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Abstract

The present study was carried out to evaluate the antioxidant activities of bark extract of Acacia confusa and some of the isolated
constituents from its ethyl acetate (EtOAc) fraction in various in vitro systems to gain mechanistic insights. Results from antioxidant
assays together with authentic antioxidant standards revealed that EtOAc fraction showed strong superoxide radical scavenging activity,
reducing power, and ferrous ion-chelating ability. Following an in vitro antioxidant activity-guided fractionation procedure, 16 constit-
uents including 12 benzoic acids, three cinnamic acids and one lignans were isolated and identified from the EtOAc fraction. We also
evaluated the structure–activity relationships of benzoic and cinnamic acid derivatives. Results obtained indicated that the bark extracts
and the derived phytochemicals from A. confusa have a great potential to prevent disease caused by the overproduction of radicals and
also it might be used as a potential source of natural antioxidant agent.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Acacia confusa Merr. (Leguminosae), a species indige-
nous to Taiwan, is widely distributed on the hills and low-
lands of Taiwan, and it is traditionally used as a medicinal
plant (Wu et al., 2005). An aqueous extract of A. confusa
leaves was used in Taiwan for wound healing and anti-
blood-stasis (Kan, 1978). The crude extract of A. confusa

bark contain a wide variety of phenolic compounds (Chang
et al., 2001; Tung et al., 2007). Recent studies have shown
that some phenolic compounds have anticancer, anticarci-
nogenic or antimutagenic activities (Behera et al., 2008;
Papetti et al., 2006), and these bioactivities of phenolic
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compounds might be related to their antioxidant proper-
ties. In our previous studies, we found that the crude
extracts of A. confusa bark and heartwood showed a high
DPPH radical scavenging activity, and therefore it might
be a good candidate for further development as antioxidant
remedies (Chang et al., 2001; Wu et al., 2005; Tung et al.,
2007).

Except the DPPH free radical scavenging activity
reported in our previous short communication (Tung
et al., 2007), the antioxidant activities of the crude extract,
its derived fractions, and its constituents of A. confusa bark
using different assay systems have not been comprehen-
sively investigated. Mitchell et al. (1998) demonstrated that
the assessment of antioxidant activities can be affected by
many factors, such as pH value, varieties of solvents, free
radicals as well as metal ions in the system analyzed. Actu-
ally, there is no universal method by which antioxidant
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activities can be measured accurately, because it may
involve multiple reaction characters and mechanisms.
Thus, in this study, a number of in vitro assays were per-
formed to evaluate the antioxidant activities of ethanolic
crude extracts and phytochemicals from A. confusa bark.
Furthermore, the structure–activity relationships of iso-
lated phytochemicals, benzoic and cinnamic acid deriva-
tives were also investigated.

2. Methods

2.1. Chemicals

2,20-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), potassium persulfate, 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH), ascorbic acid, hypoxanthine,
xanthine oxidase, nitroblue tetrazolium chloride (NBT),
potassium dihydrogen phosphate (KH2PO4), 2-thiobarbi-
turic acid (TBA), trichloracetic acid (TCA), 3-(2-pyridyl)-
5,6-bis(4-phenyl-sulfonic acid)-1,2,4-triazine (Ferrozine),
quercetin, and (+)-catechin were purchased from Sigma
Chemical Co. (St. Louis, MO). All other unlabelled chem-
icals and reagents were purchased from Sigma Chemical
Co. (St. Louis, MO).

2.2. Plant material

The bark of Acacia confusa was sampled from the exper-
imental forest of National Taiwan University in Nan-Tou
County. The species was identified by Mr. Sheng-You Lu
of the Taiwan Forestry Research Institute, and a voucher
specimen (AC001) was deposited at the School of Forestry
and Resource Conservation, National Taiwan University.
The materials were air dried at ambient temperature
(25 �C).

2.3. Extraction and isolation

The dried samples (7.2 kg) were cut into small pieces
and soaked in 70% ethanol at ambient temperature for
7 days. The extract was decanted, filtered under vacuum,
concentrated in a rotary evaporator and then lyophilized.
The resulting powder extract was then fractionated by
liquid–liquid partition successively with EtOAc, BuOH,
and water. After removing the solvents used for the suc-
cessive extractions, three soluble fractions were obtained.
The yield of EtOAc, BuOH, and water fractions are
333.5, 564.0, and 465.6 g, respectively. The EtOAc frac-
tion was separated by a Silica Gel 60 column (Merck,
Darmstadt, Germany) eluted with a stepwise gradient of
EtOAc/n-hexane 2/98 (v/v) to 100/0 (v/v) to give 20 sub-
fractions (EA1–EA20). Sixteen compounds were isolated
and purified from EA12 to EA20 subfractions by HPLC
based on an antioxidant activity-guided fractionation pro-
cedure. The structures of compounds 1–16 were identified
by mass spectrometry and nuclear magnetic resonance
analyses.
2.4. Total antioxidant capacity by trolox equivalent

antioxidant capacity (TEAC) assay

TEAC was determined following the procedure
described by Re et al. (1999) with slight modifications,
using trolox as a standard. The ABTS�+ radical cation
was generated by mixing ABTS stock solution (7 mM in
water) with 2.45 mM potassium persulfate. This mixture
was kept at ambient temperature for 12–16 h until the reac-
tion was complete and the absorbance was stable. The
ABTS�+ solution was diluted with water to give an absor-
bance value of 0.700 ± 0.020 at 730 nm. The sample solu-
tion (15 ll) was mixed with 1485 ll of the ABTS�+

solution. After 6 min of incubation at ambient tempera-
ture, the absorbance value of the mixture was measured
at 730 nm in a Jasco V-550 UV–Vis spectrophotometer.
Quercetin, a well-known antioxidant, was used as a posi-
tive control. Three replicates were made for each test sam-
ple. The TEAC of the sample was expressed as trolox
equivalent in millimolars per 500 lg/ml (extracts) or
1 mM (compounds).

2.5. Superoxide radical scavenging assay (NBT assay)

Measurement of superoxide radical scavenging activity
was carried out according to the method of Chang et al.
(2001). First, 20 ll of 15 mM Na2EDTA in buffer
(50 mM KH2PO4/KOH, pH 7.4), 50 ll of 0.6 mM nitro-
blue tetrazolium chloride (NBT) in buffer, 30 ll of 3 mM
hypoxanthine in 50 mM KOH, 5 ll of the test extracts or
compounds in methanol and 145 ll of buffer were mixed
in 96-well microplates. The reaction was started by adding
50 ll of xanthine oxidase in buffer (1 unit in 10 ml buffer) to
the mixture. The reaction mixture was incubated at ambi-
ent temperature, and the absorbance at 570 nm was deter-
mined every 1 min up to 8 min using the ELISA reader
(Labsystems Multiskan, USA). (+)-Catechin and querce-
tin, well-known antioxidants, were used as positive
controls. Three replicates were made for each test sample.
The percent inhibition ratio was calculated according
to the following equation: % inhibition = [(rate of con-
trol reaction � rate of sample reaction)/rate of control
reaction] � 100.

2.6. Reducing power assay

This assay was determined according to the method
reported by Oyaizu (1986) with slight modifications.
Briefly, 1 ml of reaction mixture, containing 500 ll of the
test extracts or compounds in 500 ll of phosphate buffer
(0.2 M, pH 6.6), was incubated with 500 ll of potassium
ferricyanide (1%, w/v) at 50 �C for 20 min. The reaction
was terminated by adding trichloroacetic acid (10%, w/v),
then the mixture was centrifuged at 3000 rpm for 10 min.
The supernatant solution (500 ll) was mixed with distilled
water (500 ll) and 100 ll of ferric chloride (0.1%, w/v)
solution, then the optical density (OD) was measured at
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700 nm. Three replicates were made for each test sample.
Increased OD value of the reaction mixture indicates
increased reducing power.

2.7. Determination of anti-FeCl3-ascorbic acid-stimulated

lipid peroxidation in liposomes

This assay was determined according to the method
reported by Duh et al. (1999) with slight modifications. Lec-
ithin (300 mg) was sonicated in an ultrasonic cleaner in
30 ml phosphate buffer (50 mM, pH 7.4) for 2 h at ice cold
temperature. Five hundred microliters of sonicated solution
(10 mg liposome in 1 ml phosphate buffer) were incubated
with the test extracts (100 ll) in the presence of 1 mM FeCl3
(200 ll) and 1 mM ascorbic acid (200 ll) at 37 �C for 1 h.
The reaction was terminated by addition of 500 ll trichloro-
acetic acid (20%, w/v) and 500 ll thiobarbituric acid (1%,
w/v), then the solution was heated at 100 �C. After
15 min, the color of the malondialdehyde (MDA)-TBA
complex was measured at 532 nm. Quercetin was used as
a positive control. Three replicates were made for each test
sample. The inhibition ratio (%) was calculated as follows:
% inhibition = [(absorbance of control � absorbance of
test sample)/absorbance of control] � 100.

2.8. Ferrous ion-chelating ability assay

The ferrous ion-chelating potential of the test samples
was evaluated following the method of Dinis et al. (1994)
with slight modifications. Briefly, 200 ll of test extracts in
methanol (final concentrations were 156.25, 312.5, 625,
1250, and 2500 lg/ml, respectively) and 740 ll methanol
were added to 20 ll of 2 mM FeCl2. The reaction was ini-
tiated by adding 40 ll of 5 mM ferrozine. The mixture was
shaken vigorously and rested at ambient temperature for
10 min. Absorbance of the solution was then measured at
562 nm. Quercetin was used as a positive control. Three
replicates were made for each test sample. The percent of
inhibition of ferrozine–Fe2+ complex formation was calcu-
lated according to the following equation: % inhibi-
tion = [(absorbance of control � absorbance of sample
reaction)/absorbance of control] � 100.

2.9. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay

The DPPH radical scavenging activity of phytocom-
pounds from A. confusa bark was examined according to
the method reported by Chang et al. (2001). Briefly, 10 ll
of compounds in methanol (final concentrations were 1,
5, 10, 25, 50, and 100 lg/ml, respectively) were mixed with
90 ll of 50 mM Tris–HCl buffer (pH 7.4) and 200 ll of
0.1 mM DPPH-ethanol solution. After 30 min of incuba-
tion at ambient temperature, the reduction of the DPPH
free radical was measured by reading the absorbance at
517 nm using the ELISA reader. (+)-Catechin was used
as a positive control. Three replicates were made for each
test sample. The inhibition ratio (%) was calculated accord-
ing to the following equation: % inhibition = [(absorbance
of control � absorbance of sample)/absorbance of control]�
100.

3. Results and discussion

3.1. TEAC values of A. confusa bark

It is well accepted that the ABTS�+ scavenging by anti-
oxidants is attributable to their hydrogen donating ability.
A. confusa bark extract and its derived fractions were
examined for their free radical scavenging activity against
ABTS�+ cation radical. These results were compared to
the free radical scavenging activity of trolox. The TEAC
values for 0.5 mg/ml quercetin, crude extract, EtOAc,
BuOH, and water fractions were 4.0, 1.8, 2.0, 1.6, and
1.4 mM, respectively. Among the fractions tested, EtOAc
fraction was found to be the best, followed by BuOH frac-
tion and water fraction.

3.2. Superoxide radical scavenging activity of A. confusa

bark

Results from superoxide radical scavenging assay
showed that, at the 25 lg/ml sample concentration,
inhibitory effect of A. confusa bark extract and its derived
fractions decreased in the following order: EtOAc frac-
tion (85.3%) > BuOH fraction (79.8%) > water fraction
(74.4%) > crude extract (70.4%). The concentration
required to inhibit 50% radical scavenging effect (IC50)
was determined from the results of a series of concentra-
tions tested. A lower IC50 value corresponds to a greater
scavenging activity. The IC50 values of quercetin, crude,
EtOAc, BuOH, and water fractions were 2.8, 9.5, 4.7,
5.0, and 8.3 lg/ml, respectively, revealing that the EtOAc
fraction possessed the highest superoxide radical scaveng-
ing activity.

3.3. Reducing power of A. confusa bark

As shown in Fig. 1, the reducing power of the test sam-
ples correlated well with increasing concentrations, and all
the crude extract and its derived fractions, except for water
fraction, exhibited a similar reducing power. At the concen-
tration of 25 lg/ml, the OD values of crude extract, BuOH
fraction, EtOAc fraction, and water fraction were 0.81,
0.78, 0.76, and 0.61, respectively. However, the reducing
power of quercetin was relatively more pronounced than
that of all the test samples.

3.4. Inhibition activity of lipid peroxidation in liposomes of

A. confusa bark

Results shown in Fig. 2 revealed that the crude extract
and its derived fractions have an excellent activity in sup-
pressing lipid peroxidation. BuOH fraction had better
inhibitory effect than quercetin, 49.2% of the inhibitory
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Fig. 3. Ferrous ion-chelating ability of ethanolic extract and its fractions
from the bark of A. confusa: (e) crude extract, (N) EtOAc fraction,
(j) n-butanol fraction, (�) water fraction, (�) quercetin. Results are
mean ± SD (n = 3).

0

20

40

60

80

100

0 20 40 60 80 100

Concentration ( g/ml)

In
hi

bi
tio

n 
(%

)

μ

Fig. 2. Inhibition activity of lipid peroxidation in liposomes of ethanolic
extract and its fractions from the bark of A. confusa: (e) crude extract, (N)
EtOAc fraction, (j) n-butanol fraction, (�) water fraction, (�) quercetin.
Results are mean ± SD (n = 3).
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Fig. 1. Reducing power of ethanolic extract and its fractions from the
bark of A. confusa: (e) crude extract, (N) EtOAc fraction, (j) n-butanol
fraction, (�) water fraction, (�) quercetin. Results are mean ± SD (n = 3).
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activity of lipid peroxidation was observed at the concen-
tration of 5 lg/ml. The IC50 values of quercetin, crude
extract, EtOAc, BuOH, and water fractions were 7.8, 9.7,
28.1, 6.0, and 41.5 lg/ml, respectively. Among them, the
BuOH fraction was found to be the best.
3.5. Ferrous ion-chelating effect of A. confusa bark

The chelating effects of the test samples on ferrous ions
are shown in Fig. 3. It was noted that the chelating ability
of tested samples increased as a function of concentration.
On the other hand, the crude extract and its derived fractions
had an excellent chelating ability, which was even much bet-
ter than quercetin. The IC50 values of the crude extract,
EtOAc fraction, BuOH fraction, and water fraction were
898.6, 253.0, 271.2, and 2185.6 lg/ml, respectively. Even
with a dosage as low as 625 lg/ml, the chelating ability of
the EtOAc and BuOH fraction reached over 80% in this
assay. Surprisingly, quercetin did not show any chelating
ability, which may be due to the presence of iron(II) chloride
in the system to induce its degradation. These results
revealed that A. confusa bark extract had an effective capac-
ity for iron binding, suggesting that its action as peroxida-
tion protector might be related to its iron-binding capacity.

3.6. Isolation and identification of phytocompounds from

A. confusa bark

According to the aforesaid results, the EtOAc fraction
showed strong superoxide radical scavenging activity,
reducing power, and ferrous ion-chelating ability. These
results indicated that antioxidant activities of A. confusa

bark have been effectively enriched in the EtOAc fraction.
The phytocompounds of EtOAc fraction were purified and
determined by using HPLC, MS, and 1D- and 2D- NMR
spectroscopy. Sixteen phytocompounds (1–16) were identi-
fied as 4-hydroxybenzoic acid (1) (Lo et al., 2002),
4-hydroxybenzoic acid ethyl ester (2) (Owen et al., 2003),
3,4-dihydroxybenzoic acid (3) (Flamini et al., 2001),
3,4-dihydroxybenzoic acid methyl ester (4), 3,4-dihydroxy-
benzoic acid ethyl ester (5) (Baderschneider and Winterhal-
ter, 2001), 3,4-dihydroxybenzoic acid butyl ester (6), 3-
hydroxy-4-methoxybenzoic acid (7) (Ding et al., 2000),
4-hydroxy-3-methoxybenzoic acid (8) (Lee et al., 2004),
4-hydroxy-3,5-dimethoxybenzoic acid (9), 4-hydroxy-3,5-
dimethoxybenzoic acid ethyl ester (10), 3,4,5-trihydroxy-
benzoic acid (11) (Chen et al., 1999), 3,4,5-trihydroxyben-
zoic acid ethyl ester (12), 3,4-dihydroxy-trans-cinnamic
acid (13) (Islam et al., 2002), 3,4-dihydroxy-trans-cinnamic
acid ethyl ester (14), 3,4-dihydroxy-trans-cinnamic acid
pentyl ester (15), and (�)-lyoniresinol (16) (Hanawa
et al., 1997). All the 1H, 13C NMR, and MS spectral data
of compounds 1–16 were in good agreement with the pub-
lished literature values. This is the first report of cinnamic
acid and lignan skeletons in the A. confusa.

3.7. Antioxidant activities of isolated compounds

As shown in Table 1, the antioxidant activities of sixteen
phytocompounds were evaluated by DPPH, NBT, TEAC,



Table 1
Antioxidant activities of phytocompounds from the bark of A. confusa

Compounds IC50 value (lg/ml or lM) TEAC
(mM)

Reducing power
(OD700)b

DPPH� O2
��

1 >100 >100 0.1 0.02
2 >100 >100 0.1 0.02
3 1.8 (11.7)a 7.1 (46.1) 2.6 0.66
4 4.0 (23.8) 23.7 (141.0) 3.1 0.65
5 2.0 (11.0) 3.8 (20.9) 2.4 0.58
6 4.3 (20.5) 30.2 (143.8) 2.6 0.60
7 85.1 (506.5) >100 0.2 0.04
8 22.5 (133.9) >100 0.3 0.03
9 3.5 (17.7) >100 4.1 0.39
10 3.8 (16.8) >100 3.9 0.40
11 1.4 (8.2) 2.1 (12.4) 5.2 1.14
12 2.3 (11.6) 3.2 (16.2) 4.9 1.09
13 4.9 (27.2) 4.0 (22.2) 2.3 0.67
14 5.9 (28.4) 3.8 (18.3) 2.0 0.67
15 8.3 (33.2) 5.9 (23.6) 2.2 0.65
16 7.3 (17.4) >100 1.9 0.50
(+)-Catechin 3.3 (11.4) 2.8 (9.7) – 0.89
Quercetin – – 4.0 –

a ( ): lM.
b OD value detected at sample concentration of 50 lM.
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and reducing power assays. In terms of the IC50 values, the
compounds can be ranked in the following descending
order: 11 > 3 > 5 > 12 > 9 > 10 > 4 > 6 > 13 > 14 > 16 >
15 > 8 > 7 > 1 = 2 for DPPH free radical scavenging activ-
ity. The results indicated that compounds 3–6 and 9–16

were most active and their IC50 values ranged from 1.4 to
8.3 lg/ml; while compounds 1 and 2 found to be least
active, with the IC50 values higher than 100 lg/ml. On
the other hand, the decreasing antioxidant activity order
of phytocompounds in the NBT assay can be ranked as
11 > 12 > 5 = 14 > 13 > 15 > 3 > 4 > 6 > 1 = 2 = 7 = 8 =
9 = 10 = 16. The results indicated that compounds 3, 5,

and 11–15 (the IC50 values were less than 10 lg/ml) were
most active than others, while compounds 1, 2, 7–10, and
16 were least active (the IC50 values were higher than 100
lg/ml). Furthermore, TEAC values of 16 phytocompounds
were obtained by inhibiting ABTS�+. The best antioxidant
activity obtained from TEAC assay was found in 11, fol-
lowed by 12, 9, 10, 4, 3, 6, 5, 13, 15, 14, 16, 8, 7, 1, and
2. The reducing power of compounds at 50 lM is as fol-
lows: 11 > 12 > 13 = 14 > 3 > 4 = 15 > 6 > 5 > 16 > 10 >
9 > 7 > 8 > 1 = 2. The above results were compared with
standard antioxidant, (+)-catechin, and it had IC50 values
3.3 and 2.8 lg/ml in the DPPH and NBT assays. It is inter-
esting to note that 3,4,5-trihydroxybenzoic acid (11) had
IC50 values of 1.4 and 2.1 lg/ml in the DPPH and NBT
assays. Therefore, 3,4,5-trihydroxybenzoic acid clearly is
responsible for the excellent antioxidant activity.

3.8. Structure–activity relationships of benzoic and cinnamic

acids derivatives from A. confusa bark

The study also investigated the structure–activity rela-
tionships of benzoic and cinnamic acid derivatives (com-
pounds 1–15) based on their antioxidant activities.
Accordingly, among DPPH, NBT, TEAC, and reducing
power assays, the decreasing order of antioxidant activities
of substituted benzoic acids were as follows: 3,4,5-trihy-
droxybenzoic acid (11) >3,4-dihydroxybenzoic acid (3)
>4-hydroxybenzoic acid (1). It is clear that compounds
with three hydroxyl groups on the phenyl ring of phenolic
acids had the highest antioxidant activities. The loss of one
hydroxyl group decreased activity slightly, while the loss of
two hydroxyl groups decreased activity significantly. Simi-
larly, Fukumoto and Mazza (2000) also showed that an
increase in the number of hydroxyl groups led to higher
antioxidant activities. In addition, Dziedzic and Hudson
(1983) concluded that at least two hydroxyl groups were
required for antioxidant activities of phenolic acids.
Besides, phenyl ring with the same number of hydroxyl
groups, such as 3,4-dihydroxybenzoic acid (3), 3,4-dihy-
droxybenzoic acid methyl ester (4), 3,4-dihydroxybenzoic
acid ethyl ester (5), and 3,4-dihydroxybenzoic acid butyl
ester (6) or 3,4-dihydroxy-trans-cinnamic acid (13), 3,4-
dihydroxy-trans-cinnamic acid ethyl ester (14), and 3,4-
dihydroxy-trans-cinnamic acid pentyl ester (15) exhibited
the similar antioxidant activities. Furthermore,
4-hydroxy-3-methoxybenzoic acid (8) exhibits higher anti-
oxidant activity than 3-hydroxy-4-methoxybenzoic acid
(7). This result suggests that the position of the hydroxyl
group is also an important factor responsible for this
behavior. For the phenyl ring with a hydroxyl group and
different number of methoxyl groups, the decreasing order
of activities found was as follows: 4-hydroxy-3,5-dimeth-
oxybenzoic acid (9) >4-hydroxy-3-methoxybenzoic acid
(7) >4-hydroxybenzoic acid (1). This result is in accordance
with the conclusions obtained by Chaillou and Nazareno
(2006). Thus, it was found that the antioxidant efficiency
of monophenols is strongly enhanced by the introduction
of second hydroxyl group and is increased by one or two
methoxyl substitutions in the ortho position. On the other
hand, to understand the influence of acyl chain lengths of
monophenols on their antioxidant activities, compounds
3–6 (benzoic acids) and compounds 13–15 (cinnamic acids)
were further investigated. Accordingly, as shown in Table
1, results revealed that acyl chain lengths of benzoic acids
or cinnamic acids had no significant influence on their anti-
oxidant activities.
4. Conclusions

The extract of A. confusa bark exhibited the strong anti-
oxidant activity in the tested in vitro assays. Some constit-
uents of A. confusa bark extracts in DPPH, NBT, TEAC,
and reducing power assays were found to be more effective
than that of the crude extract. This indicates that the bark
extract from A. confusa or its derived phytocompounds
have a great potential to prevent disease caused by the
overproduction of radicals. These results can be useful
as a starting point of view for further applications of
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A. confusa bark or its constituents in pharmaceutical prep-
arations after performing clinical in vivo researches.
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