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Volume-sensitive chloride channel in cerebral

neurons:|lts properties and roles
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Because persistent swelling causes cell damage and often results in cell death, volume
regulation is an important physiological function in both neuronal and non-neuronal cells. Brain
cell swelling has been observed not only in various pathological conditions such as seizure,
ischemia and excitotoxicity, but also during physiological synaptic transmissions. Volume-
sensitive anion channels have been reported to play an important role in the regulatory volume
decrease (RVD) after anisotonic swelling in many cell types. Thus, it is important to examine
whether brain cells functionally express volume-sensitive anion channel.

In this study, she first studied whether or not cerebral neurons possess volume-sensitive anion
channels. Using the whole-cell patch-clamp technique, she recorded Cl- currents activated by
exposure to hypotonic solution (90% osmolality) in cortical neurons in primary culture derived
from mouse embryonic cerebra. This CI” current exhibited outward rectification, time-dependent
inactivation at strong depolarizing potentials (>+120 mV), low-field anion permeability sequence
of I" > Br~ > CI" > F~ > gluconate™, and sensitivity to Cl” channel blockers, such as 5-nitro-2-(3-
phenylpropylamino)benzoic acid (NPPB, 80 u M), 4,4'-diisothiocyanostilbene-2,2'-disulfonic
acid (DIDS, 400 g M), and phloretin (100 x M), but not to tamoxifen (10 1 M) and phorbol
12-myristate 13-acetate (PMA, 50 nM). Single-channel recordings revealed that the unitary chord
conductance of this channel was 21 pS at +100 mV.

To investigate the involvement of this CI” channel in neuronal RVD, she performed time-lapse
recordings of the neuronal images using two-photon microscopy under sustained hypotonic
conditions. A hypotonic challenge (65%) induced rapid neuronal swelling followed by RVD, and
this volume regulation was strongly inhibited by NPPB (100 u M). Moreover, a K* channel
blocker, quinine (500 p M), also inhibited the RVD, suggesting that activation of both K* and Cl-
channel is necessary for the RVD process after hypotonic swelling in neurons.

Excitotoxicity is known to induce neuronal cell swelling both in vive and in vitro. Under the
patch-clamp whole-cell configuration, she demonstrated that volume-sensitive Cl™ channels were
activated after exposure to an excitatory amino acid (30 x M N-methyl-D-aspartic acid (NMDA)
or 1 uM o« -amino-3-hydroxyl-5-methylisoxazole-4-propionic acid (AMPA) plus 2.5 u M
cyclothiazide). This activation was found to be associated not only with somatic swelling but also
with varicosity formation.

This study provides the first demonstration which clarifies that cortical neurons possess the
volume-sensitive anion channel. Electrophysiological and pharmacological properties of this
channel are similar to those of the volume-sensitive outwardly rectifying anion channel reported
in many other cell types. As in other cell types, it was demonstrated that in cortical neurons the
volume-sensitive anion channel is involved in volume regulation after hypotonic swelling.
Furthermore, the present study showed that hyperexcitation can also activate volume-sensitive

anion channels in cortical neurons.
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