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Abstract.
BACKGROUND: In recent years, hyperuricemia and acute gouty arthritis have become increasingly common, posing a serious
threat to public health. Current treatments primarily involve Western medicines with associated toxic side effects.
OBJECTIVE: This study aims to investigate the therapeutic effects of total flavones from Prunus tomentosa (PTTF) on a rat
model of gout and explore the mechanism of PTTF’s anti-gout action through the TLR4/NF-κB signaling pathway.
METHODS: We measured serum uric acid (UA), creatinine (Cr), blood urea nitrogen (BUN), tumor necrosis factor-alpha
(TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6) levels using an enzyme-linked immunosorbent assay (ELISA).
Histopathological changes were observed using HE staining, and the expression levels of relevant proteins were detected through
Western blotting.
RESULTS: After PTTF treatment, all indicators improved significantly. PTTF reduced blood levels of UA, Cr, BUN, IL-1β,
IL-6, and TNF-α, and decreased ankle swelling.
CONCLUSIONS: PTTF may have a therapeutic effect on animal models of hyperuricemia and acute gouty arthritis by reducing
serum UA levels, improving ankle swelling, and inhibiting inflammation. The primary mechanism involves the regulation of the
TLR4/NF-κB signaling pathway to alleviate inflammation. Further research is needed to explore deeper mechanisms.
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1. Introduction

Hyperuricemia (HUA) is caused by deregulated purine metabolism followed by elevated blood uric
acid and urate deposition [1]. Acute gouty arthritis (AGA) is an inflammatory condition caused by the
formation and deposition of monosodium urate (MSU) crystals in the local joints due to uric acid (UA)
exceeding its saturation level in the blood or tissue fluid [2]. An increase in serum MSU concentration is
the most critical risk factor in the development of gout [3]. Gout patients also bear a high burden of related
complications, such as hypertension, chronic kidney disease, obesity, diabetes, myocardial infarction,
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and heart failure [4]. According to the “2021 Trends in Chinese Hyperuricemia and Gout White Paper,”
the overall prevalence of gout in China has been increasing year by year and trending toward a younger
population. With improvements in economic conditions and living standards, risk factors for gout, such as
alcohol consumption [5], high fructose beverages [6], and increased daily intake of meat and seafood [7],
are also on the rise.

Currently, there is no cure for gout, and clinical management primarily involves alleviating symptoms
using non-steroidal anti-inflammatory drugs [8], colchicine [9], and allopurinol [10]. However, these
medications often lead to adverse effects such as diarrhea, abdominal pain, vomiting, rashes, facial
edema, gastrointestinal bleeding, hepatitis, and even acute renal failure, severely affecting the physical
and mental health as well as the normal life of individuals. Research has shown that flavonoids have
various pharmacological effects, including antioxidant properties [11], antiviral activity, anticancer
effects, anti-inflammatory actions [12], antioxidative abilities [13], protection against cerebral ischemia,
anti-gastric ulcer properties, improved functional dyspepsia, inhibition of intestinal motility, gastric
mucosal protection [14], anti-myocardial ischemia, anti-arrhythmia, analgesia, hepatoprotection, and
lipid-lowering effects [15]. In this study, based on the various pharmacological effects of flavonoids,
we aim to investigate the pharmacological effects of total flavones from Prunus tomentosa (PTTF)
on hyperuricemia and AGA rat models. This research focuses on the central role of IL-1β in gouty
inflammation and the key roles of TLR4 and NF-κB in the biological activity of IL-1β. We use a
comprehensive approach, including a whole animal model and a molecular level analysis, to elucidate the
mechanism of PTTF’s anti-gout effect. We intend to study a medication that can both lower uric acid and
reduce inflammation and swelling and provide a reference for the development of Prunus tomentosa as an
anti-gout medication, laying the theoretical foundation for its further clinical application.

2. Materials

2.1. Experimental animals

Sixty adult male rats of SPF (Specific Pathogen Free) grade, with a body weight of (200 ± 20) g, were
obtained from Changchun Yisi Experimental Animal Technology Co., Ltd., with serial number 10104.
They were housed in an environment with a temperature of 21◦C–27◦C, humidity of 47%–55%, free
access to food and water, and timely bedding changes for one week before the experiment. They were
randomly divided into six groups.

2.2. Reagents

Total flavones from Prunus tomentosa were provided by the Pharmacology Department of Beihua
University [16]. Potassium oxonate (> 98.0%, batch number: P137112), adenine (> 98.0%, batch
number: A108804), and sodium urate (batch number: U166391) were all obtained from Shanghai
Aladdin Bio-Chem Technology Co., Ltd. Uric acid assay kit (catalog number: C012-2-1), creatinine
assay kit (catalog number: C011-2-1), and blood urea nitrogen assay kit (catalog number: C013-2-1)
were from Nanjing Jiancheng Bioengineering Institute. Colchicine (product number: WKQ-0248053)
was obtained from Sichuan Weikeqi Biological Technology Co., Ltd. Benzbromarone (batch number:
1108003) was from Yichang Changjiang Pharmaceutical Co., Ltd. Sodium chloride injection (Chinese
pharmacopoeia standard H22025619) was obtained from Jilin Kangnai’er Pharmaceutical Co., Ltd.
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Interleukin-1β (IL-1β) ELISA kit (product number: #900-M91) and Tumor Necrosis Factor-alpha (TNF-
α) ELISA kit (product number: #900-K73) were from Guangzhou Meibio Biotechnology Co., Ltd.
Interleukin-6 (IL-6) ELISA kit (product number: kt30490) was from Wuhan Merck Biotechnology Co.,
Ltd. β-actin (number: AC026), TLR4 (number: A5258), NF-κ (number: A14754), MyD88 (number:
A21905), and HRP-conjugated goat anti-rabbit IgG (number: AS063) were all from ABCLONAL. Protein
marker (10-180 kDa) (number: Pm2510) was from SMOBIO. SDS-PAGE protein loading buffer (5X)
(number: P0015L), PVDF membrane (number: FFP20), RIPA lysis buffer (strong) (number: P0013B),
Super-Sensitive ECL chemiluminescence kit (number: P0018S), and SDS-PAGE gel fast preparation
kit (number: P0012AC) were from Bioworld Biotechnology Co., Ltd. Glycine and Tris were obtained
from Beijing Yaanda Biological Technology Co., Ltd. Sodium dodecyl sulfate (SDS) (number: 151-21-3
(20170710)) was obtained from Tianjin Damao Chemical Reagent Factory. BCA protein quantification
kit (number: BCA02), TBS buffer (powder) (number: B09O00110), and PMSF (number: WB-0181) were
all from Beijing Dingguochangsheng Biological Technology Co., Ltd. Tween-20 (number: 20130703)
was from China National Pharmaceutical Group Corporation Chemical Reagent Co., Ltd. Skim milk
powder (number: 8211649) was from BD in the United States.

2.3. Instruments

Model 680 Enzyme Labeling Instrument (Shanghai Yidi Electric Science Instrument Co., Ltd.);
High-speed Centrifuge (Eppendorf Centrifuge 5410 R); Micropipettes (Eppendorf Research Plus, Mod-
els: 3120000062, 3120000054, 3121000023); Mixer (Experimental Instruments Co., Ltd., Haimen
City, Jiangsu Province); Microscope (OLYMPUS BX53F); PV-200 Toe Volume Measuring Instrument
(Chengdu Taimeng Technology Co., Ltd.); ROTANODE E7843X. Balances: United Brothers (Group)
Co., Ltd. (SUZH-00000193); UVP ChemStudio Chemiluminescence Imaging System.

3. Experimental methods

3.1. Solution preparation

3.1.1. Preparation of hyperuricemia modeling drug
Following the method and making improvements as per relevant literature [17], 4.5 g of carboxymethyl-

cellulose sodium (CMC-Na) was dissolved in distilled water to a total volume of 1500 ml to prepare a
0.3% CMC-Na solution [18]. Then, 15 g of adenine and 45 g of potassium oxonate were weighed and
added to the prepared 0.3% CMC-Na solution, sealed, and stored at 4◦C [19].

3.1.2. Preparation of monosodium urate solution (MSU)
Following the method from relevant literature [20], 1 g of monosodium urate salt was dissolved in

200 ml of boiling water containing NaOH. The solution’s pH was adjusted to 7.2 by adding hydrochloric
acid. The solution was cooled and stirred at room temperature, then stored overnight at 4◦C. The
precipitate was filtered from the solution, dried at low heat, and sieved through a 250 µm metal wire
mesh. After high-temperature sterilization, it was ground. The uric acid crystals were then mixed with
0.9% saline in a 10% Tween 80 injection solution.

3.2. Establishment of hyperuricemia rat model and drug administration

After a one-week acclimatization period, 60 rats were randomly divided into six groups: Blank
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group (CON), Model group (Hyperuricemia model, MOD), Positive drug group (Allopurinol/Colchicine
treatment group, YO), PTTF100 mg/kgdose group (PTTF-100), PTTF 200 mg/kg-dose group (PTTF-200),
and PTTF 400 mg/kg-dose group (PTTF-400) [21]. On the 8th day, the rats in all groups except the Blank
group were orally administered with the prepared modeling drug (1 ml/100 g) to induce hyperuricemia.
On the 15th day, the Positive drug group and PTTF treatment groups were orally administered with
Allopurinol [22] (10 mg/kg) and three different doses of PTTF (100 mg/kg, 200 mg/kg, 400 mg/kg) [23]
respectively. The Blank group and Model group were given an equivalent amount of distilled water. All
administrations were performed daily at 10 a.m. After continuous treatment for 7 days, blood samples
were collected from the eyeball to measure relevant indicators.

3.3. Establishment of acute gouty arthritis model and administration method

On the 22nd day, 0.2 ml of monosodium urate was injected into the right ankle joint cavity of the
rats in all groups except the Blank group. The Blank group received an equivalent amount of sterile
physiological saline [24]. The Positive drug group and PTTF treatment groups were orally administered
with Colchicine (1.5 mg/kg) and three different doses of PTTF, respectively. The rats’ foot swelling
was observed at 4 h, 8 h, 24 h, and 48 h, and gait scoring was conducted 24 h after administration.
Subsequently, rats were anesthetized with pentobarbital sodium, blood was collected from the abdominal
aorta, and specimens from the ankle joint, kidneys, and feces were obtained. A portion of each group was
fixed in 10% formalin, while the rest was placed in EP tubes and stored in a −80◦C freezer.

3.4. Parameter measurements

3.4.1. Measurement of UA, Cr, and BUN
After blood collection from the eyeball [25], it was left to stand for 30 minutes, centrifuged at 3000 rpm

for 10 minutes, and the supernatant was collected and frozen at −20◦C. The measurement procedure
strictly followed the instructions of the respective reagent kits, and a microplate reader was used to
determine the levels of UA, Cr, and BUN in serum.

3.4.2. Measurement of joint swelling
At 4 h, 8 h, 24 h, and 48 h after the injection of monosodium urate solution, the volume of the right

ankle joint of the rats was measured using a toe volume measuring instrument. The degree of rat ankle
joint swelling was calculated using the formula: Joint swelling degree = (measured joint volume − initial
volume)/initial volume × 100%.

3.4.3. Gait scoring
24 hours after modeling for acute gouty arthritis in rats, the gait of rats in each group was observed and

scored as follows: Grade 0, normal walking (0 points); Grade 1, slight limping with slight bending of the
lower limb, limited redness at the ankle joint (1 point); Grade 2, obvious limping with lower limb just
touching the ground, significant swelling, and redness localized at the ankle joint (2 points); Grade 3,
severe limping with the joint showing severe redness and swelling, the lower limb lifted off the ground,
and walking on three limbs (3 points) [26].

3.4.4. Measurement of IL-1β, IL-6, and TNF-α levels
On the 25th day, rats in each group were anesthetized by intraperitoneal injection of pentobarbital

sodium, positioned supine, the abdominal cavity was opened to expose the abdominal aorta, blood was
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collected, left to stand for 1 hour, centrifuged at 3000 rpm for 10 minutes, and the supernatant was
collected. The measurement procedure strictly followed the instructions of the respective ELISA reagent
kits, and a microplate reader was used to detect the levels of IL-1β, IL-6, and TNF-α in each group.

3.4.5. Histological examination
Rat ankle joint and kidney tissues, which had been fixed in 10% formalin solution, were cut into small

pieces, washed with running water for 12 hours, and subjected to dehydration with a series of ethanol
solutions (80%, 90%, 95%, 100%), xylene treatment, paraffin embedding, sectioning (5 µm), staining
with hematoxylin for 10 minutes and eosin for 3 minutes, and observed under a microscope to assess
inflammatory cell infiltration and pathological morphological changes [27].

3.4.6. Western blot analysis of protein expression in rat ankle joints related to signaling pathways
Rat ankle joint tissues were placed on ice, thoroughly homogenized in RIPA lysis buffer, and total

protein was extracted. The concentration of total protein was determined following the instructions of the
BCA reagent kit. After denaturation of the protein samples, SDS-PAGE gel electrophoresis was used to
separate the proteins, which were then transferred to a PVDF membrane. The membrane was blocked with
5% skim milk powder for 1 hour. Primary antibodies (NF-kb, TLR4, MyD88) were diluted to appropriate
concentrations as per the instructions and incubated overnight at 4◦C. The membrane was washed three
times with 1 × TBST, each time for 15 minutes, followed by incubation with appropriate dilutions of
HRP-conjugated secondary antibodies at room temperature for 2 hours. After another round of membrane
washing, ECL chemiluminescence reagent was added, and the results were observed and photographed
using a chemiluminescence imaging system. Image analysis software (Clina Image Analysis) was used to
analyze the grayscale values of the bands on the nitrocellulose membrane.

3.5. Data statistical analysis

SPSS 21.0 statistical software was used for data analysis. Results were expressed as means ± standard
deviation (x̄± s), and the difference among the means was considered to be significant if p < 0.05

4. Results

4.1. Effects of PTTF on serum UA, Cr, and BUN levels in hyperuricemia rats

Compared to the Blank group, the Model group showed a significant increase in blood levels of UA,
Cr, and BUN. In comparison to the Model group, the Treatment group exhibited a significant reduction in
blood levels of UA, Cr, and BUN, and this reduction became more significant with increasing doses of
PTTF. The differences were statistically significant (P < 0.05 or P < 0.01, as shown in Fig. 1).

4.2. Effects of PTTF on ankle joint swelling in acute gouty arthritis rats

Compared to the Blank group, the Model group showed a significant increase in foot swelling. In
comparison to the Model group, the Treatment group showed a significant decrease in foot swelling,
which became more significant with increasing doses of PTTF. The swelling index initially increased
and then decreased, and the differences were statistically significant (P < 0.05 or P < 0.01, as shown in
Fig. 2).
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Fig. 1. Effects of PTTF on serum UA, Cr, and BUN levels in hyperuricemic rats. Note: CON: Blank group; MOD: Model group;
YO: Benzbromarone group; PTTF-100: Prunus Tomentosa Total Flavones 100 mg/kg-Dose group; PTTF-200: Prunus Tomentosa
Total Flavones 200 mg/kg-Dose group; PTTF-400: Prunus Tomentosa Total Flavones 400 mg/kg-Dose group. Compared to the
Blank group, #: P < 0.05; ##: P < 0.01. Compared to the Model group, ∗: P < 0.05; ∗∗: P < 0.01.

Fig. 2. Effects of PTTF on the degree of ankle joint swelling in acute gouty arthritis rats. Note: CON: Blank group; MOD:
Model group; YO: Colchicine group; PTTF-100: Prunus Tomentosa Total Flavones 100 mg/kg-Dose group; PTTF-200: Prunus
Tomentosa Total Flavones 200 mg/kg-Dose group; PTTF-400: Prunus Tomentosa Total Flavones 400 mg/kg-Dose group.
Compared to the Blank group, #: P < 0.05; ##: P < 0.01. Compared to the Model group, ∗: P < 0.05; ∗∗: P < 0.01.
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Fig. 3. Effects of PTTF on the gait of rats with acute gouty arthritis. Note: CON: Blank group; MOD: Model group; YO:
Colchicine group; PTTF-100: Prunus Tomentosa Total Flavones 100 mg/kg-Dose group; PTTF-200: Prunus Tomentosa Total
Flavones 200 mg/kg-Dose group; PTTF-400: Prunus Tomentosa Total Flavones 400 mg/kg-Dose group. Compared to the Blank
group, #: P < 0.05; ##: P < 0.01. Compared to the Model group, ∗: P < 0.05; ∗∗: P < 0.01.

Fig. 4. The Effects of PTTF on the serum levels of IL-1β, IL-6, and TNF-α in double-model gout. Note: CON: Blank group;
MOD: Model group; YO: Colchicine group; PTTF-100: Prunus Tomentosa Total Flavones 100 mg/kg-Dose group; PTTF-200:
Prunus Tomentosa Total Flavones 200 mg/kg-Dose group; PTTF-400: Prunus Tomentosa Total Flavones 400 mg/kg-Dose group.
Compared to the blank group, #: P < 0.05; ##: P < 0.01. Compared to the model group, ∗: P < 0.05; ∗∗: P < 0.01.
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Fig. 5. The effects of PTTF on the pathological morphological changes of ankle joint tissues in gouty arthritis rats (× 200). Note:
A: CON; B: MOD; C: YO; D: PTTF-L; E: PTTF-M; F: PTTF-H; CON: Blank group; MOD: Model group; YO: Colchicine
group; PTTF-100: Prunus Tomentosa Total Flavones 100 mg/kg-Dose group; PTTF-200: Prunus Tomentosa Total Flavones 200
mg/kg-Dose group; PTTF-400: Prunus Tomentosa Total Flavones 400 mg/kg-Dose group.

4.3. Effects of PTTF on gait in acute gouty arthritis rats

Twenty-four hours after modeling, the Model group rats exhibited reduced activity, severe limping,
contact or lifting of the affected limb off the ground, and three-legged walking, with severe redness
and swelling of the joints. In comparison to the Model group, the Treatment groups showed significant
improvements in gait, and the differences were statistically significant (P < 0.01, as shown in Fig. 3).

4.4. Effect of PTTF on serum levels of IL-1β, IL-6 and TNF-α in rats with double model of gout

Compared with blank group, serum levels of IL-1β, IL-6 and TNF-α in model group were significantly
increased. Compared with model group, the levels of IL-1β, IL-6 and TNF-α in serum of rats in treatment
group were decreased, and the effect of IL-1β, IL-6 and TNF-α in high-dose PTTF group was better than
that in colchicine group. The difference was statistically significant (P < 0.05 or P < 0.01, as shown in
Fig. 4).

4.5. Effect of PTTF on histopathologic morphological changes in rats

After HE staining, the morphology of synovial tissues in the ankle joint was observed under a 200x
microscope. In the Blank group, no inflammatory cell infiltration was observed, and the synovial surface
was intact, with clear tissue structure and no signs of vascular proliferation, congestion, or edema. In
the Model group, significant inflammatory cell infiltration was observed, along with surface damage of
the synovium, vascular proliferation, and edema. Compared to the Model group, the Treatment group
showed varying degrees of reduction in synovial inflammation, with a gradual decrease in inflammatory
cell infiltration, reduced synovial tissue proliferation, and smoother joint surfaces, approaching those of
the Blank group (as shown in Fig. 5).



Y. Jiang et al. / Antigout effects and mechanisms of total flavonoids from prunus tomentosa S225

Fig. 6. The effects of PTTF on the protein expression levels of TLR4, MyD88, and NF-κB in ankle joint tissues of double-model
gout rats. Note: A: CON; B: MOD; C: YO; D: PTTF-L; E: PTTF-M; F: PTTF-H; CON: Blank group; MOD: Model group; YO:
Colchicine group; PTTF-100: Prunus Tomentosa Total Flavones 100 mg/kg-Dose group; PTTF-200: Prunus Tomentosa Total
Flavones 200 mg/kg-Dose group; PTTF-400: Prunus Tomentosa Total Flavones 400 mg/kg-Dose group. Compared to the blank
group, #: P < 0.05; ##: P < 0.01. Compared to the model group, ∗: P < 0.05; ∗∗: P < 0.01.

4.6. Effects of PTTF on the expression levels of TLR4, MyD88, and NF-κB proteins in rat ankle joint
tissues

Compared to the Blank group, the expression levels of TLR4, MyD88, and NF-κB proteins in the
TLR4/MyD88 signaling pathway of the ankle joints of rats in the Model group were significantly
increased. Compared to the Model group, the Treatment group showed significantly reduced expression
levels of TLR4, MyD88, and NF-κB proteins, and the effect was better than that of the positive drug
group. The differences were statistically significant (P < 0.05 or P < 0.01, as shown in Fig. 6).

5. Discussion

A large body of literature demonstrates that dietary changes significantly increase the risk of hype-
ruricemia [28]. Consuming high-purine foods such as meat, seafood, and legumes in large quantities
places additional strain on the kidneys, leading to hyperuricemia [29]. In this study, a rat model of
hyperuricemia was successfully established by simulating high-purine intake through gastric infusion of
adenine and using allopurinol as a uricase inhibitor, effectively preventing uric acid excretion and creating
a hyperuricemic environment in the body. Acute gouty arthritis (AGA) is characterized by the deposition
of sodium urate crystals in joint tissues and is primarily characterized by acute joint pain, redness, and
fever, often being the initial symptom of gout. An AGA rat model was created by injecting sodium urate
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solution into the ankle joint, mimicking the acute inflammatory response characterized by joint redness
and pain [30].

The kidneys are the primary organs responsible for excretion in the body, and any dysfunction in
kidney function can lead to a decrease in creatinine clearance rate and filtration function, resulting in
reduced uric acid excretion and an increased risk of hyperuricemia (HUA) [31]. Uric acid (UA), creatinine
(Cr), and blood urea nitrogen (BUN) levels are the main indicators used to evaluate kidney filtration
function. Mice in the model group showed significantly elevated levels of UA, Cr, and BUN, indicating
that the combined induction of adenine and allopurinol disrupted kidney function. However, experimental
results demonstrated that PTTF (Presumably the treatment being discussed) effectively restored uric acid,
creatinine, and urea nitrogen levels in both blood and urine to normal levels.

The TLR4/NF-κB signaling pathway is currently a hotspot in the study of the pathogenesis of gout.
Toll-like receptors (TLRs) are type I transmembrane receptors that, when activated, bind to myeloid
differentiation factor 88 (MyD88) through Toll/IL-1 receptor domains, subsequently activating IL-1
receptor-associated kinases [32,33,34]. This activation leads to the subsequent binding of TNF receptor-
associated factors, ultimately resulting in the activation of NF-κB, a nuclear transcription factor that
regulates the expression of multiple genes, including the transcription of pro-IL-1β. This, in turn,
leads to the release of large amounts of cytokines such as IL-1β and TNF-α when acted upon by
inflammasomes [35]. In the pathogenesis of AGA, joint fluid becomes oversaturated with uric acid,
leading to the deposition of monosodium urate (MSU) crystals. These MSU crystals can act as damage-
associated molecular patterns (DAMPs), directly or indirectly causing the release of tissue proteases
through cell damage, triggering a nonspecific immune response, activating inflammasomes, chemotaxis
of neutrophils, and the release of various inflammatory factors, ultimately resulting in acute inflammatory
responses, with TLR4 playing a crucial role as a pattern recognition receptor [36,37,38].

The results of this study demonstrate that, compared to the model group, the PTTF treatment group
exhibited significantly reduced levels of inflammation in synovial tissue, as indicated by decreased
expression of TLR4, NF-κB, and MyD88 proteins in joint synovial tissue. When compared to the
allopurinol group, the PTTF-H group of rats showed significant improvements in ankle joint swelling and
gait index after treatment, with lower levels of TLR4, NF-κB, and MyD88 protein expression.

In conclusion, it can be inferred that PTTF has a certain therapeutic effect on hyperuricemia and
acute gouty arthritis (AGA) in rats, with a more pronounced effect observed in the high-dose group.
The mechanism of action appears to involve the blockade of the TLR4/NF-κB signaling pathway, which
suppresses the production of inflammatory factors such as IL-1β and TNF-α, ultimately leading to
reduced uric acid levels, anti-inflammation, pain relief, and improvement of clinical symptoms. The
practical significance of this study lies in its exploration of the therapeutic effects of PTTF on a dual
model of gout in rats based on the TLR4/NF-κB signaling pathway. Furthermore, it provides insights
and methods for comparing the efficacy of PTTF with allopurinol and offers valuable preclinical data
and theoretical foundations for PTTF’s anti-gout effects, which can also be applied to investigate the
mechanisms of action of other drugs with similar functions.
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