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Roles of the volume-sensitive anion channel and the

Ve-type vasopressin receptor in rat AVP neurons
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The osmolarity of body fluids fluctuates around a set-point because of variations in the rate of
intake and loss of water and Na'. Disturbances in plasrha osmolarity can be caused by dehydration
(through evaporation or diuresis), excessive ingestion of water, blood loss, excess salt ingestion, or
excess Na' excretion. Homeostasis of the osmolarity and volume of body fluids requires the
regulated release of arginine vasopressin (AVP). AVP neurons which synthesize AVP in the
hypothalamus of the brain are osmosensory neurons that respond to an increase and a decrease in
plasma osmolarity with enhanced and reduced AVP release, respectively, from their axon terminals.

It was shown that AVP is released by exocytosis not only from the axon terminals of
magnocellular neurons into the systemic circulation but also from the somata and dendrites locally
in response to hyperosmotic stimulation in a manner dependent on intracellular Ca’* and actin
depolymerization. However, it has been not known how AVP release from somata and dendrites is
affected by extracellular hypoosmolarity. In the present study, hypoosmotic stress was found not to
reduce, but to significantly enhance somato-dendritic AVP secretion from axon terminal-free AVP
neurons acutely dissociated from the supraoptic nuclei (SON) in AVP-enhanced GFP transgenic rats.
This response was found to be almost completely abolished by pretreatment with an exocytosis
inhibitor, tetanus toxin or BAPTA-AM in Ca**-free Ringer solution, and prominently augmented by
application of blockers (NPPB, phloretin and DCPIB) for the volume-sensitive outwardly rectifying
(VSOR) anion channel. Immunocytochemical studies showed that F-actin becomes depolymerized
upon osmotic cell swelling induced by hypoosmotic stimulation. The amount of released AVP was
significantly increased in the presence of a depolymerization activator (latrunculin B) even in
isoosmotic conditions. These results indicate that the hypoosmolarity-induced increase in AVP
release from somata and dendrites is caused by exocytosis which is facilitated by
swelling-associated F-actin depolymerization.

It was reported that rat SON neurons respond to hypoosmotic stimulation with sustained
swelling and do not exhibit volume regulation for up to 10 min. However, most cell types exposed
to a hypoosmotic solution can regulate their volume shortly after an osmotic volume increase by the
mechanism called regulatory volume decrease (RVD). In addition, persistent cell swelling due to
dysfunction of the volume-regulatory mechanism is known to be implicated in necrotic cell death.
Thus, the author hypothesized that in AVP neurons the RVD process takes place slowly with a time
course longer than 10 min. Actually, during exposure to a hypoosmotic solution, a slow RVD was
found to occur over 10 min after swelling in a manner sensitive to VSOR anion channel blockers.
Furthermore, application of a hypoosmotic solution was actually found to activate whole-cell anion
currents. The activated currents were associated with osmotic cell swelling and exhibited moderate

outward rectification, time-dependent inactivation kinetics at large positive potentials, a low-field
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anion selectivity (Eizenman’s type-I) sequence of I" > Br™> CI"> F, and sensitivity to VSOR anion
channel blockers. Furthermore, she found that bath application of AVP significantly increased the
amplitude of volume-sensitive anion currents and accelerated the time course of RVD.

Vasopressin is known to act on itsvtarget cells via the Vi, and V;, receptor coupled to the Gq
protein and phospholipase C (PLC), or the V; receptor coupled to the Gs protein and adenylate
cyclase (AC). The V, receptor is mainly expressed in the brain, vascular system, liver and kidney,
whereas the V;, receptor is detected in the anterior pituitary. In contrast, the V; receptor is shown to
be expressed in the kidney. On the other hand, it has been under controversy whether the V,
receptor 1s expressed in the SON. In this study, she investigated using the AVP neurons which were
dissociated from rat SON and clearly identified by GFP expression. Actually, the enhancing effects
of AVP on the volume-sensitive anion currents and the RVD rate were abolished by antagonists for
AC (5Q22356 and MDL 12330A) which is downstream to the V, receptor and by an antagonist for
the V; receptor (OPC-31260) but not by an antagonist for PLC (U73122) which is downstream to
the Vi, and V), receptors (OPC-21268). Even in the absence of exogenous AVP, when the amount
of bath solution was reduced (from 1 ml to 50 pl), the time course of RVD in rat AVP neurons was
accelerated and was inhibited by the V, receptor antagonist. RT-PCR using total RNA extracted
from the pooled cytosol of 20 GFP-expressing AVP neurons and immunostaining studies showed
expression of the V, receptor protein in AVP neurons.

Taken together, it is concluded that AVP released from somata and dendrites of AVP neurons
under hypoosmotic conditions serves, in an autocrine fashion, as a signal to enhance
volume-sensitive anion channel activity and thereby facilitate cell volume regulation via the V,
receptor. Also, it is considered that AVP released from somata and dendrites in rat AVP neurons acts
as a negative-feedback signal to maintain cell volume homeostasis via the V,-type vasopressin

receptor under hypoosmotic conditions.
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