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INTRODUCTION

ABSTRAK

Hiperurisemia adalah kondisi meningkatnya kadar asam urat dalam darah yang
berisiko memicu gout dan gangguan metabolisme lainnya. Terapi konvensional
seperti allopurinol efektif, namun memiliki efek samping, sehingga diperlukan
alternatif alami yang lebih aman. Arcangelisia flava, tanaman obat tradisional,
diketahui mengandung senyawa bioaktif dengan potensi antiinflamasi dan
antioksidan. Penelitian ini bertujuan mengevaluasi efek anti-hiperurisemia dari
ekstrak etanol batang A. flava secara in vivo pada tikus yang diinduksi kalium
oksonat. Tikus dibagi dalam kelompok kontrol, model hiperurisemia, dan
perlakuan dengan dosis ekstrak 100, 200, dan 400 mg/kg BB. Kadar asam urat
diukur secara enzimatik sebelum dan sesudah perlakuan. Hasil menunjukkan
ekstrak A. flava menurunkan kadar asam urat secara signifikan (p=0,000),
terutama pada dosis 400 mg/kg BB yang menurunkan kadar asam urat hingga
74,17%. Temuan ini mendukung potensi A. flava sebagai agen anti-hiperurisemia
alami.

ABSTRACT

Unlocking The Anti-Hyperuricemia Potential Of Arcangelisia Flava Stem: An In
Vivo Study In Hyperuricemic Rats. Hyperuricemia is a condition of increased uric
acid levels in the blood that can trigger gout and other metabolic disorders.
Conventional therapies such as allopurinol are effective, but have side effects, so
safer natural alternatives are needed. Arcangelisia flava, a traditional medicinal
plant, is known to contain bioactive compounds with anti-inflammatory and
antioxidant potential. This study aims to evaluate the anti-hyperuricemic effect of
ethanol extract of A. flava stems in vivo in potassium oxonate-induced rats. Rats
were divided into control groups, hyperuricemia models, and treatments with
extract doses of 100, 200, and 400 mg/kg BW. Uric acid levels were measured
enzymatically before and after treatment. The results showed that A. flava extract
significantly reduced uric acid levels (p=0.000), especially at a dose of 400 mg/kg
BW which reduced uric acid levels by 74.17%. These findings support the potential
of A. flava as a natural anti-hyperuricemic agent.

Hyperuricemia is a state of increased serum uric acid levels, usually more than 6 mg/dL in
women and 7 mg/dL in men, caused by increased uric acid production, decreased excretion, or a
combination of both. According to the World Health Organization (2016), men have average values
of 3.5 - 7 mg/dL, and women have values of 2.6 - 6 mg/dL. Uric acid (UA) is the end product of
exogenous and endogenous purine metabolism. The main metabolic sites of uric acid are in the liver
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and intestines. Endogenous uric acid production is around 300 - 400 mg/day, while that from the
diet is around 300 mg/day. UA is biosynthesized in the liver and excreted through the urine and in
small amounts through blood and other body fluids. Biologically, UA is a powerful antioxidant that
has the ability to act as an immune system stimulant. Xanthine oxidase (XO) is an enzyme that
catalyses the transformation of purine-based compounds, which will oxidize hypoxanthine to
xanthine and produce uric acid along with the generation of reactive oxidative species (ROS).1™
One-third of uric acid will be excreted in the intestine, but the majority of two-thirds of uric acid will
be processed in the kidneys, filtered, and secreted, and then 90% will be reabsorbed. Increased uric
acid levels in the blood can lead to the formation of urate crystals in the joints and soft tissues,
which can trigger inflammation and cause joint damage.® Epidemiologically, the prevalence of
hyperuricemia has increased significantly. Based on Riset Kesehatan Dasar Republik Indonesia
(Riskesdas RI) in 2018, the prevalence of people with hyperuricemia reached 1.45% of the
population in Indonesia. The increase in hyperuricemia rates is directly proportional to the rise in
individual age.’

The drugs used to reduce serum uric acid levels are XO inhibitors, such as allopurinal,
febuxostat, and topiroxostat. Allopurinol is a purine-like XO inhibitor, while febuxostat and
topiroxostat are non-purine XO inhibitors. Allopurinol has side effects such as looseness, hepatitis,
and interstitial nephritis. Febuxostat may cause a 2% increase in liver enzyme levels, rash, joint pain,
and greater cardiovascular risk for elderly patients. Topiroxostat has side effects of mild to moderate
renal impairment.21° To minimize these side effects, bioactive compounds found in herbs have
been explored in reducing serum uric acid levels.

Herbs that have been studied to reduce serum uric acid by inhibiting xanthine oxidase are
Teucrium polium, Prunus avium, Smilax riparia, Rhus coriaria, Foeniculum vulgare, Allium cepa,
Camellia japonica, Helianthus annuus, Sonchus arvensis, and from the Menispermaceae family are
Anamirta cocculus and Sphenocentrum jollyanum Pierre.1*~13 Several secondary metabolites have
been identified and isolated from herbs that are reported to have effective XO inhibitory activities,
such as polyphenols, terpenoids, saponins, alkaloids, and phenylethanoid glycosides.'* Bioactive
compounds in plants such as luteolin, quercetin, isorhamnetin, galangin, chrysin, prosapogenin,
cajaninstilbene acid, can inhibit the XO enzyme, the strength of which is close to or stronger than
allopurinol.®®

A flava, which belongs to the Menispermaceae family, contains secondary metabolites in
the form of alkaloids, phenolics, flavonoids, saponins, tannins, and berberine.® The test results of
A. flava ethanol extract in inhibiting xanthine oxidase enzyme in vitro obtained an ICso of 30.44
ug/mL, with an active category in inhibiting xanthine oxidase enzyme.!” Therefore, this study aims
to evaluate the potential of the ethanolic extract of A. flava stem as an anti-hyperuricemia in vivo
using a potassium oxonate-induced hyperuricemic rat model.

METHODS

This research was conducted in the Basic Medical Chemistry laboratory and Animal House
laboratory, which was carried out from June to December 2023. This research has received a
certificate of ethical worthiness with no 121-2023. This research is an in vivo experimental study
with a pre-post-test and a control group research design to determine the anti-hyperuricemia
properties of the ethanolic extract of A. flava stem.

A. flava was obtained from Lubuk Linggau city in Musi Rawas District, South Sumatra,
Indonesia. The A. flava was determined in the Biosystematics Laboratory, Department of Biology at
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the Faculty of Mathematics and Natural Sciences, Universitas Sriwijaya. The leaves and roots of A.
flava were removed. The stem, about 2 cm or more in diameter, with the color green and the middle
of the stem is yellow, was washed with running water, drained, cut into small pieces, and dried in
the oven at 40°Celsius. After obtaining a constant weight, the A. flava stem was stored in a closed
container at room temperature. A. flava stem (3000 g) was macerated with 96% ethanol for 3 x 24
hours. The maceration was stirred several times. The macerate obtained was filtered through filter
paper (Whatman 100), collected, and evaporated with a rotary evaporator until it became a thick
extract.

This study used 25 male white rats (Rattus norvegicus), aged 8-10 weeks and weighing 180-
235 grams. The rats were acclimatized for 7 days before the treatment began. The rats were fed a
standard diet every morning and evening and given water. After acclimatization, the rats were
randomly divided into five groups (n = 5 per group): negative control group, positive control group,
first dose treatment group, second dose treatment group, and three types of dose treatment group.
The randomization process was performed using a random number generator to ensure even
distribution and avoid selection bias. To maintain objectivity, the study was conducted in a single-
blind manner, where the researcher performing the outcome measurements was unaware of each
rat's group allocation. Each animal was assigned a random identity code with numbers 1 to 25, and
treatments were packaged in identical containers that did not indicate dose or group. Only
laboratory technicians not involved in data collection were aware of the group allocation and
treatment codes. After adaptation, uric acid levels are measured as average values, and rats are
induced with chicken liver juice at a dose of 15 g/kgBW orally twice daily for seven days. On the
seventh day, potassium oxonate in a 250 mg/kg BW dose is induced intraperitoneally, and uric acid
levels are measured. Rats are classified as hyperuricemic if serum uric acid levels are >7.5 mg/dL.18

The male Wistar rats were divided into five groups, namely group | (negative control) was
given Na-CMC 1% suspension, group |l (positive control) was given allopurinol-Na-CMC 1%
suspension, group Il (dose of 100 mg/kg BW) was given a suspension of ethanolic extract of A. flava-
Na-CMC 1%, group IV ( dose of 200 mg/kg BW) was given a suspension of ethanolic extract of A.
flava-Na-CMC 1%, and group V (dose of 400 mg/kg BW) was given a suspension of ethanolic extract
of A. flava-Na-CMC1%). The rats were treated for seven days.

The blood was taken on days 0, 4™, and 7t" from the ophthalmic vein located in the saccus
medians orbitals in the eyes of rats using a capillary tube. After the blood came out through the
capillary tube, the blood was collected in a centrifuge tube and centrifuged for 5 minutes at 5000
rpm. The separated blood serum was taken using a micropipette and put into a new tube. A total of
20 pl of serum sample was added with 1000 pl of uric acid reagent (HUMAN), mixed, and incubated
at 37°C for 5 minutes. After that, the absorbance was measured using a UV-Vis spectrophotometer
(Shimadzu UV 1800 UV-Vis) at a wavelength of 520 nm.

To the calculate of uric acid levels, we use the following formula:

AA sample
C=STDx aastD

Description:  C = Uric acid concentration
STD = Standard
AA sample = Absorbance of sample
AA STD = Absorbance of standard
Conversion Factor = 1 mg/dL = 59.485 umol/L



Fatmawati et al, Unlocking The Anti-Hyperuricemia Potential Of Arcangelisia flava ... | 285

Data from this study were analyzed using the Statistical Package for the Service Solution
(SPSS) version 22 program. To determine the difference in uric acid levels before and after treatment,
a paired t-test was conducted because the data were normally distributed. To determine the effect
of ethanol extract of A. flava stem on uric acid levels in male rats and comparison of uric acid levels
after treatment of each group, the one-way ANOVA test was conducted because the data were
normally distributed. To determine significant differences and appropriate doses, post hoc tests
were used. Because the data variance is homogeneous, the Least Significant Difference (LSD) post
hoc test is used.

RESULTS
A thick extract was obtained from the maceration process of A. flava stem with 96% ethanol
(Table 1).
Table 1. Results of the extract yield
Plant Part Weight of Simplisia Ethanolic Extract Yield
Stem 3000 g 40.6121¢g 1.35%

After male Wistar rats were induced into a hyperuricemia model, they were treated
according to their groups. Uric acid levels were examined after treatment for 4 and 7 days. The
results of the homogeneity test obtained p=0.896 (p>0.05), so it was concluded that the data on day
0 (before treatment) were homogeneous. The normality test using the Shapiro-Wilk test on days 0,
4t and 7%, where the results obtained p>0.05, concluded that all group data were normally
distributed (Table 2).

Table 2. Homogeneity and Normality Test

Levene test Shapiro-Wilk test
n p day-0 4thday 7t day
MeantSD - - -
Treatment group value P p-value P

value value

Negative control 5 19.68+2.30 0.104 0.411 0.185
Positive control 5 21.20+3.01 0.461 0.755 0.271
100 mg/kg BW dose 5 18.81+2.42 0.896 0.215 0.371 0.328
200 mg/kg BW dose 5 16.9612.71 0.246 0.122 0.242
400 mg/kg BW dose 5 18.47+1.49 0.656 0.595 0.576

From the comparison of serum uric acid levels before (day 0) and after treatment (day 4 and
day 7), the following significance values were obtained: Negative control group (p=0.204), which
means that uric acid levels between days 0 and 7 are not significantly different, meaning that
there is no decrease in uric acid levels in rats. In the positive control group (allopurinol), a dose of
100 mg/kg BW, a dose of 200 mg/kg BW, and a dose of 400 mg/kg BW of ethanol extract of A. flava
stems, uric acid levels were significantly different (p<0.05). This indicates a significant decrease in
uric acid levels after treatment (Table 3).
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Table 3. Comparison of uric acid levels on days 0, fourth, and seventh
Uric acid level Treatment group

(mg/dL) Negative Positive 100 mg/kg 200 mg/kg 400 mg/kg
control control BW dose BW dose BW dose
Onday0 MeanzSD 19.68+2.30 21.2+3.01 18.81+2.42 16.96+2.71 18.47+1.49
Min-Max 18.03-23.39 16.33-24.37 16.58-22.90 12.43-19.50 16.58-20.23
Onday4 MeanzSD 22.1210.69 8.32+£1.75 12.94+6.57 9.43+2.14 8.17%£2.45
Min-Max 21.50-23.13 6.47-10.86 6.01-20.58 7.86-12.95 5.31-11.09
On day 7 MeantSD 21.09+£1.98 6.75+0.80 7.02+£1.93 7.18%1.57 4.77+0.54
Min-Max 19.22-23.45 5.78-7.63 4.85-10.17 5.78-9.26 4.15-5.63
day 0 and 4th 0.031 0.003 0.055 0.001 0.004
p-value day 4th and 7th 0.212 0.027 0.063 0.004 0.019
day 0 and 7th 0.204 0.001 0.000 0.000 0.000

After treatment for 7 days, the calculation of percentage reduction in uric acid in Table 4
helps interpret the biological relevance, which complements the statistical significance. It was seen
that the treatment group with allopurinol and the three doses of extracts were able to reduce uric
acid levels by>50%, while the negative control group did not experience a decrease in uric acid levels
because this group was only given 1% Na-CMC. Of the treatment groups that experienced a
reduction in uric acid levels, it was seen that the 400 mg/kg BW dose group had the most significant
difference of 74.17%. The 200 mg/kg BW dose group had the slightest difference of 57.66%. (Table
4).

Table 4. Difference in Uric Acid Level

Uric Acid level Uric Acid Level

Treatment Group onday0 on the 7" day Difference  Difference
(mg/dL) (mg/dL) Mean (%)
MeanzSD MeanSD

Negative control 19.69+2.30 21.09+1.98 -1.40 -7.11%

Positive control 21.20+3.01 6.75+0.80 14.45 68.16%

100 mg/kg BW dose 18.81+2.42 7.02+£1.93 11.79 62.67%

200 mg/kg BW dose 16.96+2.71 7.18+1.57 9.78 57.66%

400 mg/kg BW dose 18.47+1.49 4.77+0.54 13.70 74.17%

A comparison of uric acid levels during observation in rats before (day 0) and after
treatment (fourth and seventh day) shows differences in serum uric acid levels in the negative
control group compared with the positive control group and the treatment groups (Figure 1).
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Figure 1. Comparison of uric acid levels among groups

Based on the One-way ANOVA test on the seventh day, the significance value between
treatment groups was p=0.000 (p>0.05), meaning there was a significant difference between
treatment groups in reducing uric acid levels in rats on the seventh day. Data analysis conducted to
determine differences in the decrease in uric acid levels of each group compared to the positive
control group is a post hoc test using the Least Significant Difference (LSD). The results of the LSD
test for the determination of the efficacy of the dose obtained are as follows: 100 mg/kg BW and
200 mg/kg BW doses compared to positive control are equally effective in reducing uric acid levels,
but doses of 100 and 200 mg/kg BW are significantly different from 400 mg/kg BW dose which 400
mg/kg BW dose is more effective in reducing uric acid levels. However, 100 mg/kg BW doses reduce
uric acid levels (Table 5).

Table 5. Statistical Analysis of Uric Acid Level on Day 7 using Post-hoc LSD Test

Group p-value
Positive control Negative control 0.000
100 mg/kg BW 200 mg/kg BW 0.866
400 mg/kg BW 0.027
Positive control 0.776
Negative control 0.000
200 mg/kg BW 400 mg/kg BW 0.019
Positive control 0.651
Negative control 0.000
400 mg/kg BW Positive control 0.049
Negative control 0.000

DISCUSSION

Studies on the ethanolic extract of A. flava stem have anti-hyperuricemia effects through
mechanisms such as inhibition of xanthine oxidase and increased uric acid excretion. This research,
using the ethanolic extract of A. flava stem in doses of 100 mg/kg BW, 200 mg/kg BW, and 400
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mg/kg BW for seven days, showed that there was a decrease in serum uric acid levels in
hyperuricemia conditions in male Wistar rats. Hyperuricemia conditions in this study sample were
due to induction with chicken liver juice 15 g/kg BW for seven days and induction with 250 mg/kg
BW potassium oxonate intraperitoneally.'®2! In rats, uric acid levels are 1.2- 7.5 mg/dL. The rats
were categorized to have hyperuricemia if uric acid levels were > 7.5 mg/dL.*® Rats were induced
orally with chicken liver juice 15 g/kg BW for seven days and with potassium oxonate 250 mg/kg BW
intraperitoneally.??~2* Chicken liver is a source of purines, containing 150-1000 mg/100 grams of
purines synthesized into uric acid. Potassium oxonate is a competitive inhibitor of the uricase
enzyme that inhibits the formation of allantoin compounds readily excreted in the rat's body, so
that uric acid levels can increase rapidly. Combining increased purine production and uric acid
elimination inhibitors induces hyperuricemia.

Chicken liver contains high purine levels, so it can be used as a raw material to form uric acid.
Potassium oxonate can inhibit the uricase enzyme that converts xanthine to allantoin, so that serum
uric acid levels in rats increase.?®?’ All groups are in hyperuricemia, meaning chicken liver juice and
potassium oxonate as uricase enzyme inhibitors successfully increase uric acid levels in rats.?’

The results on days 0 and 7 showed significant differences in the positive control group, 100
mg/kg BW, 200 mg/kg BW, and 400 mg/kg BW dose groups. Still, there was no significant difference
in the negative control group because the negative control group was given Na-CMC, which has no
effect in reducing uric acid levels, so from day to day, uric acid levels increased, while the positive
control group given allopurinol by 100 mg can significantly reduce uric acid levels because
allopurinol as the first line in the treatment of hyperuricemia is a competitive xanthine oxidase
inhibitor that will be converted into oxypurinol so that it can be excreted through the kidneys,
resulting in inhibition in uric acid biosynthesis and uric acid levels decrease.?’

The treatment given to the group of ethanolic extract of A. flava stem can reduce uric acid
levels in rats. Meanwhile, based on the LSD post-hoc test, it was found that the doses of 100 mg/kg
BW, 200 mg/kg BW, and 400 mg/kg BW were effective in reducing uric acid levels, just like
allopurinol. Still, the 400 mg/kg BW dose was more effective in lowering the uric acid levels of the
three doses. Based on descriptive tests, the percentage difference between the dose of 400 mg/kg
BW (74.17%) has more potential to reduce uric acid than the dose of 100 mg/kg BW (62.67%) and
200 mg/kg BW (57.66%).

There was a decrease in uric acid levels greater than 50% in favorable control doses of 100
mg/kg BW, 200 mg/kg BW, and 400 mg/kg BW. This is in line with research conducted previously,
which states that the test of ethanolic extract of A. flava stem based on phytochemical results can
inhibit the enzyme xanthine oxidase with an ICso of 30.44 pg/mL, which is an active category in
inhibiting the enzyme xanthine oxidase. In A. flava stem, there is a secondary metabolite content
in flavonoids, potent inhibitors of xanthine oxidase activity on purine bases to reduce uric acid
levels.17:28

Flavonoids can reduce uric acid by inhibiting xanthine oxidoreductase (XOR) and modulating
uric acid transporters such as GLUT9, URAT1, and OAT1/3. Several studies have consistently
confirmed that the anti-hyperuricaemic properties of herbs are due to the presence of various
physiologically active substances, especially polyphenolic compounds. These polyphenolic
compounds can inhibit uric acid production and increase renal uric acid excretion while preventing
uric acid reabsorption in the kidney. It is also explained that polyphenolic compounds have anti-
hyperuricemia abilities comparable to synthetic drugs such as allopurinol.?° Flavonoids are derived
from polyphenols and have fifteen carbon atoms in the C6-C3-C6 configuration. This compound is a
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group of chemical compounds found naturally in plants because it includes polyphenolic
compounds; flavonoids have a benzene ring structure with a bound carbon ring.?* Flavonoid
compounds can act as inhibitors; hydroxyl and carbonyl groups will form hydrogen bonds in inhibitor
interactions on the active side of the XO enzyme.3® Anthocyanins and flavones are the fundamental
structures of flavonoid compounds that increase uric acid excretion through the kidneys by
inhibiting the expression of GLUT9 and URAT1. Flavone compounds include apigenin and baicalein.
The mechanism of action of apigenin, by inhibiting the expression of GLUT9 and URAT1 in
hyperuricemia conditions in rats, can also inhibit xanthine oxidase activity, decreasing blood uric
acid levels. Baicalein inhibits the expression of GLUT9 and URAT1 in the kidneys to increase uric acid
excretion and reduce uric acid levels in hyperuricemia rats.3!

Other compounds can reduce uric acid levels in the form of alkaloids and tannins. In the
phytochemistry test, the ethanolic extract of A. flava stem has alkaloids. Alkaloids are a group of
chemical compounds found naturally in various organisms, especially plants. They generally have
nitrogen-based structures and pharmacological solid effects in humans and animals; these
compounds are the most nitrogen-containing.3? Alkaloids can also be xanthine oxidase inhibitors by
inhibiting the enzyme's work. One of the alkaloid compounds, colchicine, can degrade xanthine. The
potential of alkaloids in reducing uric acid is because they can inhibit the activity of xanthine oxidase
and adenosine deaminase, increase uric acid excretion, and block uric acid reabsorption.33 Tannin is
also included in the category of polyphenolic compounds and can form complex compounds
together with proteins. Tannin compounds have a variety of chemical structures and variations in
functionality. Some examples of common tannin compounds include gallate tannins, ellagite
tannins, and catechin tannins.3* Further research can be carried out on isolating compounds
contained in the ethanolic extract of A. flava for xanthine oxidase inhibition, both in vitro and in
vivo.

CONCLUSION

Ethanol extract of A. flava stem has the potential as an anti-hyperuricemia because it can
reduce uric acid levels in the hyperuricemia rat model induced with potassium oxonate, and with
a dose of 100 mg/kgBW already capable of reducing serum uric acid levels.

REFERENCES

1. Aprilianti RG. Toksisitas Sub Kronis Oral Tanaman Kayu Kuning [Internet]. November 2. Aly
Rasyid, editor. Malang: Penerbit: PT Dewangga Energi Internasional; 2022. 52 p. Available
from: www.dewanggapublishing.com

2. Balitbang Kemenkes RI. Laporan Nasional Riskesdas 2018. Lembaga Penerbit Badan
Penelitian dan Pengembangan Kesehatan (LPB). 2019;

3. Bauda H, Hariyadi, Pareta D, Tumbel S. Terhadap Penurunan Kadar Asam Urat Pada Tikus
Putih Jantan Rattus novergicus. Majalah InfoSains. 2021;2(1):27-37.

4, Benn CL, Dua P, Gurrell R, Loudon P, Pike A, lan Storer R, et al. Physiology of hyperuricemia
and urate-lowering treatments. Vol. 5, Frontiers in Medicine. Frontiers Media S.A.; 2018.

5. BPOM RI. Peraturan BPOM No 34 tahun 2018 tentang Pedoman Pembuatan Obat yang Baik.
Badan Pengawas Obat dan Makanan Republik Indonesia. 2018;11(1):1-16.

6. Chen CJ, LG JM, Yao Q. Hyperuricemia-related diseases and xanthine oxidoreductase (XOR)

inhibitors: An overview. Medical Science Monitor. 2016;22:2501-12.



290| Fatmawati et al, Unlocking The Anti-Hyperuricemia Potential Of Arcangelisia flava ...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cui Y, Bu H, Ma X, Zhao S, Li X, Lu S. The relation between serum uric acid and HbAlc is
dependent upon hyperinsulinemia in patients with newly diagnosed type 2 diabetes mellitus.
J Diabetes Res. 2016;2016.

Fatmawati, Shultana T, Athiah M. Xanthine oxidase inhibitory activity of ethanol fractions of
Arcangelisia flava. Proceeding Inspire ( International Sympusium onPhysiology for Eco-
Health: the role of physiology for better health and quality of life. 2024 Feb 20;180-8.
Fatmawati, Subandrate, Safyudin, Medina Athiah, M Fitra Ramadhon, Aulia Firdha Tariza.
Xanthine oxidase inhibitory activity of Arcangelisia flava. Acta Biochemica Indonesiana.
2022;5(1):71.

Fazarei MH, Roghayeh Nouri, Arefnezhad R, Pour PM, Naseri M, Assar S. A Review of
Medicinal Plants and Phytochemicals for the Management of Gout. Curr Rheumatol Rev.
2024;20(3):223-40.

Furuhashi M. New insights into purine metabolism in metabolic diseases: Role of xanthine
oxidoreductase activity. Vol. 319, American Journal of Physiology - Endocrinology and
Metabolism. American Physiological Society; 2020. p. E827-34.

Gorrjanal B, Monika BM, Mythreyi R, Muthusamy K, Murugesan K, Radhakrishnan A, et al.
Role of Flavonoids in Combating Hyperuricemia. Int Multidiscip Res J. 2023;13:25-31.
Hansildaar R, Vedder D, Baniaamam M, Tausche AK, Gerritsen M, Nurmohamed MT.
Cardiovascular risk in inflammatory arthritis: rheumatoid arthritis and gout. Vol. 3, The
Lancet Rheumatology. Lancet Publishing Group; 2021. p. e58-70.

Hidayah N, Hasanah F, Gunawan M, Lestari A. Uji Efektifitas Antihiperurisemia Ekstrak Daun
Salam (Syzygium polyanthum Wight.) Terhadap Mencit Jantan yang Diinduksi Jus Hati Ayam
dan Kalium Oksonat. Jurnal Saintika. 2018;18(1):24-31.

Hosoya T, Ohno I, Nomura S, Hisatome |, Uchida S, Fujimori S, et al. Effects of topiroxostat
on the serum urate levels and urinary albumin excretion in hyperuricemic stage 3 chronic
kidney disease patients with or without gout. Clin Exp Nephrol. 2014;18(6):876—84.
Iswantini D, Darusman LK, Hidayat R. Indonesian Sidaguri (Sida rhombifolia L.) as Antigout
and Inhibition Kinetics of Flavonoids Crude Extract on the Activity of Xanthine Oxidase.
Journal of Biological Sciences. 2009;9(5):504-8.

Jabbar A, Leorita M, llyas Yusuf M, Salsabila H, Sahidin I. Aktivitas Antihiperurisemia Ekstrak
Etanol Buah Wualae (Etlingera elatior Jack R. M. Smith) Secara In Vivo. Jurnal Farmasi Sains
dan Praktis. 2021;7(3):2579—-4558.

Juwita R, Saleh C, Sitorus S. Uji Aktivitas Antihiperurisemia dari Daun Hijau Tanaman Pucuk
Merah (Syzygium myrtifolium Walp.) terhadap Mencit Jantan (Mus Musculus). Jurnal
Atomik. 2017;2(1):162-8.

Kimura Y, Tsukui D, Kono H. Uric acid in inflammation and the pathogenesis of
atherosclerosis. Vol. 22, International Journal of Molecular Sciences. MDPI; 2021.

Kumar N, Kaur K, Kaur N, Singh E, Bedi PMS. Pathology, target discovery, and the evolution
of XO inhibitors from the first discovery to recent advances (2020-2023). Bioorg Chem
[Internet]. 2024;143(September 2023):107042. Available from:
https://doi.org/10.1016/j.bioorg.2023.107042

Lima WG, Martins-Santos MES, Chaves VE. Uric acid as a modulator of glucose and lipid
metabolism. Vol. 116, Biochimie. Elsevier B.V.; 2015. p. 17-23.

Liu L, Zhang L, Ren L, Xie Y. Advances in structures required of polyphenols for xanthine
oxidase inhibition. Food Front. 2020;1(2):152-67.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Fatmawati et al, Unlocking The Anti-Hyperuricemia Potential Of Arcangelisia flava ... | 291

Maryani PE, Ulfa EU, Rachmawati E. Pengaruh Ekstrak Metanol Daun Kayu Kuning (
Arcangelisia flava ( L .) Merr .) terhadap Kadar Kolesterol Total dan Trigliserida Tikus
Hiperlipidemia. 2016;4(1):20-6.

Mazumder R, Jaiswal AK, Sharma A. Natural bioactives in the management of hyperuricemia.
Int J Health Sci (Qassim). 2022;6(April):10092-108.

Meri, Liswanti Y. Hiperuricemia and Cystatin C. Jurnal Analis Medika Biosains (JAMBS).
2020;7(1):14-8.

Moody JO, Robert VA, Connolly JD, Houghton PJ. Anti-inflammatory activities of the
methanol extracts and an isolated furanoditerpene constituent of Sphenocentrum jollyanum
Pierre ( Menispermaceae ). J Ethnopharmacol. 2006;104:2005-7.

Rabizadeh F. Comparison of traditional and classical medicine herbs useful for joint pain. Int
J Health Sci (Qassim). 2022;6(April):9251-65.

Ragab G, Elshahaly M, Bardin T. Gout: An old disease in new perspective — A review. Vol. 8,
Journal of Advanced Research. Elsevier B.V.; 2017. p. 495-511.

Sattui SE, Gaffo AL. Treatment of hyperuricemia in gout : current therapeutic options, latest
developments and clinical implications. 2016;145-59.

Sayed U, Hudaib M, Issa A, Tawaha K, Bustaniji Y. Plant products and their inhibitory activity
against xanthine oxidase. Farmacia. 2021;69(6):1042-52.

Si K, Wei C, Xu L, Zhou Y, Lv W, Dong B, et al. Hyperuricemia and the Risk of Heart Failure:
Pathophysiology and Therapeutic Implications. Vol. 12, Frontiers in Endocrinology. Frontiers
Media S.A.; 2021.

Su HY, Yang C, Liang D, Liu HF. Research Advances in the Mechanisms of Hyperuricemia-
Induced Renal Injury. Vol. 2020, BioMed Research International. Hindawi Limited; 2020.
Sunnah |, Resti Erwiyani A, Walida Awwalin L, Silvi Aprilliani M, Studi PS, llmu Kesehatan F.
Ekstrak Daging Labu Kuning (Cucurbita maxima D) Sebagai Alternatif Terapi Penurunan Kadar
Asam Urat Secara in vivo. Media Informasi Penelitian Kabupaten Semarang (SINOV).
2020;3(1):28-37.

Yanai H, Adachi H, Hakoshima M, Katsuyama H. Molecular biological and clinical
understanding of the pathophysiology and treatments of hyperuricemia and its association
with metabolic syndrome, cardiovascular diseases and chronic kidney disease. Int J Mol Sci.
2021;22(17).



