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Abstract

In this preliminary study, a new series of some cerium vanadate derivatives have been
investigated as new type of inhibitors of xanthine oxidase (XO; E.C 1.17.3.2). XO is a superoxide-
producing enzyme found normally in serum and the lungs, and its activity is concerned with
several important health problems such as gout, severe liver damage, vascular dysfunction and
injury, oxidative eye injury and renal failure. In this study, we present a critical overview of the
effects of these novel type agents on XO with comparing the efficacy and safety profiles of
allopurinol, the efficient classical inhibitor of XO.
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Introduction

Reactive oxygen species (ROS) are also capable of damaging a
wide range of essential biomolecules including proteins, DNA and
lipids1, and this leads to many chronic diseases, such as
atherosclerosis, cancer, diabetes, ageing and other degenerative
diseases in humans2. One of the very important enzymes that has
been reported to increase during oxidative stress is xanthine
oxidase (XO), which is conventionally seen as a late enzyme of
purine catabolism, catalyzing the oxidation of hypoxanthine to
xanthine and of xanthine to uric acid3. In the context of the
inflammatory response, XO is believed to prevent infection by
generating ROS and can be seen as an agent of innate immunity.
Xanthine oxidoreductase (XOR) has the unusual property that it
can exist in a dehydrogenase (XD) form, which uses NAD+ as
electron acceptor, and an oxidase form (XO), which uses oxygen
as electron acceptor. Both forms have a high affinity for
hypoxanthine and xanthine as substrates. Conversion of one
form to the other may occur under various conditions4. Della
Corte and Stirpe5 established that conversion of XD into XO
occurred reversibly via oxidation of sulfhydryl groups and
irreversibly by proteolytic cleavage. The XO form produces
ROS. XO plays an important role in various diseases6,7.
Therefore, the enzyme is thought to be involved in various
pathological processes such as tissue injury due to ischemia
followed by reperfusion, but its exact role is still a matter of
debate8.

One therapeutic approach for gout is the use of XO inhibitors
such as allopurinol9; however, allopurinol use can result in a

number of adverse side effects10; thus, in this study, we aim to
investigate to develop new compounds with vanadate derivatives
for possible devoicing the undesirable effects of allopurinol since
there is a growing interest in natural phenolic antioxidants,
present in medicinal plants that might help to attenuate the
oxidative damage.

A group of 15 transition metals in group III of the periodic
table are called lanthanides or rare earths. Vanadium is a
ubiquitous, naturally occurring, transition metal that is found in
high concentrations in the earth’s crust, oceans, soil and fossil
fuels. Metallic vanadium is not present in nature. Vanadium is
found as vanadium compounds with the oxidation states changing
from �1 to +5 (commonly +3, +4 and +5)11. +4 and +5 valence
states of vanadium turn between these two valence states
occurring in biological systems12. Vanadium possesses a regula-
tory role in the biological system, influences a number of
enzymes, regulates the functions of several second messengers
and modulates a battery of genes13,14. The discovery of several
pharmacological properties, such as the insulin-mimetic action,
antihyperlipidemia, antihypertension, antiobesity, enhancement of
oxygen affinity of hemoglobin and myoglobin, and diuretic
action, opens up a number of therapeutic avenues of this trace
element15. In a review, the preclinical and clinical data presented
to show highlights vanadium as a unique multivalent element with
versatile potential to detect, prevent and treat human cancer16. In
terms of anti-tumor activity, a wide range of compounds of both
transition metals and main group elements have been investigated
for efficacy17. Cerium can act similar to calcium in organisms, so
it accumulates in the bones in small amounts. However, very little
cerium accumulates in the food chain. Human blood contains
0.001 ppm, human bones contain 3 ppm and human tissue
contains 0.3 ppm of cerium. There is a total of 40 mg of cerium
in a typical 70-kg human. Humans typically consume less than a
milligram per day of cerium. Cerium (or other lanthanides) is the
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Medical Biology, Faculty of Medicine, Yildirim Beyazit University,
Yasamkent Campus, 06810 Ankara, Turkey. E-mail: ooguler@ybu.edu.tr



cofactor for the methanol dehydrogenase of the methanotrophic
bacterium Methylacidiphilum fumariolicum SolV18. Cerium has
no known biological role, but it has been noted that cerium salts
can stimulate metabolism19.

Several reports demonstrated that vanadate stimulates the
oxidation of NAD(P)H by enzymatic and nonenzymatic sources
of superoxide anion radical20–23 via a sequence of free-radical
chain reactions with the net production of hydrogen peroxide
(H)24. Furthermore, several enzymes were known to generate
cellular superoxide in a controlled way: one of these enzymes is a
membrane-located NADPH oxidase, which is present in the
endothelium25. A second and well-known superoxide generating
system consists of xanthine/XO, which is found membrane-
associated on endothelial and other cells25. Recently, it has been
shown that incubation of mouse epidermal JB6 cells with
vanadate induces generation of HO, which seems to play an
essential role in the action of vanadate in apoptosis26.

Materials and methods

Materials

Sepharose 4B, L-tyrosine, benzamidine, protein assay reagents,
ceric sulfate and vanadium (V) oxide were obtained from Sigma
Chem. Co. (Milan, Italy) All other chemicals obtained from
Sigma and Merck (Istanbul, Turkey) were used without further
purification.

Methods

Synthesis of the compounds

Analytically pure ceric sulfate and vanadium (V) oxide weighed
an appropriate molar ratio and homogenized in an agate mortar.
The mixture was placed into a porcelain crucible to heat in
domestic microwave oven. After that, the material was exposed to
microwave irritation for 10 min and then homogenized again. The
sample was heated at 700 �C for 2 h getting the best crystalliza-
tion. Then, the final product was ready for the doping process.

Cerium vanadate sample was then doped with Ca and Mg
elements in the form of oxides in different concentrations. CeVO4

and CaO or MgO samples were weighed separately and ground
together in an agate mortar to obtain homogenization and then
transferred into an alumina crucible. The mixture was heated at
750 �C for 7 h and ground in an agate mortar. The doping
procedure was based on the study performed by Özdemir et al.27.
The concentrations of Ca/Mg ions doped into CeVO4 are 0.1%,
0.5% and 5% by weight. The structural analyzes of samples were
checked by X-ray powder diffraction. The powder X-ray diffrac-
tion (XRD) patterns were recorded using PANanalytical X’Pert
PRO diffractometer (XRD) with Cu Ka (1.5406 Å, 45 kV and
30 mA) radiation.

Enzyme purification protocol

Fresh bovine milk, without added preservatives, was cooled down
to 4 �C overnight. EDTA and toluene were then added to give
final concentrations of 2 mM and 3% (v/v), respectively. The milk
was churned with a blender at top speed for 30 min at room
temperature. During this time, the temperature rose from 4 to
45 �C. After cooling the churned milk to about 4 �C, the churning
process was repeated and the sample was filtered. This sample
was brought to 38% saturation by addition of solid ammonium
sulfate28. The suspension was centrifuged at 25 155 g for 30 min,
and the precipitate formed was discarded. The supernatant was
brought to 50% saturation with solid ammonium sulfate. The
precipitate formed was collected by centrifugation at 25 155 g for
60 min and dissolved in 0.1 M Tris-HCl, pH¼ 7.6. The affinity

column containing sepharose-4B-L-tyrosine-p-amino benzami-
dine was equilibrated in 0.1 M glycine, 0.1 M NaCl, pH¼ 9.029.
The sample was applied to the affinity gel, washed with
0.1 M glycine, pH¼ 9.0 XO, and then eluted with 25 mM
benzamidine in 0.1 M glycine, 0.1 M NaCl, pH¼ 9.030.
Fractions of 1.5 mL were collected, and their absorbance was
measured at 280 nm.

Enzyme activity measurements

XO activity was determined at 37 �C by the modified method of
Massey et al.31. The conversion of xanthine to uric acid was
followed by monitoring the change in absorbance at 295 nm, using
a CARY 1E, UV-Visible Spectrophotometer-VARIAN spec-
trometer ("292¼ 9.5 mM�1 cm�1) (Helma GmbH & Co.,
Nuernberg, Germany). The reaction mixture contained 50 mM
Tris-HCl, pH¼ 7.6, and 0.15 mM xanthine, at 37 �C. The assay
was initiated by the addition of the enzyme. One unit of enzyme
activity was defined as the amount of enzyme that converts
1mmol of xanthine to uric acid per min under defined
conditions29.

Kinetic studies of XO

For the inhibition studies of some cerium vanadate derivatives,
different concentrations were added to the enzyme activity. XO
enzyme activity with cerium vanadate derivatives was assayed by
following the oxidation of xanthine. Activity % values of XO for
seven different concentrations of cerium vanadate derivatives
were determined by regression analysis using Microsoft Office
2007 Excel (Istanbul Microsoft Office, Turkey). XO enzyme
activity without a cerium vanadate was accepted as 100% active.
The graphs determined that the inhibitor concentration caused up
to 50% inhibition (IC50 values) on the enzyme29.

Results and discussion

In Figure 1, powder XRD patterns of CeVO4, 0.1 wt. %
Ca-CeVO4, 0.5 wt. % Ca-CeVO4, 1 wt. % Ca-CeVO4, 0.1 wt. %
Mg-CeVO4, 0.5 wt. % Mg-CeVO4 and 1 wt. % Mg-CeVO4 are
shown. When the pattern of CeVO4 is compared to The
International Centre for Diffraction Data (ICDD) cards, it gets
along with CeVO4 (ICDD: 12–757), crystallized in tetragonal
system with unit cell parameters a¼ 7.399 and c¼ 6.496 Å and
space group I41/and 141. In the XRD pattern of Ca or Mg-doped
CeVO4, CaO and MgO peaks were not detected.

XOR is a molybdenum-containing enzyme, which catalyzes
the hydroxylation reaction on sp2-hybridized carbon centers of a
variety of substrates including purines, aldehydes and other
heterocyclic compounds. There are some studies that present in
the literature about XO inhibition by various compounds such as
flavonoids32. In this study, cerium vanadate compounds inhibition
of XO resulted in a decreased production of uric acid, which was
measured spectrophotometrically31. The XO inhibitory effect of
the cerium vanadate compounds was found to be 0.14–0.2 mM
range as listed in Table 1. As you can see from the results, the new
cerium vanadate compounds also showed a powerful inhibition
when we compare other results in the literature33. Furthermore,
the standard inhibitor of XO (allopurinol) had an IC50 value of
7.4 (±0.07) mM was given in the literature34. In the literature,
there are also some studies about naphthopyrans catalyzed
by silica supported fluoroboric acid as a new class of non
purine XO inhibitors35. Another study is described an approach
for the design and synthesis of 1-acetyl-3,5-diaryl-4,5 dihydro
(1H)pyrazoles as a new class of potential non purine
XO inhibitors36. Furthermore, aza-flavones were designed as
potential XO inhibitors by Dhiman et al.37. Another approach is
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N-(1,3-diaryl-3-oxopropyl)amides as a new template for XO
inhibitors designed by Nepali group as well38.

Conclusion

A more important area in which XO inhibitors clearly need
improvement is the reduction of their side effects. As seen from
the literature, allopurinol does have a number of serious side
effects, and the cellular and molecular mechanisms of these side
effects are incompletely understood. Some recent data indicate
that the renal toxicity of allopurinol is related to impairment of
pyrimidine metabolism35. But the encouraging findings, such as
in this study for having novel series of XO inhibitors, may act an
important role for various therapeutic indications for XO
inhibition.

The goal of this article is to give a critical attempt of the
effects of new type of XO inhibitors and also to review the novel
emerging therapeutic strategies offered by this promising
approach.
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