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BACKGROUND AND AIM 

(-)-Epicatechin (EC) and main colonic phenolic acids derived from flavonoid intake, such as 2,3-dihydroxybenzoic acid (DHBA) have been suggested to exert beneficial 

effects in diabetes [1,2], although their mechanisms of action remain unknown. Nephropathy is a major complication of the type 2 diabetes and a leading cause of end-stage 

renal disease [3]. In this situation kidneys, which play a major role in glucose homeostasis, are seriously affected. Indeed, renal gluconeogenesis and glucose uptake are 

augmented, which might be associated to increased levels of glucose transporters, and defects at the insulin signalling [3]. Therefore, treatments aimed at improving 

glucose homeostasis in renal cells are considered critical against this pathology. The goal of this study was the evaluation of the modulation of glucose homeostasis and 

insulin signalling by the mentioned compounds on l proximal tubular renal NRK-52E cells. 

MATERIALS AND METHODS 

NRK-52E cells were treated for 24 h with physiological concentrations of EC and DHBA (1-20 μM). In the experiments with the inhibitors, cells were preincubated with 20 μM 

LY294002 or 0.5 mM phlorizin for 1 h prior to 24 h of EC or DHBA treatment. Tyrosine phosphorylation of IR and its substrate (IRS-1) were analysed by Western blot in 

cellular immunoprecipitates. Total levels of IR, and IRS-1, key proteins of insulin signalling such as AKT, GSK3, GS and PEPCK, and glucose transporters such as SGLT-2 

and GLUT-2 were assayed by Western blot. Glucose uptake was evaluated by using 2-((7-nitro-2,1,3-benzoxadiazol-4-yl)amino-2-deoxy-D-glucose (2-NBDG) probe. 

Glucose production was determined by evaluating glucose levels after 1.5 h-incubation of cells in glucose production buffer. 

RESULTS 

EC and DHBA regulate the renal glucose homeostasis by modulating both glucose uptake and production, and strengthen the insulin 

signalling by activating key proteins of that pathway in NRK-52E cells. 

(-)-Epicatechin and the microbial 2,3-dihydroxybenzoic acid 

metabolite improve insulin signalling in tubular renal cells, 

and regulate both glucose uptake and production 
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Effect of EC and DHBA on glucose uptake and on SGLT-2 and GLUT-2 

levels in NRK-52E cells after 24 h of treatment. (A) 2-NBDG uptake was 

calculated as percent of the control condition (means ± SD of 8–12). (B) 

Bands of representative experiments. Percentage data of (C) SGLT-2, and (D) 

GLUT-2 relative to the control condition (means ± SD, n=7-9). Equal loading of 

Western blots was ensured by β-actin. Different letters over bars indicate 

statistically significant differences (P<0.05). 

Effect of EC and DHBA on glucose production and on levels of PEPCK in 

NRK-52E cells after 24 h of incubation. (A) Glucose production was 

calculated as percent of the control condition (means ± SD of 8–12). (B) 

Bands of representative experiments. (C) Densitometric quantification of 

PEPCK. Values were expressed as a percentage relative to the untreated 

control condition and are means ± SD, n=6-8. Equal loading of Western blots 

was ensured by β-actin. Means without a common letter differ (P < 0.05). 

Effect of EC and DHBA on phosphorylated and total levels of IR and IRS-

1 in NRK-52E cells after 24 h of treatment. (A) Bands of representative 

experiments. Densitometric quantification of (B) p-IR and total IR, and (C) p-

IRS-1 and total IRS-1. Protein extracts were subjected to immunoprecipitation 

with the anti-phospho-tyrosine (P-Tyr) antibody. The resulting 

immunocomplexes were analysed by Western blot with the anti-IR or anti-IRS-

1 antibody. Values were expressed as a percentage relative to the control 

condition (means ± SD, n=6-8). Equal loading of Western blots was ensured 

by β-actin. Different letters over bars indicate statistically significant 

differences (P<0.05). Different styles of letters (normal and italics) have been 

used for each parameter depicted within the same graph. 

Effect of EC and DHBA on levels of phosphorylated and total AKT, GSK3 

and GS in NRK-52E cells. (A) Bands of representative experiments. 

Percentage data of (B) p-AKT/AKT, (C) p-GSK3/GSK3 and (D) pGS/GS ratios 

relative to controls. Values were expressed as a percentage relative to the 

control condition and are means ± SD, n=6-8. Equal loading of Western blots 

was ensured by β-actin. Means without a common letter differ (P<0.05). 

Effect of EC and DHBA and the selective inhibitor LY (LY294002) on 

levels of PEPCK and phosphorylated and total AKT, and glucose 

production. NRK-52E cells were incubated in the presence or absence of 20 

µM LY for 1 h and later with 10 μM EC or 20 µM DHBA for 24 h. (A) Bands of 

representative experiments. Percentage data of (B) PEPCK, and (C) p-

AKT/AKT relative to the control condition (means ± SD, n=7-9). Equal loading 

of Western blots was ensured by β-actin. (D) Glucose production was 

expressed as percent of control are means ± SD of 10-15 different samples 

per condition. Different letters over bars indicate statistically significant 

differences (P<0.05). 

Effect of EC and DHBA and the SGLT-2 inhibitor phlorizin (P) on glucose 

uptake. NRK-52E cells were incubated in the presence or absence of 0.5 mM 

P for 1 h and later with 10 μM EC or 20 µM DHBA for 24 h.Glucose uptake 

was expressed as percent of control are means ± SD of 8-14 different 

samples per condition. Means without a common letter differ (P<0.05). 

CONCLUSION 
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