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Hyperuricemia becomes a public health problem worldwide. It is not only a major risk factor for gout but
also associated with the development of life-threatening diseases such as chronic kidney disease and car-
diovascular diseases. Although there are several available therapeutic drugs, some serious adverse effects
and contraindications are concerned. These drive the search for an alternative therapy that is effective
and safe. Quercetin is of particular interesting since it has been reported numerous pharmacological
activities, especially anti-hyperuricemia, antioxidant, anti-inflammation and amelioration of metabolic
syndromes and cardiovascular diseases which are comorbidities of hyperuricemia and gout. In addition,
quercetin has been widely used as a health supplement for many diseases however, the use for hyper-
uricemia and gout has not been indicated. Therefore, this review aims to gather and summarize published
data regarding the efficacy in preclinical and clinical studies along with possible mechanism of action,
and safety aspect of quercetin in order to support the use of quercetin as a dietary supplement for pre-
vention and management of hyperuricemia and gouty arthritis and/or use as alternative or combination
therapy to minimize the side effects of the conventional drugs.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Nowadays, lifestyle and diet changes lead to the rise of hyper-
uricemia around the world, especially in Western lifestyle coun-
tries (Li et al., 2020). It has been reported that the prevalence of
hyperuricemia in the United States was 11.3–47%, European was
11.9–25.0%, and Japanese was 26.8% while the prevalence in Chi-
nese was 13.1–13.3% (Butler et al., 2021). Hyperuricemia has
gained increasing attention as a public health concern since it is
not only a major risk factor for gout, but also associated with the
development of life-threatening diseases including chronic kidney
disease (CKD) and cardiovascular diseases (CVD) (Sun et al., 2021).
Hyperuricemia is defined as a condition where the serum urate
level exceeds the normal range which is 1.5 to 6.0 mg/dL in women
and 2.5 to 7.0 mg/dL in men (Maiuolo et al., 2016). The elevated
serum urate level is the result of overproduction from hepatic
metabolism and cell turnover, or underexcretion through the kid-
ney and gastrointestinal tract, or combination process (Dalbeth
et al., 2016). Chronic elevation of serum urate above the saturation
point, which is approximately 6.8 mg/dL, leads to precipitation of
urate into monosodium urate (MSU) crystals (Martillo et al.,
2014). In some individuals, the MSU crystals that deposit in joints
and connective tissue could interact with the resident macro-
phages and activate the NOD-, LRR- and pyrin domain-containing
protein 3 (NLRP3) inflammasome and interleukin (IL)-1b produc-
tion, resulting in an acute inflammatory response in gouty arthritis.
However, hyperuricemia without MSU crystals deposition has
been reported to stimulate immune responses and inflammation
in gout and comorbidities but different pathway fromMSU crystals
(Cabău et al., 2020).

The strategies for management of hyperuricemia and gout are
to lower serum urate levels by using urate-lowering drugs and
treat gout flares by using anti-inflammatory drugs. However, allop-
urinol, the first-line urate-lowering drug, has been reported to
cause a fatal adverse effects and anti-inflammatory drugs including
non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids,
and colchicine commonly have undesired side effects and con-
traindications in some patients (Dalbeth et al., 2019, Pillinger and
Mandell 2020). Therefore, the search for an effective and safe alter-
native therapy for management of hyperuricemia and gout is
important and needed.

Quercetin (3, 30, 40, 5, 7-pentahydroxyflavanone, Fig. 1) belongs
to the flavonol subgroup of flavonoids. It is abundantly found in
vegetables and fruits, especially onions, apples, berries, dill, fennel
leaves, oregano, chili pepper, kale, lettuce and broccoli (Sampson
et al., 2002, Dabeek and Marra 2019). By definition, quercetin is
an aglycone. It is a yellow color, bitter taste and poorly soluble in
Fig. 1. Chemical structure of quercetin.
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water, but quite soluble in alcohol and lipids (Kelly 2011). In diets,
quercetin is usually in form of glycosides, in which one or more
hydroxyl group is replaced by different types of glycosyl groups
(Wang et al., 2016). On the contrary, quercetin as an ingredient
of dietary supplements is mostly in form of aglycone (Andres
et al., 2018) and utilized as a nutritional supplement for many dis-
eases such as cancer, cardiovascular diseases, diabetic, obesity, and
arthritis (D’Andrea 2015). Numerous pharmacological activities
have been reported to evidence the health benefits of quercetin
such as prevention of cardiovascular and neurodegenerative dis-
eases, anticancer, antidiabetic, antihypertensive, antihyperlipi-
demic, antibacterial, antiviral, antiallergy, antioxidant, anti-
inflammatory, and anti-hyperuricemic activities (Kelly 2011,
Anand David et al., 2016). Interestingly, several of these activities
are benefits for hyperuricemia and gouty arthritis. However, the
use of quercetin as health supplements or alternative therapy for
hyperuricemia and gout has not been indicated. Therefore, this
review aims to gather and summarize relevant preclinical and clin-
ical studies including anti-hyperuricemic, anti-inflammatory, and
antioxidant activities as well as ameliorate effect on comorbidities,
possible mechanism of action, and safety aspect of quercetin. The
results of this review may provide scientific evidences for further
development of quercetin as a dietary supplement for prevention
and management of hyperuricemia and gout and/or use as alterna-
tive or combination therapy to minimize the side effects of the
conventional drugs.

2. Effects of quercetin in hyperuricemia and gouty arthritis

2.1. Anti-hyperuricemic effect

Hyperuricemia is caused by urate overproduction and/or
underexcretion (Dalbeth et al., 2016). Thus, any compounds that
inhibit urate production and/or promote urate excretion are bene-
fit for the treatment of hyperuricemia and gout as well. Quercetin
is one of bioactive compounds that has been studied and reported
of anti-hyperuricemic effect through several mechanisms includ-
ing reducing urate production by inhibiting the corresponding
enzymes and increasing urate excretion by regulating renal urate
transporters.

2.1.1. Reducing urate production
Urate is the end product of purine metabolism pathway, which

is involved of many enzymes as demonstrated in Fig. 2. Initially,
adenosine monophosphate (AMP) is catalyzed to inosine via two
different ways; by using AMP deaminase (AMPD) to form inosine
monophosphate (IMP), followed by 50-nucleotidase (50NT) to form
inosine, or by using 50NT to form adenosine, followed by adenosine
deaminase (ADA) to form inosine. Inosine is further converted to
hypoxanthine by purine nucleoside phosphorylase (PNP). Hypox-
anthine is converted to xanthine and further to urate by xanthine
oxidoreductase (XOR). This enzyme has two different forms, xan-
thine dehydrogenase (XDH) which prefers NAD+ and xanthine oxi-
dase (XO) which prefers O2 (Maiuolo et al., 2016). Among these
enzymes, ADA and XOR, in particular XO, are key enzymes in pur-
ine metabolism and urate production (Jiang et al., 2020).

Quercetin has been known as effective XO inhibitor for many
years (Beiler and Martin 1951) and reported in several studies
(Cos et al., 1998, Nagao et al., 1999, Mo et al., 2007, Nile et al.,
2017, Gainche et al., 2021). In a comparative study of various diet-



Fig. 2. Urate production and excretion in human body. 50NT, 50-nucleotidase; ADA, adenosine deaminase; AMPD, AMP deaminase; KHK, ketohexokinase; PNP, purine
nucleoside phosphorylase; XO, xanthine oxidase; XDH, xanthine dehydrogenase.
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ary flavonoids, quercetin showed a potent inhibitory effect on XO
with an IC50 value of 0.44 lM which was stronger than the stan-
dard allopurinol, an IC50 value of 0.77 lM (Nagao et al., 1999).
In another study, quercetin isolated from Filipendula ulmaria, a
plant traditionally used for gout, inhibited XO with an IC50 value
of 1.07 ± 0.06 lg/mL which was also stronger than allopurinol,
an IC50 value of 2.0 ± 0.1 lg/mL (Gainche et al., 2021). However,
in some studies, quercetin showed less inhibitory effect than allop-
urinol. For example, quercetin isolated from onion solid waste
showed an IC50 value of 10.5 ± 0.06 lg/mL while allopurinol was
6.5 ± 0.05 lg/mL (Nile et al., 2017). In comparative study between
quercetin and its glycoside, quercetin showed an IC50 value of
11.0 lM, rutin was 95.0 lM, while allopurinol showed an IC50
value of 0.6 lM which was much stronger than quercetin
(Adachi et al., 2021). In animal study, oral administration of quer-
cetin at a dose of 50 mg/kg or above significantly reduced serum
urate levels in potassium oxonate-induced hyperuricemic mice
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by inhibiting the activities of XDH and XO in the liver (Zhu et al.,
2004). Another study showed that after treatment with quercetin
(200 mg/kg), the serum uric acid levels of hyperuricemic mice
were significantly lower by 11.3% in contrast to the normal mice
which showed significantly elevated serum uric acid levels. In
addition, quercetin treatment significantly decreased liver XO
activity in both hyperuricemic mice and normal mice but signifi-
cantly increased serum XO activity in normal mice which was cor-
related with the serum uric acid levels (Huang et al., 2011). The
in vitro structure–activity relationship study suggested that high
XO inhibitory effect of quercetin attributed to the presence of OH
group at position C-5 and C-7, and the double bond between C-2
and C-3 (Cos et al., 1998). This result correlates with another study
in animal model which suggested that the presence of OH group at
position C-3, C-5 and C-7 with the double bond between C-2 and C-
3 was relevant to the hypouricemic and XO inhibitory effect of
quercetin (Mo et al., 2007). In addition, the molecular docking
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study demonstrated that quercetin could bind to the site around
isoalloxazine ring in the FAD domain of XO in which was involved
in the formation of hydrogen peroxide (H2O2) indicating the poten-
tial of quercetin on inhibiting XO activity and preventing H2O2 for-
mation (Zhang et al., 2018).

Adenosine deaminase (ADA) is one of the key enzymes in purine
metabolism that irreversibly converts adenosine to inosine
(Kutryb-Zajac et al., 2020). Interestingly, quercetin has been
reported to inhibit ADA activity of aortic endothelial cells with
an IC50 value of 26 lmol/L (Melzig 1996). In another study, quer-
cetin inhibited not only the activity of ADA, but also the activities
of XO and PNP with IC50 values of 55.6, 3.0 and 36.9 lM, respec-
tively (Ozyel et al., 2021). However, in another study, quercetin
showed weakly inhibitory effect on ADA activity in human plasma,
no effect on PNP, and inhibited bovine milk XOR with an IC50 value
of 23.6 ± 8.1 lM (Tumova et al., 2021).

Fructose is one of the dietary risk factors for hyperuricemia and
gout (Li et al., 2018). High fructose intake contributes to increase
urate level by stimulating urate production and reducing urate
excretion. Fructose is mainly metabolized in the liver by ketohex-
okinase (KHK, or fructokinase), an initial enzyme in fructose meta-
bolism. KHK phosphorylates fructose to generate fructose-1-
phosphate, resulting in ATP and intracellular phosphate depletion.
These stimulate AMPD to convert AMP into IMP and consequently
urate production as demonstrated in Fig. 2 (Zhang et al., 2020).
KHK consists of two isoforms namely KHK-A and KHK-C. KHK-A
is widely expressed but its activity is relatively low due to a low
fructose affinity, whereas KHK-C is primarily expressed in the liver,
kidney, and intestines with higher affinity (Zhang et al., 2020). It
has been reported that serum and hepatic urate of KHK-A/C knock-
out mice did not increase after receiving high fat diet or high fat
high sucrose diet for 15 weeks. This result indicated that lack of
fructokinase could prevent the increase in serum and hepatic urate
(Ishimoto et al., 2013). In a clinical study of adults with non-
alcoholic fatty liver disease, serum urate levels of participants
receiving a KHK inhibitor PF-06835919 at a dose of 300 mg for
6 weeks were reduced by 11.5% compared to baseline (Kazierad
et al., 2021). Interestingly, quercetin has reported to suppress the
mRNA expression level of KHK and several genes of carbohydrate
and lipid metabolism enzymes in the liver of rats receiving high-
fructose diet (Mzhel’skaya et al., 2019). This result suggests that
quercetin might inhibit KHK activity and reduce downstream pro-
cess of fructose metabolism and urate production which could be
another mechanism to reduce serum urate level.
2.1.2. Increasing urate excretion
As mentioned above, hyperuricemia is caused by urate overpro-

duction or renal underexcretion through disturbance of reuptake
and secretory transporters or intestinal underexcretion or in com-
bination. Among these causes, renal urate underexcretion is the
main cause of hyperuricemia. Most urate is filtered through the
renal glomeruli. About 90% of the filtered urate is reabsorbed from
the proximal tubules and the remainder is excreted in urine
(Dalbeth et al., 2016, Sun et al., 2021). These processes are regu-
lated by urate transporters located at the proximal tubules includ-
ing urate excretion transporters such as sodium phosphate co-
transporter type 1 or NPT1 (SLC17A1), NPT4 (SLC17A3), organic
anion transporter 1 or OAT1 (SLC22A6), OAT3 (SLC22A8), ABCG2,
and urate reabsorption transporters such as urate transporter 1
or URAT1 (SLC22A12), glucose transporter 9 or GLUT9 (SLC2A9),
and OAT4 (SLC22A11) (Sun et al., 2021) as demonstrated in
Fig. 2. Among these transporters, serum urate levels are mainly
regulated by NPT1, ABCG2, URAT1, and GLUT9. Dysfunction of
these transporters are associated with hyperuricemia and increase
risk of gout (Dalbeth et al., 2019).
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Several studies demonstrated that quercetin could reduce
serum urate levels not only by inhibiting enzymes involved in
the urate production, but also increasing renal urate excretion.
The study in fructose-fed rat induced MetS, hyperuricemia, and
renal dysfunction demonstrated that the administration of
100 mg/kg quercetin significantly lowered serum urate levels
and attenuated dysregulation of SLC2A9v2, renal-specific trans-
porter (a homolog of human URAT1), organic anion transporters
(OAT1 and UAT), and organic cation transporters (OCT1 and
OCT2), leading to increase urinary urate excretion (Hu et al.,
2009). In another study, potassium oxonate-induced hyper-
uricemic mice received quercetin at dose of 25, 50 and 100 mg/
kg exhibited significantly decreased serum urate and uromodulin
levels, renal uromodulin concentration and increased urate and
uromodulin excretion by regulating the renal organic ion trans-
porters including OAT1, OCT1, OCT2, OCTN1, OCTN2, URAT1 and
GLUT9 and uromodulin (Hu et al., 2012a,b). These results indicate
that quercetin could regulate renal transporters by promoting the
activity of urate excretion transporters and suppressing the activ-
ity of urate reabsorption transporters, resulting in enhancing urate
renal excretion and ameliorating hyperuricemia and renal
dysfunction.

2.1.3. Clinical studies on anti-hyperuricemic effect
There are many evidences supporting the hypouricemic effect

of quercetin from preclinical studies, but human clinical studies
proving its efficacy are still lacking. To the best of our knowledge,
there is only one clinical study where plasma urate level is a pri-
mary outcome. In the randomized, double-blinded, placebo-
controlled, cross-over trial, twenty-two healthy male volunteers
with high plasma urate level (339 ± 51 lmol/L) who received
500 mg/day quercetin for 4 weeks, exhibited significant lowered
levels of plasma urate by 26.5 lmol/L (equivalent to approximately
8%), without affecting urinary urate excretion, BMI, fasting glucose,
or blood pressure (Shi and Williamson 2016). However, in other
clinical studies where plasma urate level is not a primary outcome,
the results are controversial. In double-blinded, placebo-
controlled, cross-over trial, ninety-three overweight or obese sub-
jects with MetS traits who received 150 mg/day quercetin for 6-
week showed reduction in SBP and plasma oxidized LDL concen-
trations but did not affect serum urate levels (Egert et al., 2009).
In bioavailability study of thirty-five healthy volunteers, supple-
mentationwith either 50, 100, or 150mg/day quercetin for 2 weeks
did not significantly affect serum urate levels (Egert et al., 2008).
These results suggest that the effect of quercetin on serum urate
level might be dependent on the dose, length of treatment time,
and clinical characteristics of participants.

Interestingly, there is a study reporting the effect of adding
quercetin to antihypertensive and urate-lowering regiments in
patients with gout and essential hypertension for 12 months. The
results showed that serum uric acid levels of the patients in the
treatment group with quercetin were lower and achieved to the
target level of uric acid faster than the patients in the treatment
group without quercetin. In addition, the patients in the quercetin
group showed better echocardiographic parameters of diastolic
function left ventricular, renal function, and blood pressure lower-
ing than patients in comparative group. These indicated the poten-
tial benefit of adding quercetin in treating patients with gout and
essential hypertension (Kondratiuk and Synytsia 2018).

2.2. Anti-inflammatory effect

In hyperuricemic patients, some individuals have evidence of
MSU crystal deposition, and in some individuals with MSU crystal
deposition have experienced to suffer from gout flares. A gout flare
is a clinically evident episode of acute inflammation which causes a
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rapid onset of a painful, swollen, hot, and red joint (Dalbeth et al.,
2019). The inflammation is known to associate with the interaction
between MSU crystals and the resident macrophages activating the
NLRP3 inflammasome and IL-1b production. There are two signals
required for the inflammasome activation. Firstly, priming signal,
MSU crystal, free fatty acids and lipopolysaccharide which act as
damage-associated molecular patterns (DAMPs) are able to trigger
Toll- like receptor 2 (TLR2) or TLR4 signaling and induce the
expression of the inflammasome components and intracellular
pro-IL-1b production through TLR-MyD88-NF-jB signaling path-
way. The second, activating signal, the uptake of MSU crystals acti-
vates NLRP3 inflammasome components assembly, resulting in
caspase-1 activation. Activated caspase-1 cleaves pro-IL-1b into
its active form, IL-1bwhich triggers the production of other inflam-
matory cytokines such as TNF-a, IL-6 and IL-8. Then, IL-8 recruits
neutrophils and accelerates the inflammatory process (So and
Martinon 2017, Dalbeth et al., 2019, Szekanecz et al., 2019, Caba
u et al., 2020). However, apart from MSU crystals, soluble urate
has been reported to activate the NLRP3 inflammasome through
several mechanisms such as TLR4/MyD88/NF-jB signaling path-
way (Xiao et al., 2015) and inducing mitochondrial ROS production
(Braga et al., 2017) as demonstrated in Fig. 3. Therefore, inhibition
of NLRP3 inflammasome-IL-1b pathway is suggested to be a ther-
apeutic target in treatment of gouty inflammation as well as others
similar inflammatory conditions (Szekanecz et al., 2019).
2.2.1. Targeting NLRP3 inflammasome-IL-1b pathway
Quercetin is considered as an anti-inflammatory agent and has

been reported to reduce inflammation in several models through
different mechanisms, particularly through NLRP3
inflammasome-IL-1b pathway (Carullo et al., 2017). In animal
model of spinal cord injury, administration of 100 mg/kg quercetin
significantly reduced protein levels of NLRP3, ASC, active-caspase-
1, IL-1b, IL-18 and TNF-a in the spinal cord tissue of rat suggesting
the inhibitory effect on NLRP3 inflammasome activation and pro-
inflammatory cytokine production (Jiang et al., 2016). Moreover,
in streptozotocin-induced diabetic nephropathy rat, quercetin
treatment at the dose of 25, 50, and 100 mg/kg could ameliorate
renal injury and dysfunction by suppressing renal NLRP3 inflam-
masome activation, and regulating renal urate transport-related
proteins (Wang et al., 2012). This result correlates with another
study of fructose-fed rats (Hu et al., 2012a,b). Treatment with 50
and 100 mg/kg quercetin ameliorated renal inflammation by sup-
pressing NLRP3 inflammasome activation, and subsequently
decreasing pro-inflammatory cytokines including IL-1b, IL-6, IL-
18 and TNF-a as well as improved hyperuricemia, dyslipidemia
and renal dysfunction. In addition, in MSU-induced gouty arthritis
in mice model, quercetin at a dose of 100 mg/kg showed anti-
inflammatory and analgesic effects through inhibiting MSU-
induced mechanical hyperalgesia and leukocyte recruitment,
TNF-a and IL-1b production, NFjB activation, NLRP3 inflamma-
Fig. 3. NLRP3 inflammasome priming and activation in gouty arthritis.
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some components mRNA expression, decrease of antioxidant
capacity, superoxide anion production, and inducing Nrf2 and
HO-1 mRNA expression (Ruiz-Miyazawa et al., 2017). In another
gouty arthritis rat model induced by acute MSU crystal injection,
treatment with 200 and 400 mg/kg quercetin inhibited joint edema
and histological signs of acute inflammation, suppressed leucocyte
recruitment into injected joints, decreased levels of inflammatory
mediators including IL-1b, TNF-a, COX-2, PGE2, and NO, decreased
levels of malondialdehyde and increased antioxidant enzyme
activity of SOD, CAT and GSH-PX (Huang et al., 2012). These results
suggest that quercetin effectively suppressed NLRP3 inflamma-
some activation and IL-1b production which might ameliorate
inflammation in gouty arthritis.

2.2.2. Targeting TLR signaling pathway
Inhibition of TLR signaling is one of the promising therapies for

inflammatory diseases including inflammatory arthritis (Gao et al.,
2017, Santos-Sierra 2021) and as mentioned above, gouty inflam-
mation is involved with TLR-MyD88-NF-jB signaling pathway
(Cabău et al., 2020). In in vitro study, quercetin inhibited the
ligand-induced activation of TLR2 and TLR4 and suppressed the
activation of NF-jB induced by MyD88 overexpression, suggesting
that quercetin acts as a TLR signaling inhibitor and affects the TLR-
MyD88-NF-jB signaling pathway (Shibata et al., 2014).

2.2.3. Clinical studies on anti-inflammatory effect
To date, there is still lack of clinical study on the effect of quer-

cetin on gouty arthritis, however a clinical study in rheumatoid
arthritis has been reported. In double-blind, randomized,
placebo-controlled clinical trial, fifty women with rheumatoid
arthritis who received quercetin at a dose of 500 mg/day for
8 weeks showed significant improvements in clinical symptoms
including early morning stiffness, morning and after-activity pain,
disease activity and health assessment questionnaire, as well as
plasma hs-TNF-a level (Javadi et al., 2017). However, the use of
quercetin with diclofenac might not be recommended for gouty
arthritis pain, since there is a study reporting that co-
administration of quercetin and diclofenac exhibited antagonistic
antinociceptive interaction in pain-induced functional impairment
in the rat model (Ventura-Martínez et al., 2021).

2.3. Antioxidant effect

Oxidative stress is one of the early events associated with gout
and comorbidities which is triggered by reactive oxygen species
(ROS) and pro-inflammatory cytokines (Zamudio-Cuevas et al.,
2015). In the last two steps of purine metabolism pathway, XOR,
in particular XO form, oxidizes hypoxanthine to xanthine and fur-
ther to urate, generating H2O2 and ·O2

�which are ROS. In the pres-
ence of iron, ·O2

� is converted to hydroxyl radical (·OH) via the
Haber-Weiss and Fenton reactions. Under hypoxic conditions,
these ROS can be produced by XDH and ·O2

� can further react with
nitric oxide (NO) leading to generate reactive nitrogen species
(RNS), particularly peroxynitrite (ONOO�) (Battelli et al., 2016,
Maiuolo et al., 2016). In addition, MSU crystals have been reported
to induce the release of ROS and RNS in human fibroblast-like syn-
oviocytes which may involve with NADPH oxidase system in THP-1
cells (Zamudio-Cuevas et al., 2016). Moreover, soluble urate has
also been reported to induce mitochondrial ROS production, result-
ing in NLRP3 inflammasome activation (Braga et al., 2017). The
overproduction of ROS and RNS causes oxidative stress which not
only leads to joint damage and inflammation in gouty arthritis
but also pathogenesis of various diseases such as diabetic, hyper-
tension, cardiovascular diseases, and cancer (Zamudio-Cuevas
et al., 2015, Battelli et al., 2016). Therefore, antioxidants that
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reduce oxidative stress might ameliorate inflammation in gouty
arthritis and related diseases.

2.3.1. Free radical scavenging
Quercetin is well known to be a potent antioxidant compound.

Several studies demonstrated potent in vitro antioxidant activities
in various assays such as FRAP, DPPH, ABTS, and OH radicals (Xie
et al., 2015, Nile et al., 2017, Zeng et al., 2020). The antioxidant
activity of quercetin is suggested to relate to its structure that pro-
motes free radical scavenging capacity including the presence of a
30, 40 -catechol structure in the B-ring, a free OH group at C-3, and a
double bond between C-2 and C-3 in conjugation with a 4-carbonyl
group in the C-ring (Heim et al., 2002).

2.3.2. Strengthening antioxidant defense system
Besides free radicals scavenging capacity, quercetin has been

reported to strengthen antioxidant defense system. In oxonate-
induced hyperuricemic rats, treatment with 5 mg/kg quercetin
not only significantly reduced the serum uric acid levels of hyper-
uricemic rats by inhibiting liver XO and XDH activities, but also sig-
nificantly increased serum total antioxidant capacity (FRAP value)
in both normal and hyperuricemic rats and significantly reduced
the elevated levels of malondialdehyde in hyperuricemic rats
(Haidari et al., 2011). In galactose-induced oxidative stress in mice,
treatment with 0.3 mmol/kg quercetin increased serum total
antioxidative capacity, superoxide dismutase, catalase, and glu-
tathione peroxidase levels as well as enhanced mRNA expression
levels of these antioxidant enzymes, and decreased serum contents
of malondialdehyde and nitric oxide (Zeng et al., 2020). Another
study on monosodium urate crystal-induced inflammation in rats
revealed that administration of 200 and 400 mg/kg quercetin
decreased malondialdehyde level and increased the activity of
antioxidant enzymes, namely superoxide dismutase, catalase, and
glutathione peroxidase (Huang et al., 2012). These antioxidant
enzymes play a major role in the prevention of oxidative damage
by detoxifying ROS and RNS. Superoxide dismutase is the first
enzyme that scavenges ·O2

� and catalytically converts into O2 and
H2O2, and then catalase converts H2O2 to water and oxygen, while
glutathione peroxidase converts H2O2 into water (Nimse and Pal
2015).

2.3.3. Clinical studies on antioxidant effect
Many in vitro and in vivo studies have confirmed the antioxidant

potential of quercetin. However, there are few clinical studies
investigating the effect of quercetin on antioxidant status and
oxidative stress markers. In a double-blind intervention study, sar-
coidosis patients supplemented with high dose quercetin
(2,000 mg) for 1 day showed antioxidant defense improvement
indicated by the increased total plasma antioxidant capacity and
reduced malondialdehyde levels (Boots et al., 2011). In random-
ized, placebo-controlled study of type 2 diabetics patients, supple-
mentation with 250 mg/day quercetin for 8 weeks showed
improvement in total antioxidant capacity and reduction in oxi-
dized LDL (Mazloom et al., 2014). Moreover, in another random-
ized, placebo-controlled study, supplementation with
500 mg/day quercetin for 8 weeks increased serum total antioxi-
dant capacity in post myocardial infarction patients (Dehghani
et al., 2021). However, some clinical studies have reported no effect
of quercetin supplementation on either antioxidant status or
oxidative stress markers. In young healthy volunteers, daily sup-
plementation with either 50, 100, or 150 mg quercetin for 2 weeks
increased plasma quercetin concentrations but did not alter oxi-
dant/antioxidant status using plasma FRAP, ORAC, and plasma
levels of oxidized LDL, compared with baseline (Egert et al.,
2008). In overweight or obese subjects, supplementation with
150 mg/day quercetin for up to 6 weeks did not affect plasma
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ORAC but reduced oxidized LDL levels and systolic blood pressure
(Egert et al., 2009). In another study in stage 1 hypertensive, even
supplementation with high dose of quercetin (730 mg/day) for
28 days, indices of oxidative stress measured by plasma FRAP
and PAR, and urinary 8-isoprostane F2a were not affected
(Edwards et al., 2007). Furthermore, in rheumatoid arthritis
women, supplementation with 500 mg/day quercetin for 8 weeks
did not show effect on oxidative stress markers including plasma
total antioxidant capacity, malondialdehyde, and oxidized LDL
(Javadi et al., 2014). According to these results, antioxidant effects
of quercetin supplementation seem to have controversial out-
comes which might depend on the exposure dose and duration
of quercetin treatment, and the levels of oxidative stress in partic-
ipants at baseline.

2.4. Ameliorate effect on comorbidities of hyperuricemia and gout

Besides gout, hyperuricemia is involved with the development
and pathogenesis of several diseases including hypertension,
hyperglycemia, obesity, dyslipidemia, CVD, and CKD (Wang et al.,
2018). The frequencies of these diseases have been increased in
gout as its comorbidities (Bardin and Richette 2017). A number
of epidemiological studies demonstrated the association between
hyperuricemia, gout and comorbidities (Bardin and Richette
2017, Borghi et al., 2020, Singh and Gaffo 2020). In the case-
control study investigating the burden of comorbidities before
and after diagnosis of gout, the prevalence of hypertension and
other CVD, renal diseases, and hyperlipidemia were significantly
higher in gout patients than controls, and gout patients without
a prior history of comorbidities developed CVD, renal diseases, dia-
betes, and hyperlipidemia more than controls (Kuo et al., 2016).
These results suggest that the presence of these comorbidities con-
tributes to the progression of gout and vice versa. In addition,
comorbidities affect the management of hyperuricemia and gout,
for example, aspirin used for CVD and insulin used for diabetes
increased uricemia by reducing urine urate excretion, colchicine
and NSAIDs used for treatment of gouty inflammation should be
avoided in patients with renal failure (Bardin and Richette 2017).
Therefore, prevention and management of the comorbidities might
provide benefits not only for delaying the progression of diseases
but also management of hyperuricemia and gout.

Interestingly, quercetin is known to have potential in the treat-
ment of MetS (Hosseini et al., 2021, Yi et al., 2021) and CVD
(Mirsafaei et al., 2020) which are common comorbidities of hype-
ruricemia and gout. MetS including hyperglycemia, obesity (espe-
cially central obesity), high blood pressure, low HDL cholesterol,
and elevated triglyceride levels, is risk factors for developing CVD
(Li et al., 2021). The potential and mechanisms of quercetin on
MetS have been reviewed and reported elsewhere (Hosseini
et al., 2021, Yi et al., 2021). In summary, quercetin ameliorated
MetS through several mechanisms such as promoting insulin
secretion, improving insulin resistance, maintaining glucose home-
ostasis, inhibiting inflammation, inhibiting oxidative stress,
inhibiting cholesterol absorption, downregulating the expression
of some genes related to lipid metabolism, promoting the expres-
sion of PPARa, PPARc, and LXRa, downregulating angiotensin-1
receptor in the kidney, activating AMPK and inhibiting JNK and
MAPK. Recently, there is a randomized, placebo-controlled trial
investigating the effect of quercetin on different aspects of MetS
in elderly patients. The results revealed that administration of
240 mg/day quercetin for 3 months led to a significant decrease
in body weight, BMI, systolic and diastolic blood pressure, levels
of total cholesterol and LDL-cholesterol, fasting plasma insulin
and 2-hour glucose levels, confirming the effectiveness of querce-
tin on MetS components (Shatylo et al., 2021). In addition, many
preclinical and clinical studies have indicated the effects of querce-
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tin on the prevention and treatment of CVD and suggested due to
its antioxidant, anti-inflammatory, antidiabetic, antidyslipidemic,
antihypertension, antiapoptotic, anti-atherosclerotic, and antipla-
telet activities (Mirsafaei et al., 2020). Moreover, since the cohort
study has demonstrated that MetS was associated with CVD (OR
1.58; P = 0.002) and CKD (OR 2.17; P < 0.001) (Ferraro et al.,
2011), and the case-control study has indicated that MetS was a
risk factor for the development of CKD (Kebapci et al., 2013), ther-
apeutic intervention with quercetin in MetS might prevent renal
dysfunction and subsequent CVD and CKD.
3. Safety aspects

Quercetin is recognized as Generally Recognized As Safe (GRAS)
by the U.S. Food and Drug Administration (Andres et al., 2018).
Although quercetin has been regarded as mutagenic in vitro, it
did not show in vivo mutagenicity or carcinogenicity, short and
long-term in vivo toxicities, and adverse health effect in humans
(Harwood et al., 2007). In addition, a number of clinical studies
that used quercetin supplementation at doses of 150 to 1000 mg
have not reported of any adverse effects. However, the information
of high-dose quercetin (�1,000 mg/day) with long-term use
(>12 weeks) in human is still not available. In addition, some ani-
mal studies demonstrated that quercetin might promote the
growth of tumor, particular in estrogen dependent types and the
high-dose might enhance adverse effects in the pre-damaged kid-
ney (Andres et al., 2018). Moreover, interactions between querce-
tin and different drugs have been concerned and studied. Since
quercetin has been reported to modulate metabolic enzymes such
as CYP1A1, CYP2C19, CYP2D6, and CYP3A4, and drug transporters
such as OATP1A2, OATP2B1, OAT1, P-gp, MRP1, and BCRP (Rastogi
and Jana 2014, Miron et al., 2017, Elbarbry et al., 2018). It might
alter the bioavailability of the drugs that are metabolized by these
enzymes and/or uptake by these transporters and lead to alter the
effectiveness of the drug. Therefore, patients with estrogen-
dependent tumor diseases, kidney dysfunction, and take several
drugs should be aware and consult a physician prior the use of
quercetin as a dietary supplement.
4. Conclusion

Hyperuricemia has become a worldwide public health problem,
which is not only associated with gout but also several life-
threatening diseases including CVD and CKD. Although there are
many effective therapeutic drugs for treatment of hyperuricemia
and gout, serious adverse effects and contraindications drive the
search for an effective and safe alternative therapy. Based on the
results of this review, quercetin demonstrates several activities
that have benefits for hyperuricemia and gouty arthritis including
1) Anti-hyperuricemic activity through several mechanisms
including inhibiting corresponding enzymes in urate production
namely xanthine oxidase, adenosine deaminase, and ketohexoki-
nase and increasing renal urate excretion by promoting the activity
of urate excretion transporters and suppressing the activity of
urate reabsorption transporters. 2) Antioxidant activity by scav-
enging free radicals and enhancing antioxidant defense system.
3) Anti-inflammatory activity by targeting NLRP3 inflammasome-
IL-1b pathway and TLR signaling pathway. 4) Ameliorating comor-
bidities of hyperuricemia and gout such as hypertension, hyper-
glycemia, obesity, dyslipidemia, CVD, and CKD. Accordingly,
quercetin seem to have a potential to develop as a dietary supple-
ment for prevention and management of hyperuricemia and gouty
arthritis and/or use as alternative or combination therapy to min-
imize the side effects of the conventional drugs.
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