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Background: Hyperuricemia is associated with several metabolic and
cardiovascular disorders, and traditional treatments, such as xanthine oxidase
(XO) inhibitors, often have limitations, such as severe hypersensitivity reactions or
ineffectivenessin achieving target serum urate levels in some patients. Quercetin,
a naturally occurring flavonoid, has shown potential as a hypouricemic agent
through XO inhibition.

Objective: This study aims to evaluate the potential hypouricemic effect
of Quercetin Phytosome™ (QP) supplementation across three cohort studies
involving healthy adults with various metabolic health profiles, exploring its
potential as a safe, effective intervention for hyperuricemia.

Methods: Clinical data collected in various clinics in Italy between September
2021 and April 2024 under real-life clinical settings from three distinct cohort
studies, were analyzed. Cohort 1 consisted of 164 healthy participants (87 QP-
treated, 77 probiotic Streptococcus salivarius (S. salivarius) K12-treated) who
were monitored for 90 days. Cohort 2 included 22 mildly hyperuricemic adults
with metabolic disorders receiving QP, while Cohort 3 comprised 64 obese
adults with hypercholesterolemia, further divided into moderately hyperuricemic
QP-treated group (n = 20), a moderately hyperuricemic Berberine Phytosome™
and monacolins (BM)-treated group (n = 22), and a normouricemic BM-treated
group (n = 22). QP was administered at 400mg of quercetin daily in all
cohorts. Primary endpoints were reductions in serum uric acid levels, while
secondary outcomes included effects on lipid profile, glycemia, liver enzymes,
and treatment tolerability.

Results: In Cohort 1, QP significantly reduced uric acid levels by 15.2% in males
and 13.8% in females, with no significant changes observed in the probiotic
group. Cohort 2 showed a significant 13.1% reduction in uric acid (p < 0.01) and
a concurrent 10.2% reduction in triglycerides (p < 0.05). In Cohort 3, QP led to a
13.7% decrease in uric acid and a 20.8% reduction in triglycerides (p < 0.01), with
no significant uric acid changes in the BM-treated group. QP was well tolerated
across all cohorts, with minimal, transient side effects.
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Conclusion: QP supplementation demonstrates a significant hypouricemic
effect. Additionally, triglyceride-lowering benefits were evident, particularly
in metabolically compromised individuals (Cohorts 2 and 3), where these
effects were statistically significant. With high tolerability, these findings
highlight Quercetin Phytosome™'s potential as a safe adjunctive therapy for
hyperuricemia management, meriting further investigation in larger, randomized
trials to confirm its efficacy and safety.

Clinical Trial Registration: clinicaltrials.gov, identifier NCT06652035.
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hyperuricemia, cardiovascular disease, Quercetin Phytosome™, Quevir®, quercetin,

metabolic health

1 Introduction

Hyperuricemia is a metabolic disorder characterized by
elevated serum uric acid concentrations (1). Epidemiological
studies and clinical trials have linked hyperuricemia to the
development of various conditions, including chronic kidney
disease, fatty liver disease, metabolic syndrome, hypertension,
insulin resistance, obesity, type 2 diabetes (T2DM), cardiovascular
and cerebrovascular disorders (2-4). However, Mendelian
randomization studies have controversially shown no causal
relationship between elevated uric acid levels and most of these
conditions, with the exceptions of gout and kidney disease (5-10).
Globally, hyperuricemia is typically defined as uric acid levels >7.0
mg/dL (416 pmol/L) in males and > 6.0 mg/dL (357 wmol/L)
in females, although the European Union defines it slightly
lower: >6.8 mg/dL (404 pmol/L) for males and >5.7 mg/dL
(339 pwmol/L) for females (11, 12). Risk factors for hyperuricemia
include: (i) dietary habits, such as alcohol consumption, high-
purine diets, and fructose-rich intake; (ii) lifestyle and medical
conditions, including obesity, insulin resistance, Down syndrome,
kidney disease, hypertension, hypothyroidism, socioeconomic
factors, and smoking history; and (iii) genetic predispositions and
environmental factors (13-16).

From a physiological perspective, uric acid is the end product
of purine nucleotide catabolism, with diverse biochemical roles.
It acts both as an antioxidant and pro-oxidant, and has complex
influences on aging, inflammation, and nitric oxide regulation (17).
Current guidelines recommend maintaining long-term serum uric
acid levels at or below 6.0 mg/dL (360 pmol/L) (18).

In cases of asymptomatic hyperuricemia, dietary
interventions—particularly reducing alcohol, sugar-sweetened
beverages, and high-purine foods like meat and seafood—can
lower uric acid by 10-15% (19). However, complete purine
restriction only reduces uric acid by about 1 mg/dL, making it
an impractical sole strategy (1). Uric acid-lowering drugs can be
divided into three main groups: (i) xanthine oxidase inhibitors
(XO), which reduce uric acid synthesis; (ii) agents that promote
uric acid excretion by inhibiting reabsorption; and (iii) drugs that
regulate uric acid breakdown via exogenous uricase (20). Xanthine
oxidase inhibitors, which decrease uric acid production from both
endogenous and dietary purines, are the first-line treatment for
hyperuricemia (21). The most commonly prescribed XO inhibitor,
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allopurinol, is often used with consideration of renal function.
However, it can cause severe hypersensitivity reactions and skin
conditions and is ineffective at reaching target serum urate levels
in many patients (22). Newer non-purine XO inhibitors, such
as febuxostat and topiroxostat, are increasingly used but are
associated with side effects like muscle pain, gastrointestinal
discomfort, skin rashes, diarrhea, polyarthritis, nasopharyngitis,
and elevated liver enzymes (23, 24). Uricosuric agents, such as
probenecid and benzbromarone, enhance uric acid excretion by
inhibiting its reabsorption in the proximal tubule of the kidney.
These drugs are second-line treatments, often used alongside XO
inhibitors or for patients who cannot tolerate them (17). Uricase
(urate oxidase) converts urate into allantoin, a more soluble
compound, making it an attractive therapy for patients with gout
that is difficult to manage with standard drugs. Though limited
by factors like availability, cost, and immunogenicity, uricase
shows promise as an enzyme replacement therapy for lowering
the urate pool, potentially followed by maintenance with other
urate-lowering treatments (25).

As a result of growing modern pharmacological evidence,
and favorable safety profiles, there is increasing clinical interest
in botanical pharmacological agents for managing hyperuricemia.
Among these agents, quercetin—a well-studied flavonoid with
diverse pharmacological properties—has shown promising results
and demonstrated the ability to lower plasma uric acid levels (26).
Research suggests that quercetin, and its metabolite quercetin-
3/-sulfate, exhibit antihyperuricemic effect through the inhibition
of XO (27, 28), the final step in the intracellular uric acid
production. In a randomized, double-blind, placebo-controlled
clinical trial, a daily intake of 544 mg of quercetin for 4-weeks
significantly reduced uric acid levels in men, decreasing from 5.46
to 5.04 mg/dL (26). Despite these encouraging findings, clinical
evidence remains limited regarding quercetin’s effectiveness in
managing hyperuricemia.

This study, based on analysis of retrospective clinical data
from real-life clinics, evaluates the hypouricemic potential of
oral supplemental quercetin, specifically Quercetin Phytosome™
(QP), in three distinct cohort studies involving healthy adults.
QP is a highly bioavailable form of quercetin designed to
overcome the poor solubility and limited absorption of standard
formulations, which often restrict its clinical application (29).
Additionally, QP has been investigated in several clinical trials
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for its broad pharmacological properties, including antioxidant,
antiviral, immunomodulatory, and anti-inflammatory effects,
further highlighting its therapeutic potential (30-33).

In cohort 1, participants received oral QP or the probiotic
K12 as
booster supplement to enhance protection against COVID-

Streptococcus  salivarius  (S.  Salivarius) immune
19 infection/severe illness. Quercetin supports immune resilience
through antioxidant and anti-inflammatory effects, modulating
cytokine production and immune cell activity (34-36). S.
salivarius modulates the oral microbiota, aiding immune
function and reducing pro-inflammatory cytokines like IL-6,
potentially mitigating excessive inflammation during SARS-CoV-2
infection (37-41).

In cohort 2, healthy adults received QP to improve metabolic
health (42, 43). Quercetin helps manage hyperuricemia by
inhibiting xanthine oxidase (27, 28), reducing uric acid production,
and supports glycometabolic regulation by enhancing insulin
sensitivity and modulating pathways like AMP-activated protein
kinase (AMPK) and sirtuin-1 (SIRT1) (42-47). Additionally,
it improves lipid profiles and mitigates inflammation through
pathways like nuclear factor kappa B (NF-kB) and mitogen-
activated protein kinase (MAPK) (42-47), addressing metabolic
disorders such as obesity, dyslipidemia, and hypertension.

In cohort 3, participants with obesity and hypercholesterolemia
received QP or a nutraceutical combination of Berberine
Phytosome™ and monacolins (BM) for metabolic health
management (48-51). Berberine activates AMPK to enhance fatty
acid oxidation, reduce lipogenesis, and improve insulin sensitivity
(48, 49, 51). Tt also modulates gut microbiota and improves lipid
profiles by lowering total cholesterol, triglycerides, and LDL
cholesterol while increasing HDL cholesterol (48, 51). Monacolin
K, a natural HMG-CoA reductase inhibitor (50), reduces hepatic
cholesterol synthesis, further lowering cholesterol and triglycerides.
These complementary mechanisms provide a synergistic approach
to addressing obesity and hypercholesterolemia (48-51).

The present study aims to enhance the understanding of
QP’s potential as a safe and effective pharmacological option for
managing hyperuricemia. By evaluating its effects across varied
clinical scenarios, this research highlights the versatility and

therapeutic promise of QP in the management of hyperuricemia.

2 Materials and methods

To evaluate the potential hypouricemic effect of QP
retrospective clinical data were analyzed from three distinct cohorts
of healthy adult participants who had received QP supplementation
for health benefits under real-life conditions, rather than within the
framework of a pre-designed study. The supplemental treatments
were tailored to the therapeutic needs of the participants based on
physician recommendations.

2.1 Cohort 1

The first cohort comprised a retrospective, cross-sectional,
observational study of 164 participants who attended various clinics
in Milan and Pesaro, Italy in real-life between September 2021
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and December 2022, primarily aimed at enhancing protection
against SARS-CoV-2 infection and/or severe COVID-19 illness
(30-32, 40, 52). The participants were healthy individuals or
simply overweight, aged between 18 and 65 years, with a BMI
between 18.5 and 29.9 kg/m’ non-smokers, and consuming
<3 units of alcohol per day. The participants received either
oral supplemental QP (Quevir® 500 mg tablet, manufactured by
Pharmextracta S.p.A. Italy) (n = 87, 39 males and 48 females) or
an orodispersible probiotic S. salivarius K12 (Bactoblis® 1,000 mg
tablet, manufactured by Pharmextracta S.p.A. Italy) (n = 77, 32
males and 45 females) tailored to their individual needs. Each
Quevir® 500 mg tablet contained 500 mg of QP, equivalent to
200 mg of pure bioavailable quercetin. Each Bactoblis® 1,000 mg
tablet contained at least 1 x 10° CFU of S. salivarius K12
(ATCC BAA-1024). The recommended dose of the supplement
was two tablets of QP per day (one every 12h, total daily
quercetin intake 400 mg) or one tablet daily of K12 (before bedtime)
for 90 days. Regarding concurrent therapies, 28 participants
(17.07%) (16 in the K12 group and 12 in the QP group) were
on antihypertensive medications, while 22 (11 in each group)
were on lipid-lowering drugs. Supplement was not advised to the
participants if they had a diagnosis of endocrinological, metabolic,
oncological, neurological, or inflammatory bowel diseases, gout,
kidney stones, or plasma uric acid concentrations exceeding 7
mg/dL (hyperuricemia).

2.2 Cohort 2

The second cohort study was a prospective, single-group,
cross-sectional observational analysis of 22 (13 males and 9
females) mildly hyperuricemic healthy adults (uric acid > 7 mg/dL)
with concurrent metabolic disorders. Participants comorbidities
included thyroid goiter (n = 4), prediabetes (n = 3), chronic
asthenia (n = 1), pulmonary arterial hypertension (n = 2),
T2DM (n = 7), obstructive sleep apnea syndrome (n = 1),
hypothyroidism (n = 3), obesity (n = 8), metabolic syndrome
(n = 11), and dyslipidemia (n =
6). These participants attended various clinics in Rome and
Teramo in real-life between May 2023 and September 2023,
and received QP (Quevir® 500mg tablet, same dosage as in
cohort 1) as an add-on to their usual treatment, tailored to their

4), hypertension (n =

individual needs, to improve their metabolic health. Participants
were aged 18-75 years, and supplement was advised with no
restrictions on BMI, alcohol consumption, or smoking habits.
Those on uric acid-lowering drugs and the presence of oncological,
neurological, or bowel inflammatory diseases, were excluded from
supplemental therapy.

2.3 Cohort 3

The third cohort study was a prospective, observational
study comprised of 64 healthy adults (38 males and 26
females), all diagnosed with obesity (for a minimum of 5
years) and hypercholesterolemia, and included both moderately
hyperuricemic (average uric acid > 8 mg/dL) and normouricemic
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individuals (uric acid < 7 mg/dL). These participants attended
the S. Orsola Hospital in Bologna and various clinics in Milan
in real-life between October 2023 and April 2024, for treatment
of their metabolic health. Amongst the 64 cases, 20 moderately
hyperuricemic participants (10 males and 10 females, referred
here as group 1) were treated with QP (Quevir® 500 mg tablet,
same dosage regimen as in cohorts 1 and 2). A second group
consisting of 22 moderately hyperuricemic adults (uric acid
> 8 mg/dL) (referred here as group 2) were treated with a
nutraceutical containing Berberine Phytosome™ and monacolins
(BM) (Berberol K® 1.25 g tablet, manufactured by Pharmextracta
S.p.A. Italy), as one tablet a day for 90 days, to improve their
metabolic health. A third group comprised of 22 normouricemic
adults (uric acid < 7 mg/dL) were also treated with BM (referred
here as group 3). Each Berberol K® 1.25 g tablet contained 730 mg

of Berberine Phytosome™

, and 2.9 mg of total monacolins derived
from Monascus purpureus. Participants were aged 18-75 years,
and supplementary therapy was advised with no restrictions on
BMI, alcohol consumption, or smoking habits. However, those
on uric acid-lowering drugs and the presence of oncological,
neurological, or bowel inflammatory diseases, were not considered
for supplementary therapy. At baseline, when supplemental
therapy was prescribed, all participants were on a Mediterranean
diet and were either statins alone or statins with ezetimibe
treatment. Twenty participants had T2DM (diagnosed for at least
8 years) and were on metformin (1,500 mg/day). Participants were
advised to maintain their regular diets and treatment during the
supplementary therapy.

The study was performed in accordance with the guidelines of
Declaration of Helsinki, and approved by the Ethics Committee
for Human Experimentation (CESU) of the University of Urbino
“Carlo Bo”, Ttaly. The study was registered in clinicaltrial.gov
(identifier NCT06652035).

2.4 Outcome measures

The study primary aim across all three cohorts was to
assess the effect of daily supplemental QP (containing 400 mg
pure quercetin) intake for 90 days on plasma uric acid levels.
Secondary outcomes included the potential effects of QP on
plasma cholesterol, triglycerides, glycemia, liver enzymes, creatine
phosphokinase (CPK), and insulin levels. Compliance, tolerability,
and the occurrence of side effects were also evaluated as
secondary endpoints.

2.5 Statistical analysis

For statistical comparisons between the two treatment groups
(Cohort 1 and Cohort 3), and across time points from day 1 to day
90 (Cohort 2), a Split-Plot Design and a mixed analysis of variance
(ANOVA) were employed. In cases of significant interaction,
Tukey’s Multiple HSD Comparison Test was applied. Statistical
significance was set at p < 0.05. All analyses were performed using
JMP 10 statistical software for Mac OS X (LLC 920 SAS Campus
Drive, Cary, NC 27513, USA).
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3 Results
3.1 Cohort 1

At baseline and after 90 days of supplementation, both
groups showed no significant differences in age, BMI, cholesterol,
triglycerides, glycemia, liver enzymes, CPK, or insulin levels
(Table 1). Most participants reported adherence to the supplement
regimen. Reported side effects were mild, transient, and comparable
across both treatment groups (Supplementary Table S1). As
illustrated in Figure 1, both men and women in the QP-treated
group exhibited significant reductions in plasma uric acid levels
(15.2% in men and 13.8% in women) compared to baseline, while
no significant changes were observed in the probiotic K12 group.
Although not statistically significant (p < 0.062), triglyceride levels
were also concurrently reduced in participants treated with QP.

3.2 Cohort 2

Table 2 shows that treatment with QP significantly reduced
participants serum uric acid levels by 13.1% (p < 0.01) and
triglyceride levels by 10.2% (p < 0.05), while other parameters
remained unaffected. Most participants (over 90%) reported
adherence to the supplement regimen. The treatment was well-
tolerated, with only two participants reporting mild, transient
side effects (bloating and heartburn), each lasting no more than
4 days.

3.3Cohort 3

As shown in Table 3, QP treatment (group 1) led to significant
reductions in uric acid (—=13.7%; p < 0.01) and triglyceride levels
(—20.8%; p < 0.01), with no significant changes observed in other
measured parameters. No notable side effects were reported among
participants receiving QP. In contrast, participants treated with BM
experienced significant reductions in total and LDL cholesterol,
as expected, but no changes were observed in uric acid levels for
both the hyperuricemic (group 2) and normouricemic (group 3)
participants (Table 4). Mild to moderate constipation was reported
as a transient side effect by five patients in the hyperuricemic
group and seven in the normouricemic group, generally occurring
within the 1st week of treatment. This side effect is likely related
to berberine’s anti-diarrheal properties. No other significant side
effects were reported.

4 Discussion

The study based on three distinct cohorts of healthy adults
aimed to assess the potential pharmacological effect of QP in
controlling hyperuricemia, from real-life settings clinical data.
In the first cohort study, a total of 164 healthy adults who
received either supplemental QP or probiotic S. salivarius
K12 in response to the need for added protection against
SARS-CoV-2 infection during the COVID-19 pandemic, were
studied. These participants had been vaccinated, and none
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TABLE 1 Effect of oral QP or probiotic S. salivarius K12 supplement intake daily for 90 days on metabolic health of healthy adults (n = 164).

Parameter K12-treated K12-treated QP-treated QP-treated
Baseline After 90-days treatment Baseline After 90-days treatment
Age (years) 56.7 £12.5 - 59.5+£13.1
BMI (Kg/mz) 262+29 258 £3.2 246+34 23.9+£3.0
Total cholesterol (mg/dL) 187.8 £ 15.5 180.5 £ 16.7 178.6 +22.3 184.3 +:19.8
LDL cholesterol (mg/dL) 952+ 11.6 97.5+89 91.8+9.7 93.4+10.8
HDL cholesterol (mg/dL) 42.8+6.7 39.8+72 40.5+8.1 434188
Triglycerides (mg/dL) 165.4 £+ 32.7 169.9 +38.2 159.1 £+ 35.6 1473 +£31.4
Basal glycemia (mg/dL) 89.1+ 10.6 925488 94.6 £ 9.7 971+ 114
HbAlc (%) 58+0.3 57%0.5 574 0.6 57408
Insulin (WUI/mL) Not performed Not performed Not performed Not performed
AST (U/L) 23535 254439 22.8+4.1 21.7+3.8
ALT (U/L) 334441 32.8+3.6 34.8+3.9 32.6+3.5
v-GT (U/L) 42.6+11.8 40.2+16.2 44.1 +15.0 429 +15.2
CPK (U/L) 88.3 £ 145 84.0 £12.8 929 £16.7 91.9 £14.7

K12, S. salivarius K12 (oral colonizing probiotic); QP, Quercetin PhytosomeTM. BMI, Body Mass Index; LDL, Low Density Lipoprotein; HDL, High Density Lipoprotein; HbAlc, Glycated
Hemoglobin; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; y -GT, Gamma-Glutamyl Transferase; CPK, Creatine phosphokinase. Values are expressed as average + standard
deviation. The differences observed in the values between the two groups at both times are not significant.
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Supplement: S. salivarius K12 Supplement: Quercetin Phytosome™
FIGURE 1
Effect of a 90-day intake of oral supplemental Quercetin Phytosome™ (Quevir® 500 mg, 1 tablet twice daily) (n = 87) or probiotic S. salivarius K12
(Bactoblis® 1,000mg, 1 tablet daily) (n = 77) on plasma uric acid levels in a cohort of healthy adults. The supplementary therapy was intended to
enhance protection against SARS-CoV-2 infection or prevent severe COVID-19 illness. Values above the bars represent median uric acid levels +
standard deviation, while the percentages above the figure denote the relative change between pre- and post-treatment measurements. Statistical
significance is also indicated.

experienced severe COVID-19 outcomes. Analysis of their  Conversely, K12 administration did not yield any notable
clinical data revealed that only QP treatment was associated  metabolic effects.

with a statistically significant reduction in serum uric acid The second cohort study assessed the hypouricemic effect of
levels, with a non-significant trend toward reduced triglycerides. = QP in 22 healthy adults with mild hyperuricemia and metabolic
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TABLE 2 Effect of QP supplementary therapy (daily 400 mg for 90 days)
on metabolic health of healthy adults with mildly hyperuricemic (uric acid
> 7 mg/dL) with concurrent metabolic disorders (n = 22).

10.3389/fnut.2025.1519459

TABLE 3 Effect of QP supplementary therapy (daily 400 mg for 90 days)
on metabolic health of healthy obese hypercholestrolemic adults with
moderate hyperuricemia (uric acid > 7 mg/dL) (n = 20).

Parameter Baseline  After 90-days p Parameter Baseline  After 90-days P
QP treatment QP treatment

Age (years) 65.6 +9.6 - - Age (years) 51.9+10.2 - -
BMI (Kg/m?) Not reported Not reported - BMI (Kg/m?) 388163 Not reported -
Uric acid (mg/dL) 7.45 £ 0.65 6.48 £0.70 <0.01 Uric acid (mg/dL) 8.33 £ 0.64 7.19 £ 0.68 <0.01
Total cholesterol (mg/dL) 192.9 +42.7 182.8 +33.8 n.s. Total cholesterol (mg/dL) 1943 £ 18.1 186.7 4+ 26.9 n.s.
LDL cholesterol (mg/dL) 112.5+374 103.9 £+ 32.6 n.s. LDL cholesterol (mg/dL) 117.7 £20.5 113.2 +£20.2 n.s.
HDL cholesterol (mg/dL) 52.7+12.8 535+ 128 n.s. HDL cholesterol (mg/dL) 46.7 £59 50.8 = 7.9 n.s.
Triglycerides (mg/dL) 1433 £51.1 128.7 4+ 30.7 <0.05 Triglycerides (mg/dL) 144.2 £ 54.1 114.2 +£23.2 <0.01
Basal glycemia (mg/dL) 105.5£17.9 101.5+17.9 n.s. Basal glycemia (mg/dL) 96.1£9.7 90.7.5+ 8.5 ns.
HbAlc (%) 59+0.6 58+0.7 n.s. HbAlc (%) Not reported Not reported -
Insulin (nUI/mL) Not reported Not reported - Insulin (nUI/mL) 169 +5.4 15.8+5.3 n.s.
AST (U/L) 29.0 £10.1 29.7 £ 8.4 n.s. AST (U/L) 264+£58 28.4+3.8 n.s.
ALT (U/L) 312+ 143 31.7£10.8 n.s. ALT (U/L) 445+ 12.1 426 £11.8 n.s.
v-GT (U/L) 455 £ 25.8 43.0 £ 15.5 n.s. y-GT (U/L) 52.7 £30.5 524+296 n.s.
CPK (U/L) 88.8 £27.8 86.0 £ 29.8 n.s. CPK (U/L) 109.5 + 45.4 118.0 £ 51.7 n.s.

QP, Quercetin PhytosomeTM; BMI, Body Mass Index; LDL, Low Density Lipoprotein; HDL,
High Density Lipoprotein; HbAlc, Glycated Hemoglobin; AST, Aspartate aminotransferase;
ALT, Alanine aminotransferase; y-GT, Gamma-Glutamyl Transferase; CPK, Creatine
phosphokinase. Values are expressed as average =+ standard deviation. n.s., not significant.

disorders, all of whom had previously never been treated for
their hyperuricemia. In this cohort, QP also demonstrated a
significant hypouricemic effect alongside excellent safety and
tolerability, comparable to that observed in the first cohort.
Furthermore, treatment with QP resulted in a significant reduction
in triglycerides, reinforcing the findings from the initial study.
This progression from the first to the second cohort highlights
QP’s consistent efficacy in reducing uric acid and triglyceride levels
across different populations, further supporting its potential as a
therapeutic agent for hyperuricemia.

The third cohort study evaluated the potential hypouricemic
effect of QP in 64 healthy adults with metabolic diseases,
including obesity, hypercholesterolemia, and T2DM, and never
previously treated for their hyperuricemia. Consistent with the
results from the first and second cohorts, participants receiving
QP demonstrated a significant reduction in uric acid levels as well
as triglycerides, which decreased by 20.8% (p < 0.01), together
with excellent safety and tolerability. In contrast, no such effect
was observed in participants who received the BM supplement.
These findings further confirm the hypouricemic potential of
quercetin, particularly when delivered in a highly bioavailable form,
such as Quercetin Phytosome™. This phospholipid-based carrier
system significantly enhances the absorption of quercetin, thereby
improving its therapeutic efficacy.

To our knowledge, this is the second study to report
the potential hypouricemic pharmacological effect of quercetin,
together with favorable safety and tolerability profile, in healthy
adults with various metabolic health conditions, based on data
collected from real-life clinical settings. The results of the present
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QP, Quercetin PhytosomeTM; BMI, Body Mass Index; LDL, Low Density Lipoprotein; HDL,
High Density Lipoprotein; HbAlc, Glycated Hemoglobin; AST, Aspartate aminotransferase;
ALT, Alanine aminotransferase; y-GT, Gamma-Glutamyl Transferase; CPK, Creatine
phosphokinase. Values are expressed as average + standard deviation. n.s., not significant.

study align with those of the only previously reported randomized,
double-blind, placebo-controlled, crossover trial conducted in the
UK (26), further supporting the hypouricemic pharmacological
role of QP.

Regarding its mechanism of action, studies suggest that
quercetin, and its metabolite quercetin-3/-sulfate, exhibit
antihyperuricemic effect through the inhibition of XO (27, 28),
rather than by targeting other potential enzymes such as adenosine
deaminase (ADA) or purine nucleoside phosphorylase (PNP).

The clinical role of quercetin as a potential safe hypouricemic is
significant, particularly for individuals with metabolic diseases who
are often prescribed multiple medications. Quercetin presents a safe
and effective intervention that may help control uric acid levels
without the significant adverse effects associated with traditional
pharmacological treatments. By offering a well-tolerated option for
managing hyperuricemia, quercetin could help improve the quality
of life for patients navigating the complexities of polypharmacy
while addressing their metabolic health conditions. This makes QP
a valuable addition to therapeutic strategies aimed at mitigating the
risks associated with hyperuricemia and its complications.

In addition to the hypouricemic effect of QP, its triglyceride-
lowering effect observed in the present study is noteworthy. While
participants in Cohort 3 and some in Cohort 2 were on statin
therapy, the consistent triglyceride-lowering effect observed across
all cohorts, including participants not on statin therapy, supports
the independent role of QP in modulating triglyceride levels.
The selective reduction in triglyceride levels, with no significant
changes in total cholesterol, LDL cholesterol, or HDL cholesterol,
suggests that QP may primarily affect triglyceride metabolism. This
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TABLE 4 Effect of 90-day oral supplement therapy of combined 730 mg of berberine Phytosome™ and 2.9 mg of total monacolins (Berberol® K 1.25g,
BM) on metabolic on metabolic health of obese hypercholestrolemic hyperuricemic (n = 22) and normouricemic (n = 22) healthy adults.

Parameter Hyperuricemic participants Normouricemic participants
(uric acid > 8.0 mg/dL) (uric acid < 7.0 mg/dL)
Baseline After 90 days of BM treatment Baseline After 90 days of BM treatment
Age (years) 55.9+9.7 - 56.0 +10.1 -
BMI (Kg/m?) 33.8+52 - 344+52 -
Uric acid (mg/dL) 8.254+0.35 8.23+0.30 5.49 £ 0.95 545+ 1.15
Total cholesterol (mg/dL) 2323 £25.1 202.8 + 28.8° 23334243 209.0 £ 25.5*
LDL cholesterol (mg/dL) 158.5 £22.3 128.4 + 18.6* 159.1 £ 26.8 125.3.5 4 24.7*
HDL cholesterol (mg/dL) Not performed Not performed 414 £179 478 £11.9
Triglycerides (mg/dL) 141.9 & 40.1 129.3 +37.8 133.1 +58.9 130.7 & 55.5
Basal glycemia (mg/dL) 87.7 £ 6.8 83.0 £ 6.9 90.4 £+ 10.7 87.2+10.2
HbA1lc (%) Not performed Not performed Not performed Not performed
Insulin (WUI/mL) Not performed Not performed 82+42 8.0+34
AST (U/L) 239+5.6 21.1£3.0 242485 24.7 £ 14.7
ALT (U/L) 2444110 24.0+8.1 264+ 12.1 26.5+19.1
y-GT (U/L) Not performed Not performed 29.1+£21.1 352 +33.1
CPK (U/L) 124.8 £65.3 119.5 £50.5 Not performed Not performed

BMI, Body Mass Index; LDL, Low Density Lipoprotein; HDL, High Density Lipoprotein; HbAlc, Glycated Hemoglobin; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase;

y-GT, Gamma-Glutamyl Transferase; CPK, Creatine phosphokinase. Values are expressed as average + standard deviation. *p < 0.05; °p < 0.01.

specificity may be linked to quercetin’s direct influence on hepatic
triglyceride synthesis and clearance pathways, distinct from the
broader lipid-lowering effects of statins. The most pronounced
effect of quercetin on triglyceride levels was seen in metabolically
compromised obese participants (cohort 3). This finding aligns
with previous research conducted in diet-induced obesity models
in mice (53). Quercetin consumption resulted in a significant
reduction in plasma triglyceride levels by —19% (p < 0.05), without
affecting food intake, body composition, or energy expenditure.

The triglyceride-lowering effect of quercetin could be due to several

mechanisms, as below (42-44, 46, 47, 53):

e Downregulation of sterol regulatory element-binding
protein-1c (SREBP-1c): Reduces lipogenesis and hepatic
triglyceride synthesis.

e Activation of AMPK: Promotes fatty acid oxidation and
increases energy expenditure.

e Modulation of adipocyte function: Regulates adipocytokines
such as leptin and adiponectin, enhancing lipolysis and
reducing fat storage.

e Anti-inflammatory effects: Mediated via NF-kB and MAPK,
indirectly improving lipid metabolism and contributing to
TG reduction.

Epidemiological studies have consistently shown a link between
plasma uric acid levels and multiple cardiovascular risk factors,
highlighting uric acid as a potential contributor to cardiovascular
risk. The recent statement from the Associazione Nazionale Medici
Cardiologi Ospedalieri (ANMCO) provides an updated review of
evidence supporting the association between elevated uric acid
levels and cardiovascular disease risk, as well as the safety and
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efficacy of uric acid-lowering agents, such as allopurinol and
febuxostat, particularly in patients with urate crystal deposits
(54). These results highlight QP’s potential as a safe and effective
triglyceride-lowering agent, which could help mitigate residual
cardiovascular risk in individuals with well-controlled cholesterol
levels but poor control over triglycerides (55).
experimental studies have shown that quercetin can reduce

Furthermore,

atherosclerosis, supporting its potential role in cardiovascular
protection (54).

This study has several limitations that could be addressed in
future research, including the absence of randomization, a double-
blind, placebo-controlled design, and a relatively small sample size.
Furthermore, the lack of a control group treated with a standard
hypouricemic drug, such as allopurinol, limited the ability to
compare side effects directly. However, despite these limitations,
the study’s real-life setting and broad inclusion criteria enhance the
generalizability of the findings. Future studies incorporating more
rigorous trial designs and larger, diverse populations could provide
a more comprehensive understanding of QP’s hypouricemic and
triglyceride-lowering effects.

5 Conclusions

The findings from this study suggest that QP exhibits a
significant hypouricemic effect in healthy adults with various
metabolic health conditions, alongside notable triglyceride-
lowering properties. The consistent results across three diverse
cohorts indicate QP’s potential as a safe, well-tolerated, and
effective therapeutic intervention for managing hyperuricemia
and triglyceride levels, even in the context of polypharmacy. QP
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could be considered as a standalone treatment for individuals
with mild to moderate hyperuricemia or as an adjunctive therapy
for those requiring additional pharmacological interventions.
The real-life clinical setting further supports the applicability
of QP for broader population use, although future randomized,
double-blind, placebo-controlled studies with larger sample
sizes and comparison groups are needed to strengthen the
evidence on its clinical efficacy and safety profile. QP represents a
promising addition to therapeutic strategies aimed at improving
metabolic health and cardiovascular outcomes in populations
at risk.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary material, further inquiries can be
directed to the corresponding author/s.

Ethics statement

The studies involving humans were approved by Ethics
of the
University of Urbino, Carlo Bo, Italy. The studies were

Committee for Human Experimentation (CESU)
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

AK: Conceptualization, Writing - original draft, Writing
- review & editing. FD: Conceptualization, Data curation,
Methodology, Project administration, Resources, Supervision,
Validation, Writing - original draft, Writing - review &
editing. FR: Conceptualization, Methodology, Writing - review
& editing. MT: Conceptualization, Methodology, Writing -
review & editing. RN: Conceptualization, Methodology, Validation,
Writing - review & editing. NZ: Conceptualization, Investigation,
Methodology, Project administration, Writing - review & editing.
MT: Conceptualization, Methodology, Validation, Writing — review
& editing. MC: Methodology, Validation, Writing - review &
editing. AB: Conceptualization, Data curation, Methodology,
Validation, Writing - review & editing. PF: Conceptualization,
Methodology, Validation, Writing - review & editing. GD:

References

1. Li L, Zhang Y, Zeng C. Update on the epidemiology, genetics, and therapeutic
options of hyperuricemia. Am J Transl Res. (2020). 12:3167-81.

2. Gu T, Cao G, Luo M, Zhang N, Xue T, Hou R, et al. A systematic review and
meta-analysis of the hyperuricemia risk from certain metals. Clin Rheumatol. (2022).
41:3641-60. doi: 10.1007/s10067-022-06362-1

3. Sharma G, Dubey A, Nolkha N, Singh JA. Hyperuricemia, urate-lowering therapy,
and kidney outcomes: a systematic review and meta-analysis. Ther Adv Musculoskelet
Dis. (2021). 13:1759720x211016661. doi: 10.1177/1759720X211016661

Frontiersin Nutrition

10.3389/fnut.2025.1519459

Conceptualization, Methodology, Validation, Writing - review
& editing. NV: Conceptualization, Validation, Writing - review
& editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We thank all the clinics who helped in the collection of data
analyzed in this study.

Conflict of interest

FD belongs to the Scientific Board of Pharmextracta. MC and
AB are Pharmextracta consultants.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.
1519459/full#supplementary-material

4. Yu Y, Quan X, Wang H, Zhang B, Hou Y, Su C. Assessing the health
risk of hyperuricemia in participants with persistent organic pollutants
exposure—a systematic review and meta-analysis. Ecotoxicol Environ Saf. (2023).
251:114525. doi: 10.1016/j.ecoenv.2023.114525

5. Li X, Meng X, Timofeeva M, Tzoulaki I, Tsilidis KK, Ioannidis JP, et al. Serum
uric acid levels and multiple health outcomes: umbrella review of evidence from
observational studies, randomised controlled trials, and Mendelian randomisation
studies. BMJ. (2017). 357:j2376. doi: 10.1136/bmj.j2376

frontiersin.org


https://doi.org/10.3389/fnut.2025.1519459
https://www.frontiersin.org/articles/10.3389/fnut.2025.1519459/full#supplementary-material
https://doi.org/10.1007/s10067-022-06362-1
https://doi.org/10.1177/1759720X211016661
https://doi.org/10.1016/j.ecoenv.2023.114525
https://doi.org/10.1136/bmj.j2376
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Di Pierro et al.

6. Rao B, Xie D, Deng Y, Ye ], Zeng X, Lin A, et al. Robust positive association
between serum urate and the risk of chronic obstructive pulmonary disease: hospital-
based cohort and Mendelian randomisation study. BMJ Open Respir Res. (2024).
11:002203. doi: 10.1136/bmjresp-2023-002203

7. Simon KC, Eberly S, Gao X, Oakes D, Tanner CM, Shoulson I, et al. Mendelian
randomization of serum urate and parkinson disease progression. Ann Neurol. (2014).
76:862-8. doi: 10.1002/ana.24281

8. Tsao HM, Lai TS, Chang YC, Hsiung CN, Chou YH, Wu VG, et al. Serum urate
and risk of chronic kidney disease: a mendelian randomization study using Taiwan
Biobank. Mayo Clin Proc. (2023). 98:513-21. doi: 10.1016/j.mayocp.2023.01.004

9. Yang Y, Xian W, Wu D, Huo Z, Hong S, Li Y, et al. The role of obesity, type
2 diabetes, and metabolic factors in gout: a Mendelian randomization study. Front
Endocrinol. (2022). 13:917056. doi: 10.3389/fend0.2022.917056

10. YuS, Chen Y, Hou X, Xu D, Che K, Li C, et al. Serum uric acid levels and diabetic
peripheral neuropathy in type 2 diabetes: a systematic review and meta-analysis. Mol
Neurobiol. (2016). 53:1045-51. doi: 10.1007/s12035-014-9075-0

11. Richette P, Doherty M, Pascual E, Barskova V, Becce F, Castafieda-Sanabria J, et al.
2016 updated EULAR evidence-based recommendations for the management of gout.
Ann Rheum Dis. (2017). 76:29-42. doi: 10.1136/annrheumdis-2016-209707

12. Song P, Wang H, Xia W, Chang X, Wang M, An L. Prevalence and correlates
of hyperuricemia in the middle-aged and older adults in China. Sci Rep. (2018).
8:4314. doi: 10.1038/541598-018-22570-9

13. Alemayehu E, Fiseha T, Bambo GM, Sahile Kebede S, Bisetegn H, Tilahun
M, et al. Prevalence of hyperuricemia among type 2 diabetes mellitus patients
in Africa: a systematic review and meta-analysis. BMC Endocr Disord. (2023).
23:153. doi: 10.1186/s12902-023-01408-0

14. Li R, Yu K, Li C. Dietary factors and risk of gout and hyperuricemia:
a meta-analysis and systematic review. Asia Pac ] Clin Nutr. (2018). 27:1344-
56. doi: 10.6133/apjcn.201811_27(6).0022

15. Merriman TR. An update on the genetic architecture of hyperuricemia and gout.
Arthritis Res Ther. (2015). 17:98. doi: 10.1186/s13075-015-0609-2

16. Song]J, Jin C, Shan Z, Teng W, Li J. Prevalence and risk factors of hyperuricemia
and gout: a cross-sectional survey from 31 provinces in Mainland China. J Transl Int
Med. (2022). 10:134-45. doi: 10.2478/jtim-2022-0031

17. Du L, Zong Y, Li H, Wang Q, Xie L, Yang B, et al. Hyperuricemia and its related
diseases: mechanisms and advances in therapy. Signal Transduct Target Ther. (2024).
9:212. doi: 10.1038/s41392-024-01916-y

18. Du L, Zong Y, Li H, Wang Q, Xie L, Yang B, et al. Diagnosis
and treatment for hyperuricemia and gout: a systematic review of
clinical practice guidelines and consensus statements. BMJ Open. (2019).
9:026677. doi: 10.1136/bmjopen-2018-026677

19. Mitnala S, Phipps-Green A, Franklin C, Horne A, Stamp LK, Merriman TR,
et al. Clinical and genetic features of diuretic-associated gout: a case-control study.
Rheumatology. (2016). 55:1172-6. doi: 10.1093/rheumatology/kew018

20. Cai R, Li E Li Y, Li Y, Peng W, Zhao M, et al. Mechanism and use strategy of
uric acid-lowering drugs on coronary heart disease. Int ] Cardiol Heart Vasc. (2024).
53:101434. doi: 10.1016/j.ijcha.2024.101434

21. Benn CL, Dua P, Gurrell R, Loudon P, Pike A, Storer RI, et al.
Physiology of hyperuricemia and urate-lowering treatments. Front Med. (2018).
5:160. doi: 10.3389/fmed.2018.00160

22. Wallace MC, Roberts RL, Nanavati P, Miner JN, Dalbeth N, Topless

R, et al. Association between ABCG2 rs2231142 and poor response
to allopurinol:  replication ~and  meta-analysis. ~ Rheumatology.  (2018).
57:656-60. doi: 10.1093/rheumatology/kex467

23. Hosoya T, Sasaki T, Ohashi T. Clinical efficacy and safety of

topiroxostat in Japanese hyperuricemic patients with or without gout: a
randomized, double-blinded, controlled phase 2b study. Clin Rheumatol. (2017).
36:649-56. doi: 10.1007/s10067-016-3474-8

24. Jordan A, Gresser U. Side effects and interactions of the xanthine oxidase
inhibitor febuxostat. Pharmaceuticals. (2018). 11:51. doi: 10.3390/ph11020051

25. Schlesinger N, Pérez-Ruiz F  Liot¢é F. Mechanisms and
for wuricase wuse in patients with gout. Nat Rev Rheumatol.
19:640-9. doi: 10.1038/s41584-023-01006-3

rationale
(2023).

26. Shi Y, Williamson G. Quercetin lowers plasma uric acid in pre-hyperuricaemic
males: a randomised, double-blinded, placebo-controlled, cross-over trial. Br | Nutr.
(2016). 115:800-6. doi: 10.1017/S0007114515005310

27. Adachi SI, Oyama M, Kondo S, Yagasaki K. Comparative effects of quercetin,
luteolin, apigenin and their related polyphenols on uric acid production in cultured
hepatocytes and suppression of purine bodies-induced hyperuricemia by rutin in mice.
Cytotechnology. (2021). 73:343-51. doi: 10.1007/s10616-021-00452-9

28. Tumova S, Shi Y, Carr IM, Williamson G. Effects of quercetin and metabolites on
uric acid biosynthesis and consequences for gene expression in the endothelium. Free
Radic Biol Med. (2021). 162:191-201. doi: 10.1016/j.freeradbiomed.2020.10.017

29. Riva A, Ronchi M, Petrangolini G, Bosisio S, Allegrini P. Improved oral
absorption of quercetin from quercetin phytosome®, a new delivery system

Frontiersin

10.3389/fnut.2025.1519459

based on food grade lecithin. Eur | Drug Metab Pharmacokinet. (2019). 44:169-
77. doi: 10.1007/s13318-018-0517-3

30. Di Pierro E, Derosa G, Maffioli P, Bertuccioli A, Togni S, Riva A, et al. Possible
therapeutic effects of adjuvant quercetin supplementation against early-stage COVID-
19 infection: a prospective, randomized, controlled, and open-label study. Int J Gen
Med. (2021). 14:2359-66. doi: 10.2147/IJGM.S318720

31. Di Pierro E Khan A, Iqtadar S, Mumtaz SU, Chaudhry MNA, Bertuccioli
A, et al. Quercetin as a possible complementary agent for early-stage COVID-
19: Concluding results of a randomized clinical trial. Front Pharmacol. (2022).
13:1096853. doi: 10.3389/fphar.2022.1096853

32. DI Pierro E Khan A, Bertuccioli A, Maffioli P, Derosa G, Khan S, et al.
Quercetin Phytosome® as a potential candidate for managing COVID-19. Minerva
Gastroenterology. (2021) 67:190-5. doi: 10.23736/S2724-5985.20.02771-3

33. Rondanelli M, Riva A, Petrangolini G, Gasparri C, Perna S, et al
Two-month period of 500mg lecithin-based delivery form of quercetin
daily dietary supplementation counterbalances chronic fatigue symptoms: a
double-blind placebo controlled clinical trial. Biomed Pharmacother. (2023).
167:115453. doi: 10.1016/j.biopha.2023.115453

34. Colunga Biancatelli RML, Berrill M, Catravas JD, Marik PE. Quercetin
and vitamin C: An experimental, synergistic therapy for the prevention and
treatment of SARS-CoV-2 related disease (COVID-19). Front Immunol. (2020).
11:1451. doi: 10.3389/fimmu.2020.01451

35. Gasmi A, Mujawdiya PK, Lysiuk R, Shanaida M, Peana M, Gasmi Benahmed A,
et al. Quercetin in the prevention and treatment of coronavirus infections: a focus on
SARS-CoV-2. Pharmaceuticals. (2022). 15:1049. doi: 10.3390/ph15091049

36. Khalil A, Tazeddinova D. The upshot of Polyphenolic compounds on immunity
amid COVID-19 pandemic and other emerging communicable diseases: an appraisal.
Nat Prod Bioprospect. (2020). 10:411-29. doi: 10.1007/s13659-020-00271-z

37. Bertuccioli A, Gervasi M, Annibalini G, Binato B, Perroni F Rocchi MBL,
et al. Use of Streptococcus salivarius K12 in supporting the mucosal immune function
of active young subjects: a randomised double-blind study. Front Immunol. (2023).
14:1129060. doi: 10.3389/fimmu.2023.1129060

38. Di Pierro F. A possible probiotic (S. salivarius K12) approach to improve oral
and lung microbiotas and raise defenses against SAR S-CoV-2. Minerva medica. (2020).
111:281-3. doi: 10.23736/50026-4806.20.06570-2

39. Di Pierro E, Colombo M, Zanvit A, Risso P, Rottoli AS. Use of Streptococcus
salivarius K12 in the prevention of streptococcal and viral pharyngotonsillitis in
children. Drug Healthc Patient Saf. (2014). 6:15-20. doi: 10.2147/DHPS.S59665

40. Di Pierro E Iqtadar S, Mumtaz SU, Bertuccioli A, Recchia M, Zerbinati
N, et al. Clinical effects of Streptococcus salivarius K12 in hospitalized
COVID-19 patients: results of a preliminary study. Microorganisms. (2022).
10:1926. doi: 10.3390/microorganisms10101926

41. Laws GL, Hale JD, Kemp RA. Human systemic immune response to ingestion of
the oral probiotic Streptococcus salivarius BLIS K12. Probiot Antimicrob Prot. (2021).
13:1521-9. doi: 10.1007/s12602-021-09822-3

42. Hosseini A, Razavi BM, Banach M, Hosseinzadeh H. Quercetin and metabolic
syndrome: a review. Phytother Res. (2021). 35:5352-64. doi: 10.1002/ptr.7144

43. Yi H, Peng H, Wu X, Xu X, Kuang T, Zhang J, et al. The therapeutic effects
and mechanisms of quercetin on metabolic diseases: pharmacological data and clinical
evidence. Oxid Med Cell Longev. (2021). 2021:6678662. doi: 10.1155/2021/6678662

44. Aghababaei F, Hadidi M. Recent advances in potential health benefits of
quercetin. Pharmaceuticals. (2023). 16:1020. doi: 10.3390/ph16071020

45. Huang H, Liao D, Dong Y, Pu R. Effect of quercetin supplementation on plasma
lipid profiles, blood pressure, and glucose levels: a systematic review and meta-analysis.
Nutr Rev. (2020). 78:615-26. doi: 10.1093/nutrit/nuz071

46. Salehi B, Machin L, Monzote L, Sharifi-Rad ], Ezzat SM, Salem MA, et al.
Therapeutic potential of quercetin: new insights and perspectives for human health.
ACS Omega. (2020). 5:11849-72. doi: 10.1021/acsomega.0c01818

47. Wang Y, Li Z, He J, Zhao Y. Quercetin regulates lipid metabolism and fat
accumulation by regulating inflammatory responses and glycometabolism pathways:
a review. Nutrients. (2024). 16:1102. doi: 10.3390/nu16081102

48. Ilyas Z, Perna S, Al-Thawadi S, Alalwan TA, Riva A, Petrangolini G, et al. The
effect of Berberine on weight loss in order to prevent obesity: a systematic review.
Biomed Pharmacother. (2020). 127:110137. doi: 10.1016/j.biopha.2020.110137

49. Kim WS, Lee YS, Cha SH, Jeong HW, Choe SS, Lee MR, et al. Berberine improves
lipid dysregulation in obesity by controlling central and peripheral AMPK activity.
Am ] Physiol Endocrinol Metab. (2009). 296:E812-9. doi: 10.1152/ajpendo.90710.
2008

50. Xiong Z, Cao X, Wen Q, Chen Z, Cheng Z, Huang X, et al. An
overview of the bioactivity of monacolin K/lovastatin. Food Chem Toxicol. (2019).
131:110585. doi: 10.1016/j.fct.2019.110585

51. Ye Y, Liu X, Wu N, Han Y, Wang J, Yu Y, et al. Efficacy and safety
of berberine alone for several metabolic disorders: a systematic review
and meta-analysis of randomized clinical trials. Front Pharmacol. (2021).
12:653887. doi: 10.3389/fphar.2021.653887


https://doi.org/10.3389/fnut.2025.1519459
https://doi.org/10.1136/bmjresp-2023-002203
https://doi.org/10.1002/ana.24281
https://doi.org/10.1016/j.mayocp.2023.01.004
https://doi.org/10.3389/fendo.2022.917056
https://doi.org/10.1007/s12035-014-9075-0
https://doi.org/10.1136/annrheumdis-2016-209707
https://doi.org/10.1038/s41598-018-22570-9
https://doi.org/10.1186/s12902-023-01408-0
https://doi.org/10.6133/apjcn.201811_27(6).0022
https://doi.org/10.1186/s13075-015-0609-2
https://doi.org/10.2478/jtim-2022-0031
https://doi.org/10.1038/s41392-024-01916-y
https://doi.org/10.1136/bmjopen-2018-026677
https://doi.org/10.1093/rheumatology/kew018
https://doi.org/10.1016/j.ijcha.2024.101434
https://doi.org/10.3389/fmed.2018.00160
https://doi.org/10.1093/rheumatology/kex467
https://doi.org/10.1007/s10067-016-3474-8
https://doi.org/10.3390/ph11020051
https://doi.org/10.1038/s41584-023-01006-3
https://doi.org/10.1017/S0007114515005310
https://doi.org/10.1007/s10616-021-00452-9
https://doi.org/10.1016/j.freeradbiomed.2020.10.017
https://doi.org/10.1007/s13318-018-0517-3
https://doi.org/10.2147/IJGM.S318720
https://doi.org/10.3389/fphar.2022.1096853
https://doi.org/10.23736/S2724-5985.20.02771-3
https://doi.org/10.1016/j.biopha.2023.115453
https://doi.org/10.3389/fimmu.2020.01451
https://doi.org/10.3390/ph15091049
https://doi.org/10.1007/s13659-020-00271-z
https://doi.org/10.3389/fimmu.2023.1129060
https://doi.org/10.23736/S0026-4806.20.06570-2
https://doi.org/10.2147/DHPS.S59665
https://doi.org/10.3390/microorganisms10101926
https://doi.org/10.1007/s12602-021-09822-3
https://doi.org/10.1002/ptr.7144
https://doi.org/10.1155/2021/6678662
https://doi.org/10.3390/ph16071020
https://doi.org/10.1093/nutrit/nuz071
https://doi.org/10.1021/acsomega.0c01818
https://doi.org/10.3390/nu16081102
https://doi.org/10.1016/j.biopha.2020.110137
https://doi.org/10.1152/ajpendo.90710.2008
https://doi.org/10.1016/j.fct.2019.110585
https://doi.org/10.3389/fphar.2021.653887
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Di Pierro et al.

52. DiPierro F, Iqtadar S, Khan A, Ullah Mumtaz S, Masud Chaudhry M, Bertuccioli
A, et al. Potential clinical benefits of quercetin in the early stage of COVID-19: results
of a second, pilot, randomized, controlled and open-label clinical trial. Int ] Gen Med.
(2021). 14:2807-16. doi: 10.2147/IJGM.S318949

53. Kuipers EN, Dam ADV, Held NM, Mol IM, Houtkooper RH, Rensen PCN, et al.
Quercetin lowers plasma triglycerides accompanied by white adipose tissue browning
in diet-induced obese mice. Int ] Mol Sci. (2018). 19:1786. doi: 10.3390/ijms19061786

Frontiersin

10.3389/fnut.2025.1519459

54. Di Fusco SA, Castello L, Marino G, Flori M, Aquilani S, Riccio C,
et al. ANMCO statement: Uric acid and cardiovascular disease: evidence and
therapeutic approach. G Ital Cardiol. (2023). 24:483-9. doi: 10.1714/4041.
40209

55. Bubb KJ, Nelson AJ, Nicholls SJ. Targeting
residual cardiovascular risk. Expert Rev Cardiovasc Ther.
91. doi: 10.1080/14779072.2022.2058489

lower
20:185-

triglycerides to
(2022).

10


https://doi.org/10.3389/fnut.2025.1519459
https://doi.org/10.2147/IJGM.S318949
https://doi.org/10.3390/ijms19061786
https://doi.org/10.1714/4041.40209
https://doi.org/10.1080/14779072.2022.2058489
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Potential pharmacological effect of Quercetin PhytosomeTM in the management of hyperuricemia: results from real-life clinical studies
	1 Introduction
	2 Materials and methods
	2.1 Cohort 1
	2.2 Cohort 2
	2.3 Cohort 3
	2.4 Outcome measures
	2.5 Statistical analysis

	3 Results
	3.1 Cohort 1
	3.2 Cohort 2
	3.3 Cohort 3

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


