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[INTRODUCTION * PURPOSE] Arginine vasopressin (AVP) is a neuropeptide synthesized in the cell
bodies of the magnocellular neurosecretory cells (MNCs) and parvocellular neurosecretory cells in the
supraoptic nucleus (SON) and the paraventricular nucleus in the hypothalamus. AVP is known to play a
crucial role in maintaining the osmolality and volume of the body fluid. It has been argued that MNCs in
the SON possess intrinsic osmosensing mechanisms, which are lost in transient receptor potential vanilloid
1 (TrpvI)-knock-out mice. The molecular identity of the osmoreceptors expressed in MNCs is believed to
be associated with the N-terminal splice variants of 7rpv/, however, their entire molecular structures have
not been identified. The purpose of the Chapter 1 was to uncover the structure and function of molecules
related to the central osmoreceptor in the rat SON. RT-PCR and immunohistochemistry were performed for
TRPVI1-related molecules, and electrophysiological parameters and intracellular Ca”" concentration
([Ca®'];) in rat SON neurons were measured in response to osmolality changes and TRPV-related drugs.
Besides its function in the osmolality regulation, AVP has been shown to exert other important
physiological functions in the central and peripheral nervous systems. In the dorsal root ganglion (DRG), it
has been reported that AVP-like immunoreactivity is detected in the DRG neurons and exposure to AVP
induced phosphatidylinositol turnover in the DRG. In the Chapter 2, AVP-induced responses in rat DRG

cells were investigated using [Ca™]; imaging, immunohistochemistry and RT-PCR.

[RESULTS * DISCUSSION] In the Chapter 1, RT-PCR analysis revealed full-length 7rpv/ and a new
N-terminal splice variant, 7rpv/ SON (LC008303) in the rat SON. Positive immunostaining was observed
using an antibody against the N-terminal portion of TRPV1 in arginine vasopressin (AVP)-immunoreactive
neurons, but not in oxytocin (OT)-immunoreactive neurons. Approximately 20% of SON neurons
responded to 50 mM mannitol (+30 mOsml/kg), with [Ca’"]; increases. Mannitol-induced responses were
observed in AVP neurons isolated from AVP-eGFP transgenic rats and identified by GFP fluorescence, but

not in OT neurons isolated from OT-mRFP transgenic rats and identified by RFP fluorescence. The
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mannitol-induced [Ca®’}; responses were reversibly blocked by the non-selective TRPV antagonist,
ruthenium red (10 pM) and the selective TRPV1 antagonists, capsazepine (10 uM) and BCTC (10 pM).
These antagonists had little or no effect on K -induced [Ca2+]i responses. Mannitol-induced increases in the
frequency of action potentials were reversibly suppressed by capsazepine (10 uM). Although the TRPV1
agonist, capsaicin (100 nM) evoked no response at room temperature, it triggered cationic currents when
the temperature was increased to 36 °C, and the reversal potential (E..,) was -46.4 + 4.1 mV, which is close
to the reported E,, of hyperosmolality-induced current in rat SON, but different from E,, of
capsaicin-induced currents recorded in rat DRG neurons or TRPV1-expressing cells. Although the I-V
relation of capsaicin-induced currents reported in DRG neurons or TRPV1-expressing cells showed evident
outward rectification, that observed in SON neurons was ohmic, Capsaicin (100 nM) caused only a minute
[Ca’']; increase (8.5 + 2.7 nM) in nine SON neurons that responded to mannitol (50 mM) with a large
[Ca2+]i transients (135 + 15 nM) at 24 °C. In contrast, capsaicin (100 nM) evoked significant [Ca2+]i
elevations (134 = 14 nM) at 36 °C in all the nine SON neurons. Capsaicin-induced [Ca2+]i increases were
reversibly blocked by capsazepine (10 uM).

In the Chapter 2, [Ca2+]i measurements showed that AVP evoked [Ca2+]i responses in non-neuronal
cells in a concentration-dependent manner (100 pM to 1 uM). The amplitude of the [Ca™; responses
increased with days in vitro in culture, reaching a maximum amplitude after 4-5 days. Immunostaining by
anti-S-100 antibody revealed that more than 70% of S-100 positive cells were AVP-responsive, indicating
that glial cells responded to AVP and increased their [Ca2+]i. The responses were inhibited by depletion of
the intracellular Ca’" stores by the inhibitor of the Ca’"-ATPase expressed on the endo/sarcoplasmic
reticulum, cyclopiazonic acid (10 mM), or in the presence of the inhibitor of phospholipase C, U73122 (1
uM), indicating that the responses are mediated by a metabotropic mechanism involving inositol
trisphosphate (InsPs). The AVP-evoked responses were blocked by the specific blockers for V; receptors,
(d(CHz)s1,Tyr(Me)z,Argg)-Vasopressin, but  unaffected by  the OT  receptor  blocker,
(d(CH2)51,Tyr(Me)z,Thr4,Orn8,des-Gly-NHzg)-Vasotocin. Moreover, Vi, but not Vy;, receptor mRNA was

expressed sustainably through the culture period in cultured DRG cells.

[ CONCLUSION] The results in the Chapter 1 suggest that AVP neurons in the rat SON possess
functional full-length TRPV1. Moreover, differences between the responses to capsaicin or
hyperosmolality obtained in rat SON neurons and those obtained from DRG neurons or TRPV 1-expressing
cells indicate that the osmoreceptor expressed in the SON may be a heterotetramer, in which TRPV1 is
co-assembled with some other, yet unidentified, molecules.

The results in the Chapter 2 indicate that AVP induces a [Ca2+]i increase involving an InsP;-evoked

release of Ca®" from intracellular stores in rat DRG glial cells through their AVP Vy, receptor.
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