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ABSTRACT

Introduction: Several herbal medicines have hypouricemic effect due to their antioxidant property and inhibition of xanthine
oxidase. Curcuma longa, known as turmeric, has several medicinal properties. Studies on its hypouricemic property are limited.
This study aimed to determine the hypouricemic property of crude ethanolic extract of C. longa rhizome on potassium oxonate-
induced hyperuricemic mice. Materials and Methods: Twenty male BALB/c mice were randomly assigned into four groups
(n=5). At hour 0, the Vehicle Group (VG) received 0.5 ml of phosphate buffered solution (PBS) intraperitoneally (ip); Negative
Group (NG) received 0.25 ml of PBS and 0.25 ml of potassium oxonate (200 mg/ml) ip; Treatment Group (TG) received similar
dose of potassium oxonate and 0.25 ml of the crude ethanolic extract of C. longa rhizome (300 mg/ml) ip; and the Positive Group
(PG) received similar dose of potassium oxonate and 0.25 ml of allopurinol (300 mg/ml) ip. Four hours later, blood collection was
done and uric acid levels were determined. Statistical analysis done with P-value set at <0.05. Results: Major findings showed
that the mean uric acid level of TG group was significantly lower than the NG group (477.6 + 80.2 vs. 1,875.5 £ 429.5 pumol/l;
P<0.05). The mean uric acid level of TG group was not significantly different when compared with VG (390.5 + 22.7 umol/l) and
PG (325.6 + 44.0 umol/l; P>0.05). Conclusion: These findings showed that the crude ethanolic extract of C. longa rhizome has
hypouricemic potential for pharmacologic application.
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INTRODUCTION dietary factors. This condition leads to different diseases
such as gout and tophaceous gouty arthritis. These clinical
conditions have high prevalence and remain to be the most

common inflammatory arthritic diseases especially among

Uric acid is the product of purine metabolism in the liver of
humans. It is water-soluble and is excreted mainly in the

urine through the kidneys and, to some extent, in the
intestines. It circulates in the plasma in its water-soluble
form as urate due to its high dissociation constant [1].
Hyperuricemia is a condition in which blood uric acid level
is elevated. For males, hyperuricemia is present when serum
uric acid level is > 7.0 mg/dL. For females, the cut-off value
is > 6.0 mg/dL. Hyperuricemia is due to several genetic and

men in the geriatric age group and in post-menopausal
women [2].

In general, hyperuricemia results from an increase in the
activity of xanthine oxidase, which leads to increase
catabolism of purine from exogenous and endogenous
sources and dysfunctional excretion of uric acid in the
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kidneys and intestines [3]. Secondarily, hyperuricemia can
also be due to disease conditions where renal excretion of
uric acid is impaired like nephropathy, chronic renal failure,
cardiac failure and other metabolic diseases. Four important
transport proteins are involved in the secretion and re-
absorption of urate in the proximal tubules of the kidneys: 1)
urate transporter 1 (URAT1), 2) glucose transporter 9
(SLC2A9), 3) ATP-binding cassette, subfamily G2
(ABCG2), and 4) organic anion transporter 1 and 3 (OAT1
and 3). Mutation in these genes can cause impairment of
renal excretion of uric acid leading to elevation of uric acid
in the blood [4-7].

Hyperuricemia and its associated diseases continue to
challenge the medical community with its high health care
cost and its limited therapeutic interventions. The treatment
of mild form of hyperuricemia is only through dietary
restriction of purine-rich foods, which are degraded in the
human body by xanthine oxidase to uric acid. While
moderate to severe forms of hyperuricemia with clinical
sequelae are treated with pharmacologic agent like
allopurinol, which inhibits xanthine oxidase and lowers
blood uric acid level. Being the main pharmacologic
treatment of clinical conditions associated  with
hyperuricemia, allopurinol is widely used to lower blood
uric acid level. However, its use is not without any
complications. It is associated with mild adverse reaction
such as mild hypersensitivity reaction to severe form of
hypersensitivity reaction like Stevens-Johnson syndrome
which could be fatal. Hence, the need for less toxic
alternatives is imperative [2].

Natural products like Curcuma longa, also known as
turmeric or “luyang dilaw”, can be one of the possible
candidates as hypouricemic agent. It is a perennial herb
belonging to the family Zingeberaceae which is widely
distributed in the tropical and subtropical regions of Asia. It
has been reported to have several medicinal properties like
antioxidant, anti-inflammatory, anti-protozoal, tumoricidal
and antimicrobial, purportedly due to its curcurmin content
[8-10]. However, studies regarding its hypouricemic
property are limited in the literature.

Aside from the limited studies in the literature, animal
models for gout are very difficult to replicate. Only
hyperuricemic murine models are commonly used using
potassium oxonate. Unlike humans, rodents can futher
catabolize uric acid to allantoin because they produce
uricase. Selective competitive inhibition of uricase in
rodents by potassium oxonate induces hyperuricemia but not
the more severe clinical sequelae of hyperuricemia such
gout and gouty arthritis where urate crystal deposits become
tophi over a longer period of time. However, potassium
oxonate-induced hyperuricemia in rodents remains to be the
most commonly used pre-clinical model in drug discovery
from both natural and synthetic products as an alternative to
allopurinol which competitively inhibits xanthine oxidase
[11].

However, this model is not effective in simulating the
chronic nature of the clinical diseases associated with
hyperuricemia. The most appropriate use of this model is
only in acute setting of inducing hyperuricemia, which can
be done in several hours or up to seven days of observation.
Even with this limitation, this model is still relevant
especially in determining the probable mechanism of action

of both natural and synthetic products being tested for their
hypouricemic property when compared with the xanthine
oxidase inhibitor, allopurinol. The mechanism of action of
allopurinol as competitive inhibitor of xanthine oxidase is
already well established. It is considered to be the most
effective and commonly used drug to lower blood uric acid
levels in patients with hyperuricemia who are not responsive
in dietary treatment of hyperuricemia and its associated
diseases [12].

Other drugs used in lowering blood levels of uric acids in
hyperuricemic patients do not belong in the group of
xanthine oxidase inhibitors like allopurinol and are not used
commonly due to their renal and gastrointestinal toxicities.
They are called uricosuric drugs because they increase renal
and gastrointestinal excretion of uric acid. These drugs
include probenecid and benzbromorone [13, 14].
Colchicine, a nonsteroidal anti-inflammatory drugs, and
corticosteroids are concommitantly used in hyperuricemic
patients with inflammatory conditions to control the
symptoms of the disease and are not responsible for
lowering blood uric acid level [15].

The medical community is only equipped with limited
pharmacological drugs with considerable safety to lower
blood uric acid level in patients with hyperuricemia. Hence,
this study aimed to determine the hypouricemic property of
crude ethanolic extract of Curcuma longa rhizome on
potassium oxonate-induced hyperuricemic mice.

MATERIALS AND METHODS

This study was approved by the Pamantasan ng Lungsod
Maynila (PLM)-University Research Center and the PLM-
College of Medicine Research Committee after technical
and ethical review for the use of animals in this study. It was
registered with the Research Implementation and
Development Office (RIDO) of the College of Medicine,
University of the Philippines-Manila. The guidelines for
animal care and use for this study followed the Philippines
Association of Laboratory Animal Science. This study used
a post-test only experimental design for animal ethical
consideration.

Plant Material and Extraction

The plant was procured from the Bureau of Plant Industry
(Manila, Philippines). It was sent for taxonomic
authentication at De La Salle University (Manila,
Philippines). The rhizome part of the plant was used for this
study. The rhizome was washed with tap water and dried
with clean cloth. Thin 1-cm slices were prepared and dried
under shade for 7 days. Five hundred grams of dried
rhizome were pulverized with mortar and pestle and soaked
in 95% ethyl alcohol for 48 hours at 4° C. The mixture was
filtered with Whatman'" filter paper no. 5. The filtrate
containing the organic solvent was concentrated using rotary
evaporator (IKA® RV10 Digital, Selangor, Malaysia) under
reduced pressure. The semi-solid residue was placed in glass
container to make a final concentration of 300 mg/ml using
distilled water. The extract was kept at 4° C until further use.

Animal Care and Experimentation

Twenty male BALB/c mice were procured from the Animal
Laboratory of the National Institutes of Health at the
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University of the Philippines-Manila and acclimatized for
two weeks. Standard mice pellets and water were given ad
libitum. The animal care followed the guidelines of the
Philippine Association of Laboratory Animal Science. On
the day of experiment, these mice were randomly assigned
into four groups. At hour 0, Vehicle Group (VG; n=5)
received 0.5 ml of PBS ip; Negative Group (NG; n=5)
received 0.25 ml PBS and 0.25 ml of potassium oxonate
(Sigma® Laboratories, Mumbai, India) with a concentration
of 200 mg/ml ip; Treatment Group (TG; n=5) received
similar dose of potassium oxonate and 0.25 ml of the crude
aqueous ethanolic extract of C. longa rhizome (300 mg/ml)
ip; and the Positive Group (PG; n=5) received similar dose
of potassium oxonate and 0.25 ml of allopurinol (Prinol®,
Hizon Laboratory, Antipolo, Philippines) (300 mg/ml) ip.

RESULTS

This study showed that potassium oxonate was able to
induce hyperuricemia in mice as shown by the mean serum
uric acid level of 1,875.5 £ 429.5 pumol/l in the Negative
Group. The serum uric acid level of the Treatment Group

After four hours, blood collection was done through cardiac
puncture under anesthesia using Ketamine HCI (Etamine®,
International Apex Pharmaceutical, Inc., Pasig City,
Philippines) in combination with Xylazine (Sedazine®, MO,
USA) at 10/0.5 mg/Kg BW. After blood collection, all mice
were sacrificed and properly disposed. Serum was separated
from whole blood by centrifugation at 10,000 rpm. The
serum uric acid levels were determined using the uricase
method (Cypress® Diagnostics, Langdorp, Belgium) and run
using a spectrophotometer (StatFax® Semi-automated
machine, CA, USA). The results were presented in mean +
SD and subjected to statistical analysis using SPSS®
software. Statistically significance was set at P-value of <
0.05.

was significantly lower than the Negative Group (477.6
80.2 vs. 1,875.5 + 429.5 umol/l; P < 0.05) as shown in
Table 1. The mean serum uric acid level of the TG group
was not significantly different when compared with the
Vehicle Group (390.5 £ 22.7 umol/l) and the Positive Group
(325.6 + 44.0 umol/I; P > 0.05).

Table 1:Comparative results of mean serum uric acid levels among the different groups

Groups Mean Serum Uric Acid (pmol/1) P-value
Vehicle Group (VG) 390.5+22.7 > 0.05
Negative Group (NG) 1,875.5 +429.5 <0.05

Treatment Group (TG) 477.6 £ 80.2 <0.05'
Positive Group (PG) 325.6 + 44.0 > 0.05

“VG compared with TG and PG; TG vs. NG; *PG vs. TG and VG

DISCUSSION

The abnormal level of uric acid in the blood, which leads to
hyperuricemia, contributes to the development of many
inflammatory diseases in humans. It causes the deposition of
urate crystals in the development of tophaceous gouty
arthritis. It can cause nephropathy leading to chronic renal
failure. It can also affect the cardiovascular system and
develops into cardiovascular diseases, which may lead to
cardiac failure. It is also associated with various metabolic
diseases. Pharmaceutical drugs are available to decrease the
blood uric acid level with various mechanisms.

These drugs are categorized into: 1) xanthine oxidase
inhibitors  like allopurinol,  oxypurinol, tisopurine,
febuxostat, and topinostat and 2) uricusoric agents like
benzimidazole, benzbromorone, and probenecid. The former
competitively inhibits xanthine oxidase that decreases the
level of uric acid in the blood. The latter increases the
excretion of uric acid in the kidneys and gastrointestinal
tract by up regulation of the expression of uric acid-
associated transport proteins. However, due to safety issues
and adverse reactions of these drugs, the pharmacologic
treatment option for hypeuricemia is limited [16].

Allopurinol is the main choice among the different xanthine
oxidase inhibitors. Due to its severe adverse drug reactions,

research on natural products with hypouricemic property is
being advocated [17].

This study used the model of inducing hyperuricemia
through intraperitoneal administration of potassium oxonate
in mice. The various treatments in the research experiment
were likewise through the intraperitoneal route. Although,
oral administration would be the best route to simulate the
oral administration of these drugs like allopurinol and plant
extracts in humans, we used the intraperitoneal route for
easy and standard method of inducing hyperuricemia using
potassium oxonate in an acute setting using mice model.
The bioavailability may be different when given orally.
Intraperitoneal injection remains an easy and reliable
method for inducing hyperuricemia in murine models. It can
also be used for screening of various products for
hypouricemic property exploratory experimental studies.

Flavonoids from C. longa and most plants are one of the
groups of phytochemicals that provide antioxidant
properties of most plant-based sources. In a study by
Sarawek et al., flavonoids show significant inhibition of
xanthine oxidase in an in vitro experiment. However, in an
in vivo study, oral administration of various phytochemicals
in semi-pure form like flavonoids among others shows no
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hypouricemic property using a murine model of
hyperuricemia [18]. Flavonoids and other antioxidant
phytochemicals undergo extensive metabolism in the
intestine and liver. This results in the inability of these
phytochemicals to lower serum uric acid level [19]. The use
of intraperitoneal route avoids the possible decrease in
bioavailability of phytochemical in crude extract form in
studies involving hypouricemic property using potassium
oxonate-induced hyperuricemia in murine models.

In this study, the crude aqueous ethanolic extract of
Curcuma longa rhizome was shown to have a hypouricemic
property comparable with allopurinol, which could be used
as a potential alternative in the treatment of hyperuricemia.
Although the mechanism of action of allopurinol is well
understood, the mechanism by which the crude aqueous
ethanolic extract of Curcuma longa rhizome cannot be
ascertained to the inhibition of xanthine oxidase as being the
enzyme target of allopurinol. Numerous studies on various
natural products coming from plants and plant-derived
products have hypouricemic property.

Highly purified bioactive compounds from these plants
show competitive inhibition of xanthine oxidase enzyme in
both and in vitro and in vivo studies. However, these natural
products are not being used in clinical practice except for
some compounds, which are incorporated or are used as
single formulation in supplements. These products claim to
lower uric acid level in hyperuricemic patients but they are
categorized as adjuncts or food supplements with no
approved therapeutic claims. Most of these natural products
report that the uric acid lowering property is secondary to
the antioxidant property of these products which are mostly
plant-based or derived from various plants [16].

Phytochemical screening of various extracts of Curcuma
longa rhizome shows the following groups of compounds:
1) alkaloids, 2) tannins and phenols, 3) proteins, 4)
flavonoids, 5) steroids and triterpenoids, 6) glycosides, and
7) carbohydrates. Several studies also identified the primary
bioactive compounds present in Curcuma longa rhizome.
These include: 1) a-phelandrene, 2) sabinene, 3) cineol, 4)
borneol, 5) zingiberene, 6) sequiterpenes, and 7) curcumins.
The most active group of primary bioactive compounds and
the most extensively studied are the curcumins. Several
curcumins are reported in the literature.

These include: 1) curcumin, 2) demethoxycurcumin, 3)
bisdemethoxycurcumin, and 4) bisabocurcumin.

These studies show that the antioxidants present in Curcuma
longa, especially its curcumin content, are reported to be the
most important bioactive compounds. They are responsible
for the purported medical properties of the plant. Studies
using plant-based products tested for hypouricemic property
show that the uric acid lowering effect is due to its
antioxidant property [11, 20-23]. This could be the reason
for the observed blood uric acid lowering property of the
crude ethanolic extract of Curcuma longa used in this study,
which contains significant amount of flavonoids and
curcumins.

In a published US patent involving the rhizome of Curcuma
longa, crude ethanolic extract using 40% ethanol shows the
highest inhibition of xanthine oxidase as compared with
60% and 100% ethanol using an in vitro assay. It also shows
significant lowering of blood uric acid level accompanied by

decrease in blood levels of superoxide radical and hydrogen
peroxide [22]. These findings suggest that antioxidant may
play a role in inhibiting the action of xanthine oxidase by
hypouricemic agents. Although the mechanistic pathway on
how the antioxidant property of Curcuma longa inhibits
xanthine oxidase is unclear, it is possible that the antioxidant
property affects the enzymatic activity of xanthine oxidase.
Uric acid is not just an excretory product of purine
metabolism. It is also considered to be both antioxidant and
pro-oxidant in the balance of oxidative environment in the
body. At lower or normal levels, uric acid is considered
antioxidant. While at high or abnormal level, it is pro-
oxidant promoting oxidative stress, which underlies the
development of various cardiovascular diseases secondary
to hyperuricemia [23].

In mammals, xanthine oxidase, also known as xanthine
oxidoreductase, catalyzes the last two steps in the
catabolism of purine bases to uric acid. The xanthine
dehydrogenase form of xanthine oxidoreductase enzyme
especially in the liver acts upon this reaction. This also can
be easily converted to xanthine oxigenase by the oxidation
of the sulfhydryl residues and/or proteolysis in the non-
hepatic tissues and in the blood, which catalyzes the same
reaction. However, the action of xanthine oxidoreductase in
these sites produces reactive oxygen species (ROS) like
superoxide dismutase and hydrogen peroxide. The
production of these ROS is mostly due to the activity of
xanthine oxidase form of the xanthine oxidoreductase
enzyme. Superoxide dismutase and peroxidase enzymes in
normal physiologic condition can neutralize these ROS.

This allows the balance between the activity of xanthine
oxidase form in non-hepatic tissues and blood and the
activity of xanthine dehydrogenase form in hepatic tissue. In
hyperuricemia, a vicious cycle is created by a high level of
uric acid. It increases the activity of xanthine oxidase form
of the enzyme, which keeps the level of uric acid at an
abnormal value. In the presence of antioxidant compounds
like flavonoids and curcumin in the Curcuma longa, the
xanthine dehydrogenase form of the enzyme in hepatic
tissue and the xanthine oxigenase form in non-hepatic
tissues and in the blood become less active. Thus, the
formation of uric acid or hyperuricemia is prevented [24].

In conclusion, this study showed that the crude ethanolic
extract of Curcuma longa rhizome has hypouricemic
property in potassium oxonate-induced hyperuricemic mice
similar to allopurinol, a known xanthine oxidase inhibitor,
used to treat hyperuricemia and its associated clinical
diseases. This plan-based product can be used in the
research and development of hypouricemic drugs for natural
products, which are inexpensive, and with high safety
profile.
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