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Background: Acute gouty arthritis (AGA) is the most common first symptom of gout, and the development of gout as a metabolic and immune inflammatory disease is also correlated with the gut microbiota. However, the mechanism of the effect of changes in the gut microbiota on AGA remains unclear. The intestinal flora can not only affect purine metabolism or regulate inflammation, but also influence the therapeutic effect of drugs on AGA. The aim of this study was to investigate the exact mechanism of modified Baihu decoction (MBD) in the treatment of AGA and whether it is related to the regulation of the structure of the intestinal flora.
Methods: On the 21st day of MBD administration by continuous gavage, a rat acute gouty arthritis model was constructed using sodium urate (0.1 mL/rat, 50 mg/mL), and the ankle joint swelling was measured before and 4 h, 8 h, 24 h, and 48 h after the injection of sodium urate. After 48 h of sodium urate injection, serum, liver, kidney, ankle synovial tissue and feces were collected from rats. The collected samples were examined and analyzed using H&E, Elisa, Immunohistochemistry, Histopathology, 16S rDNA, and Biochemical analysis. To investigate the mechanism of MBD to alleviate AGA using pro-inflammatory factors and intestinal flora.
Results: MBD (5.84, 35 g/kg) was administered orally to AGA rats and diclofenac sodium tablets (DS-tablets) were used as standard treatment control. Serum biochemical assessment confirmed that MBD is a safe drug for the treatment of AGA. In addition, our findings confirmed that MBD relieved AGA-related symptoms, such as toe swelling. Lowering serum levels of uric acid, IL-1β, and TGF-β1 immunohistochemical results also confirmed that MBD reduced the expression of inflammatory elements such as IL-1β, NLRP3, ASC, and Caspase-1 in synovial tissue.Furthermore, compared with control group, the 16s rDNA sequencing of AGA rat faeces revealed an increase in the relative abundance of Lachnospiraceae, Muribaculaceae, and Bifidobacteriaceae species. While the relative abundance of Lactobacillaceae, Erysipelotrichaceae, Ruminococcaceae, Prevotellaceae and Enterobacteriaceae showed a relative decrease in species abundance. Of these, the reduction in species abundance of Enterobacteriaceae was associated with a reduction in amino acid metabolism and environmental perception. After MBD therapeutic intervention, the disturbance of the intestinal flora caused by AGA was restored.
Conclusion: In summary, MBD is an effective agent for the treatment of AGA, with the potential mechanism being the regulation of intestinal flora to control inflammation. This would help to promote the therapeutic effect of MBD on AGA.
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INTRODUCTION
As the standard of living improves, the recurrence and incidence rates of gout continue to rise due to increased consumption of cholesterol and purine-rich foods such as meat and seafood (Batt et al., 2014). Global gout prevalence climbed from 0.1% in 2010 to over 10% by 2020 (Afinogenova et al., 2022; Huddleston and Gaffo 2022), and the prevalence of gout in China has increased to 1–3% (Keller and Mandell 2021). The affected population is characterized by a young age, and the disease is closely associated with the development of obesity, hypertension, coronary heart disease, hyperlipidaemia, atherosclerosis, diabetes mellitus, and insulin resistance (Smith et al., 2014; Wilson and Saseen 2016; Ragab et al., 2017). Gout is an inflammatory arthropathy caused by purine metabolism or uricosuric disorders and clinically manifested by acute recurrent arthritis, chronic arthritis, tophaceous gout, renal calculi, and urate nephropathy (Dalbeth et al., 2021). In particular, AGA has a predilection for the lower limb joints and appears as a rapidly progressing severe disorder with an abrupt onset, which reaches peak intensity within 6 h and undermines the quality of life of AGA patients as they suffer from swelling, thermalgia, and severe pain in the affected joint and its surrounding soft tissue (Tan et al., 1993).
Recent studies have demonstrated that AGA usually occurs when the articular cavity is oversaturated with urate crystals that elicit an inflammatory response (Wilson and Saseen 2016). Because primary gout is now not curable, clinical medication for the condition mainly aims to suppress uric acid (UA) synthesis, promote UA excretion and control its sudden onset. The adverse effects (e.g., gastrointestinal bleeding) on the body are caused by the combination of drugs such as colchicine, non-steroidal anti-inflammatory drugs (NSAIDs) and glucocorticoids (GCs) (Kogut et al., 2020). Therefore, the discovery of herbs for the treatment of AGA through the study of herbs has become a research hotspot.
In Shanghan Lun (also known as the Treatise on Cold Damage Diseases), Baihu decoction is a classic prescription composed of gypsum, Anemarrhena asphodeloides Bunge, Glycyrrhiza inflata Batalin, and polished round-grained rice. In modern medicine, Baihu decoction is useful to relieve fever, reduce inflammation and strengthen the immune system in patients with febrile conditions, rheumatoid arthritis (RA), and systemic inflammation (Zhang et al., 2013; He et al., 2019; Liu et al., 2021). A study by Le Shi et al. (Shi et al., 2021) found that Achyranthis bidentatae Radix and Lonicera japonica Thunb, which are consistent with the herbs in MBD, protected rats from monosodium urate-induced experimental gouty arthritis. We therefore think that MBD might have a similar effect on AGA.
Recently, ample evidence has demonstrated the dynamic interaction between the gut microbiota and the host innate and adaptive immune systems (Yoo et al., 2020). Gut dysbiosis can adversely affect the host immune response and accelerate the development of diverse inflammatory diseases, which also occur as a result of AGA-induced inflammation (Nieuwdorp et al., 2014). For instance, Prevotella, a bacterial species isolated from the gut microbiota in patients with RA, is reported to inhibit the development of arthritic problems (Rowland et al., 2018). In addition, how the gut microbiota affects UA metabolism has become an emerging research topic (Mendez-Salazar and Martinez-Nava 2022). As an independent marker or risk factor, UA is the end-product of endogenous purine metabolism, of which the conversion involves a series of enzymes that may lead to abnormal UA metabolism (Rowland et al., 2018; Mendez-Salazar et al., 2021). In addition to UA production and excretion, certain endogenous microorganisms are recognized as key players in UA metabolism (Choi and Song 2016; Pan et al., 2020). Compared with healthy individuals, hyperuricaemia (HUA) and gout patients experience differential changes in the gut microbiota (Zhang et al., 2013; Forbes et al., 2016; Kondratiuk et al., 2020). UA-lowering treatment can alter the gut microbiota composition, and probiotics seem antagonistic to abnormal UA metabolism (Kedia et al., 2021; Su et al., 2021). Therefore, it is expected to help identify molecular targets for the diagnosis and treatment of AGA by studying the interaction between the gut microbiota and UA metabolism and its effect on AGA. This study aims to show that intestinal flora plays a key role in the development of disease in AGA.
In this study, the AGA model was constructed using sodium urate and treated with MBD. MBD was given via gastric lavage to evaluate the efficacy and safety of MBD on AGA rats and to analyse the effect of MBD on the intestinal flora of AGA rats (Morrison and Preston 2016; Yun et al., 2017). Through the above experiments, this paper will elucidate the specific mechanism of MBD for the treatment of AGA by regulating intestinal flora and provide a scientific basis for MBD for the treatment of AGA.
MATERIALS AND METHODS
Animals
Male Sprague-Dawley (SD) rats, weighing 200–220 g, aged 6 weeks were purchased from Guangdong Medical Laboratory Animal Center (Certificate No. SCXK (Guangdong) 2013-0002). Five rats were kept in each cage, and they were housed in an environment at 22±1°C with 40% humidity and a 12 h photoperiod. All procedures are ethical for animal testing and approved by the Guangzhou Forevergen Biosciences Application for Laboratory Animal Welfare and Ethical review. IACUC Issue NO: IACUC-AEWC-F2112011.
The AGA group, which received the same amount of clean water by gavage coupled with each feeding of a high-fat meal and honey water (200 g/L), and the control group, which had a usual diet and drinking water, were divided into two groups of animals. The high-fat diet, honey water (200 g/L), and MBD gavage were given daily to the low MBD group (5.84 g/kg/d) and the high MBD group (35 g/kg/d). Along with the high-fat diet, the DS-pill group also received honey water (200 g/L) and diclofenac sodium extended-release pills (13.5 mg/kg/d) daily. We used sodium urate to create an AGA rat model on the 21st day of treatment. The right ankle joint of the rats was injected with sodium urate (0.1 mL/rat, 50 mg/ mL) and 1% sodium pentobarbital to generate acute gouty arthritis (Lin et al., 2020; Zhang et al., 2021). A similar dose of sodium chloride (0.9% concentration) was injected into the control group in the same spot.
Chemicals and Reagents
Uric acid sodium salt used to be bought from Sigma, batch quantity BCCB4889. Sodium dichlorophenolate sustained-release capsules have been bought from Novartis Pharmaceutical Co., Ltd., with the countrywide drug preferred of H10980297. Rat Interleukin 1β (IL-1β) ELISA Kit, Rat Tumor Necrosis Factor α (TNF-α) ELISA Kit, Rat Transforming Growth Factor β1 (TGF-β1) ELISA Kit had been bought from Wuhan Purity Biotechnology Co., Ltd. To kind organic obvious agent was once bought from Guangxi Cenxi Rosin Factory. Hematoxylin staining answer (Batch No. 181537) and eosin staining answer (Batch No. XH185207) have been bought from Wuhan Saiweier Biological Technology Co., Ltd. Ready-to-use UItraSensitive s-p hypersensitive package (rabbit), DAB coloration package bought from Maixin Biotechnology Co., Ltd. TNF-α antibody and IL-1β antibody had been bought from ABclonal Technology. NLRP3, ASC and Caspase-1 antibodies have been bought from Proteintech. High purity complete RNA fast extraction package (centrifugal column type) used to be bought from Beijing BioTeke Biotechnology Co., Ltd. HiScript II Q RT SuperMix for qPCR (+gDNA wiper).
Preparation and HPLC analysis of MBD
MBD consists of gypsum (120 g), Anemarrhena asphodeloides Bunge (20 g), Paeonia lactiflora Pall (20 g), Achyranthis bidentatae Radix (15 g), Corydalis yanhusuo (20 g), Phellodendron amurense Rupr. (15 g), Atractylodes lancea (30 g), Glycyrrhiza inflata Batalin (10 g), Coix lacryma-jobi L (30 g), Lonicera japonica Thunb (30 g), Reynoutria japonica Houtt (20 g), and Clematis chinensis Osbeck (20 g). All crude herbs were provided by Xing Yuan Chun Pharmacy in Guangzhou and licenced by Associate Professor Liangwen Yu. A packet of Chinese natural remedy (350 g) was soaked in 1 L of distilled water for 30 min and decocted in boiling water for 3 h. The solution was eliminated, and the residue was removed. The final solution was heated and targeted to 100 ml for the high concentration drug dose (3.5 g/ml). Then, 10 ml of the high-dose formula was taken, and 50 ml of distilled water was added for dilution to a low dose (0.584 g/ml). Raw substances were saved at room temperature. MBD preparations were saved at −40°C.
HPLC-MBD evaluation was carried out at 220 nm for protocatechuic aldehyde, chlorogenic acid, puerarin, caffeic acid, paeoniflorin, polydatin, luteolin, quercetin, and naringenin using a Thermo Scientific U3000 HPLC system. Chromatographic separation was accomplished using a Phenomenon®Luna-C18 analytical column (4.6 mm × 250 mm, 5 μm). Protocatechuic aldehyde (lot numbers: 110810-201007, purity: 98.20%, CAS: 139-85-5), chlorogenic acid (lot numbers: 140687-201503, purity: 99.90%, CAS: 327-97-9), puerarin (lot numbers: HP148456198, purity: 98.0%, CAS: 3681-99-0), caffeic acid (lot numbers: 110885-200102, purity: 98.20%, CAS: 331-39-5), paeoniflorin (lot numbers: 110736-201337, purity: 94.90%, CAS: 23180-57-6), polydatin (lot numbers: ZM0530LA14, purity: 98.0%, CAS: 65914-17-2), luteolin (lot numbers: HL090610298, purity: 98.0%, CAS: 491-70-3), quercetin (lot numbers: 05-2013, purity: 98.0%, CAS: 117-39-5), and naringenin (lot numbers: HN206559198, purity: 98.0%, CAS: 67604-48-2) were from China Academy of Food and Drug Testing and Certification. Ten millilitres of the decocted and filtered solution of MBD in a water bath were evaporated and dried. The samples were filtered via a microporous membrane. Chromatographic conditions: Phenomenon Luna C18 2) 100A (4.6 mm × 250 mm, 5 µm). Acetonitrile (A) 0.1% phosphoric acid (B) was the amobile phase. The flow charge used was 1 ml/min, and the column temperature was 25 °C. The detection wavelength used was 220 nm. The injection volume of the standard was 10 μL or 5 μL, and the injection volume of the sample for the test was 20 μl.
Toe swelling evaluation
Toe swelling was measured by using a Vernier calliper before and 0, 4, 8, 24, and 48 h after uric acid sodium salt injection to consider the incidence of arthritis. The swelling was calculated using the following formula: toe swelling diploma (mm) = b-a, where the place b is the proper hind paw swelling diploma after inflammation, and a is the proper hind paw swelling diploma before irritation (Wu et al., 2018).
Histopathology
Ankle synovial tissue, kidney, and liver tissue sections were fixed with 4% paraformaldehyde solution overnight, dehydrated, embedded in paraffin blocks and sectioned at 3 µm. The sections were further deparaffinized and hydrated and then stained with haematoxylin-eosin (H&E). The staining results were observed under a positive phase contrast microscope.
Biochemical analysis
After blood collection, blood samples were left to stand for a single day at 4 °C and centrifuged at 3000 × g for 15 min. The supernatant was taken for biochemical detection with a Roche biochemical analyser. The levels of creatinine (Cr), UA, total protein (TP), albumin (ALB), C-reactive protein (CRP), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) in serum were detected.
Elisa
After ankle joint injection of uric acid sodium salt for 48 h, the rats were anaesthetized via intraperitoneal injection, blood was collected from the stomach aorta, and serum was separated. The levels of IL-1β, TNF-α, and TGF-β1 in the serum of rats were detected using the appropriate test kit according to the manufacturer’s instructions (Wuhan Pure Biotechnology Co., Ltd.).
Immunohistochemistry
The expression of TNF-α, IL-1β, NLRP3, ASC, and Caspase-1 in synovial tissue was detected by the immunohistochemical SP method. The synovial tissue was transparently immersed in 58–60°C paraffin with the aid of gradient alcohol and dehydrated in xylene for embedding; paraffin blocks were sectioned into 3-μm slices with the aid of a slicer, and then the slices were displayed in a 42°C water bath. After baking at 60°C, the slices were incubated for 1 day at 37°C. Then, dewaxing, gradient ethanol hydration, and high-temperature repair were performed. The tissues were circled with an immunohistochemical pen and incubated with PBS for 15 min. Each area was treated with 50 μl peroxidase blockading answer (reagent A) to block the endogenous peroxidase activity, incubated at room temperature for 15 min, and washed with PBS 3 times for 3 min each time. Each area was brought with 50 μL of non-immune animal serum (reagent B) and incubated at room temperature for 30 min. Each area received 50 μL primary antibody working solution (TNF-α, IL-1β, NLRP3, ASC dilution ratio used to be 1:200, Caspase-1 dilution ratio used to be 1: 400) and incubated at 4°C. Slices were rinsed three times for 10 min each in PBS. Each slice was treated with 50 μl of biotin-labelled secondary antibody (reagent C), incubated at room temperature for 40 min, and washed with PBS three times for 3 min each time. Each slice was treated with 50 μl streptavidin-peroxidase answer (reagent D), incubated at room temperature for 15 min, and washed with PBS 3 times for 3 min each time. Then, 100 μl freshly organized DAB solution was added to every area and the slices were visualized under a microscope.
Sequencing and analysis of 16S rDNA of faecal samples
The rat droppings were collected 1 hour prior to execution. The sequencing was carried out via Guangzhou Genedenovo Biotechnology Co., Ltd. Qualified DNA was once amplified with broad-range bacterial primers (341F: 5′-CCTACGGGNGGCWGCAG-3′ and 806R: 5′-GGACTACHVGGGTWTCTAAT-3′) concentrated on the V3-V4 location of the 16S rRNA gene. After genomic DNA was extracted from the samples, the conserved area of rDNA was amplified with particular primers with barcodes, and then the PCR amplification product was recovered via gel cutting and quantified using a QuantiFluorTM fluorescence spectrometer. The purified amplification products were blended in equal amounts, sequencing connectors were ligated, sequencing libraries were constructed, and Illumina PE250 was used for sequencing. After the raw reads were sequenced, we first filtered the low quality reads using FASTP software, then assembled them, spliced the double-ended reads into tags using FLASH software, and then filtered the tags to reap the statistics known as Clean tag. Next, we used the UPARSE algorithm of USEARCH software program to operate clustering primarily based on Clean Next. The clustering was carried out primarily based on Clean tag using USEARCH software’s UCHIME algorithm to eliminate the chimeric tag detected throughout the clustering comparison, and the final record obtained was the effective tag. After acquiring OTUs, OTU abundance records were carried out primarily based on the effective tag.
RESULTS
HPLC analysis of modified Baihu decoction
Because of the anti-inflammatory and uric acid-lowering consequences of MBD, HPLC was used once to screen the components accountable for the identified benefits. A total of nine advantageous compounds were detected in crude MBD extracts (Figure 1). The contents of protocatechuic aldehyde, chlorogenic acid, puerarin, caffeic acid, paeoniflorin, polydatin, luteolin, quercetin, and naringenin in MBD were 32.98 μg/g, 5.70 μg/g, 450.66 μg/g, 93.86 μg/g, 304.33 μg/g, 415.69 μg/g, 192.95 μg/g, 14.10 μg/g, and 27.94 μg/g, respectively (Supplementary Datasheet S1). Various principal elements in MBD, consisting of puerarin, paeoniflorin, polydatin, and luteolin, have anti-inflammatory properties.
[image: Figure 1]FIGURE 1 | MBD chromatogram obtained by filtration of water extraction, evaporation in a water bath and dissolution in methanol. The X-axis is the retention time, and the Y-axis is the absorbance unit. 1. Protocatechuic aldehyde, 2. Chlorogenic acid, 3. Puerarin, 4. Caffeic acid, 5. Paeoniflorin, 6. Polydatin, 7. Luteolin, 8. Quercetin, and 9. Naringenin.
Effect of MBD on crystalline foot swelling with uric acid sodium salt
As severe pain and swelling of the joints and periarticular areas are the most common symptoms of gout, we first investigated whether MBD ameliorated uric acid sodium salt-induced joint swelling. The body weight of the rats showed an increasing trend throughout the experimental cycle (Figure 2A). There was no significant difference in toe swelling between the groups prior to the injection of sodium urate. Four hours after the injection of sodium urate into the ankle joint of rats, the toes of rats in all groups except the control group were significantly swollen (Figure 2B), and the swelling peaked 8 h after the injection (Figure 2C). Toe swelling decreased with time after 8 h (Figure 2D). Compared with the AGA group, the MBD high- and low-dose groups had obvious effects on relieving toe swelling in rats. In addition, the DS-table group could significantly reduce the swelling of rat toes. There was no significant difference between MBD and DS tablets in reducing toe swelling (Figure 2E).
[image: Figure 2]FIGURE 2 | Effect of MBD on body weight and ankle swelling in AGA rats. (A) Changes in body weight. (B) Change in ankle swelling 4 h after injection. (C) Change in ankle swelling 8 h after injection. (D) Change in ankle swelling 24 h after injection. (E) Change in ankle swelling 48 h after injection. *p < 0.05, **p < 0.01, ***p < 0.001 indicated that the difference was statistically significant compared with the control group; #p < 0.05, # #p < 0.01, # # # #p < 0.001 compared with the AGA group, the difference was statistically significant. N = 6/group.
Pathological effects of MBD on sodium urate-induced synovial tissue and liver and kidney
In the synovial tissue, the AGA group showed proliferation of synovial cells, formation of multiple vascular opacities, interstitial oedema, and multiple inflammatory cell infiltrations. High doses of MBD effectively improved synovial cell proliferation and reduced vascular opacities and interstitial oedema (Figure 3A). In liver tissue, hepatocytes in the AGA group showed large patches of coagulative necrosis, with numerous inflammatory cell infiltrates and fibroblast proliferation. In the High MBD group, the hepatocytes were arranged radially along the central vein with a small amount of localized focal accumulation of inflammatory cells, while in the Low MBD group, the necrotic area of hepatocytes was located around the central vein with localized infiltration of inflammatory cells (Figure 3B). In the kidney tissue, there was a large amount of inflammatory cells infiltrating around the glomerulus and a small amount of focal accumulation of inflammatory cells and fibroblast proliferation in the tubules of the AGA group, while there was a small amount of inflammatory cells infiltrating around the glomerulus and a small amount of focal accumulation of inflammatory cells in the tubules of the High MBD group (Figure 3C).
[image: Figure 3]FIGURE 3 | Pathological effects of MBD on sodium urate-induced synovial tissue and liver and kidney. (A) Synovial tissue. (B) Liver. (C) Kidney. Positive phase contrast microscope, magnification 400x.
Effect of MBD on liver and kidney functions in rats with gouty arthritis
Changes in liver and kidney metabolic function are regarded as a factor in gout. MBD and diclofenac sodium tablets can significantly alleviate the symptoms of gouty arthritis in rats induced by UA sodium salt, and the efficacy of different doses of MBD in the treatment of gouty arthritis is similar. To further clarify the effect of MBD on the changes in liver and kidney metabolism in rats with gouty arthritis, biochemical analysis was performed on the serum of rats. Cr, UA, TP, ALB, CRP, AST and ALT levels were detected. UA levels were significantly higher in the AGA group than in the control group, and both MBD and DS tablets reduced UA levels compared to the AGA group (Figures 4A–C). Cr, CRP and ALT levels were not significantly different between groups (Figures 4D–F), and AST levels were significantly lower (Figure 4G). The results indicated that oral MBD could alleviate the gout symptoms caused by a high-fat and high-sugar diet and sodium urate injection and restore the changes in liver and kidney metabolism caused by gouty arthritis, and MBD did not cause liver and kidney damage.
[image: Figure 4]FIGURE 4 | Effect of MBD on liver and kidney metabolic function and the expression of (A) uric acid (UA). (B) Total protein (TP). (C) Albumin (ALB). (D) Creatinine (Cr). (E) C-reactive protein (CRP). (F) Alanine aminotransferase (ALT). (G) Aspartate aminotransferase (AST) in serum (n = 6/group). *p < 0.05, * *p < 0.01, * * *p < 0.001 indicated that the difference was statistically significant compared with the Control group; #p < 0.05, # #p < 0.01, # # #p < 0.001 compared with the AGA group, the difference was statistically significant. “ns” represents not significant.
Effect of MBD on the expression of IL-1β, TNF-α and TGF-β1
The levels of IL-1β, TNF-α and TGF-β1 in the serum of rats were used as indicators to evaluate the effect of MBD on gouty arthritis rats. Therefore, we studied the effect of MBD on the expression of IL-1β, TNF-α and TGF-β1. After injection of uric acid sodium salt into the ankle joint of rats, the levels of these three cytokines were detected by ELISA. The results showed that after the injection of sodium urate into the ankle joint of rats, the expression of IL-1β, TNF-α and TGF-β1 in the serum of rats was significantly increased compared with that in the blank group. Compared with the AGA group, the expression of IL-1β in the DS-tablet group and the high MBD group was significantly decreased (Figure 5A), and the expression of TNF-α in the DS-tablet group was also decreased, but there was no significant difference in the MBD group (Figure 5B). In addition, the expression of the TGF-β1 factor in the high MBD group was significantly reduced (Figure 5C). These results suggest that MBD can effectively inhibit the expression levels of these proinflammatory factors, thereby reducing the development of gouty arthritis.
[image: Figure 5]FIGURE 5 | Effect of MBD on IL-1β, TNF-α and TGF-β1 expression levels in the serum of gouty arthritis rats. (A) IL-1β. (B) TNF-α. (C) TGF-β1. *p < 0.05, **p < 0.01, ***p < 0.001 indicate that the difference was statistically significant compared with the control group. #p < 0.05, ##p < 0.01, ###p < 0.001 compared with the AGA group, the difference was statistically significant.
Effect of MBD on protein expression in synovial tissue of gouty arthritis rats
The NLRP3 inflammasome is one of the chronic inflammatory pathways that regulate the body, and its components include NLRP3, ASC, and Caspase-1. NLRP3, the receptor, acts as an endogenous and exogenous risk signal, activates Caspase-I, upregulates IL-1β secretion and promotes the maturation and secretion of inflammatory cytokines. The expression of TNF-α, IL-1β, NLRP3, ASC, and Caspase-1 in synovial tissue was detected by the immunohistochemical SP method. From the experimental results, the expression of TNF-α, IL-1β, NLRP3, ASC, and Caspase-1 in the cytoplasm of synovial tissue was significantly upregulated in the AGA group compared with the control group. The results of the expression of TNF-α, IL-1β, NLRP3, ASC, and Caspase-1 in each treatment group compared to the AGA group indicated that the addition of MBD could effectively inhibit the expression of TNF-α, IL-1β, NLRP3, ASC and Caspase-1 proteins in the synovial tissue of rats with sodium urate-induced gouty arthritis (Figure 6).
[image: Figure 6]FIGURE 6 | Expression of TNF-α, IL-1β, NLRP3, ASC and Caspase-1 in synovial tissue. Positive phase contrast microscope, magnification 400x.
MBD regulates microbial community structure
Mounting evidence has proven that gut dysbiosis is a pivotal factor in acute gouty arthritis and that TCM can regulate the composition and function of gut microbiota. We next sequenced the bacterial V3-V4 region of the 16S rDNA gene to profile gut microbiota composition between normal and acute gouty arthritis in rats and evaluated the influence of MBD on the intestinal flora. A total of 2628101 tags were generated, with an average of 105124 tags per sample (Supplementary Figure S1). The rank abundance distribution curves of all samples tended to be flat, indicating that the amount of sequencing data was reasonable and the depth of sequencing was appropriate (Figure 7A). The alpha diversity indices for the Shannon index were significantly different among the various groups (Figure 7B). In addition, in conjunction with the ANOSIM grouping test, our analysis of the ranking results based on the unweighted UniFrac distances between samples showed that there were differences between the groups and that the statistical results were significantly different (Figure 7C). Both MBD and DS tablets could promote microbial richness and diversity. Hierarchical clustering analysis revealed that DS tablet-treated rats had a microbial community similar to that of acute gouty arthritis rats, while the microbiomes of MBD-treated rats were structured differently (Figure 7D). PCoA showed that samples could be separated based on the microbial community structure. The intragroup distance was smaller than the intergroup distance, showing that the microbiota composition of rats within the same group was almost the same as that of rats from a different group (Figure 7E). MBD can uniquely regulate the structure of the intestinal flora.
[image: Figure 7]FIGURE 7 | MBD regulated the microbial community structure. (A) Rank abundance curves provide a visual representation of the richness and uniformity of the taxa contained in the sample. (B) Effects of MBD on Shannon indices. (C) Analysis of similarity (ANOSIM) is a non-parametric test of the structure of microbial communities. The figure “between” is a visualization of the values of the distribution of distances between groups. Generally, R > 0.75: large differences; R > 0.5: moderate differences, R > 0.25: small differences. The confidence level of the statistical analysis is expressed as the p-value, with p < 0.05 indicating statistical significance. (D) Hierarchical clustering analysis at the OTU level. (E) Based on data results from unweighted UniFrac between samples. *p < 0.05, **p < 0.01, ***p < 0.001 indicate that the difference was statistically significant compared with the control group. #p < 0.05, ##p < 0.01, ###p < 0.001 compared with the AGA group, the difference was statistically significant.
Effect of MBD on the relative abundance of gut microbiota in rats with gouty arthritis
Based on 16S rDNA gene sequencing, we observed that Lachnospiraceae, Lactobacillaceae, Muribaculaceae, Erysipelotrichaceae, Ruminococcaceae, Bifidobacteriaceae, Peptostreptococcaceae, and Prevotellaceae are the eight most common families. MBD restored the abundance of Lactobacillaceae, but DS tablets mainly altered the abundance of Lachnospiraceae, suggesting that these two drugs have different regulatory mechanisms (Figure 8A). LEFSE analysis showed that 58 bacterial genera were depleted in AGA rats, while 40 genera were enriched in these same samples (Figure 8B). It is worth noting that the abundance of bacteria capable of secreting short-chain fatty acids (SCFAs) was significantly reduced in the intestine of AGA rats (Figure 8B). Welch’s t test was used for the analysis of variance at the family level for the two subgroups. From the results, there were significant differences between the control and AGA groups for several genera of Lactobacillaceae, Lachnospiraceae, Prevotellaceae, and Bifidobacteriaceae (Figure 8C). A series of Spearman’s correlations were further conducted to elucidate the association between characteristic flora and symptoms of AGA. As shown in Figure 8D, compared to the control group, the abundance of Lachnospiraceae, Muribaculaceae and Bifidobacteriaceae increased in rats with AGA, while the abundance of Lactobacillaceae, Ruminococcaceae, Prevotellaceae and Peptostreptococcaceae showed a significant decrease in abundance (Figure 8D). Among them, Ruminococcaceae is the main microorganism that converts primary bile acids into secondary bile acids (the abundance of this group decreased in patients with ulcerative colitis), and Prevotellaceae is thought to be associated with the synthesis of SCFAs, the lack of which weakens their protective effect on the intestinal mucosal barrier and may lead to increased levels of enterogenic endotoxins. After treatment with MBD intervention, the disease-induced changes in flora abundance were restored (Figure 8E).
[image: Figure 8]FIGURE 8 | Effect of MBD on the relative abundance of various gut microbiota constituents in rats with gouty arthritis. (A) Differences in gut microbiota at the family level. (B) LEFSE analysis between the control group and the AGA group. (C) Differences at the genus level (phylum to species level, filtering for species whose sum of abundance in all samples was less than 0.1%) between the control and AGA groups were analysed using Welch’s t test, with a threshold of p < 0.05 (or 0.01) and a smaller p-value indicating a more significant difference. (D) Analysis of the correlation between characteristic intestinal flora and acute gouty arthritis symptoms. Positive correlations are displayed in red, and negative correlations are displayed in blue. The intensity of the colour is proportional to the correlation coefficient. (E) Relative abundance of characteristic intestinal flora after MBD and DS tablet treatment. *p < 0.05, * *p < 0.01, * * *p < 0.001 indicated that the difference was statistically significant compared with the Control group; #p < 0.05, # #p < 0.01, # # #p < 0.001 compared with the AGA group, the difference was statistically significant “ns” represents not significant.
DISCUSSION
The purine metabolism disease that causes gouty arthritis causes a rise in blood uric acid, the precipitation of urate crystals, and involvement of the joint capsule, joint synovium, cartilage bone, and surrounding connective tissue (Desai et al., 2017). People’s everyday lives are significantly impacted by the extreme pain brought on by acute attacks (Terkeltaub 2017). There has been much research in recent years that suggests there may be a link between gut flora and gouty arthritis (Chu et al., 2021). In the human body, the intestine has the largest microecological environment. Because it regulates host immunity and energy balance, the gut microbiota is thought of as an endocrine organ. Human health, particularly immunity and metabolism, is significantly impacted by gut microbiota imbalance (Kogut et al., 2020). In the context of increased serum uric acid levels, urate crystals precipitate and accumulate in the joint cavity, causing joint inflammation. However, changes in the gut microbiota during the progression of AGA lead to metabolic disturbances. The production of abnormal metabolites causes peripheral inflammation and exacerbates the symptoms of AGA (Figure 9). These insights into the pathogenesis of AGA may provide a new therapeutic solution by reorganizing the gut microbiota to favourably alleviate the symptoms of AGA.
[image: Figure 9]FIGURE 9 | Correlations of arthritis with gut microbiota and UA metabolism. Along with the deposition of sodium urate in the joint cavity, intestinal bacterial disorders during the progression of AGA lead to abnormal uric acid metabolism and a rise in serum uric acid levels, accompanied by an inflammatory response (left panel). Oral administration of MBD with added flavour can restore the disorder of intestinal flora caused by AGA, normalize the metabolic disorder and reduce the peripheral inflammatory response, thus improving the symptoms of AGA (right panel).
New views and methods for comprehending and treating gouty arthritis have been developed as a result of the growing understanding of the part that gut flora plays in the condition (Henson 2021). According to studies, the Muribaculaceae, Ruminococcaceae, Lachnospiraceae, Lactobacillaceae, and Prevotellaceae families are the dominant flora in the rat intestine, with Muribaculaceae accounting for more than 20% of the total bacterial abundance. Additionally, research on the role of Prevotellaceae in human rheumatoid arthritis and arthritis in mouse models revealed that patients with rheumatoid arthritis had higher levels of Prevotellaceae in their intestines (Maeda et al., 2016). A different study, however, suggested that P. histicola might prevent the onset of arthritis (Marietta et al., 2016). These findings provide credence to the idea that different Prevotella species affect arthritis in various ways. In this work, MBD gavage was used to investigate the relationship between intestinal flora and a model of AGA caused by sodium urate. Intestinal flora and AGA have been linked, according to Xiaoying Lin et al. They used serum proinflammatory factors and intestinal ecology to explain how Simiao Decoction works to treat AGA (Lin et al., 2020). By employing a computer study of 16S rRNA gene amplicon sequence data in stool samples from gout patients and healthy controls, Michael A. Henson further demonstrated that the gut flora is disrupted in gout (Henson 2021). Furthermore, Nobuhito Nemoto et al. showed that the immunological and gut flora distribution varied between the acute and recurring phases of arthritis, with significant alterations in gut immunity and the environment as arthritis advanced (Nemoto et al., 2020). In conclusion, the intestinal flora modulates the development of AGA induced by sodium urate, but more research is required to pinpoint the precise mechanism underlying this relationship.
Numerous randomized trials have shown that Baihu Jia Guizhi Decoction, which is based on the traditional prescription Baihu Decoction, is a potent medication for the treatment of joint disease and can reduce rheumatoid arthritis inflammation by modulating the succinate SUCNR1 metabolic signalling pathway (Chen et al., 2019). Although the anti-inflammatory properties of Baihu Decoction have also been linked to the treatment of sepsis and systemic inflammatory response syndrome by lowering blood glucose levels, nothing is known about its anti-inflammatory effects on AGA, and the mechanism of action is still unclear (Yang and Hou 2010). In our work, MBD substantially reduced sodium urate-induced rat toe oedema without discernible adverse effects after just 21 days. The addition of MBD also reduced the expression of IL-1β and TGF-β1 in serum, alleviated synovial inflammation (NLRP3, TNF-α, IL-1β, NLRP3, ASC, Caspase-1), and restored the abundance of bacteria caused by disease.
An increasing number of studies have recently examined how herbal medicines and gut microbes interact. Chinese herbal remedies that are taken orally have the ability to change the makeup of intestinal microbes, control their metabolism, and transform herbal remedies into herbal compounds after digestion (Feng et al., 2019). This interaction results in the production of herbal substances modified by intestinal bacteria and intestinal microbial metabolites. In this study, we found a strong association between gut microbiota imbalance (i.e., dysbiosis) and AGA development. The gut serves as a dominant organ for UA distribution, a potential target for UA suppression and a key pathway for extrarenal UA elimination (Yun et al., 2017). Bacteria in the gut are able to decompose UA to allantoin (Vieira et al., 2015). Despite the limited understanding of the mechanism underlying the interaction between the gut microbiota and UA metabolism, the gut microbiota has been widely recognized to play a crucial role in UA excretion. A study reported a reduced blood uric acid (BUA) level in Bacteroides fragilis (BF) gnotobiotic mice (Hsu et al., 2015). Lactobacillus PA3 in the gut helps prevent and mitigate gout by reducing the UA level via the purine metabolism pathway. Another study revealed that the UA level in bacteria-containing fat bodies increased by 20 times when the symbiotic bacteria in these bodies were killed by antibiotics, which might be attributed to UA recycling by Blattabacteria (Maeda et al., 2016). With the development of the global economy, the Chinese population has somewhat been affected by the purine-heavy, high-fat Western diet, which presents a real challenge to the gut microbiota and genomes. In an organism with low purine intake, the gut microbiota can recycle urea and uric acid to synthesize essential amino acids for the host (Zhu et al., 2018). Therefore, the serum UA level depends heavily on the gut’s ability to metabolize UA (Lim et al., 2014). As an independent marker or risk factor, UA is the end-product of endogenous purine metabolism, of which the conversion suggests the involvement of a series of enzymes that may lead to abnormal UA metabolism (Pan et al., 2020). UA production and excretion are two key players in its metabolism, while certain endogenous microorganisms have been found to play a specific role in UA metabolism (Mendez-Salazar et al., 2021). Compared with healthy individuals, hyperuricaemia (HUA) (Vieira et al., 2015) and gout patients experience differential changes in the gut microbiota (Szulinska et al., 2018). The gut microbiota composition is altered following medical treatment to reduce UA, while probiotics produce an antagonistic effect on abnormal UA metabolism (Yun et al., 2017; Yu et al., 2018; Mendez-Salazar et al., 2021).
In conclusion, animal studies and clinical trials have shown that gut flora can prevent and treat autoimmune disorders by modifying immune function. It has been proposed that examining gout patients’ gut flora rather than only measuring serum uric acid levels may help predict illness earlier and more precisely (Guo et al., 2016). There will be a greater understanding of the mechanisms by which gut flora regulate immune function with the development of bacteraemia, metabolomics, and genomics, but the complexity of their interactions with the human body due to the abundance and diversity of gut flora, the various metabolites of particular gut microbes, and the interactions between different species of gut flora suggest the need to study not only the different species of gut flora but also to concentrate on their interactions. This emphasizes the necessity to research not only the various gut flora but also how the disease is influenced by the balance of these bacteria. Even so, further research is necessary to fully understand the effects of gut microbiota on the immune system in gout and which gut bacteria affect urate breakdown in the host. The available results do, however, point in a direction for future research: by examining the gut microbiota distribution characteristics in gout patients, the ecological balance can be restored through targeted gut microbiota manipulation for the ultimate goal of treating the condition (An et al., 2019).
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.
ETHICS STATEMENT
The animal study was reviewed and approved by the Experimental Animal Welfare Ethics Review Committee of Guangzhou Yongnuo Biological Animal Center. Written informed consent was obtained from the owners for their animals to participate in this study.
AUTHOR CONTRIBUTIONS
XW, HL, and MC conceived and proposed the idea and designed the study. Performed the experiments. XW, HL participated in the data analysis and contributed to writing and reading the manuscript. SX, GL, and ZL provided theoretical guidance for the article revisions and suggestions. All authors contributed to the article and approved the submitted version.
FUNDING
This work was funded by the Hainan Provincial Department of Science and Technology (Project No. 819MS147) and by the Hainan Health Industry (Project No. 21A200301). Scientific Research Project of Guangdong Provincial Bureau of Traditional Chinese Medicine, Project No. 20202047. Guangdong Provincial Bureau of Traditional Chinese Medicine Scientific Research Project, Project No. 20211099.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2022.1023453/full#supplementary-material
REFERENCES
 Afinogenova Y., Danve A., Neogi T. (2022). Update on gout management: What is old and what is new. Curr. Opin. Rheumatol. 34 (2), 118–124. doi:10.1097/BOR.0000000000000861
 An X., Bao Q., Di S., Zhao Y., Zhao S. Zhang H., et al. (2019). The interaction between the gut Microbiota and herbal medicines. Biomed. Pharmacother. 118, 109252. doi:10.1016/j.biopha.2019.109252
 Batt C., Phipps-Green A. J., Black M. A., Cadzow M., Merriman M. E. Topless R., et al. (2014). Sugar-sweetened beverage consumption: A risk factor for prevalent gout with SLC2A9 genotype-specific effects on serum urate and risk of gout. Ann. Rheum. Dis. 73 (12), 2101–2106. doi:10.1136/annrheumdis-2013-203600
 Chen H., Pan T., Liu P., Wang P., Xu S. (2019). Baihu Jia Guizhi decoction improves rheumatoid arthritis inflammation by regulating succinate/SUCNR1 metabolic signaling pathway. Evid. Based. Complement. Altern. Med. 2019, 3258572. doi:10.1155/2019/3258572
 Choi S. T., Song J. S. (2016). Serum procalcitonin as a useful serologic marker for differential diagnosis between acute gouty attack and bacterial infection. Yonsei Med. J. 57 (5), 1139–1144. doi:10.3349/ymj.2016.57.5.1139
 Chu Y., Sun S., Huang Y., Gao Q., Xie X. Wang P., et al. (2021). Metagenomic analysis revealed the potential role of gut microbiome in gout. NPJ Biofilms Microbiomes 7 (1), 66. doi:10.1038/s41522-021-00235-2
 Dalbeth N., Gosling A. L., Gaffo A., Abhishek A. (2021). Gout. Lancet 397, 1843–1855. doi:10.1016/S0140-6736(21)00569-9
 Desai J., Steiger S., Anders H. J. (2017). Molecular pathophysiology of gout. Trends Mol. Med. 23 (8), 756–768. doi:10.1016/j.molmed.2017.06.005
 Feng W., Ao H., Peng C., Yan D. (2019). Gut microbiota, a new frontier to understand traditional Chinese medicines. Pharmacol. Res. 142, 176–191. doi:10.1016/j.phrs.2019.02.024
 Forbes J. D., Van Domselaar G., Bernstein C. N. (2016). The gut microbiota in immune-mediated inflammatory diseases. Front. Microbiol. 7, 1081. doi:10.3389/fmicb.2016.01081
 Guo Z., Zhang J., Wang Z., Ang K. Y., Huang S. Hou Q., et al. (2016). Intestinal microbiota distinguish gout patients from healthy humans. Sci. Rep. 6, 20602. doi:10.1038/srep20602
 He Y., Ci X., Xie Y., Yi X., Zeng Y. Li Y., et al. (2019). Potential detoxification effect of active ingredients in liquorice by upregulating efflux transporter. Phytomedicine 56, 175–182. doi:10.1016/j.phymed.2018.10.033
 Henson M. A. (2021). Interrogation of the perturbed gut microbiota in gouty arthritis patients through in silico metabolic modeling. Eng. Life Sci. 21 (7), 489–501. doi:10.1002/elsc.202100003
 Hsu Y. J., Chiu C. C., Li Y. P., Huang W. C., Huang Y. T. Huang C. C., et al. (2015). Effect of intestinal microbiota on exercise performance in mice. J. Strength Cond. Res. 29 (2), 552–558. doi:10.1519/JSC.0000000000000644
 Huddleston E. M., Gaffo A. L. (2022). Emerging strategies for treating gout. Curr. Opin. Pharmacol. 65, 102241. doi:10.1016/j.coph.2022.102241
 Kedia S., Ghosh T. S., Jain S., Desigamani A., Kumar A. Gupta V., et al. (2021). Gut microbiome diversity in acute severe colitis is distinct from mild to moderate ulcerative colitis. J. Gastroenterol. Hepatol. 36 (3), 731–739. doi:10.1111/jgh.15232
 Keller S. F., Mandell B. F. (2021). Management and cure of gouty arthritis. Med. Clin. North Am. 105 (2), 297–310. doi:10.1016/j.mcna.2020.09.013
 Kogut M. H., Lee A., Santin E. (2020). Microbiome and pathogen interaction with the immune system. Poult. Sci. 99 (4), 1906–1913. doi:10.1016/j.psj.2019.12.011
 Kondratiuk V. E., Tarasenko O. M., Karmazina O. M., Taranchuk V. V. (2020). Impact of the synbiotics and urate-lowering therapy on gut microbiota and cytokine profile in patients with chronic gouty arthritis. J. Med. Life 13 (4), 490–498. doi:10.25122/jml-2020-0065
 Lim M. Y., Rho M., Song Y. M., Lee K., Sung J., Ko G. (2014). Stability of gut enterotypes in Korean monozygotic twins and their association with biomarkers and diet. Sci. Rep. 4, 7348. doi:10.1038/srep07348
 Lin X., Shao T., Huang L., Wen X., Wang M. Wen C., et al. (2020). Simiao decoction alleviates gouty arthritis by modulating proinflammatory cytokines and the gut ecosystem. Front. Pharmacol. 11, 955. doi:10.3389/fphar.2020.00955
 Liu K., Han S., Gao W., Tang Y., Han X. Liu Z., et al. (2021). Changes of mineralogical properties and biological activities of gypsum and its calcined products with different phase structures. Evid. Based. Complement. Altern. Med. 2021, 6676797. doi:10.1155/2021/6676797
 Maeda Y., Kurakawa T., Umemoto E., Motooka D., Ito Y. Gotoh K., et al. (2016). Dysbiosis contributes to arthritis development via activation of autoreactive T cells in the intestine. Arthritis Rheumatol. 68 (11), 2646–2661. doi:10.1002/art.39783
 Marietta E. V., Murray J. A., Luckey D. H., Jeraldo P. R., Lamba A. Patel R., et al. (2016). Suppression of inflammatory arthritis by human gut-derived Prevotella histicola in humanized mice. Arthritis Rheumatol. 68 (12), 2878–2888. doi:10.1002/art.39785
 Mendez-Salazar E. O., Martinez-Nava G. A. (2022). Uric acid extrarenal excretion: The gut microbiome as an evident yet understated factor in gout development. Rheumatol. Int. 42 (3), 403–412. doi:10.1007/s00296-021-05007-x
 Mendez-Salazar E. O., Vazquez-Mellado J., Casimiro-Soriguer C. S., Dopazo J., Cubuk C. Zamudio-Cuevas Y., et al. (2021). Taxonomic variations in the gut microbiome of gout patients with and without tophi might have a functional impact on urate metabolism. Mol. Med. 27 (1), 50. doi:10.1186/s10020-021-00311-5
 Morrison D. J., Preston T. (2016). Formation of short chain fatty acids by the gut microbiota and their impact on human metabolism. Gut Microbes 7 (3), 189–200. doi:10.1080/19490976.2015.1134082
 Nemoto N., Takeda Y., Nara H., Araki A., Gazi M. Y. Takakubo Y., et al. (2020). Analysis of intestinal immunity and flora in a collagen-induced mouse arthritis model: Differences during arthritis progression. Int. Immunol. 32 (1), 49–56. doi:10.1093/intimm/dxz058
 Nieuwdorp M., Gilijamse P. W., Pai N., Kaplan L. M. (2014). Role of the microbiome in energy regulation and metabolism. Gastroenterology 146 (6), 1525–1533. doi:10.1053/j.gastro.2014.02.008
 Pan L., Han P., Ma S., Peng R., Wang C. Kong W., et al. (2020). Abnormal metabolism of gut microbiota reveals the possible molecular mechanism of nephropathy induced by hyperuricemia. Acta Pharm. Sin. B 10 (2), 249–261. doi:10.1016/j.apsb.2019.10.007
 Ragab G., Elshahaly M., Bardin T. (2017). Gout: An old disease in new perspective - a review. J. Adv. Res. 8 (5), 495–511. doi:10.1016/j.jare.2017.04.008
 Rowland I., Gibson G., Heinken A., Scott K., Swann J. Thiele I., et al. (2018). Gut microbiota functions: Metabolism of nutrients and other food components. Eur. J. Nutr. 57 (1), 1–24. doi:10.1007/s00394-017-1445-8
 Shi L., Yuan Z., Liu J., Cai R., Hasnat M. Yu H., et al. (2021). Modified Simiaowan prevents articular cartilage injury in experimental gouty arthritis by negative regulation of STAT3 pathway. J. Ethnopharmacol. 270, 113825. doi:10.1016/j.jep.2021.113825
 Smith E., Hoy D., Cross M., Merriman T. R., Vos T. Buchbinder R., et al. (2014). The global burden of gout: Estimates from the global burden of disease 2010 study. Ann. Rheum. Dis. 73 (8), 1470–1476. doi:10.1136/annrheumdis-2013-204647
 Su X., Zhu Z. H., Zhang L., Wang Q., Xu M. M. Lu C., et al. (2021). Anti-inflammatory property and functional substances of lonicerae japonicae caulis. J. Ethnopharmacol. 267, 113502. doi:10.1016/j.jep.2020.113502
 Szulinska M., Loniewski I., van Hemert S., Sobieska M., Bogdanski P. (2018). Dose-dependent effects of multispecies probiotic supplementation on the lipopolysaccharide (lps) level and cardiometabolic profile in obese postmenopausal women: A 12-week randomized clinical trial. Nutrients 10 (6), 773. doi:10.3390/nu10060773
 Tan N., Lertratanakul Y., Barr W. G. (1993). Acute gouty arthritis. Postgrad. Med. 94 (2), 73–87. doi:10.1080/00325481.1993.11945693
 Terkeltaub R. (2017). What makes gouty inflammation so variable?BMC Med. 15 (1), 158. doi:10.1186/s12916-017-0922-5
 Vieira A. T., Macia L., Galvao I., Martins F. S., Canesso M. C. Amaral F. A., et al. (2015). A role for gut microbiota and the metabolite-sensing receptor GPR43 in a murine model of gout. Arthritis Rheumatol. 67 (6), 1646–1656. doi:10.1002/art.39107
 Wilson L., Saseen J. J. (2016). Gouty arthritis: A review of acute management and prevention. Pharmacotherapy 36 (8), 906–922. doi:10.1002/phar.1788
 Wu J., Li J., Li W., Sun B., Xie J. Cheng W., et al. (2018). Achyranthis bidentatae radix enhanced articular distribution and anti-inflammatory effect of berberine in Sanmiao Wan using an acute gouty arthritis rat model. J. Ethnopharmacol. 221, 100–108. doi:10.1016/j.jep.2018.04.025
 Yang F., Hou C. (2010). The effect of Baihu Decoction on blood glucose levels in treating systemic inflammatory response syndrome. Chin. J. Integr. Med. 16 (5), 472–479. doi:10.1007/s11655-010-9995-0
 Yoo J. Y., Groer M., Dutra S. V. O., Sarkar A., McSkimming D. I. (2020). Gut microbiota and immune system interactions. Microorganisms 8 (10), 1587. doi:10.3390/microorganisms8101587
 Yu Y., Liu Q., Li H., Wen C., He Z. (2018). Alterations of the gut microbiome associated with the treatment of hyperuricaemia in male rats. Front. Microbiol. 9, 2233. doi:10.3389/fmicb.2018.02233
 Yun Y., Yin H., Gao Z., Li Y., Gao T. Duan J., et al. (2017). Intestinal tract is an important organ for lowering serum uric acid in rats. PLoS One 12 (12), e0190194. doi:10.1371/journal.pone.0190194
 Zhang S., Wang D., Wang X., Li S., Li J. Li H., et al. (2013). Aqueous extract of Bai-Hu-Tang, a classical Chinese herb formula, prevents excessive immune response and liver injury induced by LPS in rabbits. J. Ethnopharmacol. 149 (1), 321–327. doi:10.1016/j.jep.2013.06.041
 Zhu L., Wu Q., Deng C., Zhang M., Zhang C. Chen H., et al. (2018). Adaptive evolution to a high purine and fat diet of carnivorans revealed by gut microbiomes and host genomes. Environ. Microbiol. 20 (5), 1711–1722. doi:10.1111/1462-2920.14096
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Wang, Long, Chen, Zhou, Wu, Xu, Li and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-13-1023453-g005.gif





OPS/images/fphys-13-1023453-g006.gif





OPS/images/fphys-13-1023453-g003.gif





OPS/images/fphys-13-1023453-g004.gif
f

- M,
O, T‘M/N

HETI = N
%_H» gl

i, T,
g m,u
=

T oty

grE i

3.
LSS





OPS/images/fphys-13-1023453-g009.gif





OPS/images/fphys-13-1023453-g007.gif
\\Llﬂﬂﬂﬂﬂ

P ({)II

!! Ix]l'






OPS/images/fphys-13-1023453-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Modified Baihu decoction therapeutically remodels gut microbiota to inhibit acute gouty arthritis		Introduction

		Materials and methods		Animals

		Chemicals and Reagents

		Preparation and HPLC analysis of MBD

		Toe swelling evaluation

		Histopathology

		Biochemical analysis

		Elisa

		Immunohistochemistry

		Sequencing and analysis of 16S rDNA of faecal samples





		Results		HPLC analysis of modified Baihu decoction

		Effect of MBD on crystalline foot swelling with uric acid sodium salt

		Pathological effects of MBD on sodium urate-induced synovial tissue and liver and kidney

		Effect of MBD on liver and kidney functions in rats with gouty arthritis

		Effect of MBD on the expression of IL-1β, TNF-α and TGF-β1

		Effect of MBD on protein expression in synovial tissue of gouty arthritis rats

		MBD regulates microbial community structure

		Effect of MBD on the relative abundance of gut microbiota in rats with gouty arthritis





		Discussion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Physiology






OPS/images/fphys-13-1023453-g001.gif





OPS/images/fphys-13-1023453-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





