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Abstract

The present study showed that the ethanolic extracts from the bark of Acacia confusa exhibited a strong antioxidant activity. Among
all the fractions from ethanolic extracts of bark, the EtOAc soluble fraction exhibited the best antioxidant performance. Furthermore,
following by CC and HPLC, 11 pure phenolic compounds were isolated and identiWed from the ethanolic extracts.
©  2006 Elsevier Ltd. All rights reserved.

Keywords: Acacia confusa; Bark; Antioxidant activity; Free radical; Phenolic compounds
1. Introduction

Free radical reactions, especially with participation of
oxidative radicals, have been shown to be involved in many
biological processes that cause damage to lipids, proteins,
membranes and nucleic acids, thus giving rise to a variety
of diseases (Datta et al., 2000). Reactive oxygen species
(ROS) have been recognized as playing an important role
in the initiation and/or progression of various diseases such
as atherosclerosis, inXammatory injury, cancer and cardio-
vascular disease (Halliwell, 1997). Thus, recent studies have
investigated the potential of plant products to serve as anti-
oxidants against various diseases induced by free radicals
(Hou et al., 2003). Additionally, it has been determined that
the antioxidant eVect of plant products is mainly due to
phenolic compounds, such as Xavonoids, phenolic acids,
tannins and phenolic diterpenes (Chung et al., 1998; Pietta,
2000). There have been numerous studies on the biological
activities of phenolics, which are potent antioxidants and
free radical scavengers (Kahkonen et al., 1999; Sugihara
et al., 1999).
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Acacia confusa is traditionally used as a medicinal plant
in Taiwan. An aqueous extract of A. confusa leaves has
been shown to have wound healing and anti-blood-stasis
properties (Kan, 1978). The crude extracts of A. confusa
bark not only contain a wide variety of phenolic com-
pounds but also show an excellent antioxidant activity
(Chang et al., 2001). Therefore, this plant might be a good
candidate for further development as a nutraceutical or for
its antioxidant remedies. However, the potential health
beneWts of the bark extracts of A. confusa have not been
studied in detail to date. In this study, CC and HPLC were
employed to separate and purify the A. confusa bark
extracts; and their antioxidant activities were further evalu-
ated by 1,1-dipheny1-2-picrylhydrazyl (DPPH) free radical
scavenging assay. In addition, the speciWc antioxidant com-
pounds were identiWed by MS and NMR.

2. Methods

2.1. Chemicals

1,1-Dipheny1-2-picrylhydrazyl (DPPH), Folin–Ciocal-
teu reagent, 3,4,5-trihydroxybenzoic acid, benzoic acid, and
quercetin were all purchased from Sigma Chemical Co.
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(St. Louis, MO). All other unlabelled chemicals and
reagents were of analytical grade.

2.2. Preparation of plant extracts

The bark of A. confusa was sampled from the experi-
mental forest of National Taiwan University in Nan-Tou
county. The species was identiWed by Sheng-You Lu of the
Taiwan Forestry Research Institute and a voucher speci-
men (AC001) was deposited at School of Forestry and
Resource Conservation, National Taiwan University. The
dried samples (7.2 kg) were cut into small pieces and soaked
in 70% ethanol at ambient temperature for 7 days. The
extracts were decanted, Wltered under vacuum, concen-
trated in a rotary evaporator and then lyophilized. The
resulting powder extracts were then extracted successively
with n-hexane (74.5 g), EtOAc (333.5 g), n-butanol
(564.0 kg), and water (465.6 g). After removing the solvents
used for the successive extractions, four soluble fractions
were obtained. The EtOAc soluble fraction was divided
into 20 subfractions (EA1-EA20) by chromatography with
a silica gel 60 (Merck, Darmstadt, Germany) column eluted
with EtOAc/n-hexane (gradient elution was performed by
changing from 2/98 to 100/0). Eleven compounds were iso-
lated and puriWed from the EA12, EA13, EA14, and EA17
subfractions by HPLC with a Si-60 column (Mobile phase:
EtOAc/ n-hexaneD30/70; Flow rate: 4 ml/min).

2.3. DPPH (1,1-Diphenyl-2-picrylhydrazyl) free radical 
scavenging assay

The DPPH free radical scavenging activity of A. confusa
bark extracts was examined according to the method
reported by Chang et al. (2001). First, 50�l of test sample in
methanol (Wnal concentrations were 1, 5, 10, 50�g/ml,
respectively) were mixed with 450�l of 50 mM Tris–HCl
buVer (pH 7.4) and 1500�l of 0.1 mM DPPH-ethanol solu-
tion. After 30 min of incubation at ambient temperature, the
reduction of the DPPH free radical was measured by read-
ing the absorbance at 517 nm. Quercetin was used as a posi-
tive control. The inhibition ratio (percent) was calculated
according to the following equation: % inhibitionD [(absor-
bance of control¡absorbance of sample)/absorbance of
control]£100.

2.4. Determination of total phenolics

Total phenolic contents were determined according to
the Folin–Ciocalteu method (Kujala et al., 2000), using gal-
lic acid as a standard. The test samples were dissolved in
5 ml of methanol/water (50/50). The sample solution
(500 �l) was mixed with 500 �l of 1 N Folin–Ciocalteu
reagent. The mixture was allowed to stand for 5 min, which
was followed by the addition of 1 ml of 20% Na2CO3. After
10 min of incubation at ambient temperature, the mixture
was centrifuged for 8 min (12,000g), and the absorbance of
the supernatant was measured at 730 nm. The total pheno-
lic contents were expressed as gallic acid equivalents (GAE)
in milligrams per gram sample.

3. Results and discussion

3.1. Free radical scavenging activity of bark extracts of
A. confusa

DPPH is one of the compounds that has a proton free
radical with a characteristic absorption, which decreases
signiWcantly on exposure to proton radical scavengers
(Yamaguchi et al., 1998). It is well accepted that the DPPH
radical scavenging by antioxidants is attributable to their
hydrogen donating ability (Chen and Ho, 1995). In this
study, the free radical scavenging activity of its derived
fractions of A. confusa was assessed by DPPH assay. As
shown in Table 1, except for the n-hexane fraction, all the
test samples showed a signiWcant inhibitory activity against
the DPPH radical. Among them, EtOAc and BuOH frac-
tions were the best. The complete inhibition of DPPH radi-
cal by test samples was observed at a range of 5–10�g/ml.
In addition, the IC50 values (the concentration required to
inhibit radical formation by 50%) of the crude extract, n-
hexane fraction, EtOAc fraction, BuOH fraction, and water
fraction were 3.5, >100, 3.2, 3.6, and 4.4�g/ml, respectively.
The IC50 value of a well-known antioxidant compound
used as a reference in this study, quercetin, is 1.6�g/ml.
Compared with pycnogenol from the bark of the French
maritime pine (Pinus maritima), a commercial product, the
IC50 value is approximately 5�g/ml (Packer et al., 1999).
Thus, the bark extracts of A. confusa might be a good can-
didate to be developed into a commercial product.

Plant phenolics, in general, are highly eVective free radi-
cal scavengers and antioxidants. The content of total phen-
olics in each fraction was determined spectrometrically
according to the Folin-Ciocateu method and calculated as
gallic acid equivalents (GAE). Accordingly, the total
phenolic content of the EtOAc fraction (505.9 mg/g) was
signiWcantly higher than that of the BuOH fraction
(323.3 mg/g), the water fraction (401.8 mg/g), and the n-
hexane fraction (0.0 mg/g). These results indicated that the
free radical scavenging activity of ethanolic extracts of
A. confusa bark could be eVectively enriched in the EtOAc
fraction. Thus, the EtOAc fraction was further investigated
for its phytochemical characteristics and in vitro antioxi-
dant activity.

Table 1
IC50 values of ethanolic extracts from the bark of A. confusa against
DPPH free radical

Specimens �g/ml

Crude extract 3.5
n-Hexane fraction >100
EtOAc fraction 3.2
BuOH fraction 3.6
Water fraction 4.4
Quercetin 1.6
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3.2. Isolation and identiWcation of phenolic antioxidants
from the bark of A. confusa

The phenolic antioxidants of EtOAc fraction were puri-
Wed and identiWed by using HPLC, MS and 1D and 2D
NMR spectrometry. Eleven phenolic compounds (1–11)
were isolated and identiWed as 3,4-dihydroxybenzoic acid
(1) (Flamini et al., 2001) (4.3 g); 3-hydroxy-4-methoxyben-
zoic acid (2) (2.6 g); 3,4-dihydroxybenzoic acid methyl ester
(3) (7.3 g); 3,4-dihydroxybenzoic acid ethyl ester (4) (Bader-
schneider and Winterhalter, 2001) (5.7 g); 4-hydroxy-
benzoic acid ethyl ester  (5)  (Owen et al.,  2003) (0.9 g);
4-hydroxybenzoic acid (6) (Lo et al., 2002) (0.5 g); 4-
hydroxy-3,5-dimethoxybenzoic acid (7) (Hideyuki et al.,
1980) (2.3 g); 4-hydroxy-3,5-dimethoxybenzoic acid ethyl
ester (8) (4.3 g); 3,4-dihydroxy-trans-cinnamic acid ethyl
ester (9) (Sugiura et al., 1989) (1.9 g); 3,4-dihydroxy-trans-
cinnamic acid pentyl ester (10) (Naito et al., 1991) (0.7 g);
and 4-hydroxy-3-methoxybenzoic acid (11) (Lee et al.,
2004) (9.7 g). The 1H, 13C NMR, and MS spectral data of
compounds 1–11 were in good agreement with the pub-
lished values.

3.3. Antioxidant activity of phenolic compounds

Presently, information on the distribution of phenolic
acids within plants is very limited. Compounds 1, 2, 4, 6,
and 11 were Wve major phenolic compounds in the EtOAc
fraction from A. confusa bark. To examine the structure-
antioxidant activity relationships, two other analogues
including benzoic acid and 3,4,5-trihydroxybenzoic acid
were selected and their antioxidant activity compared. The
scavenging eVects of these compounds are shown in Fig. 1
Their scavenging activity of the DPPH free radical
decreased in the following order: 3,4,5-trihydroxybenzoic
acidD3,4-dihydroxybenzoic acidD3,4-dihydroxybenzoic

Fig. 1. Free-radical scavenging activity of various benzoic acids measured
by the DPPH assay: (�) 3,4,5-Trihydroxybenzoic acid, (�) 3,4-Dihydr-
oxybenzoic acid, (£) 3,4-Dihydroxybenzoic acid ethyl ester, (�) 4-
Hydroxy-3-methoxybenzoic acid, (�) 3-Hydroxy-4-methoxybenzoic acid,
(�) 4-Hydroxybenzoic acid, (�) Benzoic acid. Results are mean § SD
(n D 3).
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acid ethyl ester > 4-hydroxy-3-methoxybenzoic acid > 3-
hydroxy-4-methoxybenzoic acid > 4-hydroxybenzoic acidD
benzoic acid with all values signiWcantly diVerent at
p < 0.05. This sequence indicated that the free radical scav-
enging activity of the test compounds was due to their
hydrogen-donating ability. These results also suggested
that catechol skeletons, such as 3,4,5-trihydroxybenzoic
acid, 3,4-dihydroxybenzoic acid and 3,4-dihydroxybenzoic
acid ethyl ester, had better antioxidant activity.

4. Conclusions

In this study, it was demonstrated for the Wrst time that
the ethanolic extracts from A. confusa bark possessed an
excellent antioxidant activity based on the DPPH free radi-
cal assay. Some of the compounds isolated from A. confusa
bark exhibited the strongest radical scavenging activity.
Future studies should focus on the employment of modern
medical chemical techniques to modify the structures of
certain puriWed plant ingredients into better agents with
high eYcacy and activity. In addition, in vivo pharmacolog-
ical studies also should be made.
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