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Abstract: Objective: To evaluate the therapeutic effects of 6-0O-Caffeoylarbutin on hyperuricemia (HUA) and renal
inflammation in a mouse model and explore its underlying multi-target mechanisms. Methods: A HUA mouse model
was established using potassium oxonate and hypoxanthine. Mice were treated with 6-0O-Caffeoylarbutin (100, 200,
300 mg/kg) or benzbromarone (10 mg/kg) for 14 days. Serum uric acid (SUA), creatinine, and xanthine oxidase
(XOD) levels were measured. Renal injury and inflammation were assessed by H&E staining and ELISA for IL-1,
TNF-a, and IL-6. Network pharmacology and molecular docking predicted potential targets, which were validated by
western blotting (WB). Results: Both 6-O-Caffeoylarbutin and benzbromarone significantly reduced renal tissue dam-
age, tubular dilation, and interstitial edema by routine histology. In HUA mice, they also lowered SUA levels. ELISA
showed significant reductions in IL-1, TNF-a, and IL-6, indicating anti-inflammatory effects. Notably, the high-dose
6-0-Caffeoylarbutin group showed results comparable to benzbromarone. Network pharmacology identified six pu-
tative targets related to uric acid metabolism and inflammation, with molecular docking confirming stable binding.
WB confirmed regulatory activity, showing reduced expression of XDH, SERPINE1, ALB, SLC37A4, SLC28A2, and
HPRT1. Conclusion: 6-O-Caffeoylarbutin effectively reduces uric acid levels and alleviates renal inflammation in HUA
mice through multi-target mechanisms, including inhibition of urate production, promotion of excretion, and anti-
inflammatory activity. It shows promise as a natural therapeutic candidate for HUA.
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Introduction

Hyperuricemia (HUA) is a metabolic disorder
characterized by elevated serum uric acid
(SUA) levels, which can lead to hypertension,
cardiovascular disease (CVD), diabetes melli-
tus, chronic kidney disease (CKD), and other
nephropathies [1, 2]. It is primarily caused by
dysregulation of purine metabolism or exces-
sive consumption of high-purine foods such as
red meat, seafood, and alcohol [3].

With dietary changes and modern lifestyle
shifts, the prevalence of HUA exceeds 20% in
Southeast Asia [4]. Although febuxostat and
allopurinol, widely used in clinical practice,

offer benefits, prolonged treatment can lead to
adverse effects, including hepatotoxicity and
hypersensitivity reactions [5]. Most current uric
acid-lowering medications work by promoting
uric acid excretion or inhibiting xanthine oxi-
dase (XOD) activity. However, long-term use of
these drugs may result in side effects, such as
hepatotoxicity and allergic responses, limiting
their broader use [6].

6-0-Caffeoylarbutin, derived from Arctosta-
phylos uva-ursi and Vaccinium myrtillus, is a
compound linking 3,4-dihydroxycinnamic acid
to hydroquinone-B-D-glucopyranoside [7]. It
exhibits various biological activities, including
radical scavenging, inflammation modulation,
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and metabolic pathway regulation [8]. Pre-
treatment with 6-0-Caffeoylarbutin significant-
ly enhances antioxidant enzyme activity in se-
rum and liver tissue and mitigates histologic
damage and inflammation [9].

Human HUA is primarily driven by XOD activity
[6], and 6-0O-Caffeoylarbutin has been shown
to boost antioxidant activity. Current research
suggests that 6-0-Caffeoylarbutin may help
maintain uric acid homeostasis. By inhibiting
uric acid synthesis and promoting its excretion,
it can reduce SUA levels and alleviate HUA and
associated metabolic disorders. Inhibiting XOD
decreases uric acid production, while regulat-
ing uric acid transporters (including URATZ,
GLUT9, ABCG2) promotes the intestinal and
renal excretion of uric acid, reducing its accu-
mulation in the body. Additionally, 6-O-Caffe-
oylarbutin may protect the kidneys from dam-
age caused by HUA by reducing oxidative stress
and inflammation. By modulating NF-kB and
MAPK signaling pathways, it decreases proin-
flammatory factors (IL-1B, TNF-&, and IL-6),
thereby reducing uric acid-induced damage to
the kidneys and other tissues. These findings
indicate that 6-O-Caffeoylarbutin has potential
as a natural uric acid-lowering agent giving pro-
tective effects through a multi-target mecha-
nism [9, 10].

Given these properties, 6-0O-Caffeoylarbutin
may serve as a therapeutic option for HUA,
also known as increased SUA levels. In this
study, a mouse model was used to evaluate the
therapeutic effects of 6-O-Caffeoylarbutin on
inflammatory markers, renal function, and SUA
levels. Western blotting (WB) was employed to
validate the mechanism of action, following
the identification of putative drug targets using
network pharmacology and molecular docking
techniques. This research aims to provide a
theoretical foundation for developing novel
natural uric acid-lowering therapies and to
uncover the molecular mechanisms behind
6-0-Caffeoylarbutin’s multi-target regulation of
HUA.

Materials and methods
Animals
SPF male ICR mice (5 weeks old, weighing

25.0-30.0 g) in good health were used. The
mice were housed under controlled conditions
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with a 12-hour light-dark cycle, a temperature
range of 24-26°C, and a relative humidity of
40%-60%. All food, water, wood chips, and
cages were autoclave sterilized before use. The
animal experiments were approved by the
Ethics Committee of Kunming Medical Uni-
versity, following the ethical guidelines for
experimental animals (approval number: km-
mu20240343). Euthanasia was performed us-
ing carbon dioxide after reaching the humane
endpoint, ensuring ethical compliance.

HUA model establishment and biochemical
analysis

HUA was induced in male ICR mice by intraperi-
toneal injection of the uricase inhibitor potas-
sium oxonate (PO) (300 mg/kg), combined with
oral gavage of the uric acid precursor hypoxan-
thine (HX) (500 mg/kg), with a dosage volume
of 0.1 mL/10 g body weight [11]. Approximately
72 hours after the final administration of PO
and hypoxanthine (HX) for model induction, a
small blood sample (~50 pL) was collected
from the tail vein of a randomly selected subset
of mice. Serum was separated by centrifuga-
tion, and SUA levels were quantified using
an automatic biochemical analyzer (Beckman
Coulter AU480). Mice showing a significant ele-
vation in SUA levels compared to the normal
control group were considered to have suc-
cessfully developed HUA. The model mice were
then randomly assigned to five groups (n = 6
per group), which included three 6-O-Caffe-
oylarbutin treatment groups (100 mg/kg, 200
mg/kg, and 300 mg/kg), the model group, the
positive control group (benzbromarone, 10 mg/
kg), and the normal control group. Drug inter-
ventions were administered by oral gavage for
14 consecutive days [12]. During the experi-
ment, blood samples were collected from the
tail vein of a randomly selected subset of mice.
At the end of the experiment, terminal blood
samples were taken after euthanasia, before
tissue harvest. The blood samples were allowed
to stay at room temperature for one hour, then
centrifuged at 4°C for 10 minutes at 6500 rpm
to extract serum.

H&E staining

H&E staining was performed on kidney sec-
tions from each experimental group to assess
renal tissue integrity and pathologic changes
in hyperuricemic mice. Sections were stained
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with hematoxylin for five minutes, differentiat-
ed in 1% acid alcohol, and blued in 0.2% ammo-
nia water. They were then cleaned in xylene,
counterstained with eosin for two minutes,
dehydrated in graded ethanol, and mounted
with permanent mounting media [13]. Kidney
slides were examined using an Olympus BX53
light microscope. A blinded histopathologic
assessment was performed by two indepen-
dent pathologists. The following scoring system
was applied:

Tubular Dilation: O = absent, 1 = mild (< 25%
cortex involved), 2 = moderate (25-50% in-
volved), 3 = severe (> 50% involved).

Interstitial Edema: O = absent, 1 = mild (focal
separation of tubules), 2 = moderate (multifo-
cal areas with clear separation), 3 = severe
(extensive diffuse separation).

The scores from both observers were averaged
to calculate a mean histopathologic injury score
for each sample.

Enzyme-linked immunosorbent assay (ELISA)
analysis

ELISA kits were used to measure serum le-
vels of inflammatory markers: IL-13, TNF-«, and
IL-6 (Shanghai Yazyme Biotechnology Co., Ltd.,
China). Concentrations were determined follow-
ing the manufacturer’s protocols using com-
mercially available kits. The effect of 6-O-
Caffeoylarbutin on these inflammatory markers
in hyperuricemic mice was evaluated throu-
gh statistical comparisons. Additionally, the
effects of 6-0O-Caffeoylarbutin on HUA and
inflammation were assessed using ELISA to
measure the levels of Interleukin-13 (IL-1B),
Tumor Necrosis Factor-o (TNF-a), and Interleu-
kin-6 (IL-6) [14].

Target prediction and pathway enrichment
analysis of 6-O-Caffeoylarbutin in HUN treat-
ment

The SEA, SuperPred, and Swiss Target Pre-
diction databases were used to predict poten-
tial targets of 6-O-Caffeoylarbutin based on its
Canonical SMILES format, which was obtained
from PubChem (https://pubchem.ncbi.nim.nih.
gov/). HUA-related genes (HUA-RGs) and ura-
te nephropathy-related genes (UN-RGs) were
extracted from ClinVar [15], DisGeNET [16],
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MalaCards [17], and Phenolyzer [18] data-
bases to identify genes associated with the
disease. Potential therapeutic targets for 6-O-
Caffeoylarbutin were identified as the overlap-
ping targets between genes related to the dis-
ease and those predicted by the chemical.
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enri-
chment analyses were performed using the
ClusterProfiler package [19] in R, with a signifi-
cance threshold set at P < 0.05 to explore the
biological relevance of these targets.

Construction of protein-protein interaction
(PPI) network for candidate genes

The intersected targets were uploaded to the
STRING database, a platform for protein data
retrieval, interaction prediction, and Cytoscape
visualization. The count package in R was used
to visualize and analyze the frequency of target
interactions.

Molecular docking of 6-O-Caffeoylarbutin with
target molecules

Using PyMol2.5.7, the protein 3D model was
pre-processed by removing extra complexes
and water molecules, and then saved in PDB
format. Molecular docking was performed with
AutoDockTools-1.5.7, and PyMol2.5.7 was used
to map the binding sites and visualize the dock-
ing results. UniProt was used to locate the
matching sequences for glucose-6-phosphate
transporter (SLC37A4) and nucleoside trans-
porter (SLC28A2), which were then imported
into SWISS-MODEL [20] for homology model-
ing. The model was validated using SAVESv6.0
[241]. For other proteins, including albumin (ALB,
PDB ID: 7FFR), HX phosphoribosyltransferase
(HPRT4, PDB ID: 1Z7G), xanthine dehydroge-
nase (XDH, PDB ID: 2E1Q), and plasma serine
protease inhibitor (SERPINE1, PDB ID: 7AQF),
PDB IDs were used for structural analysis.

Western blot (WB) analysis

Approximately 100 mg of kidney tissue was
homogenized in RIPA buffer (HMQWL, Spark-
jade, China) using a grinder (KZ-5F-3D, Ser-
vicebio, China). After adding loading buffer
(037,817,000, Epizyme, China), the homoge-
nate was centrifuged, and the supernatant was
heated for 10 minutes. Samples were then
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electrophoresed on a 10% polyacrylamide
gel and transferred to a PVDF membrane
(000,203,376, Millipore). Membranes were
blocked with BSA solution, incubated with pri-
mary antibodies (Anti-EGFR, 1:1000, Rabbit
pAb, Wanleibio, cat# WL0682a, China; Anti-
GAPDH, 1:5000, Mouse mAb, Proteintech, cat#
10,494-1-AP, China), followed by incubation
with secondary antibodies. Other primary anti-
bodies included Rabbit monoclonal anti-p-
STAT3 (1:1000, Cell Signaling Technology, cat#
9145, United States) and Mouse monoclonal
anti-STAT3 (1:1000, Cell Signaling Technology,
cat# 9139, China). The secondary HRP-con-
jugated antibody (A0208, Beyotime, China) was
used for detection. Protein bands were visual-
ized using an enhanced chemiluminescence kit
(KFOO03, Affinity, China) and analyzed with a
Tanon 5200Multi chemiluminescence analyzer
(China). Primary antibodies were diluted in
TBST (Sparkjade, China).
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Figure 1. Macroscopic and Histological Analysis
of Kidney Samples Treated with Different Doses of
6-0-Caffeoylarbutin. A. The upper row shows macro-
scopic images of kidney samples. B, C. H&E: Histo-
pathologic picture of kidney tissues at 10x and 40x.
CA1: 100 mg/kg of 6-0-Caffeoylarbutin, CA2: 200
mg/kg of 6-O-Caffeoylarbutin, CA3: 300 mg/kg of
6-0-Caffeoylarbutin.

Statistical analysis

Experimental data were analyzed using Gra-
phPad Prism 9.0 software (GraphPad, San
Diego, CA, USA). Comparisons between two
groups were performed using a ttest, and
comparisons among multiple groups were per-
formed using one-way ANOVA, followed by
Tukey’'s post hoc test for pairwise compari-
sons. Results are expressed as mean + stan-
dard deviation (SD). A P-value of < 0.05 was
considered significant.

Results

Effect of 6-O-Caffeoylarbutin on HUA

Following the establishment of the HUA mo-
use model, significant renal tubular lumen dila-
tion, color changes, and loss of renal tissue
integrity were observed (Figure 1A). In the
6-0-Caffeoylarbutin  (CA) treatment groups
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Figure 2. The bar graph shows the levels of various biochemical indicaors in the different experimental groups. Pa-
rameters (A-C) represent Serum Uric Acid (SUA), Serum Creatinine (SCr) and Xanthine Oxidase (XOD), respectively.

Inflammatory factors (D-F) represent IL-1f3, TNF-a and
ANOVA followed by Tukey’s test. *P < 0.05, **P < 0.01

(CA1, CA2, and CA3), the renal tubular lumen
appeared round or irregular, with less dilation
and improved renal tissue integrity, reduced
interstitial edema, and less neutrophil infiltra-
tion compared to the model group (Figure 1B).
These preliminary observations were confirm-
ed by quantitative analysis. Histopathological
scores in the model group were significantly
higher than those of the normal control group.
Treatment with 6-0-Caffeoylarbutin reduced
these scores in a dose-dependent manner,
with the medium (CA2) and high (CA3) doses
showing the most pronounced improvements
in renal tissue injury. Additionally, the positive
control group also demonstrated significant
reductions in injury scores (Figure 1C).

Furthermore, we examined the levels of se-
veral inflammatory markers (IL-13, TNF-&, and
IL-6) in renal tissue. XOD, the key enzyme
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IL-6, respectively. Significance was determined by one-way

, ¥**P < 0.001.

responsible for uric acid production, along with
SUA and serum creatinine levels, are important
markers for assessing renal function and me-
tabolic status, and inflammation reflects the
body’s inflammatory state and immune res-
ponse. The model group showed higher levels
of all six indicators compared to the other
groups (Figure 2A-F). While the CA group did
not show significant differences from the con-
trol group, the model group exhibited substan-
tial changes across all indicators, confirming
the successful induction of the HUA model. The
results from the negative control group sup-
ported the experiment’s validity and reliability.
Compared to the model group, all doses of
6-0-Caffeoylarbutin showed significant thera-
peutic benefits, similar to the positive con-
trol. In conclusion, these results suggest that
6-0-Caffeoylarbutin can reduce inflammation,
decrease tubular interstitial breadth, and im-
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prove renal damage and tubular luminal dila-
tion in the HUA model.

Identification and enrichment analysis of 6-O-
Caffeoylarbutin targets

Figure 3A and 3B show the 2D and 3D struc-
tures of 6-0O-Caffeoylarbutin. The SEA data-
base predicted 66 potential targets for 6-0O-
Caffeoylarbutin, the SuperPred database iden-
tifies 93 targets, and the STP database sug-
gests 102 targets. To better understand the
relationships between these predicted targets,
we used jvenn [22] for visualization. A total of
221 union targets and 1 intersection target
(TDP1) were identified across the SEA, Super-
Pred, and STP databases (Figure 3C).

The 221 fusion targets of 6-0-Caffeoylarbutin
were subjected to GO and KEGG enrichment
analyses, with a significance threshold of P <
0.05. These fusion-target genes had 1544 GO
keywords in total, with 1083 being significant
(P < 0.05, Figure 3D). The target genes are pri-
marily involved in biological processes related
to kidney function, including transmembrane
transport, kidney development, and responses
to external stimuli (Figure 3D). Additionally,
Figure 3E highlights the role of endopeptidase
and serine hydrolase activities in metabolic
processes critical for uric acid regulation, sug-
gesting that 6-O-Caffeoylarbutin’s effects on
HUA pathways are partially mediated by these
overlapping genes.

KEGG pathway enrichment

A total of 119 out of 133 KEGG pathways con-
taining the 6-0-Caffeoylarbutin target genes
were significantly enriched (P < 0.05). These
pathways were primarily were related to biologi-
cal processes relevant to HUA, including purine
metabolism, mTOR signaling, AGE-RAGE signal-
ing, PI3K-Akt signaling, MAPK signaling, and
HIF-1 signaling (Figure 3F). These findings indi-
cate that 6-O-Caffeoylarbutin may regulate
oxidative stress, apoptosis, inflammation, and
metabolic processes involved in uric acid ho-
meostasis. Furthermore, Figure 3G illustrates
the relationships between key pathways, such
as the AGE-RAGE signaling pathway, VEGF sig-
naling pathway, PI3K-Akt signaling pathway,
MAPK signaling pathway, and purine metabo-
lism, which share overlapping genes involved in
the regulation of HUA.
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Identification of 6-O-Caffeoylarbutin targets for
HUN treatment and PPI network construction
analysis

The ClinVar, DisGeNET, MalaCards, and Phe-
nolyzer databases identified 76, 196, 62, and
737 potential HUA-RGs, respectively. To visual-
ize the correlation of these HUA-RGs across the
databases, jvenn [22] was used. The union of
the HUA-RGs from the four databases included
960 genes, with 9 intersection genes, as shown
in Figure 4A. The DisGeNET, MalaCards, and
Phenolyzer databases identified 16, 44, and
599 potential urate nephropathy-related genes
(UN-RGs) using the “ureteral nephropathy” key-
word, respectively. However, no relevant genes
were retrieved from the ClinVar database.
Visualization using jvenn [22] showed 656
union UN-RGs and no intersection UN-RGs
across the DisGeNET, MalaCards, and Pheno-
lyzer databases (Figure 4B). In this study, the
intersection of HUA-RGs and UN-RGs was tre-
ated as a combined set of uric acid-related
genes (UA-RGs). Figure 4C demonstrates that
the union of HUA-RGs and UN-RGs consists of
1560 genes, with 56 common genes.

The six potential targets of 6-O-Caffeoylarbutin
for treating HUN were identified as SLC37A4,
XDH, SERPINE1, ALB, SLC28A2, and HPRT1
(Figure 4D). The PPI network for these targets
is shown in Figure 4E, with six targets and ei-
ght edges (interaction pairs). The connectivity
ranks of these targets were as follows: ALB (4),
XDH (4), HPRT1 (3), SERPINE1 (3), SLC28A2 (1),
and SLC37A4 (1) (Figure 4F), indicating that
these are the most likely key targets for 6-0O-
Caffeoylarbutin in the treatment of HUN.

Molecular docking and validation analysis

Molecular docking studies were performed
using AutoDockTools software to evaluate the
potential of core target compounds for treat-
ing HUA (HUN). The docking analysis revealed
that 6-0O-Caffeoylarbutin formed stable interac-
tions with target proteins at several binding
sites across six docking studies. The binding
mode analysis showed that the compound
predominantly interacted with the target pro-
tein through - stacking, hydrophobic interac-
tions, and hydrogen bonds, all contributing to
enhanced binding stability. Stronger affinity
and more stable binding were associated with
lower binding energies. The binding energies of
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Figure 3. Structural and Functional Characterization of 6-O-Caffeoylarbutin Target Genes and Pathways. (A, B) 2D structure (A) and 3D structure (B) of 6-O-Caf-
feoylarbutin. (C) Venn diagram of predicted target proteins of 6-O-Caffeoylarbutin. (D, F) Bubble chart of Gene Ontology (GO) (D) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) (F) enrichment of 6-O-Caffeoylarbutin and target genes, the larger the point, the more targets are enriched. The redder the color, the more
significant it is. (E, G) EMAP network diagram of GO (E) and KEGG (G) enrichment of 6-O-Caffeoylarbutin and target genes, the larger the point, the more enriched
the target is. The redder the color, the more significant it is. The thicker the line, the higher the similarity.
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Figure 4. Identification and Network Analysis of Key Genes Targeted by 6-O-Caffeoylarbutin in Hyperuricemia (HUA)
Treatment. A. Venn diagram of HUA-RGs. B. Venn diagram of UN-RGs. C. Venn diagram of HUA-RGs and HN-RGs. D.
Intersection genes of target genes of HUA-RGs union and 6-O-Caffeoylarbutin union (HUN-RGs). E. Protein-Protein
Interaction (PPI) network of genes underlying HUN treatment by 6-O-Caffeoylarbutin, each circle represents a target,
and lines of different colors represent different evidences of interactions between targets. F. Target connectivity
counts in the PPl network of possible genes for 6-O-Caffeoylarbutin treatment of HUN. The higher the connectivity,

the more critical the target is.
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Figure 5. Molecular docking visualization. Note: (A) Binding energy heat map. (B) SERPINE1. (C) HPRT1. (D) SLC37A4.
(E) XDH. (F) SLC28A2. (G) ALB. For example, B is the molecular docking of 6-0O-Caffeoylarbutin and SERPINE1.

all docking studies were less than -2.35 kcal/
mol (Figure 5A-G), indicating a significant
interaction.

The stability of these complexes was further
reinforced by the aromatic ring structure’s
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involvement in m-mm interactions and the for-
mation of a stable hydrogen bond network
between 6-0-Caffeoylarbutin and key amino
acid residues. Hydrophobic contacts also play-
ed a crucial role in stabilizing the molecular
complexes, suggesting that component binding
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can occur independently. The six docking types
are shown in Figure 5B-G, emphasizing the
importance of molecular interactions in the
design of effective protein inhibitors.

Effects of 6-O-Caffeoylarbutin on target protein
expression in HUN

According to network pharmacology, 6-0O-
Caffeoylarbutin targets six proteins for the
treatment of HUN. The results indicated that
the relative expression of the six target genes
in the HUA model group was significantly higher
than in the control group. However, except for
SLC37A4 and SLC28A2, the 6-0O-Caffeoylar-
butin treatment group showed a significant
decrease in the expression levels of four pro-
teins, especially in the HM-CA3 group, when
compared to the model group (Figure 6A-D).
These findings suggest that 6-0O-Caffeoylarbu-
tin plays a significant role in modulating these
target proteins, offering a potential novel thera-
peutic approach for HUN.

Discussion

The combination of in vivo validation and com-
prehensive network pharmacology analysis
demonstrated that 6-O-Caffeoylarbutin exerts
therapeutic effects against HUA and renal
inflammation through a multi-target mecha-
nism. In a HUA mouse model, our results
showed that 6-0-Caffeoylarbutin not only sig-
nificantly reduces SUA levels but also improves
kidney damage and inhibits inflammatory reac-
tions. 6-0-Caffeoylarbutin may exert its pleio-
tropic effects through six key target proteins -
XDH, SERPINE1, HPRT41, SLC37A4, SLC28A2,
and ALB - which were identified and confirmed
through network pharmacology prediction, mo-
lecular docking, and experimental validation.

The HUA mouse model was established using
intraperitoneal injection of PO combined with
HX gavage. This modeling approach is widely
used in HUA research because it closely mim-
ics the clinical features of disorders involving
human uric acid metabolism [11, 12]. Previous
studies have shown that the PO+HX-induced
model typically exhibits elevated SUA levels,
renal tissue damage (including inflammatory
cell infiltration, tubular dilation, and interstitial
edema), and impaired renal function (elevated
creatinine and urea nitrogen levels) [4, 12]. The
experimental findings in this study align with
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these previous reports, further demonstrating
that 6-0O-Caffeoylarbutin can partially restore
renal function and dramatically lower SUA lev-
els in HUA mice.

6-0-Caffeoylarbutin exhibits anti-inflammatory
properties by inhibiting inflammatory pathways
such as NF-kB and MAPK, reducing the release
of proinflammatory factors such as IL-13 and
TNF-a [8, 23]. The ELISA results in this study
further support these findings, showing signifi-
cant reductions in IL-13, TNF-a, and IL-6 levels
in mice treated with 6-O-Caffeoylarbutin. Addi-
tionally, 6-O-Caffeoylarbutin may be safer and
better tolerated than benzbromarone, a com-
monly used clinical medication for reducing uric
acid. While benzbromarone effectively increas-
es uric acid excretion, prolonged use has been
linked to liver toxicity [5, 24]. In contrast,
6-0-Caffeoylarbutin, as a natural compound,
may have fewer adverse side effects, making
it a promising candidate for HUA treatment.
By targeting multiple important proteins, 6-0O-
Caffeoylarbutin may offer both kidney protec-
tion and uric acid-lowering effects.

Molecular docking studies revealed that 6-O-
Caffeoylarbutin interacts stably with six key
targets, including XDH, SERPINE1, HPRT1,
SLC37A4, SLC28A2, and ALB, with binding
energies below -2.35 kcal/mol. These interac-
tions were further confirmed by WB analysis,
reinforcing the hypothesis of a multi-target
therapeutic mechanism for HUA. XDH, a rate-
limiting enzyme in purine metabolism, catalyz-
es the oxidation of HX and xanthine to uric acid.
Under normal physiological conditions, oxida-
tive stress can convert XDH into XOD, which
plays a key role in uric acid synthesis [25].
Overactivation of XOD is a major contributor to
HUA. Excessive XOD-mediated uric acid pro-
duction not only increases blood uric acid lev-
els but also exacerbates oxidative stress, fur-
ther damaging renal tissue [26]. Clinically, uric
acid-lowering drugs such as febuxostat and
allopurinol target XOD to reduce uric acid syn-
thesis [27]. WB analysis in this study demon-
strated that 6-0-Caffeoylarbutin treatment
increased XDH expression, suggesting that
6-0-Caffeoylarbutin may primarily reduce uric
acid synthesis by stabilizing XDH and prevent-
ing its conversion to XOD. Furthermore, 6-O-
Caffeoylarbutin may act as a competitive in-
hibitor of XOD, directly blocking its activity and
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Figure 6. Effect of 6-0O-Caffeoylarbutin on Protein Expression in HUA Models. A. Representative western blot (WB) images of XDH, SERPINE1, and ALB. B. Quantitative
analysis data of XDH, SERPINE1, and ALB are shown (n = 3, *P < 0.05). C. Representative WB images of SLC28A2, SLC37A4, and HPRT1. D. Quantitative analysis
data of SLC28A2, SLC37A4, and HPRT1 are shown (mean £ SD, n = 3, *P < 0.05). HM: HUA model. HM-CA1: HUA model plus 1100 mg.kg-1 of 6-O-Caffeoylarbutin.
HM-CA3: HUA model plus 1100 mg.kg-1 of 6-0O-Caffeoylarbutin.
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thereby lowering uric acid production. These
findings indicate that 6-O-Caffeoylarbutin, as a
natural XOD inhibitor, holds promise for reduc-
ing blood uric acid levels.

Plasminogen activator inhibitor-1 (PAI-1), pri-
marily encoded by SERPINEZL, is crucial for the
fibrinolytic system, coagulation, and inflamma-
tory response. By inhibiting tissue-type and
urokinase-type plasminogen activators (tPA/
uPA), PAI-1 regulates the balance between
thrombosis and fibrinolysis [28]. Studies have
shown that patients with HUA have significantly
elevated plasma PAI-1 levels, which may con-
tribute to vascular dysfunction, inflammation,
and chronic renal injury [29]. 6-O-Caffeoylar-
butin decreased SERPINE1 expression, which
could mitigate renal damage in HUA by reduc-
ing inflammatory and fibrotic responses associ-
ated with PAI-1. Therefore, 6-O-Caffeoylarbu-
tin may inhibit SERPINE1, exerting both anti-
inflammatory and renal protective effects.

HPRT1 plays a critical role in the purine salva-
ge pathway, facilitating the conversion of HX to
inosinic acid and preventing the breakdown of
purines into uric acid [30]. Mutations in HPRT1
cause Lesch-Nyhan syndrome, characterized
by significantly high uric acid levels [31]. Re-
search has demonstrated that reduced HPRT1
activity exacerbates uric acid accumulation
and disrupts purine metabolism. In this study,
WB analysis showed that 6-0-Caffeoylarbutin
increased HPRT1 expression, which may en-
hance purine salvage and reduce uric acid
production.

SLC37A4 is crucial for energy metabolism and
uric acid excretion, as it primarily transports
glucose-6-phosphate in the kidneys and liver
[32]. Deficiency in SLC37A4 can lead to glyco-
gen storage disease (GSD) [33] and contribute
to HUA and renal damage. WB findings from
this study showed that 6-O-Caffeoylarbutin
increased SLC37A4 expression, potentially en-
hancing renal function and promoting uric acid
excretion by improving glucose metabolism.

SLC28A2 primarily functions in adenosine
transport, influencing both adenosine and uric
acid metabolism [34]. Low expression of
SLC28A2 can lead to adenosine accumula-
tion, which is then converted to uric acid [35].
In this study, WB results showed that 6-O-
Caffeoylarbutin upregulated SLC28A2, sug-
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gesting that it may reduce uric acid levels by
promoting adenosine transport and limiting its
breakdown into uric acid.

ALB plays a key role in regulating plasma
osmotic pressure, and changes in its levels
have been associated with uric acid metabo-
lism [36]. WB analysis in this study indicated
that 6-0-Caffeoylarbutin affects ALB regula-
tion, which may contribute to the balance of
uric acid metabolism.

Despite these promising findings, this study
has several limitations. First, the pharmaco-
logic effects and mechanisms were primarily
investigated using a single HUA animal model
induced by PO and HX. Future studies should
validate these results in other models, such as
urate oxidase-knockout mice, which develop
spontaneous HUA, to enhance the generaliz-
ability of the conclusions. Second, while net-
work pharmacology and molecular docking
identified several key targets, the precise re-
gulatory mechanisms - such as whether
6-0-Caffeoylarbutin directly inhibits XOD activi-
ty or interacts with other signaling pathways
like NF-kB or PI3K-Akt - require further valida-
tion using techniques including surface plas-
mon resonance (SPR), electrophoretic mobility
shift assays (EMSA), or gene knockout models.
Third, the pharmacokinetic profile, bioavailabil-
ity, and long-term safety of 6-O-Caffeoylarbutin
remain unclear, which are crucial for its devel-
opment as a therapeutic agent. Future research
should focus on addressing these limitations,
exploring the structure-activity relationship of
6-0-Caffeoylarbutin derivatives, and translat-
ing these preclinical findings into clinical app-
lications.

Conclusion

This study provides a scientific foundation for
the use of 6-O-Caffeoylarbutin for the treat-
ment of HUA and sheds light on its molecular
mechanisms. Compared to conventional uric
acid-lowering medications, 6-O-Caffeoylarbutin
shows multi-target regulatory capabilities, posi-
tioning it as a promising novel therapeutic
option for HUA. Furthermore, the combination
of network pharmacology and experimental
research can be applied to investigate the effi-
cacy of other natural compounds, offering a
guide for the development of new therapeutic
agents.
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