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Molecular basis of cardioprotective effect of volatile anesthetics in diseased
heart and development of novel cardioprotective therapy
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Ischemia-reperfusion injury, which occurs upon reperfusion of ischemic
myocardium, is a myocardial injury primarily caused by intracellular Ca2+ overload. We have
previously investigated the molecular mechanism underlying the occurrence of the oxygen paradox and
Ca2+ paradox, which are experimental cellular models of myocardial ischemia-reperfusion injury,
using normal mouse ventricular myocytes. We found that the dysfunction of Ca2+ handling proteins,
such as RyR2 and SOCE channel, caused the abnormality in intracellular Ca2+ homeostasis, leading to
cellular injury.

In this study, we found that the development of the oxygen paradox in the hypertrophic
cardiomyocytes was exaggerated, compared with normal cardiomyocytes.

Ca2+



B X C—19, F—19—1. Z2—19 U@

1. WFERMBEAIOE &

JE Lo D FRETU R I A2 9~ 2 IR M AR RETL S 7 (CRERIR-P Ol sE 72 &) 13, MilaN Caz+
WAL & ERIFA &5 0MEE TH L, BRERRFICITERRKE (H02) 7 & OIEMERERTE
DMEFHNCPEA S AL, F M FERERIFIZIZ O O Cazr A N7 3 kg3 25 Z L RE b
TWDR, ZALITHIA~DRF 7 Caziii Azgl EEZ L (CaZik A A A X — 3 ADRHE) |
AN CaztlAMIZ L D DG EORIK L 25, WaITINETIS, WARREIED & 2.0 0k
HAER O HEAEAH T 2 HEYT, D ARG E O ER e REiEE T L Th
HDAXTT ORI Ry s A (EHBFEREICL L 05E5F) < CazN7 Ky 7 X (Ca2* A T D
15¥8 % 35K & 3% Cazviii A (store-operated Ca2* entry, SOCE) |2 X 2 L) 12xbd 5%
ANHRREERDIERZ, VT ) P2 RIE (type 2 ryanodine receptor, RyR2) < SOCE F v /L,
Cazt/HIVET = ) AR(FES v 7 —E 11 (CaMKID 72 & Cazrifilifl & v /87 I
HLT, EE~YZLEHMEZ O TR 21T > TE e, ZORMR, WAMPBEEE R 1T
L2 Cazhfilfil &7 > "7 B 2| LT, Ca2tik A A A X — T ADMkFEZ EHILT 5 Z &1T
L0, Zo 2 EEOMBEEET BV LA RET L Z L2 RNWE Lz, 2ok
DOIFFERAIE. RyR2 X SOCE 7 /b, CaMKIIL 45 & 35 Z & CHE ML P55 2 i
TE D AREMEZ TR <RIBS 5,

L2 U, i O B DR R, DAR EBBRICE D720, 20 X 5 iglcisn T
ZERMNORENREZ BT D ENEETH D, MEITEY A A2 F v XV DOFEBLHE
6952 L0, BRLDRABLNTEBNTA A F ¥ 30 CazHiliil # > /7 B OREZE LN i
ZHZEPREINT VD, ZOXDRIEFLEITRRD A A HEEELZ b OREBLIZIBNT
b WAREESED IS E N D O (RS 5 2 E N TE D200 MRFT 5 2 &3, BBROBRET
b%, £ T, HAITTACFHC LY, DIERET V=T A 2/ERL, BROICET 54 %
T URG Ry 7 ADREE . BRTNT L OIHINRICONTHRFT L Z & & L,

2. HEOBW

AAFFERRE CIL, B ODIC BT DG EET VT T 28R 7 L7 OREDR, BLOE
DA T = R LM L~V TRETT 2 721 T < B D ORI R E A~ Ca2+ilfH & o
N7 BEOEEIZOWTERR (D) LV TRRETZITO DFREICRED S K ERRICAI L 72
2Rt L, eI bl T& 2 DR RO E B iR,

3. RS

O D RS EICRBIT D SOCE A 7 =X ADREEIZOWTORE!
EF~T AL Vi LIz Dgic 7 v 7 Rv 7 ik 2 fefT L, 2 (30 43) /F#ER (60
45) i LEKRE (O E=RTEERSE (LVEDP), @ /58 developed pressure (LVDP)
BRLOZO—W%MS (@ +dP/dt, @ —dP/dt)) %, EEN A NVL—2 BT —T M K0 BE
T2,
a2 ha—nAfE SOCE I x AL EEAZ 2 2-APB & 58 (5uM). Las- & 58 (10
uM) . RyR2 HEAEHZ & 27 LA = FEGHE (1 uM) TH#E - BREHE1T 9,

@ LML T DM E T T DI DR



@

AR C5TBLI6 ~ & A Z EARBAMER T 5 2 il & 0 2B L <. KEARSHENIS 7-0 #fs%
TACT 4 7 %47 (TAC Fin) . DIERET L~ U 22T 2,

ER L7 DIE R~ T 2 X0 B L 72 DEGHMREZ HW T, %7037 Ry 7 20O/E
w179, #Ot Ca? i3k (fluo-3) Z#Af Lo DEMHMIEE HaO2 (10 uM) I CHERE T
%5 & AR Cazriit o> 57 ARG (RIfast) 2 23 (X7 v Rg Ry 7 X)),
Z DRI AET D IREIPEBEENL S triggered activity 72 E OBRAF IR ORERB IOV
Z DR ONWT, Cafilifl # R BHOERZANT Ay F 27 7 0 7RI TR
BB, EROLEFHFMIAICBT DA RT Ky 7 2OFREIZED S Cazhfilffl # /3
JEIZONWT, Uz AZ Ty T 4 U ZIEICCHERT 2, ZOMEEICKT 58 R 71
7 v DIREN R TR D,

. WRFERR

2 b —/VBEIZ T D R AR R O~ U AL T, AT & ik LT, LVEDP
DOHFER EH, LVDP OFERK T, +dP/dt, —dP/dt OF BB BB Hiv, —7,
FRHERIERZ D 5 43[MIC SOCE F v AVLESRE (2-APB. La3t) &5 L7-BECIE. AR
BOOHREN 2 br— SR LT, Wb ARICEELE (K1), £/, 2mn
A% D% 5 4yMIC RyR2 BREEHOH D 7 LA = REHEG LIZEICB W T, FR#Efi%
DOBEREN 7 b — AL I LT, Wb A RICSE LT,

ZDZENG, < U AODERE M EREREE D342 SOCE F v /L= RyR2 B4 L T
WHZEBRHLMNE T,

Drug
Baseline Global ischemia Reperfusion

1204

100

80

60—

LVDP (mmHg)

40|

20

— — — T
0 15 30 45 60 75 90 105 min

Baseline Global ischemia Reperfusion

120
@ Control
® 2-APB
100 pge

@ ®
o o
1 1

LVEDP (mmHg)
S
o
1

20

X 1

BT DTN T 4 T EAT D720 Sham ~ 7 ADDEIZ -~ TAC Fifi & L=~
7 ZADORHDIRIZIER U, OMAERDSA BN L7Z, TAC Fiizhi L=~ 7 2 X 0 HE
U720 EMMIRIEL Sham ~ & A LR LT, BERESAEICHK LT,

H202 12 & A ffafuiE A2 1% Sham Dgl b~ TAC D& CHEICHEM L7z, £7=. TAC
DT, TEHRCHD p-CaMKIL OFBSEM L TND I N, V=RZ T ayT 4
VIEICTHER T E T2, S B I, TAC LEIZ BT HeO2 1T K 5 BERTHEN AL AS Sham



D& i LT, AEICHIIN L7z, TAC DI H T 2 BIRISE A 1L, CaMKILI O~
By H—IC Lo THBEICHD Lz Z L35, TAC DIEICEH T 5 HeO2 12 & D EEIIEHE D
A2, CaMKIT OIFPELTLHENR B G- LT\ D E B2 bz, Zd TAC LI 5B
TEBYORAERINAY, HaO2 12 L 2 MR HIfER A RO KIS OO TN D EBx b,



19 17 1 1

Kojima Akiko Mi Xinya Fukushima Yutaka Ding Wei- Guang Omatsu- Kanbe Mariko Matsuura 178

Hiroshi

Elevation of propofol sensitivity of cardiac IKs channel by KCNE1 polymorphism D85N 2021

British Journal of Pharmacology 2690 2708
DOl

10.1111/bph.15460

Mi Xinya Ding Wei-Guang Toyoda Futoshi Kojima Akiko Omatsu-Kanbe Mariko Matsuura Hiroshi 161

Selective activation of adrenoceptors potentiates IKs current in pulmonary vein cardiomyocytes 2021

through the protein kinase A and C signaling pathways

Journal of Molecular and Cellular Cardiology 86 97
DOl

10.1016/j .yjmcc.2021.08.004

Ishihara Mariko Kojima Akiko Ding Wei-Guang Kitagawa Hirotoshi Matsuura Hiroshi 78

Dexmedetomidine Exerts a Negative Chronotropic Action on Sinoatrial Node Cells Through the 2021

Activation of Imidazoline Receptors

Journal of Cardiovascular Pharmacology 826 838
DOl

10.1097/FJC.0000000000001133

Yuasa Mayumi Kojima Akiko Mi Xinya Ding Wei-Guang Omatsu-Kanbe Mariko Kitagawa Hirotoshi 473

Matsuura Hiroshi

Characterization and functional role of rapid- and slow-activating delayed rectifier K+ 2021

currents in atrioventricular node cells of guinea pigs

Pflugers Archiv - European Journal of Physiology 1885 1898

DOl
10.1007/s00424-021-02617-z




Fukushima Yutaka Kojima Akiko Mi Xinya Ding Wei- Guang Kitagawa Hirotoshi Matsuura Hiroshi 177
Open- channel blocking action of volatile anaesthetics desflurane and sevoflurane on human 2020
voltage- gated K \ 1.5 channel
British Journal of Pharmacology 3811 3827
DOl
10.1111/bph.15105
Kojima Akiko Fukushima Yutaka Itoh Hideki Imoto Keiji Matsuura Hiroshi 883
A computational analysis of the effect of sevoflurane in a human ventricular cell model of long 2020
QT syndrome: Importance of repolarization reserve in the QT-prolonging effect of sevoflurane
European Journal of Pharmacology 173378
DOl
10.1016/j .ejphar.2020.173378
Matsuura Hiroshi Kojima Akiko Fukushima Yutaka Xie Yu Mi Xinya Sabirov Ravshan Z. Okada 9
Yasunobu
Positive Inotropic Effects of ATP Released via the Maxi-Anion Channel in Langendorff-Perfused 2021
Mouse Hearts Subjected to Ischemia-Reperfusion
Frontiers in Cell and Developmental Biology 597997
DOl
10.3389/fcell.2021.597997
45
2021
17 24

DOl




68

2019
1280-1288
DOl
43
2019
1544-1550
DOl
Ding WG, Tano A, Mi X, Kojima A, Seto T, Matsuura H. 52
Identification of Verapamil Binding Sites Within Human Kv1.5 Channel Using Mutagenesis and 2019
Docking Simulation.
Cell Physiol Biochem 302-314
DOl
10.33594/000000022.
Kojima Akiko Fukushima Yutaka Ito Yuki Ding Wei-Guang Kitagawa Hirotoshi Matsuura Hiroshi 71
Transient receptor potential canonical channel blockers improve ventricular contractile 2018
functions after ischemia/reperfusion in a Langendorff-perfused mouse heart model
Journal of Cardiovascular Pharmacology 248-255

DOl
10.1097/FJC.0000000000000566




Kojima Akiko Fukushima Yutaka Ito Yuki Ding Wei-Guang Ueda Rika Seto Tomoyoshi Kitagawa 71

Hirotoshi Matsuura Hiroshi

Interactions of propofol with human voltage-gated Kv1.5 channel determined by docking 2018

simulation and mutagenesis analyses

Journal of Cardiovascular Pharmacology 10 18
DOl

10.1097/FJC.0000000000000538

Kojima Akiko Matsuura Hiroshi 814

lonic mechanisms of the action of anaesthetics on sinoatrial node automaticity 2017

European Journal of Pharmacology 63 72

DOl
10.1016/j .ejphar.2017.08.006

36 5 0

68

2022

QT

2022




27

2022
IKs KCNE1 D85N
QT
69
2022
Navl.5
69
2022
49

2022




AKI

49

2022

49

2022

GVHD

COVID-19

49

2022

IKs

KCNE1

D85N

QT

67

2020




Oxygen reserve index (ORi)

BMI

67
2020
67
2020
HCN2 HCN4
67
2020
Covid 19

2020




ADH

(S1ADH)

40

2020
40

2020
40

2020

QT
41

2021




48

2021

Belmont Rapid Infuser

48

2021

IKs

KCNE1 D85N

QT

66

2019

pairmatch

66

2019




66

2019

Oxygen reserve index(ORi)

66

2019

66

2019

Kv1.5(hKv1.5)

66

2019




HCN4

66
2019
TRPC
65
2018
Kvl.5 hKvl.5
65
2018
65

2018




HCN4

65
2018
23
2018
CaMK11
64
2017 2018
Ca2+
64

2017 2018




22

2017 2018

2022

800

(KITAGAWA Hirotoshi)

(50252391) (14202)
(MATSUURA Hiroshi)
(60238962) (14202)




