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Body-fluid condition is continuously monitored in the sensory circumventricular organs (SCVOs), brain regions
that lack a blood-brain barrier but harbor neuronal cell bodies. sCVOs consist of the subfornical organ (SFO),
organum vasculosum of the lamina terminalis (OVLT) and area postrema. sCVOs are known to extensively
express angiotensin Il (Ang 1) receptors. We previously demonstrated that Nax channels are mainly expressed
in the glial cells (ependymal cells and astrocytes) of the SFO and OVLT as a brain Na*-level ([Na*]) sensor that
detects [Na*] elevations in body fluids within the physiological range. Nayx stably interacts with Na'/K*-
ATPase whereby [Na*] dependently activate anaerobic glucose metabolism of the glial cells, leading to the
cellular release of lactate, which functions as a gliotransmitter that activates GABAergic inhibitory neurons in
the SFO.

In the SFO, we here found distinct groups of excitatory neurons driving thirst and salt appetite, respectively.
They both express Ang Il receptor type 1a (AT1a) and separately drive thirst and salt appetites based on body
fluid conditions. We refer to them as “water neurons’ and ‘salt neurons’, respectively. In mice under water-
and/or Na-depleted conditions, the Ang Il levels in blood increased to similar levels in all of these conditions.
However, the resultant intake behaviors were different among them; The Na-depleted condition induced salt
intake but not water intake in mice, whereas the water-depleted condition increased water intake, but salt intake
was evidently less than water intake, reflecting salt avoidance due to high [Na*] in body fluids. To examine
the neural mechanisms by which thirst and salt-appetite were differently controlled, we examined local circuits
in the SFO. Water neurons innervated the OVLT, whereas salt neurons did the vBNST. We found that
cholecystokinin (CCK) level was increased in the SFO under Na-depleted (water satiated) conditions and that
CCK controlled the activity of water neurons via GABAergic neurons. On the other hand, signals of Nay
channels sensing [Na*] in body fluids controlled the activity of salt neurons through distinct GABAergic
neurons; the GABAergic neurons were activated by lactate from glial cells expressing Nax channel. The
balance between the dipsogenic and natriorexigenic effects of Ang Il thus appeared to be controlled based on
the [Na*] in body fluids through the brain Na*-level sensor Nax.

We also found that Nax is also involved in thirst generation. It was proposed that transient receptor
potential vanilloid (TRPV) channels TRPV1 and TRPV4 are the osmosensor for thirst resposes. To test this
idea, we investigated voluntary water intake immediately induced after an intracerebroventricular
administration of a hypertonic NaCl solution in TRPV1-, TRPV4-, Nay-, and their doublegene knockout (KO)
mice. The induction of water intake by TRPV1-KO mice was normal, whereas intake by TRPV4-KO and Nax-
KO mice was significantly less than that by WT mice. Water intake by Na,/TRPV4-double KO mice was similar
to that by the respective single KO mice. When TRPV4 activity was blocked with a specific antagonist, water
intake by WT mice was significantly reduced, whereas intake by TRPV4-KO and Na,-KO mice was not. Similar
results were obtained with the administration of miconazole, which inhibits the biosynthesis of
epoxyeicosatrienoic acids (EETSs), endogenous agonists for TRPV4, from arachidonic acid (AA).
Intracerebroventricular injection of hypertonic NaCl with AA or 5,6-EET restored water intake by Na,-KO mice
to the wild-type level but not that by TRPV4-KO mice. These results suggest that [Na*]-dependent activation of
Nax-positive glial cells leads to the activation of TRPV4-positive neurons in SCVOs to stimulate water intake
by using EETs as gliotransmitters. Intracerebroventricular injection of equiosmolar hypertonic sorbitol solution
induced small but significant water intake equally in all the genotypes, suggesting the presence of an unknown
osmosensor in the brain.
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