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Hyperuricemia is a metabolic condition defined by excessive uric acid levels in the bloodstream.
This condition may cause oxidative stress and reactive oxygen species (ROS) generation,
overwhelming cellular antioxidant defense systems. Ethanol extract from snake fruit (Salacca
zalacca peel (SZP)) contains bioactive compounds with potential antihyperuricemic properties,
making it a promising alternative to conventional treatments like allopurinol. The mechanism of
action is associated with the level of uric acid, superoxide dismutase (SOD), and malondialdehyde
(MDA). Therefore, this research aimed to evaluate the impact of SZP on the level of SOD, MDA,
and uric acid in male Wistar rats induced by chicken liver (CL) juice. A total of 30 rats were
assigned to five groups, namely group | (control); Il (hyperuricemia without any intervention), I11
(hyperuricemia treated with 1.8 mg/200 g BW allopurinol), IV, and V (hyperuricemia that were
administered SZP at doses of 210 mg/kg BW and 420 mg/kg BW, respectively). The results
showed significant reductions in uric acid levels (5.78 + 0.10 mg/dL) and MDA (3.34 + 0.28
nmol/mL) with the higher doses of SZP treatment (420 mg/kg BW). However, SOD levels
increased (73.77 £ 2.00%) compared to the hyperuricemia control. The average SOD and MDA
levels exhibited notable variations across all groups (p < 0.05). These findings suggested that
ethanol extract from SZP effectively modulates oxidative stress and uric acid metabolism by
influencing the serum levels of SOD, MDA, and uric acid and could serve as an alternative
treatment for hyperuricemia.

Keywords: Antioxidant, Chicken liver, Malondialdehyde, Salacca zalacca peel, Superoxide
dismutase, Uric acid.

Introduction

Hyperuricemia is a chronic metabolic disorder ranking fourth
globally in prevalence, following hyperglycemia, hyperlipidemia, and
hypertension.t This condition is caused by elevated blood uric acid due
to impaired purine metabolism, which can occur both inside
(genetically endogenous factors) and outside the body (exogenous
factors from dietary purines).>® Foods rich in purines, including
seafood, red meat, poultry, offal (liver and kidney), nuts, certain fruits,
and mushrooms worsen the condition.*®
Excess uric acid contributes to oxidative stress by producing reactive
oxygen species (ROS) in the blood vessel endothelium, disrupting the
balance between ROS production and antioxidant defense.®
Malondialdehyde (MDA), a byproduct of lipid peroxidation, serves as
an oxidative stress biomarker,” while superoxide dismutase (SOD), an
endogenous antioxidant, is diminished under these conditions. The
binding of xanthine and xanthine oxidase (XO), with the inflammatory
response further contributes to ROS production.®
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Snake fruit Salacca zalacca (Gaertn.) Voss contains flavonoid
compounds classified as exogenous antioxidants.® Furthermore, Pondoh
variety, cultivated in Indonesia, has particularly high flavonoid content
in its peel among other varieties.® This study used ethanol extraction to
isolate bioactive compounds to preserve flavonoids for antioxidant
properties effectively.® Flavonoids from Dissotis rotundifolia have been
shown to enhance levels of SOD and glutathione (GSH) in rats with
gastric mucosal damage.'® Kerehau leaf (Callicarpa longifolia Lamk.)
flavonoids can reduce serum MDA levels induced by alloxan.!t A
previous study showed that flavonoids of Cyclocarya paliurus leaf
inhibit lipid peroxidation and increase SOD activity.*> S. zalacca
inhibits the formation of ROS by donating H* atoms, thereby stabilizing
radical compounds and stopping lipid peroxidation reactions.*®

Several studies have shown that administering ethanol extract from S.
zalacca reduces uric acid and increases antioxidant levels. Despite this
benefit, the effect of ethanol extract from S. zalacca on SOD and MDA
levels remains unclear. Therefore, this study aimed to investigate the
effect of ethanol extract from S. zalacca peel (SZP) on antioxidant and
uric acid levels of hyperuricemia rats induced by chicken liver (CL). CL
comprises a high purine (ranging from 100 to 1000 mg per 100 g of
dietary components),** mimicking dietary-induced hyperuricemia in
humans.

Materials and Methods

Plant material and extraction

Samples of SZP were obtained from collectors in Nglumut, Magelang,
Indonesia (7° 36' 50" S, 110° 21' 27" E) in July 2023. A voucher
specimen, labeled FKSA-SZP5-VI122, was deposited in the Biomedical
Laboratory at Universitas Islam Sultan Agung, Semarang, Indonesia.
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The collected samples were sorted, cut, and subsequently dried using a
drying cabinet at 40°C until the water content was <10%. Dried SZP
was blended to produce a fine powder. The extract was produced by
macerating the sample in a 1:10 ratio of ethanol (96%, analytical grade,
Merck, Germany) for 4 days with occasional stirring.*® Filtration and
evaporation processes were carried out to remove ethanol content in the
extract. Distilled water was added to form a thick ethanol extract.
Ethanol extract from SZP was administered at 210 mg/kg and 420
mg/kg daily.

Experimental design

A total of 30 male Wistar rats (3 months old, 190 - 210 g) were
randomly assigned to five groups. Each group comprised six rats housed
in a cage (25°C, 12:12-hour light/dark cycle) at the Center for Food and
Nutrition Studies at Gadjah Mada University in Yogyakarta. The
handling of animals in this study was conducted in compliance with
international regulations concerning laboratory animal welfare. Rats
were acclimated for 7 days and given standard pellets and distilled water
ad libitum before the experiment, followed by the induction of
hyperuricemia using CL for 10 days. CL juice 8 g was used due to the
high purine levels and availability in Indonesia. Group | served as the
normal control while Il was induced with CL. Group Il was induced
with CL and given allopurinol (1.8 g/200 g BW) for the next 7 days. IV
and V were induced with CL and given SZP at doses 210 and 420 mg/kg
BW, respectively, for the subsequent 7 days. This study was approved
by the Medical Research Bioethics Commission, Faculty of Medicine,
Universitas  Islam  Sultan  Agung, Semarang, Indonesia
(524/X11/2022/Bioethics Commission).

The measurement of uric acid levels

The determination of uric acid levels was conducted after the induction
of CL for 10 days before allopurinol and SZP (pre-test) and after
treatment for 7 days (post-test). Blood was collected by inserting a
hematocrit pipette into the orbital sinus at a 45-degree angle and
transferred to a tube.'® After centrifugation (3500 rpm) for 15 min,
serum was obtained. UV-Vis spectrophotometer (Thermo Fisher
Scientific, USA) was used to measure serum uric acid using the Uricase
method with Lipid Clearing Factor (LCF).1718

The determination of SOD and MDA levels

SOD and MDA levels were determined after allopurinol and SzP
treatment. Blood without an anticoagulant was set aside for 15 minin a
tube. The serum was centrifuged for 15 min at 4500 rpm and SOD levels
were measured using ELISA Kit Reader (Thermo Fisher Scientific,
USA) at 450 nm. Thiobarbituric Acid Reactive Substances (TBARS)
assay was utilized to determine MDA levels using UV-Vis
spectrophotometer at 532 nm. The 0.5 mL serum was added with 1.25
cc of Trichloroacetic acid (TCA, 40%, Sigma-Aldrich, USA),
hydrochloric acid (HCI, 1N, Merck, Germany) 2.5 pL each, 200 pL 1
N HCI, 0.5 mL distilled water (Millipore, USA), and 100 ul sodium
thiosulfate (NaThio, Sigma-Aldrich, USA). Subsequently, the
substance was homogenized, heated at 1000°C for 25 min, and
centrifuged (Thermo Scientific, USA) at 3000 rpm for 5 min to collect
the supernatant. MDA levels were analyzed using a UV-Vis
spectrophotometer (Thermo Fisher Scientific, USA) at 532 nm.1920

Statistical analysis

Data analysis was conducted using SPSS version 25.0 for Windows
(IBM Corp., Armonk, New York, USA). Non-parametric analysis of
serum uric acid reduction was conducted using Kruskall-Wallis and
Mann-Whitney tests, with p-values<0.05 indicating statistically
significant. The Shapiro-Wilk and Levene tests were applied to assess
data normality and homogeneity for uric acid, serum SOD, and MDA
reduction, followed by a one-way Analysis of Variance (ANOVA) and
post-hoc Least Significant Difference (LSD) test if applicable.
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Results and Discussion

The results of analysis of mean serum uric acid levels pre- and post-
intervention

Post-intervention analysis showed a substantial decrease in uric acid
levels in groups receiving SZP at doses of 210 mg/kg BW and 420
mg/kg BW (Table 1). Doubling the dose of SZP led to a notable
reduction in serum wuric acid levels. Flavonoids from SZP
(Tetramethoxyflavanone, Genistein, Hesperidin, and Kaempferol)®
inhibit XO by competitively binding to its active site, reducing uric acid
accumulation®. Their efficacy depends on hydroxyl or oxygen-
containing groups, which enhance enzyme interaction. Only specific
positions on flavonoid rings (C2, C3, C4, C5, and C7) contribute to this
inhibitory effect.?®

Table 1: Uric acid levels pretest and post-test, and the
reduction in uric acid levels due to the administration of
Salacca zalacca peel extract

Mean Uric Acid Levels A Uric Acid

Group (mg/dL) Level (mg/dL)
Pretest Post-test  (pretest-
posttest)

Group  1.65%0.15
|
Group  8.07+£0.24
1
Group  8.04%0.23
1|
Group  8.03%0.18
v
Group  8.01+0.14
\Y
Note: Results represent mean + SD (n = 6).

1.75+0.16 -0.10+0.02

8.37+0.24 -0.30+0.02

3.01+0.18 5.03+0.06

3.03+0.14 5.00£0.05

2.2240.06 5.78+0.10

Allopurinol was used as standard therapy for comparison. The liver
metabolizes allopurinol, converting the substance into oxypurinol as the
active metabolite. Both allopurinol and oxypurinol inhibit XO
facilitating the suppression of hypoxanthine conversion into xanthine
and subsequently into uric acid.?* Table 2 shows the Mann-Whitney test
between groups (p = 0.004, p<0.05), suggesting a significant difference.
The reduction of serum uric acid levels between groups IIl and V was
significantly different. This difference could be associated with the
superior performance of flavonoid compounds in ethanol extract from
SZP at 420 mg/kg BW compared to allopurinol at 1.8 mg/200 g BW.

Table 2: The Mann-Whitney test results on the reduction of
serum uric acid levels in all groups

Uric acid Group Group Group Group Group
levels | 11 11 v \Y

Group | - 0.004* 0.004* 0.004* 0.004*
Group Il 0.004* - 0.004*  0.004*  0.004*
Group Il 0.004*  0.004* - 0.418 0.004*
Group IV~ 0.004* 0.004* 0.418 0.004*

GroupV  0.004* 0.004* 0.004* 0.004* -

Note: *There is a significant difference between the groups
(p<0.05)
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The results of analysis of mean serum SOD levels post-intervention
SOD is an antioxidant enzyme that metabolizes oxygen radicals at a
high reaction rate through an oxidation or reduction cycle.? SZP has a
potent antioxidant capacity in the range of 50-100 ppm,® and the mean
serum SOD levels are shown in Table 3. Group |1 exhibited a significant
decrease (31.14 + 2.32%), suggesting a high reactive oxidative stress.
Increased levels of free radicals in the body cause a decrease in
enzymatic antioxidants and inhibition of nuclear factor erythroid 2-
related factor 2 (Nrf2).8 Groups Ill, 1V, and V significantly increased
due to the intervention of allopurinol and SZP effectively improving
oxidative stress conditions and high levels of enzymatic-type
endogenous antioxidants. Furthermore, polyphenolic compounds, such
as flavonoids, are found in phytochemical tests of SZP. These
compounds can activate SOD and Nrf2, which stimulate SOD
production.® According to Khalaf, the administration of allopurinol
could increase SOD levels in the body,? which aligns with the findings
of this study, showing a notable increase in SOD levels in group IlI.
Treatment with S. zalacca extracts significantly elevated the SOD levels
in zebrafish embryos at a dose of 0.4 mg/mL.%

Table 3: The mean serum levels per group post-intervention

(%)
Group Mean
SOD levels £ SD MDA levels £ SD
(%) (%) (nmol/mL)

Group | 87.54+£1.76 0.91+0.12

Group Il 31.14+2.32 10.91+0.36

Group Il 62.62 +2.03 4.10+0.24

Group IV 57.38+1.87 447 +0.19
GroupV  73.77+2.00 3.34£0.28

Note: Results represent mean + SD (n = 6)

SOD captures ROS produced in the uric acid metabolism process and
is broken down by GSH into hydrogen peroxide, which then converts
back into a non-toxic form. Furthermore, flavonoids induce GSH
synthesis?” and increase the production of antioxidants SOD and GSH
peroxidase, thereby preventing ischemia. Total flavonoid content
inhibits signaling pathways in nuclear factor kappa B (NF-xB) by
promoting the activation of adenosine monophosphate protein kinase
(AMPK) and inhibiting nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase.?” The One-Way ANOVA resulted in a p-value of
0.000 (p <0.05), indicating a significant difference in SOD levels across
five groups. To further investigate the relevance, an LSD post hoc
analysis was done, as shown in Table 4.

Table 4: The post hoc LSD results of serum SOD levels
between test groups

SerumSOD  Group Group Group Group  Group

levels | I 1l IV Vv
Group | 0.000  0.000 . 0.000
P - . - 0.000 "
Group I 0000 0000 oo 0000
Group Il 0.000  0.000 0.001
P . . - 0.080
GV o000 0000 2 o001

* * *
0
GroupV  0.000 0.000  0.000 .
P . . Y 0.001 -

Note: *There is a significant difference between the groups
(p<0.05)
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This result suggests that the administration of SZP as an antioxidant
may potentially alleviate oxidative stress in individuals with
hyperuricemia.

The results of the analysis of mean serum MDA levels post-intervention
The serum MDA level of group | (0.91 nmol/mL) was used as the
reference. Induction CL increased serum MDA with Group Il showing
the highest level (10.91 nmol/mL) and Group | the lowest (0.91
nmol/mL). According to a previous study, increased free radical
production elevates lipid peroxidation, causing more physical damage®®
and higher serum MDA levels. Lower MDA levels could show
decreased ROS production, as direct examination is difficult to
conduct.?® Hyperuricemia contributes to oxidative stress through XO
activity, inflammation, and the catalysis of lipid peroxidation through
lipoxygenase activity.82830 Serum MDA levels in Groups IV and V
decreased significantly to 4.47 nmol/mL and 3.34 nmol/mL,
respectively, compared to Il. The exogenous antioxidant from SZP
contains flavonoids,® which become natural antioxidants through the
reduction of free radicals in an electron-donor mechanism and inhibit
lipid peroxidation by donating one H* atom to free radicals and reducing
MDA formation.*® Therefore, Group V (SZP 420 mg/kg BW) showed
the most effective treatment in reducing serum MDA levels.

The serum MDA levels in Group Il (4.10 £ 0.24 nmol/mL), which
received allopurinol, exhibited a significant reduction compared to
Group Il (p = 0.000) (Table 5).

Table 5: The post hoc LSD results of serum MDA levels
between test groups.

Serum Group Group Group Group  Group

MDA levels I Il 1] v \%
Group | . 0000 0000 0000 o0
Groupll 0000 0000 0000 oo
Grouplll 0000 0000 0030 ;4
Group IV 0.200 0.200 0.230 3 0.000*

Group V 0.000 0.000 0.000 0.000
* * * *

Note: *There is a significant difference between the groups
(p<0.05)

Administering allopurinol lowers uric acid by suppressing the activity
of the XO enzyme in the metabolism of hypoxanthine into uric acid.%
However, prolonged use of allopurinol may cause side effects including
gastrointestinal disorders, allergies, peripheral neuritis, aplastic anemia,
hepatitis, and kidney disease.®?> These results are different from the
report of previous studies, where allopurinol significantly reduced
MDA levels due to higher the dose used (2.52 mg/head/day) compared
to 1.8 mg/200 g BW/day. The significant decrease in serum MDA levels
in group Il (p-value = 0.000) is consistent with a previous study3?
attributed to the antioxidant effect of S. zalacca. Phenolic compounds,
such as flavonoids exhibit antioxidants, XO enzyme inhibitors, and
anti-inflammatory effects, reducing the production of free radicals in
hyperuricemia. These compounds also act as ROS terminators by
donating an electron and producing unreactive intermediate
compounds.® Flavonoids in SZP play a significant role in reducing
MDA levels, thereby preventing the formation of inflammatory
mediators, NADPH, and ROS.3*

According to the results, SZP has antioxidant properties and is effective
in lowering uric acid levels in hyperuricemia rats by increasing SOD
and reducing MDA levels. However, this study is limited by the absence
of standard feed restrictions, which could influence the level of
oxidative stress.
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Conclusion

In conclusion, this study showed that ethanol extract from SZP had anti-
hyperuricemic effects and influenced the serum levels of SOD, MDA,
and uric acid. Therefore, the extract could be used as a new therapy for
hyperuricemia. Future studies will focus on clinical validation, a crucial
step in translating results into practical applications that could inform
and enhance patient care.

Conflict of Interest

Authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

References

1.

10.

11.

12.

13.

Yu W, Cheng JD. Uric Acid and Cardiovascular Disease: An
Update from Molecular Mechanism to Clinical Perspective.
Front Pharmacol. 2020;11:582680.

Amiruddin M, Nuddin A, Hengky HK. Consumption
Patterns as a Risk Factor for The Incidence of Gout in
Coastal Communities in Parepare. J IIm Manusia Kesehat.
2019;2(2):240-249.

Xia N, Li B, Liu H, Fan J, Shen W, He X. Anti-
hyperuricemic effect of Plantago depressa Willd extract in
rats. Trop J. Pharm Res. 2017;16(6):1365-1368.
Aihemaitijiang S, Zhang Y, Zhang L, Yang J, Ye C,
Halimulati M, Zhang W, Zhang Z. The association between
purine-rich food intake and hyperuricemia: A cross-sectional
study in chinese adult residents. Nutrients. 2020;12(12):1-11.
Liu N, Xu H, Sun Q, Yu X, Chen W, Wei H, Jiang J, Xu 'Y,
Lu W. The role of oxidative stress in hyperuricemia and
xanthine oxidoreductase (XOR) inhibitors. Oxid Med Cell
Longev. 2021;2021(1):1470380.

Gil-Del Valle L, Gravier-Hernandez R, Delgado-Guerra
MM, Sanchez-Marquez JA, Acosta-Suarez MA, Rossel-
Guerra T, Suarez-1znaga R, Martinez-Casanueva R, Zamora-
Rodriguez Z, Fernandez-Garcia LA, Bermudez-Alfonso Y,
Herndndez-Gonzalez-Abreu MC, Garrido G. Oxidative
stress in diverse clinical conditions of SARS-CoV-2 Cuban
hospitalized patients. J Pharm Pharmacogn Res.
2023;11(1):63-75.

Waulandari A, Dirgahayu P, Wiboworini B. Beetroot Powder
(Beta vulgaris L.) Decrease Oxidative Stress by Reducing of
Malondialdehyde (MDA) Levels in Hyperuricemia. J Int
Conf Proc. 2021;4(1):290-299.

Girsang E. Salak Peel: Benefits for Body Health. (1st ed.).
Medan: Universitas Prima Indonesia; 2020.

Rohaeti E, Fauzi MR, Batubara I. Inhibition of a-
Glucosidase, Total Phenolic Content and Flavonoid Content
on Skin Fruit and Flesh Extracts of Some Varieties of Snake
Fruits. IOP Conf Ser Earth Environ Sci. Vol 58.
2017;58:012066.

Adinortney MB, Ansah C, Aboagye B, Sarfo JK, Martey O,
Nyarko AK. Flavonoid-Rich Extract of Dissotis rotundifolia
Whole Plant Protects against Ethanol-Induced Gastric
Mucosal Damage. Biochem Res Int. 2020;2020(1)7656127.
Susilawati E, Idar I, Aritonang MPU. Effect of ethanol
extract of kerehau leaves (Callicarpa longifolia Lamk.) On
malondialdehyde levels of Animals induced by alloxan.
Media Informasi. 2019;15(1):81-88.

Xie J, Wang W, Dong C, Huang L, Wang H, Li C, Nie S, Xie
M. Protective effect of flavonoids from Cyclocarya paliurus
leaves against carbon tetrachloride-induced acute liver injury
in mice. Food Chem Toxicol. 2018;119:392-399.

Muharni M, Ferlinahayati F, Yohandini H. Antioxidant,
antibacterial, total phenolic and flavonoid contents of

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

sungkai leaves (Paronema canescens). Trop J Nat Prod Res.
2021;5(3):528-533.

Wahyuningsih S, Noviana RN, Sholihah PSD, Vikasari SN.
Antihyperuricemia Effect of Piper crocatum Ruiz & Pav
Leave Ethanol Extract in Male Wistar Rats. IOP Conf Ser
Earth Environ Sci. 2022;1104(1):012023.

Nurhasnawati  Henny,  Sukarmi, Handayani  Fitri.
Comparison of Maceration and Soxhlet Extraction Methods
on the Antioxidant Activity of Ethanol Extract from Malay
Apple (Syzygium malaccense L.) Leaves. J Ilm Manuntung.
2017;3(1):91-95.

Donovan J, Brown P. Blood Collection. Curr Protoc
Neurosci. 2005;33(1):A.4G.1-A.4G.9.

Barham D, Trinder P. An improved colour reagent for the
determination of blood glucose by the oxidase system.
Analyst. 1972;97(1151):142-145.

Fossati P, Prencipe L, Berti G. Use of 3,5-dichloro-2-
hydroxybenzenesulfonic acid/4-aminophenazone
chromogenic system in direct enzymic assay of uric acid in
serum and urine. Clin Chem. 1980;26 2:227-231.

De Leon JAD, Borges CR. Evaluation of Oxidative Stress in
Biological Samples Using the Thiobarbituric Acid
Substances Assay. J Vis Exp. 2022;(159):10-3791.
Atmakusuma TD, Nasution IR, Sutandyo N. Oxidative
Stress (Malondialdehyde) in Adults Beta-Thalassemia Major
and Intermedia: Comparison Between Before and After
Blood Transfussion and Its Correlation with Iron Overload.
Int J Gen Med. 2021;1(1):8.

Khotimah H, Prima WE, Weningtyas A, Aninditha D, Alita
SNP, Kalsum U, Nandar SK, Rahayu M, Handayani D.
Neuroprotective Activity and Antioxidant Effect of Salacca
zalacca Peel Ethanol Extract on High Glucose Induced
Zebrafish (Danio rerio) Embryo. Trop J Nat Prod Res.
2022;5(12):2079-2084.

Xue Hui, Xu Meng, Gong Deming, Zhang Guowen.
Mechanism of flavonoids inhibiting xanthine oxidase and
alleviating ~ hyperuricemia ~ from  structure-activity
relationship and animal experiments: A review. Food Front.
2023;4(4):1643-1665.

Juwita R, Saleh C, Sitorus S. Evaluation of
Antihyperuricemic Activity of Green Leaves from Pucuk
Merah (Syzygium myrtifolium Walp.) in Male Mice (Mus
musculus). J Atomik. 2017;2:162-168.

Qurie A, Preuss CV, Musa R. Allupurinol. [Online]. June 26,
2023 [cited 2025 Jan 24]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK499942.

Zheng M, Liu Y, Zhang G, Yang Z, Xu W, Chen Q. The
Applications and Mechanisms of Superoxide Dismutase in
Medicine, Food, and Cosmetics.  Antioxidants.
2023;12(9):1675.

Khalaf HM, lbrahim MA, Amin EF, lbrahim SA, Abdel-
Wahab S, Fouad YM. Allopurinol potentiates the
hepatoprotective effect of metformin and vitamin E in
fructose-induced fatty liver in rats. Clin Exp Hepatol.
2019;5(1):65-74.

Xu D, Hu MJ, Wang YQ, Cui YL. Antioxidant activities of
quercetin and its complexes for medicinal application.
Molecules. 2019;24(6):1123.

Murray RK, Blender DA, Botham KM, Kennelly PJ,
Rodwell VW, Anthony Weil P. Harper’s Biochemistry. (30th
ed.). Jakarta: Buku Kedokteran EGC; 2017.

Dasgupta A, Klein K. Methods for Measuring Oxidative
Stress in the Laboratory. Antioxidants in Food, Vitamins and
Supplements. 2014;10:19-40.

Sumarya |, Suanda I. Uric Acid Induces Inflammatory
Response, VSMC Proliferation, and Endothelial Cell
Dysfunction. Widya Biol. 2021;12(1):48-57.

Lee Y, Hwang J, Desai SH, Li Xiaobai, Jenkins C, Kopp JB,
Winkler CA, Cho SK. Efficacy of Xanthine Oxidase
Inhibitors in Lowering Serum Uric Acid in Chronic Kidney

1709

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



32.

33.

34.

Trop J Nat Prod Res, April 2025; 9(4): 1706 - 1710

Disease: A Systematic Review and Meta-Analysis. J Clin
Med. 2022;11(9):2468.

Atifah Y, Diana OP. Effects of Sidempuan Salacca (Salacca
sumatrana) Vinegar on Hyperuricemia: Histopathological
Assessment. In: BIO Web of Conferences. Vol 91. EDP
Sciences; 2024:01025.

Widiartini C, Pribadi W, Sulistyo H. Comparison of the
Antioxidant Stress Potential of Ethanol Extract of Salak
(Salacca zalacca) Peel and Allopurinol in Hyperuricemic
White Rats (Rattus norvegicus). Prosiding Seminar Nasional
dan Call for Papers. 2018;8(1):41-52.

Sumarya | M. Hyperurichemia as A Risk Factor of
Cardiovascular Disease Through Oxidative  Stress
Mechanism. Widya Biol. 2019;10(2):87-98.

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

1710



