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ABSTRACT

Individuals tend to have an increased blood uric acid level at a younger age duc to their dietary choices and lifestyle,
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which can lead to major health concerns such as hyperuricemia, gout, cardiovascular disease, nephropathy, and
inflammation. Flavonoids have been proven to have strong inhibitory action against xanthine oxidase and be able
to lower serum uric acid levels, levels of adenosine deaminase, gene expressions of renal glucose transporter type 9

(mGLUT9) and uric acid transporter 1 (mURAT1), along with increased expression of organic anion transporters
(mOATT and mOAT?3) and organic cation transporters (mOCT1 and mOCT2). Furthermore, flavonoids enhanced

*Corresponding Authors:
Kanthesh M. Basalingappa
E-mail: kantheshmb@jssuni.
edu.in

Maghimaa Mathanmohun
E-mail: maghimaam@gmail.

the treatment of Uric acid-related illnesses.

renal function and antioxidant activity in hyperuricemic rats. In hyperuricemic mice, genistein reduced renal fibrosis
by inhibiting the JAK2/STAT3 and Wnt/B-catenin signaling pathways. Overall, this review reveals that the flavonoids
have substantial anti-hyperuricemia and associated discase potential and may be utilized as natural supplements for
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INTRODUCTION

Globally, there has been an increase in the prevalence of
gout, nephropathy, and cardiovascular disease. The onset of
these conditions is associated with elevated purines and high
blood uric acid (UA) levels. In purine catabolism, adenosine
monophosphate (AMP) can be converted to inosine through two
pathways: one involves AMP deaminase (AMPD) to produce
inosine monophosphate (IMP), followed by 5’-nucleotidase
(5'NT) to generate inosine, while the other employs 5'N'T to
form adenosine, subsequently utilizing ADA to produce inosine.
Purine nucleoside phosphorylase (PNP) further transforms
inosine into hypoxanthine. Xanthine oxidoreductase (XOR)
plays a role in converting hypoxanthine to xanthine and then
to urate. There are two enzyme types in this process: xanthine
dehydrogenase (XDH), with a preference for NAD+, and
xanthine oxidase (XO), which favors O2. Crucial enzymes in
urate production and purine metabolism include ADA and
XOR, particularly XO (Figure 1) (Nutmakul, 2022) which

results in the formation of UA, a heterocyclic organic compound

(C5H4N304). The main causes of elevated blood UA levels are
UA overproduction and underexcretion. When it reaches certain
levels of UA, preferably 7 mg/dL for men or 6 mg/dL for women,
hyperuricemia (HUA) is indicated (Fenget al., 2022). HUA is a
condition in which there is a high level of uric acid in the blood.
The overproduction of uric acid by xanthine hydroxylation,
which is catalyzed by xanthine oxidase, is one component
that leads to this. This can cause gout and kidney stones, as
well as renal inefficacy, oxidative stress, inflammation, and
cardiovascular disease. This condition is partially genetic, which
causes about 60% of the variability in uric acid levels. Some
genes, like the SLC2A9 and ABCG2 genes of the same family,
are commonly associated with gout, and diabetes increases
the risk. The mutations in these genes lead to loss of function,
which is responsible for low uric acid levels in blood serum by
reducing urate absorption and unopposed urate secretion from

the body (Dalbeth et al., 2017).

Allopurinol, along with its derivative 4-hydroxy pyrazole (3,4-d)
pyrimidine (4-HPP), has emerged as a novel and effective
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Figure 1: Urate production and excretion in the human body

agent in the treatment of gout, offering promising therapeutic
benefits in managing this condition (Rundles et al., 19606).
Allopurinol commonly induces hypersensitivity reactions,
skin rashes, and gastrointestinal distress as its primary side
effects. It’s noteworthy that these effects are predominantly
observed in individuals with compromised glomerular
filtration. Additionally, allopurinol toxicity syndromes
may manifest as rashes, fever, deteriorating renal function,
vasculitis, cosinophilia, and, in severe cases, can lead to fatal
outcomes (Horiuchi et al., 2000). These diseases show signs
and symptoms that are more common in elderly patients with
renal inefficiency. The safety of children and pregnant women
has not been established (Borges et al., 2002). Flavonoids are
an important class of natural products, specifically polyphenolic
secondary metabolites found in fruits, vegetables, and certain
beverages. Flavonoids have been associated with various health-
promoting benefits and are integral to numerous applications
in nutraceuticals, pharmaceuticals, medicine, and cosmetics.
Their significance lies in their ability to regulate crucial
cellular enzyme functions, coupled with their antioxidative,
anti-inflammatory, anti-mutagenic, and anti-carcinogenic
properties. Additionally, flavonoids are recognized for their
inhibitory effects on several metabolites, including xanthine
oxidase (XO), cyclo-oxygenase (COX), lipoxygenase, and
phosphoinositide 3-kinase (Panche et al., 2016). Flavonoids
are a kind of low molecular weight phenolic compound found
throughout the plant kingdom. Many angiosperm families
exhibit numerous flavonoids, which are readily recognizable as
flower pigments. However, their distribution extends beyond
flowers, encompassing all parts of the plant. Flavonoids feature
a Cl15 skeleton comprising two phenolic rings connected by
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three carbon units, and their classification is based on the
presence of various substituents on the rings and the degree of
ring saturation. To enhance their water solubility, flavonoids
often attach to a sugar moiety (Omar et al., 2007). Dietary
flavonoids are abundant in plant-based foods and beverages like
fruits, vegetables, tea, chocolate, and wine. Various subclasses
categorize flavonoids, such as chalcones, flavones, flavonols, and
isoflavones, cach with distinct primary sources.

Classification

Flavonoids are classified into subgroups based on the linkage
of the B ring to the carbon of the C ring, as well as the degree
of unsaturation and oxidation of the C ring. Isoflavones,
for instance, are flavonoids where the B ring is attached to
position 3 of the C ring. Neoflavanoids have the B ring linked
to position 4, while those with the B ring connected to position
2 can be further categorized into various subgroups based on
the structural properties of the C ring. The subgroups include
flavones, flavonols, flavanones, flavanonols, flavanols or
catechins, anthocyanins, and chalcones (Panche et al., 2016).

FATE OF FLAVONOIDS IN HYPERURICEMIA

Flavonols

Quercetin, morin, myricetin, and kaempferol share a common
structural feature—a C-2-C-3 double bond with hydroxyl
groups at positions 3-7. Glycosylation at position 7 has
been observed to potentially diminish the hypouricemic and
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XOD-inhibiting properties of icariin (a compound categorized
as a flavonoid). Notably, the absence of the 3-hydroxyl group
has been linked to a reduction in the hypouricemic effects
of flavones, as demonstrated in compounds such as luteolin.
Similarly, the elimination of the 4-hydroxyl group might render
flavone (baicalein) ineffective in exerting hypouricemic effects.
Structural analyses have revealed the pivotal role of 4-hydroxyl
groups in protein interactions, and the hypouricemic actions of
quercetin, morin, myricetin, and kaempferol, each possessing
4-hydroxyl groups, are believed to operate by directly reducing
XOD activity (Mo et al., 2007).

Rutin

Rutin or (3,3",4',5,7-pentahydroxyflavone-3-rhamnoglucoside),
is a flavonol present in several plants, including passionflower,
buckwheat, tea, and apple. It is an important source of nutrients
in food. Rutin, a citrus flavonoid glycoside, is present in
buckwheat and is alternatively referred to as rutoside, quercetin-
3-rutinoside, and sophorin. The name “rutin” is derived from
the plant Ruta graveolens, which also contains this flavonoid

(Mo et al., 2007).

Research indicates that rutin exhibits the potential to decrease
reactive oxygen species (ROS) production, restore the balance
in oxidative stress, inhibit the activation of the NLRP3
inflammasome, and function as an anti-inflammatory agent. In a
groundbreaking study conducted by Wu et al. (2023) fibroblast-like
synoviocytes (FLS) were isolated and identified for the first time.
Rutin was observed to effectively inhibit the generation of ROS
and the activation of the NLRP3 inflammasome in FLS following
uric acid stimulation. The study suggests that rutin could be
beneficial in addressing gout by reducing xanthine oxidase (XOD)
activity, suppressing ROS production, and modulating the NLRP3
inflammasome (Ganeshpurkar & Saluja, 2017; Wu et al., 2023).

Tea

Tea is notably rich in three main types of flavonoids: flavan-
3-ols, commonly known as catechins, oligomeric flavonoids,
which include thearubigins and theaflavins produced during the
fermentation process, and flavonols, such as quercetin. Green tea
is distinguished by six specific monomer catechins that contribute
to its chemical composition, including epigallocatechin-3-gallate
and epicatechin-3-gallate. These catechins undergo processes
during the fermentation of green to black tea, forming dimers
called theaflavins (derived tannins), larger molecules referred
to as pro-anthocyanidins (condensed tannins), and very large
oligomers and polymers known as thearubigens (condensed/
derived tannins) (Dwyer & Peterson, 2013).

According to Wu et al. (2022) TWESs (tea water extracts) groups
exhibited considerably decreased serum levels of uric acid,
urea nitrogen, and creatinine induced by HUA. Additionally,
the researchers investigated the activity of xanthine oxidase
(XOD) in the liver of mice, finding a significant increase in XOD
activity in the model group (Wu et al,, 2022). The impact of
total flavonoid extracts (T'WEs) on the regulation of renal uric
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acid transporters was assessed, examining the expression of uric
acid secretion transporters ABCG2, OAT1, OAT3, and uric acid
reabsorption transporter URAT1. Treatment with TWEs led to
anotable increase in the levels of ABCG2, OAT1, and OAT3 in
the kidney, while reducing the levels of URATT (Figure 3). The
study also analyzed the heightened oxidative stress induced by
the model group, revealing that TWE therapy substantially
alleviated oxidative stress in mice. Western blot analysis was
employed to evaluate the protein expression levels of Nrf2 and
HO-1 in mouse renal tissue, providing further insights into
the impact of TWEs on reducing oxidative stress. The data
demonstrated significantly lower Nrf2 and HO-1 expression
levels in the model group compared to the control group, but
administration of TWEs resulted in markedly higher levels of
these proteins than in the control group (Olan et al., 2019).

Anthocyanins

In the hyperuricemic mouse model, both serum and liver
xanthine oxidase (XOD) activities in the control group were
27.3% and 90.9% higher than those in normal mice, respectively.
Allopurinol therapy significantly decreased both serum and
hepatic XOD activities compared to the model control group.
Anthocyanin treatment demonstrated a notable reduction in
liver XOD activities by approximately 30.5% (P< 0.01) and
45.3% (P< 0.05) when compared to the model control group,
respectively. However, it’s noteworthy that low-dose anthocyanin
treatment did not lead to a reduction in blood XOD activity in
hyperuricemic mice (Qian et al., 2019).

The impact of anthocyanins (ACNs) on the expressions of renal
organic ion transporters was investigated. In comparison to
the model control group, high-dose ACN therapy significantly
elevated mRNA expression levels of OAT1, OAT3, and ABCG2
(P< 0.05, P< 0.05, P< 0.01). Additionally, ACNs at both
dosages led to a reduction in mRNA expression levels of URAT'1
(P<0.01,P< 0.001) and GLUT9 (P< 0.05, P< 0.001). These
findings suggest that ACNs may decrease urate reabsorption and
enhance its excretion. It’s noteworthy that allopurinol did not
have an influence on renal urate transport (Qian et al.,, 2019).

Quercetin

Quercetin (3, 3, 4, 5, 7-pentahydroxyflavanone) is a flavonoid
that belongs to the flavonol subgroup. Quercetin is abundant
in various plants and fruits such as onions, apples, berries, dill,
fennel leaves, oregano, chili pepper, kale, lettuce, and broccoli.
As a bioactive molecule, quercetin has been extensively studied
and is purported to exert an anti-hyperuricemic effect through
multiple mechanisms. These include reducing urate formation by
inhibiting relevant enzymes and enhancing urate elimination by
modulating renal urate transporters (Kutryb-Zajac et al., 2020).

Adenosine deaminase (ADA) is a crucial enzyme in purine
metabolism that converts adenosine to inosine irreversibly
(Kutryb-Zajac et al., 2020; Melzig, 1996). Indeed, quercetin
has demonstrated the ability to suppress adenosine deaminase
(ADA) activity in aortic endothelial cells, as evidenced by an
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IC50 value of 26 mol/L (Qian et al., 2019; Kutryb-Zajac et al.,
2020). In a subsequent study, quercetin exhibited a broader
inhibitory effect, reducing not only adenosine deaminase (ADA)
activity but also xanthine oxidase (XO) and purine nucleoside
phosphorylase (PNP) activities. The respective 1C50 values
for quercetin were found to be 55.6 uM, 3.0 uM, and 36.9 uM
(Kutryb-Zajac et al., 2020; Ozyel et al., 2021).

Several studies have shown that quercetin can lower blood urate
levels not just by blocking urate-producing enzymes but also by

enhancing renal urate excretion. In a study involving fructose-
fed rats with Metabolic Syndrome (MetS), hyperuricemia, and
renal dysfunction, the administration of 100 mg/kg quercetin
resulted in a significant reduction in serum urate levels. This
treatment also mitigated the dysregulation of SLC2A9vZ, a
renal-specific transporter (homologous to human URATT), as
well as organic anion transporters (OAT1 and UAT) and organic
cation transporters (OCT1 and OCT2). Consequently, there
was an improvement in urinary urate elimination. In another

study, quercetin doses of 25, 50, and 100 mg/kg were found
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to significantly lower serum urate and uromodulin levels.
Moreover, renal uromodulin concentration was reduced, while
urate and uromodulin excretion increased. This effect was
attributed to the regulation of renal organic ion transporters,
including OAT1, OCT1, OCT2, OCTNI1, OCTN2, URAT1, and
GLUT9 (Melzig, 1996) (as demonstrated in Figure 2). Through
these results, we can understand quercetin is not only an XOD
inhibitor but can also enhance renal urate excretion through
urate excretion transporters and suppress the activity of urate
reabsorption transporters (Figure 4).

Anti-inflammatory effect: Some hyperuricemic patients
have signs of monosodium urate (MSU) crystal deposition,
and some people with MSU crystal deposition have suffered
gout flares. A gout flare is a clinically visible bout of acute
inflammation that generates a painful, swollen, heated, and
red joint (Dalbeth et al., 2019). In the context of inflammation,
the interaction between monosodium urate (MSU) crystals
and local macrophages is recognized to activate the NLRP3
inflammasome, leading to the production of IL-1f. In an
in vitro study, quercetin demonstrated the ability to reduce
ligand-induced activation of Toll-like receptor 2 (TLR2) and
Toll-like receptor 4 (TLR4). Additionally, quercetin lowered
the activation of NF-xB induced by MyDS88 overexpression.
These findings suggest that quercetin functions as a Toll-like
receptor signaling inhibitor, influencing the TLR-MyDS88-NF-
kB signaling network (Shibata et al., 2014).

Genistein

Genistein is an isoflavone. It is a naturally occurring chemical
found in soybeans and soybean products. It has previously been
demonstrated that genistein can be utilized to prevent a variety
of metabolic disorders, such as cardiovascular disease (CVD),
diabetes, cancer, and obesity (Rehman et al., 2019; Pavese et al.,
2010; Wei-Yun & Cailin, 2021). As per a study, treatment with
potassium oxalate (PO) led to a significant increase in blood
uric acid (UA) levels and a decrease in urine UA levels in the
model group compared to the normal control group. This
indicated the successful generation of a hyperuricemic animal
model. In mice with hyperuricemia, both allopurinol and
genistein therapy significantly (p<.05) reduced serum UAlevels
while increasing urine uric acid (UUA) levels compared to the
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Figure 5: A potential mechanism of uric acid lowering via genistein

model control group. Additionally, compared to the PO group,
both allopurinol and genistein at doses of 10 and 20 mg/kg
concurrently suppressed xanthine oxidase (XOD) (p<.05) and
adenosine deaminase (ADA) (p<.05) enzymes. Furthermore,
they substantially (p<.05) restored blood urea nitrogen (BUN)
and creatinine (Cr) levels, suggesting that genistein alleviated
UA-mediated renal injury (Figure 5) (Pavese et al., 2010).

In contrast to the model group, genistein exhibited a significant
(p<.05) decrease in the renal gene expression of mURATTI.
Similarly, potassium oxalate (PO) increased the gene expression
of mGLUTY in the model group compared to the control group,
and this effect was reversed by both allopurinol and genistein
therapies. In comparison to the control group, PO treatment
led to a significant reduction in the gene expression of mOAT',
mOAT3, mOCT1, and mOCT2. However, both allopurinol
and genistein treatments significantly (p<.05) elevated the
expression levels of these organic anion and cation transporters
when compared to the control group. These findings suggest
that genistein serves a dual function by inhibiting critical
enzymes and enhancing uric acid (UA) secretion through
interactions with urate transporters (Rehman et al,, 2019).
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Apigenin

Apigenin, a natural flavonoid known as 4,5,7-trihydroxy flavone,
is predominantly derived from Apium graveolens L. (celery)
but can also be found in various plants, fruits, and vegetables.
Emerging data suggests that apigenin has the potential to reduce
uric acid (UA) levels in purine-rich diets or potassium oxonate
(PO)-induced hyperuricemia (HUA) rats. Moreover, apigenin
demonstrates protective effects against HUA-induced kidney
fibrosis by inhibiting the Wnt/B-catenin signaling pathway.
Additionally, studies have shown that apigenin can protect rats
from renal ischemia/reperfusion damage (IRI) through modulation

of the JAKZ/STAT?3 signaling pathway (Liu et al., 2022).

A study uncovered significantly elevated serum concentrations
of uric acid (UA), creatinine (CRE), and blood urea nitrogen
(BUN) in the hyperuricemia (HUA) model control (HC) group
compared to the normal control (NC) group of mice (p< 0.01).
The administration of apigenin therapy at doses of 25, 50, and
100 mg/kg notably reduced UA and BUN levels in HUA mice
significantly more than vehicle treatment (p< 0.01). Notably,
only the high dosage of apigenin (100 mg/kg) was effective in
reducing blood CRE levels in HUA animals (Liu et al., 2022).
The study further investigated the impact of apigenin on protein
expressions involved in UA production and excretion in HUA
mice. Western blot results indicated a significant increase in the
expression levels of GLUT9 and URAT, while OAT1 expression
levels were notably decreased in the kidneys of the HC group
compared to those in the NC group (p< 0.05). These findings
suggested that apigenin might facilitate increased UA elimination
in the kidneys. Moreover, the study identified improved renal
pathological microstructures in this acute HUA mouse model.
Apigenin was also observed to maintain serum levels of IL-6,

IL-1, TNF-a,, IL-18, and IL-10 in HUA mice (Liu et al., 2022).
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Furthermore, the study presented evidence of apigenin’s
activities on hyperuricemia (IIUA) mice, demonstrating a
decrease in liver xanthine oxidase (XOD), renal GLUT9, and
URATT expression. Conversely, there was an increase in OAT'1
expression, and apigenin was found to inhibit the JAKZ/STAT?3
signaling pathway. These findings contribute to understanding
the multifaceted impact of apigenin in mitigating hyperuricemia,
involving modulation of key enzymes, and signaling pathways
related to uric acid metabolism (Figure 6).

CONCLUSION

HUA life-trading disorder is always accelerating over the earth.
Dietary plant foods serve an important function in reducing the
HUA load. Vegetables and fruits, being low in purine content
and rich in compounds with various health benefits, play a
vital role in reducing uric acid (UA) levels. Among the dietary
elements known for their UA-lowering effects, flavonoids have
received considerable attention. Flavonoids primarily reduce UA
by inhibiting xanthine oxidoreductase (XOR) and modulating
UA transporters such as GLUT9, URAT1, and OAT1/3. Research
spanning animal studies, epidemiological investigations, in
vitro experiments, and in vivo trials has consistently affirmed
the anti-hyperuricemic properties of numerous dietary plant
foods. This is attributed to the presence of a diverse array of
physiologically active substances, particularly polyphenols.
These bioactive compounds not only inhibit UA production
but also enhance renal UA excretion while preventing the
reabsorption of UA in the kidneys. According to the findings of
the preceding investigations, numerous physiologically active
substances have anti-hyperuricemic action comparable to
synthetic medications (e.g., allopurinol). More study is needed
to identify novel flavonoids from nature’s abundance, which will
eventually replace the need for risky synthetic drugs.
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