Aim

Protection from diet-induced obesity can occur without changes in food intake or energy expenditure in mice, leaving the underlying mechanism tantalisingly unresolved. Here we identified the BXD34 strain as resistant to obesity, ectopic lipid accumulation, and insulin resistance in response to high-fat high-sugar (HFHS) feeding compared to C57BL/6J controls. The study aimed to identify the mechanism underlying the protection of the BXD34 strain compared to C57BL/6J.

Methods 

Ex vivo primary muscle culture, metabolic cage studies, urinary metabolomics and tissue proteomics.

Results

Primary myofibres from both strains developed comparable insulin resistance following palmitate exposure ex vivo, suggesting that metabolic protection in BXD34 mice arises from the absence of lipotoxicity in vivo rather than intrinsic cellular resilience. Metabolic cage studies demonstrated that HFHS feeding produced a positive energy balance in both strains. However, increased adiposity was observed only in C57BL/6J mice, indicating that BXD34 mice may dissipate excess energy through an alternative, unmeasured pathway. BXD34 mice consumed approximately twice as much water as C57BL/6J mice, leading to the hypothesis that surplus calories were excreted rather than stored. Urinary metabolomics revealed striking elevations in multiple metabolites in BXD34 mice, with glutarate levels increased approximately 350-fold relative to C57BL/6J concentrations. These changes were accompanied by pronounced differences in renal metabolite transporter abundance and a shift toward fatty acid metabolism in BXD34 kidneys. Despite this apparent metabolic protection, HFHS-fed BXD34 mice exhibited increased reactive oxygen species production, consistent with elevated renal stress. Correspondingly, folic acid-induced kidney injury was 100% lethal in HFHS-fed BXD34 mice, compared with 0% lethality in chow-fed BXD34 mice and only 16% lethality in HFHS-fed C57BL/6J mice.

Conclusion

These findings demonstrate that urinary nutrient loss can uncouple caloric excess from obesity, and challenge the prevailing view that metabolic homeostasis represents protection from HFHS feeding. Instead, they suggest that apparent metabolic protection can mask organ-specific vulnerability.
