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A B S T R A C T

Background: The purpose of this study was to investigate the protective effect of xylosma congesta 
extract on kidney injury in hyperuricemic rats.
Methods: The rats were fed yeast extract and intraperitoneal injections of potassium oxonate for 3 
weeks to establish the hyperuricemia model. And then the rats were treated with allopurinol and 
different doses of oak extract. The contents of uric acid in urine and serum, creatinine, and urea 
nitrogen in serum were detected by biochemical methods. TUNEL was used to detect cell 
apoptosis in renal tissue. The protein expression of TLR4 and NF- kappa B (NF-κB) p65 and the 
proportion of CD68 and CD206 positive cells in renal tissue were detected by pathological 
method.
Results: The xylosma congesta group showed decreased renal tubular dilatation, decreased renal 
interstitial inflammatory cell infiltration, decreased serum creatinine content, and decreased 
apoptotic cell count as compared to the model group. And positive expression of TLR4 and NF-κB 
decreased with each dose. Additionally, the xylosma congesta groups showed a significant rise in 
CD206 and a considerable decrease in CD68.
Conclusion: The extract from xylosma congesta has the ability to lower serum uric acid and 
creatinine levels while also providing protection against kidney damage caused by 
hyperuricemia.

1. Introduction

Hyperuricemia is a common metabolic disorder. Globally, the incidence and prevalence of hyperuricemia are rising gradually as a 
result of improving economic conditions as well as changes in food habits and lifestyles [1]. According to statistics, the prevalence rate 
of hyperuricemia in Chinese adults is estimated to be 11.1 % [2]. Inflammation brought on by the deposition of monosodium urate 
(MSU) crystals in cartilage, synovial bursa, tendon, or soft tissue is what causes the rise in blood uric acid concentration [3]. It is well 
known that MSU crystals can activate TLR4, and that neuroinflammation is primarily triggered by TLR4. NF- kappa B (NF-κB) can be 
further activated and phosphorylated by TLR4 expression. TLR4 has NF-κB as a downstream target protein. Activating NF-κB can 
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promote the release of a series of inflammatory factors, such as TNF-α, IL-6, and IL-1β [4]. Studies have shown that the TLR4/NF-κB 
pathway plays an important role in hyperuricemia [5].

The two primary causes of hyperuricemia are inadequate excretion and excessive uric acid synthesis [6]. Thus, any method for 
reducing uric acid synthesis or increasing uric acid excretion is helpful for treating and preventing illnesses associated with hyper-
uricemia in addition to treating and preventing hyperuricemia [7]. The two primary efficient uric acid-lowering medications used in 
clinical settings are xanthine oxidase inhibitors, such as fesotan, and uric acid uric agents, such as probenecid and benzbromarone [8,
9]. These medications do, however, have clear drawbacks. For instance, it causes harm to the kidneys and has poor safety and 
effectiveness [8,10]. Thus, the development of medications that are both effective and have fewer negative effects remains imperative.

Xylosma congesta belongs to the genus Xylosma, which is found in China, Japan, and Korea [11]. Although xylosma congesta is part 
of the traditional Chinese medicine system, there are few studies on its biological activity and function. The few studies in the literature 
show that xylosma congesta extract has a certain role in anti-inflammatory, anti-melanin, and antioxidation, and its main active 
components include alkaloids, terpenoids, and phenols [11].

In this study, we investigated the protective effect of xylosma congesta extract on hyperuricemia rats and preliminary explored 
whether the protective effect was mediated by the TLR4/NF-κB pathway.

2. Materials and methods

2.1. Preparation of xylosma congesta extract

Weigh 100 g of xylosma congesta (Bark), put it into a large beaker, and soak it in deionized water for 5 h, then boil it twice for 1.5 h 
each time. The extract was retained in about 300 mL, centrifuged, the dregs were discarded, and the extract was obtained and stored at 
− 80 ◦C.

2.2. Animals

This study was guided and approved by the Animal Ethics Committee of Guizhou University of Traditional Chinese Medicine. Male 
Wistar rats (6 weeks old, Beijing Hufukang Biological, License number SCXK (Beijing) 2019-0008) were housed at 20–26 ◦C, humidity 
40–70 %, 12/12 h light/dark, and adaptively fed for 1 week.

In this work, the hyperuricemia model was established by feeding with yeast extract and intraperitoneal injections of potassium 
oxonate [12]. 30 rats were randomly divided into control group (n = 5), Hyperuricemia (HUA) group (n = 5), allopurinol group (n = 5, 
75 mg/kg/d), Oak-L dose group (n = 5, 1.6 g/kg/d), Oak-M dose group (n = 5, 3.2 g/kg/d), and Oak-H dose group (n = 5, 6.4 g/kg/d). 
With the exception of the control group, which received the same amount of normal saline, each rat was administered yeast extract at a 
dosage of 15 g/kg/d in feed and intraperitoneally injected with potassium oxonate at 600 mg/kg/d, respectively, for a period of three 
weeks to establish a hyperuricemia model. Following this, the allopurine group was administered allopurine. Rats in the Oak-L dose 
group, Oak-M dose group, and Oak-H dose group were given varying doses of wood pulp extract. Both the control group and the HUA 
group were given the same amount of normal saline. The rats were euthanized after three weeks of treatment. Prior to execution, 24-h 
urine samples were collected. Blood was taken before execution, and kidneys were taken after execution.

2.3. Hematoxylin-eosin (HE) staining

The renal tissue specimens were fixed with 4 % paraformaldehyde. Then treated with an anhydrous ethanol gradient. Xylene 
transparent, paraffin embedded, serial sections, hematoxylin-eosin staining, neutral resin-sealed sections. The morphological alter-
ations in rats’ renal tissue were observed under a microscope (BX43, Olympus), and the images were collected.

2.4. Determination of uric acid, creatinine, and urea in serum

Serum uric acid, creatinine, and urea were determined as described above. Serum levels of uric acid, creatinine and urea are 
measured with the appropriate test kit according to the manufacturer’s instructions.

2.5. TUNEL staining

Rat kidney tissue sections embedded in paraffin were baked, deparaffinized, and hydrated. The sections were then moved to a wet 
box containing citrate buffer. The reaction was then run for 30 min at 37 ◦C to repair antigen, and the samples were washed 3 times 
with PBS, each time for 5 min. After using absorbent paper to blot off the PBS surrounding the tissue, each slide was filled dropfold with 
an appropriate amount of TUNEL test solution and left to incubate for 1 h at 37 ◦C in the dark. After rinsing the excess detection 
solution with PBS, DAPI was dropped and allowed to incubate for 5 min in the dark. After that, a fluorescence microscope (CKX53, 
Olympus) was used to examine the photos in order to gather data.

2.6. Immunofluorescence

The rat kidney tissue paraffin sections were permeabilized for 10 min at room temperature using 0.5 % Triton-X-100. They were 
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then blocked for 30 min at 37 ◦C using bovine serum albumin BSA (Solarbio) and treated with CD68 (DF7518, Affinity, 1:100) and 
CD206 (DF4149, Affinity, 1:100) and left overnight at 4 ◦C. Following washing, fluorescent secondary antibody cy3 (AS007, ABclonal, 
1:200) was added dropfold and incubated at 37 ◦C for 45 min thereafter. Following DAPI counterstaining, the slides were blocked and 
examined using an Olympus CKX53 fluorescent microscope.

2.7. Immunohistochemistry

Rat kidney tissues were sectioned, baked, deparaffinized, hydrated, and antigen repaired with citrate buffer. After blocking with 5 
% BSA, p65 (AF5006, Affinity, 1:100) was used. TLR4 (AF7017, Affinity, 1:100) was incubated with the primary antibody. After 
overnight at 4 ◦C, horseradish enzyme-labeled goat anti-rabbit IgG (H + L) (ZB-2301, Zhongshan Jinqiao, 1:100) was added, incubated 
at 37 ◦C for 30 min, and eluted thoroughly with PBS. After DAB development, hematoxylin was counterstained with reverse blue, 
dehydration, and transparency, and the slides were sealed and observed under a microscope (BX43, Olympus).

2.8. Statistical analysis

Graphpad 9.0 software was used for mapping and statistical analysis. Quantitative results were expressed as mean ± standard 
deviation (mean ± SD). One-way analysis of variance was used among multiple groups. Statistical differences were indicated by P <
0.05.

3. Results

3.1. Xylosma congesta extract improves kidney injury in hyperuricemic rats

Light microscopy analysis revealed normal glomerular structure in the control group, while the HUA group exhibited renal tubular 
dilatation, shedding of renal tubular epithelial cells into the lumen, interstitial hemorrhage, and infiltration of inflammatory cells. 
Treatment with allopurinol led to improvements in renal tubular dilatation and inflammatory cell infiltration. Notably, treatment with 
xylosma congesta extract significantly improved interstitial hemorrhage, reduced renal tubular dilatation, and decreased inflamma-
tory cell infiltration, with the high-dose group showing the most pronounced effects (Fig. 1A–F).

3.2. Xylosma congesta extract can reduce the uric acid and creatinine in the serum of hyperuric rats

At the end of the study, serum uric acid, creatinine, and urea levels were measured across various groups. The HUA group exhibited 
significantly elevated serum uric acid (64.80 ± 0.84 μmol/L) compared to the control group (50.80 ± 2.28 μmol/L, P < 0.001). 
Treatment with xylosma congesta extract led to a reduction in uric acid levels across all dosage groups, but the decreases were not 
statistically significant when compared to the HUA group (Oak L-dose group vs. HUA group, P = 0.12; Oak M-dose group vs. HUA 

Fig. 1. HE staining of rat kidney tissue. (A) Control group, (B) HUA group, (C) Allopurino group, (D) Oak L-dose group, (E) Oak M-dose group, (F) 
Oak H-dose group.
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group, P = 0.17; Oak H-dose group vs. HUA group, P = 0.13). Similarly, allopurinol did not significantly reduce uric acid levels (66.40 
± 4.93 μmol/L, P = 0.45). (Fig. 2A, Supplementary Table 1).

For serum creatinine levels, the HUA group showed significantly higher levels (64.80 ± 4.27 μmol/L) than the control group (45.00 
± 1.22 μmol/L, P < 0.001). While allopurinol did not significantly reduce creatinine levels (P = 0.69), treatment with xylosma 
congesta extract led to a notable reduction in creatinine levels across all dosages, with the high-dose group showing the most sub-
stantial decrease (50.40 ± 1.51 μmol/L, P = 0.094). (Fig. 2B, Supplementary Table 1).

Serum urea levels were significantly elevated in the HUA group (6.64 ± 1.17 μmol/L) compared to the control (3.90 ± 0.07 μmol/ 
L, P < 0.001). However, neither allopurinol nor xylosma congesta extract treatment significantly altered urea levels in comparison to 
the HUA group (Allopurinol group vs. HUA group, P = 0.81; Oak L-dose group vs. HUA group, P = 0.19; Oak M-dose group vs. HUA 
group, P = 0.64; Oak H-dose group vs. HUA group, P = 0.13). (Fig. 2C, Supplementary Table 1).

3.3. Xylosma congesta extract can inhibit kidney cells’ apoptosis in hyperuric rats

The effect of xylosma congesta extract on renal cell apoptosis was assessed using TUNEL staining. The HUA group displayed a 
significantly higher number of apoptotic cells (25.56 ± 9.49) compared to the control group (1.44 ± 0.53, P < 0.001). Treatment with 
xylosma congesta extract led to a significant reduction in apoptotic cell counts across all dosage groups, with values ranging from 3.78 
± 1.56 to 5.33 ± 2.78 (P < 0.001 for all comparisons to the HUA group). Similarly, allopurinol treatment significantly reduced 
apoptosis (5.56 ± 1.24, P < 0.001). These results indicate that xylosma congesta extract effectively reduces kidney cell apoptosis in 
hyperuricemic rats (Fig. 3A–B, Supplementary Table 2).

3.4. Xylosma congesta extract can regulate the polarization of renal macrophages in hyperuric rats

Immunofluorescence analysis was performed to assess renal macrophage polarization. The HUA group showed a significantly 
higher proportion of M1 macrophages (CD68+, 0.95 ± 0.13) compared to the control group (0.41 ± 0.27, P < 0.001). Treatment with 
xylosma congesta extract resulted in a significant reduction in M1 macrophages, with the high-dose group showing the greatest 
decrease (0.18 ± 0.11, P < 0.001). Similarly, allopurinol treatment also reduced M1 macrophage levels (0.41 ± 0.16, P < 0.001). 
(Fig. 4A, C, Supplementary Table 2).

Conversely, the proportion of M2 macrophages (CD206+) was significantly lower in the HUA group (0.11 ± 0.05) compared to the 
control group (0.59 ± 0.19, P < 0.001). Treatment with xylosma congesta extract significantly increased M2 macrophage levels, with 
the high-dose group showing the highest increase (0.50 ± 0.09, P < 0.001). Allopurinol also significantly increased M2 macrophages 
(0.42 ± 0.05, P < 0.001). These results suggest that xylosma congesta extract effectively suppresses M1 macrophage polarization and 
promotes M2 macrophage polarization, thereby modulating renal macrophage polarization in hyperuricemic rats (Fig. 4B, D, Sup-
plementary Table 2).

3.5. Xylosma congesta extract mediates the TLR4/NF-κB p65 pathway to inhibit kidney injury in hyperuric rats

Immunohistochemistry was used to assess the expression of TLR4 and NF-κB p65 proteins in the kidneys of hyperuricemic rats. The 
HUA group showed significantly elevated levels of TLR4 (0.024 ± 0.006) and NF-κB p65 (0.013 ± 0.003) compared to the control 
group (TLR4: 0.008 ± 0.008, NF-κB p65: 0.008 ± 0.003, P < 0.001). Treatment with xylosma congesta extract significantly reduced 
the expression of both proteins across all dosage groups, with high-dose xylosma congesta extract showing the greatest reduction 
(TLR4: 0.008 ± 0.005, NF-κB p65: 0.006 ± 0.003, P < 0.001). Similarly, allopurinol also reduced protein expression levels (TLR4: 
0.007 ± 0.003, NF-κB p65: 0.006 ± 0.001, P < 0.001). These results suggest that xylosma congesta extract exerts protective effects 
against hyperuricemia-induced kidney damage by modulating the TLR4/NF-κB p65 signaling pathway (Fig. 5A–D, Supplementary 
Table 2).
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Fig. 2. Effects of xylosma congesta extract on serum uric acid, creatinine and urea in rats with hyperuricemia. (A) Serum uric acid, (B) 
creatinine, and (C) urea level in rats. *P < 0.05 vs Control group, #P < 0.05 vs HUA group.
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4. Discussion

In many nations, hyperuricemia has emerged as a major public health concern [13]. Hyperuricemia is an independent risk factor for 
the occurrence of kidney injury and is associated with mortality from renal failure [14,15]. However, there is no reliable treatment 
available, and the search for more effective, efficient, and safe drugs has been the subject of drug discovery. In this study, it was found 
that xylosma congesta extract could improve renal pathological damage, inhibit renal cell apoptosis, and reduce serum uric acid and 
serum creatinine in hyperuricemia rats, which revealed the potential value of xylosma congesta extract in the treatment of 
hyperuricemia.

An increase in uric acid reabsorption or a decrease in its excretion leads to elevated serum uric acid levels [16,17]. More and more 
clinical evidence definitely suggests that hyperuricemia can induce renal abnormalities by involving a variety of pathological and 
molecular mechanisms, especially hyperuricemia, which may be related to renal tubular injury [18–20]. Serum urea nitrogen and 
creatinine rise in response to decreased urea and creatinine clearance following renal damage [21]. Besides stimulating the synthesis of 
uric acid, yeast extract is rich in purine, which is considered to be the precursor of uric acid production. And prior research has 
demonstrated that intraperitoneal injections of potassium oxonate can raise uric acid levels [5,22]. Therefore, yeast extract combined 
with potassium oxonate is one of the most common and simple methods to construct a hyperuricemia model. The advantage of this 
modeling method is that an animal model of hyperuricemia with a stable, high uric acid level and renal injury can be obtained. 
Consistent with previous studies, the kidney in the HUA group showed renal tubular dilatation and tubular epithelial cell exfoliation to 
the lumen, renal interstitial hemorrhage, renal interstitial inflammatory cell infiltration, increased renal cell apoptosis, and increased 
serum uric acid, creatinine, and urea content.

A primary treatment strategy for hyperuricemia and related renal issues involves enhancing uric acid excretion or decreasing its 
reabsorption [23]. The most often prescribed medication for hyperuricemia is allopurinol, a xanthine oxidase inhibitor that can be 
progressively increased or decreased based on serum urate and creatinine clearance. However, a number of studies have been 
investigating for possible allopurinol alternatives in recent years due to its substantial consequences in individuals with renal insuf-
ficiency [24,25]. In this study, the allopurinol group did not show the effect of reducing serum uric acid, but only showed the effect of 
reducing apoptosis. However, low-dose and high-dose xylosma congesta extract groups showed a decrease in serum uric acid and 
serum creatinine levels at the same treatment time. Compared with allopurinol, it was suggested that xylosma congesta extract can 
resist hyperuricemia and reverse renal damage induced by hyperuricemia and has the potential to be used as a substitute for 
allopurinol.

Macrophages traditionally have the function of phagocytosis, clearing pathogens, apoptotic cells, and cell fragments [26]. Apart 
from their conventional function of safeguarding the host against pathogens, macrophages also modulate development, homeostasis, 
remodeling, and tissue restoration. Under external stimulation, macrophages polarize into different phenotypes, called M1 and M2 
macrophages, and are associated with renal injury [27,28]. According to reports, uric acid has the ability to directly activate 
macrophage toll-like receptors (TLR), particularly TLR2/TLR4, which in turn activates the NF-κB pathway and converts macrophages 
into type M1 [29]. Studies have indicated that there is a drop in M2 macrophages and an increase in M1 macrophages in 
hyperuricemia-associated renal injury, while allopurinol can reduce the ratio of M1/M2 cells to alleviate HUA renal injury [30]. The 
findings demonstrated that, similar to allopurinol, the xylosma congesta extract group saw a drop in TLR4 and NF-κB p65 protein 
levels, as well as an increase in M2 macrophages and a decrease in M1 macrophages. Based on this, we hypothesize that the 
TLR4/NF-κB p65 signal pathway regulates macrophage phenotypic transformation, which may be associated to the 
anti-hyperuricemia effect of xylosma congesta extract.

Fig. 3. TUNEL staining of rat kidney tissue. (A) fluorogram, (B) Bar chart. *P < 0.05 vs Control group, #P < 0.05 vs HUA group.
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Although this study demonstrates the protective effects of xylosma congesta extract against renal injury in hyperuricemic rats and 
investigates its potential mechanisms via the TLR4/NF-κB pathway, several limitations should be noted. First, this study is based 
primarily on animal models and has not been validated in clinical trials. Therefore, the generalizability of the results may be limited, 
and further clinical research is needed to confirm the efficacy and safety of xylosma congesta in humans. Second, the study used only a 
few dosages of xylosma congesta extract, and the effects and safety of long-term use of different dosages are not fully clear. Although 
significant effects were observed at higher doses, the potential toxicity or side effects of prolonged high-dose administration remain to 
be evaluated. Additionally, while we investigated the role of the TLR4/NF-κB pathway in the protective mechanism, other potential 
molecular mechanisms were not fully explored. Future research should focus on these unstudied mechanisms and conduct a thorough 
analysis of long-term effects of different dosages to provide a more comprehensive basis for the clinical application of xylosma 
congesta.

5. Conclusion

In conclusion, the xylosma congesta extract has potential value as a substitute for allopurinol. It has the ability to lower blood uric 
acid and creatinine levels as well as ameliorate hyperuricemia-induced kidney damage by controlling macrophage phenotypic change 
via the TLR4/NF-κB p65 signal pathway. This study lays the groundwork for future systematic toxicological and pharmacokinetic 
investigations of xylosma congesta extract as a potential alternative to allopurinol in treating hyperuricemia and associated renal 
injury.

Fig. 4. Immunofluorescence detection of CD68 and CD206 in rat kidney tissues. (A) CD68 fluorogram, (B) CD206 fluorogram, (C) CD68 
expression bar graph, (D) CD206 expression bar graph. *P < 0.05 vs Control group, #P < 0.05 vs HUA group.
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