytes (EAs) were prepared by incubation of sheep 
erythrocytes (4.0 × 108 cells/mL) with rabbit anti-sheep 
erythrocyte antibody (1:1000 diluted) in VBS2+. BC-PS2 and 
heparin, used as positive control, were dissolved in VBS2+. 

NHS was used as the complement source. The 1:8 diluted 
NHS was chosen to give sub-maximal lysis in the absence of 
complement inhibitors. In brief, various dilutions of tested 
samples (200 μL) were mixed with 200 μL of NHS, and 200 
μL of EAs was added, then the mixture was incubated at 37 
°C for 30 min. The different assay controls were incubated 
under the same conditions: (1) vehicle control: 200 μL EAs in 
400 μL VBS2+; (2) 100% lysis: 200 μL EAs in 400 μL ul-
trapure water; and (3) sample control: 200 μL dilution of each 
sample in 400 μL VBS2+. The reacted mixtures were centri-
fuged immediately. The optical density of the supernatant 
was measured at 405 nm. The sample control absorbance was 
subtracted from each value to obtain the corrected absorbance 
and the inhibitory percentage was calculated. 
2.8  Anti-complementary activity through the alternative 
pathway 

According to the method of Klerx et al [16], each sample 
was dissolved in EGTA-VB, and various dilutions of sample 
were made. Each sample (150 μL) was mixed with 1 : 8 di-
luted NHS (150 μL), then 200 μL rabbit erythrocytes (ERs 
1.0 × 108 cells/mL) was added. The mixture was incubated at 
37 °C for 30 min. Cell lysis was determined as described in 
the section on anti-complementary activity through the clas-
sical pathway. Controls for vehicle, 100% lysis, and the sam-
ples were included. 
2.9  Preparation of complement-depleted serum with com-
plement antibody 

This experiment was conducted according to the modi-
fied method of Zhou et al [23]. Various dilutions of each an-
tiserum were incubated with the same volume of NHS (1 : 10 
diluted) at 37 °C for 15 min. After centrifugation, supernatant 
(200 μL) was incubated with 200 μL VBS2+ and 200 μL EAs, 
then cell lysis was measured as described in Section 2.7. The 
antiserum dilution against the NHS hemolytic capacity was 
then determined. The optimal dilutions (1 : 32 for C5; 1 : 1 
for C3, C4, and 1 : 64 for C1q, C2, and C9) were incubated 
with the same volume of NHS (1 : 10 diluted) at 37 °C for 15 
min, followed by centrifugation, and the supernatants were 
stored as C-depleted sera in aliquots at −70 °C before use in 
hemolytic assays.  
2.10  Interaction with individual complement components 

The capacity of depleted sera to lyse EAs through the 
classical pathway was assessed in the presence or absence of 
BC-PS2-treated NHS. BC-PS2-treated NHS was obtained by 
incubating optimally diluted BC-PS2 (0.75 mg·mL−1) with an 
equal volume of 1 : 10 diluted NHS at 37 °C for 10 min. The 
examined concentration of BC-PS2, just sufficient to cause 
complete loss of hemolytic activity of 1 : 10 diluted NHS, 
was determined as described in the section of 
anti-complementary activity through the classical pathway. 
For the target complement group (the assay of the capacity of 
various depleted sera to restore the hemolytic capacity of 
BC-PS2-treated serum), 200 μL EAs and 200 μL individual 
depleted serum of C1q, C2, C3, C4, C5 or C9 were added to 
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200 μL BC-PS2-treated NHS, and the mixture was incubated 
at 37 °C for 30 min. After centrifugation and measurement of 
the optical density of the supernatant, the percentage of 
hemolysis was calculated. For the assay of the individual 
depleted serum group, C-depleted sera were directly incu-
bated with EAs under the same conditions, and the hemolytic 
activities were calculated. The controls: (1) vehicle control: 
200 μL EAs in 400 μL VBS2+; (2) 100% lysis: 200 μL EAs in 
400 μL water; (3) complement control: 100 μL NHS (1 : 10) 
and 200 μL EAs in 300 μL VBS2+; (4) BC-PS2: 200 μL 
BC-PS2-treated NHS and 200 μL EAs in 200 μL VBS2+; and 
(5) sample control: 100 μL sample in 500 μL VBS2+ were 
incubated under the same conditions. 
2.11  Influence on recalcification time (RT) and thrombin 
time (TT) 

A sample (150 μL) of platelet poor plasma (PPP) (ob-
tained from the blood of major arteries of guinea pigs) was 
added to 15 μL of different concentrations of BC-PS2  (1 
500, 750 and 375 μg·mL−1, diluted with VBS2+) and heparin 
(5.2 μg·mL−1, used as positive control), the mixture was in-
cubated at 37 °C for 5 min, then 150 μL of 0.025 mol·L−1, 
CaCl2 solution was added. The time from addition of CaCl2 
to clot formation was recorded as the plasma recalcification 
clotting time, briefly called recalcification time (RT). The 
determination of thrombin time (TT) was identical with RT, 
except that CaCl2 was substituted with thrombin. 

3  Results and Discussion 

3.1  Bioactivity-guided isolation and purification of BC-PS2 
Ion-exchange chromatography of the crude polysaccha-

rides on a DEAE-cellulose column afforded five 
sub-fractions: B1, B2, B3, B4 and B5. of these, B4 showed 
the highest anti-complementary activity on the classical 
pathway. Therefore, sub-fraction B4 was repeatedly subjected 
to size-exclusion column chromatography on Sephacryl™ 
S-400 and SephacrylTM S-300 to give BC-PS2, which pos-
sessed significant anti-complementary effect and high carbo-
hydrate content. The yield of BC-PS2 from the root of B. 
chinense was 0.07‰ of the dry material. 
3.2  Chemical characterization of BC-PS2 

BC-PS2 appeared as yellowish-brown floss, [α]D
25 −97.2 

(c 0.3, H2O). The HPGPC (Fig. 1A) and HPCE (Fig. 1B) 
profiles showed a single and symmetrically sharp peak, indi-
cating that BC-PS2 was a homogeneous polysaccharide with 
an average molecular weight about 2 000 KDa. Elemental 
analysis revealed C, 33.45%; H, 6.93%; N, 1.03%. The result 
of ultraviolet scanning showed that the maximal absorbance 
of BC-PS2 is around 210 nm; the absorbance at 280 nm for 
BC-PS2 is very limited. BC-PS2 contained 97.03% of total 
carbohydrate, 1.11% of protein, and only 0.75% of uronic 
acid. Sulfate content determination indicated that no sulfate 
groups were present in BC-PS2. The IR spectrum of 
BC-PS2 displayed a typical major broad stretching peak 
around 3 435 cm−1 for the hydroxyl groups, and at 1 621 
cm−1 for C=O. IR absorptions at 1 244 cm−1 for S=O, and at 
850 cm−1 and 819 cm−1 for C–O–S were not observed [25]. 
The 13C NMR signals at δ 69.69 and 80.83 manifested the 
presence of 1,6-linked galactopyranose and 1, 4-linked 
glucopyranose residues, respectively, and the signal at δ 
99.98 indicated the existence of glucopyranose residues 
which were substituted at C-1 [26-28]. 

 

 

Fig. 1  Profiles of BC-PS2 in HPGPC (A) and HPCE (B). (A) The sample was analyzed by a TSK-GEL GMPWXL gel filtration 
column (7.6 mm × 300 mm, TOSOH) and eluted with ultrapure water at 1.0 mL·min−1; (B) The sample was analyzed by an uncoated 
fused-silica capillary tube (75 μm × 60 cm) using 0.02 mol·L−1 boroborax buffer (pH 8.60) as solvent, with detection at 254 nm 

 
The monosaccharide composition of BC-PS2 was ex-

amined by gas chromatographic analysis. The result showed 
that the polysaccharide is mainly comprised of Glc, Ara, Gal 
and Man in the ratio of 3.5 : 2.4 : 2.0 : 1.0, along with a trace 
of Rha and Xyl. The high content of arabinose and galactose 
might be important to its anti-complementary activity, as 

reported in the literature [29-31].  
The linkages of BC-PS2 were deduced from the methy-

lation analysis, which revealed (Table 1) that there are termi-
nal, 1, 6-linked, 1, 3-linked and 1, 3, 6-linked Glcp, terminal 
and 1,5-linked Araf, terminal, 1,4-linked, 1,6-linked and 1, 4, 
6-linked Galp, terminal, 1, 4-linked and 1, 4, 6-linked Manp. 
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The existence of branched structures has been considered 
important to the anti-complementary activity of polysaccha-
rides [32-34]. The identification of 1, 4, 5, 6-tetra-O-acetyl-2-O- 

methyl-mannose (1, 4, 6-linked Manp) and 1, 4, 5, 6-tetra-O- 
acetyl-2-O-methyl-galactose (1, 4, 6-linked Galp) indicated 
that BC-PS2 is a branched polysaccharide. 

 

Table 1  Alditol acetate derivatives from the methylated BC-PS2 
Methylated sugars  
(as alditol acetates) Type of linkage Molar ratio m/z 

2, 3, 4, 6-Me4-Glu Terminal Glcp 15.31 43, 71, 87, 101, 117, 129, 145, 161, 173, 205 
2, 3, 4-Me3-Glu 1, 6-linked Glcp 8.05 43, 71, 87, 101, 117, 129, 161, 189, 233 
2, 4, 6-Me3-Glu 1, 3-linked Glcp 5.48 43, 87, 117, 129, 161, 189, 201, 233 
2, 4-Me2-Glu 1, 3, 6-linked Glcp 2.94 43, 45, 87, 99, 101, 117, 129, 161, 189, 233 
2, 3, 5-Me3-Ara Terminal Araf 14.5 43, 45, 74, 87, 101, 117, 129, 161 
2, 3-Me2-Ara 1, 5-linked Araf 6.78 43, 71, 87, 117, 129, 161, 189, 233 
2, 3, 4, 6-Me4-Gal Terminal Galp 2.66 43, 71, 87, 101, 117, 129, 145, 161, 173, 205 
2, 3, 6-Me3-Gal 1, 4-linked Galp 8.98 43, 87, 99, 101, 113, 117, 129, 131, 145, 161, 173, 233 
2, 3, 4-Me3-Gal 1, 6-linked Galp 3.96 43, 45, 87, 99, 101, 117, 129, 161, 189, 233 
2, 3-Me2-Gal 1, 4, 6-linked Galp 2.11 43, 71, 85, 87, 99, 101, 117, 127, 187, 201, 261 
2, 3, 4, 6-Me4-Man Terminal Manp 2.81 43, 45, 87, 101, 117, 129, 145, 161, 173, 205 
2, 3, 6-Me3-Man 1, 4-linked Manp 3.21 43, 45, 85, 87, 99, 101, 113, 117, 129, 161, 173, 233 
2, 3-Me2-Man 1, 4, 6-linked Manp 3.09 43, 45, 87, 99, 101, 117, 127, 159, 201, 261 

 
3.3  Confirmation of the inhibitory effect of BC-PS2 on the 
complement 

Since the hemolytic assay on the classical pathway was 
mainly composed of three fractions: antigen (sheep erythro-
cyte), antibody (anti-sheep erythrocyte) and complement 
(normal human serum, NHS), the inhibitory effect site of 
BC-PS2 was determined. High-antigen, high-antibody and 
high-complement experimental groups were thus developed, 
and their absorbances were determined separately. As shown 
in Table 2, when abundant erythrocyte or anti-sheet erythro-
cyte antibody was added into the hemolysis system, the in-
hibitory effect of BC-PS2 was not altered. However, when 
abundant NHS was added, the absorbance of the 
high-complement group was markedly higher (1.525 ± 0.14) 
than the control group (normal hemolysis inhibition standard 
of BC-PS2, 0.113 ± 0.05). Moreover, the absorbance of the 
high NHS group (1.525 ± 0.14) was similar to that of the 
normal standard hemolysis of complement (1.488 ± 0.11). 
These findings confirmed that BC-PS2 acted on the comple-
ment through an inhibitory effect. 

 

Table 2  Hemolysis assay of BC-PS2 with abundant compo-
nents on the classical pathway (mean ± SD, n = 5) 

Component Absorbance 

High anti-sheep erythrocyte antibody 0.206 ± 0.09 

High sheep erythrocyte 0.240 ± 0.03 

High complement 1.525 ± 0.14 
Normal hemolysis inhibition standard of 
BC-PS2 0.114 ± 0.05 

Normal hemolysis standard of complement 1.488 ± 0.11 

 
3.4  Inhibition of the classical pathway of complement  

The effect of BC-PS2 on the activation of human com-
plement through the classical pathway was examined in 1:8 

diluted NHS and heparin was used as the positive control. 
The NHS, diluted to a concentration (1 : 8), induced a 
97.99% lysis of the antibody-sensitized sheep erythrocytes 
(EAs). As shown in Figure 2, the concentrations that resulted 
in 50% hemolysis inhibition (CH50) were (0.222 ± 0.013) and 
(0.182 ± 0.014) mg·mL−1 for BC-PS2 and heparin, respec-
tively. BC-PS2 was a little weaker than heparin in inhibiting 
activation of the classical pathway. At a concentration of 
0.790 mg/mL, BC-PS2 almost abolished all of the hemolytic 
activity of NHS (1 : 8) [percent inhibition (94.27 ± 3.17)%], 
exhibiting a strong inhibitory effect on the complement acti-
vation through the classical pathway. 

 

 

Fig. 2  Inhibition of classical pathway-mediated hemolysis of 
EAs in 1 : 8 diluted NHS in the presence of increasing 
amounts of BC-PS2 (▲). Heparin (□) was used as reference. 
Results are expressed as hemolytic percentage ( mean ± SEM, 
n = 4) 
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3.5  Inhibition of the alternative pathway of complement 
The NHS, diluted to a concentration (1 : 8), induced 

95.86% lysis of the rabbit erythrocytes (ERs). The 
anti-complementary activities of BC-PS2 and heparin on the 
alternative pathway are shown in Fig. 3. They both blocked 
hemolysis of ERs in a dose-dependent manner. The concen-
trations that resulted in 50% hemolysis inhibition of ERs 
(AP50) were (0.356 ± 0.031) mg·mL−1 for BC-PS2 and (0.337 
± 0.026) mg·mL−1 for heparin, respectively. BC-PS2 was 
basically equal to heparin in inhibiting activation through the 
alternative pathway. 

 

 

Fig. 3  Inhibition of alternative pathway-mediated lysis of 
ERs in 1 : 10 diluted NHS in the presence of increasing 
amounts of BC-PS2 (▲). Heparin (□) was used as reference. 
Results are expressed as hemolytic percentage ( mean ± SEM, 
n = 4) 
 
3.6  Identification of the targets of BC-PS2 in the comple-
ment activation cascade 

Clq is the recognition sub-component of C1, the first 
component in the classical complement pathway [35-36]. If C1q 
is blocked, the formation of C1 will be prevented, and this 
inhibits activation of the classical pathway [37]. C2 is also an 
important protein in activation of the classical pathway. C3 is 
the first convergent point during complement activation in 
the classical, alternative, or lectin pathways. C4 is a limited 
activation step in the activation cascade of the classical and 
lectin pathways [38]. Activation of complement through the 
three pathways finally leads to the formation of MAC (mem-
brane attack complex) composed of C5b-9 [39-40], which can 
inflict damage to the body's own tissues, and has been impli-
cated in numerous inflammatory disorders [5]. The majority of 
approaches to inhibit complement have focused on inhibition 
of C5b-9 (MAC) formation [3]. C1q, C2, C3, C4, C5 and C9 
are ideal targets for developing drugs and thus were chosen 
as the testing objects in the present studies. 

The effects of BC-PS2 on individual complement com-
ponents were investigated in the system with comple-

ment-depleted serum and a limited amount of human serum. 
The capacities of various depleted sera to restore the hemo-
lytic capacity of BC-PS2-treated serum were examined. Un-
der these conditions, the complement component under in-
vestigation is the limiting factor in the component-mediated 
hemolysis assay. Thus, the failure to restore hemolysis could 
be attributed to the interaction between the tested compound 
and corresponding complement component. 

As shown in Figure 4, the percentage of NHS-induced 
red cell lysis was (91.45 ± 3.87)% in the complement control 
group. BC-PS2 at a concentration of 0.83 mg·mL−1 exhibited 
a strong inhibitory effect on this hemolysis. Its hemolysis 
percentage was (6.31 ± 2.12)%. None of the C-depleted sera 
lyse EAs independently, and their hemolysis percentages 
were no more than 10%. In order to assess the inhibitory 
action of BC-PS2 towards the first step in the classical path-
way, C1q was investigated. The results showed that serum 
depleted of C1q did not restore hemolytic activity. The 
hemolytic percentage was (7.83 ± 2.16)%. When BC-PS2- 
treated serum was mixed with C2-, C3- or C4-depleted serum, 
the results indicated that addition of C3-depleted and 
C4-depleted serum restored the hemolytic activity of the 
BC-PS2-treated serum [(92.84 ± 1.73)% for C3, (92.19 ± 
2.87%) for C4] significantly, while the C2-depleted serum 
did not restore hemolysis [(8.46 ± 1.98)%]. For the terminal 
complement components C5 and C9: the hemolytic activity 
of BC-PS2-treated serum showed a high percentage [(84.78 ± 
2.21)%] for C5 and a low percentage [(9.2 ± 2.14)%] for C9. 
The results indicated that BC-PS2 inhibited complement 
activation by interacting with C1q, C2 and C9, but not with 
C3, C4 and C5. 

 

 

Fig. 4  Hemolytic assays for individual components utilizing 
C-depleted serum. BC-PS2-treated serum was mixed with 
various depleted sera and the capacity of these depleted sera 
to restore classical pathway hemolytic capacity was estimated 
by adding sheep antibody-sensitized erythrocytes. Results are 
expressed as hemolytic percentages ( mean ± SEM, n = 4) 
 
3.7  Influence of BC-PS2 on coagulation system 

Heparin, a polyanionic glycosaminoglycan, has long 
been recognized as an in vitro inhibitor of complement [41]. 
However, few studies have addressed the potential use of 
heparin as an anti-complementary agent in vivo because of its 
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anticoagulant property [42]. The data (Table 3) of coagulation 
assays demonstrated that anticoagulation activity of BC-PS2 
was very limited versus heparin. For instance, at a concentra-
tion of 5.2 μg·mL−1, heparin markedly prolonged recalcifica-
tion time [Rt: (178.9 ± 10.8) s] and thrombin time [Tt: (225.8 

± 7.0) s] in contrast with vehicle control [Rt: (69.3 ± 3.2) s, Tt: 
(102.5 ± 5.7) s], whereas BC-PS2 had no effect on Rt [(65.9 
± 4.2) s] and Tt [(99.3 ± 5.6) s] compared to the vehicle con-
trol, even at a higher concentration (1 500 μg·mL−1). 

 
Table 3  Effects of BC-PS2 on clotting system (mean ± SD, n = 3) 

BC-PS2 
Sample Vehicle Heparin 5.2 μg·mL−1 

1 500 μg·mL−1 750 μg·mL−1 375 μg·mL−1 

Rt/s 69.3 ± 3.2 178.9 ± 10.8a 65.9 ± 4.2 69.7 ± 8.7 65.5 ± 6.3 

Tt/s 102.5 ± 5.7 225.8 ± 7.0a 99.3 ± 5.6 102.2 ± 5.3 102.5 ± 4.1 

aP < 0.05, significantly different from the vehicle 
 

4  Conclusion 

Isolation and characterization of BC-PS2 as an 
anti-complementary agent from the root of Bupleurum 
chinense confirmed that BC-PS2 should be regarded as an 
important constituent for its application in the treatment of 
diseases associated with the excessive activation of comple-
ment system.  

Acknowledgments 

The authors are grateful to Dr. WANG Shun-Chun at 
Shanghai University of Traditional Chinese Medicine for the 
GC and GC-MS analysis, and to Prof. PAN Sheng-Li at Fu-
dan University for identification of the plant material. 

References  

[1] Walport MJ. Advances in immunology: complement (first of 
two parts) [J]. N Eng J Med, 2001a, 344: 1058-1066. 

[2] Walport MJ. Advances in immunology: complement (second of 
two parts) [J]. N Eng J Med, 2001b, 344: 1140-1144. 

[3] Mollnes TE, Michael K. Strategies of therapeutic complement 
inhibition [J]. Mol Immunol, 2006, 43(1-2): 107-121. 

[4] Mollnes TE, Song WC, Lambris JD. Complement in 
inflammatory tissue damage and disease [J]. Trends Immunol, 
2002, 23(2): 61-64. 

[5] Sahu A, Lambris JD. Complement inhibitors: a resurgent concept 
in anti-inflammatory therapeutics [J]. Immunopharmacol, 2000, 
49(1-2): 133-148. 

[6] Yazdanbakhsh K, Scaradavou A. CR1-based inhibitors for 
prevention of complement-mediated immune hemolysis [J]. 
Drug News Perspect, 2004, 17(5): 314-320. 

[7] Wang Y, Rollins SA, Madri JA. Anti-C5 monoclonal antibody 
therapy prevents collagen-induced arthritis and ameliorates 
established disease [J]. Proc Natl Acad Sci, 1995, 92(19): 8955- 
8959. 

[8] Smith RAG. Targeting anti-complement agents [J]. Biochem 
Soc Trans, 2002, 30: 1037-1041. 

[9] Xu H, Zhang YY, Zhang JW, et al. Isolation and 
characterization of an anti-complementary polysaccharide 
D3-S1 from the roots of Bupleurum smithii [J]. Int 
Immunopharmacol, 2007, 7(2): 175-182. 

[10] Zhu HW, Zhang YY, Zhang JW, et al. Isolation and 

characterization of an anti-complementary protein-bound 
polysaccharide from the stem barks of Eucommia ulmoides [J]. 
Int Immunopharmacol, 2008, 8(9): 1222-1230. 

[11] Zhu HW, Di HY, Zhang YY, et al. A protein-bound 
polysaccharide from the stem bark of Eucommia ulmoides and 
its anti-complementary effect [J]. Carbohydr Res, 2009, 344 
(11): 1319-1324. 

[12] Pharmacopoeia of the People’s Republic of China [S]. Part 1. 
Beijing: Chemical Industry Press, 2005: 198. 

[13] Chang HM, But PPH. Pharmacology and Applications of 
Chinese Materia Medica [M]. Singapore: World Scientific 
Publishing Co., 1987: 1229-1230. 

[14] Yamada H, Ra KS, Kiyohara H, et al. Structural 
characterization of an anti-complementary pectic polysaccharide 
from the roots of Bupleurum falcatum L. [J]. Carbohydr Res, 
1989, 189: 209-226.  

[15] Xie JY, Di HY, Li H, et al. Bupleurum chinense DC 
polysaccharides attenuates lipopolysaccharide-induced acute 
lung injury in mice [J]. Phytomedicine, 2012, 19(2): 130-137. 

[16] Klerx JP, Beukelman CJ, Van DH, et al. Microassay for 
colorimetric estimation of complement activity in guinea pig, 
human and mouse serum [J]. J Immunol Meth, 1983, 63(2): 
215-220. 

[17] Dubois M, Gilles KA, Hamilton JK, et al. Colorimetric method 
for determination of sugar and related substances [J]. Anal 
Chem, 1956, 28(3): 250-256. 

[18] Blumenkrantz N, Asboe-Hansen G. New method for 
quantitative determination of uronic acids [J]. Anal Biochem, 
1973, 54(2): 484-489. 

[19] Lowry OH, Rosebrough NJ, Farr AL, et al. Protein 
measurement with the folin-phenol reagent [J]. J Biol Chem, 
1951, 193(1): 265-275. 

[20] Craige JS, Wen ZC, Meer JP. Interspecific, intraspecific and 
nutritionally determined variations in the composition of agars 
from Gracilaria spp. [J]. Bot Mar, 1984, 27(2): 55-61. 

[21] Jones TM, Albersheim P. A gas chromatographic method for 
the determination of aldose and uronic acid constituents of 
plant cell wall polysaccharides [J]. Plant Physiol, 1972, 49(6): 
926-936. 

[22] Ciucanu I, Kerek F. A simple and rapid method for the 
permethylation of carbohydrates [J]. Carbohydr Res, 1984, 
131(2): 209-217. 

[23] Zhou J, Zhang YY, Zhang JW, et al. The effect of Eucommia 



DI Hong-Ye, et al. /Chinese Journal of Natural Medicines 2013, 11(2): 177−184 

184  Chin J Nat Med  Mar. 2013  Vol. 11  No. 2     2013 年 3 月  第 11 卷  第 2 期  

 

ulmoides Oliver on complement system [J]. Fudan Univ J Med 
Sci, 2006, 33(1): 101-106. 

[24] Mayer MM. Complement and Complement Fixation. 
Experimental Immunochemistry [M]. Kalamazoo, MI: 
Springfield Publications: 1961: 133-240.  

[25] Wang SC, Fang JN. Preparation and structural analysis of 
sulfated derivatives of lentinan [J]. Acta Biochem Biophys Sin, 
1999, 31(5): 594-597. 

[26] Bao XF, Fang JN. Isolation and structural determination of a 
glucan from the spores of Ganoderma lucidum [J]. Acta Bot Sin, 
2001, 43(3): 312-315. 

[27] Wang Z, Fang JN, Ge DL, et al. Chemical characterization and 
immunological activities of an acidic polysaccharide isolated 
from the seeds of Cuscuta chinensis Lam [J]. Acta Pharmacol 
Sin, 2000, 21(12): 1136-1140. 

[28] Bubb WA, Urashima T, Fujimura, R, et al. Structural 
characterization of the exocellular polysaccharide produced by 
Streptococcus thermophilus OR 901 [J]. Carbohydr Res, 1997, 
301(1-2): 41-50. 

[29] Beuscher N, Bodinet C, Willigmann I, et al. Immunmodulierende 
eigenschaften von wurzelextrakten verschiedener Echinacea- 
Arten [J]. Z Phytother, 1995, 16: 157-166. 

[30] Lohmann-Matthes ML, Wagner H. Aktivierung von 
makrophagen durch polysaccharide aus gewebekulturen von 
Echinacea purpurea [J]. Z Phytother, 1989, 10: 52-59. 

[31] Wagner H, Stuppner H, Puhlmann J, et al. Gewinnung von 
immunologisch aktiven polysacchariden aus Echinacea-Drogen 
und-Gewebekulturen [J]. Z Phytother, 1989, 10: 35-38. 

[32] Yamada H, Nagai T, Cyong JC, et al. Relationship between 
chemical structure and anticomplementary activity of plant 
polysaccharides [J]. Carbohydr Res, 1985, 144(1): 101-111. 

[33] Zhao QC, Kiyohara H, Yamada H. Anti-complementary neutral 

polysaccharides from leaves of Artemisia princeps [J]. 
Phytochemistry, 1994, 35(1): 73-77. 

[34] Kiyohara H, Zhang Y, Yamada H. Effect of exo-β-D-(1→ 
3)-galactanase digestion on complement activating activity of 
neutral arabinogalactan unit in a pectic arabinogalactan from 
roots of Angelica acutiloba Kitagawa [J]. Carbohydr Polym, 
1997, 32(3-4): 249. 

[35] Sim RB, Moestrup SK, Stuart GR, et al. Interaction of C1q and 
the collectins with the potential receptors calreticulin 
(cC1qR/collectin receptor) and megalin [J]. Immunobiology, 
1998, 199(2): 208-224. 

[36] Tenner AJ. Membrane receptors for soluble defense collagens 
[J]. Curr Opin Immunol, 1999, 11(1): 34-41. 

[37] Nicholas JL, Heiko S, Robert BS, et al. In vivo pharmacokinetics 
of calreticulin S-domain, an inhibitor of the classical 
complement pathway [J]. Int Immunopharmacol, 2002, 2(4): 
415-422. 

[38] Holers VM. The complement system as a therapeutic target in 
autoimmunity [J]. Clin Immunol, 2003, 107(3): 140-151. 

[39] Wetsel RA. Structure, function and cellular expression of 
complement anaphylatoxin receptors [J]. Curr Opin Immunol, 
1995, 7(1): 48-53. 

[40] Ember JA, Jagels MA, Hugh TE. The Human Complement 
System in Health and Disease [M]. New York: Marcel Decker, 
1998: 241-284. 

[41] Weiler JM, Yurt RW, Fearon DT, et al. Modulation of the 
formation of the amplification convertase of complement, C3b, 
Bb, by native and commercial heparin [J]. J Exptl Med, 1978, 
147(2): 409-421. 

[42] Weiler JM, Edens RE, Linhardt RJ, et al. Heparin and modified 
heparin inhibit complement activation in vivo [J]. J Immunol, 
1992, 148(10): 3210-3215. 

 
补体抑制活性柴胡多糖及其作用靶点研究 

狄宏晔，章蕴毅，陈道峰* 

复旦大学药学院，上海 201203 

【摘  要】  目的：从北柴胡根中分离表征具有抗补体活性的多糖成分。方法：以抗补体活性为导向从北柴胡根水提物中分

离纯化活性多糖；化学和谱学方法表征多糖的理化性质；采用体外细胞溶血试验法测定抗补体活性；并利用补体成分缺失血清

鉴定补体激活过程中的作用靶点。结果：获得一个均一多糖 BC-PS2，是一个具分支结构的杂多糖，平均分子量 2 000 KDa，其

单糖摩尔比为：葡萄糖/阿拉伯糖/半乳糖/甘露糖 = 3.5 : 2.4 : 2.0 : 1.0，并含有少量的鼠李糖和木糖以及蛋白（1.11%）；单糖的

主要连接方式包括：末端、1, 3-、1, 6-和 1, 3, 6-连接的葡萄糖，末端、1, 5-连接的阿拉伯糖，末端、1, 4-、1, 6-和 1, 4, 6-连接的

半乳糖，末端、1, 4-和 1, 4, 6-连接的甘露糖；BC-PS2 对补体激活的经典和旁路途径均有抑制作用，CH50和 AP50分别为(0.222 ± 
0.013)和(0.356 ± 0.032) mg·mL−1；靶点研究结果表明 BC-PS2 作用于补体成分 C1q，C2 和 C9。结论：BC-PS2 是一个具有抗补

体活性的多糖成分，应该是柴胡治疗与补体过度激活相关疾病的药效成分之一。 
【关键词】  北柴胡；多糖；BC-PS2；补体抑制剂 
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