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Phenolic Antioxidants from the Heartwood of Acacia confusa
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In the present study, the ethanolic extracts from the heartwood of Acacia confusa, a species indigenous
to Taiwan, exhibit strong antioxidant effects. Among all the fractions from ethanolic extracts of
heartwood, the EtOAc soluble fraction exhibits the best antioxidant activity. The 80% 1,1-diphenyl-
2-picrylhydrazyl radical inhibitory activity by the EtOAc extract was observed at a concentration of 5
ug/mL, and at the same dosage there was a similar free radical scavenging activity for (—)-ascorbic
acid and (+)-catechin, both of which are well-known antioxidants. In addition, the EtOAc extract also
protects ®X174 supercoiled DNA against strand scission induced by hydroxyl radical. Furthermore,
following by column chromatography and reverse-phase high-performance liquid chromatorgrapy,
10 pure phenolic compounds, including three major antioxidants (3,7,8,3',4'-pentahydroxyflavone,
7,8,3',4'-tetrahydroxy-3-methoxyflavone, and 3,4,2',3',4'-pentahydroxy-trans-chalcone) and a new
flavonoid (3,7,8,3'-tetrahydroxy-4'-methoxyflavone), were isolated from the ethanolic extracts of A.
confusa heartwood.
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INTRODUCTION is traditionally used as a medicinal plant. An aqueous extract

ioxid ds th del h of A. confusaleaves was used in Taiwan for wound healing

e et om0 anioeSasl). Woreor,n a prevos sy, v
found that the ethanolic extracts of the heartwood not only

or pro_pagatlon of oxidative c_ha|_n reactlonzs).(PI_ants are contain a large amount of phenolics but also show an excellent
potential sources of natural antioxidants, and certain species are

dcularly sianificant b th b 4 for th antioxidant activity 12). Therefore, this plant might be a good
particuarly significant because they may be used lor Ine ., qiqaie for further development of its nutraceutical or
production of raw materials or preparations containing phy-

tochemicals with sianificant antioxidant i d health antioxidant potential. However, to date the potential health
ochemicals with signiiicant antioxigant capacities and nealin o ,qfits of the heartwood extractsAf confusahave not been
benefits @). The antioxidative effect is mainly due to phenolic

compounds, such as flavonoids, phenolic acids, tannins andStUdied in detail. In this study, column chromatography (CC)
phenolic diterpenes3(-5). In addition, numerous studies have and high-performance liquid chromatography (HPLC) were

led that henoli lecules h fi i employed to separate and purify ti#e confusaheartwood
revealed that some phenolic molecules have anticancer, an I'extracts, and their antioxidant activities were further evaluated
carcinogenic, and antimutagenic activities. Furthermore, these

. o . : . o by various assays, including in vitro free radical scavenging
bioactivities of phenolics might be related to their antioxidant assay and hydroxyl radical-induced DNA strand scission assay.
properties and/or the modulation of several protein functions

(6-8) In addition, the chemical structure of antioxidative compounds

. . . was identified by mass spectrometry and nuclear magnetic
Flavonoids are low molecular weight polyphenolic substances yogonance (NMR) spectrometry analyses.

based on the flavan nucleus and are plentiful in the heartwood
of severalAcaciaspecies, belonging to the family Leguminosae
(9, 10). Acacia confusaMerr., a species indigenous to Taiwan,

iS Wldely dIStI’IbUIed over the hl||S and IOWlandS Of TalWan and Chemicabl1’1_Dipheny|_2_picry|hydrazy| (DPPH)’ hypoxanthine’
xanthine oxidase, nitroblue tetrazolium chloride (NBT), 2-thiobarbituric
* To whom correspondence should be addressed. Tel: 886-2-33664626.acid (TBA), X174 RF1 supercoiled DNA, FolinCiocalteu reagent,

MATERIALS AND METHODS

Fax: 886-2-23654520. E-mail: peter@ntu.edu.tw. (—)-ascorbic acid, and+)-catechin were all purchased from Sigma
"School of Forestry and Resource Conservation, National Taiwan Chemical Co. (St. Louis, MO). The other chemicals and solvents used
University. ; ; ; ; ; :
¥ National Chung-Hsing University. in this expgrment were of the highest quality available.
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Figure 1.
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Phenolic compounds isolated from EA3 subfraction of the heartwood of A. confusa. 1, 3,4-Dihydroxybenzoic acid; 2, 2,3-trans-7,8,3',4'-

tetrahydroxydihydroflavonol; 3, 3-hydroxy-4-methoxybenzoic acid; 4, 7,8,3' 4'-tetrahydroxyflavanone; 5, 3,4-dihydroxybenzoic acid methyl ester; 6, 3,7,8,3',4'-
pentahydroxyflavone; 7, 7,8,3',4'-tetrahydroxy-3-methoxyflavone; 8, 3,4-dihydroxybenzoic acid ethyl ester; 9, 3,4,2',3',4'-pentahydroxy-trans-chalcone;

10, 3,7,8,3'-tetrahydroxy-4'-methoxyflavone.

in Nan-Tou County. The species was identified by Sheng-You Lu of

Rapid Screening of Antioxidants by Thin-Layer Chromatogra-

the Taiwan Forestry Research Institute, and a voucher specimenphy (TLC) Analysis and DPPH Staining. Drops (1uL) of each EA
(AC001) was deposited at School of Forestry and Resource Conserva-subfraction (EA1-EA8) separated from the ethyl acetate soluble fraction

tion, National Taiwan University. The dried samples (1.65 Kg) were

were located individually on the baseline of the RP-18FTLC layer

cut into small pieces and soaked in 70% ethanol at room temperature(Merck, Darmstadt, Germany), which was then developed with 50%
for 7 days. The extract was decanted, filtered under vacuum, concen-methanol/water (v/v). The layer was dried and stained with 0.2% DPPH
trated in a rotary evaporator, and then lyophilized. The resulting crude (w/v) solution in ethanol.

extract (135 g) was extracted successively withexane -CsHay),
ethyl acetate (EtOAc), butanol (BuOH), and water to yieldrit@H4

(1 g), EtOAc (84 g), BUOH (20 g), and-® (13 g) soluble fractions
and a water-insoluble fraction (17 g). The EtOAc soluble fraction was
divided into eight subfractions (EA1-EA8) by chromatography with a
Lichroprep RP-18 gel (Merck, Darmstadt, Germany) column eluted
with MeOH/H,O (gradient elution was performed by changing from
10/90 to 100/0). Ten compounds, as showfkigure 1, were isolated
and purified from the EA3 subfraction by semipreparative HPLC on a
model PU-980 instrument (Jasco, Japan) with a 501.2 mm inside
diameter, 7um Zorbax RP-18 column (Agilent Technologies, Palo Alto,
CA). Mobile phase: solvent A, 100% MeOH; solvent B,(H Elution
conditions were the following: 65 min of 10-20% A to B (linear
gradient); 5-35 min of 20-65% A to B (linear gradient); 3545 min

of 65—100% A to B (linear gradient); flow rate, 10 mL/min; detector,

Free Radical Scavenging Activity. The scavenging activity of
DPPH free radical byA. confusaheartwood extract was determined
according to the method reported by Gyamfi et aB)( Heartwood
extract ofA. confusan methanol (5Q.L), yielding a series of extract
concentrations of 1, 5, 10, and B@/mL, respectively, in each reaction,
was mixed with 100@.L of 0.1 mM DPPH-ethanol solution and 450
uL of 50 mM Tris—HCI buffer (pH 7.4). Methanol (5@L) alone was
used as a control of this experiment. After 30 min of incubation at
room temperature, the reduction of the DPPH free radical was measured
by reading the absorbance at 517 nm)-Ascorbic acid and £)-
catechin were used as positive controls. The inhibition ratio (percent)
was calculated from the following equation: % inhibitien[(absor-
bance of contro- absorbance of test sample)/absorbance of control]
x 100.

DNA Strand Scission by Hydroxyl Radicals.The assay was done

Jasco MD-910 photodiode array at 254 nm wavelength. UV spectra of according to the method of Keum et al4j. The reaction mixture (30

test compounds were recorded with a Jasco V-550 spectrometer, ang,L) contained 10 mM TrisHCl—1 mM EDTA buffer (pH 8.0),

IR spectra were obtained from a Bio-Rad FTS-40 spectrophotometer. X174 RF1 DNA (0.3ug), and HO;, (0.04 M). Various amounts of
Electron-impact mass spectrometry (EIMS) and high-resolution electron- the test extract samples dissolved in:d0of ethanol (final concentra-
impact mass spectrometry (HREIMS) data were collected with a tions of the plant extract in each assay were 1, 10, 100, 500, and 1000
Finnigan MAT-958 mass spectrometer, and NMR spectra were record ug/mL, respectively) were added prior to,® addition. Hydroxyl

with Bruker Avance 500 and 300 MHz FT-NMR spectrometers.

3,7,8,3- Tetrahydroxy-4'-methoxyflavone (10).Light-yellow amor-
phous solid. UV (MeOH)4max nm (loge): 258.5 (4.48), 368.5 (4.39).
IR (KBr), vmax cmt: 3335, 1617, 1555, 1517, 1432, 1320. HREIMS
m/z. 316.0584, [M} calcd 316.0583 for ¢H1,07. *H NMR (DMSO-
ds, 500 MHz) 6 7.76 (1H, s, H-2, 7.74 (1H, d,J = 8.5 Hz, H-8),
7.42 (1H, d,J = 8.7 Hz, H-5), 7.08 (1H, dJ = 8.5 Hz, H-5), 6.92
(1H, d,J = 8.7 Hz, H-6), 3.83 (3H, s,"40CH3). **C NMR (DMSO-
ds, 125 MHZz) 6 172.4 (C-4), 149.7 (C-7), 149.0 (C)4146.1 (C-3),
145.9 (C-9), 144.5 (C-2), 137.2 (C-3), 132.7 (C-8), 124.3 (C4119.8
(C-6), 115.1 (C-5 and C-10), 114.7 (C}2113.9 (C-6), 111.7 (C‘p
55.6 (4—OCHj3).

radicals were generated by irradiation of the reaction mixtures at a
distance of 5 cm with a Spectroline 12-W UV lamp (Spectronics Co.,
Westbury, NY). After incubation at room temperature for 20 min, the
reaction was terminated by the addition of a loading buffer (0.25%
bromophenol blue tracking dye and 40% sucrose), and the mixtures
were then analyzed by 0.8% submarine agarose gel electrophoresis (70
eV, 1 h). The gels were stained with ethidium bromide, destained in
water, and photographed on a transilluminator.

Determination of Total Phenolics. Total phenolic content was
determined according to the FotiCiocalteu methodl(5), using gallic
acid as the standard. The heartwood extract (5 m@). aonfusavas
dissolved in 5 mL of methanol/water (50:50, v/v). The extract solution
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100 1 2 3 4 5 6 7 8 9
80 < oC
_ < SC
3
s 60 —@— n-Hexane soluble fraction
= —e— EtOAc soluble fraction
'-g 40 —8— BuOH soluble fraction
- —aA— Water soluble fraction
20 —¥— (-)-Ascorbic acid ] . .
—o— (+)-Catechin Figure 3. Protective effects of the EtOAc-soluble _fra_cnor) from the
heartwood extracts of A. confusa on DNA strand scission induced by
0 o ‘ ' H,0, and UV. ®X174 supercoiled DNA was exposed to UV alone (lane
0 10 2 30 40 50 2), H,0, alone (lane 3), UV plus H,0; (lane 4) or plus H,0; in the presence
Concentration (ug/mL) of final concentrations of 1 ug/mL (lane 5), 10 ug/mL (lane 6), 100 g/
Figure 2. Free radical scavenging activity of fractions from the ethanolic mL (lane 7), 500 ug/mL (lane 8), and 1000 gg/mL (lane 9) of extract.
extracts of the heartwood of A. confusa measured by the DPPH assay. Lane 1 represents native ®X174 supercoiled DNA without any treatment.
Results are mean + SD (n = 3). Arrows indicate distinct forms of bacteriophage DNA, OC (open circular),

SC (supercoiled).

(500 uL) was mixed with 500uL of 50% Folin—Ciocalteu reagent.
The mixture was kept for a-25 min period, which was followed by
the addition of 1.0 mL of 20% N&Os. After 10 min of incubation at
room temperature, the mixture was centrifuged for 8 min ¢).58nd
the absorbance of the supernatant was measured at 730 nm. The total
phenolic content was expressed as gallic acid equivalents (GAE) in
milligrams per gram sample.

Statistical Analyses.All results were expressed as mearSD (n
= 3). The significance of difference was calculated by SAS Scheffe’s
test, and values: 0.05 were considered to be significant.

Abs, 254 nm

RESULTS

Free Radical Scavenging Activity of Heartwood Extracts
of A. confusa The free radical scavenging activity of total crude
extract and its derived fractions 8f confusavere assessed by
DPPH assay. As shown iRigure 2, except for then-hexane
fraction, all the test samples showed a significant inhibitory Figure 4. HPLC chromatogram of EA3 subfraction from the heartwood
activity against the DPPH radical. Among them, EtOAc and ©f A. confusa.

BuOH fractions were the best. The complete inhibition of DPPH

radical by test samples was observed at a range-dfo5.g/ DNA was incubated with 10@g/mL of EtOAc extract, the
mL, and at the same dosage there was a similar free radicalprevention of DNA strand scission was clearly observed (lane
scavenging activity for-{)-ascorbic acid and#)-catechin, both 7). Moreover, nearly complete protection by EtOAc extract was
of which are well-known antioxidant compounds. Additionally, found at a dose of 508g/mL (lane 8).

plant phenolics, in general, are highly effective free radical ~ TLC Analysis with DPPH Staining. For the rapid screening
scavengers and antioxidants. The content of total phenolics inof free radical scavenging capacity, each subfraction from the
each fraction was determined spectrometrically according to the EtOAc extract was detected in the TLC by the DPPH staining
Folin—Ciocateu method and calculated as GAEs. Accordingly, method. The appearance of yellow color in the spots has a
the total phenolic content of the EtOAc fraction (544.4 mg/g) potential value for the indirect evaluation of the free radical
was significantly higher than that of the BuOH fraction (358.3 scavenging capacity of the test sample§, (7). As expected,
mg/g) and the water fractions (235.1 mg/g). These results most EtOAc subfractions showed numerous migrated spots
indicate that the free radical scavenging activity of ethanolic having strong intensities on the TLC plate that had been
extract ofA. confusaheartwood can be effectively enriched in  developed using 50% MeOH solvent. Among them, however,
the EtOAc fraction. Moreover, the EtOAc fraction had 4.2-fold the DPPH-stained TLC plate of EA3 subfraction exhibited
more mass than the BuOH fraction and was further investigated stronger free radical scavenging capacity than the other sub-
in this study for its phytochemical characteristics and in vitro fractions. This result indicates that there are many antioxidants

0 10 20 30 40 50
Time (min)

antioxidant activity. enriched in the EA3 subfraction.

Inhibition of Hydroxyl Radical Induced DNA Strand Identification, Quantification, and DPPH Radical Scav-
Scission.To illustrate the protective effect of the EtOAc soluble enging Activity of Major Phenolic Antioxidants from the
fraction obtained from the heartwood Af confusaon DNA Heartwood of A. confusa The phenolic antioxidants of EA3

strand scission, thé@X174 RF1 DNA cleavage by hydroxyl  subfraction were purified and identified by using reverse-phase
radical generated by UV photolysis of,8, was measured. =~ HPLC, MS, and 1D and 2D NMR spectrometRigure 4 shows
Figure 3 shows that neither #D, nor UV alone induced any  the HPLC chromatogram of the EA3 subfraction, from which
DNA damage (lanes 2 and 3), but the combination of both 10 phenolic compoundd{10) were isolated and identified as
resulted in almost complete conversion of supercoiled form 3,4-dihydroxybenzoic acidlj (18), 2,3-trans-7,8,34 -tetrahy-
DNA into its open circular form under our experimental droxydihydroflavonol 2) (19), 3-hydroxy-4-methoxybenzoic
conditions (lane 4). However, the EtOAc extract of the heart- acid @) (20), 7,8,3,4-tetrahydroxyflavanone4j (19), 3,4-
wood of A. confusavas able to greatly reduce the DNA strand dihydroxybenzoic acid methyl esteb)((21), 3,7,8,3,4-pen-
scissions in a dose-dependent manner (lared)5When the tahydroxyflavone §) (19), 7,8,3,4'-tetrahydroxy-3-methoxy-
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Table 1. Content and ECsy of Major Flavonoids from the Heartwood of EtOAc fraction from the heartwood @&. confusaexhibits a
A. confusa in Scavenging DPPH Radicals significant inhibitory activity against the DPPH radical.

In addition, hydroxyl radicals are considered to be the most
active ROS, which can physically attack DNA to cause strand

content (ug/mg of  ECsp

PP T— dﬂavyfolnmds - = Etzng:aitfn) @;'\g) scission. Thus, incubation dX174 supercoiled double-strand
ey eiss &3 DNAwilh boih KO, and UV resuited n complete conversion
3.4.2'3 4'-pentahydroxy-trans-chalcone (okanin) 58403 30 of supercoiled DNA to the open circular form. However,
3,5,7,3' 4'-pentahydroxyflavone 36 addition of the EtOAc extract from the heartwoodffconfusa
(quercetin, positive control) to the reaction mixture substantially diminished the DNA strand
scission induced by both 9, and UV. In particular, at a dose
of 500 ug/mL, the EtOAc extract almost completely protected
flavone (7) (22), 3,4-dihydroxybenzoic acid ethyl est&) (23), supercoiledbX174 DNA from hydroxyl-radical-induced strand
3,4,2,3 4- pentahydroxyrans-chalcone 9) (24), and 3,7,8,3 scission Figure 3). Keum et al. {4) demonstrated the anti-
tetrahydroxy-4methoxyflavone 10), respectively. ThéH, 1°C oxidant and anti-tumor-promoting activities of the methanolic

NMR, and MS spectral data of compountis9 were in good  extracts of heat-processed ginseng and also found that ginseng
agreement with the published values. All the phenolic com- extracts could completely prevent DNA strand scission at a dose
pounds except compoungsnd6 were isolated fronA. confusa  of 30 mg/mL. However, in contrast with the heat-processed
for the first time. CompoundOwas obtained as a light-yellow  ginseng, a dosage of 60-fold less was required for the EtOAc
amorphous solid material with a molecular formula @f€i20;  extract to inhibit DNA damage. These results indicate that the
based on HREIMS analysis. Thél NMR spectrum of10 EtOAc extract from the heartwood 8f confusas an excellent
showed a typical ortho-coupled pattern for H64.42, 1H,d,  antioxidant against hydroxy! radical damage.

J =d8'7 :;g(and H-G? 6'?]2’ ﬁ',_"éd;] 7=638i7HHZ) 0:| tgeéAY-r(i)gg Phenolic compounds are commonly found in plants, and they
andan system for the H20 7.76, 1H, s), H-5(0 7.08, have been reported to have multiple biological effects, including

1Pthd"é:.8'5_r|:]z)’anqt.H'B(ft;'m’ ﬁ]—' dJ=8.5 Hz)grct>ton§ d antioxidant activity. Many studies have revealed that the
ofthe B-ring. The position o the methoxy group was determine hphenolic content in plants can be correlated to their antioxidant

by the nuclear overhauser effect spectrometry experiment whic activities (L5, 32—34). In this study, the total phenolic content

Zc()jréf_ltr.med”an aslsomatlon of thé—l:h(ta.thoxy groubp with dH.'S th of the EtOAc fraction was higher than that of the BuOH fraction
tionaily, a long-range correiation was observed In € o4 1ha \water fraction. These results reveal that the free radical

heteronuclear multiple bond correlations (HMBC) spectrum : . .
; ) scavenging effect of each soluble fraction from the ethanolic
from 4-methoxy protonsd 3.83, 3H, s) to C-4(0 149.0). The extracts of the heartwood @f. confusaalso correlates closely

1 . )
BC.NMR spectrum showedll6 carbon signals, which were with their phenolic contents. Furthermore, a rapid evaluation
assigned by heteronuclear single quantum coherence (HSQC)for antioxidants using TLC screening and DPPH-staining

?gi;”!fg 1a(sct_h§ ffxgvg'?gg)lzij éc(c4)2)111§772(((:c7)3)1f§207 methods demonstrates that the EA3 subfraction exhibited the
(C-8), 124'3 (C-J), 119' 8 (C-6), 115’ 1 (C-5’ C-lb) 114’7 (C: strongest free radical scavenging capacity among all subfractions
2) 1139 (C-G) 1117 (Ci)s and 55.6 (21—OC'H ) On the basis of the EtOAc extract. And in the EA3 subfraction, 10 phenolic
of ,thesé data ,comr.JountD is assigined the sirijcture 3783 compounds (mainly flavonoids and phenolic acids) were isolated
tetrahydroxy-4methoxyflavone, and it is a new flavonoid and and |dent|(1;|ed by re\éerse-phashe HE LC and_ N'\?lR' Ampdng thege,
is reported here as a new natural product. compoundss, 7, and9 were the three major flavonoids, an
their contents were 33.4, 24.5, and &g per mg of EtOAc

Furthermoref, 7, and9 were the three major fiavonoids in extract, respectively. Additionally, these three flavonoids show
the EtOAc-soluble fraction, and their contents were 33.4, 24.5, ract, respectively. O Y, L .
a significant inhibitory activity against the DPPH radical, and

and 5.8ug per mg of ELOAC extract, respectivelyable 1). In the free radical scavenging effect of these flavonoids was

addition, as shown ifiable 1, the EGo values for DPPH radical ;
scavenging activity of these three major flavonoids (compounds stronger than that of quercetin (3,5,_’74_13pentahydrc_)xyﬂavone).
It is known that the antioxidant activity of phenolic compounds

6, 7, and 9) were 2.9, 3.2, and 3.@M, respectively. The i rrelated to their chemical structure. In general. the fr
free radical scavenging effect of these flavonoids was strongerrz dﬁgalesaitsver?gin: ef?e(?t o?apr?erlljcfligse.(e g geﬂaevc?nyoi d: ar?g
than 3,5,7,34-pentahydroxyflavone (quercetin), a well-known phenolic acids) depends mainly on the number and position of

antioxidant. hydrogen-donating hydroxyl groups on the aromatic ring of the
DISCUSSION phenolic molecules34—36). The aforementioned results dem-
Reactive oxygen species (ROS) including the superoxide Onstrate that the antioxidaqt activ.ity of flavonoids incre_ase with
radical, hydroxyl radical, singlet oxygen, and hydrogen peroxide the 7,8-dihydroxy group (i.e.p-dihydroxy structure) in the
are often generated as byproducts of biological reactions or fromA-fing.
exogenous factor2p). Some of these ROS play important roles In conclusion,A. confusawas used as a medicinal plant in
in the pathogenesis of various serious diseases, such adaiwan. However, in this study, we pointed out that this plant
neurodegenerative disorders, cancer, cardiovascular diseasesiot only has those well-known bioactivities but also that the
atherosclerosis, and inflammatidegj. Thus, a potent scavenger ethanolic extract fromA. confusaheartwood exhibited an
of these species may serve as a possible preventive interventiorexcellent antioxidant activity based on various in vitro assays.
for free-radical-mediated diseas@§) Recently, knowledge and ~ Furthermore, it is important to highlight that the specific
application of potential antioxidant activities in reducing oxida- phenolics contributed antioxidant activities in this target plant.
tive stresses in vivo have prompted many investigators to searchFuture studies should focus on the employment of modern
for potent natural antioxidants from various plant sour@ss-( medical chemical techniques to modify the structures of certain
31). This study shows that the heartwood extracAotonfusa purified plant ingredients into better agents with high efficacy
exhibits excellent antioxidant activity. On the basis of the results and activity. In addition, in vivo pharmacological researches
of the free radical scavenging assay, as showfrigure 2, the also should be concerned.
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