

[image: image1]
The effects of Bifidobacterium animalis QC08 on reducing uric acid level and providing renal protection in mice with hyperuricemia
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Objective: The present study aimed to investigate the uric acid-lowering effects of Bifidobacterium animalis QC08 and explore its underlying mechanisms.

Methods: Hyperuricemia (HUA) model in mice was established using potassium oxonate (250 mg/kg) and yeast extract (15 g/kg). The serum levels of uric acid (UA), blood urea nitrogen (BUN), creatinine (Cr), and liver xanthine oxidase (XO) were measured in four groups, including normal group, control group, allopurinol group (5 mg/kg), and Bifidobacterium animalis QC08 group (1010 CFU/kg) using enzyme colorimetry. Additionally, serum tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) levels were assessed using enzyme-linked immunosorbent assay (ELISA). Pathological changes in renal tissue were examined through hematoxylin–eosin (HE) staining.

Results: In vivo experimental results indicated that compared with the normal group, the serum UA, Cr, and BUN levels, as well as the levels of inflammatory factors (TNF-α and IL-1β), and the activities of hepatic xanthine oxidase (XOD) and adenosine deaminase (ADA) were significantly elevated in the control group (p < 0.05). The expression levels of uric acid transport-related genes (UAT, ABCG2, and OAT1) in kidney tissue were significantly downregulated (p < 0.05), and evident kidney damage was found. In contrast, compared with the control group, the Bifidobacterium animalis QC08 group exhibited a significant decrease in serum UA, BUN, Cr, TNF-α, and IL-6 levels, along with reduced hepatic XOD and ADA activities (p < 0.05). Additionally, Bifidobacterium animalis QC08 was found to regulate the mRNA transcription of renal uric acid transporters, leading to significantly upregulation of the expression levels of UAT, ABCG2, and OAT1 genes (p < 0.05).

Conclusion: Bifidobacterium animalis QC08 demonstrates certain uric acid-lowering, anti-inflammatory, and renal protective effects, which are associated with the inhibition of XOD activity and the modulation of the expression levels of uric acid transporter genes (UAT, ABCG2, and OAT1).
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Introduction

Hyperuricemia (HUA), characterized by an imbalance in the production and excretion of uric acid (UA), has emerged as the second most prevalent metabolic disorder (Xu et al., 2024). HUA is typically defined as a UA level exceeding 420 μmol/L in men and 350 μmol/L in women (Bardin and Richette, 2014). Numerous clinical studies demonstrated that chronic HUA can result in gout, a condition marked by acute or chronic inflammation and joint damage caused by the deposition of monosodium urate crystals (Stamp and Chapman, 2013). It is also an independent risk factor for several conditions, including hypertension, hyperlipidemia, metabolic syndrome, and chronic kidney disease (Chen et al., 2018; Gamala and Jacobs, 2019; Kielstein et al., 2020; Kumar et al., 2022; Wang et al., 2025). HUA poses a substantial risk to human health.

The current pharmacological treatments for HUA primarily encompass xanthine oxidase (XOD) inhibitors, purine nucleoside phosphorylase inhibitors, uricosuric agents, and uricase. Although these medications exhibit significant clinical efficacy, they are also associated with high costs, severe side effects, and low patient tolerance. Including gastrointestinal bleeding, hepatotoxicity, and allergic responses (Cao et al., 2012; Ishikawa et al., 2020; Tausche et al., 2009). Meanwhile, approximately two-thirds of uric acid (UA) is excreted through the kidneys, while the remaining portion is eliminated via the intestines. Therefore, probiotics that are safe, effective, have minimal side effects, and can alter the composition of intestinal flora represent a potential strategy for managing HUA.

Probiotics are live microorganisms that, when taken in appropriate amounts, provide health benefits to the host (Hill et al., 2014), which exert beneficial effects through several mechanisms, involving lowering intestinal pH, reducing the colonization and invasion of pathogenic microorganisms, and modulating the host’s immune responses (Williams, 2010). Studies demonstrated that probiotics can regulate gut microbiota homeostasis, stabilize gastrointestinal barrier function, alleviate gastrointestinal diseases, and exhibit antioxidant, anti-inflammatory, and anti-tumor effects. Additionally, they enhance immune function, thereby playing a positive regulatory role in various diseases. They can aid in the treatment of conditions, such as allergies and obesity (Elisashvili et al., 2019; Vera-Santander et al., 2023; Zucko et al., 2020). Several representative strains of lactic acid bacteria with probiotic potential have been utilized as dietary supplements, including Lacticaseibacillus rhamnosus, Lactobacillus helveticus, Limosilactobacillus fermentum, Lactobacillus gasseri, Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus acidophilus, Lacticaseibacillus casei, and Limosilactobacillus reuteri.

Extensive research on probiotics in medical, pharmaceutical and food science fields has shown that probiotics can effectively regulate HUA-induced dysbiosis through intestinal colonization, thereby promoting purine and UA metabolism (Wu et al., 2021). Probiotics can increase the abundance of gut microbiota associated with the production of short-chain fatty acids (SCFAs), thereby enhancing SCFA production. This enhancement inhibits both serum and hepatic XOD activity, thereby inhibiting UA production, ultimately alleviating HUA (Ni et al., 2021). In addition, probiotics exhibit notable antioxidant activity in the host’s gut, promoting the production of antioxidant enzymes and facilitating the elimination of reactive oxygen species. This process consequently alleviates oxidative damage, related to HUA development (Feng and Wang, 2020). Clinical studies have demonstrated that probiotics can effectively reduce UA level in patients with HUA. Specifically, Ligilactobacillus salivarius (L. salivarius) CECT 30632 exhibited a 100% conversion rate for both inosine and guanosine, along with a 50% conversion rate for UA. Rodríguez et al. (2023) conducted a randomized clinical trial, in which patients with HUA and a history of gout attacks received L. salivarius CECT 30632 for six consecutive months. They found a significant reduction in serum UA level, a decrease in the frequency of gout attacks, and improvements in oxidative stress- and metabolic syndrome-associated indicators. Despite its limited scope and inherent constraints, this preliminary clinical trial demonstrated the significant potential of L. salivarius CECT 30632 in mitigating HUA and gout. Another study pointed out that patients with HUA who received febuxostat in conjunction with a Bifidobacterium quadruple live bacterial preparation experienced significantly reduced serum UA level. Compared with the control group, which received only febuxostat, the experimental group exhibited significant changes in the abundance of gut microbiota. This finding suggests that the Bifidobacterium quadruple live preparation might reduce UA level by modulating gut flora and enhancing bacteria’s ability to degrade UA (Zhan et al., 2020). Lactobacillus gasseri (L. gasseri) PA-3 has been demonstrated to effectively lower UA level. Kurajoh et al. (2018) conducted a randomized, double-blind, controlled trial, and they found that participants consuming yogurt containing L. gasseri PA-3 experienced a reduced rate of serum UA elevation induced by purine nucleotides. Increasing the dosage, extending the duration of use, or combining the treatment with food components that inhibit XOD activity significantly enhances its ability to reduce UA level. Another study demonstrated that yogurt containing Limosilactobacillus fermentum GR-3 significantly reduced serum UA level compared with regular yogurt. The mechanism involves regulating the gut microbiota, reducing host inflammatory responses, promoting UA excretion, and protecting both kidney and intestinal functions (Zhao et al., 2022). The potential of probiotics in alleviating HUA has remarkably garnered researchers’ attention. Supplementation of Bifidobacteria and Lactobacilli, the two wellknown probiotics, was effective to lower UA in mice (Wang H. et al., 2022). Lactobacillus plantarum Q7 (Cao et al., 2022) and L. brevis DM9218 (Wang et al., 2019) also exhibited promising potentials in reducing UA levels. Moreover, Bifidobacterium animalis are also effective, related to the inhibitory effect of animal Bifidobacterium animalis on inflammation (Wang J. et al., 2022; Ma et al., 2024).

In this study, the UA-lowering activity of Bifidobacterium animalis QC08 was verified in an in vivo HUA mice model. Specifically, the study aimed to evaluate the effect of this therapy in underlying HUA alleviation through measurements of changes in the UA synthesis and excretion and pro-inflammatory cytokine levels.



Materials and methods


Experimental animals

Male specific pathogen-free (SPF)-grade Kunming mice, weighing 20–25 g, were purchased from the Hunan SJA Laboratory Animal Co., Ltd. (Hunan, China). Mice were housed in a barrier facility for acclimatization under a 12-h light and dark cycle with free access to food and water. This study was approved by the Animal Ethics Committee of Chongqing Functional Food Engineering Technology Research Center (Approval No. 2023042602B).



Experimental materials

Uric acid test kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China), potassium oxonate (Aladdin Holdings Group Co., Ltd., Shanghai, China), mouse interleukin-1 beta (IL-1β) enzyme-linked immunosorbent assay (ELISA) kit (Invitrogen, Carlsbad, CA, USA), mouse tumor necrosis factor-alpha (TNF-α) ELISA kit (Invitrogen), creatinine (Cr) and blood urea nitrogen (BUN) test kits (Nanjing Jiancheng Bioengineering Institute), and hematoxylin–eosin (HE) staining kit (Shanghai Biyuntian Technology Co., Ltd., Shanghai, China) were utilized.

Bifidobacterium animalis QCO8 was preserved at the Guangdong Microbial Culture Collection Center (GDMCC, Beijing, China) under the accession number GDMCC No. 64207. The strain maintained at −80°C was resuscitated. The bacteria was then diluted with 0.9% normal saline to 1.0 × 109 CFU/mL.



Establishment of HUA mouse model and drug administration

The experimental procedure follows the method described by Bi et al. (2024) with some modifications. After 1 week of acclimatization, 24 male Kunming mice were randomly divided into four groups: normal group, model group, allopurinol group, and Bifidobacterium animalis QC08 group (n = 6 mice in each group). All drugs were formulated as suspensions in 0.5% sodium carboxymethyl cellulose (CMC-Na). Starting from day 1, all groups except the normal group were administered potassium oxonate (250 mg·kg−1) and yeast extract (15 g·kg−1) by gavage for modeling, once daily for 14 consecutive days (Fu et al., 2024; Li et al., 2023). On day 15, treatment with corresponding drugs began; the allopurinol group received 5 mg·kg−1 allopurinol, and the Bifidobacterium animalis QC08 group received 1010 CFU/kg of QC08 (Bi et al., 2024), while the normal group was administered 0.5% CMC-Na by gavage for 27 consecutive days. On day 42, mice were fasted overnight, and blood was collected from the orbital sinus 1 h after the last administration. The kidneys and livers of mice were collected, with a portion of the kidneys fixed in 4% formaldehyde for pathological examination, while the remaining liver and kidney tissues were preserved at −80°C for future use.



Enzyme colorimetric method for detecting serum biochemistry in mice

Blood was collected from the orbital sinus of mice, maintained at room temperature for 30 min, and then centrifuged at 4,500 r·min−1 for 10 min to obtain the serum. The levels of UA, Cr, and BUN were measured using Varioskan LUX (Thermo Fisher Scientific, Waltham, MA, USA) following the instructions of the kits.



Enzyme colorimetric method for measuring XOD and ADA activities in mouse liver

A portion (0.1 g) of the mouse liver was homogenized in 1 mL of tissue lysis solution using an ice bath, followed by centrifugation at 8,000 r·min−1 for 10 min at 4°C. The supernatant was collected and kept on ice for the measurement of XOD and adenosine deaminase (ADA) activities using Varioskan LUX (Thermo Fisher Scientific, Waltham, MA, USA) according to the instructions of the kits.



Measuring serum TNF-α and IL-6 levels in mice utilizing ELISA

The serum levels of TNF-α and IL-6 were measured using Varioskan LUX (Thermo Fisher Scientific, Waltham, MA, USA) according to the instructions of the ELISA kits.



HE staining for observing pathological changes in mouse kidneys

Kidney tissues were fixed in 4% formaldehyde solution, followed by routine paraffin embedding and sectioning to a thickness of approximately 6 μm. The HE staining was performed, and the morphological changes in the kidney tissues in each group of mice were observed under a light microscope (Olympus BX43F, Japan).



Quantitative reverse transcription polymerase chain reaction (qRT-PCR) for measuring relative mRNA expression in kidney tissues

RNA from liver and muscle tissues was extracted using the Trizol reagent (Gan et al., 2021). Complementary DNA (cDNA) was subsequently synthesized using HiScript SuperMix (Vazyme, Nanjing, China). qRT-PCR was performed using the StepOnePlus real-time PCR system (Thermo Fisher Scientific, Waltham, MA, USA) and a fluorescent dye (SYBR Green PCR Master Mix). Table 1 presents the primer pairs utilized in the study. The target gene expression levels were analyzed using the 2−ΔΔCT method. Beta-actin was selected as an internal reference gene (Li et al., 2019).



TABLE 1 Primer sequences.
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Statistical analysis

Statistical analysis was conducted using SPSS 26.0 software (IBM, Armonk, NY, USA). Data were presented as mean ± standard deviation (x̄ ± s). Group means were compared using one-way analysis of variance (ANOVA). For comparing groups with homogeneous variances, the least significant difference (LSD) method was employed, while Dunnett’s T3 test was used for comparing groups with heterogeneous variances. The t-test was utilized for making comparisons between two independent samples. A p-value of less than 0.05 was considered statistically significant.




Results


Effects of Bifidobacterium animalis QC08 on mouse body weight changes and kidney index

During the experiment, the body weight of mice in each group gradually increased. At the end of the experiment, there were no significant differences in body weight among the groups, indicating that the different treatments had no effect on the body weight of the mice, and probiotics exhibited no toxicity (p < 0.05). The kidneys play a crucial role in UA metabolism. The kidney index results indicated that the high UA model caused renal damage. Both allopurinol and Bifidobacterium animalis QC08 exhibited a significant inhibitory effect on kidney damage (p < 0.05) (Figure 1).

[image: Figure 1]

FIGURE 1
 Effects of Bifidobacterium animalis QC08 on body weight changes (A) and kidney index (B).




Effects of Bifidobacterium animalis QC08 on serum levels of UA, Cr, and BUN in mice

Yeast is abundant in nucleic acids, proteins, and other components that can elevate UA production in the body. Potassium oxonate inhibits the excretion of UA, thereby raising blood UA level. As illustrated in Figure 2, the serum levels of UA, Cr, and BUN in the control group were significantly elevated compared with the normal group (p < 0.05). BUN and Cr are crucial indicators of renal injury. Compared with the model group, the serum levels of UA, Cr, and BUN were significantly reduced in both the allopurinol group and the QC08 group (p < 0.05). This finding suggests that Bifidobacterium animalis QC08 could mitigate renal injury associated with the elevated blood UA level.

[image: Figure 2]

FIGURE 2
 Effects of Bifidobacterium animalis QC08 on serum levels of BUN (A), UA (B), and Cr (C) in mice.




Effects of Bifidobacterium animalis QC08 on XOD and ADA activities in the liver tissues of mice

XOD and ADA are crucial enzymes involved in the production of UA, which are predominantly found in high concentrations in the liver and intestine. XOD catalyzes the conversion of hypoxanthine and xanthine into UA, making it a primary target for therapeutic intervention in HUA. ADA is the pivotal enzyme in the degradation of adenosine nucleotides. As illustrated in Figure 3, the hepatic activities of XOD and ADA were significantly elevated in the model group compared with the normal group (p < 0.05). Conversely, the activities of XOD and ADA were significantly reduced in the allopurinol and Bifidobacterium animalis QC08 groups compared with the model group (p < 0.05).

[image: Figure 3]

FIGURE 3
 Effects of Bifidobacterium animalis QC08 on XOD (A) and ADA (B) activities in the liver of mice.




Effects of Bifidobacterium animalis QC08 on serum levels of inflammatory factors (TNF-α and IL-6) in mice

Renal injury induced by HUA is linked to systemic inflammation, which is characterized by the release of numerous inflammatory cytokines (Zhou et al., 2024). As illustrated in Figure 4, the serum levels of TNF-α and IL-6 were significantly elevated in the model group compared with the normal group (p < 0.05). Notably, drug intervention with allopurinol significantly reduced the levels of TNF-α and IL-6 compared with the model group (p < 0.05). Furthermore, the serum levels of TNF-α and IL-6 in the Bifidobacterium animalis QC08 group significantly decreased to 518 ± 34 and 115 ± 8 pg./mL, respectively (p < 0.05).

[image: Figure 4]

FIGURE 4
 Effects of Bifidobacterium animalis QC08 on TNF-α and IL-6 levels in the serum of mice.




Effects of Bifidobacterium animalis QC08 on histopathological changes in kidney tissue of mice

Figure 5 illustrates the intact kidney tissue structure in the normal group, which is characterized by normal glomerular morphology, clear boundaries, and a well-defined renal tubule lumen. In the model group, mice displayed symptoms of glomerulonephritis, including cellular infiltration, atrophy of renal tubular epithelial cells, and necrosis of renal tubular epithelium. Conversely, the kidney tissue structure in the positive control group exhibited no significant differences compared with the normal group, with the lumen recovering to levels similar to those found in the normal group. In the Bifidobacterium animalis QC08 group, the kidney tissue structure appeared normal, exhibiting partial recovery of the glomerular lumen and alleviation of capsule adhesion. Nonetheless, variations in the shape and size of the glomeruli persisted, suggesting that Bifidobacterium animalis QC08 has a protective effect on the kidney.

[image: Figure 5]

FIGURE 5
 Effects of Bifidobacterium animalis QC08 on the histopathology of kidney tissue in hyperuricemic mice (magnification: 200×).




Effects of Bifidobacterium animalis QC08 on the expression levels of OAT1, UAT, and ABCG2 genes in murine kidneys

OAT1 (organic anion transporter 1), UAT (urate transporter), and ABCG2 (ATP-binding cassette transporter G2) are critical for UA secretion, facilitating the transport of UA in the body. Figure 6 illustrates that the genes regulating the OAT1, UAT, and ABCG2 proteins were significantly downregulated in the model group compared with the normal group (p < 0.05). This finding indicates that the intervention involving potassium oxonate and yeast extract impaired normal UA metabolism. In the Bifidobacterium animalis QC08 group, the mRNA levels of UAT, OAT1, and ABCG2 significantly varied (p < 0.05). This suggests that Bifidobacterium animalis QC08 could reduce UA level in the body by upregulating the transcription of UAT, OAT1, and ABCG2 mRNA.

[image: Figure 6]

FIGURE 6
 Expression levels of UAT (A), ABCG2 (B), and OAT1 (C) genes in the kidney of hyperuricemic mice.





Discussion

HUA is a metabolic disorder characterized by elevated levels of UA in the blood, leading to arthritis, hypertension, hyperlipidemia, insulin resistance, non-alcoholic fatty liver disease, and cardiovascular diseases. The medications used to treat HUA could produce serious adverse reactions. Probiotic-based therapies have gained extensive attention due to their negligible side effects. This study investigates the effects of Bifidobacterium animalis QC08 on the management of HUA. Possible mechanism of Bifidobacterium animalis QC08 was displayed in Figure 7. The excretion rate of UA decreases, leading to a higher risk of HUA (Kielstein et al., 2020). After the successful establishment of the control, the serum UA levels in Bifidobacterium animalis QC08-treated mice significantly decreased compared with those in the control group, indicating that Bifidobacterium animalis QC08 could effectively lower UA level in vivo. Additionally, the levels of Cr and BUN serve as critical indicators for evaluating renal filtration function. Mice in the control group exhibited significantly elevated levels of Cr and BUN, indicating that the combination of yeast extract and potassium oxonate induced renal dysfunction. Following the administration of Bifidobacterium animalis QC08, the serum Cr and BUN levels significantly decreased. The results suggested that Bifidobacterium animalis QC08 could effectively restore the levels of UA, Cr, and BUN in blood to normal levels.

[image: Figure 7]

FIGURE 7
 Possible mechanism of Bifidobacterium animalis QC08 in alleviating hyperuricemia in mice.


The UA level is determined by the balance between hepatic synthesis and renal excretion. The UA production involves various enzymes, in which XOD is the rate-limiting enzyme in purine metabolism and plays a notable role in regulating UA level. Xanthine and hypoxanthine are oxidized by XOD to produce UA, leading to the manifestation of HUA symptoms. The XOD activity serves as an indicator of UA production. Compared with the normal group, mice in the control group demonstrated significantly elevated hepatic XOD activity. Conversely, mice in the Bifidobacterium animalis QC08 group exhibited a significant reduction in hepatic XOD activity compared with the control group. This suggested that Bifidobacterium animalis QC08 could mitigate HUA by reducing purine metabolism and UA production through the inhibition of XOD activity.

The primary mechanism for the clearance of UA is renal excretion. UA transporters (UATs) play a pivotal role in the secretion of UA in the renal proximal tubules. Compared with the normal group, the mRNA and protein expression levels of UAT were significantly reduced in the control group. In contrast, both allopurinol and Bifidobacterium animalis QC08 significantly upregulated the relative mRNA expression level of UAT compared with the control group. OAT1 is essential for the transport of various substances, including urate, pharmaceuticals, and other endogenous materials. Compared with the normal group, mRNA expression levels of OAT1 were significantly reduced in control group. However, treatment with allopurinol and Bifidobacterium animalis QC08 substantially upregulated OAT1 mRNA expression, achieving levels 1.30 and 1.16 times higher than those found in the control group, respectively. Therefore, it can be inferred that Bifidobacterium animalis QC08 alleviates HUA by promoting UA excretion. Studies have identified various urate transporters involved in this process. Zhu et al. found that saponins could decrease serum UA level and increase UA excretion by downregulating the expression levels of organic anion transporters (OAT1 and OAT3). Furthermore, green tea polyphenols significantly upregulated the expression levels of OAT1 and OAT3, which in turn inhibited UA reabsorption and enhanced UA secretion. ABCG2 facilitates the renal and extrarenal (intestinal) excretion of UA, and it is expressed in the apical membranes of various tissues, including the kidneys, liver, and intestines. ABCG2 functions as a primary transporter in the intestine, significantly contributing to the excretion of UA and playing a crucial role in the pathogenesis of HUA. Impaired ABCG2 activity decreases intestinal excretion of UA, resulting in the elevated serum UA level (Ichida, 2014; Ohashi et al., 2023; Yin et al., 2022). In the present study, Bifidobacterium animalis QC08 significantly upregulated the relative mRNA expression levels of UAT, OAT1, and ABCG2, thereby promoting UA excretion. QC08 effectively reduced UA level in the body and alleviated renal dysfunction associated with HUA through this mechanism. These findings are corroborated by the variations in serum Cr and BUN levels, alongside pathological evidence of decreased renal UA deposition.

UA can provoke inflammation in the body through both crystal-dependent and crystal-independent pathways. It stimulates activation of the inflammasome and the production of inflammatory mediators, such as IL-6 and TNF-α, which may in turn promote T cells to produce additional pro-inflammatory factors. In the present study, serum levels of IL-6 and TNF-α revealed a significant elevation in the model group compared with the normal group. Conversely, the Bifidobacterium animalis QC08 treatment group exhibited a significant reduction in IL-6 and TNF-α levels compared with the model group. This finding suggests that Bifidobacterium animalis QC08 possesses notable anti-inflammatory properties.

In summary, this study demonstrated that Bifidobacterium animalis QC08 could effectively reduce UA level in mice with HUA while exhibiting minimal toxicity and side effects on the kidneys. This effect may be attributed to Bifidobacterium animalis QC08’s capacity to inhibit hepatic XOD, thereby reducing UA synthesis, and to promote UA excretion by regulating the expression levels of urate transporters (OAT1, UAT, and ABCG2). Furthermore, Bifidobacterium animalis QC08 demonstrated the ability to reduce serum levels of Cr, BUN, IL-1β, and TNF-α. It could also mitigate glomerular inflammatory infiltration and damage to the glomerular epithelium, thereby enhancing renal function. These effects are likely associated with its anti-inflammatory properties. The probiotic species Bifidobacterium animalis QC08 exhibited potential therapeutic value in the treatment of UA-related diseases and the prevention of gout.

This study serves as a preliminary validation of the efficacy of Bifidobacterium animalis QC08 in the treatment of mice with HUA. It is worth noting that approximately 70% UA is eliminated via the kidneys, while the remaining 30% is excreted through the intestines. Gut microbiota could play a role in the metabolism of purines and UA. Meanwhile, the gut microbiota of gout patients exhibited significant structural and functional differences compared with those of healthy individuals. Consequently, we hypothesize that the role of Bifidobacterium animalis QC08 in reducing uric acid levels may be associated with underlying mechanisms of intestinal metabolism, including alterations in gut microbiota composition. Nonetheless, further research is required to validate this hypothesis.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The animal study was approved by Animal Ethics Committee of Chongqing Functional Food Engineering Technology Research Center. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

HM: Methodology, Writing – original draft. YF: Data curation, Software, Writing – review & editing. FT: Writing – review & editing. XL: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by the Science and Technology Project of Chongqing Education Commission (KJQN202401616), the Natural Science Foundation of Chongqing (Grant No. CSTB2023NSCQ-BHX0158), and Chongqing Postdoctoral Research Project Special Support (Grant No. 2023CQBSHTB3023).



Acknowledgments

We would like to thank Chongqing Functional Food Engineering Technology Research Center for experimental equipment assistance during the preparation of this manuscript.



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.



References

 Bardin, T., and Richette, P. (2014). Definition of hyperuricemia and gouty conditions. Curr. Opin. Rheumatol. 26, 186–191. doi: 10.1097/BOR.0000000000000028 

 Bi, C. M., Zhang, L. J., Liu, J. Y., and Chen, L. H. (2024). Lactobacillus paracasei 259 alleviates hyperuricemia in rats by decreasing uric acid and modulating the gut microbiota. Front. Nutr. 11:1450284. doi: 10.3389/fnut.2024.1450284 

 Cao, J., Bu, Y., Hao, H., Liu, Q., Wang, T., Liu, Y., et al. (2022). Effect and potential mechanism of Lactobacillus plantarum Q7 on hyperuricemia in vitro and in vivo. Front. Nutr. 9:954545. doi: 10.3389/fnut.2022.954545 

 Cao, Z. H., Wei, Z. Y., Zhu, Q. Y., Zhang, J. Y., Yang, L., Qin, S. Y., et al. (2012). HLA-B*58:01 allele is associated with augmented risk for both mild and severe cutaneous adverse reactions induced by allopurinol in Han Chinese. Pharmacogenomics 13, 1193–1201. doi: 10.2217/pgs.12.89 

 Chen, Y. Y., Kao, T. W., Yang, H. F., Chou, C. W., Wu, C. J., Lai, C. H., et al. (2018). The association of uric acid with the risk of metabolic syndrome, arterial hypertension or diabetes in young subjects- an observational study. Clin. Chim. Acta 478, 68–73. doi: 10.1016/j.cca.2017.12.038 

 Elisashvili, V., Kachlishvili, E., and Chikindas, M. L. (2019). Recent advances in the physiology of spore formation for Bacillus probiotic production. Probiot. Antimicrob. Prot. 11, 731–747. doi: 10.1007/s12602-018-9492-x 

 Feng, T., and Wang, J. (2020). Oxidative stress tolerance and antioxidant capacity of lactic acid bacteria as probiotic: a systematic review. Gut Microbes 12:1801944. doi: 10.1080/19490976.2020.1801944 

 Fu, Y., Luo, X. D., Li, J. Z., Mo, Q. Y., Wang, X., Zhao, Y., et al. (2024). Host-derived Lactobacillus plantarum alleviates hyperuricemia by improving gut microbial community and hydrolase-mediated degradation of purine nucleosides. eLife 13:e100068. doi: 10.7554/eLife.100068 

 Gamala, M., and Jacobs, J. W. G. (2019). Gout and hyperuricaemia: a worldwide health issue of joints and beyond. Rheumatology 58, 2083–2085. doi: 10.1093/rheumatology/kez272 

 Gan, Y., Tong, J., Zhou, X. R., Long, X. Y., Pan, Y. N., Liu, W. W., et al. (2021). Hepatoprotective effect of lactobacillus plantarum hfy09 on ethanol-induced liver injury in mice. Front. nutr. 8:684588. doi: 10.3389/fnut.2021.684588 

 Hill, C., Guarner, F., Reid, G., Gibson, G. R., Merenstein, D. J., Pot, B., et al. (2014). The international scientific association for probiotics and prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat. Rev. Gastroenterol. Hepatol. 11, 506–514. doi: 10.1038/nrgastro.2014.66 

 Ichida, K. (2014). Recent progress and prospects for research on urate efflux transporter ABCG2. Nihon Rinsho Jap. J. Clin. Med. 72, 757–765.

 Ishikawa, T., Maeda, T., Hashimoto, T., Nakagawa, T., Ichikawa, K., Sato, Y., et al. (2020). Long-term safety and effectiveness of the xanthine oxidoreductase inhibitor, topiroxostat in Japanese hyperuricemic patients with or without gout: a 54-week open-label, multicenter, post-marketing observational study. Clin. Drug Invest. 40, 847–859. doi: 10.1007/s40261-020-00941-3 

 Kielstein, J. T., Pontremoli, R., and Burnier, M. (2020). Management of Hyperuricemia in patients with chronic kidney disease: a focus on renal protection. Curr. Hypertens. Rep. 22:102. doi: 10.1007/s11906-020-01116-3 

 Kumar, S., Mondal, H., Lata, M., Behera, J. K., and Priyadarshini, B. (2022). Correlation of serum uric acid with lipid profile in patients with type 2 diabetes mellitus with normal creatinine level: report from a tertiary care hospital in India. J. Family Med. Prim. Care 11, 3066–3070. doi: 10.4103/jfmpc.jfmpc_2131_21 

 Kurajoh, M., Moriwaki, Y., Koyama, H., Tsuboi, H., Matsuda, H., Yamada, N., et al. (2018). Yogurt containing Lactobacillus gasseri PA-3 alleviates increases in serum uric acid concentration induced by purine ingestion: a randomized, double-blind, placebo-controlled study. Gout Nucleic Acid Metab. 42, 31–40. doi: 10.6032/GNAM.42.31

 Li, C., Huang, G. B., Tan, F., Zhou, X. R., Mu, J. F., Zhao, X., et al. (2019). In vitro analysis of antioxidant, anticancer, and bioactive components of apocynum venetum tea extracts. J. Food. quali. 2019:2465341. doi: 10.1155/2019/2465341 

 Li, D., Zhang, M., Teng Zhu, L. A. L., Lyu, Z., Li, X., Feng, Y., et al. (2023). Quercetin-enriched Lactobacillus aviarius alleviates hyperuricemia by hydrolase-mediated degradation of purine nucleosides. Pharmacol. Res. 196:106928. doi: 10.1016/j.phrs.2023.106928 

 Ma, W. W., Wu, Y. N., Lin, X. Y., Yang, L. P., and Huang, L. L. (2024). Amelioration of inflammatory bowel disease by Bifidobacterium animalis subsp. lactis XLTG11 in combination with mesalazine. Front. Microbiol. 15:1472776. doi: 10.3389/fmicb.2024.1472776 

 Ni, C. X., Li, X., Wang, L. L., Li, X., Zhao, J. X., Zhang, H., et al. (2021). Lactic acid bacteria strains relieve hyperuricaemia by suppressing xanthine oxidase activity via a short-chain fatty acid-dependent mechanism. Food Funct. 12, 7054–7067. doi: 10.1039/d1fo00198a 

 Ohashi, Y., Toyoda, M., Saito, N., Koizumi, M., Kanai, G., Komaba, H., et al. (2023). Evaluation of ABCG2-mediated extra-renal urate excretion in hemodialysis patients. Sci. Rep. 13:93. doi: 10.1038/s41598-022-26519-x 

 Rodríguez, J. M., Garranzo, M., Segura, J., Orgaz, B., Arroyo, R., Alba, C., et al. (2023). A randomized pilot trial assessing the reduction of gout episodes in hyperuricemic patients by oral administration of Ligilactobacillus salivarius CECT 30632, a strain with the ability to degrade purines. Front. Microbiol. 14:1111652. doi: 10.3389/fmicb.2023.1111652 

 Stamp, L. K., and Chapman, P. T. (2013). Gout and its comorbidities: implications for therapy. Rheumatology 52, 34–44. doi: 10.1093/rheumatology/kes211 

 Tausche, A. K., Jansen, T. L., Schröder, H. E., Bornstein, S. R., Aringer, M., and Müller-Ladner, U. (2009). Gout-current diagnosis and treatment. Deutsches Arzteblatt Int. 106, 549–555. doi: 10.3238/arztebl.2009.0549 

 Vera-Santander, V. E., Hernández-Figueroa, R. H., Jimenéz-Munguía, M. T., Mani-López, E., and López-Malo, A. (2023). Health benefits of consuming foods with bacterial probiotics, postbiotics, and their metabolites: a review. Molecules 28:1230. doi: 10.3390/molecules28031230 

 Wang, J., Chen, Y., Zhong, H., Chen, F., Regenstein, J., Hu, X., et al. (2022). The gut microbiota as a target to control hyperuricemia pathogenesis: potential mechanisms and therapeutic strategies. Crit. Rev. Food Sci. Nutr. 62, 3979–3989. doi: 10.1080/10408398.2021.1874287 

 Wang, H., Fan, C. F., Zhao, Z. E., Zhai, Z. G., and Hao, Y. L. (2022). Anti-inflammatory effect of Bifidobacterium animalis subsp. lactis A6 on DSS-induced colitis in mice. J. Appl. Microbiol. 133, 2063–2073. doi: 10.1111/jam.15681 

 Wang, L. L., Li, J. L., Wang, B., Yin, X. L., Wei, J. F., and Qiu, H. B. (2025). Progress in modeling avian hyperuricemia and gout (review). Biomed. Rep. 22:1. doi: 10.3892/br.2024.1879 

 Wang, H., Mei, L., Deng, Y., Liu, Y., Wei, X., Liu, M., et al. (2019). Lactobacillus brevis DM9218 ameliorates fructose-induced hyperuricemia through inosine degradation and manipulation of intestinal dysbiosis. Nutrition 62, 63–73. doi: 10.1016/j.nut.2018.11.018 

 Williams, N. T. (2010). Probiotics. Am. J. Health Syst. Pharm. 67, 449–458. doi: 10.2146/ajhp090168 

 Wu, Y., Ye, Z., Feng, P. Y., Li, R., Chen, X., Tian, X. Z., et al. (2021). Limosilactobacillus fermentum JL-3 isolated from "Jiangshui" ameliorates hyperuricemia by degrading uric acid. Gut Microbes 13, 1–18. doi: 10.1080/19490976.2021.1897211 

 Xu, X. Y., Liu, L. D., Zhu, J. Y., Zhu, S. S., Ye, B. Q., Yang, J. L., et al. (2024). Alistipes indistinctus-derived hippuric acid promotes intestinal urateexcretion to alleviate hyperuricemia. Cell Host Microbe 32, 366–381.e9. doi: 10.1016/j.chom.2024.02.001 

 Yin, H., Liu, N., and Chen, J. (2022). The role of the intestine in the development of hyperuricemia. Front. Immunol. 13:845684. doi: 10.3389/fimmu.2022.845684 

 Zhan, Y. P., Li, X., Zhu, X. S., Wang, G. F., and Tong, X. J. (2020). Clinical analysis of adjuvant therapy of bifidobacterium quadruple bacteria in hyperuricemia. Clin. Focus 35:344. doi: 10.3969/j.issn.1004-583X.2020.04.012

 Zhao, S., Feng, P. Y., Hu, X. G., Cao, W. J., Liu, P., Han, H. W., et al. (2022). Probiotic Limosilactobacillus fermentum GR-3 ameliorates human hyperuricemia via degrading and promoting excretion of uric acid. Iscience 25:105198. doi: 10.1016/j.isci.2022.105198 

 Zhou, X. H., Ji, S., Chen, L. Q., Liu, X. Y., Deng, Y. J., You, Y. T., et al. (2024). Gut microbiota dysbiosis in hyperuricaemia promotes renal injury through the activation of NLRP3 inflammasome. Microbiome 12:109. doi: 10.1186/s40168-024-01826-9 

 Zucko, J., Starcevic, A., Diminic, J., Oros, D., Mortazavian, A. M., and Putnik, P. (2020). Probiotic - friend or foe? Curr. Opin. Food Sci. 32, 45–49. doi: 10.1016/j.cofs.2020.01.007


Copyright
 © 2025 Mao, Fan, Tan and Long. 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/xhtml/Nav.xhtml




Contents





		Cover



		The effects of Bifidobacterium animalis QC08 on reducing uric acid level and providing renal protection in mice with hyperuricemia



		Introduction



		Materials and methods



		Experimental animals



		Experimental materials



		Establishment of HUA mouse model and drug administration



		Enzyme colorimetric method for detecting serum biochemistry in mice



		Enzyme colorimetric method for measuring XOD and ADA activities in mouse liver



		Measuring serum TNF-α and IL-6 levels in mice utilizing ELISA



		HE staining for observing pathological changes in mouse kidneys



		Quantitative reverse transcription polymerase chain reaction (qRT-PCR) for measuring relative mRNA expression in kidney tissues



		Statistical analysis









		Results



		Effects of Bifidobacterium animalis QC08 on mouse body weight changes and kidney index



		Effects of Bifidobacterium animalis QC08 on serum levels of UA, Cr, and BUN in mice



		Effects of Bifidobacterium animalis QC08 on XOD and ADA activities in the liver tissues of mice



		Effects of Bifidobacterium animalis QC08 on serum levels of inflammatory factors (TNF-α and IL-6) in mice



		Effects of Bifidobacterium animalis QC08 on histopathological changes in kidney tissue of mice



		Effects of Bifidobacterium animalis QC08 on the expression levels of OAT1, UAT, and ABCG2 genes in murine kidneys









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
’ frontiers = Frontiers in Microbiology

The effects of Bifidobacterium
animalis QC08 on reducing uric
acid level and providing renal
protection in mice with
hyperuricemia












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiersin Microbiology






OPS/images/fmicb-16-1529626-g005.jpg





OPS/images/fmicb-16-1529626-g006.jpg
>

w
O

'ABCG2 mRNA expression

4 4
s < <
. N § £ 12 R £
= H [ -
a £ 3 H 3
=t : - <08
% os H
% E
< g 0a
£ 3
o0 I

Normal _ Control _ Positive  QCO08 Normal _ Control _ Positive  QCO08 Normal  Control  Positive  QCO08





OPS/images/fmicb-16-1529626-g003.jpg
XOD (UIL)

50

40

g
H

N
8

30

Normal

®ontrol

Positive

QCco8

ADA (UIL)

»
2

»
8

&

3

Normal Control Positive Qcos





OPS/images/fmicb-16-1529626-g004.jpg
TNF-a (pg/mL)

800

700

600

500

400

300

200

100

250
d d
s 200
.
E 150
b g
% @
u € 100
3 .o =
50
0
Normal Control Posi Normal Control Positive Qcos






OPS/images/fmicb-16-1529626-g007.jpg
ua ¥
BUN }
Cr ‘
TNF-a §
e |

XoD |}
ADA |}

ABcG2 t
uat ¢t
oAT1 ¢






OPS/images/fmicb-16-1529626-t001.jpg
ABCG2

UAT

OAT1

GAPDH

Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer
Reverse primer
Forward primer

Reverse primer

5-CTGGCCTTAATGCTATTCTG

5 TTGAAATGGGCAGGTTGAGGT-¥'

5 TGAGGAAGGAGGGTATGTGGT-¥'

5-GAAGCAAAGCTCAAAGGGCAT-3

5-CTGATGGCTTCCCACAACAC-3

5-GTCCTTGCTTGTCCAGGGG-3

5 ACCCAGAAGACTGTGGATGG-3'

5-GAAGCAAAGCTCAAAGGGCAT-3





OPS/images/fmicb-16-1529626-g001.jpg
Body Weigth (g)
@ w B & @
g & & & 8

b

——Normal
~e—Control

—a—Positive

—v—acos

D1 D2 D3 D4 D5

Time(week)

kidney index (%)

Normal Control  Po:






OPS/images/fmicb-16-1529626-g002.jpg
BUN (mmol/L)

T

Podlave

Qcos

A (mglt)

Bidaiso

Positive

Qcos

Cr (umoliL)

v

o

Poalive

Qcos





