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[ Abstract] < Objective To observe the effect of sevoflurane on the electrical conduction and the
phosphorylation of Cx43 Ser368 on the heart of hypothermic global ischemia-reperfusion. Methods Twenty-
four isolated perfused working hearts were randomly divided into 3 groups (n = 8 in each) : control group
(group C), hypothermia global ischemia-reperfusion group ( group IR), and 1.0 MAC sevoflurane group
(group Sev). In group C, the heart was perfused with 37 °C K-H solution for 15 minutes and then perfused
with 37 C.K-H solution for 105 minutes. In group IR, the heart was perfused with 37 “C K-H solution for
15 minutes and then perfused with 37 C K-H solution for 15 minutes. Thomas solution (4 C, 20 ml/kg)
was injected to-make the heart stop beating for 60 minutes, and the surrounding of the heart was protected by
4 °C K-H solution, and Thomas solution (4 °C, 10 ml/kg) was refilled when the heart stopped for 30 mi-
nutes. In group Sev, the heart was perfused with 37 °C K-H solution for 15 minutes and then perfused with
37 °C K-H solution containing 1. 0 MAC sevoflurane for 15 minutes. Thomas solution (4 °C, 20 ml/kg) was
injected to stop the heart beating for 60 minutes, and the surrounding of the heart was protected by 4 °C K-H
solution. Thomas solution (4 °C, 10 ml/kg) was refilled for 30 minutes, and 37 °C K-H solution containing
1.0 MAC sevoflurane was used for 30 minutes. From the instance to the end of reperfusion time, the rebeat-
ing time (the time from reperfusion to the first beating) of isolated heart was recorded, the number and du-
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ration of ventricular arrhythmias (ventricular premature beat, ventricular tachycardia and ventricular fibrilla-

tion) were recorded. The effective refractory period (ERP) and conduction velocity (CV) were measured

and recorded from programmed electrical stimulation by cardiac stimulator. The relative content of Cx43 and

Cx43 ser368 protein in ventricular tissue were detected by Western blot. Results Compared with group C,

ERP was significantly prolonged, and CV was significantly slowed in group IR and group Sev, the

expression of Cx43 and Cx43 ser368 protein decreased in group IR (P < 0.05). Compared with group IR,

the cardiac rebeating time was significantly shorter, the incidence of arrhythmia was significantly decreased,

the ERP was significantly shorter, the CV was significantly faster, and the protein content of Cx43 and Cx43

ser368 were significantly higher in group Sev (P < 0.05). Conclusion Sevoflurane may upregulate the ex-

pression of Cx43 and Cx43 ser368 in the ventricular tissue of hypothermic global ischemia-reperfusion, ac-

celerate CV and decrease ERP, so as to reduce the incidence of reperfusion arrhythmia.

[ Key words)

B - PV T S B MO A O R U
AT R, -L HUE T AR PRV O AR W R A
DRG0 T AR 0 & A 50 LA L ) 4
B4 4% (gap junction, GJ) HLf& 5 a5 B AH G
GJ 2O RO JULAH B 1] R A% 52 () 235 40 R it 3 i A
20 A R b 2 1 5 2 R T A0 BRI L SE R
HEHZEE H (connexin, Cx) J& GJ MYFEASFLAL , AT I
A0 N T KK Cx43, Cx43 1EH Kk L #
TR 368 17 55, (Ser368 ) B R AL 7K - Xif P E- O LA it
[ IE % AL S B F B - Uk XG0
Sl - O E AL T M Cx43 Ser368 WiliRfk
IR R S0 e ANV R | AR R 9 SR FRAIG I 4200 S50
— P S A AR ABE Y | 35 T o) AE iR 4 B
I —FREE O F LB AL 5 K& Cx43 Ser368 B R 1Y
B RE I

MHETTE

K-H & 894 & 43 HIFKEL NaCl 120 mg KCl 4. 5
mg . CaCl, 1.25 mg MgCl, - 6H,0 1.2 mg KH,PO, 1.2
mg NaHCO, 20 mg,C,H,, O, 10 mg, /i ddH, O P ifi
1 000 ml, i385 4 CIRAF# H ; &4MF1 1.0 MAC £
SRy K-H Y 25 2 BRmr i o) Bk F Lok
FH Vapor2000 4 & R B 2. 4% L k8 A K-H
WHRLFT 15 min , b SUBEMR B2 467 0 R FH 1 OB AR €231
PGHAT , 28 2. 4% LR A | K-H 3R L sk 7
1 (0. 50£0. 04) mmol/L,

FEieoymb e SIS B
B 24 HUBARREE TAEOME R HBEALE T3R5 51
= X RRAL (C AL AR 40 i I — PR T
(IR ZH) F1 1.0 MAC L #kAbFELH (Sev 4H ) , 34 8
H =% 37 C K-H A 15 min J5 5004
DU A THEE . C 41 4kSiE i 37 °C K-H ¥ 105
min; IR ZH4kZEHE T 37 °C K-H ¥ 15 min J&, 5
Thomas & (4 °C ,20 ml/kg) .0 EE1H 60 min,4 °C

Sevoflurane ; Ischemia-reperfusion; Electrical conduction; Connexin 43

K-H AR50 E, 45538 30 min I & 52 3 Thomas
(4 °C,10 ml/kg) ,60 min W ] 37 °C K-H #&
I 30 min; Sev ZHAKZLHE 1T F 1R AT 1.0 MAC L 3
k%) 37 °C K-H & 15 min J5 , 5T Thomas ¥ (4 °C
20 ml/kg) fdi.0 S 1 60 min, 4 C K-H W AR YO
JIE 454 30 min B 2 4% 52 #E Thomas ¥ (4 °C, 10
ml/kg) ,60 min BF FH & AEAN 1. 0 MAC L 3UEERY 37
°C K-H & P 30 min,

SR Fe N S RET ™, Bk
T A DA R RE E A E G A S E AR
A, T B0 20 2 R A , 1E SR RO BE
A S [va) (P A B 220 250 T 1 ok Bk B BT R A
[E]) =M OHRE (EERAE SO sl Sk
BB ) A RO AF 22 B ]

AR AR R DF-5A Ol FREAYL
AR, T HHETE 30 min APRE O BE H038 A Y
A & T A2 %S BT BE , BL-420F A= ¥ HLAE S 56 &
giac % A A N A (effective  refractory period ,
ERP) . At 8 BRI S1 5, KH— 14
Fe S2, % B S1S1 4 250 ms, S1S2 4 250 ms,
S1S2 H 250 ms &R 10 ms F I 2 i 456 5
S1S2,4 S2 AR5 A& s L AL, K S1S2 15 Hm 10
ms, X5 LA 1 ms AR S2 RNRETE R SHVEHAL, %)
S1S2 Rk ERP,

t5ak ey SR DF-5A (O IR A T
TRV, T FFETE 30 min BHAE 20 %8 1 BE 22 B0 E
SRR ASC ) 0 35 R R, 3 S R AR B L 3 mm, FH BL-
420F HEHLRESL I ZR G0 i sk B sh i AR 0] O ke
ST MAP WEAEL 1 B} ] [A] B ) 5 4% 538 & ( conduction
velocity ,CV) = 3 mm/ R,

Cx43 Fo Cx43 Ser368 & @At &Fogm 2 F2
P LS R, B R R S 22 0 WL, HE AR
TG 254 1) 210 b0 224 ik Y S 2, 11 0 461 770 ( PMISF)
UK A1 R A BCA BRIV EE I i G i, AR



- 1218 -

It R JBR 2 24 s 2020 4F 12 A %8 36 %55 12 ] J Clin Anesthesiol , December 2020, Vol.36,No.12

P T 'R/, Hl & 12% 050 B IS, 5% Mk 4R i, T
JZIEHE 80 V R 2 H 120 V #E1TH K ,200 mA
fE L IAL I 2 h, BB 2 h, 200008 & ek
BL—PT (Cx43 Fiid, 1:800; Cx43 Ser368,1:1 000)
4 CER, I H 2R B i S A Bl b i ) S5 T e
ZHi(1:10 000) ERMEEF 1 h, ECL A, B
. JFLANZS GAPDH 8 M 4%l 6% B (E A An e,
JHE Cx43 K Cx43 Ser368 M [ HIAIX & &

it oA R SPSS 17.0 #1755
Mo IR POR DAY B bR 22 (w25 ) R,
A R] Fb AR FHEA IR 28 5 26 43 17 5 THECP R LR
XKy, Fisher M ) BER K00, P<0.05 HZESFH
GiiteEE L,

# =R

S F Bk A Fees AR CE C AR R AR
W FEEE I IR 4L Sev LA AN TR AR JE = L
TN EWAEOBRRE LA, IR AR HE 6
B, 1 6 B Pk 15 1 Sev A 2 il kAR O
Ku HHMMRE E®E ., 5 IR 4K, Sev 4
AU RS2 BRI [R] K0 % 85 45p 2 I [R) B A 4 2, O
J BRI R (P<0.05) (R 1),

®1 AACKESHEEMEETOERERE

1R AL

ONE BT DA OHK R R

am R

(s) [Hil(%) ] (min)
IR 41 8  23.60£5.20  6(75) 6.90+1.70
Sev4l 8 11.87+4.69"  2(25)" 3.56+1. 34"

.5 IR 4 i, “P<0..05

w5 C 41, IR 41 Sev 4l ERP
B 2K CV B B8 (P<0.05) ;5 IR 4 Hds, Sev
20 ERP B IR 4%, CV B S (P<0.05) (£ 2) .

K2 Z=HNENERP F CV HEEE (x+s)

5 HAL ERP (ms) CV(mm/ms)
cH4 8 41. 63+0. 65 0.23+0. 01

IR 44 8 54.62+1.21° 0.170. 02°
Sev 4 8 46. 50+0. 63" 0.21+0. 02"

.5 C A, "P<0.05; 5 IR 4H 4%, "P<0. 05

fBEIESEE 5 CAHE,IR 4 Cx43 K
Cx43 Ser368 4 [ AH X & 1 B W FE A% ( P<0.05) ; 5

IR ZH L%, Sev 41 Cx43 2 Cx43 Ser368 2 [ A1 X &
HH TR (P<0.05) ;C 2405 Sev 4 Cx43 2 Cx43
Ser368 AN & it 22 F Gt L (Bl 1—2)
C4 IR4H SevZH
Cx43 D S S 43LkD

GAPDH =~ o — — | )
150
QH
ot
= Lof b
=
ﬂ: a
4 st ﬂ
Q
B
]
0

CZH IRZH SevZH
.5 C A, P<0.05; 5 IR 4H L4, P P<0. 05
1 ZALE Cx43 EEHEMSEMNER

GZH IRZH SevZH
CX43 Ser368 i c— — 43 D

GAPDH i cu— — ) | ])

gl 0.8

40

ol
B 06} b
unng

=]
i
T

o
)
T

Cx43 Ser368# [ F

=)
(=)

C4H IRZH SevZH
.5 C AR, P<0.05; 5 IR 4HHL#, " P<0. 05
2 =4 ERL Cx43 Ser368 &AM S 2 HILLE:

Wi

FE T O R W (reperfusion arthythmia, RA)
iU ML L8 REL DRI 5 40 A2 o FILRE S BT B0 O B R
AIG] kU B 7 o 25 L 2l 0 TR R R B
(sudden cardiac death, SCD)" . 75256 BF 97 45
7 SR P 4 e PR IR 4 BRI — P I A
JUESE BRI T ok /D38 M AR R B R AR . AT TSR
B, L Sk P 5 s PI3K R ERK1/2 {5538 B 2
LRI ATP BURPE K38 % | BH W 2 b 14 3 375 P 5%
i ALAEHLTRIREAR RA 1Y & Az AU R/ b0 LA A T
B | DT e it — PRV S O U= A R

AR T 75 ,0. 5 MAC 1 MAC Fi1 2
MAC £ FRUE T 2 44 K BRCo LR ot — P v P 4 38 2
AR E T ARG e B AR H M % Rl R - I



I R R 22 2475 2020 4F 12 45 36 545 12 81 J Clin Anesthesiol , December 2020, Vol.36,No.12

- 1219 -

WHWE N 1 MAC, H A KR E U 1 MAC -
(2.3220. 13) %" | S BEAESCHER ) RTRTIT SC 30 25
SR RS0 3k B-E R U R R 2. 4% , TR L AR T
FEHRVT 1 MAC (2. 4% ) - 3Tk X1 3 40 e afi — P
FEVE O IE AL S T2 Cx43 Ser368 MR LAY

SR I — P R O R B I R AR 0 LA B 1Y
L B AE RPN ERP & BN 0 L%
PEMEZ G bR, ERP FH O LA A 46 X6 R Rz 49
JRi S S N S ZE B, 48 B A LA I RS 7 A 0
FALTF AR 3 3 MR AL 2 -60 mV [T , B S e
R T 2 A BE S — A  ERP 2B T30 i
NI Gy 7 WTIR A y h B, DERRE AL K
A XA E S, O E LR ERP B I 4E K
SR T SO B R G K A0 LA TS 1) 4
AR SPIRAS W Bh 1E A% T v Jmy &8 32 BT TR 14T
RGO A R H OV R R O L H A% Y
FLEFR, CV AU HE 7R O LA i 1] 4% S ik 1 el
FRICRE ) TR, O WL Az O KU 3, AR F
LR R AR 40 B il — PRV O = WL CV O
1% ERP SE 0 RA (19 % A XURS 3G 0, 1 -t el ik
AR 4O B - O ZE WL CV 3 ERP 45
TR Tia (1] 2 AR E 3 R 4 e

21 it 1) AR R O 45 R SRR G, O LS Bt i 2
FIEMTIBEN 58 N E FHZIZ Y — 1T
SHROIE RGN FE Y, Cx & Gl AR
PEH A I FL B 0 =L EE AR R Cxd3P
Cx43 IEH 638 6 PR TIECo WL 20 R[] 1 5 i) HR H 3K A
PR RE T, Cx43 fri T4 90% ] fii {4 5
T B 50% 245" Tse'" WRFE R, 24 Cx43
TR Ab /K- 76 /N B WL Af v 2R 3808k 2D 509% B o0
FE TR T % 38%, Lo HL &) I 25 QRS £ i} ] 4iE
Koo 720 LB LA ILER 112 S 3 5 5 Cx43
Ko it O 2 B F 5 v R 30, R DX A% e i BN 1 5
T BRI DX S A3 XK SRR 0 77 A AL S L T 33 26 [X 3,
HITRIR LY Cx43 - H B A%, 3R W] Cx43 BEER LAY )™
LA AR SR L DX R 52 A S L ¥ 179 6 e ) 2 Bk
RS BRERTLIY Cx43 FK TS S 8L S HE T
R LS P 38, ™ A B A o B SR 4% S
W ORI R AYTR M O B I LR A L AR
I HFST A R s, AR 40 Bl - PRV T O A O
DA I Cx43 F Cx43 Ser368 Y15 I /b,
M- FUE F M Cx43 Fl Cx43 Ser368 1335,

ARBFFEIERAEN A Cx43 B30 5 WL IR
Tl XoF PR T DR S ) 3K R AR ST R R JE 22

b Ry R ARRSE
25 LR b Sk AT LA b R R 40 Bk 1l -
LWL Cx43 I Cx43 Ser368 By F ik, L1l
O UL 38 B G SOAS IO 09 406 e, AT P48 A6 1
DR F R
s % X #

(1] g, g, sk, 4. R - e B L AR
SEPEMSEM. IR PRIFRRE2A 2635, 2019, 35(11) : 1118-1121.

(2] E5th, @iy, EFH, 5. ASEREE L U Bl — P 1
O WLEAAE B 1 0 A7 5% . G PR RR IS4 2% 5, 2018, 34(5) -
478-482.

[3] Es5th, m¥, EFE, 55 LRk B o IE 4. 6t
I~ P 0 R R B A B L I PRORR B 2 2
2018, 34(12) . 1223-1226.

[4] Tse G, Yeo JM. Conduction abnormalities and ventricular ar-
rhythmogenesis: the roles of sodium ¢hannels and gap junctions.
Int J Cardiol Heart Vase, 2015, 9. 75-82.

[5]  Desplantez T. Cardiac Cx43, Cx40 and Cx45 co-assembling: in-
volvement of connexins epitopes in formation of hemichannels and
Gap junction channels. BMC Cell Biol, 2017, 18(Suppl 1) : 3.

[6] Elnakish MT, Canan BD, Kilic A, et al. Effects of zacopride, a
moderate IK1 channel agonist, on triggered arrhythmia and con-
tractility in human ventricular myocardium. Pharmacol Res,
2017, 115. 309-318.

[7] Li WC, Gao H, GaoJ, et al. Antiarrhythmic effect of sevoflurane
as an additive to HTK solution on reperfusion arrhythmias induced
by hypothermia and ischaemia is associated with the phosphoryla-
tion of connexin 43 at serine 368. BMC Anesthesiol, 2019, 19
(1):5.

[8] Li W, Gao H, Gao J, et al. Upregulation of MMP-9 and CaMKII
prompts cardiac electrophysiological changes that predispose dener-
vated transplanted hearts to arrthythmogenesis after prolonged cold
ischemic storage. Biomed Pharmacother, 2019, 112. 108641.

[9] Bernikova OG, Sedova KA, Arteyeva NV, et al. Repolarization
in perfused myocardium predicts reperfusion ventricular tachya-
rrthythmias. J Electrocardiol, 2018, 51(3) . 542-548.

[10] Tse G, Yan BP, Chan YWF, et al. Reactive oxygen species, en-
doplasmic reticulum stress andmitochondrial dysfunction: the link
with cardiac arrthythmogenesis. Front Physiol, 2016, 7. 313-321.

(117 H&Ha, B/hFR, 8= BiE JOsAr R L sUE MAC B9
E. IRRFRIHEALE, 2016, 32(8) : 803-805.

[12] Wang C, Hu SM, Xie H, et al. Role of mitochondrial ATP-sen-
sitive potassium channel-mediated PKC-g in delayed protection
against myocardial ischemia/reperfusion injury in isolated hearts
of sevoflurane-preconditioned rats. Braz ] Med Biol Res, 2015,
48(6) : 528-536.

[13] #2%, $/MR3%E, b, 55 5w Ml P 1m0 M4 R
X M AR O BE R PR A PR . AR AR 2 AR B R A A
2018, 17(10) ; 771-774.

[14]  AARMEH, TEBEL LRBAERRUOE AR ORI Py



- 1220 - It PR BRI 2 k5 2020 4F 12 H %6 36 #2558 12 ] J Clin Anesthesiol , December 2020, Vol.36,No.12

VEFH B0 ULAN o e, A B Y 52 . b [ B AR 22 2 s, 2017, [17] Tse G. Mechanisms of cardiac arrhythmias. J Arrhythm, 2016,
37(20) ; 4971-4973. 32(2): 75-81.
[15] Tse G, Liu T, Li G, et al. Effects of pharmacological gap [18] Hermans MM, Kortekaas P, Jongsma HJ, et al. pH sensitivity of
junction and sodium channel blockade on S1S2 restitution proper- the cardiac gap junction proteins, connexin 45 and 43. Pflugers
ties in Langendorff-perfused mouse hearts. Oncotarget, 2017, 8 Arch, 1995, 431(1) :138-140.
(49) : 85341-85352. [19] MR, XBMh, PEwtr, . Lot BUAL 6 A RO LBR i
[16] Alesutan I, Voelkl J, Stockigt F, et al. AMP-activated protein FIVETE AT SR 1 MRS BRSNS, AR SRR 2R A
kinase al regulates cardiac gap junction protein connexin 43 and &, 2014, 34(10) : 1263-1266.
electrical remodeling following pressure overload. Cell Physiol ( Wik H 1#7.2020 - 03 - 31)

Biochem, 2015, 35(1) ; 406-418.

ke “7% 4%\ .
2 T e 8 SCATE “2020 AR EE T R ALF S

gk R T AR 22 HRMIPRS SR SR VR I8 AR , S8 S5 26 A K L SR 22 75 AR A TR E R R &, Bl
A R — R BRI, o R p e Ak S I R b R 75 BB SO TR o S i BRSO P L RMEME B R e S
RV 2, HR A PR 2 2 T ) 4 [ R 2 T AR AU 1) (O R BT R AR B2 22 4 B 31 A4 ) JF J #2020 4F Hr 4 I % B R 7518 S0
Wi . A TR T ERHIME T RS SGE i IO T AR BR AR R OE TS0 SO R A L AR IR 58 SOV T sh 4k 2k h
e 2 S At R T

2020 4F 6 A 10—24 H AR TI4aHEH 2016—2019 4FFiA T H ATE SCHh g 1 2 i HAT 5 22 AR R PRAME 1938 3¢, IF
Fi2 FRELSROES SR <2020 AR AR R A R 7518 SC#EE T &7 (hitp ://top100.medline.org.cn ) #E7THI R, c28, Goid TR PEH, R
T8 =t BE e & R 16 SCCR BETA I D) B B A4 41 £ 35 M ARl 1 AT 1l 5 AR B 22 &5 TR T T 103 T AR ) (3 — 1
H B WAEVER . T ) LI A8 30 o I 2 o o T 3 4 T [ 2 28 10 748 SC STt o o 9 A2 90 R e % IR AR PR
RS- R 52 Y (5 —AE& . B R TRAEE# D) ARE“2020 R B4 F IR TR 8307,

P28 AU HH 1 2020 AR PR R 25 R R T8 S0, RN FRFRR AT 7T I A 78 K 253k =28, o I BE ANRE E
B JLEF IRAL B0 RTEERL AR PR 42 Bl BN 75 Bl R4k 2017 AEART) 1 RIS SCA R ARE S E
RARFHE 0 R IR A SO,



