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Background: Excessive increase of late Na+-current (INaL) can lead to arrhythmias via Na-induced 
Ca overload, occurring via the activation of reverse Na+/Ca2+-exchanger (NCX). Since significant 
percentage of NCX and Na+ channels are located in the region of the subsarcolemmal space, we 
hypothesized that the Na+-induced increase of the reverse NCX occurs at least in part via the 
elevation of Na+ level in the subspace. Therefore, using experimental and simulation methods in this 
study we aimed to characterize the functional subspace for Na+ as defined by the interaction 
between INaL and INCX and its relation to Ca subspace.  
Methods and Results: Isolated canine cardiac myocytes were patch clamped and INaL was 

measured at -20 mV after application of 1 g/l veratrine. Outward INCX was isolated as a current 
sensitive to 10 mM NiCl2, measured at +40 mV. Intracellular Na+ level was buffered by setting the 
pipette Na+ to 0, 7 or 15 mM. The augmentation of INaL was accompanied by a parallel increase of 
the outward INCX, which was dependent on the intracellular Na+ and the frequency of pulses applied 
(0.2 - 4 Hz). Numerical simulations based on a mathematical model which included detailed 
descriptions of INa, INaL and INCX as well as the diffusion of Na+ and Ca2+ between the different 
subcellular spaces were also carried out to estimate the values of the Na+ and Ca2+ subspace 
volumes and the distribution of NCX units within the different ionic subspace compartments. Using a 
genetic algorithm, a "best fit" estimation for the unknown parameters was obtained which nicely 
reproduced, both qualitatively and quantitatively, the patch-clamp experimental results and predicted 
an elevated Na+ level in the subspace as a consequence of the increased INaL. 
Conclusion: Our results suggest that the functional coupling between increased INaL and reverse 
NCX occurs at least in part by accumulation of Na+ in the subspace. Development of new computer 
models dealing with different ionic subspace compartments are necessary to better understand the 
interaction of the local Na+ and Ca2+ dynamics through the NCX located at the subspace. 


