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Abstract

Hyperuricemia, a widespread metabolic disorder, is marked by abnormally high blood uric acid concentrations. This condi-
tion arises primarily from either excessive uric acid synthesis, impaired renal excretion, or a combination of both. Beyond its
well-established link to gout, hyperuricemia is also a contributing factor to various other health complications. While conven-
tional pharmacological treatments offer therapeutic benefits, their adverse side effects pose potential risks to patients. This
review explores common medicinal and edible plants with demonstrated uric acid-lowering properties, emphasising their
active constituents. These bioactive agents function through multiple mechanisms, such as suppressing uric acid synthesis,
enhancing renal excretion, and reducing inflammatory responses. By evaluating the therapeutic potential of these plant-based
compounds, this study aims to provide valuable insights into alternative strategies for hyperuricemia treatment.
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1 Introduction

Hyperuricemia is a medical condition characterised by el-
evated uric acid levels (approximately 6.8 mgdl™") in the
blood."? This condition arises through three main mecha-
nisms: increased endogenous production of uric acid, de-
creased renal excretion, or a combination of these patho-
logic processes.> Hyperuricemia may result from various
factors, including a diet high in purines (e.g., red meat and
seafood), obesity, excessive alcohol consumption, certain
diseases (such as gout, kidney disease, and psoriasis) and
some medications.* Uric acid is the terminal metabolic
by-product of purine catabolism —purines being organ-
ic compounds found in specific dietary sources and also
formed by the body. The kidneys normally filter uric acid
and eliminate it through urine. However, when there is an
overproduction of uric acid or the kidneys cannot elimi-
nate it efficiently, hyperuricemia may develop.®® Hyperu-
ricemia is often asymptomatic (approximately 75 to 90 %),
which means that individuals with elevated uric acid lev-
els may not experience noticeable symptoms.® Persistent
elevation of uric acid concentrations in biological fluids
(serum or urine) may precipitate various pathological man-
ifestations. Most notably, this includes the crystallisation of
monosodium urate deposits characteristic of gouty arthritis
and the formation of uric acid renal calculi in nephrolithia-
sis. Furthermore, recent clinical evidence shows that there
is a significant association between chronic hyperuricemia
and multiple systemic disorders, including components of
metabolic syndrome (insulin resistance, central adiposity),
cardiovascular pathologies (hypertension, atherosclerotic
disease), and progressive renal impairment.’®'* The thera-
py for hyperuricemia involves various approaches, includ-
ing lifestyle modifications, dietary changes, and medica-
tions."> 14

“Jumardi Jumardi
Email: jumardimukhl@gmail.com

Urate-lowering therapy (ULT) represents the primary inter-
vention for hyperuricemia®'®, and it can be classified into
three distinct mechanistic classes: xanthine oxidase inhib-
itors, uricosuric drugs, and recombinant uricase inhibitors.
Although these treatments can effectively reduce uric acid
levels, they may be associated with various adverse ef-
fects.’*" As a widely utilised xanthine oxidase inhibitor,
allopurinol frequently causes gastrointestinal side effects,
such as nausea and diarrheal symptoms, and in some cas-
es, hypersensitivity reactions including skin rashes or se-
vere systemic reactions.?2'™p¢ In rare cases, allopurinol
has been associated with liver and kidney damage.?*%

The limitations of current conventional urate-lowering
therapies emphasise the urgent need to develop safer
and more effective natural alternatives for the treatment
of hyperuricemia. Herbal medicine, considered safe and
effective in reducing uric acid levels, is commonly used in
countries such as China, Indonesia, and Thailand to treat
hyperuricemia. This review highlights edible plants and
their bioactive components in the prevention and treat-
ment of hyperuricemia.

2 Hyperuricemia

Uric acid, the terminal metabolic by-product of purine nu-
cleotide catabolism, is produced in the liver. Purines are
also produced within the body as part of normal cellular
metabolism. Cells generate purines during processes like
DNA and RNA synthesis, as well as the breakdown of ATP
(adenosine triphosphate), a compound that helps in ener-
gy transfer within cells.*>?¢ Purines undergo a metabolic
process known as purine catabolism, where they are bro-
ken down into simpler compounds.?”

The enzyme xanthine oxidoreductase mediates the termi-
nal metabolic steps in uric acid biosynthesis, sequentially
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Fig. 1 — Bioactive compounds of celery have a potential hyperuricemic effect*®

converting hypoxanthine to xanthine, and subsequently
xanthine to uric acid. Hypoxanthine and xanthine are in-
termediate products of this catabolism.?®2?% In the human
body, uric acid circulates in the blood in an unbound form
with protein. Uric acid is freely filtered in the glomerulus,
but 90 % of it is reabsorbed.*® An increase in uric acid
production, a decrease in renal uric acid excretion, or
a combination of both leads to hyperuricemia. Elevated
uric acid concentrations in the blood are the main cause
of gout, as they facilitate crystal precipitation and disease
development.®

3 Plant-based hypouricemic activity
3.1 Celery (Apium graveolens L.)

A. graveolens L. is a biennial plant belonging to the Apiace-
ae family. This plant is commonly cultivated for its crisp
leaf stalks and leaves, which are used in various culinary
applications. Celery has demonstrated promising bioactive
properties, including antioxidant, anticancer, antimicrobi-
al, antidiabetic, analgesic activity, and anti-inflammatory
properties.®*3* Dolati et al. reported that celery extract can
reduce serum uric acid levels via hepatic xanthine dehy-
drogenase/xanthine oxidase (XDH/XO) inhibition, high-
lighting its potential as an effective hypouricemic bioactive
agent or functional food.** In one report, the ethanolic
extract of celery seeds, which contains flavone glycosides
(apigenin and apiin), can reduce cytochrome C production
and enhance uric acid elimination through improved kid-
ney filtration function. This was reflected in lowered serum
urea nitrogen (SUN) and serum creatinine (SCr) levels.

A. graveolens synthesises a diverse spectrum of bioactive
constituents that underlie its organoleptic characteristics
and pharmacological properties. The principal phytochem-
icals identified in this species include: (i) flavonoid deriva-
tives, notably apigenin, apiin, kaempferol, and luteolin; (ii)

furocoumarin-class compounds such as apigravin, celerin,
and umbelliferone; (iii) phenolic acids including caffeic
acid, p-coumaric acid, and ferulic acid; (iv) hydrolysable
tannins; and (v) phthalide-rich essential oil fractions.*® The
chemical structure of compounds found in celery is shown
in Fig. 1.

Soliman et al.*” reported that administration of celery water
extract significantly decreased blood urea nitrogen (BUN)
and SUA levels in hyperuricemic rats. These findings sug-
gest that celery extract has the potential to reduce the ad-
verse effects of hyperuricemia.

Many researchers report that apigenin, apiin, and luteolin
are responsible for anti-gout activity. Apigenin has been
shown to reduce serum uric acid levels, blood urea ni-
trogen (BUN), serum creatinine (CRE), and renal inflam-
matory factors in rats. Furthermore, apigenin improved
renal fibrosis by suppressing the Wnt/B-catenin pathway.*
The mechanism by which apigenin ameliorates hyperu-
ricemia involves the inhibition of serum uric acid (SUA)
overproduction and the promotion of SUA excretion, as
well as regulation of the JAK2/STAT3 signalling pathway.*
Contrary to these findings, Zhang et al., through in vivo
studies, demonstrated that apiin significantly reduced se-
rum urate levels in hyperuricemic rodent models, with a
clear dose-dependent response. In comparison, apigenin
showed only moderate hypouricemic activity. Mechanis-
tic investigations suggested that both flavonoids promote
urate excretion by augmenting glomerular filtration rates.*
Recent studies by Xiaona et al. have demonstrated, through
enzymatic inhibition assays, a dose-dependent XOD sup-
pression by multiple celery-derived compounds, with the
following potency profile (expressed as ICso values): crude
celery seed extract (1.98 mg ml™"), luteolin (69.23 pM),
apigenin (92.56 pM), and chrysoeriol (40.52 uM) demon-
strated particularly strong inhibitory effects. Among the gly-
cosylated derivatives, luteolin-7-O-glucoside (975.83 pM)
showed moderate activity, while luteolin-7-O-apinosyl
glucoside (3140.51 pM) and luteolin-7-O-6-malonyl glu-
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coside (2018.37 pM) exhibited comparatively weaker in-
hibition.*® Complementing these findings, James et al.*'
identified luteolin as a potent xanthine oxidase (XOD) in-
hibitor in vitro, demonstrating superior efficacy compared
to allopurinol. Their quantitative analysis revealed an ex-
ceptional ICso of 4.79 pM, indicating significantly stronger
enzyme inhibition than allopurinol.*?

3.2 Coffee (Coffea)

Coffee is derived from the roasted seeds, or beans, of the
Coffea plant, which is native to tropical regions of Africa
and has since been cultivated and consumed worldwide.**
The global coffee industry predominantly cultivates two
commercially significant Coffea species: C. arabica and
C. canephora (commonly termed arabica and robusta,
respectively). These varieties exhibit distinct organoleptic
and biochemical profiles, with arabica beans characterised
by their delicate aromatic qualities, while robusta beans
demonstrate markedly higher caffeine concentrations and
more pronounced bitter notes.** A meta-analysis carried
out by Park et al. revealed that coffee consumption was
associated with a decrease in serum uric acid levels and
the risk of gout in both genders. It is important to note that
women require a higher intake of coffee to lower serum
uric acid levels compared to men.**#¢ Moreover, habitu-
al coffee consumption was found to be significantly and
inversely correlated with gout. In studies comparing cof-
fee-drinking subjects to non-coffee-drinking subjects, the
former were found to have lower levels of uric acid, mak-
ing coffee a potentially viable non-pharmacological alter-
native for the treatment and prevention of gout.*

Coffee beans contain various carbohydrates (sucrose,
galactose, glucose, and fructose), proteins, fats, volatile
components, melanoidins, alkaloids, phenolic acids, ter-
penoids, and other ingredients.*4° Phenolic acids are the
primary compounds that contribute to the pigment, taste,
and flavour formation when coffee beans are roasted.*
The polyphenol from coffee that has been identified as an
antioxidant is chlorogenic acid. This compound is formed
during roasting.’ The chemical structure of chlorogenic
acid is shown in Fig. 2. Chlorogenic acid has been found
to inhibit xanthine oxidase activity.> Chlorogenic acid pre-
vents hyperuricemia and nephropathy by regulating gut
microbes associated with trimethylamine N-oxide (TMAO)
and inhibiting the PI3K/AKT/mTOR pathway.>* Chloro-
genic acid administration significantly reduced circulating
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LPS concentrations and downregulated mRNA expression
of key inflammatory mediators, including pro-inflamma-
tory cytokines (IL-18, TNF-a) and NLRP3 inflammasome
components (NLRP3, caspase-1).* Furthermore, treat-
ment with mei extract or allopurinol successfully lowered
the elevated serum uric acid levels caused by potassium
oxonate. The high dosage of mei extract showed a superi-
or anti-hyperuricemia effect compared to the low dosage,
and the reduction of serum uric acid levels was found to be
statistically significant when compared with the PO group.
Statistical analysis revealed no dose-dependent effect of
mei extract on lowering serum urate with comparable an-
tihypertensive effect observed between the high and low
dose treatment groups (p > 0.05 for between-group com-
parison).>

Caffeine (1, 3, 7-trimethylxanthine) is one of the alkaloids
found in coffee has and is responsible for its bitter taste.>®
The chemical structure of caffeine is shown in Fig. 2. The
effect of caffeine on SUA levels remains controversial. Most
studies suggest that coffee (caffeine) intake has an effect on
reducing serum uric acid levels. Liu et al. investigated the
relationship between caffeinated beverages and the risk of
gout using Mendelian random analysis. Their findings re-
vealed a significant association between tea or coffee con-
sumption and the risk of gout, suggesting a potential link
between caffeine and hyperuricemia.”” In contrast, several
studies have indicated that caffeine is not associated with
increased serum uric acid levels. While coffee consump-
tion is associated with lower serum uric acid levels and an
increased frequency of hyperuricemia, tea consumption
does not exhibit a similar association. These findings sug-
gest that caffeine may not play a significant role in lowering
serum uric acid levels.?

3.3 Ginger (Zingiber officinale)

Ginger (Z. officinale), a member of the Zingiberaceae family,
is widely valued both as a culinary spice and as a raw ma-
terial in traditional medicine, particularly for its rhizome.
This part of the plant can be consumed fresh, dried, or
in powdered form.>® The distinctive finger-shaped, swol-
len middle segments of the ginger rhizome are responsi-
ble for its unique spicy flavour.®® The bioactive compounds
in ginger are responsible for its numerous health benefits.
Studies have demonstrated that ginger possesses numer-
ous biological activities, including antioxidant, anticancer,
anti-inflammatory, antimicrobial, neuroprotective, cardio-

chlorogenic acid (3-O-caffeoylquinic acid)

Fig. 2 —Structures of bioactive compounds found in coffee with potential hype-

ruricemic effect>'>°
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Fig. 3 - Bioactive compounds of ginger with potential hyperuricemic effect®

vascular protective, anti-gout, anti-obesity, antitumor, anti-
diabetic, antinausea, and antiemetic effects.®'2

Ginger rhizomes contain a diverse range of components,
including fatty oils, protein, carbohydrates, crude fibre, or-
ganic acid, volatile oils, and non-volatile compounds.®* The
essential oils and oleoresins are responsible for the strong,
sour, and pungent flavour associated with ginger. The vol-
atile compounds in ginger essential oil consist mainly of
sesquiterpenoids, such as a-zingiberene, B-sesquiphel-
landrene, B-bisabolene, o-farnesene, a-curcumene, and
a-zingiberol, among others. The major oleoresin com-
pounds obtained through phenolic extraction include gin-
gerols, shogaols, paradols, quercetin, zingerone, ginger-
enone-A, and 6-dehydrogingerdione.®

Several bioactive compounds in ginger, including 6-gin-
gerol, 8-gingerol, 10-gingerol, and 6-shogaol, demonstrate
antioxidant activity. The chemical structures of gingerol
and shogaol are shown in Fig. 3. In vitro, 6-gingerol exhib-
ited the highest antioxidant activity, followed by 6-shogaol.
In vitro and in vivo studies have shown that 6-shogaol can
effectively reduce inflammatory mediator systems, such as
COX-2 and iNOS, and affect NFkB and MAPK signalling
pathways. Additionally, this compound has been shown
to increase ocytoprotective HO-1 levels.®* Several in vit-
ro studies have offered deeper mechanistic insights into
the anti-inflammatory effects of 6-shogaol, highlighting its
involvement in pathways such as PPAR-y, INK/Nrf2, p38/
HO-1, and NFkB. Furthermore, the oral administration
of microemulsified 6-shogaol in hyperuricemic rats was
found to significantly decrease uric acid levels and xan-

thine oxidase activity.®> Histological studies also confirmed
that the formulation groups offered better protection for
the kidneys than the free drug groups. The reduced lys-
osomal enzyme activities observed in monosodium urate
(MSU) crystal-induced mice following 6-shogaol treatment
suggest that this compound may inhibit the release of lyso-
somal enzymes through its stabilising effects. Additionally,
the decrease in MSU crystal-induced paw oedema after
6-shogaol administration indicates a significant reduction
in total leukocyte migration, as well as in the migration of
lymphocytes and monocytes/macrophages from the blood
into the synovial cavity.®® Application of 6-shogaol as a na-
noparticle formula reduces the uric acid level by inhibiting
xanthine oxidase (XO) activity, and reducing interleukin-1
(IL-1pB) and tumor necrosis factor (TNF-a) production.®” Ma-
rahatha et al. reported that 6-gingerol can inhibit xanthine
oxidase, an enzyme that catalyses the conversion of uric
acid from xanthine and hypoxanthine to xanthine during
the final step of purine metabolic breakdown by producing
reactive oxygen species.®®

3.4 Cherry (Prunus sp.)

Cherries belong to the genus Prunus within the Rosace-
ae family. There are two primary types of cherries: sweet
cherries (P avium), which are typically consumed fresh, and
sour cherries (P cerasus), which are often frozen, canned,
and utilised in sauces and pastries.®® Cherries provide a va-
riety of health benefits due to their excellent nutritional
content. They support the immune system and help re-
duce the risk of diseases such as cardiovascular disease,
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diabetes, inflammatory diseases, cancer, and gout.”® Cher-
ries are rich in vitamins A, C, and E, sugar, carotenoids,
quercetin, essential minerals, organic acids, flavonols, and
phenolics like anthocyanins. The primary phenolic acids
present in sour cherries include 3-caffeoylquinic acid,
5-caffeoylquinic acid, and p-coumaric acid. Flavanols are
primarily composed of catechin and epicatechin deriva-
tives, whereas flavonols are predominantly represented by
quercetin and kaempferol glycosides.”””* The chemical
structure in bioactive compounds of cherry is presented
in Fig. 4.

Polyphenols and vitamin C may be responsible for antioxi-
dant and anti-inflammatory activity.”* Research shows that
cherries, their extract, and their products have antioxidant
properties, inhibit inflammation against urate crystals, and
reduce SUA.”>7¢ In one research report, phenolics and an-
thocyanins found abundantly in cherries have been asso-
ciated with the inhibition of interleukin-6 (IL-6), tumour
necrosis factor alpha (TNF-), IL-1B, IL-8, COX-I, and COX-

OH

cyanidin-3-O-glucoside

OH

HO, . ou
L <

HO. N R 0 e

3-O-caffeoylquinic acid

quercetin-3-O-rutinoside

O OH
“OH |‘°U "“OH

cyanidin-3,5-O-dihexoside

3-p-coumarylquinic acid

95

1. This suggests that sweet cherries may have the ability to
reduce both acute and chronic inflammation, which may
play a role in the recurrence of gout and in chronic de-
structive arthropathy.”” Sweet cherry extract showed signif-
icant inhibitory effects on the XO system.

Major compounds of the methanolic extracts are hydroxy-
cinnamicacids (3-O-caffeoylquinicacid, 4-O-caffeoylquin-
ic acid, 3-p-coumarylquinic acid), anthocyanins
(cyanidin-3,5-O-dihexoside, cyanidin-3-O-glucoside, cya-
nidin-3-O-rutinoside, and peonidin-3-O-rutinoside), and
flavonols (isorhamnetin-O-hexoside, quercetin-3-O-ruti-
noside, kaempferol-3-O-rutinoside, kaempferol-3-O-glu-
coside).”® Methanolic extracts of sour cherry inhibited xan-
thine oxidase with an 1C;, of 2.619 mgml~'. Polyphenols
and flavonoids are important compounds in the inhibition
of XO activity in sour cherry extract, not anthocyanins.”
Cherry contains quercetin, which has been established as
an effective inhibitor of xanthine oxidase (XO) for several
years. Numerous studies have demonstrated that quercetin

OH
c- _~_OH
HO TWOQ leﬂ
\
S

OH O/LIOH
,,,/[oj,oy\:/ on
Ho” ™~ on OH
OH

cyanidin-3-O-rutinoside

OH OH

3-O-caffeoylquinic acid

HO "OH

OH

kaempferol-3-O-rutinoside

Fig. 4 - Bioactive compounds of cherry with potential hyperuricemic effect’™
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Fig. 5 - Structure of five cucurbitane-type of M. charantia®

exerts a potent inhibitory effect on xanthine oxidase (XO),
with an IC, value of 0.44 pM, which is stronger than the
standard allopurinol, which has an 1C,, value of 0.77 pM.
In another study, quercetin isolated from Filipendula ulma-
ria, a plant traditionally used for gout, inhibited XO with an
ICs, value of 1.07 = 0.06 pgml~", also surpassing allopu-
rinol, which exhibited an 1C;, value of 2.0 = 0.1 pgml~".
These findings offer valuable insights into the potential ef-
ficacy of Montmorency tart cherry juice as a treatment for
gout.®

3.5 Bitter Melon (Momordica charantia)

M. charantia, commonly known as bitter melon or pare in
Indonesia, is a tropical and subtropical vine belonging to
the gourd family (Cucurbitaceae). It is cultivated for its fruit,
which is used both as a culinary ingredient and in tradition-
al medicine in various cultures.®' The use of bitter melon in
traditional medicine dates back centuries, and it is believed
to possess a range of potential health benefits. These in-
clude antidiabetic, hypoglycemic, antibacterial, anti-gout,
anti-inflammatory, antiviral, antioxidant, anti-helminthic,
hepatoprotective, antileukemic, antitumor, and immuno-
modulatory properties.?*# M. charantia contains a variety
of biologically active compounds, including glycosides, li-
pids, proteins, alkaloids, triterpenes, flavonoids, phenolics,
glycosides, steroids, chalcones, carotenoids, tannins, sapo-
nins, iridoids, ursolic acid, and imidazolines.?+%

The potential of M. charantia extracts as an antioxidant
agent has been demonstrated by in vitro and in vivo stud-
ies. An in vivo biological investigation was conducted on
the ethanolic extract of Momordica charantia, a plant from
the Cucurbitaceae family, to evaluate its antihyperlipidemic
activity and serum uric acid-reducing potential. The results

demonstrated that the ethanolic extract of M. charantia
effectively reduced serum uric acid levels in both exper-
imental groups.?” Cucurbitane-type triterpene glycosides
(derivated compounds are shown in Fig. 5) isolated from
M. charantia part significantly inhibit XO activity.® Triter-
penoids isolated from the stems of M. charantia displayed
ABTS radical cation scavenging activity with ICs, values of
268.5 and an inhibitory effect on xanthine oxidase (XO)
activity with 1C;, values of 36.8 pM.% Based on the data-
base, more than 90 triterpenes have been obtained from
different parts of M. charantia.”

3.6 Other plants

In addition to the primary species discussed in earlier sec-
tions, a variety of other plant species exhibit notable bioac-
tivity through their rich content of phenolic compounds or
other bioactive molecules. These species may contribute
to the modulation of uric acid levels and the inhibition of
xanthine oxidase (XO), which plays a central role in the
pathogenesis of hyperuricemia and gout.

1. Apigenin, apart from being found in celery, apigenin is
also found in several plants such as parsley, basil, cham-
omile tea, and kumquat, as well as fruits and vegetables
such as guava and bilimbi fruit.”’

2. Quercetin and its derivatives have exhibited good po-
tential in exerting xanthine oxidase (XO) inhibitory ac-
tivity. Many plant species contain quercetin, e.g., Quer-
cus robur (oak), garlic, apple, moringa.?

3. Reservatol can act as a xanthine oxidase inhibitor,
meaning it can slow down or stop the enzyme xanthine
oxidase from converting xanthine into uric acid, con-
tained in grapes, raspberries, mulberries, pistachios,
and peanuts.%*%*
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4 Conclusion

Hyperuricemia results from increased uric acid produc-
tion, decreased renal excretion of uric acid, or a combina-
tion of both. It is a major risk factor for gout and a prereq-
uisite for crystal precipitation and disease development.
Herbal medicine has been explored for the prevention and
treatment of hyperuricemia, with several plants commonly
available in daily life. Extracts or bioactive compounds from
the reviewed plants demonstrate potential hypouricemic
activity both in vivo and in vitro. Herbal medicines contain
a variety of active constituents that act as anti-inflammato-
ry, antioxidant, and uric acid transport modulators. Many
of these herbs exert their effects through multiple mech-
anisms, such as improving hyperuricemia and lowering
serum uric acid levels. A phytochemical matrix often com-
prises several components, rather than relying on a single
active compound.
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SAZETAK
Terapeutski bioaktivni spojevi ljekovitih i jestivih biljaka
u lijecenju hiperurikemije
Jumardi Jumardi

Hiperurikemija, ¢est metaboli¢ki poremecaj, obiljezena je neuobicajeno visokim koncentracijama
mokracne kiseline u krvi. To stanje nastaje ponajprije zbog pretjeranog stvaranja mokracne kiseli-
ne, smanjene bubrezne eliminacije ili kombinacije oboje. Osim dobro poznate povezanosti s gih-
tom, hiperurikemija doprinosi i razvoju brojnih drugih zdravstvenih komplikacija. lako standardni
farmakoloski tretmani pruzaju terapijsku korist, njihovi nuspojavni profili mogu predstavljati rizik
za pacijente.

Ovaj pregledni rad istrazuje uobicajene ljekovite i jestive biljke s dokazanim uc¢inkom snizavanja
mokracne kiseline s naglaskom na njihove aktivne sastojke. Ti bioaktivni spojevi djeluju kroz vise
mehanizama, ukljucujuci inhibiciju sinteze mokracne kiseline, poticanje bubreznog izlucivanja
te smanjenje upalnih reakcija. Procjenom terapijskog potencijala biljnih bioaktivnih spojeva, rad
pruza vrijedan uvid u alternativne strategije lijeCenja hiperurikemije.

Kljucne rijeci
Anti-giht, antioksidans, protuupalno djelovanje, mokracna kiselina, ksantin-oksidaza
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