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Abstract

Antioxidant activity of the methanol crude extract and its fractions, isolated by liquid–liquid partition, from the fruiting bodies

of Agrocybe aegerita, an edible mushroom, was evaluated by scavenging activity of 2,20-azinobis-(3-ethylbenzthiazoline-6-sulphonic
acid) radical cation (ABTS�þ) and inhibition of lipid peroxidation of rat brain homogenate. The ethyl acetate (EA) fraction, which

showed the most potent antioxidant activity in the above two assays, was further fractionated by a Sephadex LH-20 column into

four subfractions (EA1–EA4). EA3 exhibited the strongest radical-scavenging activity in the ABTS�þ and 1,1-diphenyl-2-pic-

rylhydrazyl (DPPH) radical and showed a similar extent of in vitro inhibition of human LDL oxidation to caffeic acid. Significant

correlation was found between the total phenolic content and the antioxidant activity (p < 0:01) in the EA fraction and its sub-

fractions.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Free radicals are defined as any molecules or atoms

with one or more unpaired electrons (Yashikawa, Naito,

& Kondo, 1997). With the possession of the unpaired
electrons, free radicals are usually unstable and highly

reactive. Peroxyl radical is a key step in lipid peroxida-

tion and is an important cause of cell membrane de-

struction and thus tissue damage (Halliwell, 1995). It

has also been suggested that oxidative modification of

low-density lipoprotein (LDL) is the main cause of

atherosclerosis which is highly related to peroxyl radical

formation (Brown & Goldstein, 1983). Antioxidants can
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scavenge free radicals and inhibit lipid peroxidation.

Vegetables and fruits are rich sources of antioxidants

such as vitamin C, vitamin E and beta-carotene, which

are suggested to be antiatherogenic in epidemiological

studies (Enstrom, Kanim, & Klein, 1992; Rimm et al.,
1993; Stampfer et al., 1993). Thus, the consumption of

dietary antioxidants from these sources is beneficial in

preventing cardiovascular diseases, especially athero-

sclerosis. Phenolic compounds are other type of anti-

oxidant that possess a strong inhibition effect against

lipid oxidation through radical scavenging (Frankel,

Kanner, German, Parks, & Kinsella, 1993). Some

common edible mushrooms, which are widely consumed
in Asian culture, have currently been found to possess

antioxidant activity which is well correlated with their

total phenolic content (Cheung, Cheung, & Ooi, 2003).

Two novel prenylated phenolics, asiaticusin A and

asiaticusin B, have been isolated in the fruiting bodies of

an edible mushroom, Boletinus asiaticus (Wada, Hay-

ashi, & Shibata, 1996). Another mushroom, Paxillus

panuoides, was found to contain two p-terphenyls which
showed potent inhibition effects lipid peroxidation
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(Yun, Lee, Kim, & Yoo, 2000). These findings suggest

that the edible mushrooms might be a potential source

of phenolic antioxidants. However, investigations of

antioxidants derived from lesser-known edible mush-

rooms, which are produced by artificial cultivation
methods, are still relatively rare. As these mushrooms

are only recently available in the market, their health

benefits, especially antioxidative properties, are of in-

tense research interest. Recently, we have screened the

antioxidant activity of the methanol crude extract of 14

lesser-known edible mushrooms cultivated in Fujian

Province of China (unpublished data). Among these

mushrooms, the Agrocybe aegerita var. alba showed the
most potent antioxidant activity. In this study, the an-

tioxidant activity of this mushroom was investigated in

relation to its total phenolic content.
2. Materials and methods

2.1. Chemicals

The Trolox (6-Hydroxy-2,5,7,8-tetramethyl-chro-

man-2-carboxylic acid) and tetramethoxypropane were

from Aldrich Chemical (Milwaukee, WI). The iron (II)

sulphate was an AnalaR chemical (Poole, England).

EDTA was Fluka Chemical (Buchs, Switerland). So-

dium azide was from Merck (Darmstadt, Germany). All

other chemicals were obtained from Sigma Chemical
Co. (St. Louis, MO).

2.2. Extraction and fractionation of antioxidants

The dried fruiting bodies of A. aegerita were provided

by the Sanming Mycological Institute in Fujian Province

of China. The mushroom (200 g) was milled into powder

through a 0.5 mm sieve using a hammer mill (IKA-
WERKE MF10, Selangor, Malaysia), and extracted

with methanol (2 l) in a Soxhlet extractor for 24 h. The

solvent of the methanol crude extract was removed under

reduced pressure and the residue was re-dissolved in

distilled water and then sequentially extracted with di-

chloromethane, ethyl acetate (EA) and water-saturated

butanol, using liquid–liquid partition. After removal of

the solvents, four fractions were obtained, including the
dichloromethane (DCM), EA, butanol and water frac-

tions, with the extraction yields being 0.133%, 0.237%,

1.57% and 6.03% of the dry weight of mushroom, re-

spectively. The scavenging activities of 2,20-azinobis-(3-
ethylbenzthiazoline-6-sulphonic acid) radical cation

(ABTS�þ) and the lipid peroxidation (of rat brain ho-

mogenate) inhibition of the methanol crude extract and

these four fractions were evaluated.
Because of its high antioxidant activity, the EA

fraction (at 20 mg/ml) was further fractionated by a

column (2.5� 45 cm) packed with Sephadex LH-20
(Pharmacia, Uppsala, Sweden) and eluted with metha-

nol at a flow rate of 0.8 ml/min (Shahidi, Amarowicz,

He, & Wettasinghe, 1997). The eluates were collected in

test tubes using a fraction collector (GradiFrac, Phar-

macia, Uppsala, Sweden). The eluates were combined
according to the results of UV absorbance and thin-

layer chromatography (TLC), developed by a solvent

system of EA/propanol/ammonia (9:7:4, v/v/v) (Babits-

kaya, Shcherba, Oleshko, & Osadchaya, 1996) to pro-

duce four subfractions: EA1, EA2, EA3 and EA4; the

EA1 subfraction was the first eluted subfraction and

EA4 was the last eluted one. Solvent in each subfraction

was removed by a stream of nitrogen. The scavenging
activity of ABTS�þ and 1,1-diphenyl-2-picrylhydrazyl

(DPPH) radical as well as the inhibition of human LDL

oxidation of the EA fraction and its subfractions (EA1–

EA4) were evaluated.
2.3. Scavenging activity of ABTSþradical cation

The scavenging activity of ABTS�þ was measured

according to the method described by Re et al. (1999)

with some modifications. The ABTS reagent was pre-

pared by mixing 5 ml of 7 mM ABTS with 88 ll of 140
mM K2S2O8. After the mixture was kept in the dark at
room temperature for 16 h to allow the completion of

radical generation, it was diluted with 95% ethanol so

that its absorbance was adjusted to 0.70� 0.05 at 734

nm using a spectrophotometer (Genesys5, Spectronic

Instruments, Rochester, NY). To determine the scav-

enging activity, 1 ml ABTS reagent was mixed with 10 ll
of sample or negative control (methanol) and the ab-

sorbance was measured at 734 nm 6 min after the initial
mixing, using ethanol as blank. The inhibition percent-

age of the samples was calculated by the following

equation:

Inhibition percentage ð%Þ
¼ f1� ðAb734 sample=Ab734 controlÞg � 100%; ð1Þ

where Ab734 was the absorbance at 734 nm.

Trolox, with a concentration range of 0.5–2 mM, was

prepared as a standard. A dose–response curve of inhi-

bition percentage against different concentrations of

Trolox standard was prepared. The antioxidant activity
of samples was expressed as Trolox equivalent antioxi-

dant capacity (TEAC) which represented the concen-

tration (mM) of Trolox, having the same activity as 1

mg of sample.
2.4. Scavenging activity of DPPH radical cation

The scavenging activity of DPPH radical was assayed
according to the method described by Chu, Chang, and

Hus (2000) with some modifications. An aliquot of 1.0

ml of 0.1 mM DPPH radical solution dissolved in
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methanol was mixed with 0.5 ml sample extract of var-

ious concentrations (0.05–2 mg/ml) or negative control

(methanol). The reaction mixture was mixed and its

absorbance at 520 nm was measured. tert-Butylhydro-

quinone (TBHQ) (1.5 g/ml) was used as standard. The
DPPH radical-scavenging activity (%) was calculated by

the following equation:

Scavenging activity ð%Þ
¼ f1� ðAb520 sample=Ab520 controlÞg � 100%: ð2Þ

The scavenging activity of sample was expressed as

50% effective concentration (EC50) which represented

the concentration of sample having 50% of DPPH rad-

ical scavenging effect.
2.5. Lipid peroxidation assay

The inhibition of lipid peroxidation of rat brain ho-
mogenate was assayed according to the method de-

scribed by Ng, Liu, and Wang (2000) with some

modifications. Brain tissues obtained from male Spra-

gue–Dawley (SD) rats weighing 150 g were homoge-

nized with a Polytron homogenzier in ice-cold Tris–HCl

buffer (20 mM, pH 7.4) to produce a 1:2 (w/v) homog-

enate. The homogenate was centrifuged at 3000g for 10

min. An aliquot (0.1 ml) of supernatant was mixed with
0.2 ml of mushroom fractions and methanol crude ex-

tract of various concentrations, followed by addition of

0.1 ml of 10 lM FeSO4 and 0.1 ml of 0.1 mM LL-ascorbic

acid; the mixture was incubated at 37 �C for 1 h. The

reaction was terminated by adding 0.5 ml trichloroacetic

acid (TCA, 28%, w/v), followed by 0.38 ml thiobarbi-

turic acid (TBA, 2%, w/v), with heating at 100 �C for 20

min. After centrifugation at 3000g for 10 min to remove
the precipitated protein, the absorbance of the super-

natant containing the thiobarbituric acid-reactive sub-

stances (TBARS) was measured at 532 nm by a

spectrophotometer. Caffeic acid (0.25 mg/ml) was used

as a standard and Tris–HCl buffer was used instead of

sample as the negative control. The inhibition percent-

age of lipid peroxidation of the sample was calculated by

the following equation:

Inhibition percentage ð%Þ
¼ f1� ðAb532 sample=Ab532 controlÞg � 100%; ð3Þ

where Ab532 was the absorbance at 532 nm.

The inhibition of lipid peroxidation of sample was

expressed as 50% inhibition concentration (IC50) which

represented the concentration of sample having 50% in-

hibition effect on lipid peroxidation of the rat brain tissue.

2.6. Inhibition of human LDL oxidation

LDL was prepared according to the method de-

scribed by Zhang, Chan, Luk, Ho, and Chen (1997). The
LDL was isolated by sequential flotation ultracentrifu-

gation and the protein content was determined by

Lowry’s method (Lowry, Rosebrough, Farr, & Randall,

1951). The stock LDL solution (0.5 mg/ml) was dialyzed

against 100 volumes of degassed dialysis buffer, pH 7.4,
containing 0.05% NaN3, 0.9% NaCl, 0.1 M sodium

phosphate and 10 lM EDTA for 24 h. The dialysis

buffer was changed four times over the period of 24 h.

The dialyzed LDL was then diluted to 250 lg/ml using a

dilution buffer which had the same chemical constituents

as the dialysis buffer but without EDTA and NaN3. An

aliquot of 0.4 ml diluted LDL was incubated with 50 ll
of 50 lM CuSO4 and 50 ll of EA fraction and sub-
fractions (0.5 mg/ml) or ultra pure water (negative

control) for a time period of 4, 12 on 36 h at 37 �C. The
reaction was stopped by the addition of 25 ll of EDTA

(1%, w/v) and the mixture was cooled at 4 �C. The

TBARS was formed by adding 2 ml TCA–TBA–HCl

solution followed by heating at 95 �C for 1 h. After the

mixture was cooled, the formation of TBARS was de-

termined by measuring absorbance at 532 nm. A stan-
dard calibration curve with a concentration range of

1.25–30 lM was constructed by using malondialdehyde

(MDA), prepared from tetramethoxypropane (Aldrich).

The extent of TBARS was expressed as nmol MDA/mg

LDL. Caffeic acid (0.5 mg/ml) was used as a positive

control.

2.7. Total phenolic content

The total phenolic content of the methanol crude

extract and its fractions, as well as the EA subfractions

was determined by the Folin–Ciocalteu method with

some modifications (Singleton & Rossi, 1965). One

millilitre of sample solution was mixed with 1 ml of

Folin–Ciocalteu reagent. After 3 min of incubation at

room temperature, 1 ml of saturated Na2CO3 (35%
aqueous solution) was added to the mixture, followed by

the addition of 7 ml of distilled water. The mixture was

kept in the dark for 90 min and its absorbance at 725 nm

was then measured. A calibration curve, using gallic acid

with a concentration range of 0.01–0.4 mM, was pre-

pared. The total phenolic content of the samples was

expressed as gallic acid equivalents (GAE), which re-

flected the phenolic content as the amount of gallic acid
(mg) in 1 g of sample.

2.8. Statistical analysis

All results were obtained in triplicate and data were

expressed as mean� SD. The mean values of data were

also analyzed by one-way analysis of variance (one-way

ANOVA) and Tukey’s pairwise means comparison test
(Tukey) was used to detect significant difference

(p < 0:05) between the mean values that had more than

two groups. For comparison of data between two
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groups, the Student’s t-test was carried out to detect any

significant differences (p < 0:05). Correlations were

found by Pearson’s correlation coefficient in bivariate

correlations. The statistical analysis was done by the

Statistical Package for Social Sciences (SPSS 11.0, 2001).
3. Results and discussion

3.1. Total phenolic content and antioxidant activity of

methanol crude extract and fraction

Phenolic compounds in plants are powerful free
radical-scavengers which can inhibit lipid peroxidation

by neutralizing peroxyl radicals generated during the

oxidation of lipids (Shahidi, Janitha, & Wanasundra,

1992). Since mushrooms (edible fungi) also possess

phenolic compounds (Cheung et al., 2003; Wada et al.,

1996), it is interesting to investigate the antioxidant ac-

tivity of mushroom in relation to their total phenolic

contents. The total phenolic content of different frac-
tions of A. aegerita is shown (Table 1) with the GAE

value of the EA fraction being the highest (p < 0:05).
Except for the water fraction which had a significantly

lower GAE value, all the other fractions showed a sig-

nificantly higher GAE value than that of the methanol

crude extract (p < 0:05) (Table 1), indicating that the

phenolic compounds in A. aegerita were mainly soluble

in organic solvents, especially EA.
Table 1

Total phenolic content and scavenging activity of ABTS�þ radical

cation of the methanol crude extract and its fractions from A. aegerita

Extract/fractions GAEa TEACb

Methanol crude extract 15.3� 0.24D 0.096� 0.004BC

DCM fraction 41.3� 0.30B 0.162� 0.024B

EA fraction 51.2� 0.38A 0.254� 0.021A

Butanol fraction 30.5� 0.71C 0.163� 0.049B

Water fraction 12.9� 0.41E 0.063� 0.022C
aTotal phenolic content is expressed as gallic acid equivalents (GAE;

mg/g of GAE). Each value is the mean�SD of triplicate measure-

ments. Values within a column with different letters (A–E) differ sig-

nificantly (p < 0:05).
b TEAC, expressed as mM Trolox per mg of sample. Each value is

the mean� SD of triplicate measurements. Values within a column

with different letters (A–C) differ significantly (p < 0:05).

Table 2

The IC50 and the inhibition percentage of the methanol crude extract and its f

Extract/fractions Inhibition percentagea (%)

0.5 (mg/ml) 1 (mg/ml)

Methanol crude extract 48.7� 0.68D 73.9� 3.15

DCM fraction 68.4� 2.13B 94.3� 0.69

EA fraction 93.8� 0.57A 96.1� 0.86

Butanol fraction 62.1� 0.45C 95.3� 0.24

Water fraction 7.47� 1.23E 6.28� 8.94
aValues within a column with different letters (A–E) differ significantly (p
The antioxidant activities of the methanol crude ex-

tract and its fractions isolated from A. aegerita were

evaluated by two assays. In the scavenging activity of

ABTS�þ, the relatively long-lived ABTS�þ, generated by

the direct oxidation of ABTS with potassium persulfate
(Frankel & Meyer, 2000), was decolorized during the

reaction with hydrogen-donating antioxidant (Leong &

Shui, 2002). The ABTS�þ scavenging activity was ex-

pressed in term of a TEAC value with a higher value

indicating a more potent radical-scavenging effect.

Among the methanol crude extract and its fractions, the

TEAC value of the EA fraction was the highest

(p < 0:05) (Table 1), with its radical scavenging effect
being 3.3 times higher than that of the methanol crude

extract (Table 1). Similarly, the lipid peroxidation of rat

brain homogenate induced by Fe2þ/ascorbate, was

strongly inhibited by the EA fraction as indicated by its

lowest IC50 value (Table 2). The inhibition effect of the

EA fraction was 7.5 times higher than its parent meth-

anol crude extract (Table 2) and its inhibition effect

(95.3%) of lipid peroxidation at 0.25 mg/ml was similar
(p > 0:05) to that of caffeic acid (96.4%) at 0.25 mg/ml

(data not shown in table). In contrast, the ABTS�þ

radical scavenging activity and inhibition of lipid per-

oxidation (at 0.5 mg/ml) of the water fraction was the

lowest (p < 0:05) among the four fractions (Tables 1 and

2). These findings suggested that antioxidants with

hydrogen-donating and lipid peroxidation-inhibiting

properties in the methanol crude extract of A. aegerita
were selectively extracted into the EA fraction. Since a

strong positive correlation was found between the total

phenolic content and TEAC value (Table 1) (R2 ¼ 0:903,
p < 0:01), as well as the inhibition of lipid peroxidation

at 0.5 mg/ml (Table 2) (R2 ¼ 0:863, p < 0:01) for the

methanol crude extract and its fractions, the strong

antioxidant potency of the EA fraction might be highly

contributed by the abundant phenolic compounds that
it contained.
3.2. Yield of ethyl acetate subfractions

Due to the potent antioxidant activity of the EA

fraction, it was further fractionated by a Sephadex LH-

20 column into four subfractions, based on size-exclu-
ractions from A. aegerita in lipid peroxidation of rat brain homogenate

IC50 (mg/ml)

2 (mg/ml)

B 92.2� 1.28A 0.378

A 93.4� 0.60A 0.478

A 94.9� 0.56A 0.0502

A 95.5� 0.42A 0.457

C 11.3� 5.64B >2

< 0:05).



Table 3

The yield, total phenolic content, scavenging activity of ABTS�þ radical cation and the 50% effective concentration (EC50) in DPPH radical-scav-

enging of the different subfractions of the EA fraction from A. aegerita

Fraction/subfractions Yielda (%) GAEb TEACc EC50 of DPPH (mg/ml)

EA – 51.2� 0.38D 0.254� 0.021D 1.16

EA1 58.4 23.9� 1.13E 0.132� 0.004E 1.92

EA2 8.94 80.9� 2.01C 0.594� 0.068C 0.438

EA3 2.44 192� 2.50A 0.934� 0.0301A 0.139

EA4 2.39 122� 1.80B 0.813� 0.023B 0.269
a Extraction yield is expressed as percentage dry weight of EA fraction.
b Total phenolic content is expressed as gallic acid equivalents (GAE; mg/g GAE). Each value is the mean�SD of triplicate measurements. Values

within a column with different letters (A–E) differ significantly (p < 0:05).
c TEAC, expressed as mM Trolox per mg of sample. Each value is the mean� SD of triplicate measurements. Values within a column with different

letters (A–E) differ significantly (p < 0:05).
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sion and normal-phase chromatographic separation

mechanisms, with methanol being used as the mobile

phase (Henke, 1995). The yield of the 4 subfractions

decreased from EA1 to EA4 (Table 3), showing that the

earlier eluted subfractions had relatively higher yield.
According to the separation principles of normal-phase

and size-exclusion chromatography, the compounds in

EA1 might be relatively more non-polar and have higher

molecular weights than those in EA4. This might indi-

cate that the amount of non-polar and high molecular

weight compounds in the EA fraction was larger than

the polar and low molecular weight ones.
Table 4

The formation of TBARS in LDL oxidation for the EA fraction and

its subfractions from A. aegerita at 0.5 mg/ml

Samples/

standard
TBARS formationa (nmole MDA/mg LDL

protein)

4th hour 12th hour 36th hour

EA 3.09� 0.38A 28.0� 0.64B 23.8� 0.22B

EA1 22.4� 1.72B 26.7� 0.52B 23.0� 0.22B

EA2 2.05� 0.29A 4.78� 0.79A 8.28� 1.4A

EA3 2.74� 0.14A 5.02� 0.52A 6.77� 0.25A

EA4 3.04� 0.22A 5.54� 0.28A 8.11� 0.54A

Control 28.8� 0.14C 27.4� 0.25B 22.6� 0.50B

Caffeic acid 2.69� 0.16A 6.53� 0.58A 7.47+0.52A
aEach value is the mean� SD of triplicate measurements. Values

within a column with different letters (A–C) differ significantly

(p < 0:05).
3.3. Antioxidant activity and total phenolic content of the

ethyl acetate fraction and its subfractions

Concerning the total phenolic content of the sub-

fractions, it was found that the GAE values of EA2,

EA3 and EA4 were significantly higher than that of the

EA fraction (p < 0:05), with EA3 having the highest

GAE value (Table 3). On the other hand, EA1 showed a
significantly lower GAE value than the EA fraction

(p < 0:05). These findings indicated that the phenolic

compounds in the EA fraction, which were mainly

found in EA3, seemed to be relatively more polar and

had lower molecular weight.

Comparing the scavenging activity of ABTS�þ, the

TEAC values of EA2, EA3 and EA4 were 2.3–3.7 times

higher than that of the EA fraction, with EA3 and EA1
having the highest and lowest radical scavenging activity

(p < 0:05), respectively (Table 3). Concerning the scav-

enging activity of DPPH radical, this assay also evalu-

ated the ability of sample to scavenge the DPPH radical

by a hydrogen-donating mechanism. The use of the

stable DPPH radical has the advantage of being unaf-

fected by side reactions, such as enzyme inhibition and

metal chelation (Wettasinghe & Shahidi, 1999). The
EC50 values of EA3, EA4 and EA2 were about 8-fold, 4-

fold and 3-fold, respectively, smaller than that of the EA

fraction, with the EC50 value (0.139 mg/ml) of EA3

being the lowest, indicating that this subfraction exhib-

ited the highest radical scavenging effect (Table 3).
From the above 2 assays, a strong positive correlation

between the total phenolic content and the TEAC value

(R2 ¼ 0:943, p < 0:01) (Table 3) as well as the DPPH

radical-scavenging activity at 0.5 mg/ml (data not

shown) (R2 ¼ 0:974, p < 0:01) was found for the EA
fraction and its subfractions, suggesting that the phe-

nolic compounds might be the major antioxidant com-

ponents present in the EA2, EA4 and especially EA3

which could effectively scavenge both DPPH and

ABTS�þ radicals by the neutralization of radicals

through hydrogen donation.

In LDL oxidation, the amount of TBARS, the

breakdown product of LDL during lipid peroxidation,
can be used as an index of lipid peroxidation in LDL

(Ernster, 1993). Our results showed that, after 4 h of

incubation, the EA fraction, EA2, EA3 and EA4 showed

significantly lower TBARS levels than that of the control

(p < 0:05) but not EA1 (p > 0:05) (Table 4), indicating

that the samples, except EA1, could effectively inhibit the

LDL oxidation, at least for a short period. At the 12th

hour of incubation, probably due to the exhaustion of
antioxidants for protecting the LDL against oxidation,

the EA fraction showed ineffective inhibition as its

TBARS level was the same as that of the control

(p > 0:05) (Table 4). In contrast, the EA2, EA3 and EA4

subfractions continued to show effective inhibition, as
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their TBARS levels were significantly lower than that of

the control, even at the 36th hour of incubation

(p < 0:05) (Table 4). These results suggested that the

persistency of these EA subfractions in inhibition of

LDL oxidation was much stronger than that of its parent
EA fraction (Table 4) Also, the TBARS levels of EA2,

EA3 and EA4 were similar to that of caffeic acid

throughout the whole incubation period (p > 0:05), in-
dicating that the antioxidant activity of these subfrac-

tions, in terms of inhibition of LDL oxidation, was as

potent and persistent as caffeic acid at the same con-

centration (0.5 mg/ml) (Table 4). Besides, it was found

that a negative and statistically significant correlation
(R2 ¼ 0:811, p < 0:01) was demonstrated between the

TBARS formation (Table 4) and total phenolic content

(Table 3) for the EA fraction and its subfractions at the

36th hour of incubation, suggesting that the phenolic

compounds present in EA2, EA4 and especially EA3,

might be at least one of the active components inhibiting

the LDL oxidation. As phenolic antioxidants were sug-

gested to act as inhibitors of LDL oxidation by means of
free radical scavenging (Frankel & Meyer, 2000), the

phenolic compounds presented in these subfractions

might inhibit LDL oxidation by mean of hydrogen do-

nation to scavenge the peroxyl radical in a similar way to

that observed in the two radical scavenging assays

mentioned above. As a result, the EA2, EA4 and espe-

cially EA3 subfractions were most effective in inhibition

of LDL oxidation in vitro. As this event is the key step
for the formation of oxidative modified LDLs which

later causes the foam cell formation and finally athero-

sclerosis (Frei, 1995), these subfractions, especially EA3,

may have a preventive effect against atherosclerosis by

inhibiting LDL oxidation through radical scavenging.

Thus, they might be a potential source of antioxidants in

the prevention of atherosclerosis.
3.4. Conclusion

The EA fraction of the methanol crude extract of A.

aegerita was most potent in the scavenging of ABTS�þ

radical and inhibition of lipid peroxidation among the

four fractions. Three of the four subfractions isolated

from EA, the EA2, EA4 and especially EA3 subfrac-

tions, showed potent scavenging activity of DPPH and
ABTS�þ radicals as well as strong a inhibition effect

against human LDL oxidation in vitro (p < 0:05). The
antioxidant activity was found to be positively corre-

lated with the total phenolic content among the EA

fraction and its subfractions in the three antioxidant

assays, suggesting that phenolic compounds probably

having low molecular weight and relatively high polar-

ity, might play an important role in radical scavenging
and inhibition of LDL oxidation. The possible mecha-

nism by which for the EA subfractions inhibit LDL
oxidation might be radical-scavenging, through hydro-

gen donation.

However, there is no study so far concerning the

characterization of the active antioxidative components

in A. aegerita. Since phenolic compounds might be a
possible class of antioxidant in this mushroom, future

work on the isolation and structural characterization of

the active components is needed. Also, the antioxidant

activity of these components, in regard to the mecha-

nisms for radical scavenging and protection against lipid

peroxidation, will be the primary objective of further

investigation.
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