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Acacia confusa Merr. (Leguminosae) is traditionally used as a medicinal plant in Taiwan. In the
present study, the XOD-inhibitory activity of ethanolic extracts from A. confusa was investigated for
the first time. Results demonstrated that the ethanolic extract of A. confusa heartwood had a strong
XOD-inhibitory activity. Among all fractions derived from heartwood extracts, the EtOAc fraction
exhibited the best inhibitory activity. Following column chromatography and reverse-phase high-
performance liquid chromatography, eight specific phytochemicals including melanoxetin, 7,8,3/,
4’-tetrahydroxyflavone, transilitin, okanin, 3,7,8,3'-tetrahydroxy-4’-methoxyflavone, 7,8,3'-trihydroxy-
3,4'-dimethoxyflavone, 7,3',4'-trihydroxyflavone, and 7,3',4’-trihydroxy-3-methoxyflavone were
isolated and identified from the EtOAc fraction. In addition, the ICsy values indicated that okanin
showed the strongest XOD-inhibitory effect (ICso value of 0.076 uM), followed by melanoxetin
(0.274 uM) and allopurinol (4.784 uM). The present study revealed that okanin and melanoxetin
showed excellent inhibition on XOD in noncompetitive and competitive mode, respectively, and their
inhibitory activity is better than that of allopurinol. This is the first study that demonstrates the

XOD-inhibitory performance of okanin and melanoxetin.
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INTRODUCTION

Xanthine oxidase (XOD) is situated at the end of a catabolic
sequence of the purine nucleotide metabolism in humans and a
few other uricotelic species. Its major function is to catalyze the
oxidation of hypoxanthine to xanthine and that of xanthine to
uric acid (/). Gout and hyperuricemia are metabolic disorders
associated with abnormal amounts of uric acid in the body,
resulting in the deposition of urate crystals in joints and kidneys,
causing inflammation as well as gouty arthritis and uric acid
nephrolithiasis (2, 3). Accordingly, XOD inhibitors are employed
to block the final step in uric acid synthesis, reducing the
production of uric acid, as well as promoting the production of
anti-inflammatory agents to relieve the symptoms of the
disease (4—6).

The use of botanical plants is gaining renewed interest in
connection with the treatment of some clinical disorders. Scien-
tists have turned to exploring the potent XOD inhibitor from a
wide variety of traditional herbal plants (7—9). Acacia is an
evergreen tree; the genus Acacia comprises more than 1300
species and occurs in almost all types of habitat (10). The Acacia
species is mainly used as a traditional medicine (//—19). Acacia
confusa Merr. (Leguminosae), a native species in Taiwan, is
widely distributed on the hills and lowlands of Taiwan and has
been traditionally used as a medicine (20). Ethanolic extracts of
A. confusa have been used in Taiwan for wound healing and anti-
blood-stasis (2/) and were reported to contain abundant
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phenolics (18, 20, 22—-29). Furthermore, recent studies have
shown that phenolics have been reported to be strong XOD
inhibitors (30). The putative therapeutic effects of many tradi-
tional medicines have been ascribed to flavonoids, in particular,
due to their enzyme inhibitory and antioxidant activities (37, 32).
Therefore, ethanolic extracts of A. confusa may be good candi-
dates for further development as clinically used drugs. However,
to the best of our knowledge there is no prior report on the
XOD-inhibitory activity of ethanolic extracts from 4. confusa. In
this study, we investigated the XOD-inhibitory activity of
ethanolic extracts from A. confusa for the first time and detected
the active constituents.

MATERIALS AND METHODS

Chemicals. Xanthine oxidase, sodium pyrophosphate, xanthine, and
allupurinol were all purchased from Sigma Chemical Co. (St. Louis, MO).
The other chemicals and solvents used in this experiment were of analytical
grade.

Plant Material. The heartwood, bark, twig, flower, and leaf of
A. confusa were sampled from the experimental forest of National Taiwan
University in Nan-Tou county. The species was identified by Sheng-You
Lu of the Taiwan Forestry Research Institute, and a voucher specimen
(AC001) was deposited at the School of Forestry and Resource Conserva-
tion, National Taiwan University. The materials were air-dried at ambient
temperature (25 °C).

Extraction and Isolation. Extraction of heartwood extract from
A. confusa was carried out according to the method of Wu et al. (/8).
The resulting heartwood extract (125 g) was fractionated successively with
EtOAc, n-butanol (BuOH), and water to yield soluble fractions of EtOAc
(58 g), BuOH (43 g), and H,0 (21 g). The phytochemicals from the EtOAc
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Figure 1. Flavonoids isolated from EA5, EA6, EA7, and EA8 subfractions of A. confusa heartwood extract: 1, melanoxetin; 2, 7,8,3',4’-tetrahydroxyflavone; 3,
transilitin; 4, okanin; 5, 3,7,8,3'-tetrahydroxy-4'-methoxyflavone; 6, 7,8,3'-trihydroxy-3,4’-dimethoxyflavone; 7, 7,3’ ,4'-trihydroxyflavone; 8, 7,3’ ,4'-trihydroxy-

3-methoxyflavone.

fraction were separated and purified by semipreparative HPLC on a model
PU-980 pump (Jasco) equipped with an MD-910 photodiode array
detector (Jasco) and a 250 mm x 10.0 mmi.d., 5 gm Luna RP-18 column
(Phenomenex, Torrance, CA). The mobile phase was solvent A, 100%
MeOH; and solvent B, ultrapure water. Elution conditions were 0—10 min
0f 35—45% A to B (linear gradient); 10—25 min of 45—50% A to B (linear
gradient); 25—30 min of 50—100% A to B (linear gradient) at a flow rate of
4 mL/min. ESIMS data were collected using a Finnigan MAT-95S mass
spectrometer, and NMR spectra were recorded by a Bruker Avance 500
MHz FT-NMR spectrometer. The structures of compounds 1-8 (as
shown in Figure 1) were identified by ESIMS and NMR, and all spectral
data were consistent with those reported in the literature (18, 20, 33—35).

Determination of XOD-Inhibitory Activity. Measurement of XOD-
inhibitory activity was carried out according to the method of Kong et al. (§)
with slight modifications. First, 798 uL of 0.1 unit xanthin oxidase (XOD) in
buffer (200 mM sodium pyrophosphate/HCI, pH 7.5) and 2 uL of the test
extracts or compounds in DMSO were mixed at 37 °C for 5 min. The
reaction was started by adding 200 L of 0.6 mM xanthine in double-distilled
water to the mixture. The reaction mixture was incubated at ambient
temperature, and the absorbance at 295 nm was determined every 1 min
up to 8 min. Allopurinol was used as a positive control. Three replicates were
made for each test sample. The percent inhibition ratio (percent) was
calculated according to the following equation: % inhibition = [(rate of
control reaction — rate of sample reaction)/rate of control reaction] x 100.

Lineweaver—Burk Plots. The type of inhibition involved was deter-
mined by the Lineweaver—Burk plot. First, 798 uL of 0.1 unit XOD in
buffer (200 mM sodium pyrophosphate/HCl, pH 7.5) and 2 uL of
compounds (1.5625, 6.25, 12.5, and 25 uM) in DMSO were mixed in
96-well microplates at 37 °C for 5 min. The reaction was started by adding
substrate concentrations of 0.1, 0.2, 0.3, 0.4, and 0.6 mM, respectively in
double-distilled water to the mixture. The reaction mixture was incubated at
ambient temperature, and the absorbance at 295 nm was determined every 1
min up to 8 min using the ELISA reader. All data obtained from the enzyme
assays were plotted using Excel (Microsoft Office 2007, Microsoft, Taiwan).

Statistical Analyses. All results were expressed as mean + SD
(n = 3). The significance of difference was calculated by using the Scheffe
test, and values of <0.05 were considered to be significant.

RESULTS AND DISCUSSION

XOD-Inhibitory Activity of A. confusa Extracts. Heartwood,
bark, twig, flower, and leaf crude extracts of A. confusa were
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Figure 2. XOD-inhibitory activity of A. confusa extracts. The bars marked
by different letters are significantly different at the level of p < 0.05 according
to the Scheffe test.

assayed for XOD-inhibitory activity at 100, 50, and 25 ug/mL,
and the results are shown in Figure 2. The XOD-inhibitory
activity of crude extracts from A. confusa showed a dose-depen-
dent manner. In the presence of the 100 ug/mL test sample, the
XOD inhibition of A4. confusa decreased in the following order:
heartwood extract (80%) > bark extract (59%) > flower extract
(46%) = leaf extract (45%) > twig extract (39%). Allopurinol
(a positive control), being clinically used as a XOD inhibitory
drug, showed 88% inhibition on XOD at a concentration of
10 ug/mL. Among five ethanolic extracts from different plant
parts of 4. confusa, heartwood extract exhibited the best XOD-
inhibitory activity. The addition of 100, 50, and 25 ug/mL
heartwood extracts resulted in increasing XOD-inhibitory activ-
ity, by 80, 75, and 60%, respectively. According to the results
reported by Chang et al. (23), A. confusa heartwood extract dose-
dependently inhibited superoxide radicals induced by hypo-
xanthine—xanthine oxidase, with an ICs, value of 1.8 ug/mL.
The result indicates that the extract of 4. confusa heartwood has a
good performance of inhibiting superoxide free radicals produced
by hypoxanthine and xanthine oxidase.
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Figure 3. XOD-inhibitory activity of A. confusa heartwood extract and its
derived fractions.

Moerman (36) found that the inner bark of Populus balsami-
fera, being used historically to treat gout, induced 51% XOD
inhibition at a concentration of 100 ug/mL. Foster and Duke (37)
reported that the leaves of Ledum groenlandicum, used by the Cree
and more broadly to treat gout, showed 50% inhibition at a
concentration of 100 ug/mL. Owen and Johns (7) also found that
the average inhibitory activity of plant extracts from 26 plant
species belonging to 18 families traditionally used for the treat-
ment of gout and related symptoms by indigenous people of
northeastern America was 25% at 100 ug/mL. Kong et al. (§)
reported that water extracts of Cinnamomum cassia and Morus
alba barks, Chinese medicinal inhibitors of XOD, showed 31 and
14% inhibition, respectively, at a concentration of 50 ug/mL.
Comparisons of the aforesaid results indicated that heartwood
and bark extracts of A4. confusa have an excellent XOD-inhibitory
activity, especially the heartwood extract.

XOD-Inhibitory Activity of Ethanolic Extract from A. confusa
Heartwood. As shown in Figure 3, the XOD-inhibitory activity of
crude extract and its derived fractions from 4. confusa heart-
wood, including the soluble fractions of EtOAc, BuOH, and
water, revealed a dose-dependent manner. In the presence of the
50 ug/mL test sample, the XOD inhibition of heartwood extract
and its derived fractions decreased in the following order: EtOAc
fraction (75%) > crude extract (74%) > BuOH fraction (35%)
> water fraction (32%). Of these, the EtOAc fraction showed the
strongest activity. The concentration required to inhibit 50%
xanthine oxidase (ICsp) was determined from the results of a
series of concentrations tested. A lower ICs, value corresponds to
a greater inhibitory activity. The ICsq values of the crude extract,
EtOAc fraction, BuOH fraction, and water fraction were 11.7,
7.8, >100, and > 100 ug/mL, respectively. The ICs, value of
allopurinol was 1.2 ug/mL. According to the results reported by
Gonzalez et al. (38), the methanolic extracts of the twig from
C. cassia, the flower from Chrysanthemum indicum, and the leaf
from Lycopus europaeus were found to possess significant XOD-
inhibitory activity, with 1Csy values of 18, 22, and 26 ug/mL,
respectively. Furthermore, comparison with the results obtained
by Gonzilez et al. (38) shows that there are abundant
XOD-inhibitory phytochemicals present in the heartwood extract
of A. confusa, especially in the EtOAc fraction.

Bioassay-Guided Fractionation of A. confusa Heartwood Ex-
tract. The EtOAc fraction of A. confusa heartwood extract
showed a stronger XOD-inhibitory activity than the other frac-
tions, indicating that the XOD-inhibitory activity of A. confusa
heartwood extract had been efficiently enriched in the EtOAc
fraction. Moreover, the activity of the EtOAc fraction showed to
be about 20-fold more effective than that of BuOH and H,O
fractions. Thus, its constituent characteristics were further
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Table 1. Elution Solvent, Collected Weight, and XOD-Inhibitory Activity
(5 ug/mL) of 10 Subfractions Divided from the EtOAc Fraction

subfraction mobile phase? (%) weight (g) inhibition® (%)
EA1 10—20 13.9 35.9+1.3d
EA2 30 3.1 39.4+0.5d
EA3 30 1.7 49.4+1.6¢c
EA4 30—40 24 64.1 +0.7b
EA5 40—50 6.1 78.7+1.0a
EA6 50—60 33 77.8 £0.9a
EA7 60 1.1 80.5+1.5a
EA8 70—80 0.9 74.8+2.3a
EA9 80—100 0.5 37.9+1.3d
EA10 THF 6.4 39.3+1.1d
total weight (g) 39.4
recovery (%) 93.9

The ratio of MeOH/H,0 (v/v). The inhibition of allopurinol was 78.2%. ® Different
letters are significantly different at the level of p < 0.05 according to the Scheffe test.

investigated in this study. The EtOAc fraction was first subjected
to an RP-18 column chromatography with a stepwise gradient of
MeOH—-H,0 and derived into 10 subfractions. Of these, sub-
fractions EAS, EA6, EA7, and EAS8 possessed a high XOD-
inhibitory activity as shown in Table 1. Figure 4 shows the HPLC
chromatograms of EAS, EA6, EA7, and EAS8. These subfractions
were finally subjected to preparative HPLC. Consequently, eight
major constituents, as shown in Figure 1, were isolated and
identified as melanoxetin (1) (26), 7,8,3',4'-tetrahydroxyflavone
(2) (18), transilitin (3) (34), okanin (4) (35), 3,7.,8,3'-tetrahydroxy-
4'-methoxyflavone (5) (18), 7,8,3'-trihydroxy-3.4'-dimethoxyfla-
vone (6) (18), 7,3, 4-trihydroxyflavone (7) (I18), and 7,3,
4'-trihydroxy-3-methoxyflavone (8) (I8).

Comparison of Phytochemicals of 4. confusa Heartwood Ex-
tracts with Well-Known XOD Inhibitor. The XOD-inhibitory
effects of phytochemicals isolated from the EtOAc fraction of
A. confusa heartwood extract were compared with those of
allopurinol, which is clinically used as a drug for XOD inhibition.
The tested constituents inhibited XOD in a concentration-depen-
dent manner as shown in Figure 5. The ICs, values indicated that
okanin showed the strongest XOD-inhibitory effect (ICs, value of
0.076 uM), followed by melanoxetin (0.274 uM), allopurinol
(4.784 uM), and 78,3 4'-tetrahydroxyflavone (10.488 uM).
Furthermore, the 1Cs, values of the other constituents (3,7,8,3'-
tetrahydroxy-4'-methoxyflavone, 7,8,3'-trihydroxy-3,4’-dimeth-
oxyflavone, 7.3, 4-trihydroxyflavone, and 7.3 ,4-trihydroxy-
3-methoxyflavone) were > 50 uM. Wu et al. (/8) reported that
okanin and melanoxetin showed the best NO-inhibitory effects.
Harrison (39) reported that XOD is capable of producing reactive
nitrogen species in addition to the reactive oxygen species, and
those two can combine to form nitrile. Thus, the fact that okanin
and melanoxetin are excellent inhibitors of NO may be due to the
XOD-inhibitory effects. Unno et al. (40) found that the ICs,
values of valoneic acid dilactone and ellagic acid, isolated from
the aqueous extracts of the Lagerstroemia speciosa leaves, were
2.5 and 71.5 uM, respectively. Lin et al. (4]) reported that
esculetin (ICsq value of 10.84 uM) showed the best XOD-
inhibitory effects among coumarin derivatives, followed by
4-methylesculetin (ICsy value of 75.79 uM) and 4-hydroxycou-
marins (ICsy value of 78.13 uM). Chang et al. (42) also reported
that caffeic acid, ferulic acid, isoferulic acid, p-coumaric acid, and
p-methoxycinnamic acid were also competitive inhibitors with
1Csq values of 65.6,93.9, 143.2,96.9, and 184.0 uM, respectively.
Comparisons of these data revealed that okanin, melanoxetin,
and 7,8,3' 4'-tetrahydroxyflavone examined in this study exhib-
ited great XOD-inhibitory activity. The present study revealed
that okanin and melanoxetin showed excellent performances in
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Figure 4. HPLC chromatograms of EA5, EA6, EA7, and EA8 subfractions from the EtOAc fraction of A. confusa heartwood extract.
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Figure 5. XOD-inhibitory activity of phytochemicals from the EtOAc frac-
tion of A. confusa heartwood extract.

XOD inhibition and that their inhibitory activities are better than
that of allopurinol.

Structure— Activity Relationships of Flavonoids from A. confusa
Heartwood. The structure—activity relationships of flavonoids
(compounds 1—8) according to their XOD-inhibitory activities
were also illustrated in this study. Surprisingly, with the same
number of hydroxyl groups in the A- and B-rings, chalcone
(okanin) had a greater XOD-inhibitory activity than flavone
(7.8,3' 4 -tetrahydroxyflavone). Okanin, which has only two rings
connected by a linear chain, displayed a very high affinity to the
xanthine oxidase. Nagao et al. (43) reported that chalcone
(phloretin) had a greater XOD-inhibitory activity than flavone
(luteolin). Among the flavones obtained, the decreasing order of
XOD-inhibitory activity was as follows: melanoxetin (1) >
7,8,3 4 -tetrahydroxyflavone (2) > transilitin (3); 3,7,8,3'-tetra-
hydroxy-4'-methoxyflavone (5) > 7,8,3-trihydroxy-3,4'-dimeth-
oxyflavone (6); 7,3'.4-trihydroxyflavone (7) > 7,3 ,4'-trihy-
droxy-3-methoxyflavone (8). It revealed that, with the same
number of hydroxyl groups in the A- and B-rings, the hydroxyl
group at the C3 position in the C-ring had the best XOD-
inhibitory activity, followed by the hydrogen and methoxyl
groups at the same position. Similarly, Mo et al. (44) also showed
that the XOD-inhibitory activity of kaempferol (C3—OH) was
greater than that of apigenin (C3—H). Thus, these data revealed
that the hydroxyl group at the C3 position enhanced the

XOD-inhibitory activity. Moreover, for flavonoids with different
numbers of hydroxyl groups on the A-ring, the decreasing order
of activity found was as follows: 7,8,3' 4'-tetrahydroxyflavone (2)
> 7.3 4-trihydroxyflavone (7); transilitin (3) > 7,3, 4'-trihy-
droxy-3-methoxyflavone (8). The number of hydroxyl groups on
the A-ring was positively related to their inhibitory activities.
Similarly, results obtained by Cotelle et al. (45) also showed that
flavones with a 5,7-dihydroxyl substitution might have better
XOD-inhibitory activity than those with only a 5-substitution
among 24 flavones with various —OH or —OCHj substitutions
on A- and B-rings tested. In addition, Nagao et al. (43) concluded
that at least two hydroxyl groups on the A-ring were required for
XOD-inhibitory activities of flavonoids. Comparisons of the
aforesaid data revealed that an increase in the number of hydroxyl
groups on the A-ring led to higher XOD-inhibitory activities. In
addition, with the same structure of A- and C-rings, the hydroxyl
group at the C4’ position in the B-ring had better effectiveness
than the methoxyl group at the same position, such as melanox-
etin (1) > 3,7,8,3'-tetrahydroxy-4’-methoxyflavone (5); transili-
tin (3) > 7,8,3'-trihydroxy-3,4’-dimethoxyflavone (6). Further-
more, our findings are also in agreement with the results reported
by de Groot and Rauen (46), who claimed that flavonols posses-
sing 3',4-OH features are effective inhibitors of xanthine oxidase.
Selloum et al. (47) also reported that the most potent inhibitor of
uric acid production was quercetin with a cathechol moiety on the
B-ring (3',4-OH), followed by the monohydroxylated kaempfer-
ol (4-OH), whereas myricetin with a pyrogallol moiety (3,4,
5'-OH) was less active.

Mode of Inhibition of Active Phytochemicals. The kinetics and
molecular mechanisms of XOD-inhibitory activity by okanin,
melanoxetin, 7,8,3',4'-tetrahydroxyflavone, and allopurinol are
shown in Figure 6. Lineweaver—Burk plots led us to support the
view that XOD inhibitions of melanoxetin and 7.8,3',4'-tetrahy-
droxyflavone are in a competitive mode. As for allopurinol, being
clinically used as a XOD-inhibitory drug, it also displays a
competitive mode. The competitive inhibition of allopurinol is
consistent with the result obtained by Nguyen et al. (48). Further-
more, Lineweaver—Burk plots revealed that okanin with high
XOD inhibition did so through a noncompetitive inhibition with
xanthine as a substrate. This noncompetitive okanin inhibition is
consistent with the mechanism of valoneic acid dilactone and
ellagic acid reported by Unno et al. (40).
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Figure 6. Kinetic assays of xanthine oxidase inhibition by melanoxetin, 7,8,3',4’-tetrahydroxyflavone, and okanin. A Lineweaver—Burk double-reciprocal plot
was constructed for the inhibition of xanthine oxidase by melanoxetin, 7,8,3',4'-tetrahydroxyflavone, and okanin. The plot is expressed as 1/velocity versus

1/xanthine (mM~") without or with an inhibitor in the reaction solution.

In conclusion, heartwood extract of A. confusa and its EtOAc
fraction exhibited a strong XOD-inhibitory action. Among eight
specific phytochemicals isolated from the EtOAc fraction of
A. confusa heartwood extract, it was proven that okanin and
melanoxetin showed excellent XOD-inhibitory performance in
noncompetitive and competitive modes, respectively, and their
inhibitory activity is better than that of allopurinol. It is of great
interest that the XOD-inhibitory activity of okanin and melano-
xetin could be equal to that of a clinically used drug. Thus,
A. confusa heartwood extract or its derived phytochemicals have
great potential in preventing hyperuricemia caused by xanthine
oxidase. However, at this juncture we have no definite informa-
tion that the ethanolic extract from 4. confusa heartwood
possesses hyperuricemic activity in vivo. Future studies should
focus on employing modern medical chemical techniques to
modify the structures of certain purified plant ingredients into
better agents with high efficacy and activity. In addition, in vivo
pharmacological studies should also be made.
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