BERERKZZR 2018 F£5 43 %5 8 # ( Journal of Chongging Medical University 2018.Vol.43 No.8 ) — 1007 —

OMGIMLAF PR DOL: 10.13406/j.cnki.cyxb.001815
CILRH 25358 550 LS PE T A0 W WF o8 0k g

AT, KR
(e Rt PR A B A B B B2 U 5 B 443002)

(4

[  ZE ORI S (myocardial ischemia—reperfusion injury , MIRT) 2 MO WUAEYR B2 ML & WA IFAHE . KEIFSY
FEM A T WL LR FIRE 56 40 i 28 A — L6 BH B8 18 2 5 MIRT B9HH G0 3R B AR  FLIWRSY R 90 84 Na*t KRl Ca2
B S S MIRL iR 1007 30 BB & BRI 32 /KL 7 (transient receptor potential, TRP) 1255 MIRI i #% | 7l fE BT 1Y
MIRT 259 T HUHE S . ASCH H TS MIRT B UIAHSC RO UANE_E Nat K*F1 Ca®F TRP 45 FH B T8 i 78 MIRI 5 A4 3 i)
ERE—£53A

[ 5217 |Na* B Fi038 ; K T8 ; Ca> B T8 38 ; TRP 3 ;O YU P v 3040

[hE 525 |R363.2 [ SCERFRASRD JA (Y75 HHA)2018-01-05

Research progress of myocardial cation channels

and myocardial ischemia reperfusion injury
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[ Abstract]Myocardial ischemia—reperfusion injury (MIRI) is a common complication of ischemic myocardium after restoring blood
flow. A large number of studies have shown that some of the cationic channels distributed in the myocardial cell membrane and relat
ed organelles are involved in the related pathophysiological processes of MIRI. Early studies have found that Na*,K* and Ca* channels
are involved in the MIRI process. Recent studies find that transient receptor potential (TRP) is also involved in MIRT and may be the
new interfering target of medicine treatment. This paper aims to review the roles of the myocardial cation channels such as Na*,K*,
Ca* and TRP in MIRI.

[Key words]Na* channel ; K* channel ; Ca* channel ; transient receptor potential channels;myocardial ischemia-reperfusion injury

S AL BB 11 P98 73 58495 (myocardial ischemia—reperfusion 1 Nai@iE5 MIRI
injury , MIRT) /245 0 JJUZH 2 200 i £ AR T) gl 1 5P 52 10
WL, FEOX L GUSI H B L i 5™ 2 19 2 2 oL 1 1 Na®if a8 2 o Bl B, il By 4 Fh7 B4
B AT RE A, A48 O LAH B IS 46 2 RIS S Ik i i 2 51— BT (7% El R | T4 T AR AL SRR e
FART LA SR B AR A5 AR F I ERER I, MIRT 5.0 L 4n AT LA Sy e Na B FIE Nat I8 2 FiRm 5.0 I4nier
JLREE - Na® K Ca® FIGF I 32 {4 HL {7 (transient receptor pote— Mt E A SRR BUIOCR , TR O LRI A% 55802 PR
ntial , TRP) {9 I FAR 2510 LAR B P9 S0 Y B 5 2 3 DT AR REIRY 73 (A O = et 2 S R ERA BB Ry | B O TR e Y

%. S S AT A2 2 O T LA A1 N P L LA

B4 1 5 RO PR 8 0 25 5 60 3 R0,
TEENB A2 4%, Email ; 1738318790@(q.com, 150 UL b , N3l 82 %A 340 2R T | 40 T3 ol
i RSB (1) WA, 5 50, 045 9 B 2
SRR AR Bl hangss@etgcdun. LRI Y Na W 2T W Na B R

ELTH:BRAAHAFALTYAR (%7 30872716) ; #dL 4 T
A TR B (%5 . WJ2015MB171)

5 AR - hitp:/kns.cnkinet/kems/detail/50.1046.R.20180704.1050.026.himl
(2018-07-05)

Fisf 1] A ol 22 4 455 00 300 (R0 JUL AT A PR 1) 40 308 3 P A () 25
BH S sk D | (A5 00 LA A% ST B st | o0 LA JH 2 Ay P B
S FRAG, I ELXT B A HE 3t A AR RS ™ {E 78 P98 3 301 1]



— 1008 —

BERERKZFIR 2018 £5 43 55 8 #7 ( Journal of Chongqing Medical University 2018.Vol.43 No.8 )

Na* 38 18 AOCHE BT, S b Co LR B PN Na ¥ JBE 2 12 g i
XG5 B T A S H , TRt 2 P L AR
R 1 3 TE R Ca NI BO0 LA N A5 2, B2
L MIRIS; 55 AP IIIA], Rk Nat N 2 0o LA B 25
WA, #E— 2 5 AR C1- PN 3 5 300 JUL 2 e fie i 2
MIRT R L2 P df 11,

2 KHBES MIRI

K@ I 2T ZAATE T AR S 2 ) — RS i,
JE& TR 1k B -l 22 SRR A (L) L )
RO AN (T,,) . = W82 IR (adenosine triphosphate,, ATP) 1
SN K (K ) VRS TG 00 (Ke,) 55 2 R 2R B O B0 2
THEIE , Hor Ky 1 Ko, 76 MIRT S SEZAERIT, Ky A
Ko, 526 T0 L0 R R AR AR B5E | 1) — SRR IR ) 8 1
TEERPET, FEE L L LRSS s 2 54001
SR IE T B T K 2L T OCHTRES o 76O LA AAL Tk
MRS, Ky F1 Ko, S5 4RO WU E B B A5
O NUZE ik — Rk 22 YR S5 S )R e 1 P T ) e 1 T A

(ischemic preconditioning, IPC)J& , P31 FF L RLAARNE [ K vy

Ko, 30308 AR TR 5 O B 0 R A2 2R il NG LK 1]
TR,
2.1 ATP # g r47id i (KATP) 5 MIRI

LA AR K g DS D FIFHCIRES W AR HEC L
YA A KSR 107 200 B S AR A DA T O JU L2 B S F 7
T AR RN s sV L SRR, KoM vl LA o 45 28 138
T BT M BHL L O WLAT B A Ca® PR 3L 365 I 1 5 68 28 A f B

L Hﬂaﬂﬂﬂ@“”; IPC /i\(%iﬂu:‘[) Hﬂéﬂiﬂ@ﬂ%ﬂ"} Ky ﬁﬁﬂ:ﬁi B Karr

1 TE TR JE T 2k a] 2D A P K 3838 T O SR IPC
WU 7E MIRT IR RGP 4R (reactive oxygen species,
ROS ) W B i g H, 5 TR 3 ol S ARl i A I A 6
O VAR ZAL AL S ATP /0, [R] I ATP/ADP HE 4R 3
ST KATP 3o /b0 JJLH L ATP 1 #E R 80 Ab 450 403 2K A
O JUUAR U205 0 LA B LR A8 - AT SRR 4 4 3 T
(mitochondrial membrane ATP —sensitive potassium channels,
mK ) UG 22780 ROS B I, M AEAFCo LA A A 5
HL AL IR , 5 BN AERF RO O LA LSRR 1Y) 1E 5 1 )
e, 4ERRC LAH SRR Y B 1 BN R oK, S 2R BP0
JULAR R AR IS, mK g BT B O WLOR AP A P A TR 7
S K B 25490 T LB Co WLZE M R 4 B O WA 45 2
AE , A o H L AR 7 SR 0 P8 T 400 R 0 05 RN AR 1) kL
IymEs,
22 4EgEATiRE (K.,)5 MIRI

AE B I FHE 7 (ischemia reperfusion , IR) I IPC 2%
WU IZRL A 1) Ke,, A Ko, #7018 255 i —
At PC LRI E T, Ko, AT RLRFFZORLR P SR R
TR 58 B, 3ok S AP AR I B AL L RERY A=
BRI REARARY O LRI O LA B2 A B | Ko, B0
it Ko, SRR B I Ak , At LR R FL A7 ()R 2

B A, X B T S LR AR T TR Bl 2 41 il o AL
A ROS (147 A= FI O AL 20 B 20 b % 38 37 1 77 Th AL
(mitochondrial permeability transition pore, mPTP) f ik
P WAL, RSO O - mPTP 4b T3¢
PARZS 240 UL F TR B, Ca> 28R 0 A 3R KA a5
AT RAZALITHL , 3% 23 (05O JILAH B AR Zer P fie ik i /1 e
ZLLBCO NN T MIRT B0 O LR I R 1Y K,
XA mPTP (7R By 10 LR ZAr (A 458 475 F0 4 522
RERBE L AL, DA T 470 LA AR 10 T RN A BRI BE 5 K,
T TE O T LAZERE MIRT BC LA B 2ok i 1 S AL L RE
iR O LA D A P A A P Ok A0 JL AT D A 8 A= BRI BERY
BT R MRS b1 Ko, 03 TRt BAT A0 O L
YRR, 2 MR K, 800 mI k2l MIRT B )0 IUBESE A 32E00 1L
AL , T it R MR A IS B R A D RE,

3 Ca™EjiE5 MIRI

Ca i 1388 A7 75T O UARML O LA ML F77E B Y L Y
AT Y 3 F i i, L B R i B S S
R FGIE I L A5 1A RO LA BB BT Ca® IR ) 2
J7 2, LAV I R A O LA R B AR FL AT & 0 Y SR
SAEBARHARAI WA R 7E.C0 WU A s i F b Ca
W BT LN ;T BE5E 1 £ 2 5 4RO LR r B
PEA VISR, T B Cax 2 5.0 LR AR shER
£ 4 391 A sh 2 A e, e 1O ILARRE Y A e,

MIRI I AR A A PSR S RSO VAR B S R rh 5, FHOE
TERANAEAE pH T IER SN AL pH BS BB, 3R
FRS A FARGTR A Na K SF-F s , i Nat—Ca2c 4 i,
Ca A AL A8 o WL 65 0 28 5 o WL B S0 1 Fof 2
DR RIS LA , PR T ) 2F U 4 A R s | R LR o
8 2o A A P I 0 T o JUL 20 PR R g 4, T ek JIL 2 i
Xf Ca® 38 375 PESE N , O JOLAR LY Ca P U365 B35 8 48 11 o
O LA B Fr 458 45 15 R 12020 MIRT B JULAR L 1 28055 3
FERHEA | T SO 25 486 T R 38 3 H 3T 18 DR 4 AT LA 45
B, KN Ca™ 23 #E AJFRAELEO LA I 2RI AR P, DT
it LA B4 S AL B R AL A FH I ATP B A 1, B 283
SO WU A5 N 1020 LA A A 5 R A, Zhokr
PRI Ca BN TR IR ZAL AR (¥ S AL VP I D R, AT 2R 12
fig ATP 4450 LAR B 1) ] 1o AL 07 5 8% A8 280 £ JUL 200 L 114
mPTP® I Ca 23k ATJFRAETE O LA ML ZORE A, K
T O JULAE B ) S A Bl R A A, 3k 7 R 7 0 4 2 o
MIRI B0 JULEH AR P S T sl IR 2400 J L2 B 2 5 0 e
SIS Ca® /85 I8 25 1 A M 38 1T (Ca®/calmodulin—depen—
dent kinase Il ,CaMK I ), 4} Ca2 ¥ BT v LAMIEHE Ca2/45
WRNEGW S CaMK [ 455 I CaMK 1T f 3 £,
CaMK I 232 #F Ca 3 A 4H A5 o .00 UL 200 B A 2ok 4 11
Ca? 71 755 MIRT B WAL 07, 6] CaMK T A] LS
P WUARMEAE TR P 8 S REVR S I 0 LR B9 YA T FI IR
g,



BERERKZEFIR 2018 £5 43 55 8 H1 ( Journal of Chongqing Medical University 2018.Vol.43 No.8 )

— 1009 —

4 TRPi&EES MIRI

Bk 5 32 {4 B3, {7 (transient receptor potential, TRP) £ i
TGS AL 7L Sh P AN v 3 2K i AR e B BH 25 738 38, TRP
T TR SO LA LA BH 0 4] [T RS AR AR R AR
Pty A RIS W] 43 B 7 AR % , B TRPC ' TRPV \TRPM
TRPN TRPA ,TRPP 1 TRPML, H:Hf5 3 A% EA E AL
FERRIRLGL , B2 St A A LA S AMIS T A TR ML
F; DA SAUMLTT Ca> N T W R-AIE 9 TRPC SE 5805 ; LA K&
Ak HUCFN Y RTG B TRPV S, Horp 3222
J& TRPM ,TRPC 1 TRPV 5.0 JJL IR A5 & S I 5 R,

TRPM2 JEIE AT LIA-S Ca? it AU, 381 ROS sk 4L
JEPEP T 77 4 3k 2 5 MIRT ISFC JILA0 B B o5 LA B
RSV 209838 TRPM2 75 IR $i45h B 58 =16 (H
I BFIT TS H TRPM2 7RO RS 52 TR 056 — 2 1
PEFHR-0 — 5T, IR B, TRPM2 1E -y Ca2iil 17 1E 55 Tl 1%
IO WLAT P Ca2 il 5 A5 48 2 AE H 31X 23 38 Al
LA A A 2 AR D RE AT , A8 0 LATI ATP 77 Az | i
S IO R A BRI 5 5 10 JUL A IR B R A 1 I O 1
JLIPY, 5 —J7 T, TRPM2 838 A3 18 ] AR LA it
HIAEFFRE ST, B 1 S0 BUR A9 O LA A 345 . 7€ MIRT
i, OKH T TRPM2 9 Ca*ifE Ao ILAN AR AT LR 5 R4 5
F (hypoxia inducible factor, HIF) ) 2 1k , HIF 3455 17 £ ¥
FER IR G RERLACHS DA T RGOk 1A | s 25 0
PR3 3 SERTTT DU MIRT IO JILZT M fr 21 BRI e 281
Q7% TRPM 18 1K BURE IR B A AL R Ca>
UL/ Bel =2 /] T AH 5G4 H H 1Y BNIP3 K [A] ) 3¢ 15 3
Jin, BNIP3 il i i mPTP (9 FF IR Z R iR B35 455375 500 L
ML T, 1 Rt S AL B AR (superoxide dismutase,
SOD) Hi AT VE A FAR , 0 LAN A XT ROS T8 BT 2 7
REAIS , Spc 0000 L AN AR PR T3 e, il i iFsx
TRPM2 413 Ca?*ilF A 2 3 5 2 b AR 1 L B4R T, 9 441
mPTP FFHL, HE4E0 WA A L BRI A e 1, PRy
LA M A B 1 B AL AL RE A AR BRI fE | e 2R B0
W3z IR B OIE] . @TRPM2 31 Ca>HEAL AL
YA AT LA A5 28 7 MO P 1% 3842 (N Pyk2 . RACK1) , {if
ROS F=Azik /b, 3858 MIRT BHO LAT AT ROS AT A2 P A 1
POz IR Bid5 . e, 5D TRPM2 (O IUANIETE TR B
S FEERRR Y BERERT , (0 WLAN 2R RS B A B2 05 1Y
IR, A 2 E O LA e AP Ry T B8 TR 4753,

el — 6T sE L fs i TRPC3 A1 TRPV4 5 MIRI A —
TE B OCF , TRPC3 38 it 45 51 5 Y U ( capacitative calcium
entry , CCE) /5 Ca2 N AL #E IR IO JULAR M (445453 , TRPC3
BFFRCE N 1O LA AR TR 5 0% 85 8 22 ) S i e a2k 20
JLJH T4, TRPC3 FIl CCE 25 MIRI i3 2 0 L2 MG 1) 9 21
AR, WFSERI, CCE A5 SKF96365 b 3.0 L2 il
Al PGS TR S BIAMIER , BIE06 CCE T LA & B MIRT
B Ca o 2 3 1 Ao WL 200 BB A0 R R T 5 855 8 1 i 40 o) 590

PD150606 1] LA B i P& A TRPC3 i B 26 ik A0 JILZ it b )
HE IR AN AR T X SR TRPC3 /-1y CCE AT RE
16 IR Z S5 BN 4S5 B8 (1 0 1 A 26O LA AR P4 0 1A e,
TRPV4 M T8 {2 43 A T8 500 LA (14 45 Fh 25 T F 20 20
B AT LA BT Ak 2 A AR K 20 e
FIAE A DI TR NP A5 G S LE T B e IR %1
TFHEER BFSTEE e TRPV4 F5 BT HC-067047 B8
TRPV4 ESRANG 23 B30 0L IR 50, A eia A s/
TRETES 24 h USRI T /KOPBEALAE.C D REFFBIMGE, T
HC-067047 b3 TR 11900 WLAR RS , 58 SR A% 17 1 A i
B T A5 O R SR ARICEE (terminal deoxynucleotidyl trans—
ferase dUTP nick end labeling, TUNEL ) FHYEC JULZ0 )i /L | 17
ToAHSEER H H F Bax/Bel-2 HR A 2 8 28 -3 B
/b BV TRPV4 F540500 0] LU 3 MIRT B0 JULEH L 9 45 4751,
AN LI, TRPV4 #5471 HC-067047 7£ MIRI Pty
JULER B8 DR 4 FE A T8 T 453 475 A RO (reperfusion injury
salvage kinase , RISK ) [ 4 5514 245 47 BHL Wy 751 Jor RHL W, % B
TRPV4 SN C MR- B /E 2 B RISK 34847 5 (1,

5 MIRI %5 KATP BEHIAEF

Mg> 1 Zo> ] i i 435 KATP 25 MIRI, #F5¢%M Mg
YR AL PR 2 5 KATP 38 18 P H0R 008 75 Bl 1 15 355 17
B O LB B VR R BRI Mg A S 90k 5500 e 75 5 20 4k
KATP 38 38 B BRI/ MIRT BEC JILAT I 3 45199, 5345,
BT LSS mKATP 3838 9 HOR A4 MIRT B .0 WLAH
JH + Zn2+3E 3 TP KATP S8 P48 o JUL 4 £ 7 A rho
A B 3B (glycogen synthase kinase—33,GSK-3pB) (1
PRAETT R % 4] GSK-3B A3 1 T LABH 1k mPTP (9 Ok
P40 AR LR R T RE | BT LI CSK-3B (% M2 Bk
AL FRFAE MIRT B ER47 0 JULZ0 e 1) B2 B A

6 NESRE

i LR, Btk S 500 IR 5455 64 BH &5 - i 3= 2
A Na* K*.Ca®Hl TRP i, TRP il F NG %, 5.001
IR iR ZR LA E 24, T TRP 18376 MIRT 1 ASFE AT

T Mg Fl Zn? 45X 2 5 MIRT Jg B A= 3 i 72 1 A 56 P S
Tl 38 0 VP 1 T ] A MIRT % A2 HL 09— AN BIF 9%
Jria,

2 £ X W

[1] Hu J,Gu XY,Meng Y,et al. Effect of dexmedetomidine postcon—
ditioning on myocardial ischemia-reperfusion injury and inflammatory
response in diabetic rats[J]. Journal of Southern Medical University,

2017,37(11):1506-1511.



— 1010 —

BERERKZFIR 2018 £5 43 55 8 #7 ( Journal of Chongqing Medical University 2018.Vol.43 No.8 )

[2] Yang CK,Yang SQ,Tan ST. Effects of cardioplegia with tetrodotox—
in on intracellular sodium overload of ischemia/reperfusion cardiomy—
ocytes[J]. Chinese Journal of Applied Physiology,2009,25(1):23-26.
[3] Pinet C,Le Grand B,John GW et al. Thrombin facilitation of volt—
age—gated sodium channel activation in human cardiomyocytes;implica—
tions for ischemic sodium loading]J]. Circulation,2002,106(16):2098-
2103.

[4] Huber JD,Bentzien J,Boyer SJ, et al. Identification of a potent
sodium hydrogen exchanger isoform 1 (NHEL) inhibitor with a suitable
profile for chronic dosing and demonstrated cardioprotective effects in a
preclinical model of myocardial infarction in the rat[J]. ] Med Chem,
2012,55(16):7114-7140.

[5] Blokhin 10, Vlasov TD, Galagudza MM, et al. Role of sodium—cal-
cium exchanger in the myocardial protection against ischemia—reperfu—
sion injury[J]. Ross Fiziol Zh Im I M Sechenova,2008,94(3):284-292.
[6] Lv Y,Ren Y,Sun L,et al. Protective effect of Na*/Ca®* exchange
blocker KB-R7943 on myocardial ischemia-reperfusion injury in hy—
percholesterolemic rats[J]. Cell Biochem Biophys,2013,66(2):357—-
363.

[7] Oldenburg O, Yang XM, Krieg T,et al. P1075 opens mitochondrial
Kyp channels and generates reactive oxygen species resulting in cardio—
protection of rabbit hearts[J]. J Mol Cell Cardiol,2003,35(9).1035-
1042.

[8] Oldenburg O, Cohen MV, Yellon DM, et al. Mitochondrial Ky
channels:role in cardioprotection[]]. Cardiovasc Res,2002,55(3):429-
437.

[9] Gross GJ,Peart JN. KATP channels and myocardial precondition—
ing:an update[J]. Am J Physiol Heart Circ Physiol,2003,285(3):H921-
H930.

[10] Ribeiro GB,Santos EBD,Bona SR, et al. The effects of local is—
chemic preconditioning and topical hypothermia in renal ischemia/
reperfusion injury in rats[J]. Acta Cir Bras,2017,32(10).816-826.
[11] Meng LM ,Ma HJ,Guo H,et al. The cardioprotective effect of
naringenin against ischemia—reperfusion injury through activation of
ATP—sensitive potassium channel in rat[J]. Can J Physiol Pharmacol,
2016,94(9):973-978.

[12]  Yang HQ,Foster MN, Jana K, et al. Plasticity of sarcolemmal Ky
channel surface expression:relevance during ischemia and ischemic
preconditioning[J]. Am J Physiol Heart Circ Physiol,2016,310(11):
H1558-1566.

[13]  Youssef N,Campbell S,Barr A, et al. Hearts lacking plasma mem—
brane Kyp channels display changes in basal aerobic metabolic sub—
strate preference and AMPK activity[J]. Am J Physiol Heart Circ Physi—
0l,2017,313(3) : H469-478.

[14] Ishida H,Hirota Y, Genka C,et al. Opening of mitochondrial
Kyp channels attenuates the ouabain—induced calcium overload in mi—
tochondria[J]. Circ Res,2001,89(10):856-858.

[15] Clements RT,Terentyev D,Sellke FW. Ca’*—activated K* chan—
nels as therapeutic targets for myocardial and vascular protection[]].
Cire J,2015,79(3) :455-462.

[16] Bentzen BH, Osadchii O, Jespersen T, et al. Activation of big
conductance Ca*—activated K* channels(BK) protects the heart against

ischemia—reperfusion injury[J]. Pflugers Arch,2009,457(5):979-988.

[17] Yang Q,Underwood MJ,He GW. Calcium-activated potassium
channels in vasculature in response to ischemia—reperfusion[J]. J Car—
diovasc Pharmacol ,2012,59(2).109-115.

[18] Yamamura H,Cole WC,Kita S, et al. Overactive bladder mediat—
ed by accelerated Ca’* influx mode of Na*/Ca’* exchanger in smooth
muscle[J]. Am J Physiol Cell Physiol,2013,305(3):C299-308.

[19] Hardy N, Viola HM, Johnstone VP, et al. Nanoparticle-mediated
dual delivery of an antioxidant and a peptide against the L-type Ca**
channel enables simultaneous reduction of cardiac ischemia —reperfu—
sion injury[J]. ACS Nano,2015,9(1):279-289.

[20] Aldakkak M,Stowe DF,Cheng Q,et al. Mitochondrial matrix K*
flux independent of large—conductance Ca**-activated K* channel open—
ing[J]. Am J Physiol Cell Physiol,2010,298(3) .C530-541.

[21] Lishmanov YB,Maslov LN, Mukhomedzyanov AV. Role of beta—
adrenoceptors and L-type Ca**~channels in the mechanism of reperfu—
sion—induced heart injury[J]. Bull Exp Biol Med,2016,161(1):20-23.

[22] Bell JR,Curl CL,Ip WT,et al. Ca*/calmodulin—dependent pro—
tein kinase inhibition suppresses post—ischemic arrhythmogenesis and
mediates sinus bradycardic recovery in reperfusion[J]. Int J Cardiol,

2012,159(2):112-118.

[23]  Gutierrez DA, Fernandez—Tenorio M, Ogrodnik J,et al. NO-de—
pendent CaMKII activation during beta—adrenergic stimulation of car—

diac muscle[]]. Cardiovasc Res,2013,100(3):392-401.

[24]  Zhan KY,Yu PL,Liu CH,et al. Detrimental or beneficial ; the role
of TRPM2 in ischemia/reperfusion injury[J]. Acta Pharmacologica Sinica,

2016,37(1):4-12.

[25] Kong LH,Gu XM, Wu F, et al. CaMKII inhibition mitigates is—
chemia/reperfusion—elicited calpain activation and the damage to mem—
brane skeleton proteins in isolated rat hearts[J]. Biochem Biophys Res
Commun,2017,491(3) :687-692.

[26] Zheng D,He D,Lu X, et al. The miR-148a alleviates hepatic is—
chemia/reperfusion injury in mice via targeting CaMKIla[J]. J Cell Mol
Immunol,,2016,32(9) : 1202-1206.

[27] Maier T, Follmann M, Hessler G,et al. Discovery and pharmaco—
logical characterization of a novel potent inhibitor of diacylglycerol —
sensitive TRPC cation channels[]J]. Br J Pharmacol ,2015,172(14) .

3650-3660.

[28] Ma J,Yang L,Ma Y et al. Targeting transient receptor potential
channels in cardiometabolic diseases and myocardial ischemia reperfu-—
sion injury[J]. Curr Drug Targets,2017,18(15) :1733-1745.

[29] Miller BA, Cheung JY. TRPM2 protects against tissue damage
following oxidative stress and ischaemia—reperfusion[J]. J Physiol 2016,

594(15):4181-4191.

[30] Miller BA,Hoffman NE,Merali S,et al. TRPM2 channels protect
against cardiac ischemia-reperfusion injury:role of mitochondria[J]. J
Biol Chem,2014,289(11):7615-7629.

[31] Wehage E,Eisfeld J, Heiner 1,et al. Activation of the cation
channel long transient receptor potential channel 2 (LTRPC2) by hy—
drogen peroxide. A splice variant reveals a mode of activation indepen—
dent of ADP-ribose[J]. J Biol Chem,2002,277(26):23150-23156.

[32] Miller BA, Wang J, Hirschler—Laszkiewicz I, et al. The second
member of transient receptor potential-melastatin channel family pro—

tects hearts from ischemia—reperfusion injury[J]. Am J Physiol Heart Circ



