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the vascular organ of the lamina terminalis (VOLT) the
subfornical organ (SFO) vasopressin the

supraoptic nucleus (SON) the paraventricular nucleus (PVN)
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TRP(transient receptor potential) TRPM TRPC TRPV subfamilies
3 TRPV subfamily
TRPVA4
TRPV4 ) TRPV4  VOLT SFO
4,6,7)
TRPV4 knockout mice vasopressin
&" TRPV4
TRPV4 agonist 4o.-phorbol
12,13-didecanoate (PDD) antagonist ruthenium red (RR) gadolinium (GAD)®
TRPVA4
( 23 60% 8:00-20:00)
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PDD 30 1)

PDD 11:30 2) PDD 19:45 3)16
PDD 11:30 4) 11:30 PDD 0.5
NaCl 4ml PDD 05 1 15 2 3 4
8% sucrose  12:00-15:00 3
4 11:45 PDD
Automex Il (Columbus Instruments, Ohio, USA) (Minimitter, Eicom,
Japan)
Auto-Osmometer (Osmostat OM-6020, Kyoto Daiichi Kagaku Co. Ltd., Kyoto,
Japan)

PDD  10%DMSO genistein  <5% ethanil PD98059 <5% DMSO

Mean +S.E. two-way ANOVA non-paired
t-test P 5%
3.1 PDD
A) Water deprivation for 16 h B) 4 ml of 0.5 M NaCl, i.g.
16 251 1
10
s 201 ; s 5]
PDD (20 ng) % 151 g . i
Fig. 1 £ i !
2 —o- Vehicle (4) 2 —o- \ehicle (5)
57 ~e-PDD, 20 ug (4) 21 ~e-PDD, 20 ug (5)
PDD 0 T T T T 0 T T T T T T T 1
0 1 2 3 4 0 1 2 3 4
Time (h) Time (h)
Fig. 1 Effects of PDD on water intake after water
deprivation or intragastric administration of NaCl
PDD
(Fig. 2) Vehicle/PDD 0-0.5h Vehicle:

4.0%+049,n=9; 3 ug PDD: 44x1.49g,n =05; 10 ug PDD: 2.14+0.6 g*, n = 5; 20 ug PDD:
1.140.4 g*, n = 8; *P<0.05 vs. the vehicle-injected group
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A) Light phase B) Dark phase C) Food deprivation for 16 h

51 —o- Vehicle (9) 40+ 157

-o— Vehicle (7)
_e— PDD, 20 pg (6) + _e—PDD, 20 MW
= 41 = =
) /l £ 3 * E 10
2 34 g [ Vehicle (6) g /6
g £ 204[_1PDD, 20 pg (5) £
527 5 5 54
g 1; g 104 g
0 | 0 ﬁ- O T T T T T T T T
0 2hr Dark 0 1 2 3 4
Time (h) Time (h)
Fig. 2 Effects of PDD on water intake under basal condition and
food deprivation for 16 h (*P<0.05 vs. the vehicle-injected group)
PDD (20 ng) PDD
sucrose
PDD 0-1h vehicle: 19412194 for 0-0.5 h, 1236

#4222 for 0.5-1.0 h, n =7; PDD: 1137#151* for 0-0.5 h, 733=%121* for 0.5-1.0 h, n = 5;
*P<0.05 vs. the vehicle-injected group

PDD
Table 1
Table 1 Plasma osmotic pressure under the various experimental conditions
Basal condition Deprived condition 0.5 M NaCl
Light phase Dark phase Food Water i.g.
Osmotic pressure 291 25 292+ 6.2 294 +1.3 305+ 3.3* 307 & 2.6*
(mOsm/kg)
N 8 6 6 6 6
* P < 0.05 vs. the basal condition of the light phase
3.2 PDD TRPV4 antagonist
A) Food deprivation for 16 h B) Dark phase
Fig. 3 Inhibitory effects of 15 —o- \ehicle (7 401 —2h
. PDD, 20 pg (6) Dark ph
ruthenium red on the PDD- = R 1,9+ PDD @ _ - pekphese
g 2 301 *
induced decreases in water %10 _3
= et
intake  (*P<0.05 vs. the 5 = 207
vehicle-injected group) = £ 101
0% "1 2 3 4 0" nice ~ PDD  RR+PDD



—0— \kehicle (7)

—e— PDD, 20 ug (6
PDD TRPVA4 15i —&— GAD, 1 u%g+(P)DD (6)
antagonists (GAD  RR) ]
antagonists  PDD 30 R s
2 107
RR (1 ng) E
g '
PDD 5 | Y
. 5 5
Fig.3  GAD (1 ng) =z 7
PDD
H O T T T T T T 1
Fig. 4 o 1 2 3 3
RR GAD 1ug Time (h)
Fig. 4 Inhibitory effects of gadolinium on
the PDD-induced decrease in water intake
3.3 PDD protein kinase inhibitor
TRPVA4 5
PDD protein kinase C?  tyrosine 7__65 | [ {
n 4
kinase ' s |1 | |
o 3
inhibitors e
_;‘3 21 *
£
PDD § 1- -
Protein kinase C  tyrosine kinase 0
Antagonist - - CHE GEN
inhibitor chelerythrine (CHE; PDD - + + +
2 ug) genistein (GEN; 2 pg) Fig. 5 Fig. 5 Effects of protein kinase inhibitors on
PDD the PDD-induced decrease in water intake
after food deprivation (*P<0.05 vs. the
PDD 30 vehicle-injected group)
1 PDD 16 05M
2 PDD
sucrose 3
4 PDD TRPV4 antagonist
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RR  GAD 5) PDD protein kinase C

tyrosine kinase inhibitors

PDD sucrose
PDD
TRPV4 antagonist PDD  TRPV4
PDD
/ PDD
PDD

TRPVA4
stretch-inactivated cation channel volume regulated anion channel™
Na senser'? TRPV4 knockout mice
6.7)
TRPVA4
TRPV4 protein kinase C¥ tyrosine kinase®
ca* calmodulin'®  TRPV4
tyrosine kinase  TRPV4 10)
tyrosine kinase 14) protein kinase C
TRPV4 TRPVA4
PDD CHE GEN
TRPVA4 protein kinase C  tyrosine kinase
PDD
TRPVA4
protein
kinase C  tyrosine kinase TRPV4
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Physiological roles of TRPV4 as osmoreceptors in the central nervous system

and its underlying mechanisms

Hiromi Tsushima®, Mayumi Mori" and Akihiko Moriyama?
) Nagoya City University Graduate School of Medical Sciences;
?) Nagoya City University Graduate School of Natural Sciences

Summary

Intracerebroventricular (i.c.v.) injections of 4a-phorbol 13, 14-didecanoate (PDD), a
TRPV4 agonist, decreased water intake under the basal condition during the light and
dark phases in rats. Also an increased water intake accompanied with food intake after
16-h food deprivation was inhibited by PDD. However, PDD did not change an
increased water intake after intragastric administration of hypertonic NaCl solution or
16-h water deprivation. Locomotor activity of the PDD-injected groups slightly
decreased, compared with that of the vehicle-injected group. Sucrose intake, food
intake or body temperature was not different between the PDD- and vehicle-injected
groups. Plasma osomolality significantly increased after the 16-h water deprivation
and NaCl-gastric administration, although the plasma osmolality after food deprivation
did not change, compared the basal level during the light and dark phase. The
antidipsogenic effects of PDD were blocked by pretreatment with ruthenium red or
gadolinium. In addition, genistein (a tyrosine kinase inhibitor) and chelerythrine (a
protein kinase C inhibitor) inhibited the effects. These findings suggest that TRPV4 is
involved in the regulatory mechanisms of the physiological changes in body fluid
osmolality mediated through water intake, and activation of tyrosine kinase and protein

kinase C contribute to the regulation.
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