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High Glucose Levels Specifically Stimulate an Increase in Microvascular Permeability in Vivo
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Increased micro-vascular permeability contributes to the development of diabetic microvascular complications. Large-scale trials demonstrate that diabetic vascular dysfunction is negatively correlated with blood glucose levels. The pathogenic mechanisms underlying increased permeability and the progression of diabetic micro-angiopathy, however, are poorly understood. 

We used the Landis-Michel technique to examine water permeability (Lp) and macromolecular permeability of exchange capillaries in frogs and rats to address the hypothesis that circulating factors in diabetic plasma (eg glucose) have a direct effect on microvascular permeability in vivo, as we have previously shown in uraemia and pre-eclampsia (1,2).

Perfusion of single microvessels with normoglycaemic plasma from a diabetic had no effect on Lp. In contrast, the same diabetic plasma plus 20 mM glucose stimulated increased water permeability. The mean Lp ± sem (x10-7cm.s–1.cmH2O–1) was 4.58±0.97, 5.73±2.01 and 13.09± 2.67 for 5% HSA (control), diabetic plasma alone, and diabetic plasma with 20mM D-glucose, respectively ( p<0.01, n=7, ANOVA). Control non-dabetic control plasma and 20mM glucose produced similar results. 

The effects of glucose alone was examined in 1%BSA. 20mM glucose but not 5mM increased Lp from 2.82±0.61 (1%BSA alone) to 4.71±1.35 x10-7 cm.s-1.cmH2O-1 (p=0.002, n=13). A similar increase was seen rat mesenteric micro-vessels, from mean control Lp ± sem (x10-7cm.s–1.cmH2O–1) 1.04±0.40 to 2.18±0.56 (20mM D-glucose), paired t test p<0.05 for n=4. A similar response was not seen with Mannitol in any experiment. The micro-vascular macro-molecular permeability in all the above experiments was normal. Furthermore with the use of specific inhibitors (data not shown) it appears that the glucose-mediated increased permeability is not mediated through PKC, free radical generation, glucose metabolism or albumin glycation. 
We speculate that the acute increased permeability to water in vivo is mediated by direct interaction of glucose (perhaps because of its reactive aldehyde group) with the endothelial cells (perhaps with the glycocaylx). This data suggest that in early diabetic micro-vasculopathy the increase in protein permeability (eg micro-albuminuria) may be entirely secondary to a glucose mediated change in macro-molecular convective flux rather than any change in protein permeability per se. 
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