K % T s

FAL(REE Sy ) R ()

E A VA =S M H 2 1940 5

ENR R AR TR 294E3 H 24 H

AL G OB A RO SRR SRR L
AL HR I EE 6 % 5 1 THR% Y

AL L RE B Distinct neural mechanisms for the control of thirst and salt
appetite in the subfornical organ
MXEEEZER £ & iR RE B

i BH B
UiEsCo g SUNE S
HEHER mAR B 4l RKRT




G 2)
(Separate Form 2)

i LD EE
Summary (Abstract) of doctoral thesis contents

Body-fluid conditions are continuously monitored in the brain to regulate
thirst and salt-appetite sensations. The central monitoring of body-fluid conditions is
considered to be mediated by 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.

Nat*-levels in body fluids are sensed by Nax channels expressed in specific glial
cells in the SFO. The activation of Nax stimulates the glial cells to release lactate,
which functions as a gliotransmitter that activates GABAergic inhibitory neurons in
the SFO. It has been postulated that the activation of the GABAergic neurons
suppress salt appetite. On the other hand, angiotensin II (Ang II) drives both thirst
and salt appetite; however, the neural mechanisms underlying selective water- and
salt-intake behaviors remain unknown.

To investigate water- and salt-intake behaviors, I established water- and/or
Na-depleted conditions in mice by dehydration (water-depleted), furosemide
treatment (water- and Na-depleted), or combining furosemide treatment with water
satiation (Na-depleted), respectively. Blood Ang II levels increased to similar levels in
all of the three conditions. Under the water-depleted and Na-depleted conditions, the
expression of Fos, a marker for neuronal activity, was specifically increased in Ang 11
receptor type la (AT1a)-positive neurons in the SFO and OVLT.

To examine the contribution of the SFO and OVLT to water- and salt-intake
behaviors, AT1a gene was site-specifically deleted in the SFO and/or OVLT. The local
deletion of AT1a in the SFO resulted in significant reductions in water intake under
the water- and Na-depleted condition and in salt intake under the Na-depleted
condition. In contrast, the local deletion of AT1la in the OVLT resulted in marked
reductions in water intake under the water- and Na-depleted condition, but not salt
intake under the Na-depleted condition. These results suggested that AT1a signals in
the SFO are involved in both water and salt intake, whereas those in the OVLT are
involved only in water intake.

My anatomical analyses revealed that AT1a-positive neurons in the SFO were
largely glutamatergic, and they had projections to the OVLT, ventral part of the bed
nucleus of the stria terminalis (vBNST), and so on. Notably, Fos-positive neurons
under the water-depleted condition overlapped well with the SFO neurons projecting
to the OVLT [SFO(—OVLT) neurons]. In contrast, the SFO neurons projecting to the
vBNST [SFO(—vBNST) neurons] expressed Fos under the Na-depleted condition.

Furthermore, I tested whether optical manipulations of the specific neural pathways
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by using channelrhodopsin 2 and archearhodopsin 3 can control the specific intake
behaviors. As was expected, water- and salt-intake behaviors were selectively
controlled by optogenetic manipulations of neuronal activities of the respective
neuronal groups. From these results, I concluded that the SFO(—OVLT) neurons and
SFO(—vBNST) neurons control thirst and salt appetite, respectively.

To examine the relationship between Nax signals and ATla-dependent control
of salt appetite, I examined whether the activity of the SFO(—vBNST) neurons is
regulated by Nax signals through GABAergic neurons. As previously reported,
Naxknockout (KO) mice did not show salt aversion under the water-depleted
condition. Increased Fos expression was observed in the SFO(—vBNST) neurons of
the NaxKO mice compared with wild-type mice. In addition, electrophysiological
experiments demonstrated that the Ang II-induced firing activity of the
SFO(—vBNST) neurons was suppressed dependent on the activity of GABAergic
neurons by a hypertonic Na solution. The Na-dependent responses were absent in
brain slices prepared from NaxKO mice. Thus, Nax signals suppressed the activity of
the SFO(—vBNST) neurons through activation of GABAergic neurons in the SFO.

In addition, I explored inhibitory signals that suppress the activity of the
SFO(—OVLT) neurons. I tested cholecystokinin (CCK) because it reportedly inhibits
water intake. I found that the Ang II-induced firing activity of the SFO(—OVLT)
neurons was suppressed by application of CCK through activation of GABAergic
neurons in the SFO. In line with this finding, CCK levels in the SFO were increased
under the Na-depleted condition. Of note, CCK did not affect the activity of the
GABAergic neurons which made synapse onto the SFO(—-vBNST) neurons. These
results indicated that CCK levels in the SFO modulate the activity of the
SFO(—OVLT) neurons through activation of another population of GABAergic
neurons.

In summary, I demonstrated that the AT1la-positive SFO neurons projecting to
the OVLT and vBNST encode thirst and salt appetites, respectively. I named these
two population of driving neurons “water neuron” and “salt neuron”, respectively. The
thirst and salt-appetite behaviors were separately controlled dependent on body-fluid
conditions. This would provide substantial explanations for the neural mechanisms in
the SFO that generate appropriate water- and salt-intake behaviors based on

body-fluid conditions.
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