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Three Angelica sinensis polysaccharide fractions (APFs),

named APF1, APF2 and APF3, were isolated and purified

from Radix A. sinensis and their antioxidant activities were

evaluated in isolated mouse peritoneal macrophages by

pretreatment with APFs before exposure to 0.2 mM tert-

butylhydroperoxide (t-BHP). The results showed that

pretreatment of the macrophages with APFs as low as 10

µg/ml could significantly enhance t-BHP-decreased cell

survival, intracellular glutathione (GSH) content and

superoxide dismutase (SOD) activity, and also inhibited t-

BHP-increased lactate dehydrogenase (LDH) leakage and

malondialdehyde (MDA) formation (p < 0.05), and APF3

was the most active fraction, followed by APF2 and APF1

in decreasing order. Furthermore, we found for the first

time that the bound-protein in APF3 was associated closely

with the protective effects and the polysaccharide inhibited

the excess NO release from t-BHP-activated macrophages

to protect host cells.

Keywords: Antioxidant activity, Macrophages, Polysaccharide

fractions, Radix A. sinensis, Tert-Butylhydroperoxide

Introduction

In recent years, natural polysaccharides as an important

biopolymer mainly from plenty of plants source have been

shown to exhibit various biological activities, such as antitumour,

immunomodulatory, anticancer, anti-inflammatory, anticoagulant

hypoglycaemic and antiviral activities (Abe et al., 1983;

Srivastava and Kulshreshtha, 1989; Shahidi and Synowiecki,

1991; Majeti and Ravi Kumar, 2000; Fang et al., 2006; Jeong

et al., 2006). Therefore, it is of interest to discover and

evaluate biopolymeric polysaccharide fractions as new safe

plant-based health foods and drugs.

In thousands of years, Radix Angelica sinensis (Umbelliferae

family) has been widely used as a common food and folk

medicine in several Asian countries because of its broad

pharmacological effects (Zhao et al., 2003; Lao et al., 2004;

Lu et al., 2004; Kim et al., 2005; Deng et al., 2006). In recent

years, the pharmaceutical products, especially the polysaccharide

biopolymers isolated from the Radix A. sinensis have received

extensive attention. However, the studies on the polysaccharides

have mainly focused on immunomodulatory activity (Sun et

al., 2005) and until now, there is relatively little information

with respect to the antioxidant activity.

It is well known that exposure of organisms to exogenous

and endogenous factors usually generates a wide range of

reactive oxygen species (ROS), resulting in the homeostatic

imbalance and adverse effects on human health (Bonnefont-

Rousselot et al., 2000; Kim and Kang, 2006; Mansour et al.,

2006). Therefore, the studies on protective effect of plant

polysaccharides against oxidative stress have become a subject

of considerable interest. For searching for new antioxidants, the

present study was designed to assess the antioxidant ability of

polysaccharide fractions from Radix A. sinensis against tert-

butylhydroperoxide (t-BHP)-mediated oxidative stress in murine

peritoneal macrophages in vitro.

Materials and Methods

Reagents. Triton X-100 was obtained from Amersco Inc. (Solon, OH,

USA). RPMI1640, phosphate buffer saline (PBS) and fetal bovine

serum (FBS) were the product of Gibco BRL. tert-Butylhydroperoxide

(t-BHP), dimethyl sulfoxide (DMSO), 3-[4,5-dimethylthiazole-2-yl]-

2,5-diphenyltetrazoliumbromide (MTT), polymyxin B (PMB) and
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lipopolysaccharide (LPS) were purchased from Sigma. All other

chemicals and solvents were of analytical grade.

Isolation and chemical characterization of polysaccharide

fractions. Radix A. sinensis were purchased from Minxian County,

Gansu Province, China and were identified according to the

identification standard of Pharmacopeia of the People’s Republic of

China. The dried Radix A. sinensis (550 g) were defatted with 95%

alcohol and then extracted with distilled water (g/ml = 1 : 10) for

3 h. After each three-hour period of water extracting, the water

extracts were collected and the residue was extracted again for 3

cycles. The combined extracts were pooled and concentrated to

30% of the original volume under a reduced pressure and then

centrifuged at 3,000 rpm for 15 min. The supernatant was collected

and three volume of 95% alcohol was added slowly and stirred to

precipitate the polysaccharides, and then the mixture was stored

overnight at 4oC and finally the polysaccharide pellets were obtained

by centrifugation at 4,000 rpm for 15 min. The polysaccharide

pellets were completely dissolved in appropriate volume of distilled

water and intensively dialyzed for 2 days against distilled water

(cut-off Mw 8000 Da). The retentate portion was concentrated,

deproteinated by freeze-thaw process (BenchTOP, Virtis Co. USA)

for repeating seven times and centrifuged to remove insoluble

material. Finally the supernatant was lyophilized and the resulting

amorphous powder was named as crude biopolymeric polysaccharide

fractions from Radix A. sinensis. Furthermore, one gram of the

crude polysaccharide fractions was dissolved in 0.1 M NaCl

solution and filtered through a filter paper (0.45 µm). Then the

resolution was applied to Sephacryl S-400 gel filtration column

chromatography and eluted with 0.1 M NaCl solution. Eluted each

solution (5 ml) was collected and monitored by sugar content based

on phenol-sulfuric acid method at 490 nm. Finally, the eluted

solution was concentrated and lyophilized to yield three white

Radix A. sinensis polysaccharide fractions (APFs), namely APF1,

APF2 and APF3 with different molecular size according to the

elution profile.

Moreover, component monosaccharides in AFPs were separated

and quantified by HPLC method as our previously described (Yang

et al., 2005). The obtained AFPs are white powder readily soluble

in water and the predominant sugars in various APFs differed from

one polysaccharide fraction to another. APF1 consisted of

rhamnose, galacturonic acid, glucose, galactose and arabinose with

the molar ratio of 1.00 : 2.65 : 2.02 : 3.45 : 10.64; APF2 consisted

of mannose, rhamnose, galacturonic acid, glucose, galactose and

arabinose with the molar ratio of 0.44 : 1.00 : 10.52 : 7.52 : 8.19 :

14.43; APF3 consisted of mannose, rhamnose, glucuronic acid,

galacturonic acid, glucose, galactose and arabinose with the molar

ratio of 0.74 : 1.00 : 0.25 : 9.06 : 8.62 : 5.94 : 9.28.

Macrophage isolation, culture and drug treatments. Macrophages

were prepared from BALB/c mice (6-8 weeks old, 17-20 g body

weight) as described previously (Kim et al., 2004). Briefly, peritoneal

macrophages were harvested from 3 BALB/c mice. The collected

cells were seeded and cultured in RPMI1640 containing 10% heat-

inactivated FBS, 100 U/ml penicillin and 100 µg/ml streptomycin

at a density 2 × 106 cells/well. The cells were allowed to adhere for

3 h to a 96-well culture plate at 37oC in a 5% CO2 incubator. Then

the cultures were washed twice with RPMI1640 to remove

nonadherent cells prior to the addition of 1 ml of fresh RPMI1640

containing 10% FBS.

Stock solutions of 5.0 mg/ml AFPs were prepared in freshly PBS

buffer (pH 7.2) and added into RPMI1640 medium to achieve

various designed concentrations. The adherent macrophages were

pre-treated with or without AFPs at the concentration of 10, 100,

500 µg/ml for 24 h before exposed to 0.2 mM t-BHP. The control

group received vehicle only and there were five repetitions for each

treatment. At the end of the designated treatment the cultured media

were quickly collected, frozen and stored at −20oC or immediately

used for analyzing the release of extracellular lactate dehydrogenase

(LDH) and nitric oxide (NO). Furthermore, the cultured cells were

quickly harvested and washed with ice-cold phosphate-buffered

saline (PBS, 0.1 M, pH = 7.4) and centrifuged at 1,000 × g to pellet

cells. Cells were then suspended in an appropriate volume of buffer

(50 mM Tris-HCl pH 8.0, 50 mM EDTANa2, 0.2 M NaCl, 1%

Triton X-100) and subjected to four freeze-thaw cycles to lyse cells

and the yielded cell homogenate was immediately centrifuged at

4oC for 20 min at 10,000 × g. The afforded supernatant was then

divided into several tubes and stored at −20oC prior to the assays of

malondialdehyde (MDA) centents, glutathione (GSH) levels and

superoxide dismutase (SOD) activity.

Cell viability and LDH release assay. Macrophages were pretreated

with the indicated concentration of AFPs, and then exposed to t-

BHP as described above. Colorimetric MTT assay was performed

to assess cell viability (Mossman, 1983; Carmichael et al., 1987).

Briefly, 20 µl of MTT (5 mg/ml) in PBS solution was added to each

well at a final concentration of 5 mg/ml and then the plate was

further incubated for 4 h. All remaining supernatant were removed

and 100 µl of DMSO was added to each well and mixed thoroughly

to dissolve the formed crystal formazan. After 10 min of incubation

to ensure all crystals were dissolved, the light absorption was

measured at 570 nm using an enzyme-linked immunosorbent assay

(ELISA) reader. Viability was expressed as a percentage of

absorbance values in treated cells to that in control cells.

The leakage into the media of LDH, an indicator of cell injury,

was detected with an assay kit (Jiancheng BioEngineering, Nanjing,

China) according to the manufacturer's instructions as described by

Mi and Zhang. (2005). Briefly, at the end of the incubation 30 µl of

cell medium was taken out for the activity analysis of extracellular

LDH, which could catalyze the conversion of lactate to pyruvate,

and then reacted with 2,4-dinitrophenylhydrazine to give the

brownish red color in basic solution. After reaction, each sample

was detected and the absorbance was read at wavelength 440 nm

and the results were also expressed as the percentage of LDH

leakage versus control cells.

Measurement of NO production. NO production was determined

indirectly by assaying the culture supernatant for accumulated

nitrite, the stable end product of NO reacted with molecular oxygen

as previously described (Green et al., 1982). Briefly, murine

peritoneal exudate was plated into 96-well plate and adhered

macrophages at 2 × 106 cells/well were cultured with various

concentrations of polysaccharide fractions at 37oC for 24 h. After

treatment, 100 µl of isolated supernatants were allowed to react

with Griess reagent (1% sulfanilamide, 0.1% N-1-naphthylethyl-

enediamine dihydrochloride and 2.5% phosphoric acid) at room
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temperature for 10 min. Nitrite products in cell supernatants were

determined by measuring absorbance at 550 nm versus a NaNO2

standard curve using an ELISA reader and the results were shown

as µM.

Lipid peroxidation assay. MDA is a breakdown product of the

oxidative degradation of cell membrane lipids and is generally

considered an indicator of lipid peroxidation. In the present study,

lipid peroxidation was thus evaluated by measuring MDA

concentrations according to the thiobarbituric acid (TBA) method

with a commercial kit (Jiancheng BioEngineering) as described

previously (Uchiyama and Mihara, 1978). The method was based

on the spectrophotometric measurement of the color produced

during the reaction to TBA with MDA. MDA concentrations were

calculated by the absorbance of TBA reactive substances (TBARS)

at 532 nm and were expressed in nmol/106 cells.

Estimation of antioxidant activity in t-BHP-induced macrophages.

The SOD activity was examined according to xanthine oxidase

method provided by a standard assay kit (Jiancheng BioEngineering)

with minor modifications (Sun et al., 1988). The assay used the

xanthine-xanthine oxidase system to produce superoxide anions,

which react with 2-(4-iodophenlyl)-3-(4-nitrophenol-5-phenlyltetrazoliom

chloride) to form a red formazan dye and the absorbance at 550 nm

was determined. The values were expressed as units per 106 cells,

where one unit of SOD was defined as the amount of SOD

inhibiting the rate of reaction by 50% at 25oC.

Intracellular reduced GSH was determined by an Assay Kit

(Jiancheng BioEngineering, China) as described previously (Van

den Berg et al., 1992; Han et al., 2004). Briefly, The assay was

carried out via an enzymatic recycling reaction of GSH in

combination with a chromogenic reaction with 5,5'-dithio-bis-2-

nitrobenzoic acid (DTNB) in mixture contained 30 µl of cell

supernatants, 200 µl PBS buffer (150 mM, pH 7.7) and 20 µl 1-

dithio-bis-2-nitrobenzoic acid (DTNB) in a total volume of 250 µl.

After incubation at 30oC for 5 min, this reaction finally led to the

formation of 5-thio-2-nitrobenzoate (TNB) with the yellow color

and the absorption maximum at 412 nm was measured at 412 nm

against the blank on an multiwell plate reader. The GSH contents

were determined from standard curves of known concentrations of

total GSH and the GSH level was expressed as nmol/106 cells.

Statistical Analysis. Data are expressed as mean and standard

deviation (mean ± S.D.) of the results obtained from the average of

5 independent experiments. Differences between two different

groups were compared with the Student’s t-tests and considered as

statistically significant when the p value was less than 0.05.

Results

Effect of APFs on the viability of macrophages treated

with t-BHP. In this study, cell viability was determined by

MTT assay. Various concentrations of t-BHP (100-500 µM)

were tested to determine the optimal dose. The results showed

that the relative cell survival of macrophage decreased in

response to treatment with the t-BHP for 24 h, with an

average IC50 value of about 250 µM (data not shown). In a

similar fashion, the effect of the polysaccharide fractions at a

concentration range of 10-500 µg/ml on the survival of t-

BHP-treated macrophages was also measured. As shown in

Fig. 1, the addition of 0.2 mM t-BHP to the cells resulted in a

significant increase in cytotoxicity, as revealed by a 30.6% fall

in cell viability compared to control cells and the pretreatments

with low dose of APFs (10 µg/ml) for 24 h significantly

improved the cell viability by 14.0% for APF1, 11.0% for

APF2 and 13.1% for APF3 compared to t-BHP-treated cells

(p < 0.05), respectively. However, no significant differences in

the protective effects were observed among three polysaccharide

fractions. It was also found that when APFs up to 100 µg/ml,

over 90.3% viability was maintained through the test period.

The results showed the APFs could protect the macrophages

from t-BHP-induced cytotoxicity in vitro, indicating that

APFs could act as the new antioxidants.

Assessment of cytotoxicity by LDH release assay. LDH

release into the media was used as an index of the integrity of

cell membranes or necrosis in response to the oxidant burden

(Mi and Zhang, 2005). In this study, the cytotoxicity of t-BHP

to cultured macrophages and the protective effect of APFs

against the cellular injury were evaluated based on the LDH

leakage. As shown in Fig. 2, there was a marked increase of

LDH leakage by about 2.7-fold of the control (5.8 ± 0.4%

versus 15.5 ± 1.3%, p < 0.01) after addition of t-BHP to the

Fig. 1. Effect of biopolymeric polysaccharide fractions on t-BHP-

induced cytotoxicity in mouse peritoneal macrophages. Cells at the

concentration of 2 × 106 cells/well were pre-incubated with varying

concentrations of APFs for 24 h and then were incubated with

0.2 mM t-BHP for another 24 h. Cell viability was assessed by

MTT reduction assay and expressed as the percentage of

absorbance values to the control group. The cells in control group

were cultured in the RPMI1640 medium and the cells in 0.2 mM t-

BHP-treated alone were used as positive group. Values represent

means ± S.D. of five independent experiments. A difference was

considered statistically significant when *p < 0.05 and **p < 0.01

against only t-BHP-exposed group.
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culture media. However, this increase was markedly attenuated

in a dose-dependent manner by the pre-incubation of macrophages

with APFs in the range from 10 to 500 µg/ml for 24 h (Fig. 2),

where extracellular LDH activity were reduced by 21.1% for

APF1, 31.8% for APF2 and 44.1% for APF3 at the concentrations

as low as 10µg/ml (p < 0.01), respectively. When pre-incubation

with APFs at high concentration of 500 µg/ml, t-BHP-induced

LDH leakage were inhibited by 44.5% for APF1, 49.1% for

APF2 and 61.1% for APF3 (p < 0.01), respectively. In the

present study, the highest inhibitory activity was exhibited by

APF3, followed by APF2 and APF1 (Fig. 2). Unlike the

similar effect of APFs on the cell viability in MTT assays, the

protective effects of the polysaccharide fractions on t-BHP-

induced cytotoxicity differed from one polysaccharide fraction

to another.

Measurement of oxidative damage by MDA formation.

The toxicity caused by ROS was normally accompanied with

the increase of lipid peroxides (Dipti et al., 2006). In the

present study the oxidative damage was evaluated by the

formation of MDA, a well-known biomarker of overall oxidative

damage to cellular constituents such as membrane lipids.

From the results illustrated in Fig. 3, it was found that the

intracellular MDA production significantly increased after

macrophages were exposed to 0.2 mM t-BHP and the MDA

formation was dose-dependently reduced when the cells were

pre-incubated with APFs at designed concentration range of

10-500 µg/ml for 24 h (p < 0.05). Meanwhile, the MDA level

in t-BHP-treated group was increased about 2.6-fold compared

to the control cells, whereas the pretreatment of the cells with

the polysaccharide fractions at concentrations of 10, 100 and

500 µg/ml could reduce over 17.2, 22.1 and 25.4% of t-BHP-

induced MDA production, respectively. Especially, the

pretreatment with 500µg/ml APF2 or APF3 almost completely

inhibited t-BHP-induced MDA formation and the highest

activity was achieved by APF3, followed by APF2 and APF1

in decreasing order (Fig. 3). The results indicated that there

was a significant increase in lipid peroxidation when the

macrophages were exposed to t-BHP and the polysaccharide

fractions did exhibit expectedly protective effect against the

oxidative damage.

Inhibitory effects of t-BHP-mediated SOD reduction and

GSH depletion in macrophages. To further understand the

antioxidant action of APFs, the effects of APFs on the SOD

activity and GSH content were investigated in t-BHP-induced

macrophages. As shown in Fig. 4A and B, after the cells were

exposed to 0.2 mM t-BHP for 24 h, intracellular GSH was

depleted about 61.8% (p < 0.01) and intracellular SOD activity

was decreased by about 52.6% (p < 0.01). However, the pre-

protection with various concentrations of APFs, a significant

increase in GSH level and SOD activity were observed as low

as 10 µg/ml and APFs attenuated the changes of t-BHP-

mediated SOD reduction and GSH depletion from macrophages

in a dose-dependent manner (p < 0.05, Fig. 4A and B). It was

also found that APF3 exhibited higher activity than the other

two fractions. After pre-incubated with APF3 at concentrations

of 10, 100 and 500 µg/ml, GSH levels were recovered to 47.1,

78.8 and 90.3%, respectively and the pre-incubation also

rescued the t-BHP-decreased SOD activity by 46.3, 63.5 and

88.8%, respectively. As a result, it was further conformed that

all the polysaccharide fractions possessed the significant

antioxidant properties.

Fig. 2. Assessments of cytotoxicity by LDH leakage into medium

from macrophages pretreated with indicated concentration of APFs.

The cells were pre-incubated with various concentrations of APFs

for 24 h before exposure to t-BHP. The medium was collected to

assess LDH release and the percentage of LDH leakage was

calculated to reflect the cytotoxicity as described in Methods. Data

are presented as means ± S.D. (n = 5). **p < 0.01 indicates

significant different versus only t-BHP-treated group.

Fig. 3. Inhibitory effect of APFs on t-BHP-induced changes of

MDA formation in macrophages. The cultured macrophages were

pre-incubated with different concentrations of APFs for 24 h at

37oC and then were subjected to oxidative damage by 0.2 mM t-

BHP. The cells were collected and the level of lipid peroxidation

was evaluated by measuring intracellular MDA content. MDA content

was calculated as nmol/1 × 106 cells. *p < 0.05, **p < 0.01

compared with only t-BHP-treated group.
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Modulation of APFs on NO release from t-BHP-induced

macrophages. Although APFs have been shown to have

markedly antioxidant activity in macrophages, it is unclear if

APFs affected the formation of NO, a key ROS and function

molecule released from activated macrophages (Rojas et al.,

1993; MacMicking et al., 1997). Therefore, NO production

was assessed by adding the high active APF3 (100 or 500 µg/

ml) to a graded concentration of t-BHP-activated macrophages

and the results were presented in Fig. 5. Interestingly, it was

found that APFs accelerated NO release from the macrophages

stimulated by t-BHP at low concentrations of 0.2 and 0.4 mM.

As the concentrations of t-BHP up to 0.8 mM, an inhibitory

effect of APFs on t-BHP-induced NO production in the cultured

macrophages were observed and a further increase in t-BHP

concentrations caused a significant inhibition of NO release

by APF3 in macrophages (p < 0.05). For the first time we found

that APF3 could inhibit NO release from high concentration

of t-BHP-activated macrophages and the bifunctional effect

strongly depended on the NO concentration in activated

macrophages. Based on investigations, it was suggested that

APFs exhibited dual function in NO production, which possibly

protected host cells from the harm of excessive NO generation

Effect of bound-protein in APF3 on the antioxidant activity.

In this study, the co-extracted proteins in the polysaccharides

were checked according to Lowry method using bovine serum

albumin (BSA) as the standard (Lowry et al., 1951) and the

results revealed that APF3 contained 2.7% protein whereas

APF1 and APF2 were free of proteins. As described above,

APF3 was proven to possess the highest antioxidant activity

among the polysaccharide fractions, but it was still unclear

whether the activity was associated with bound-protein in

APF3. Therefore, the present study was also set up to

investigate the effect of co-extracted proteins on LDH leakage

and MDA formation in t-BHP-induced macrophages. In this

experiment, the proteins in APF3 were digested with pronase

and then the pronase was inactivated at 70oC for 15 min, and

the remaining polysaccharides were lyophilized after extensive

dialysis. The results of protein and carbohydrate analysis as

previously described (Yang et al., 2005; Lowry et al., 1951)

showed that pronase-treated APF3 was free of proteins and no

significant change in monosaccharide composition was

observed. As shown in Fig. 6A and B, although the treatment

with pronase did not destroy protective effect of APF3 against

the oxidative damage in t-BHP-induced macrophage (14.9 ±

1.7% for LDH leakage and 1.35 ± 0.52 nmol/106 cells for

MDA formation in the t-BHP control groups, respectively),

pronase-treated APF3 remarkably increase the LDH leakage

(Fig. 6A) and MDA levels (Fig. 6B) from the cultured

macrophages in a dose-related manner compared to untreated

APF3 (p < 0.05). From the result in Fig. 6A and B, it was

evident that the bound-protein was closely associated with the

antioxidant effect of APF3.

Examination for endotoxin contamination. A possible

contamination of endotoxin LPS is always a matter of concern

for the high molecular weight components isolated from

plants because LPS is a strong activator of macrophages and

Fig. 4. Assessments of cytoprotective effect of APFs against t-

BHP-induced oxidative damage in cultured macrophages. GSH

level (A) and SOD activity (B) were assayed as described in

Methods. Values are displayed as the means ± S.D. (n = 5).

*p < 0.05, **p < 0.01 compared with only t-BHP-treated group.

Fig. 5. Modulatory effects of APFs on NO production in t-BHP-

treated macrophages. Cells were co-incubated with various

concentration of t-BHP in the absence or presence of APF3. Date

represent means ± SD of 5 separate samples. *p < 0.05, **p < 0.01

compared with only t-BHP-treated groups.
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is contaminated in many plant materials. For this reason, we

examined the effect of polymyxin B (PMB) on APF3-induced

NO production. PMB is known to inhibit LPS activity by

binding to the lipid A moiety (Morrison and Jacobs, 1976). As

shown in Fig. 7, the PMB treatment did not affect APF3 or t-

BHP-induced NO generation, while it significantly abolished

NO production in LPS-induced macrophages (p < 0.01).

These results demonstrate that the polysaccharide fraction was

not contained with LPS and the active component of APFs

was appeared to be polysaccharides.

Discussion

ROS are frequently generated in aerobic bodies and scavenged

by antioxidants. Various anti-oxidative defense systems in

organism can effectively eliminate oxidative damages induced

by oxidative stress under normal physiological conditions, and

once the intensity of oxidative stress exceeds the threshold of

antioxidant defense, a series of oxidative damages would be

induced and further result in the pathological change (Wu et

al., 2006). This process is especially evident in the immune

cells, which exert their bio-functions through free radicals and

suffer senescent deterioration probably linked to oxygen stress.

Conversely, antioxidant supplementation has been proved to

preserve an adequate function of immune cells against

homeostatic disturbances caused by oxidative stress. Therefore,

the protection of immune system by dietary antioxidant may

play an important role in preserving the immune function and

achieving healthy aging (Chen et al., 2003; Han et al., 2005).

The polysaccharide isolated from Radix A. sinensis is one

of the major active ingredients and their immunomodulatory

activity has been elucidated (Sun et al., 2005). In this study,

the cytotoxicity was measured by MTT and LDH leakage,

and the oxidative damage was estimated by measuring MDA

contents, GSH levels and SOD activities. Our data demonstrated

that APFs could protect cultured murine peritoneal macrophages

against t-BHP-mediated oxidative injury, indicating APFs had

strong antioxidant ability. Cells are often equipped with

several antioxidants for the prevention of free radical damage

and SOD, along with other non-enzymatic antioxidants such

as GSH, serve as a detoxifying system to prevent cell damage

caused by ROS and play a pivotal role. In addition, NO is a

key effector molecule in macrophages and acts as an

antioxidant by eliminating superoxide, and on the other hand,

its reaction product (ONOO−) is an attractive candidate for

cytotoxicity (Wu and Huang, 2006). In our experiments, APFs

could inhibit t-BHP-mediated oxidative injury through a

reduction in MDA formation and an increase in SOD activity

and GSH content to maintain membrane integrity. In addition,

APFs enhanced NO release in the low concentration of t-

BHP-stimulated macrophages, where increasing NO contributed

to the killing of microorganisms and tumor cells and mediated

a variety of biological functions as an intracellular messenger

molecule. In contrast, APFs also exhibited an inhibitory effect

Fig. 6. Effects of bound-protein in APF3 on LDH release and MDA

formation from t-BHP-injuried macrophages. The proteins in APF3

were digested with pronase and the remaining polysaccharides were

lyophilized after extensive dialysis and added to the cultures of

macrophages for 24 h, then exposed to 0.2 mM t-BHP for another

24 h. The LDH leakage and MDA contents were measured and

date represent means ± SD (n = 5). *p < 0.05, **p < 0.01, compared

to groups untreated with pronase.

Fig. 7. Effects of polymyxin B (PMB) treatment on NO release

from macrophages. APF3 (300 µg/ml), LPS (5 µg/ml), or t-BHP

(0.2 mM) stimuli were pre-incubated with PMB (1000 U/ml) for

1 h, and then used to activate macrophages for 24 h. NO generation

was determined from the culture supernatant using Griess reagent.

Significance was determined using the Student’s t-test versus the

corresponding group without PMB treatment (**p < 0.01).
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on NO production in the high concentration of t-BHP-

stimulated macrophages to protect host cells from the harm

resulting from the excess NO production (Palmer et al., 1998),

and the inhibition of NO generation was also probably associated

with extensive cell death under very high concentration of t-

BHP.

In conclusion, there was a significant increase in lipid

peroxidation when the macrophages were exposed to t-BHP

and the polysaccharide fractions did exhibit expectedly strong

protective effects against t-BHP-induced injury in cultured

murine peritoneal macrophages.
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