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Abstract—Xanthine oxidase (XO) is a key enzyme which can catalyze xanthine to uric acid causing hyperuricemia in humans. By
using the fractionation technique and inhibitory activity assay, an active compound that prevents XO from reacting with xanthine
was isolated from wheat leaf. It was identified by the Mass and NMR as 6-aminopurine (adenine). A structure–activity study based
on 6-aminopurine was conducted. The inhibition of XO activity by 6-aminopurine (IC50 = 10.89 ± 0.13 lM) and its analogues was
compared with that by allopurinol (IC50 = 7.82 ± 0.12 lM). Among these analogues, 2-chloro-6(methylamino)purine
(IC50 = 10.19 ± 0.10 lM) and 4-aminopyrazolo[3,4-d]pyrimidine (IC50 = 30.26 ± 0.23 lM) were found to be potent inhibitors of
XO. Kinetics study showed that 2-chloro-6(methylamino)purine is non-competitive, while 4-aminopyrazolo[3,4-d]pyrimidine is
competitive against XO.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Xanthine oxidase (XO, EC 1.2.3.2) can be found at the
end of the catabolic sequence of the purine nucleotide
metabolism in humans and a few other uricotelic spe-
cies.1 It catalyzes the oxidation of xanthine and trans-
forms it into uric acid. The overproduction of uric
acid can cause hyperuricemia and gout, as uric acid is
deposited in joints and thus causing painful inflamma-
tion.2,3 Accordingly, the use of the XO inhibitor that
blocks the synthesis of uric acid in the body should be
one of the therapeutic approaches for the treatment of
gout.4 Allopurinol (1H-pyrazolo[3,4-d]pyrimidin-4-ol)
is a substrate and a specific potent inhibitor for XO,
and has been used for gout treatment for a number of
years. The synthetic analogues of allopurinol, pyrazolo-
pyrimidine, 1-phenylpyrazoles, cytokinin are also used
as XO inhibitors.5,6 The inhibition mechanism and
molecular modeling studies of these analogues also have
been conducted by scientists.7,8
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Recently, several studies have indicated that allopuri-
nol may induce hypersensitivity syndrome and
Stevens–Johnson syndrome in patients.9–12 Therefore,
many Vietnamese medicinal plants have been evalu-
ated for their XO inhibitory property in the treatment
of gout. Among 288 extracts prepared from 96 medic-
inal plants, 188 demonstrated XO inhibitory activity
at 100 lg/mL.13,14 Active compounds were also puri-
fied from botanical plants. For examples, the valoneic
acid dilactone isolated from the leaves of Lagerstro-
emia speciosa showed a potent inhibitory effect on
XO in a non-competitive mode.15 Furthermore, liquir-
itigenin and isoliquiritigenin isolated from Sinofran-
chetia chinensis also have high XO inhibitory
activity.16

In this study, we purified an active compound (6-ami-
nopurine) from water extract of wheat leaf. We
found that this compound is a good substrate for
XO, and the final product (2,8-dihydroxyadenine)
can prevent XO from reacting with xanthine in inhib-
itory activity assay. Therefore in this paper, we
focused the structure–activity study on 6-aminopurine
and its analogues, and investigated their XO inhibi-
tory potency.
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Figure 2. Preparative HPLC chromatogram of water extracts frac-

tionated from water extracts. Column: C18 (10 mm · 250 mm, 5 lm

Spherical, Advanced Separation Technologies, Inc.). Mobile phase: a

gradient elution with H2O/acetonitrile/trifluoroacetic acid (95:5:0.1,

v/v/v, ! 5:95:0.01, v/v/v). Flow rate: 4.0 mL/min. Detection: UV

214 nm. Seven fractions (Fr.) were obtained which were collected at the

elution time of 0–4, 4–6.5, 6.5–10, 10–19, 19–23, 23–41, and 41–59 min,

respectively.
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2. Results and discussion

2.1. Isolation of active compound from wheat leaf

The procedure for fractionation of the extracts from
fresh wheat leaves is shown in Figure 1. Wheat sample
(2.2 L) was extracted from 3660 g of wheat leaves. The
sample was then heated to 85 �C for 10 min, and the
supernatant was then freeze-dried to yield 98 g of the
water extract which displayed the XO inhibitory activity
(IC50 = 181.6 lg/mL). The sample (10.0 g) was first sub-
jected to the HPLC chromatogram and this set of steps
was repeated. Seven fractions (Fr.) were collected with
the elution time of 0–4, 4–6.5, 6.5–10, 10–19, 19–23,
23–41, and 41–59 min, respectively (Fig. 2). A total of
seven fractions were collected and the total yield of these
fractions was 87.1%, while the yield of each fraction was
14.7%, 18.1%, 21.3%, 4.9%, 3.8%, 17.2% and 7.1%,
respectively. Seven fractions were then used to inhibit
XO at the concentration of 200 lg/mL, the XO inhibi-
tory activity was 11.3%, 73.3%, 11.1%, 2.5%, 6.3%,
9.6% and 14.1%, respectively (Fig. 3). Among those
fractions, the second fraction (Fr. 2) had the highest
XO inhibitory activity. Fr.2 (1.81 g) was then undergo-
ing next preparative HPLC chromatogram (Fig. 4).
Individual peak was collected and used to inhibit XO.
Consequently, one pure compound (arrow) was isolated
and had the inhibitory property. This compound was
collected, and the total yield was 2.7% (48.9 mg) in Fr.2.

2.2. Identification of active compound

The active compound isolated from wheat leaf was ana-
lyzed by using a high-resolution ESI-TOF mass spec-
trometer, and its molecular weight was found to be
136.0647. This compound was then analyzed by using
a NMR, and the results are shown. 2D 1H–13C HMBC
spectra were recorded with 2J or 3J H–C coupling con-
stants at 8 and 5 Hz, 2D 1H–13C HSQC spectra were re-
corded with 1J H–C coupling constants at 145 Hz. 1H
NMR: 8.29 (s, 1H, H-8), 8.35 (s, 1H, H-2). 13C NMR:
Figure 1. Procedure for fractionation of the extracts from fresh leaves

of wheat (Triticum aestivum L.).

Figure 3. Inhibition of xanthine oxidase by water extracts and its

fractions at a final concentration of 200 lg/mL. Each value is

represented as mean ± SD from triplicate measurements.
115.8 (H-5), 142.3 (H-8), 148.4 (H-2), 149.7 (H-4),
152.4 (H-6). On the basis of the above data, this active
compound was identified as 6-aminopurine (adenine)
by direct comparison with an authentic sample. The
molecular formula of 6-aminopurine is C5H5N5, and
the chemical structure is shown in Figure 5. This com-
pound is a naturally occurring nucleic acid base in nor-
mal cells, which plays an essential role in the replication
of all known living systems.17

2.3. Reaction scheme for the xanthine oxidase on allopu-
rinol and 6-aminopurine

As mentioned previously, the conversions of hypoxan-
thine to xanthine and xanthine to uric acid were cata-
lyzed by XO in the breakdown pathway of purines.1

The reaction scheme for xanthine oxidase on allopurinol



Figure 4. Preparative HPLC chromatogram of Fr. 2 fractionated from

water extracts. Column: C18 (10 mm · 250 mm, 5 lm Spherical,

Advanced Separation Technologies, Inc.). Mobile phase: a gradient

elution with H2O/acetonitrile/trifluoroacetic acid (100:0:0.1, v/v/v, !
0:100:0.1, v/v/v). Flow rate: 4.0 mL/min. Detection: UV 214 nm.

Arrow: active compound (6-aminopurine).

Figure 5. Chemical structure of 6-aminopurine (adenine).
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and 6-aminopurine is shown in Figure 6. Allopurinol is
a drug used as XO inhibitor in gout treatment.18 It is a
substrate and specific potent inhibitor for XO, but oxy-
purinol (1H-pyrazolo[3,4-d]-pyrimidine-4,6-diol) is the
basic functioning ingredient found in allopurinol. XO
could catalyze the allopurinol to oxypurinol, and inhibi-
Figure 6. Reaction scheme for the xanthine oxidase-mediated conversion of 6

to the deadend inhibitor, oxypurinol.
tion occurs mainly through direct substrate competition
in the breakdown of purines.8 However, allopurinol is a
competitive inhibitor of XO, while its active metabolite
(oxypurinol) is a non-competitive inhibitor of XO.19,20

This reaction has the effect of reducing the amount of
concentration of insoluble urates in tissues, plasma,
and urine, which leads to the reversal of urate crystal
deposits in tissues and uric acid stones.21 XO also could
catalyze 6-aminopurine to 8-hydroxyadenine and 2,8-
dihydroxyadenine (the final product) then inhibited
XO.22 Based on the structure of 6-aminopurine, we have
selected 6-aminopurine and its analogues for XO inhib-
itory activity assay (Table 1).

2.4. XO inhibitory activity of 6-aminopurine and its
analogues

The purified 6-aminopurine from wheat leaf showed its
XO inhibitory property, and we further investigated
the XO inhibitory property of its analogues. XO inhib-
itory activity was evaluated and compared with the allo-
purinol. Allopurinol is a clinically used XO inhibitor,
and its IC50 value was 5.43 lM.23 The structure and
IC50 of allopurinol and 6-aminopurine analogues are
shown in Table 1. Allopurinol, 2-chloro-6(methylami-
no)purine, 6-aminopurine, and 4-aminopyrazolo[3,4-d]-
pyrimidine showed a strong inhibitory effect on XO,
and the IC50 of these compounds were 7.82 ± 0.12,
10.19 ± 0.10, 10.89 ± 0.13, and 30.26 ± 0.23 lM, respec-
tively. Moreover, 5-nitrobenzimidazole and 6-thiogua-
nine showed a slight inhibitory effect on XO, and the
IC50 of these compounds were 86.84 ± 0.51 and
92.42 ± 0.62, respectively. But the other 6-aminopurine
analogues did not show any significant inhibitory effect
on XO.

2.5. Inhibitory property of allopurinol, 6-aminopurine,
2-chloro-6(methylamino)purine, and 4-aminopyrazolo[3,4-d]
pyrimidine on XO

XO is a complex enzyme containing molybdenum and
the catalytic mechanism of oxidation is thought to
involve hydride transfer from the substrate in concert
with nucleophile transfer to the same substrate. The
-aminopurine to 2,8-dihydroxyadenine and suicide inhibitor allopurinol



Table 1. Structure and IC50 values of allopurinol and 6-aminopurine analogues

Serial number Compound Structure IC50 ± SEM (lM)

1 Allopurinol 7.82 ± 0.12

2 2-Chloro-6(methylamino)purine 10.19 ± 0.10

3 6-Aminopurine 10.89 ± 0.13

4 4-Aminopyrazolo[3,4-d]pyrimidine 30.26 ± 0.23

5 5-Nitrobenzimidazole 86.84 ± 0.51

6 6-Thioguanine 92.42 ± 0.62

7 2-Aminopurine >200

8 1,2,4-Triazolo[1,5-a]pyrimidine >200

9 6-O-Methylguanine >200

10 2-Amino-6-chloropurine >200

11 5-Methylbenzimidazole >200

12 2,6-Diaminopurine >200

13 5,6-Dimethylbenzimidazole >200

J.-F. Hsieh et al. / Bioorg. Med. Chem. 15 (2007) 3450–3456 3453
inhibitory effects of allopurinol, 6-aminopurine,
2-chloro-6(methylamino)purine, and 4-aminopyrazol-
o[3,4-d]pyrimidine on XO were tested at different con-
centrations. As shown in Figure 7, XO inhibition
increased significantly with the addition of allopurinol.
In this study, allopurinol is used as the standard inhibi-
tor and it decreases the production of uric acid by inhib-
iting the action of XO. It is a structural analogue of



Figure 9. Lineweaver–Burk plots for the inhibition of xanthine oxidase

by 2-chloro-6(methylamino)purine (CP) with xanthine as substrate. .,

without CP; j, with 10 lM CP; �, with 20 lM CP; m, with 30 lM CP.

Figure 7. Inhibitory effects of allopurinol, 2-chloro-6(methylami-

no)purine, 6-aminopurine, and 4-aminopyrazolo[3,4-d]pyrimidine on

XO activity. Each point described indicates the average ± SD of

triplicate measurements.
Figure 8. Lineweaver–Burk plots for the inhibition of xanthine oxidase

by 4-aminopyrazolo[3,4-d]pyrimidine (AP) with xanthine as substrate.

., without AP; j, with 10 lM AP; �, with 20 lM AP; m, with 30 lM

AP.
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hypoxanthine and represents a competitive inhibitor of
XO, which can compete with substrate for the active site
of XO to form the XO-inhibitor complex.24 Further-
more, similar trends were also observed in the results
of 2-chloro-6(methylamino)purine, 6-aminopurine and
4-aminopyrazolo[3,4-d]pyrimidine. The XO inhibition
reached a maximum when 30 lM of inhibitors was
added, while the XO inhibition of allopurinol, 6-amino-
purine, 2-chloro-6(methylamino)purine, and 4-amino-
pyrazolo[3,4-d]pyrimidine was 93.8, 61.3, 78.6, and
49.8%, respectively. The results also showed that low
concentrations (2–5 lM) of 2-chloro-6(methylami-
no)purine and 6-aminopurine demonstrated a higher
XO inhibition than allopurinol and 4-aminopyrazol-
o[3,4-d]pyrimidine, while high concentrations
(20–30 lM) of allopurinol and 2-chloro-6(methylami-
no)purine demonstrated a higher XO inhibition than
6-aminopurine and 4-aminopyrazolo[3,4-d]pyrimidine.
According to the results, 4-aminopyrazolo[3,4-d]pyrimi-
dine and 2-chloro-6(methylamino)purine have the
potential to be XO inhibitor. We noticed that the metab-
olism of 4-aminopyrazolo[3,4-d]pyrimidine has been
studied in several normal and neoplastic mouse tissues.25

Moreover, the administration of 4-aminopyrazolo [3,4-d]-
pyrimidine decreased serum cholesterol level in the rat.26

However, we did not find any possible toxicity informa-
tion of 2-chloro-6(methylamino)purine in animal and
human.

The inhibition kinetics of 4-aminopyrazolo[3,4-d]pyrim-
idine and 2-chloro-6 (methylamino)purine on XO were
also evaluated. Lineweaver–Burk plots of 4-aminopy-
razolo[3,4-d]pyrimidine and 2-chloro-6(methylami-
no)purine are shown in Figures 8 and 9. The
4-aminopyrazolo[3,4-d]pyrimidine showed its competi-
tiveness against XO, this result coincided with a
previously published data.7 This indicated that 4-amino-
pyrazolo[3,4-d]pyrimidine could compete with xanthine
for the active site of XO to form the XO-inhibitor com-
plex. As we know, 4-aminopyrazolo[3,4-d]pyrimidine
and allopurinol are competitive inhibitors of XO.
According to their structures and IC50 values (Table
1), XO inhibition of compound with OH group at
C-4 position was higher than NH2 group. In addition,
2-chloro-6(methylamino)purine showed its non-compet-
itiveness against XO. However, in contrast, 4-aminopy-
razolo[3,4-d]-pyrimidine is competitive inhibitor of XO.
The inhibition of XO by 2-chloro-6(methylamino)purine
is non-competitive. Although its binding sites and mech-
anism of inhibition remain to be determined, the finding
of non-competitive inhibition suggests that 2-chloro-
6(methylamino)purine may interact with XO domains
distal to the substrate binding site, possibly resulting
in allosteric effects that attenuate XO activity.
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3. Conclusions

Based on the structure of 6-aminopurine, we have
selected its analogues for XO inhibitory activity assay.
The 4-aminopyrazolo-[3,4-d]pyrimidine showed its com-
petitiveness against XO, while 2-chloro-6(methylami-
no)purine showed a potent inhibitory effect on XO in
a non-competitive mode. Furthermore, the IC50 of
2-chloro-6(methylamino)purine was similar to that of
allopurinol which is a well-known XO inhibitor clini-
cally used for gout treatment. Therefore, our results
suggested that 2-chloro-6(methylamino)purine and
4-aminopyrazolo[3,4-d]pyrimidine are likely to be
adopted as candidates to treat gout and may be taken
for further evaluation in in vivo studies.
4. Experimental

4.1. Preparation of wheat extracts

Wheat leaf (Triticum aestivum L.) was grown individu-
ally in 30 cm diameter · 15 cm high containers in an ele-
ment controlled environment with the temperature
ranging from 18 to 24 �C and 16 h of sun light per day
for a period of 10 days. After harvesting, wheat leaf
was milled by a laboratory-scale milling machine and
the pulp was filtered through filter paper. The sample
collected (2.2 L) was heated to 85 �C for 10 min. After
15 min of centrifugation at 12,000 g, the supernatant
was freeze-dried to yield 98 g of the water extract. Spec-
imen was stored at �80 �C before use.

4.2. Isolation of active compound from water extracts

Water extract (10 g) was re-dissolved in 200 mL of water
and underwent column chromatography on a HPLC by
using C18 packed column (10 mm 250 mm, 5 lm Spher-
ical, Advanced Separation Technologies, Inc.) and a
gradient elution from H2O/acetonitrile/trifluoroacetic
acid (100:0:0.001) to H2O/acetonitrile/trifluoroacetic
acid (0:100:0.001) was performed to isolate the main ac-
tive compound. The elution began with solvent at a flow
rate of 4 mL/min, and the compound with XO inhibi-
tory activity was then collected.

4.3. Assay of XO inhibitory activity

The XO inhibitory activity was assayed spectrophoto-
metrically at 295 nm under aerobic condition.27,28 The
reaction mixture contained 200 mM sodium pyrophos-
phate buffer (pH 7.5), 100 lM xanthine, and 0.05 U of
XO. The absorption rate at 295 nm indicates the forma-
tion of uric acid at 25 �C. Sample was dissolved directly
in the buffer and incorporated with the enzyme assay to
assess the inhibitory activity. The experiment was car-
ried out with three sets of apparatus testing XO inhibi-
tory activity and samples were tested further to
ascertain the corresponding IC50 values.

4.4. Mass spectrometry and NMR spectroscopy

The active compound was analyzed by using a high-res-
olution ESI-TOF mass spectrometer (BioTOF III; Bru-
ker Daltonics, Inc. Billerica, MA, USA). NMR spectra
of this compound in D2O were recorded on the Bruker
Avance 400 spectrometer at 300 K, with standard pulse
sequences provided by Bruker.

4.5. Screening of XO inhibitors from 6-aminopurine
analogues

The 6-aminopurine-based compounds selected for
this study include 2-chloro-6(methylamino)purine,
6-thioguanine, 5-nitrobenzimidazole, 4-aminopyrazolo-
[3,4-d]pyrimidine, 6-O-methylguanine, 2-aminopurine,
1,2,4-triazolo[1,5-a]pyrimidine, 5-methylbenzimidazole,
2,6-diaminopurine, 5,6-dimethylbenzimidazole, and
2-amino-6-chloropurine. All samples were tested for
XO inhibitory activity at different concentrations (2, 5,
10, 15, 20, 25, 30, 50, 100, and 200 lM).

4.6. Lineweaver–Burk plots

To determine the mode of inhibition by 2-chloro-6(meth-
ylamino)purine and 4-aminopyrazolo[3,4-d]pyrimidine,
Lineweaver–Burk plot analysis was performed. This
kinetics study was carried out in the absence and presence
of inhibitors with varying concentrations of xanthine as
the substrate. The initial velocity was expressed as the
absorbance rate at 295 nm per 10 s in the assay.
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