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Basic research for exploitation of novel central antihypertensive drugs focusing
on regulation of responses to stress
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The sympatho-adrenomedullary (SA) system is an important component of

responses to stress, and it has recognized that excessive activation of this system plays a
pathogenic role in triggering and sustaining the essential hypertension. We have already reported an
inhibitory role of brain endocannabinoid (eCB) in stress-related neuropeptides-induced activation
of the SA outflow via brain CBl receptors. In this study, we clarified that (1) stimulation of brain
CB1 receptors improved excessive hypertension and activation of the outflow in spontaneously
hypertensive rats without affecting these factors in normotensive control rats, and that (2) brain
opioid receptors, which can interact with CB1 receptors, modulate these peptides-induced activation
of the SA outflow. These findings suggest that brain CB1 and opioid receptors might be useful
targets for alleviation of essential hypertension via inhibition of stress responses including the
SA outflow.

CB -



o

Ulrich-Lai and
Herman. Nat Rev Neurosci 2009; 10:
397-409
- SA

Vanitallie. Metabolism 2002; 51: 40-45

SA

() Wistar
SA

BB

SA
2- 2-AG
Shimizu and
Yokotani. Eur J Pharmacol 2008; 582:
62-69; Shimizu et al. Eur J Pharmacol 2010;
641: 54-60; 2011; 658: 123-131
2-AG
CB

Shimizu and
Yokotani. Eur J Pharmacol 2008; 582:
62-69; Shimizu et al. Eur J Pharmacol 2010;
641: 54-60; 2011; 658: 123-131
CB CB, CB,
CB,
Shimizu and Yokotani. Eur J
Pharmacol 2008; 582: 62-69
2-AG BB

CB,
Shimizu et al. J Pharmacol Sci 2013;
121: 157-171

SA

SHR

SHR
McBryde et al . Nat commun 2013;
4: 2395

SHR

CB,

Brozoski et al. Auton Neurosci 2009;

150: 82-93
CB,

SHR
A CB,

CB,

Wilson-Poe et al.

Pharmacol Biochem Behav 2013; 103:
444-449

CB,
NOP

Rawls et al.

Neuropeptides 2007; 41: 239-247

CB,;
CB,
SA
CB,
SA SHR
( )
(€H) SA
@ CB,

SHR
©)) SA CB,
)

@
SA
Wistar



SHR
Wistar Kyoto
WKY
®
(1.0 g/kg,
ip)
1.2ml/h

Shimizu et al. Eur J Pharmacol 2004;
499: 99-105

BB
276
(icv)
(3)SA
SA
CA (NA)
(Ad)

Shimizu et al. Eur J
Pharmacol 2004; 499: 99-105

C))
18 SHR WKY )
Nakamura et al.
Sci Rep 2014; 4: 7248 (icv)
3 4
icv
©) SA
@ @
BB
SA
NLX BB CA
BB
NLX
(u /78 /)
V]
Cyprodime
BB CA
M BB
o)
Naltrindole K

nor-Binaltorphimine
BB CA

NOP Nociceptin/Orphanin
FQ peptide Nothacker et al. Proc
Natl Acad Sci USA 1996; 93: 8677-8682
V) K NLX
Lambert. Nat
Rev Drug Discov 2008; 7: 694-710

NOP
JTC-801
J-113397
BB
CA
NOP BB
BB
SA u
d K NOP
SA

Yawata et al. Mol
Cell Biochem 2016; 411: 201-211

@ @ SHR
CB,
18 SHR-WKY
SHR WKY
SHR WKY
SHR

Holmstrém et al. Prostate 2015; 75:
1774-1782

NA  Ad
SHR WKY
NA
Ad
SA
NA  Ad
SHR
SHR
WKY SHR
WKY
NA Ad
CB, ACEA
SHR WKY SA
ACEA
WKY SHR




ACEA  WKY

SA SHR
NA
ACEA CB,
Rimonabant
ACEA CB,. SHR
SA
CB,
CB,
SHR

Brozoski et al.
Auton Neurosci 2009; 150: 82-93
SHR
Godlewski et al.
2010; 17:1256-1266
ACEA

Chem Biol

WKY
Godlewski et al. Chem Biol 2010;
17:1256-1266
CB,

® & Q)
SHR

SHR

CB, -

Rawls et al.
Neuropeptides 2007; 41: 239-247;
Wilson-Poe et al. Pharmacol Biochem Behav
2013; 103: 444-449 SA

CB,
NOP
Krowicki et al. J

Pharmacol Exp Ther 2006; 317: 446-453
SA

CB, SA

SA

CB,

SHR

*

1) Shimizu T, Shimizu S, Wada N, Takai S,
Shimizu N, Higashi Y, Kadekawa K, Majima
T, Saito M, Yoshimura N. PHARMACOLOGICAL
CHARACTERIZATION OF BRAIN  SEROTONIN
RECEPTOR SUBTYPES INVOLVED IN
BOMBESIN-INDUCED FREQUENT URINATION IN
RATS. Neurourol. Urodyn. 35, S102-S103,
2016 (DOI: 10.1002/nau.23074),

2) Shimizu S, Shimizu T, Yamamoto M,
Higashi Y, Nakamura K, Tsounapi P, Liu N,
Honda M, Takenaka A, Saito M. EFFECT OF
ALPHA1 ADRENOCEPTOR ANTAGONIST NAFTOPIDIL
ON THE ARGININE-VASOPRESSIN SECRETION AND
URINE VOLUME IN CENTRALLY
NORADRENAL INE-ADMINISTERED RATS.
Neurourol. Urodyn. 35, S100-S101, 2016
(DOI: 10.1002/nau.23074),

3) Yamamoto M, Shimizu T, Shimizu S,
Higashi Y, Nakamura K, Fujieda M, Saito M.
Effect of naftopidil on brain
noradrenal ine-induced decrease in
arginine-vasopressin secretion in rats. J.
Pharmacol. Sci. 132, 86-91, 2016 (DOI:
10.1016/j - jphs.2016.09.002),

4) Shimizu T, Shimizu S, Higashi Y,
Nakamura K, Yoshimura N, Saito M. A
stress-related peptide bombesin centrally
induces frequent urination through brain
bombesin receptor types 1 and 2 in the rat.
J. Pharmacol. Exp. Ther. 356, 693-701,
2016 (DOI: 10.1124/jpet.115.230334),

5) Yawata T, Higashi Y, Shimizu T, Shimizu
S, Nakamura K, Taniuchi K, Ueba T, Saito
M. Brain opioid and nociceptin receptors
are involved in regulation of
bombesin-induced activation of central
sympatho-adrenomedullary outflow in the
rat. Mol. Cell. Biochem. 411, 201-211,
2016 (DOI: 10.1007/s11010-015-2582-0),




6) Shimizu T, Shimizu S, Higashi Y,
Nakamura K, Kadekawa K, Wada N, Majima T,
Honda M, Yoshimura N, Saito M. BOMBESIN,
A STRESS-RELATED NEUROPEPTIDE, CENTRALLY
INDUCES FREQUENT URINATION IN THE RAT.
Neurourol. Urodyn. 34, S94-596, 2015 (DOI:
10.1002/nau.22830),

7) Shimizu T, Tanaka K, Shimizu S, Higashi
Y, Yawata T, Nakamura K, Taniuchi K, Ueba
T, Yuri K, Saito M. Possible inhibitory
role of endogenous 2-arachidonoylglycerol
as an endocannabinoid in
(£ )-epibatidine-induced activation of

central adrenomedul lary outflow in the rat.

Neuropharmacology 95, 278-289, 2015 (DOI:
10.1016/j .neuropharm.2015.03.034),

8)

AT1

Angiotensin Research 12,
176-179, 2015,

9

The
Autonomic Nervous System (Journal of the
Japan Society of  Neurovegetative

Research) 52, 60-64, 2015,

10) Nakamura K, Shimizu T, Yanagita T,
Nemoto T, Taniuchi K, Shimizu S,
Dimitriadis F, Yawata T, Higashi Y, Ueba
T, Saito M. Angiotensin Il acting on brain
AT, receptors induces adrenaline secretion
and pressor responses in the rat. Sci. Rep.
4, 7248, 2014 (DOl: 10.1038/srep07248),

n_
2017 3 24-27
2)
al
2017 3 15-17
3y

2017 3 15-17

49
2016 12
6-8
5
al
2016 12 6-8
6)
2016 11 26

7
2016 11 26
&

2016 10 22-23
9) Shimizu T et al. PHARMACOLOGICAL
CHARACTERIZATION OF BRAIN  SEROTONIN
RECEPTOR SUBTYPES INVOLVED IN

BOMBESIN-INDUCED FREQUENT URINATION IN
RATS. International Continence Society
(ICS) 2016, 2016/9/13-16,

10) Shimizu S et al. EFFECT OF ALPHAl
ADRENOCEPTOR ANTAGONIST NAFTOPIDIL ON THE
ARGININE-VASOPRESSIN SECRETION AND URINE
VOLUME IN CENTRALLY
NORADRENAL INE-ADMINISTERED RATS.
International Continence Society (ICS)
2016, 2016/9/13-16,

11) Shimizu T et al. Brain serotonin and
corticotropin-releasing factor are
involved in bombesin-induced frequent
urination in rats. American Urological



Association  (AUA)  Annual
2016/5/6-10, San Diego (USA).

Meeting,

12) Shimizu T et al. Effect of naftopidil
on the Dbrain noradrenaline-induced
decrease of arginine-vasopressin
secretion in rats. American Urological
Association  (AUA)  Annual  Meeting,
2016/5/6-10, San Diego (USA).

13) Shimizu S et al. Central angiotensin
Il induces frequent urination through
brain angiotensin I1 receptor type 1 in the

rat. 2016 3
9-11
14) 11
AT1
2015
11 21

T et al. BOMBESIN, A
STRESS-RELATED NEUROPEPTIDE, CENTRALLY
INDUCES FREQUENT URINATION IN THE RAT.
International Continence Society (ICS)
2015, 2015/10/6-9, Montreal (Canada).

15) Shimizu

16)

2015 9 9-11

17) Nakamura K et al. Bombesin centrally
induces frequent urination in the rat.
2015 3 18-20

18)
AT,

2014 11 23

19)

2014 9 11-13

20) Shimizu T et al. [Inhibitory
involvement of brain cannabinoid CB;
receptors in central activation of
sympatho-adrenomedullary outflow induced
by bombesin microinjected into the rat
hypothalamic paraventricular nucleus.
WCP2014  17th  world  congress  of
basicé&clinical pharmacology,

2014/7/13-18, Cape Town (South Africa).
21)

CB,
2014 6
6-7

http://ww.kochi-ms.ac. jp/~Ff_phrmc/

@
SHIMIZU, Takahiro

00363276
@

SHIMIZU, Shogo

90721853

NAKAMURA, Kumiko

30398052

TANAKA, Kenjiro

30552260

YAWATA, Toshio

40380323

HIGASHI, Youichirou

80380062



