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Past studies have also suggested that hyperglycemia and/or glucose intolerance
following stroke may be associated with greater mortality and reduced functional recovery. In a focal
cerebral ischemic model, post-ischemic glucose intolerance is one of the triggers of ischemic neuronal
damage. However, the mechanisms remain unclear.The aim of this study was to determine the involvement of
the hepatic vagus nerve on hypothalamic orexin-A-mediated suppression of post-ischemic glucose
intolerance development and ischemic neuronal damage. | clearly found that the hepatic branch vagus nerve
projecting from the medulla oblongata plays an important role in the recovery of post-ischemic glucose
intolerance and mediates a neuroprotective effect by hypothalamic orexin-A.In conclusion, these findings
provide some insight into the therapeutic effectiveness of this endogenous neuropeptide for its
communication between brain and peripheral tissues via the autonomic nervous system.

orexin-A



Brain
Res., 2009; J. Pharmacol. Sci., 2011
QOL
orexin-A
orexin-A

orexin

5 ddy
2
(MCAO) vagotomy
Orexin-A (5 pmol/mouse) MCAO
Orexin-1 SB334867
(200 pmol/mouse) orexin-A 30
MCAO
(FBG)
insulin (InsR) InsR
(p-InsR)
phosphoenolpyruvate carboxykinase
(PEPCK) glucose-6-phosphatase
(G6Pase)

western blot

c-Fos orexin-1
choline acetyltransferase

Orexin-A MCAO 1 FBG
InsR p-InsR
PEPCK
G6Pase MCAO 3
SB334867
orexin-A
c-Fos choline

acetyltransferase orexin-1
choline acetyltransferase

insulin
orexin-A

orexin-A

orexin-A



8
Shinichi Harada, Yui Yamazaki, Shogo
Tokuyama, Orexin-A suppresses
post-ischemic glucose intolerance and
neuronal damage through hypothalamic

brain-derived neurotrophic factor, J.
Pharmacol. Exp. Ther., 344, 276-285, 2013.

DOI: 10.1124/jpet.112.199604

Shigeyuki Tamiya, Yuki Yoshida, Shinichi
Harada, Kazuo Nakamoto, Shogo
Tokuyama, Establishment of a central
post-stroke pain model using global

cerebral ischemic mice, J. Pharm.
Pharmacol., 65, 615-620, 2013.

DOI: 10.1111/jphp.12007

Shinichi Harada, Yui Yamazaki, Hiroki
Nishioka, Shogo Tokuyama,
Neuroprotective  effect  through  the
cerebral sodium-glucose transporter on the

development of ischemic damage in global
ischemia, Brain Res., 1541, 61-8, 2013.

DOI: 10.1016/j.brainres.2013.09.041

Yui Yamazaki, Shinichi Harada, Shogo
Tokuyama, Sodium-glucose transporter
type 3 mediated neuroprotective effect of
acetylcholine suppress the development of

cerebral ischemic neuronal damage,
Neuroscience, 269C, 134-142, 2014.

DOI: 10.1016/j.neuroscience.2014.03.046
Shinichi Harada, Yui Yamazaki, Shuichi
Koda, Shogo Tokuyama, Hepatic branch
vagus nerve plays a critical role in the
recovery of  post-ischemic  glucose
intolerance and mediates a neuroprotective
effect by hypothalamic orexin-A, PLoS
One, 9, €95433, 2014.

DOI: 10.1371/journal.pone.0095433
Shinichi Harada, Yuka Haruna, Fuka
Aizawa, Wataru Matsuura, Kazuo
Nakamoto, Takuya Yamashita, Fumiyo
Kasuya, Shogo Tokuyama, Involvement of
GPR40, a long-chain free fatty acid
receptor, in the production of central
post-stroke pain after global cerebral
ischemia, Eur. J. Pharmacol., 744, 115-123,
2014.

DOI: 10.1016/j.ejphar.2014.09.036.

) > B

10.

, 142, 4-8,2013.
DOI: 10.1254/fpj.142.4

>

orexin-A

,  YAKUGAKU ZASSHI,
1055-1060, 2014.
DOI: 10.1248/yakushi.14-00171

134,

47

> > B

sodium-glucose transposter
3 , 123
,2013 7 12
sodium-glucose
transporter
24

, 2013 8 17 - 18

> > B

sodium-glucose
transporter type 3 ,
2013,
2013 8 31

> >

> GPR40

B

2013,2013 8 31

> > B

,2013 9 21 -22

orexin-A

, 2013 10 12

> > B

sodium-glucose transporter
, 124 ,
2013 11 1

> > B

sodium-glucose transporter type
3 , 7

, 2013 11 23 - 24

GPR40 , 7
, 2013 11 23
-24
R , Orexin-A



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

, 2014 3
18

> ) >

sodium-glucose transporter type 3
, 23
, 2014 3
18
Shinichi Harada, Shogo Tokuyama,
Suppressive effect of orexin-A on the
development of post-ischemic glucose
intolerance-induced  neuronal  damage
mediated hypothalamus-medulla
oblongata-vagus nerve axis, 87
, 2014 3 19

=21

Yui Yamazaki, Shinichi Harada, Shogo
Tokuyama, The involvement of cerebral
sodium-glucose transporter type 3 on focal
cerebral ischemia, 87

, 2014 3 19 - 21
o sodium-glucose
transporter R
134 , 2014 3 28 —
30
orexin-A ,
134 ,2014 3 28 -30
Sodium-glucose transporter type 3
134 , 2014 3
28 -30
GPR40
, 134
,2014 3 28 -30
SGLT AMPK
, 134 , 2014 3
28 -30
, 134 , 2014
3 28 -30

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

sodium-glucosetransporter type 1

125 , 2014
6 20
orexin-A , 25
, 2014 8 15
-17
AMPK
SGLT ,
2014, 2014
8 28 -29
GPR40 ,
2014, 2014
8 28 -29
2014, 2014 8 28 -29

> B >

>

sodium-glucose transporter type 3
acetylcholine ,

2014,
2014 8 28 -29
sodium-glucose transporter
typr 1 ,
2014, 2014 8
30
R , Orexin-A
126 , 2014
10 24
sodium-glucose transporter
type 1 , 126
, 2014 10 24
Yui Yamazaki, Shinichi Harada, Shogo

Tokuyama, The involvement of cerebral
sodium-glucose transporter type 1 on focal
cerebral ischemia, 88

, 2015 3 18 - 20
Shinichi Harada, Shogo Tokuyama,
Suppressive effect of orexin-A through
vagus nerve on the development of
post-ischemic glucose intolerance-induced
neuronal damage, 88

, 2015 3 18

- 20



31. ) )
orexin-A s
135 , 2015 3
26 -28
32 - b 2 2
sodium-glucose transporter Na"
, 135 ,
2015 3 26 —-28
33. , ) )

> >

sodium-glucose transporter type 1

, 135 , 2015 3
26 -28
34' b b b
TrkA , 135
,2015 3 26 -28
35' b b 2
135 , 2015 3
26 -28
36' b 2 2
, 135
, 2015 3 26 - 28
37' b 2 2 b
high mobility group
box-1 , 135 ,
2015 3 26 —-28
38' b b 2
sodium-glucose transporter-1
, 135 , 2015 3
26 -28
39' b b 2

AMP-activated protein kinase

>

135 , 2015 3 26
—-28

1. Shogo Tokuyama, Shinichi Harada, Kazuo
Nakamoto, Establishment of a central
post-stroke pain model using global cerebral
ischemic mice, The International Narcotics
Research Conference 2013, July 14-19,
2013, Cairns, Australia.

2. Shinichi Harada, Shogo  Tokuyama,
Interaction of orexin-A and BDNF in
hypothalamus on the development of
post-ischemic  glucose intolerance and

neuronal damage, NEUROSCIENCE 2013,
November 9-13, 2013, San Diego, USA.

3. Shogo Tokuyama, Yui Yamazaki, Shinichi
Harada, Role of cerebral sodium-glucose
transporter on the development of neuronal
damage after focal and global ischemic
stress, NEUROSCIENCE 2013, November
9-13, 2013, San Diego, USA.

4. Shinichi Harada, Shogo Tokuyama, The role

of wvagus nerve in the recovery of
post-ischemic  glucose intolerance and
neuroprotective effect by hypothalamic
orexin-A, NEUROSCIENCE 2014,
November 15-19, 2014, Washington DC,
USA.

1 . b 2 b
sodium-glucose
transporter R
134 ,2014 3 28 -30
2. Shinichi Harada, Shogo Tokuyama,
Involvement of communication system
between brain and peripheral tissues on
the development of post-ischemic glucose
intolerance induced by cerebral neuronal
damage, 88 ,
2015 3 18 -20
3' b 2 b
sodium-glucose transporter ,
135 , 2015 3
26 —28
1. )
orexin-A
—, 64
,2014
10 11
0
o 0
o 0
(2014 1 )

o



HARADA Shinichi
60633443

&)

®



