The challenge presented by altered brain interstitial
fluid dynamics during slow wave sleep
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flux and solute convection through EC space?

Tissue osmotic pressure differences are mostly equilibrated by water movement across
membranes or solute diffusion within fluid spaces. Transmembrane hydrostatic pressure
gradients are normally negligible by comparison.

However, if coupled astrocytes are swollen in one region they may produce a significant
small hydrostatic force (a form of elasticity) tending to push IC fluid away, pulling EC fluid
towards the region and restoring normal geometry. This activity-driven fluid flux could
enhance EC solute movement by convection (carriage along with fluid) and could also
mimic an increase of EC space when measured by dispersal of EC markers.

The extent of this effect is frankly hard to estimate, without much information about
mechanical or hydraulic parameters.

Could ‘sloshing’ of EC fluid back & forth due to slow wave activity
enhance solute dispersal significantly during sleep?

Alternating current sources and sinks occur during slow wave

Hydrostatic pressure from swelling tends to restore
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sleep for many functions, and it is
an intriguing possibility that sleep
processes such as slow wave
activity may have adapted to aid
brain solute clearance. | don'’t
think the data yet points to clear
answers to the mechanism, but —
the biophysics of interstitial solute e
dispersal and fluid flux do seem
to have more complex
possibilities than one might have
thought.

Fluid movement can disperse solutes faster,
over long distances, than diffusion

ABSTRACT

» Recent data from Xie et al. (2013: Science 342:373-377) has shown enhanced dispersal of
extracellular (EC) marker ions released iontophoretically into superficial cortex during slow
wave sleep.
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