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Background: This study evaluated the therapeutic effects and underlying mechanisms of Juanbi Lijieqing Formula (JBLJQF) in a rat
model of gouty arthritis with hyperuricemia.

Methods: Forty-two rats were randomly assigned to seven groups: control, model, etoricoxib, benzbromarone, and low-, medium-,
and high-dose JBLJQF. General condition, joint swelling, behavioral performance, biochemical markers, and histopathology were
assessed. Urate Anion Transporter 1(URAT1) expression was examined via immunofluorescence and Western blot.

Results: JBLIQF improved general condition, reduced joint swelling, and alleviated kidney damage. Medium- and high-dose groups
showed enhanced pain threshold and locomotor activity. Serum uric acid, TNF-a, and IL-1B levels were significantly decreased.
URAT1 expression was downregulated, suggesting reduced renal urate reabsorption.

Conclusion: JBLIQF exerts anti-inflammatory, uric acid-lowering, and organ-protective effects in gouty arthritis with hyperuricemia,
highlighting its potential for clinical application.
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Introduction
Gouty arthritis (GA) is a common metabolic disorder primarily caused by the deposition of monosodium urate crystals in
joints and surrounding tissues, often accompanied by acute inflammation and severe pain.' Hyperuricemia is a major risk
factor for gout and has been shown to not only impair joint health but also contribute to damage in other tissues, such as the
kidneys and liver, increasing the risk of comorbidities like cardiovascular diseases and renal dysfunction.”® Therefore,
effectively controlling hyperuricemia and alleviating the symptoms of gouty arthritis are of significant clinical importance.

While modern medical treatments for GA, such as nonsteroidal anti-inflammatory drugs (NSAIDs, eg, etoricoxib) and
colchicine, have shown efficacy, their long-term use may lead to adverse effects and limited efficacy in controlling uric acid
levels.*® Traditional Chinese medicine (TCM) offers a holistic approach that emphasizes addressing both the root cause and
symptoms, demonstrating unique advantages in improving symptoms and enhancing patients’ quality of life.*'°

Juanbi Lijieqing Formula (JBLJQF), a traditional Chinese herbal compound, has shown promising therapeutic effects
in the treatment of GA, characterized by its multi-target action and low side-effect profile. Previous studies have
indicated that JBLJQF, either alone or in combination with ozone therapy, anti-inflammatory powders, and acupuncture,
exerts significant clinical benefits in GA management.''"'* However, its specific mechanisms of action remain unclear,
particularly in modulating inflammatory cytokines, uric acid metabolism, and associated organ damage.

This study aims to systematically evaluate the anti-inflammatory, uric acid-lowering, and organ-protective effects of
JBLIQF, providing scientific evidence and novel insights for the clinical treatment of gouty arthritis and hyperuricemia.
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Materials and Methods

Experimental Animals

A total of 42 male SPF-grade rats, aged 6—8 weeks and weighing 200-220 g, were provided by the Animal Experiment
Center of Hunan University of Chinese Medicine (License No. SCXK (Xiang) 2021-0002). The animal experiments in
this study were conducted in accordance with the Guide for the Care and Use of Laboratory Animals (8th edition, NIH),
and were approved by the Animal Ethics Committee of Hunan University of Chinese Medicine (Approval No. HNUCM
212404-202). The rats were housed in individual cages at the Experimental Animal Center of Hunan University of
Chinese Medicine under controlled conditions: temperature of 20-25°C, humidity of 50-70%, and a 12-hour light/dark
cycle. Food and water were available ad libitum, and bedding was replaced regularly.

Establishment of a Gouty Arthritis Rat Model

All groups except the control group were fed a high-yeast diet (10%), administered potassium oxonate solution (280 mg/
kg-d) and creatinine solution (400 mg/kg-d) via gavage for 14 days. On day 14, rats were anesthetized using inhaled
isoflurane (induction concentration of 3—4%). Once the tail pinch and corneal reflexes disappeared, the rats were placed
in a prone position for gentle immobilization. Using a 1 mL insulin syringe, 0.2 mL of 20 g/L monosodium urate (MSU)
solution was injected into the left knee joint cavity at a 45°—60° angle along the lateral edge of the patellar ligament. The
injection endpoint was confirmed by swelling of the contralateral joint capsule. Rats in the control group underwent the
same gavage and joint cavity injection procedure but with an equivalent volume of normal saline.

Composition and Preparation of Juanbi Lijieqing Formula

The formula consists of the following ingredients: Atractylodes rhizome (15 g), Phellodendron bark (10 g), Cyathula root
(5 g), Cortex fraxini (15 g), Polygonum cuspidatum (15 g), Smilax glabra rhizome (30 g), Spatholobus suberectus stem
(30 g), Geranium herb (30 g), Clematis root (15 g), and Dioscorea tokoro rhizome (15 g). All herbal ingredients were
purchased from the pharmacy of the First Affiliated Hospital of Hunan University of Chinese Medicine. The herbs were
weighed according to the prescription and mixed (See Table 1).

The preparation process involved soaking the mixed herbs in 10 times their volume of distilled water for 30 minutes,
followed by reflux extraction for 2 hours using a condensation reflux device. The extract was filtered through gauze, and
the residue was subjected to a second extraction with § times the volume of distilled water for 1 hour. The two extracts
were combined, filtered, and concentrated to the desired concentration using a rotary evaporator.

Animal Grouping and Interventions

Forty-two rats were randomly divided into seven groups (n=6 per group): Control group, Model group, Low-, Medium-,
and High-dose Juanbi Lijie Qing Formula (JBLJQ) groups, Positive drug 1 (etoricoxib) group, and Positive drug 2
(benzbromarone) group. Except for the control group, all groups were modeled as described in section 1.2. Interventions

Table | Composition of Juanbi Lijieqing Formula

Chinese Name | Latin Name Medicinal Part Dosage
Cang Zhu Atractylodes Lancea (Thunb.) DC. Dried rhizomes 15g
Huang Bo Phellodendron chinense Schneid. Dried bark 10g
Chuan Niu Xi Cyathula officinalis K.C.Kuan Dried root 5g
Qin Pi Fraxinus chinensis subsp. rhynchophylla (Hance) A.E.Murray | Dried branch bark or stem bark | |5g
Hu Zhang Reynoutria japonica Houtt. Dried root and rhizome 15g
Tu Fu Ling Smilax Glabra Roxb. Dried rhizomes 30g
Ji Xue Teng Spatholobus suberectus Dunn Dried lianoid stem 30g
Lao Guan Cao Erodium stephanianum Willd. Dried aerial parts 30g
Wei Ling Xian Clematis chinensis Osbeck Dried root and rhizome I5g
Bi Xie Dioscorea collettii var. hypoglauca (Palib.) S.J.Pei & C.T.Ting | Dried rhizome 15g
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started on day 1 post-modeling, with the corresponding drugs administered by gavage once daily for 5 consecutive days.
Dosages were calculated using human-to-rat surface area conversion coefficients.(A) Control group: Normal SD rats
(n=6), untreated, gavaged with normal saline at 10 mL/kg-d, once daily for 5 days.(B) Model group: Modified GA model
rats (n=0), gavaged with normal saline at 10 mL/kg-d, once daily for 5 days.(C) Low-dose JBLJQ group: Modified GA
model rats (n=6), gavaged with JBLJQ at 9.25 g/kg-d, once daily for 5 days.(D) Medium-dose JBLJQ group: Modified
GA model rats (n=6), gavaged with JBLJQ at 18.5 g/kg-d, once daily for 5 days.(E) High-dose JBLJQ group: Modified
GA model rats (n=6), gavaged with JBLJQ at 37 g/kg-d, once daily for 5 days.(F) Positive drug 1 group: Modified GA
model rats (n=6), gavaged with etoricoxib at 11 mg/kg-d, once daily for 5 days.(G) Positive drug 2 group: Modified GA
model rats (n=6), gavaged with benzbromarone at 5 mg/kg-d, once daily for 5 days. The dosing regimen of JBLIQF
(9.25, 18.5, and 37 g/kg-d) was based on the clinically recommended dosage, corresponding to 1, 2, and 4 times the
human equivalent dose, respectively. The dosage for the positive control group was determined with reference to
previously published studies demonstrating efficacy in similar animal models, and was further adjusted according to
the specific requirements of this study.

Reagents

Rabbit anti-URAT1 antibody (Wuhan Sanying, Catalog No. 82964-1-RR); Rabbit anti-ACTIN antibody (Servicebio,
Catalog No. GB15003); HRP-goat anti-rabbit secondary antibody (Servicebio, Catalog No. GB23303); Hematoxylin-
Eosin (HE) staining kit (Servicebio, Catalog No. G1003); Neutral balsam, xylene, and anhydrous ethanol (China National
Pharmaceutical Group Corporation, Catalog Nos. 10004160, 10,023,418, 100,092,683); TNF-a, IL-1p enzyme-linked
immunosorbent assay (ELISA) kits (Jianglai Biological, Catalog Nos. JL13202, JL2088).

Sample Collection

(1) Blood: Peripheral blood samples were collected from the jugular vein of rats before modeling and on the first day
after modeling. Blood samples were left at room temperature for 30 minutes and then centrifuged at 3000 rpm for
15 minutes at 4°C to separate the serum, which was stored at —80°C until analysis. On the final sampling day, rats
were anesthetized with 3% isoflurane, and after the disappearance of the corneal reflex, blood was collected from
the abdominal aorta while the rats were fixed in a supine position.

(2) Liver: The abdominal cavity was opened along the midline, and the liver was quickly excised and divided into
portions. These were fixed in 4% paraformaldehyde for histological analysis or stored at —80°C for further
analysis.

(3) Kidney: The abdominal cavity was opened along the midline, and the kidneys were quickly excised. The left
kidney was fixed in 4% paraformaldehyde for histological analysis, while the right kidney was stored at —80°C for
future analysis.

(4) Synovium: The left knee of the rat was dissected layer by layer to expose the joint capsule. After opening the joint
capsule, a layer of smooth, light yellow soft tissue extending upward from the inferior patella surface was
identified as the synovium. This tissue was excised, placed in a —80°C freezer for storage, and later analyzed.

Measurement Items

(1) General Condition Observation: The general condition of the rats was monitored throughout the experiment,
including coat quality, mental state, diet, defecation, and joint swelling (swelling = post-modeling diameter — pre-
modeling diameter).

(2) Behavioral Assessment: Behavioral indicators, including pain threshold and open field test results, were measured
before modeling, on the first day post-modeling, and before tissue collection.

(3) Biochemical Parameters: Blood uric acid levels were measured using an automated biochemical analyzer at
baseline, on the first day post-modeling, and before tissue collection. ELISA was used to detect inflammatory
cytokine levels, including TNF-a and IL-1p, in the serum.

(4) Immunofluorescence for Kidney Urate Transporter Expression: Immunofluorescence staining was performed on
kidney tissues to examine the expression of the urate transporter protein URAT]I.
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(5) Hematoxylin-Eosin (HE) Staining for Liver and Kidney Histopathology: Liver and kidney tissues were decalcified
in EDTA solution until a needle could easily penetrate the tissue. The tissues were then dehydrated, paraffin-
embedded, and sectioned into 3 pm slices. After deparaffinization, HE staining was performed, and tissue
morphology was examined under 100x and 200% magnification.

(6) Western Blot for Kidney Protein Expression: Kidney tissues were homogenized and lysed at 4°C. After protein
separation by electrophoresis and membrane transfer, membranes were blocked at room temperature for 2 hours.
Primary antibodies for URAT1 (1:5000) and B-actin (1:5000) were incubated at room temperature for 1 hour and
then overnight at 4°C. After washing, secondary antibodies (1:5000) were added for 2 hours at room temperature.
Membranes were washed three times, and the protein bands were developed and fixed. Protein expression was
quantified using Image J 1.8.0, with B-actin as an internal control.

Statistical Analysis

Statistical analyses and graphical representations were performed using SPSS 23.0 and GraphPad Prism 8.0. Descriptive
statistics, including frequency, percentage, mean, and standard deviation, were used for general data. Repeated measures
analysis was used for the observation indicators at different time points. For complete data, repeated measures ANOVA was
performed, with sphericity tests to assess correlations between repeated measures. If sphericity was violated, the Greenhouse-
Geisser correction was applied. If missing data were present, a mixed-effects model was used for analysis. If there was an
interaction between group and time effects, multiple #-tests were performed at each time point; otherwise, post-hoc
comparisons using a stepwise multiple comparison method were applied. For post hoc analysis following significant
ANOVA results, Tukey’s honestly significant difference (HSD) test was performed to compare pairwise group means.

Results

General Condition of Rats in Each Group
Observations revealed that rats in the control group showed normal weight gain with no other notable changes. In
contrast, rats in the model groups exhibited progressively yellowed, dry, and fragile fur, lethargy, increased urination (as
evidenced by wet bedding), and sticky or loose stools following model establishment. These symptoms were alleviated to
varying degrees in the low-, medium-, and high-dose JBLJQF groups, as well as in the positive drug groups.
Regarding joint swelling, all model groups exhibited significant swelling compared to the control group after
modeling. However, after 5 days of treatment, joint swelling in all treatment groups except the benzbromarone group
gradually decreased, showing significant differences compared to the model group (P < 0.05). See Figure 1.

Histopathological Observations of Kidney, Liver, and Synovial Tissues in Each Group
The pathological states of the kidneys, liver, and synovial tissues in each group were examined. In the control group, the
kidney structure was normal, with clear tubule boundaries and tightly arranged renal tubular epithelial cells. The liver
tissue exhibited no significant pathological changes, while the synovial cells were orderly arranged, with normal vascular
distribution and scattered inflammatory cell infiltration in the surrounding area.

In contrast, the model group showed notable pathological changes compared to the control group. The kidneys
exhibited tubular dilation, swelling, degeneration, and necrosis of renal tubular epithelial cells. Liver tissue showed no
significant pathological alterations. The synovial tissue revealed extensive inflammatory cell infiltration and synovial
tissue hyperplasia.

Compared to the model group, the low-, medium-, and high-dose JBLIQF groups and the benzbromarone group
exhibited varying degrees of improvement in the pathological states of the kidneys and synovial tissues. However, in the
etoricoxib group, no significant improvements were observed in the pathological states of the kidneys compared to the
model group, although this group demonstrated a reduction in inflammatory cell infiltration and synovial tissue
hyperplasia, mitigating synovial pathological damage. See Figure 2.
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Figure | Swelling Degrees of the Knee Joints in Each Group of Rats. #P < 0.05, compared with the control group; *P < 0.05, compared with the model group.
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Figure 2 Histopathological Changes in the Kidney, Liver, and Synovial Tissues of Rats in Each Group (%200). (A) Kidney, (B) Liver, and (C) Synovial tissue sections stained
with H&E from each group: Control, Model, Low Dose, Medium Dose, High Dose, Etoricoxib, and Benzbromarone.

Behavioral Indicators
Pain Threshold

For the heat pain threshold, a significant decrease was observed in the left hind limb of all model groups compared to the
control group after modeling (P < 0.05). After 5 days of drug intervention, the heat pain threshold in the left hind limb
showed an overall upward trend across all treatment groups. Compared to the model group, the low-, medium-, and high-
dose JBLJQF groups and the etoricoxib group exhibited a significant increase in the heat pain threshold (P < 0.05).
However, in the benzbromarone group, although the heat pain threshold increased after 5 days of intervention, the
difference was not statistically significant (P > 0.05).

Open Field Test

Total Movement Distance

After modeling, all model groups showed a significant reduction in total movement distance in the open field test
compared to the control group (P < 0.05). After 5 days of drug intervention, the total movement distance increased in all
treatment groups. Compared to the model group, the medium-, and high-dose JBLIQF groups, as well as the etoricoxib
group, showed a significant increase in total movement distance (P < 0.05), while the low-dose JBLIQF group and the
benzbromarone group did not demonstrate a statistically significant difference (P > 0.05). See Figure 3.

Journal of Pain Research 2025:18 hetps: 2869



Lu et al

Total Distance in Open Field

3000
Control

Model
2000 * Low Dose
Medium Dose
High Dose

1000 . .
Etoricoxib

Distance( cm)
iffiini

Benzbromarone

Figure 3 Total Movement Distance. #P < 0.05, compared with the control group; *P < 0.05, compared with the model group.

Average Speed

After modeling, the average speed in the open field test was significantly reduced in all model groups compared to the
control group (P < 0.05). After 5 days of drug intervention, the average speed increased across all treatment groups.
Compared to the model group, the medium- and high-dose JBLJQF groups and the etoricoxib group exhibited
a significant increase in average speed (P < 0.05). However, the low-dose JBLJQF group and the benzbromarone
group showed no statistically significant differences (P > 0.05). See Figure 4.

Immobility Time

After modeling, the immobility time in the open field test significantly increased in all model groups compared to the
control group (P < 0.05). Following 5 days of drug intervention, the immobility time decreased across all treatment
groups. Compared to the model group, the high-dose JBLJQF group and the etoricoxib group showed a significant
reduction in immobility time (P < 0.05), while the low- and medium-dose JBLIQF groups and the benzbromarone group
did not exhibit statistically significant differences (P > 0.05). See Figure 5.
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Figure 4 Average Speed. #P < 0.05, compared with the control group; *P < 0.05, compared with the model group.
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Figure 5 Immobility Time. #P < 0.05, compared with the control group; *P < 0.05, compared with the model group.

Biochemical Indicator Analysis

Serum Uric Acid Levels

See Supplementary Figure 1. After modeling, serum uric acid levels significantly increased in all model groups compared
to the control group (P < 0.05). Following 5 days of drug intervention, serum uric acid levels decreased in all treatment
groups. Compared to the model group, the medium- and high-dose JBLIQF groups, as well as the benzbromarone group,
exhibited a significant reduction in serum uric acid levels (P < 0.05). However, no statistically significant differences
were observed in the low-dose JBLIQF group and the etoricoxib group compared to the model group (P > 0.05). Notably,
the medium- and high-dose JBLIQF groups and the benzbromarone group showed no significant differences in serum
uric acid levels compared to the control group (P > 0.05). See Figure 6.

Inflammatory Cytokine Expression

The levels of inflammatory cytokines TNF-a and IL-1p were measured using ELISA. Compared to the control group, all
model groups exhibited significantly elevated levels of TNF-a and IL-1B (P < 0.05). After 5 days of drug intervention:
For TNF-a levels, compared to the model group, the medium- and high-dose JBLIQF groups, as well as the etoricoxib
group, showed significant reductions (P < 0.05). However, the low-dose JBLIQF group and the benzbromarone group did

Serum Uric Acid
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Figure 6 Serum Uric Acid Levels in Each Group of Rats. #P < 0.05, compared with the control group; *P < 0.05, compared with the model group.
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Figure 7 Levels of Inflammatory Cytokines TNF-a and IL-1B in Each Group of Rats. (A) Serum IL-1J levels at different time points (pre-modeling, post-modeling, and post-
intervention). (B) Serum TNF-a levels at different time points (pre-modeling, post-modeling, and post-intervention). #P < 0.05, compared with the control group; *P < 0.05,
compared with the model group.

not exhibit statistically significant differences compared to the model group (P > 0.05). Furthermore, the medium- and
high-dose JBLIQF groups and the etoricoxib group demonstrated no significant differences compared to the control
group after intervention (P > 0.05). For IL-1f levels, compared to the model group, the medium- and high-dose JBLJQF
groups and the etoricoxib group exhibited significant reductions (P < 0.05). In contrast, the low-dose JBLJQF group and
the benzbromarone group did not show statistically significant differences compared to the model group (P > 0.05).
Additionally, the high-dose JBLIQF group and the etoricoxib group showed no significant differences compared to the
control group after intervention (P > 0.05).See Figure 7.

Immunofluorescence Observation of Renal Urate Transporter Protein Expression

As shown in Figure 8, URAT1 was localized to the basolateral membrane of renal tubular epithelial cells. Compared to
the control group, URAT1 protein expression was markedly upregulated in the model group. Treatment with medium and
high doses of JBLJQF, as well as benzbromarone, resulted in a progressive reduction in URAT1 expression (P < 0.05).
However, no statistically significant differences were observed in the low-dose JBLIQF group or the etoricoxib group
compared to the model group (P > 0.05).

URAT | Protein Expression Levels

Compared to the control group, URAT1 expression was significantly upregulated in the model group (P < 0.01). In
comparison to the model group, URAT1 expression was significantly downregulated in the medium- and high-dose
JBLJQF groups and the benzbromarone group (P < 0.01). The low-dose JBLIQF group showed a slight reduction in
URAT1 expression, but the difference was not statistically significant. See Figure 9.

Discussion

Hyperuricemia plays a central role in the pathogenesis of gouty arthritis (GA), primarily inducing acute inflammatory
responses within joints through the deposition of monosodium urate crystals. The prevalence of GA ranges from <1% to
6.8%, with an incidence rate of 0.58-2.89 per 1000 person-years.'>'¢ Clinically, mainstream treatments for GA with
hyperuricemia typically include nonsteroidal anti-inflammatory drugs (NSAIDs), colchicine, and uric acid-lowering
agents such as benzbromarone.'” These drugs have demonstrated significant efficacy in alleviating acute gout flares
and reducing serum uric acid levels. However, NSAIDs and colchicine are primarily used to manage acute symptoms,
and their long-term use may lead to gastrointestinal discomfort, hepatic and renal damage, and other side effects.'®
Although uric acid-lowering agents can effectively reduce serum uric acid, their safety risks remain a concern.'’
Therefore, it is clinically important to explore therapies that balance anti-inflammatory effects, uric acid reduction, and
organ protection.
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Figure 8 URAT | Expression in Each Group of Rats. Blue fluorescence (DAPI staining) indicates cell nuclei, while red fluorescence represents URAT | expression. #P < 0.05,
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Figure 9 URATI Protein Expression Levels in Each Group of Rats. #P < 0.05, compared with the control group; *P < 0.05, compared with the model group.
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Traditional Chinese medicine (TCM) offers unique advantages, including multi-target effects and low toxicity,
making it a promising candidate for achieving anti-inflammatory, uric acid-lowering, and organ-protective effects.
Previous studies have shown that JBLJQF may alleviate acute gouty arthritis (AGA) by inhibiting the NLRP3
inflammasome signaling pathway, thereby reducing the expression of NLRP3, ASC, and Caspase-1, suppressing the
maturation of IL-1B, and mitigating local inflammation.?* Additionally, JBLJQF has been shown to inhibit the expression
of TLR4 mRNA, MyD88, and IKK-B proteins while upregulating IxB-a protein, suggesting that its anti-inflammatory
effects may be mediated through the MyD88-dependent pathway.>' Furthermore, JBLIQF may exert anti-inflammatory
effects by upregulating PPARy, which inhibits the expression of TLR4 and NF-«B, thereby further reducing local
inflammation in AGA ***

In this study, four major findings were identified. First, JBLIQF significantly improved the general condition of GA
rats with hyperuricemia, including coat quality, mental state, and bowel and urinary functions. Compared to the model
group, all JBLJQF dose groups reduced joint swelling to varying degrees and alleviated pathological damage to the
kidneys and synovial tissues. Second, in terms of behavioral indicators, the medium- and high-dose JBLIQF groups
significantly increased the heat pain threshold and improved motor abilities in the model rats, including increased total
movement distance and average speed and reduced immobility time (high-dose group). These results indicate that
JBLJQF has a positive effect on relieving pain and improving mobility in GA. Third, biochemical analysis showed
that the medium- and high-dose JBLJQF groups significantly reduced serum uric acid levels, with no significant
difference compared to the control group. Additionally, JBLIQF significantly inhibited the expression of inflammatory
cytokines TNF-a and IL-1f3, demonstrating robust anti-inflammatory effects. Finally, immunofluorescence and Western
blot results showed that JBLJQF reduced URAT1 expression in the kidneys in a dose-dependent manner, suggesting that
the formula may achieve uric acid-lowering effects by regulating uric acid metabolism pathways.

Numerous studies have demonstrated that TNF-o and IL-1p play critical roles in promoting inflammation during gout
flares, particularly when monosodium urate crystals are deposited in joints, triggering acute inflammatory responses.***>
The significant reduction in these inflammatory cytokines by JBLIQF suggests that the formula may protect joint tissues
by inhibiting the inflammatory cascade. Improvements in behavioral indicators are likely associated with reduced
inflammation and alleviated joint swelling.*®*” Further research into the molecular mechanisms underlying the effects
of JBLJQF on function and pain threshold may enhance our understanding of its therapeutic potential.

URATI is a key transporter in renal uric acid reabsorption.”®?° Located on the apical membrane of renal proximal
tubular epithelial cells, URAT1 facilitates the reabsorption of uric acid. Hyperuricemia is primarily caused by increased
uric acid reabsorption mediated by URAT1, which promotes uric acid crystal deposition and leads to GA.*° In this study,
JBLJQF was found to downregulate URAT1 expression in the kidneys, suggesting that its regulation of URAT1 may
facilitate uric acid excretion and help maintain normal uric acid levels.

In recent years, increasing attention has been directed toward the role of energy metabolism-related pathways in the
regulation of uric acid homeostasis. It has been demonstrated that activation of AMP-activated protein kinase (AMPK)
upregulates nuclear factor erythroid 2—related factor 2 (Nrf2), which subsequently enhances the expression of the urate
efflux transporter ABCG2 in renal and intestinal tissues, thereby promoting uric acid excretion.®’ In addition to the
AMPK/Nrf2 axis, the metabolic sensor Silent Information Regulator 1 (SIRT1) has also been identified as a key
protective factor in hyperuricemia. Activation of SIRT1 improves mitochondrial function and attenuates oxidative stress
and inflammatory responses, contributing to the modulation of urate metabolism.*> Furthermore, sodium-glucose
cotransporter 2 (SGLT2) inhibitors, a class of antidiabetic agents that modulate glucose metabolism, have been shown
to reduce the flux through the pentose phosphate pathway, thereby limiting purine and uric acid synthesis while
simultaneously promoting renal urate excretion.>*** However, whether JBLIQF modulates urate excretion through
similar energy metabolism-related pathways remains unclear, and warrants further investigation.

In addition to URAT1, other transporters such as GLUT9, OAT1, OAT3, and ABCG?2 also play crucial roles in the
reabsorption and excretion of uric acid.>>*® Although the present study primarily focuses on the expression changes of
URAT]I, it is plausible that JBLJQF may exert its urate-lowering effect through the modulation of multiple uric acid
transporters. This hypothesis warrants further investigation to comprehensively elucidate its multi-target regulatory
mechanisms in uric acid metabolism. Notably, inflammation not only contributes to local joint damage but may also
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influence the expression levels of renal urate transporters through cytokine-mediated pathways. Ying Yang et al reported
that Wuling San may ameliorate fructose-induced hyperuricemic nephropathy by suppressing the TLR4/MyD88/NLRP3
signaling pathway and regulating renal urate transporters.’’ Similarly, Ming-Xing Wang et al found that nuciferine
alleviates renal inflammation in hyperuricemic mice by inhibiting the TLR4/MyD88/NF-kB and NLRP3 pathways,
thereby reducing IL-1B expression and modulating urate transporter activity.>® These findings suggest that JBLIQF may
enhance uric acid excretion and regulate serum uric acid levels by modulating the expression of urate transporters such as
URAT1 through alleviation of the inflammatory microenvironment. This implies a potential functional interplay between
anti-inflammatory effects and uric acid regulation, providing a theoretical basis for the multifaceted mechanisms of
JBLIQF.

The strength of this study lies in its mechanistic exploration of JBLIQF in the treatment of GA complicated with
hyperuricemia, based on previously validated clinical efficacy. To our knowledge, this is the first study to systematically
integrate behavioral assessments, biochemical indices, histopathological evaluation, and molecular analyses in an animal
model, thereby comprehensively demonstrating the multifaceted pharmacological effects of JBLJQF in anti-
inflammation, uric acid reduction, and multi-organ protection. The results showed that JBLJQF significantly improved
the general condition and joint symptoms in model rats, enhanced their locomotor function, suppressed inflammatory
cytokine expression, and reduced renal URAT1 expression. These findings suggest that JBLIQF may exert its therapeutic
effects through a multi-target synergistic mechanism. In addition, the use of a dose-gradient design confirmed the dose-
dependent efficacy of JBLIQF, providing important preclinical evidence for future dose optimization and clinical
application. Although this study has clarified several important mechanisms of action, there is still room for further
investigation. First, whether JBLJQF regulates uric acid metabolism through energy metabolism related pathways such as
AMPK/Nrf2, SIRT1, or SGLT2 was not explored in the present study. These pathways have recently attracted increasing
attention in the regulation of hyperuricemia and should be investigated further using metabolomics and molecular
biology techniques. Second, as a traditional Chinese medicine compound, the therapeutic effects of JBLIQF may result
from synergistic actions of multiple components. Future studies are encouraged to isolate and identify key active
monomeric constituents, which would help improve its quality control and advance mechanistic research in a more
precise and modern framework.

In conclusion, JBLIQF demonstrates multi-target effects, including anti-inflammatory, uric acid-lowering, and organ-
protective properties, highlighting its potential as a therapeutic agent for GA with hyperuricemia. Further studies to
isolate the active components of JBLJQF and investigate their precise cellular and molecular mechanisms will provide
deeper insights into its multi-target effects.

Conclusion

This study demonstrated that JBLJQF exhibits significant anti-inflammatory, uric acid-lowering, and multi-organ
protective effects in a rat model of gouty arthritis with hyperuricemia. By regulating URAT1 expression and inhibiting
inflammatory cytokines, JBLJQF offers a potential low-toxicity, multi-target therapeutic approach for this condition.
Although this study has systematically elucidated the major mechanisms of action, it has not yet addressed whether
JBLJQF regulates uric acid metabolism through energy metabolism-related pathways. In addition, its specific active
constituents remain to be isolated and identified. Future studies should further investigate these mechanisms and validate
the efficacy and safety of JBLJQF through clinical trials, thereby supporting its standardized application in clinical
practice.
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