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Introduction: Hyperuricemia is an abnormally high quantity of uric acid in the blood. Allopurinol is a type of xanthine
oxidase inhibitor commonly used to lower uric acid levels in the general population. However, large doses of allopurinol can
produce harmful effects, one of which being hepatotoxicity. The antioxidant activity of beetroot powder is high, and it has
an antihyperuricemic effect. Giving beetroot powder and allopurinol together is intended to minimize allopurinol’s adverse
effects and give a positive increase in lowering uric acid levels. This study aims to evaluate the anti hyperuricemia effect of
beetroot powder (Beta vulgaris L.) and allopurinol combination in white rats (Rattus novergicus strain Sprague Dawley) induced
by potassium oxonate.
Methods: This an experimental study with a randomized pre and post-test control group design. In this experiment, twenty
rats were placed into four treatment groups; KP = Positive Control (hyperuricemic rats) + standard feed and drink; G1
= hyperuricemic rats + allopurinol 1,8 mg/Kg BW/day); G2 = Hyperuricemic rats + beet powder 1.56 g/Kg BW/day; G3 =
hyperuricemic rats + allopurinol 1,8 mg/Kg BW/day and beetroot powder 1,56 g/Kg BW/day. On day 0 and day 28, the amounts
of uric acid were measured. Data obtained were analyzed using SPSS version 23 for windows.
Results: The mean pre-post changes in uric acid levels in each group were KP = 8.97 ± 0.48 mg/dl, G1 = 2.06 ± 0.15 mg/dl, G2
= 2.24 ± 0.10 mg/dl, and G3 = 2.11 ± 0.86 mg/dl. The mean pre-post changes in MDA levels in each group were KP = 8.14 ±
0.39 nmol/mL, G1 = 2.01 ± 0.38 nmol/mL, G2 = 3.13 ± 0.30 nmol/mL, and G3 = 2.35 ± 0.19 nmol/mL.
Conclusion: Beetroot powder and allopurinol combination given for 28 days significantly reduced uric acid and MDA levels in
potassium oxonate-induced white rats.
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INTRODUCTION
In Indonesia, hyperuricemia is estimated
to affect 1.7 percent of the population. This
number can increase with age.1 According
to Riskesdas (2018), Riskesdas common
illness affects 45 percent of people aged
55 to 64, 51.9 percent of people aged 65 to
74, and 54.8 percent of people aged 75 and
above.2 The prevalence of common illness
is 7.3 percent based on health worker
diagnoses and 24.7 percent based on
symptoms. Hyperuricemia is common in
men, with a prevalence of 17.7 percent and
5.2 percent in women. Men lack estrogen,
the hormone which aids in the excretion of
excess uric acid through the urine. Women
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are more susceptible to hyperuricemia as
they age because the menopausal phase
decreases the production of the hormone
estrogen.3
In humans, uric acid is the result of
purine metabolism. Uric acid is made by
the enzyme Xanthine Oxidase (XO), which
catalyzes the last two steps of the uric
acid conversion, namely the conversion
of hypoxanthine to xanthine and the
formation of uric acid.4 Elevated uric
acid can induce oxidative stress and ROS
(Reactive Oxygen Species) production in
vascular endothelial cells. Massive ROS can
upregulate IL-6, and TNF-α expression.5
Uric acid is positively correlated with
Malondialdehyde.6
Malondialdehyde

(MDA) is a lipid peroxidation product
that may be easily identified in blood or
plasma and is used as an oxidative stress
indicator.7,8 According to a study by Zhou
et al. (2018), people with hyperuricemia
have greater MDA and lower SOD levels
than healthy people.9
Allopurinol is a XO inhibitor frequently
used by the public to lower uric acid levels.
Treatment failure is reported in 25-50
percent of patients with hyperuricemia
due to a suboptimal response to the drug at
the recommended dose, failure to tolerate
side effects or contraindications.10 The
most common side effects of allopurinol
are gastrointestinal intolerance and skin
rashes.11 Another treatment and therapy
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option for hyperuricemia is dietary
management, which includes consuming
antioxidant-rich foods. Beetroots contain
betacyanin pigments, which give them a
purplish red color. Betacyanin is a betalain
derivative that belongs to the flavonoid
family and has been shown to have potent
antioxidant properties. Several studies
have reported that antioxidants have an
antihyperuricemic effect.1,12,13
Based on the previous explanation, the
purpose of this study is to evaluate the
anti-hyperuricemic potential of beetroot
powder (Beta vulgaris L.) and allopurinol
combination in white rats (Rattus
novergicus strain Sprague Dawley) induced
by potassium oxonate. The animal model
used in this is rats because the genetic,
biological and behavioral characteristics
of rats are similar to those of humans.

METHOD
This research was experimental research
with pre and post-test design using
control group design. The rats were kept
in the House of Experimental Rats CFNS
Central Laboratory of Food and Nutrition,
PAU, Universitas Gajah Mada, Yogyakarta.
The animal model used in this experiment
was male rats (Rattus novergicus) strain
Sprague-Dawley. Male rats were chosen
because they lack the estrogen hormone.
The estrogen can aid in the excretion of
uric acid through the urine, resulting in
normal uric acid levels.14
This research involved several stages,
namely the production of beetroot
powder, the screening for antioxidant
content, the creation of hyperuricemia
rat models, the intervention, and the
measurement of uric acid and MDA levels
before and after treatment. The beetroots
used were six weeks old when harvested.
The production of beet powder started
with sorting, trimming, washing, size
reduction, drying, milling, and 80 mesh
sifting.
The hyperuricemia rat model was
created by injecting 250 mg/kg BW/day
potassium oxonate intraperitoneally for
14 days.15 The Federer formula was used
to determine the number of minimal
samples needed in this research. Twenty
hyperuricemic rats were randomized
and then divided into four groups, with
five rats in each group. KP = Positive

Control (hyperuricemic rats) + standard
feed and drink; G1 = hyperuricemic rats
+ allopurinol 1,8 mg/Kg BW/day); G2
= Hyperuricemic rats + beet powder
1.56 g/Kg BW/day; G3 = hyperuricemic
rats + allopurinol 1,8 mg/Kg BW/day
and beetroot powder 1,56 g/Kg BW/
day. Allopurinol, commonly used by the
public, is a tablet with a dose of 100 mg.16
The dose conversion from a human (70
kg) to a rat (200 g) was 0,018. The dose
of allopurinol given to rats was: 100 mg x
0,018 = 1,8 mg/kg body weight /day. The
administration of allopurinol and beetroot
powder was intervened through a gastric
probe once a day. The treatment was given
for 28 days every 09.00 to 10.00 a.m.
The uric acid levels were examined
using uric acid reagent FS TBHBA. The
TBARS (Thiobarbituric acid reactive
substance) was used to measure MDA
levels. Examination of uric acid levels
and MDA were carried out three times
(before induction, after induction/day
0 of intervention and day 28 following
intervention). Data collected then
analyzed using SPSS ver.23 for windows.
The research was conducted at UGM’s
Central Laboratory of Food and Nutrition
Studies, with certification number:
ISO/IEC
17025:2000.
Magnesium
Table 1.

and calcium levels were tested at the
Analytical Chemistry Laboratory, Faculty
of Mathematics and Natural Sciences,
Universitas Gadjah Mada; testing for total
phenolic, antioxidant activity, and vitamin
C was carried out at the Food Technology
and Agricultural Products Laboratory,
Faculty of Food Technology, Universitas
Gadjah Mada. This research has obtained
permission from the Research Ethics
Board, Faculty of Medicine, Universitas
Sebelas Maret, with number: 468/
UN27.06/KEPK/EC/2019.

RESULTS
Screening for Nutrient Content of
Beetroot Powder
Beetroot powder was tested for antioxidant
and mineral content to obtain supporting
data. The results for antioxidant and
mineral content are listed in Table 1.
Uric Acid Levels in Hyperuricemia Rats
Model
Before and after induction, the
measurement of uric acid levels aims to
determine the effect of potassium oxonate
on changes in uric acid levels in rats.
The mean uric acid levels increased
significantly (p < 0.05) before and after

Antioxidant and mineral content of beetroot powder

Antioxidant and mineral content

Result

Ca

4149,070 ppm

Mg

3131,938 ppm

Total phenolic

34,02 mg GAE/gr

Antioxidant activity DPPH

67,89%

Vitamin C

925,68 mg/100 g

Source : Primary Data (2020)

Table 2.

Uric acid levels means before and after induction

KP

Before induction
(mg/dl; mean ± SD)
1,37 ± 0,08

After induction
(mg/dl; mean ± SD)
8,97 ± 0,48

Δ Levels of Uric Acid
(mg/dl; mean ± SD)
7,60 ± 0,47

0,043*

G1

1,48 ± 0,06

8,79 ± 0,54

7,30 ± 0,54

0,042*

G2

1,44 ± 0,07

8,60 ± 0,55

7,15 ± 0,52

0,043*

G3

1,43 ± 0,11

8,84 ± 0,72

7,40 ± 0,77

0,043*

Pb

0,258

0,868

0,702

Group

Pa

Source : Primary Data (2020)
*There is a significant difference with p<0.05 (Wilxocona test and Kruskal Wallisb test)
Note : KP = Positive Control (hyperuricemic rats) + standard feed and drink; G1 = hyperuricemic
rats + allopurinol 1,8 mg/Kg BW/day); G2 = Hyperuricemic rats + beet powder 1.56 g/Kg
BW/day; G3 = hyperuricemic rats + allopurinol 1,8 mg/Kg BW/day and beetroot powder
1,56 g/Kg BW/day
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Table 3.

The average uric acid level before and after 28 days of treatment

KP

Day-0
(mg/dl; mean ± SD)
8.97 ± 0.48

Duration
Day-28
(mg/dl; mean ± SD)
9.38 ± 0.19

Δ Levels of Uric Acid
(mg/dl; mean ± SD)
0.41 ± 0.38

0.061

G1

8.79 ± 0.54

2.06 ± 0.15

-6.72 ± 0.59

0.043*

G2

8.60 ± 0.55

2.24 ± 0.10

-6.35 ± 0.61

0.043*

G3

8.84 ± 0.72

2.11 ± 0.86

-6.72 ± 0.75

0.043*

Pb

0.086

0.003*

0.009*

Group

Pa

Source: Primary Data (2020)
* There is a significant difference as p<0.05 (Wilxocona test and Kruskal Wallisb test)
Note : KP = Positive Control (hyperuricemic rats) + standard feed and drink; G1 = hyperuricemic rats +
allopurinol 1,8 mg/Kg BW/day); G2 = Hyperuricemic rats + beet powder 1.56 g/Kg BW/day; G3 =
hyperuricemic rats + allopurinol 1,8 mg/Kg BW/day and beetroot powder 1,56 g/Kg BW/day

Table 4.

Comparison of average uric acid levels on 28th day of treatment
Δ Levels of Uric Acid (nmol/mL; mean ± SD)

Groups
(I and II)

I

KP and G1
KP and G2
KP and G3
G1 and G2
G1 and G3
G2 and G3

II

9,38 ± 0,19
9,38 ± 0,19
9,38 ± 0,19
2,06 ± 0,15
2,06 ± 0,15
2,24 ± 0,10

2,06 ± 0,15
2,24 ± 0,10
2,11 ± 0,86
2,24 ± 0,10
2,11 ± 0,86
2,11 ± 0,86

p
0,009*
0,009*
0,009*
0,046*
0,917
0,047*

* There is a significant difference as p<0.05 (Mann Whitney Test)

Table 5.

The average MDA level before and after treatment
Duration
Day-28
(Mean ± SD)
(nmol/mL)
8.14 ± 0.39
2.01 ± 0.38
3.13 ± 0.30
2.35 ± 0.19
0.001*

Day-0
(Mean ± SD)
(nmol/mL)
7.55 ± 0.32
7.57 ± 0.27
7.48 ± 0.34
7.82 ± 0.37
0.425

Group
KP
G1
G2
G3
Pb

Δ Levels of MDA
(nmol/mL)

Pa

0.58 ± 0.31
-5.55 ± 0.30
-4.35 ± 0.51
-5.47 ± 0.39
0.001*

0.013*
0.001*
0.001*
0.001*

Source: Primary Data (2020)
* There is a significant difference as p<0,05 (Paired T-testa and One Way Anovab test)
Note : KP = Positive Control (hyperuricemic rats) + standard feed and drink; G1 = hyperuricemic rats +
allopurinol 1,8 mg/Kg BW/day); G2 = Hyperuricemic rats + beet powder 1.56 g/Kg BW/day; G3 =
hyperuricemic rats + allopurinol 1,8 mg/Kg BW/day and beetroot powder 1,56 g/Kg BW/day

Table 6.

Differences in MDA level changes in 28 days of treatment

Group
(I and II)

Δ Levels of MDA
(nmol/mL; mean ± SD)
II

KP and G1

0,58±0,31

-5,55±0,30

0,001*

KP and G2

0,58±0,31

-4,35±0,51

0,001*

KP and G3

0,58±0,31

-5,47±0,39

0,001*

G1 and G2

-5,55±0,30

-4,35±0,51

0,041*

G1 and G3

-5,55±0,30

-5,47±0,39

0,067

G2 and G3

-4,35±0,51

-5,47±0,39

0,042*

Source : Primary Data (2020)
* There is a significant difference as p<0,05 (Post Hoc Test)
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calcium oxonate induction, as shown in
Table 2. The KP group had the highest
mean of the uric acid level after induction
(8.97 ± 0.48 mg/dl), while the G2 group
had the lowest mean of the uric acid level
after induction (8.60 ± 0.55 mg/dl). Uric
acid levels were substantially different
before and after calcium oxonate induction
(p < 0.05).
Table 3 demonstrates how uric acid
levels changed after 28 days of intervention.
The Wilcoxon and Kruskal-Wallis tests
were employed to examine the data. From
table 3, after 28 days of intervention, there
was a substantial increase in the average
uric acid level in KP with p-value = 0.043
(p < 0.05) and a significant decrease in the
uric acid level in G1, G2, and G3 with a
p-value = 0.043 (p < 0.05).
Table 3 shows that on day 28, the
average decrease in uric acid levels in
the group varied from -6,35 ± 0,61mg/
dl to -6,72 ± 0,75 mg/dl. The KP group is
the only group which uric acid level has
increased. The KP group had the highest
uric acid levels (9.38 ± 0.19 mg/dl), and the
G1 group has the lowest (2.06 ± 0.15 mg/
dl). The G1 (-6.72 ± 0.59 mg/dl) and G3
(-6.72 ± 0.75 mg/dl) had almost the same
decrease in the mean uric acid levels. Table
3 reveals that 28 days of beetroot powder
and allopurinol treatment can bring uric
acid levels back to normal (1.18-3.56 mg/
dl).
The difference in uric acid levels
between groups was assessed to see which
groups affected lowering uric acid levels on
day 28 and whether there were differences
in uric acid levels between groups. Table
4 shows the differences in uric acid levels
between treatment groups on day 28th.
According to Table 4, uric acid levels in
groups G1 and G2 (p = 0,046); G2 and G3
(p = 0,047) declined more rapidly on day
28 than in the other groups (p = 0,009).
The decrease in uric acid levels in groups
G1 and G3 was nearly identical, with a
p-value of 0.917 (p < 0.05).
MDA Levels in Model Hyperuricemia
Rats
Table 5 shows the change in MDA data
after 28 days of intervention. The data were
tested using paired t-test and One-Way
Anova. According to Table 5 there was a
significant increase in the mean MDA in
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KP with p-value = 0.13 (p < 0.05) and a
significant decrease in the mean MDA in
G1, G2, and G3 with p-value = 0.001 (p <
0.05) after 28 days of intervention.
Table 5 shows that on day 28th, the
average decrease in MDA levels in the
group ranged from -4.35 ± 0.51 nmol/mL
to -5.55 ± 0.30 nmol/mL, the KP group
increased by 0.458 ± 0.31 nmol/mL. The
highest MDA level was seen in the KP
group (8.14 ± 0.39 nmol/mL) and the
lowest in the G1 group (2.01 ± 0.38 nmol/
mL).
Differences in the decrease in MDA
levels between groups were analyzed to
determine which groups affected reducing
MDA levels on day 28 and whether
there were differences between groups in
decreasing MDA levels. Table 6 shows
the differences in changes in MDA levels
between treatment groups. According to
table 6, uric acid levels in groups G1 and
G3 decreased at nearly the same rate and
were higher than the other groups (p <
0.05).

DISCUSSION
High uric acid levels can trigger the activity
of the enzyme Xanthine Oxidase (XO).
Excessive XO activity increases Reactive
Oxygen Species (ROS) formation, causing
an increase in the lipid peroxidase process.
Malondialdehyde (MDA) is formed due to
lipid peroxidation, which is easily detected
in blood or plasma and is used to measure
oxidative stress.17,18
Potassium oxonate is a reagent that
functions as a urate oxidase inhibitor
which gives a hyperuricemic effect. The
mechanism of potassium oxonate in
increasing uric acid levels is by preventing
uric acid from becoming allantoin.19
Potassium oxonate injection in rats caused
a decrease in total serum antioxidant
capacity and an increase in serum MDA
levels. We also found that induction of
hyperuricemia using calcium oxonate
shows a significant increase (p < 0.05) in
the mean uric acid levels after induction,
and it is known that all groups have
reached a state of hyperuricemia since
uric acid levels were above average level (>
3,56 mg/dl). Therefore, the hyperuricemia
rat model can be used to determine and
evaluate the effect of giving beetroot
powder.

We found that the positive control
group (KP) with no treatment of
allopurinol nor beetroot powder shows
an increase in uric acid levels; meanwhile,
the other treatment groups show a
significant decrease in the uric acid levels.
This can be caused by antihyperuricemia
effect of the allopurinol and the beetroot
powder. The antioxidant content found
in beetroot powder is known to have a
total phenolic content of 34,02 mg GAE/
gr, and antioxidant activity is 67,89
percent. Beetroots contain betacyanin
pigments that form a purplish red color.
Betacyanin is a betalain derivative that
belongs to the flavonoid family and has
potent antioxidant properties.20,21 It is in
line with Asra et al., which reported that
the percentage of betacyanin in beetroot
was 98.6 percent, with an IC50 value
of 21.8, indicating that it has a potent
antioxidant activity (IC50<50).22 Several
in-vivo and in-vitro studies have shown
that antioxidants found in many plants,
such as flavonoids and phenolics, have a
genuine influence on uric acid problems
by blocking the XO enzyme, boosting
renal uric acid secretion, and reducing
uric acid reabsorption.1 Polyphenol and
flavonoids, which have a similar structure
to xanthine, act as XO enzyme inhibitors.
Polyphenols and flavonoids function as
substrates of XO enzymes. Polyphenols
and flavonoids will bind electrons from
the XO enzyme, which should oxidize
xanthine to uric acid. This competition
will decrease uric acid production because
XO enzymes tend to oxidize polyphenols
and flavonoids rather than xanthine. The
interaction of XO enzymes, polyphenols,
and flavonoids causes an increase in the
concentration of non-oxidized xanthine
in the serum, followed by the excretion of
xanthine, which is easily soluble in urine,
resulting in a decrease in serum uric acid
levels.23 Vitamin C content in beetroot
powder is 925,68 mg/100 g. Vitamin C also
has uricosuric properties, it can inhibits
the uric acid reabsorption in the kidney
tubules so that the speed at which the
kidneys work to excrete uric acid through
urine can increase.12
Beetroot contains Ca of 4.14 mg/g
and Mg of 3.13 mg/g. Minerals like Ca
and Mg can help reduce uric acid levels.
According to Anggraini et al., dragon fruit

containing Ca and Mg can reduce uric
acid levels.13 This is because the amount of
uric acid oxidized by the uricase enzyme
has occurred due to the ionization of
uric acid with minerals that form uric
acid salt compounds that are soluble in
water. Under normal pH, uric acid will be
ionized into urate ions, with cations, urate
ions will form urate salts. Urate salt is a
complex molecule generated when uric
acid reacts with Ca2+ and Mg2+.
This research showed that the mean
of MDA levels in all treatment groups
decreased significantly within the
duration of treatment, except for the KP
group, which increased significantly after
the 28th day of the intervention. In model
rats with high uric acid levels, beetroot
powder exerts an antihyperuricemic
effect, resulting in decreased MDA levels.
Beetroot powder has robust antioxidant
activity and has been shown to reduce
MDA levels in hyperuricemic rats, as
seen by a decrease in MDA levels in
rats intervened with beetroot powder.
Antioxidant compounds in food can
reduce oxidative stress. Oxidative stress
can cause lipid peroxidation reactions,
proteins including enzymes and DNA,
this can cause oxidative damage. If this
condition persists, there will be cell
damage and death. With a decrease in
oxidative stress, diseases associated with
it, such as hyperuricemia, can be inhibited
due to antioxidant and anti-inflammatory
activity in repairing oxidative damage.7
Similarly, Wruss et al. argued that
beetroot has a red color due to a high
concentration of betalains compounds in
beets.24 Betalains are commonly utilized
as natural colors in the food industry.
Due to betalains antioxidant and antiinflammatory properties, they also said to
offer health benefits. In addition, betalains
also have lipid peroxidation inhibiting
properties.
One of this study’s limitations was that
the other oxidant/antioxidant parameters,
such as superoxide dismutase (SOD) and
nitric oxide (NO), were not measured.
The other oxidant/antioxidant parameters’
measurements may help determine the
other antioxidant process that could
decrease uric acid’s blood levels by giving
beetroot powder.
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CONCLUSION
Beetroot powder and allopurinol
combination that was given for 28 days
significantly reduced uric acid and MDA
levels in potassium oxonate-induced white
rats.
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