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ABSTRACT

Objective: This study aimed to investigate the effect of onion (Allium cepa var. aggregatum G. Don) on serum uric acid level and total antioxidant status
of normal and induced hyperuricemic rats.

Methods: A total of 36 male Sprague-Dawley rats were divided equally into six groups, and 250 mg/kg of potassium oxonate was injected
intraperitoneally on day 1, 3, and 7 to induce hyperuricemia in rats. 7 d consecutively of treatment were given to the rats by oral gavage. Serum uric
acid level was measured 2 h after the induction on day 1, 3, 7, and 14. Blood plasma was obtained at day 14 to measure its total antioxidant status. The
rats were sacrificed by taking out their liver and kidney for histopathological evaluation.

Results: The results showed that onion juice lowered the serum uric acid level in dose-dependent manner. The highest dose (10.5 g/kg/day) appeared
to possess the inhibitory effect almost similar to allopurinol. There was an increase in total antioxidant status in a hyperuricemic group treated with
onion juice compared to control groups but insignificant. By viewing the histological profile, onion showed to have a protective effect toward the liver
damage by hyperuricemia. However, this was not happened in kidney.

Conclusion: Onion lowered the serum uric acid level, but its protective effect toward liver and kidney remained ambiguous. Further investigation with

the increase of parameters and inclusion of analytical test of bioactive compound in red onion is recommended for the future studies.
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INTRODUCTION

Uric acid is the end product of purine metabolism where in this
reaction, purine nucleic acids are metabolized into hypoxanthine
which subsequently converted into uric acid, catalyzed by xanthine
oxidase (X0). The increase of uric acid production in blood or decrease
of renal excretion of uric acid from the body leads to a life-threatening
metabolic complication known as hyperuricemia [1]. High purine diet
such as anchovies, various types of seafood, internal organs, and meat
may contribute to the elevation of uric acid levels in the body which
eventually cause a medical disorder known as gout [2]. Currently,
Asian population and people of the Pacific Island are having a higher
prevalence of gout [3] where the increasing of prevalence of gout in
Asia countries is now approaching western levels. The incidence of gout
has doubled and continues to increase over the past two decades [4].
In fact, the risk of gout in male is significantly higher than female
with the ratio of 9:1. However, the prevalence seems to increase in
postmenopausal women [5]. Gout consists of four stages; asymptomatic
hyperuricemia, acute gout, intercritical gout, and chronic tophaceous
gout [6]. This condition can be treated by lowering the serum uric acid
level and depleting the body urate pool [2]. There are few types of
drugs commonly used for treating gout such as allopurinol, febuxostat
(XO inhibitors), probenecid, sulfinpyrazone, and benzbromarone
(uricosuric drugs) [7], but these drugs may give side effects to our body.
Hence, the search for novel antigout agent from the plant is greatly
needed as an alternative medicine.

Onion (Allium cepa) possesses various phytochemicals such as flavonoid
(quercetin) and phenolic which can be used as pharmaceuticals and
nutraceuticals [8]. Onion is considered to be associated with the

reducing risk of stomach, brain, and liver cancer in humans [9] and also
inhibiting platelet-mediated thrombosis which eventually leads to heart
attacks and strokes. Typically, darker color of vegetables like red onion
possesses higher nutrient content [10]. Many studies also showed that
red onion contained higher antioxidant activity as compared to white
and yellow onions [11,12]. By considering the presence of various
phytochemicals in onion, hence, this study aimed to investigate the effect
of red onion (A. cepa var. aggregatum G. Don) on serum uric acid level
and total antioxidant status in normal and induced hyperuricemic rats.

MATERIALS AND METHODS

Chemicals and reagents

Allopurinol (MHRA, UK), potassium oxonate, 10% buffered
formaldehyde, paraffin, metmyoglobin, hydrogen peroxide (Sigma
Aldrich, USA), and hematoxylin and eosin (Thermo Fisher Scientific,
USA).

Preparation of onion juice

The onion was bought from Grand Union Supermarket, Serdang and
identified by the Institute of Biosciences, Universiti Putra Malaysia
(UPM/IBS/UB/H125-13). Then, the outer layer and any inedible outer
portions of onion were removed and the remaining edible portions
were weighed and blended in distilled water with the ratio of 1:1 w/v.
The freshly prepared onion juice was administered to each animal by
oral gavage [13].

Experimental animal
A total of 36 male Sprague-Dawley rats with an average weight of 250-
300 g were used in this study with the approval of Institutional Animal
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Care and Use Committee (UPM/IACUC/FYP-2013/FPSK.R067). They
were housed in three separate cages at the animal house of Faculty of
Medicine and Health Sciences, UPM, and allowed for acclimatization
before the experiment for 7 d, 12 h light/dark cycle at 22 °C and relative
humidity of 50-60%. The rats were fed with standard laboratory diet
and allowed for water ad libitum.

Induction of hyperuricemia

The induced hyperuricemia rats were used to study the
antihyperuricemic effects of test compounds [14]. 250 mg/kg of
potassium oxonate (uricase inhibitor) was dissolved in 0.9% saline
solution and administered intraperitoneally to each rat on day 1, 3, and
7 of the experiment [13].

Experimental design and treatment of animals

A total of 36 rats were divided into six equal groups; normal control,
hyperuricemic control, hyperuricemic treated with 5 mg/kg/day
allopurinol, hyperuricemic treated with 3.5 g/kg/day onion juice,
hyperuricemictreated with 7.0 g/kg/day onion juice, and hyperuricemic
treated with 10.5 g/kg/day onion juice. The experiment was carried
Out for 7 d consecutively [13]. Water, allopurinol, and onion juice were
given to the rats once daily by oral gavage. Potassium oxonate and
allopurinol were dispersed in 0.9% saline solution, respectively, before
administered to the animals. The volume of drugs and test compounds
administered was based on the body weight of the rats which measured
immediately before each dose. The food was withdrawn from the
animals 1 h before administration [15].

Determination of serum uric acid level

Approximately 500 pl of whole blood sample was taken out from each
rat after the administration of test compounds by cutting the tail tip 2 h.
The blood sample was centrifuged at 3000 rpm for 10 min to obtain
the serum [13], and the serum uric acid level was determined using an
automated analyzer.

Determination of total antioxidant status

Randox selectra E chemical analyzer was used to test the total
antioxidant status. About 3 ml of blood sample was drawn by cardiac
puncture and placed into lithium heparin tubes. Then, the blood sample
was centrifuged at 3000 rpm for 10 min at 3 °C using a refrigerated
centrifuge and stored at -80 °C to obtain the plasma until further analysis.
The 2,2’-Azino-di-[3-ethylbenzthiazoline sulfonate] radical cation was
formed by incubating it with metmyoglobin and hydrogen peroxide.
The blue-green production of 2,2’-Azino-di-[3-ethylbenzthiazoline
sulfonate] in proportion to their concentration was formed to show
the presence of the antioxidant in the plasma. The bleaching rate was
inversely related to the total antioxidant capacity of the sample. The
antioxidant was measured using spectrophotometer at 600 nm.

Liver and Kidney histology of normal and induced hyperuricemic
rats

Rats were sacrificed by cervical dislocation, and then, midline laparotomy
was performed. The liver and kidney of two representative rats from
each group were excised. The excised liver and kidney specimens from
the rats in all groups were fixed in 10% buffered formaldehyde for 24 h,
and the specimens were embedded in paraffin after 16 h of alcohol
process. 5 pm thick sections of the specimens were obtained from the
paraffin blocks and stained with hematoxylin and eosin. The slides were
then examined under a light microscope [16]. The histological changes
were analyzed using the lesion scoring system for chronic hepatitis
where five spots were chosen and observed for each rats [17,18].

Statistical analysis

The results were expressed as mean * standard deviation, n=6. The
statistical comparison of serum uric acid level and total antioxidant
status among groups was performed by one-way analysis of variance
(ANOVA). Serum uric acid level before and after treatment was tested
using paired sample t-test of Statistical Package for the Social Sciences
(SPSS) version 21.0. p < 0.05 was considered statistically significant.
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RESULTS AND DISCUSSION

Serum uric acid level in normal and hyperuricemic groups before
the treatment.

Most of the mammals except man possess the uricase enzyme which
important in eliminating uric acid in the body by catalyzing the
conversion of uric acid to allantoin (more soluble) [19]. To induce
hyperuricemia in an animal model, the uricase must be blocked to
inhibit the formation of allantoin. Potassium oxonate, a uricase
inhibitor, is employed frequently in various studies to develop
hyperuricemic animal model. As expected, the serum uric acid level
of the hyperuricemic groups increased significantly as compared to
the normal control group after pretreated with 250 mg/kg potassium
oxonate at day 1, 3, and 7 of the study (Fig. 1). This result indicated
that the rats were successfully induced to be hyperuricemic by
intraperitoneal injection of 250 mg/kg potassium oxonate. The
outcome was in line with a study by Haidari et al. [13] which also
successfully induced hyperuricemia in rats using the same method. In
contrast, another study also used an intraperitoneal injection of the
same dose of potassium oxonate to induce hyperuricemia. However,
the induction period in this study was doubled as compared to the
previous study [20]. Apart from an intraperitoneal injection, there
were few studies used different methods to induce hyperuricemia
using potassium oxonate. Schwartz et al. [21] induced hyperuricemic
in rats by the method of oral gavage (750 mg/kg/day for 4 weeks)
and the dosage used was three-fold of the dosage in this study.
However, the serum uric acid after 4 weeks of induction was only 1.7
+ 0.2 mg/dl although this value increased significantly as compared
to the normal rats. Besides, other study also used oral gavage method
with the same amount of potassium oxonate for 4 w consecutively
[22]. The serum uric acid increased significantly as compared to its
normal group, but still, the value obtained after 4 weeks was lower
than the serum uric acid level after induced by intraperitoneal
injection in this study with 3.1 + 0.5 mg/dl. From this comparison,
an intraperitoneally injection might be more effective than oral
administration to induce hyperuricemia in a shorter period.

Serum uric acid level in normal and hyperuricemic groups before
and after the treatment

After 7 d of treatment consecutively, serum uric acid level of
hyperuricemic group received 5 mg/kg/day of allopurinol decreased
significantly after the treatment. This result was possible as allopurinol
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Fig. 1: Serum uric acid level in normal and hyperuricemic
groups at day 1, 3, and 7 after induction with 250 mg/kg
potassium oxonate before treatment. Data represented
as mean * standard deviation, n=6. For statistical
significance, least significant difference test was used.
*Indicates p<0.05 as compared to the serum uric
acid levels of normal groups. NC: Normal Group; HC:
Hyperuricemic control; HA: Hyperuricemic+5 mg/kg/day
allopurinol; HO1: Hyperuricemic+3.5 g/kg/day; HO2:
Hyperuricemic+7.0g/kg/day; HO3:Hyperuricemic+10.5g/kg/day

179



Rahmat et al.

(xanthine inhibitor) was the first-line pharmacologic urate-lowering
therapy in the management of gout [23] and frequently used as
a positive control in the animal study of hyperuricemia. Previous
studies also showed that the serum uric acid level in hyperuricemic
rats reduced after receiving 5 mg/kg/day of allopurinol [15,24,25].
Besides allopurinol, serum uric acid of hyperuricemic group treated
with three different doses of onion juice also reduced significantly in
dose-dependent manner after the treatment (Fig. 2). This finding was in
agreement with Haidari et al,, [13] of which 3.5 g/kg/day onion was able
to reduce serum uric acid level in rats as well as 7.0 g/kg/day of onion
juice. In this study, a higher dose of onion juice (10.5 g/kg/day) was
given to the hyperuricemic rats, and the serum uric acid level appeared
to decrease more than the moderate dose (7.0 g/kg/day). This finding
was further confirmed the dose-dependent manner of reduction in
serum uric acid level of hyperuricemic group. The results obtained from
this study also supported the finding from Haidari et al. [13] where
the hypouricemic effects of onion juice might be due to the presence
of flavonoids which exerted inhibitory effects on XO and xanthine
dehydrogenase enzyme activities. The main subclasses of flavonoids
present in onions are flavonols and anthocyanins while quercetin
3,4’-diglucoside and quercetin 4’-monoglucoside are the main flavonols
found in onion [26]. These components are believed to be associated
with the reduction of uric acid in the blood. In contrast, Hu et al. [27]
suggested that the ability of quercetin to exert uricosuric effect and
promoted the renal excretion of uric acid was the main mechanism led
to the reduction of serum uric acid level in hyperuricemic rats. Vitamin
C which found highly in onion might be associated to the lowering of
serum uric acid. A study also showed that Vitamin C supplementation
was able to reduce serum uric acid level [22]. The ability of Vitamin C to
exert the uricosuric effect by competition for renal reabsorption of uric
acid through an anion exchange transport system and also increase of
glomerular filtration rate is the possible mechanisms in lowering the
uric acid level [28].

Serum uric acid level in hyperuricemic groups after the treatment
After the treatment, the final serum uric acid level was measured.
The serum uric acid level of the hyperuricemic groups treated with
the highest dose of onion juice was almost similar to the allopurinol
treatment. Based on Fig. 3, it showed that 10.5 g/kg/day of onion
juice might be potentially used as a substitution of allopurinol in the
management of gout. Purwantiningsih et al. [29] also reported that
the antihyperuricemic activity of the ethanol (60.86-78.33%) and
hexane extracts (78.23-88.52%) of Kepel leaves were almost similar to
that of allopurinol (50.82-91.16%) at the end of day post-treatment.
Higher dose of allopurinol contributes to some health benefits such
as improves the endothelial function, cardiac structure, and reduces
blood pressure [30,31]. This implies higher dose of allopurinol may
reduce the risk of getting cardiovascular disease. However, there are
few previous evidences suggest that allopurinol gives side effects to our
body. A retrospective study by Lee et al. [32] postulated that there was a
case of allopurinol hypersensitivity syndrome. Although approximately
1% of patients were affected, still, this could be fatal. On top of that,
Halevy et al. [33] revealed that allopurinol consumption contributed to
a few diseases such as Stevens-Johnson syndrome and toxic epidermal
necrolysis. Hence, onions are suggested to be one of the natural
substitutions of allopurinol with fewer side effects.

Total antioxidant status of normal and hyperuricemic groups after
the treatment

In this study, the total antioxidant status of hyperuricemic control
group was lower than the normal control group (Fig. 4). This finding
supported a study by Haidari et al. [13] where high serum uric acid
level lowered the total antioxidant status of rats. Interestingly, there
are few studies suggest that uric acid plays a role of antioxidant in the
body. Study by Naghavi et al. [34] postulated that uric acid exhibited
its antioxidant properties in the early stages of atherosclerotic process.
However, when the serum uric acid in the body increased beyond the
reference normal range, the antioxidant state will be reversed into
a prooxidant state in later stages of the atherosclerotic process. In
addition, uric acid displayed good antioxidant properties as it accounted
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Fig. 2: Serum uric acid level in normal and hyperuricemic
groups before and after treatment. Data represented as
mean * standard deviation, n=6. For statistical significance,
paired sample t-test was used. *Indicates p<0.05 when
compared to the serum uric acid levels in all groups before
treatment. NC:Normal Group; HC: Hyperuricemic control;

HA: Hyperuricemic+5 mg/kg/day allopurinol; HO1:
Hyperuricemic+3.5 g/kg/day; HO2: Hyperuricemic+7.0 g/kg/day;
HO3: Hyperuricemic+10.5 g/kg/day)
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Fig. 3: Serum uric acid level in hyperuricemic groups after
treatment. Data represented as mean * standard deviation,
n=6. For statistical significance, least significant difference
test was used. *Indicates p<0.05 when compared to the serum
uric acid levels of hyperuricemic control group; #indicates
p<0.05 when compared to the serum uric acid levels of
hyperuricemic+5 mg/kg/day allopurinol group. NC: Normal
Group; HC: Hyperuricemic control; HA: Hyperuricemic+
5 mg/kg/day allopurinol; HO1: Hyperuricemic+
3.5 g/kg/day; HO2: Hyperuricemic+7.0 g/kg/day;
HO3: Hyperuricemic+10.5 g/kg/day)
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Fig. 4: Total antioxidant status in normal and hyperuricemic
groups after treatment. Data represented as mean * standard
deviation, n=6. For statistical significance, least significant
difference test was used. There were no any significant
differences among groups. NC: Normal Group; HC: Hyperuricemic
control; HA: Hyperuricemic+5 mg/kg/day allopurinol; HO1:
Hyperuricemic+3.5 g/kg/day; HO2: Hyperuricemic+7.0 g/kg/day;
HO3: Hyperuricemic+10.5 g/kg/day)
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for almost half of the antioxidant capacity of human plasma. In this
study, onion increased the total antioxidant status in hyperuricemic
rats more than those treated with allopurinol after the treatment. This
finding was in line with Haidari et al. [13] where the total antioxidant
status of the hyperuricemic rats increased after receiving 5 g/kg/day
of onion for 2 w. Onion is a well-known antioxidant-rich raw vegetable.
The intense color vegetables such as red onion and red cabbage were
found to contain a higher value of antioxidant activity compared to
other vegetables [35]. The same result also was reported by Gorinstein
et al. [36] where red onion appeared to contain the highest antioxidant
activity in methanol extracts compared to garlic, green peppers, white
cabbage, and white and yellow onion. Thus, it is believed that the
consumption of red onion increases the total antioxidant status of rats.

Histological changes in normal and hyperuricemic groups after
the treatment

The histological changes were observed in the liver and kidney of the
hyperuricemic control group as compared to the normal control group
after the treatment in this study. The induced hyperuricemic caused
damage to the liver and kidney and interrupted their function in the
body. According to Liu et al. [37], excessive reaction oxygen species
(ROS) caused the tissue damage, and cell death of which the main
chemical contributed to the production of ROS was X0 which eventually
generated superoxide anions in the conversion of hypoxanthine to
xanthine. A cohort study by Petta et al. [38] on patients with histological
diagnosis of non-alcoholic fatty liver disease revealed an independent
association between hyperuricemia and the severity of liver damage.
This current study using histological method further confirmed that
hyperuricemia caused damage to the liver. Allopurinol seems to greatly
reduce the histological changes in a hyperuricemic group as it plays a
role as XO inhibitor by blocking the activity of XO and inhibiting the
production of ROS which can reduce the liver damage [37]. Moreover,
the ability of allopurinol in reducing liver damage is due to its
antioxidant, anti-inflammatory, and antifibrotic properties [39]. The
main finding in this histological observation was that onion juice was
able to attenuate the histological changes in liver, although the effect
was not as effective as allopurinol (Fig. 5). This result was in agreement
with Gorinstein et al. [40] on the effect of raw vegetable-supplemented
diet on liver changes in rats fed cholesterol as diet supplemented with
500 mg/kg of raw onion showed to have a protective effect toward
liver damage. Quercetin was believed to be the responsible component
in eliminating the ROS and increasing of antioxidant activity in the
organism. This was the possible mechanism led to the improvement
in liver damage when the hyperuricemic rats were treated with onion
juice. Apines-Amar et al. [41] revealed that dietary supplementation
of onion was able to reduce stress and imparted protective effects
on kidney and liver tissues in brown-marbled grouper. In the kidney,
hyperuricemia may induce renal vascular damage. A condition of
mild hyperuricemia is related to the diminish in renal blood flow and
increase the renal vascular resistance, regardless the level of arterial
pressure, and glomerular filtration rate. This is believed to be the
underlying mechanism between hyperuricemia and renal damage [42].
Interestingly, the effect of onion juice on kidney histological profile of
hyperuricemic group was not significant as compared to hyperuricemic
control group as in Fig. 6. This finding was not in agreement with other
previous studies. A study by Suru [43] postulated the ability of onion
to restore the renal damage induced by cadmium in a significant dose-
dependent manner. The significant decreased in lipid peroxidation and
glutathione-S transferase activity and increased of renal glutathione,
superoxide dismutase, catalase, and Na+/K+ - ATPase activity in rats
after received onion further confirmed the protective effect of onion.
Another study revealed the antioxidant-rich fresh onion juice was able
to decrease cell injury such as apoptosis in tubular and nephrons in rats
infected by Toxoplasma gondii [44]. Moreover, Kensara [22] suggested
the antioxidant action of high content of Vitamin C in onion in protecting
renal damage. However, this protective effect of renal damage was not
observed in this study. This might be due to different species of onion
used and different doses of onion juice received by the animal. The
findings of this study regarding the protective effects against liver and
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Fig. 5: Histological changes in liver of representative rats
of each group (H and E, x100). (a) Normal control group:
Showing normal liver morphology; (b) hyperuricemic control
group: Showing apoptosis, some ballooning of hepatocytes,
and congestion of blood vessels; (c) hyperuricemic+5 mg/kg/
day allopurinol: Histological changes had greatly reduced; (d)
hyperuricemic+3.5 g/kg/day onion juice: >50% ballooning of
hepatocyte and congestion of blood vessels were clearly seen;
(e) hyperuricemic+7.0 g/kg/day onion juice: Showing a slight
reduction in ballooning of hepatocyte and congestion of blood
vessels; (f) hyperuricemic+10.5 g/kg/day onion juice: Ballooning
of hepatocytes and congestion of blood vessels were greatly
reduced

kidney were not conclusive as no oxidative stress markers had been
studied.

CONCLUSION

Onions were able to reduce serum uric acid level in induced
hyperuricemic rats in a dose-dependent manner where the highest
dose of onion appeared to have the inhibitory effect almost similar to
allopurinol, the most common pharmacological drug used to reduce
uric acid level. At the same time, onions increased the total antioxidant
status of hyperuricemic rats. Although the value was not significant
enough to prove the antioxidant ability of onion in this study, there
were other previous studies reported this characteristic of onion.
Interestingly, onions were able to restore the liver damage caused by
hyperuricemia but not in kidney and the underlying mechanism led to
this result were still unclear. Thus, the protective effect of onion toward
liver and kidney was inconclusive as there was no other oxidative stress
marker to measure the lipid peroxidation and it remained speculative
whether the antioxidant action of onion may have a protective effect
against liver and kidney damage induced by hyperuricemia.
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Fig. 6: Histological changes in kidney of representative rats of
each group (H and E, x100). (a) Normal control group: Showing
normal structure of capsule; (b) hyperuricemic control group:
>50% decrease in the Bowman'’s space with congestion of blood
vessels; (c) hyperuricemic+5 mg/kg/day allopurinol: Showing
normal structure of Bowman’s space, but still, there were
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3.5 g/kg/day onion juice: About 50% of the Bowman'’s capsule
decrease in its Bowman'’s space with congestion of blood vessels;
(e) hyperuricemic+7.0 g/kg/day onion juice: The histological
changes were almost similar to hyperuricemic control group;
(f) hyperuricemic+10.5 g/kg/day onion juice: The histological
changes were almost similar to hyperuricemic control group
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