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Ischemic postconditioning induced by opening of mK+ ATP channels and NMDAR
silencing by mPTP opening

Ichiro, Nakagawa

3,600,000

Ischemic postconditioning (PoC)

PoC mKATP channel NMDA
Caz2+ mPTP
PoC PoC mKATP channel
mPTP mild NMDA Ca2+
KATP
PTP Ca2+ NMDA down-regulation

EPSC

In the present study, we examine the precise mechanisms of IPoC using
electrophysiological approach. NMDARs and anoxia mediated increase in Ca2+ were silenced during IPoC
and mK+ ATP channel opener diazoxide prevented the anoxia-mediated increase in Ca2+ and reduction

in NMDAR currents, however, the mPTP blocker cyclosporine A prevented the IPoC effect that NMDAR
currents reduced. Furthermore, ®m depolarization was induced by the activation of mK+ ATP channels
during IPoC. The present study indicates that mitochondria plays a pivotal role for neuroprotection
of IPoC induced by opening of mK+ ATP channels through NMDAR silencing by mild mPTP opening.

ATP



(ischemic preconditioning)
1990 heat shock protein,
sarcommeal KATP
KATP (mitoKATP)

(Nakagawa et al. Neuroscience Letters 2002)
KATP
(Nakagawa et al. Experimental Neurology 2003)
ischemic postconditioning
ischemic postconditioning KATP
(Yokoyama,
Nakagawa et al, PLOS One 2019) KATP

Karp Ca*
NMDA

(€))
C57BL/6) ~ 7 % (&8 1J8) #fEH L, 4~8HiO~ 2% A4 Y 71Ty (AL
350p m

/L NaCl 125, KCL 2.5, NaHCOs; 25, NaH,P0, 1.25, CaCl,
2.0, MgCI; 1.0, D-glucose 10
@
¥
04. 15~306. 15KITHEF LT, 8T ¥ o —%, FOMES T R 72k (1

EPC-9 CAl
- Cs-
141 CsCl: 4.0, MgCL,:2.0, HEPES 10.0, Mg-ATP: 2.0
SEPSC GABA-A/-B
50u mol/ aCSF
(©))
PostC
7.5 30 15 15
15 1 15 15 /
20
@®
NMDAR Ca 2+ DZX 500 pymol/L
5-HD 200 pmol/L PostC

Figure



PostC

ACSF 20
Ischemia
o) Control >
Ischemia Postconditioning
o) PostC >
Ischemia Diazoxide
G DZX >
Ischemia Postconditioning
@ PoscC NI -
+5HD
Ischemia Postconditioning
PostC -
®) +csA CsA o
r 7 5min | 15 min
1
(5) NMDA
NMDAR ,NMDA puff application whole cell
recording Puff application NMDA  5u mol/ L
80—160ms NMDAR
—55mv
30—35 NMDAR 30
(6) Ca2+
ca* 15u mol/ L fura-2
whole cell fura-2
Fura-2 340 nm 380 nm 10
40 CCD
MetaMorph Molecular Devices USA
M
nm nm
)
JC1
Cayman Chemical USA
u /
580
548 590
JC1 500 nm 477 nm
515~565 nm
fura-2 30

®
NMDA

p <0.05



A

Om
before ischemia

7.5m
afterischemia

5m
after reperfusion

DZX, mitoKATP

NMDA
!

T
2

mPTP
2B

NMDA

1s
Con PostC
2
PostC, DZX 5-HD, PostC
PostC DzX Fura-2
5-HD+PostC PostC
C
A 4.5m 7m 7.5m

before ischemia after ischemia after reperfusion

[s9)

PostC
DzZX

CsA

Fura-2

k)
T 30
o
& 10
g .
%-10 "
< -5
3
ca* Mg ca*
Fig.4A B Con CaO
A
[
e}
(a2
=)
<
[sp}
1=
(]
()]
c
©
<
o
x-10- T T r T T 1
-5 0 5 10 15 20 25
Time (min)
4
NMDA DL-AP5 5u mol/ L
ACSF DL-AP5

5 10 15 20 25
Time (min)

w

NMDA-induced current (% change)

Fura-2
B
o Con
= PostC (Ca0)
3 Con (Ca0)
NMDA

SA

oCon
«PostC

sDZX

*5-HD+PostC

% change in 340/380

Fura-2

NMDAR
NMDAR

PostC NMDAR

Con PostC DzX

CsA+
PostC

¢ 3%

3B

- -

=3

% change in 340/380 ratio

c 5HD+
on PostC DZX PostC

&

PostC Ca
PostC Ca 0

N
?

-
n
1

o
2

[&)]

o

Con

Con PostC
(Ca0) (Ca0)

1
)]

DL-APS



A
201
o
)
@ =Con 2 151
Q Q
3 +PostC %
= =Con(NMDAblock) ¢ 107
5 5
c 54
T g
£ o
© R 04
o\o '10' r T T T T T 1 Con POStC
-5 0 5 10 15 20 25 5 Con
Time (min) (NMDA Block)
5
JC-1
FCCP JC-1
6A,B PostC
6C D DZX
6C
c
A
I
JC1(Green) JC1(Red) € 104
o oCon
o +PostC
© 2DZX
& 01
T
G
® ‘
ischemia
10d —m8/— —
-5 0 5 10 15 20 25
Time (min)
B
061 rccp
0.5
N D
T 0.4 ]
= o
8 0.3 c 2
5 o 3
 0:21 °
2 0.1 S g,
= 1 PostC DzX
01 S 49
N
o0 —m———
0 5 10 15 20 25 30
Time (min) 6
Ischemic PostC KATP
ischemic PostC mPTP
NMDA down regulation
mPTP NMDAR silencing KATP

PostC



1
Yokoyama S, Nakagawa 1, Ogawa Y, Morisaki Y, Motoyama Y, Park YS, Saito Y, Nakase
H. Ischemic postconditioning prevents surge of presynaptic glutamate release by
activating mitochondrial ATP-dependent potassium channels in the mouse hippocampus.
PLoS One. 2019 Apr 12;14(4)

8
Ischemic postconditioning —NMDA
2018.03.15

Ischemic postconditioning — Ca®*

NMDA —
4
2018.06.15
Ischemic Postconditioning PTP NMDA
33 2018.09.28

Ischemic postconditioning

2018.10.11
Ischemic postconditioning induced by opening of mK+ ATP channels and NMDAR silencing
by mPTP opening Morisaki Y, Nakagawa 1, Yokoyama S, Ogawa Y, Saito Y, Nakase H.
AANS/CNS annual meeting 2019.02.04 Honolulu.
- Ischemic postconditioning

2019.03.21
Mechanism of ischemic postconditioning with electrophysiological approach
Morisaki Y, Nakagawa I, Yokoyama S, Ogawa Y, Saito Y, Nakase H.  The 9th Federation
of the Asian and Oceanian Physiological Societies Congress (FAOPS2019) 2019.03.29
Kobe
Ischemic postconditioning silences NMDA receptor currents through the mitochondrial
permeability transition pore opening in the mice hippocampal neurons. Furuta T,
Nakagawa I, Morisaki Y, Yokoyama S, Nishimura F, Yamada S, Ogawa Y, Saito Y, Nakase
H. Brain & Brain PET 2019 2019.07.04 Yokohama

o
@

Takanori Furuta, Yoichi Ogawa, Yasuhiko Saito



