Renoprotective effects of empagliflozin and linagliptin in a rat model of early diabetic nephropathy

Background:
Empagliflozin, a sodium-glucose transport 2 (SGLT2) inhibitor, and linagliptin, a dipeptidyl peptidase-4 (DPP4) inhibitor, are glucose lowering agents widely used in the treatment of type 2 diabetes mellitus and chronic kidney and cardiovascular diseases. Recent studies have shown renoprotective effects with both compounds, which are considered to be at least in part glucose independent although the mechanisms for this effect have not been clearly delineated. We aimed to assess glucose-independent effects of treatment with these agents.

Methods:
Six-week-old male Sprague-Dawley rats were assigned to non-diabetic or diabetic groups (streptozotocin, 55 mg/kg) and randomized to receive either vehicle (water), linagliptin (3 mg/kg/day), or empagliflozin (10 mg/kg/day) by gavage for 12 weeks. Physiological parameters were measured alongside key inflammatory and fibrotic markers in the kidney by ELISA and histological analyses. 

Results:
Diabetic animals had significantly increased HBA1c measurements versus non-diabetic animals (7.0±0.3% vs 3.1.0±0.1%), without significant attenuation by either empagliflozin (6.1±0.3%) or linagliptin (6.3±0.3%). Systolic BP (tail cuff) was unchanged in both treatment groups. Diabetic animals had reduced levels of cystatin C, consistent with hyperfiltration, but neither linagliptin nor empagliflozin significantly altered renal function. There were no significant changes with respect to albuminuria and early renal morphological injury in terms of mesangial area and collagen accumulation with both treatments. Only empagliflozin therapy resulted in lower protein levels of fibronectin, vascular endothelial growth factor (VEGF) and the pro-inflammatory marker, monocyte chemoattractant protein (MCP-1) in the renal cortex of diabetic rats.

Conclusion:
These findings provide new insights into the glucose-independent renoprotective effects of SGLT2 inhibition as compared to DPP-4 inhibition in an animal model of early diabetic nephropathy in the rat. Empagliflozin exerted protective effects on renal fibrosis and significantly reduced renal fibronectin, VEGF and MCP-1 accumulation, providing at least a partial mechanistic explanation for the renoprotective effects reported in clinical trials. 
