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ABSTRACT 
Ethnopharmacological relavence: Antrodia salmonea is well known in Taiwan as a traditional folk medicine for the treatment of diarrhea, abdominal pain, hypertension, itchy skin, and liver cancer.
Materials and methods: In the present study, we investigated the antioxidant activity of whole fermented broth (AS), filtrate (ASF), and mycelia (ASM) of Antrodia salmonea using different antioxidant models. Furthermore, Antrodia salmonea was also used to inhibit AAPH-induced oxidative hemolysis of human erythrocytes and CuSO4-induced oxidative modification of human low-density lipoproteins (LDL).
Results: We found that the AS, ASF, and ASM possess effective antioxidant activity against various oxidative systems including superoxide anion scavenging, reducing power, metal chelation, and DPPH radical scavenging. Further, AAPH-induced oxidative hemolysis in erythrocytes was prevented by AS, ASF, and ASM in a dose-dependent manner. Notably, AS, ASF, and ASM appear to possess powerful antioxidant activities against CuSO4-induced oxidative modification of LDL as assessed by malondialdehyde (MDA) formation, cholesterol degradation, and the relative electrophoretic mobility of oxidized LDL. It is noteworthy that AS had comparatively strong antioxidant ability compared to ASF or ASM, which is well correlated with the content of their total polyphenols. 
Conclusions: Thus, Antrodia salmonea may exert antioxidant properties and offer protection from atherogenesis.
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1. Introduction
In biological systems, free radicals can be generated in the form of reactive oxygen species (ROS) such as hydrogen peroxide, nitric oxide, superoxide anion, hydroxyl radicals, singlet oxygen, and peroxynitrites (Trachootham et al., 2008). These ROS can cause irreversible damage to cellular components including lipids, proteins, and DNA (Trachootham et al., 2008) . A number of reports have shown that the attack of erythrocytes by ROS is a key event in β-thalassemia, sickle cell anemia, glucose-6-phosphate dehydrogenase deficiency, and other hemoglobinopathies (Vellosa et al., 2011). Malondialdehyde (MDA), a well-characterized product of erythrocyte lipid peroxidation, is a highly reactive and bifunctional molecule that has been shown to cross-link erythrocyte phospholipids and proteins. This crosslinking impairs a variety of membrane-related functions and ultimately diminishes erythrocyte survival (hemolysis) (Cimen, 2008). Furthermore, erythrocyte lipid peroxidation and hemolysis may be involved in a variety of pathological events in normal cell aging (Vellosa et al., 2011). . Erythrocytes, potentially powerful promoters of oxidative processes, are extremely susceptible to oxidative damage because of the high polyunsaturated fatty acid content of their membranes and their high cellular oxygen and hemoglobin concentrations (Pandey and Rizvi, 2010)
Increasing evidence suggests that oxidation of low-density lipoprotein (LDL) plays a major role in the development of atherosclerosis (Niki, 2011)
. Oxidized LDL is considered a major risk factor for atherosclerosis. Oxidized LDL is taken up by arterial wall macrophages at an enhanced rate, leading to cellular cholesterol accumulation and foam cell formation (Li and Glass, 2002)

. The atherogenicity of oxidized LDL includes cytotoxicity against arterial wall cells, accompanied by pro-inflammatory and thrombotic effects (Levitan et al., 2010)
. Supplementation with antioxidants is known to increase LDL resistance to oxidation both in vitro and in vivo (McEneny et al., 2000)

. Furthermore, the inhibition of LDL oxidation can retard the onset of atherosclerosis in animal models (Stocker and O′Halloran, 2004)
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. The increased intake of antioxidants is also associated with a decreased incidence of new or recurrent cardiovascular disease (Myung et al., 2013)
 as well as reduced angiographic progression (Laight et al., 2000)

. Therefore, it seems reasonable to suggest that the antioxidants in foods and/or drugs may play a role in the prevention of free radical-related diseases and atherosclerosis.
Antrodia salmonea (or Taiwanofungus salmoneus), a newly identified medicinal fungal species, belongs to the genus Taiwanofungus. The fruiting body of Antrodia salmonea has been used in Taiwanese folk medicine for the treatment of diarrhea, abdominal pain, hypertension, itchy skin, and liver cancer. It has also been used as a food and drug detoxicant (Shen et al., 2008). However, very few biological activity tests of this fungus have been reported. To date, several new compounds have been isolated from the basidiomata of Antrodia salmonea, and in vitro studies of these compounds demonstrated their anti-oxidative 
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(Shen et al., 2006)
 and anti-inflammatory activities in activated macrophage cells (Huang et al., 2007)
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. Recently, the effects of various phytochemicals on health, especially the suppression of reactive oxygen species by natural antioxidants from teas, spices, and herbs, have been studied intensively (Reddy et al., 2010). The aim of the present study was to examine the antioxidant effects of the fermented culture broth (AS), filtrate (ASF), and mycelia (ASM) of Antrodia salmonea, including its reducing power and its superoxide anion scavenging, metal chelating, and DPPH radical scavenging activities. AS was also used to inhibit the 2,2′-azo-bis(2-amidinopropane) hydrochloride (AAPH)-induced oxidative hemolysis of human erythrocytes. Furthermore, we investigated the effects of AS on the oxidative modification of LDL induced by CuSO4, as determined using MDA formation, cholesterol degradation, and electrophoretic mobility assays. 
2. Materials and Methods
2.1. Chemicals 
Sodium citrate, sodium chloride (NaCl), sodium phosphate dibasic (anhydrous) (Na2HSO4), bovine serum albumin (BSA), copper sulfate (CuSO4), 1,1-diphenyl-2-picryl-hydrazil (DPPH), 2-thiobarbituric acid (TBA), 5,5′-dithiobis-2-nitrobenzoic acid (DTNB), ethylenediaminetetraacetic acid (EDTA), vitamin C, gallic acid, and vitamin E (Trolox) were obtained from Sigma-Aldrich (St. Louis, MO). AAPH, phosphoric acid (H3PO4), and trichloroacetic acid were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). All other chemicals were of reagent grade and were supplied by either Merck (Darmstadt, Germany) or Sigma-Aldrich.
2.2. Antrodia salmonea from submerged cultures 
The Antrodia salmonea hyphae were separated from the fruiting bodies. The whole colony was cut and placed into a flask with 50 mL of sterile water. After homogenization, the fragmented mycelia suspension was inoculated with a culture medium composed of 2.0% glucose, 0.1% wheat powder, and 0.1% peptone in distilled water. The medium was adjusted to an initial pH of 5.0. Each culture was grown in a 2 L Erlenmeyer flasks (containing 1 L of medium) and incubated with shaking at 120 rpm at 25°C for 10 days. Then, 3.5 L of the shaking flask cultures were inoculated into a 500 L fermenting tank containing 300 L of culture medium and cultured at 25°C for 30 days. The fermentation conditions were the same as those used for the seed fermentation but with an aeration rate of 0.075 vvm to produce a mucilaginous medium containing the mycelia. The experiments were performed using 2~4 different batches of the whole fermented culture of Antrodia salmonea. 

2.3. Sample preparation 
The fermentation product was poured through a non-woven fabric on a 20 mesh sieve to separate the deep yellow fermented culture into the filtrate and mycelia and then concentrated under a vacuum and freeze dried. The dry matter yield of the fermented culture, filtrate, and mycelia were approximately 15, 5, and 10 g/L, respectively. The freeze-dried samples were ground, shaken with distilled water, and then centrifuged at 3000 × g for 5 min, followed by passage through a 0.2 (m filter. The aqueous extracts were concentrated in a vacuum and freeze dried to form a powder. The yields of the fermented culture broth (AS), filtrate (ASF), and mycelia (ASM) (1 g) were approximately 0.375, 0.75, and 0.075 g, respectively. To prepare the stock solution, the powdered samples of AS, ASF, and ASM were solubilized with 10 mM sodium phosphate buffer (pH 7.4) containing 0.15 M NaCl (PBS) at 25(C. The solution was stored at -20°C prior to the analysis of the antioxidant properties.
2.4. HPLC separation and peak identification
The HPLC profile of the MeOH extracts of fermented culture broth from Antrodia salmonea (AS) was determined using a RP-18 column [COSMOSIL, 5C18-AR-II, Waters, 4.6 × 250 mm, 5 m] at a flow rate of 1.0 mL/min and detection at a UV wavelength of 280 nm. A standard solution of AS was prepared by dissolving the AS in MeOH (10 mg/mL), and the solution was then filtered through a 0.22 m membrane filter and applied to the HPLC for analysis. The mobile phase consisted of (A) MeOH and (B) 0.1% trifluoroacetic acid (TFA) (v/v), and a gradient elution of 20-95% A at 0-30 min and 95-100% A at 30-40 min was performed. The flow rate was maintained at 1.0 mL/min. Aliquots of 20 L were injected applied to the HPLC for analysis. We further characterized the main composition of AS using chromatography followed by spectral analysis. Both 1D and 2D NMR spectra were determined on a Bruker NMR spectrometer (Unity Plus 400 MHz) using C5D5N as solvent for measurement. All separations were performed using a Shimadzu LC solution program. The system included a pump (LC-20AT), an autosampler (SIL-20), a column oven (CTO-20A), and a PDA detector (SPD-M20A). LC-MS was performed using the Agilent 1100 series, a mass Esquire HCT (Bruker), and an Agilent Zorbax Eclipse SB-C18 column (2.1×150 mm, 5 m). 
2.5. Superoxide anion scavenging activity

The superoxide anion scavenging activity of AS, ASF, and ASM was measured using the method described by Robak and Gryglewski, with slight modifications (Robak and Gryglewski, 1988). Superoxide radicals were generated in phenazine methosulphate (PMS)-nicotinamide adenine dinucleotide (NADH) systems by NADH oxidation and assayed by nitroblue tetrazolium (NBT) reduction. In this experiment, the generated superoxide radicals were incubated with various concentrations of AS, ASF, or ASM (30-200 µg/mL). The reaction was initiated by adding 0.5 mL of the PMS solution (120 µM) to the mixtures. The reaction mixture was incubated at 25°C for 5 min, and the absorbance at 560 nm was measured against blank samples using a spectrophotometer. Vitamin C and E were used as positive controls for the antioxidant activity tests. 
2.6. Reducing power 

The reducing powers of AS, ASF, and ASM were determined using the method proposed by Oyaizu (1986). Various concentrations of AS, ASM, and ASF (30-200 µg/mL) were mixed with phosphate buffer (pH 6.6) and potassium ferric cyanide [K3Fe(CN)6] and incubated at 50°C for 20 min. Then, trichloroacetic acid was added, and the mixture was centrifuged for 10 min at 1000 × g. The upper layer of the solution (0.5 mL) was mixed with distilled water (0.5 mL) and FeCl3 (0.1 mL) for 10 min, and the absorbance was then measured at 700 nm in a spectrophotometer. Higher absorbance values indicate greater reducing power.

2.7. Metal chelating activity

The chelation of ferrous ions by AS, ASF, and ASM was estimated using the method described by Dinis et al. (1994). Briefly, 0.94 mL of various concentrations of AS, ASF, and ASM (30-200 µg/mL) was added to a solution that contained 0.02 mL of FeCl2 (2 mM). The reaction was initiated by the addition of 0.04 mL of ferrozine (5 mM), after which the mixture was shaken vigorously and allowed to stand at room temperature for 10 min. After equilibrium had been reached, the absorbance of the solution was measured at 562 nm using a spectrophotometer. 
2.8. DPPH free radical scavenging activity
The free radical scavenging activities (hydrogen donation) of AS, ASF, and ASM were measured using the DPPH assay (Yokozawa et al., 1998). Briefly, a solution of DPPH in methanol (200 µM) was prepared. Then, 1 mL of DPPH solution was added to 0.4 mL of various concentrations of ASB, ASF, and ASM (30-200 µg/mL). The mixture was then shaken vigorously and allowed to stand at room temperature for 30 min. Then, the absorbance was measured at 517 nm in a spectrophotometer and compared with the absorbance of blank samples.
2.9. Preparation of erythrocyte suspension and hemolysis assay 
Blood (10 mL) was obtained by venipuncture from healthy volunteers who had provided informed consent. Human erythrocytes from the citrated blood were isolated by centrifugation at 3000 × g for 10 min, washed four times with PBS, and then re-suspended to the desired hematocrit level in the same buffer. The cells were stored at 4°C and were used within 6 h of sample preparation. To induce free radical chain oxidation in the erythrocytes, aqueous peroxyl radicals were generated by the thermal decomposition of AAPH in oxygen (Tsuchiya et al., 2001). An erythrocyte suspension (5% hematocrit) was incubated with PBS (control) and preincubated with AS (5-20 (g/mL), ASF (50-200 µg/mL), and ASM (150-300 µg/mL) separately at 37°C for 30 min, followed by incubation with or without 25 mM AAPH in PBS at pH 7.4 for 6 h. The reaction mixture was shaken gently during incubation for a fixed interval at 37°C. A 200 µl aliquot of the reaction mixture was removed and centrifuged at 3000 × g for 2 min. The absorbance of the supernatant was determined at 540 nm. The reference values were determined using the same volume of erythrocytes in a hypotonic buffer (5 mM phosphate buffer at pH 7.4; 100% hemolysis). The hemolysis percentage was calculated using the following formula: absorbance of sample supernatant/reference value × 100.
2.10. LDL isolation and oxidation 
Fresh human blood plasma was collected from fasting healthy volunteers into tubes containing 0.01% EDTA. The local institutional review committee approved the research proposal, and informed consent was obtained from all of the volunteers. The plasma LDL was then isolated at densities of 1.019-1.063 g/mL by ultracentrifugation. The LDL fractions were pooled and dialyzed three times against fresh 10 mM PBS solution (pH 7.4) in the dark at 4°C for 24 h. All of the samples were subsequently stored in the dark at 4°C in a nitrogen atmosphere. The total protein content was determined using the Bio-Rad protein assay reagent, with bovine serum albumin (BSA) as the standard. LDL oxidation was induced by the incubation of the LDL with metal ion-dependent CuSO4 and ion-independent AAPH in the dark at 37°C. Various concentrations of AS, ASF, and ASM were added separately 30 min prior to the incubation to test their capacities to block LDL oxidation under these conditions. After the incubation, electrophoretic mobility, TBARS formation, and cholesterol degradation were measured as described below. The oxidation reaction was stopped by maintaining the temperature at 4°C. This representative experiment was replicated using LDL from different donors, and similar results were observed in all replicates. 
2.11. TBARS formation 
The thiobarbituric acid reactive substances (TBARS) assay was used to estimate the generation of MDA equivalents during LDL oxidation. LDL oxidation was induced by the incubation of LDL (200 (g/mL) at 37°C with 20 (M CuSO4 for 20 h. AS (5-20 (g/mL), ASF (50-100 µg/mL), and ASM (150-300 µg/mL) were added separately to the incubation mixture to test their capacities to block LDL oxidation under these conditions. After oxidation, the LDL was mixed with 1.5 mL of 0.67% thiobarbituric acid (TBA) and 1.5 mL of 20% trichloroacetic acid. The reaction product was incubated at 100°C for 30 min and then at 25°C for 30 min, followed by centrifugation at 10,000 × g for 15 min at 4°C and spectrophotometric analysis at 532 nm. Freshly diluted tetraethoxypropane, which yields MDA, was used as the standard. The results are expressed as nmol MDA/mg protein. 

2.12. Total cholesterol levels 
Total cholesterol was determined using a cholesterol enzyme kit (Menarini Co., Italy), as described previously by Lee et al. (2002). LDL (200 (g protein/mL) was oxidized by CuSO4 (20 (M) in the presence or absence of AS (5-20 (g/mL), ASF (50-100 µg/mL), and ASM (150-300 µg/mL) for 20 h. The samples were mixed with a working solution containing cholesterol esterase, cholesterol oxidase, and peroxidase to form quinoneimine at 37°C for 10 min. After the reaction was completed, the absorbance at 500 nm, which is proportional to the concentration of total cholesterol, was read.
2.13. Electrophoretic mobility 
The electrophoretic mobility of native and oxidized LDL was monitored using agarose gel electrophoresis, as described previously by Yang et al. (2006). LDL (200 (g protein/mL) was oxidized in the dark using CuSO4 (20 (M) in the presence or absence of AS (1-20 (g/mL), ASF (25-150 µg/mL), and ASM (150-300 µg/mL) for 20 h. The LDL particles (approximately 2 (g of LDL protein) were subjected to electrophoresis in 1% agarose gels in TAE buffer (pH 8) at 100 V for 40 min, dried at 65°C, and stained with Sudan Black B. The samples were then evaluated for their relative electrophoretic mobility (REM) and migration distance (in cm) compared to the native LDL. 

2.14. Total phenolic content assay
The total phenolic content of each extract was determined spectrophotometrically in accordance with the Folin-Ciocalteu procedure by reading the absorbance at 750 nm against a methanol blank. Briefly, the samples (20 μL, water added to 1.6 mL) were placed into test tubes, and 100 μL of Folin-Ciocalteu reagent and 300 μL of sodium carbonate (20%) were then added. The contents of the tubes were mixed and incubated at 40ºC for 40 min. Then, the absorption at 750 nm was measured. The total phenolic contents were expressed as milligrams per gram of AS, ASF, and ASM. The quantitation was based on the standard curve of gallic acid (0~0.2 mg/mL), which was dissolved in methanol/water (60:40, v/v; 0.3% HCl).
2.15. Statistical analysis 
The mean values and standard error of the mean (mean±SD) are presented. An analysis of variance (ANOVA) followed by Dunnett’s test for pairwise comparison was used for statistical validation of the data, with significance defined as p<0.05.

3. Results
The aim of the present study was to investigate the antioxidant activity of Antrodia salmonea from submerged cultures using different antioxidant models. Superoxide anion quenching, reducing power, metal chelation, and DPPH radical scavenging assays were performed to evaluate the antioxidant potentials of AS, ASF, and ASM and to elucidate the underlying molecular mechanism(s). Vitamin C and E (10 (g/mL) were used as positive controls (antioxidants). To further evaluate the antioxidant effects of AS, ASF, and ASM against human erythrocyte and LDL oxidation, primary erythrocytes and LDL were incubated with increasing concentrations of AS, ASF, or ASM. Then, oxidation was induced by metal ion-independent AAPH or metal ion-dependent CuSO4. 

3.1. Superoxide anion scavenging activity of AS, ASF, and ASM  
In the PMS-NADH-NBT system, superoxide anions are derived from dissolved oxygen by the PMS-NADH coupling reaction, and these anions then reduce NBT. Thus, a decrease in absorbance at 560 nm after the addition of antioxidants indicates the consumption of the superoxide anion in the reaction mixture (Robak and Gryglewski, 1988). The percent inhibition of superoxide radical generation values for AS, ASF, and ASM (30-200 µg/mL) are shown in Fig. 1A. Our results indicate that AS, ASF, and ASM exhibited strong superoxide radical scavenging activity. Furthermore, AS displayed a very significant (p < 0.05) superoxide radical scavenging effect in a dose-dependent manner and exhibited higher superoxide radical scavenging activity than ASF and ASM at very low concentrations (<50 µg/mL) (Fig. 1A).  

3.2. Reducing power of AS, ASF, and ASM  
To measure the reductive ability of AS, ASF, and ASM, the Fe3+-Fe2+ transformation in the presence of these samples was investigated according to a protocol by Oyaizu (1986). As shown in Fig. 1B, all of the fermented culture extracts of AS showed potent reducing activity. However, AS exhibited significantly stronger (p < 0.05) reducing power than ASF and ASM, consistent with its anti-oxidative action. The reducing power decreased in the following order: AS＞ASF＞ASM. 
3.3. Metal chelating capacity of AS, ASF, and ASM  
Metal chelating capacity is important because it reduces the concentration of the metal catalyzing transition in lipid peroxidation via the Fenton reaction. In this study, the chelation of ferrous ions by AS, ASF, and ASM was estimated using the method described by Dinis et al. (1994). Chelating agents may inhibit lipid oxidation by stabilizing transition metals. Ferrozine can quantitatively form complexes with Fe2+. In the presence of other chelating agents, the formation of this complex is disrupted, resulting in a decrease in the red color of the complex. As shown in Fig. 1C, the formation of the Fe2+-ferrozine complex failed in the presence of AS, ASF, and ASM, indicating that AS, ASF, and ASM have iron chelating activity and can capture ferrous ions. The absorbance of the Fe2+-ferrozine complex decreased linearly in a dose-dependent fashion. The degree of the metal chelating effect was decreased in the following order: AS > ASF > ASM. 
3.4. DPPH radical scavenging activity of AS, ASF, and ASM  
DPPH is a stable free radical that can accept an electron or hydrogen radical to become a stable diamagnetic molecule. The stable DPPH radical scavenging model is widely used for the evaluation of antioxidant activities because it is relatively rapid compared to other methods (Yokozawa et al., 1998). The reduction capability of the DPPH radical is determined by a decrease in its absorbance 517 nm, which is induced by natural antioxidants. This is visualized as a change in color from purple to yellow. Fig. 1D shows the free radical scavenging activities of AS, ASF, and ASM compared to those of vitamin C and E. DPPH analyses showed that the free radical scavenging effects of AS, ASF, and ASM were significant (p < 0.05) and increased in a dose-dependent manner. 
3.5. Effects of AS, ASF, and ASM on AAPH-induced hemolysis in erythrocytes

The antioxidant activity of pure compounds, foods, and dietary supplements has been studied extensively, and many new antioxidants and antioxidant activity assays have been developed in recent years. However, there remains a need for cell models (erythrocytes) in which to assess antioxidant bioactivity. Here, we performed an in vitro assay of the anti-oxidative potential of AS, ASF, and ASM using human erythrocytes. As shown in Fig. 2, when the water-soluble radical generator AAPH (25 mM) was added to the aqueous suspension of erythrocytes, the induction of hemolysis increased in a time-dependent manner. However, AS, ASF, and ASM each decreased the AAPH-induced hemolysis in a dose-dependent manner. Moreover, the inhibition of AAPH-induced hemolysis in erythrocytes was very strong upon incubation with AS compared with incubation with ASF and ASM (Fig. 2A-C). In addition, when the erythrocytes were incubated with AS, ASF, and ASM alone, the hemolysis was maintained at a background level similar to that of the AAPH-untreated samples (data not shown).

3.6. Effects of AS, ASF, and ASM on CuSO4-induced LDL oxidation 
It has been demonstrated that oxidative LDL generates peroxy radicals, leading to a chain reaction that causes an increase in lipid peroxidation, as reflected by the TBARS level (Yang et al., 2006). As shown in Table 1, the incubation of LDL (200 (g protein/mL) with CuSO4 (20 (M) caused a marked increase in TBARS. However, when LDL was incubated with AS, ASF, and ASM in the presence of CuSO4, the formation of TBARS decreased in a dose-dependent manner (46.3 ± 1.9 nmol MDA/mg protein to 5.4 ± 1.0, 15.5 ± 7.3, and 2.6 ± 0.7 nmol MDA/mg protein for AS (20 µg/mL), ASF (100 µg/mL), and ASM (300 µg/mL), respectively). 
3.7. Effects of AS, ASF, and ASM on CuSO4-induced LDL cholesterol degradation 

The formation of large quantities of lipid peroxides is accompanied by the rearrangement of fatty acid double bonds (yielding conjugated dienes) to induce cholesterol degradation (Yang et al., 2006). To examine whether AS, ASF, and ASM could inhibit CuSO4-induced LDL cholesterol degradation, LDL (200 (g protein/mL) was incubated with various concentrations of AS, ASF, and ASM in the presence of CuSO4 (20 (M) for 20 h. Table 2 shows that the amount of total cholesterol in LDL (measured enzymatically) was markedly decreased by CuSO4. However, the incubation of LDL with AS, ASF, and ASM significantly restored CuSO4-mediated cholesterol degradation (from 19.2 ± 1.7 mg/dL to 72.7 ± 1.2, 75.4 ± 2.3 and 79.9 ± 2.5 mg/dL for AS (20 µg/mL), ASF (100 µg/mL), and ASM (300 µg/mL), respectively). 
3.8. Effects of AS, ASF, and ASM on CuSO4-induced LDL electrophoretic mobility 
Relative electrophoretic mobility (REM) is another measure of LDL oxidation (


Kapiotis et al., 1997 ADDIN EN.CITE ). Therefore, the inhibitory effects of AS, ASF, and ASM on CuSO4-induced LDL oxidation were measured using an electrophoretic mobility assay. As shown in Fig. 3, the incubation of LDL (200 (g protein/mL) with CuSO4 (20 (M) for 20 h resulted in the oxidation of LDL, as evidenced by an increase in the negative charge observed via agarose gel electrophoresis. However, the CuSO4-induced oxidative modification of LDL was dose-dependently inhibited by AS, ASF, and ASM. The highest concentrations of AS (20 µg/mL), ASF (100 µg/mL), and ASM (300 µg/mL) tested exhibited a strong and significant (p < 0.05) inhibition of CuSO4-induced LDL oxidative modification (Fig. 3A-C). 
3.9. Total phenolic contents in AS, ASF, and ASM
The total phenolic contents (mg/g) of AS, ASF, and ASM (determined using a regression equation from a calibration curve and expressed in gallic acid equivalents) were found to be 530±10, 310±5 and 60±2 mg/g for AS, ASF and ASM, respectively (Table 3). The phenolic compound content was higher in AS than in ASF or ASM. These data suggest that the potent antioxidant effects of AS may be attributed to the greater amount of phenolic compounds present in this material. 
3.10. HPLC metabolite profiling of AS 
As shown in Fig. 4, the HPLC profile of AS was evaluated using a RP-18 column. Many chromatographic peaks were observed, suggesting that various types of compounds were present in the AS (Fig. 4). The major compound in the AS was obtained at a retention time of 15.1 min and and identified as2,4-Dimethoxy-6-methylbenzene-1,3-diol was characterized by a comparison of the spectral data (NMR and LC-MS) with analogous information reported in the literature (Shen et al., 2008). According to the results of the HPLC analysis, 11.6% of the AS was composed of 2,4-dimethoxy-6-methylbenzene-1,3-diol (280 nm). 
4. Discussion

The results of this study clearly indicate that Antrodia salmonea has powerful antioxidant activity in various oxidative systems in vitro. The various antioxidant properties of AS, ASF, and ASM may be attributed to their effectiveness as superoxide anion scavengers, their reductive capacity, their metal chelating ability, and their DPPH radical scavenging ability. It was found that AS is a stronger antioxidant than ASF and ASM, as measured in different oxidative systems. Furthermore, the antioxidant activities of the AS, ASF, and ASM fractions were correlated with their total polyphenol contents. Therefore, Antrodia salmonea can be used as an accessible source of natural antioxidants and a possible food supplement with potential applications in the pharmaceutical industry. However, further investigation of the mechanism(s) of the antioxidant activity and actions of Antrodia salmonea in vivo is necessary to take full advantage of its promise.
Red blood cells (erythrocytes) are the most abundant cells in the human body. Red blood cells possess desirable physiological and morphological characteristics, which are exploited extensively during drug delivery (Yoo et al., 2011). Oxidative damage to the lipid membranes of erythrocytes may be implicated in the hemolysis that is associated with certain hemoglobinopathies, radiation, oxidative drugs, high levels of transition metal exposure, and deficiencies in a number of erythrocyte antioxidant systems (Rajeshwari et al., 2012). Lipid peroxidation is one of the consequences of oxidative damage, and it has been proposed as a general mechanism for cell injury and death (i.e., hemolysis) ( 2008

). Therefore, in this study, we first investigated the efficacies of fermented culture extracts of AS (AS, ASF, and ASM) as inhibitors of AAPH-induced erythrocyte lipid peroxidation and hemolysis. Our results indicate that AAPH-induced lipid peroxidation and oxidative hemolysis of erythrocytes were significantly suppressed by the fermented culture extracts of AS (AS, ASF, and ASM). Thus, AS may have valuable antioxidant properties that may be applied in food and drug products. 
It has been recognized that LDL oxidation plays an important role in the initiation and progression of atherosclerosis through its cytotoxicity, chemotactic effects on monocytes, the inhibition of macrophage motility, and uptake by the macrophage scavenger receptor. These effects result in the stimulation of cholesterol accumulation and subsequent foam cell formation (Stocker and Keaney, 2004). We have shown that fermented culture extracts of AS (AS, ASF, and ASM) are able to inhibit the CuSO4-induced oxidative modification of LDL, as measured by TBARS formation, cholesterol degradation, and relative electrophoretic mobility. Because our results indicate that AS exerts a protective effect against the oxidation of LDL in vitro, further investigation should verify this effect in cell models and in vivo (in animal and human models). 
A previous phytochemical investigation reported the isolation of four new compounds from the mycelia of AS: lanosta-8,24-diene-3β,15α,21-triol (1), 24-methylenelanost-8-ene-3β,15α,21-triol (2), 3-dimethyoxy-5-(2′,5′-dimethoxy-3′m4′- methylenedioxyphenyl-7-methyl-[1,4]-naphthoquinone (3), and 2,3-dimethoxy-6 (2′,5′-dimethoxy-3′,4′-methylenedi-oxyphenyl)-7-methyl-[1,4]-naphthoquinone (4). Of these compounds, compounds 1, 3, and 4 showed potent anti-oxidative effects in human leukocytes in vitro (Shen et al., 2006). Later, Shen et al. (2007) isolated three new ergostanes, methyl antcinate L (1), antcin M (2), and methyl antcinate K (3), together with nine known compounds, 3-ketodehydrosulphurenic acid, sulfurenic acid, dehydrosulfurenic acid, 3β,15α-dihydroxylanosta-7,9 (11), 24-trien-21-oic acid, zhankuic acid A, zhankuic acid B, zhankuic acid C, antcin C, and antcin K, from the basidiomata of Antrodia salmonea. The three new ergostanes (1-3) exhibited certain anti-oxidative effects; they inhibited NADPH oxidase activity but had no free radical scavenging activity. In addition, the ergostanes (1-3) strongly inhibited nitric oxide production in activated neutrophils and microglia cells. Following this study, Shen and his co-workers isolated three new compounds, (2,4-dimethoxy-6-methylbenzene-1,3-diol (1), salmoquinone (2), and 3-(4-hydroxyphenyl)-4-isobutyl-1H-pyrrole-2,5-dione (3)), along with six known compounds (2-methoxy-6-methyl-p-benzoquinone (4), 2,3-dimethoxy-5-methyl-p-benzoquinone (5), 2-hydroxy-5-methoxy-3-methyl-p-benzoquinone (6), eburcoic acid (7), fomefficinic acid C (8), and a pyrroledione (9)) from the mycelia of AS using CHCl3-extraction. Among these compounds, compounds 4 and 5 exhibited potent anti-cancer activity against KB, HepG2, and H2058 cell lines in vitro (Shen et al., 2008). Taken together, these findings demonstrate that different extraction conditions resulted in the isolation of compounds with different biological activities. Our previous studies revealed that the fermented culture broth extracts of Antrodia camphorata, a medicinal fungus similar to Antrodia salmonea , exhibited various biological activities (Hseu et al., 2002; Yang et al., 2006; Yang et al., 2012). In this study, 2,4-dimethoxy-6-methylbenzene-1,3-diol was isolated from the fermented culture broth of Antrodia salmonea, as determined by HPLC (Fig. 4). Our data also demonstrate that the fermented culture extracts of Antrodia salmonea possessed enormous amounts of polyphenols, which are believed to be the source of their anti-oxidative effects. Polyphenols have recently received increasing attention because of their remarkable biological activities. The results of this study imply that the higher contents of natural polyphenols in Antrodia salmonea may act as preventive agents with respect to their antioxidant activity to inhibit the oxidative modifications of LDL and erythrocytes. It was also determined that the culture medium had low antioxidant capacity relative to the AS, ASF, and ASM in the submerged culture (data not shown), indicating that the antioxidant properties of Antrodia salmonea must be derived from the secondary metabolites of the mycelia. However, these assays do not reflect cellular physiology or consider bioavailability and metabolism issues. 

We have demonstrated that Antrodia salmonea possesses effective antioxidant activity, which includes superoxide anion scavenging, reducing power, and metal chelation activities. Furthermore, supplementation with Antrodia salmonea appears to reduce AAPH-induced erythrocyte hemolysis and CuSO4-induced LDL oxidation. Our findings suggest that Antrodia salmonea may act as a chemopreventive treatment, providing antioxidant properties and effective protection against atherosclerosis. However, further in vivo investigations should be carried out to confirm these promising results. 
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Figure Legends

Fig. 1. The antioxidant activities of AS, ASF, and ASM in various oxidative systems. (A) The superoxide anion radical scavenging activity of AS, ASF, and ASM, as measured using the PMS-NADH-NBT method. (B) The reducing power of AS, ASF, and ASM, as determined based on the spectrophotometric detection of the Fe3+-Fe2+ transformation; higher absorbance values indicate greater reducing power. (C) The metal chelating effects of AS, ASF, and ASM on ferrous ions. (D) The free radical scavenging activities of AS, ASF, and ASM on DPPH radicals. Vitamin E and vitamin C were used as positive controls. The values shown represent as the mean ± SD (n = 3-6 experiments). * indicates a significant difference from the control group (p <0.05). AS, fermented culture broth of Antrodia salmonea; ASF, filtrate of Antrodia salmonea; ASM, mycelia of Antrodia salmonea.
Fig. 2. The effects of AS, ASF, and ASM on AAPH-induced hemolysis in erythrocytes. A 5% hematocrit erythrocyte suspension was incubated with PBS (control) or preincubated with AS, ASF, or ASM at the indicated concentrations for 30 min. The product was then incubated with 25 mM AAPH for 6 h at 37(C. The values shown represent the mean ± SD of three experiments. 

Fig. 3. The effects of AS, ASF, and ASM on CuSO4-induced LDL oxidation as measured by electrophoretic mobility. LDL (200 (g protein/mL) was oxidized by CuSO4 (20 (M) in the presence or absence of AS, ASF, and ASM at the indicated concentrations for 20 h at 37°C. LDL protein (2 (g) was electrophoresed on an agarose gel (1%). Each spot was stained with Sudan Black B and evaluated for relative electrophoretic mobility (REM), and the migration distance (cm) was measured. This experiment was replicated using LDL from different donors, and similar results were obtained. *indicates a significant difference from the control group (p <0.05). 

Fig. 4. The HPLC profile of AS. The chemical profile of AS was determined using an RP-18 column and detected at a UV wavelength of 280 nm (see Materials and Methods).
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