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[#ZE] BY FHBOIEREL A, T4k A 40 (sivelestat, SV) =4 & H 5 0
WUER IS BIVE I 5 B -catenin 3l A 5o Frik WASKAERIEME R A% 25 3k, BEALST AL T
A (Sham) @ (n=6). LiEJ (CPR) 4 (n=10) 1 CPR+SV 2 (1n=9), CPR 41 F1 CPR+SV 41
P 2 S5 O ME SRS 9 min, SRJEOME SR 6 min, ST, TE IG5 min,
CPR+SV 45 P i R 2 e kA SV 10 mg/kg, 43542 1 he THL 58755 0.5h, 1h, 2h,
4 Wik, WA PICCO il & (SV) FManUbTIfi /4 (GEF ) SR0IREFSbRAvEE . Tk
58935 1 h, 2h, 4h, 24 hiF, SEFICREMPRAS, B H ELISA FRM.GHWIESEFE (cTnl)
LRI A T (CKMB) 0 Gitn S ISR E . FRIE 24 hBF, P8t SRAE,
FHLO A FRAS, W FH] Western blot 3441l B -catenin, Cyclin D1, c-Myc. cleaved caspase-9 5
cleaved caspase-3 & 1A, DLW A TUNEL iR T2 . S5 R rhfny, &4
DIRRIRAS S O IUR R SR AL T —BOK T, 4l iR Tsit2E8 X (P>0.05), 905,
Y5 Sham ALk, CPR 4145 CPR+SV 41 & 4 J 0T RE AT 5.0 L4, 23k SV Al GEF A
WA R, [ cTol Al CKMB L&k W3 L F (3 P<0.05). #AT, 5 CPR AL, CPR+SV
HE HE OIREEE S O NI W ks, Hod SV EHAEE A 4 h SR GEF AR I 1 h 5458
F ETF. cTnl A1 CKMB [fiLiEWRIETERE H5 4 h F1 24 h Y B TFE (34 P<0.05 ), 4460 ER,
5 Sham #I#H L., CPR 415 CPR+SV K 45 24 h BLU AL B -catenin 38 B2 . AU T- A
A, TN B -catenin, Cyclin D1, ¢c-Myc. cleaved caspase-9 #ll cleaved caspase-3 £ 1 32 35 7K SF-#A
W, R TR LA (¥ P<0.05), #Rifi, 5 CPR 1ALk, CPR+SV 41E 75 24
h A O L Z T R PR kK > | [RIRT AR ToRe AR 3 NI (3 P<0.05), &t SV
FAWERE NG OYIReRERT SO0 M R R, AR BLEI AT B2 590 B -catenin 8 BIE J5
TR AN TR G
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[ Abstract ] Objective To establish the pig model of cardiac arrest and resuscitation, and then
investigate the protective role of sivelestat (SV) on the heart after resuscitation and its relation with B-catenin
signaling pathway. Methods Twenty-five healthy male white pigs were purchased. The animals were
randomly divided into the Sham group (n=6), cardiopulmonary resuscitation group (CPR, n=10), and
CPR+SV group (n=9). The experimental animal model was established by 9 min of cardiac arrest induced
by the method of ventricular fibrillation and then 6 min of CPR in the CPR and CPR+SV groups. At 5 min
after successful resuscitation, a dose of 10 mg/kg of SV was infused in a duration of 1h via the femoral
vein with a micro-infusion pump in the CPR+SV group. Myocardial function evaluated by the values of
stroke volume (SV) and global ejection fraction (GEF) was measured by PiCCO at baseline, and at 0.5, 1,
2, 4 h after resuscitation. The serum concentrations of cardiac injury biomarkers including cardiac troponin
I (cTnl) and creatine kinase isoenzymes (CK-MB) were measured by ELISA using blood samples drawn
from the femoral vein at baseline, and at 1, 2, 4, and 24 h after resuscitation. The animals were euthanized
at 24 h after resuscitation, and then cardiac tissue samples were harvested to measure the protein
expression levels of f-catenin, Cyclin D1, c-Myc, cleaved caspase-9, and cleaved caspase-3 by Western
blot and the degree of cell apoptosis by TUNEL. Results Prior to cardiac arrest, myocardial function
and cardiac injury biomarkers were maintained at the same levels, and no differences were observed
among the three groups (all P> 0.05). After resuscitation, myocardial dysfunction and cardiac injury
were observed in the CPR and CPR+SV groups, in which the values of SV and GEF were significantly
decreased and meanwhile the serum concentrations of ¢Tnl and CKMB were significantly increased
when compared with the Sham group (all P< 0.05). However, myocardial dysfunction and cardiac injury
were significantly milder in the CPR+SV group, in which the value of SV at 4h post-resuscitation and the
values of GEF starting 1h post-resuscitation were significantly increased, and the serum concentrations
of ¢Tnl and CKMB were significantly decreased at 4 and 24 h post-resuscitation when compared to the
CPR group (all P< 0.05). Tissue measurements indicated that the change of B-catenin signaling pathway
and the occurrence of cell apoptosis were observed in the heart at 24 h post-resuscitation in the CPR and
CPR+SV groups, which were indicated by significant increases in the protein expression levels of -catenin,
Cyclin D1, c-Myec, cleaved caspase-9, and cleaved caspase-3, and marked elevation in the index of cell
apoptosis when compared with the Sham groups (all P< 0.05). However, the expression levels of proteins
mentioned above were significantly decreased in the heart at 24 h post-resuscitation and the index of cell
apoptosis was significantly reduced in the CPR+SV group when compared to the CPR group (all P< 0.05).
Conclusion SV has the protective role in alleviating post-resuscitation myocardial dysfunction and
cardiac injury, in which the protective mechanism is possibly related to the alleviation of cell apoptosis
through the inhibition of B-catenin signaling pathway activation.

[ Keywords ] Cardiac arrest; Cardiopulmonary resuscitation; Myocardial dysfunction; Cardiac
injury; Sivelestat; B-catenin signaling pathway; Apoptosis; Pig
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FEAR B Je R ke P VAR R OO, (RO
R 5 s A B PR sl P T e O LGRS VR
DHWRE ., HN, WEFRUESE B -catenin i B0 L
B R G pR R P A I RE A s A T, R
W AN TR A HAE S 955 O WU B 3 th /R T, At
SERURI A O R BRGS0 IR BE R, SR SV X &R IR )5
oI REREAG KU AR 3 VAR R RN, DA SR )
ZAEHYS B -catenin i BRI F .

1 RS

1.1 EWshYkiE5 5 ET M

] 7 e R Al R R P14 25 Sk, AR 33~40 kg,
H_ g H T AR A BRA RIS, S &8 IES
A SCXK (1) 2020-0006, LI sh¥ikik)s, %
S E BRI TR SR . SCIRI, SRITREALER
LIRS =4, BT AR( Sham )4H( n=6 ).
Ui &2 75 ( cardiopulmonary resuscitation, CPR ) 2
(n=10), CPR+SV 4 (7=9 ), Sham ZH{L5EZIH)
WE4, CPR 411 CPR+SV 4H )i JH 28 Bl vE 175 0 I
A F O B A2 S A ST AR . ERRAL AT JR )
J& 5 min B, CPR+SV 21 i FH il i i 2 48 e ik
FA SV (_FHFIACEARHHEARAF ) 10 mg/kg.
Fr4E 1 h, Sham ZHH1 CPR 20 1% FHAH ) 7 1= 55 A %5
AR B K
1.2 SEEYHERSREENS

St 12 W2, AN kAL /
MR P (35 Virbac 22 F] ) 5 mg/kg FIBERL R 1
mg/kg ( FAREHAT] ) FEERFNLEE TREE, 50
£Z 5 min A JECE T = MFARM L, ER ORI
PS5 KA RN EE W, B R T S NI
(P52 1B F] 2 mg/kg FRKIRRESE 5 DA 4 mg/(kg-h)
FREL IR A HEFRR IR, I FH B FH e 4l B U A
BENFIE ML (3 Air Liquide AR ) #EAFHLMGES,
ZHBCE AR S 10 mL/kg., PRI
RA2 W /min, AHKIE 21%. FARYIFF A MBS,
wik, Bl EAE S A, A 5
JE . RIMAAHZ . FARIFF MRk 5 A 25N
Fhlk, 430E A PICCO WP shihkim S48, H
T OTIRETE R . A Sk 4, (W (l Ak
FER 5 TU/MmL WIFZE AR K e . FARUIFF A
FHMEIK, BA—REEE M, HTHE

T sh W& SE AR E 10 min J5, 2R MR
1 mA ZF A S EE, LA R ES

W MR A AR HE O IESRIS R, L EIHT
FEREIEAL, JCT WL 9 min, SRJ5, MR EPRTE
AT IR DI TRR05 , B 2 44 %l N 5L s sk
TSN, I FH BT S i i e D O e PR I
J¥ 5~6 cm, % JEHR 100~120 ¥K /min, HANAT
Hi Hh e 5 BRBE G Bl Sy 30 2 2, O liliAE
S 2 min Ji5, EIRKERHER EIRER 20 ne/ke, MAEE
3 min T2, LA TE 6 min 5, #EFE 150 T fE
WA, HETHIERER, BERIAIMOR SR E E
PTEA ORI U3 kT RE 5 4E 47 7E 50
mmHg A I© (1 mmHg=0.133 kPa ), #OHTTHES
MEABELESE, FDZ1J5 3.0l 75 2 min J5 FRCHL
FRER, HZRIPKE A ORI . B
i 5 YR B A O TR Ra R I B3R shy)
ORI RHLBOE S, FrERI I oUEE 4 he K5
15 1R, RBRAUE TR S A N, TR
BEAVIN, X AR2EIEE 20 h,
1.3 XIS

TERCHT, WA H SRR E . R O
MHs . KA RN EE 45 A FRAR AR I BE A A 0 . AR
F] 5 5 90 5 WA, eSS s 2 5 i) %
1 24 h FEIEAF L

THLSEIRE05h, 1h, 2h, 4h B,
F PICCO WA, s 946 I 4 48 i 11 i ( stroke
volume, SV ) il 4> .0» 4 Il 53 £ ( global ejection
fraction, GEF ) 5.0 DI REFE br O 016, T HE 4k
H5&E %5 1h, 2h, 4h, 24 h i, ZBFHCR
2 mL MARAS, B0 RIGRZRAF S, #:5
A& vh i ] ELISA ¥E 6.0 ILALES 2 B ( cardiac
troponin I, ¢Tnl ) 1 JJL & ¥ [ [7] T_ [ ( creatine
kinase isoenzymes, CKMB ) 5.0 L b5 5 90 09
JIRR7 9528

TEIG 24 h B, A BENLEESE 6 Sk 5Lt
GIRAE, BRI ZDARFR D SR A,
BEEFRA T NS, A T HIRIR VAR,
£ i FH Western blot B 4G B -catenin 1 [ 4H ¢
FE U0 B -catenin, Cyclin D1, c-Myc A9 F 3£ ik
KA, DL AR s A B e R K A=
FREE 1M -9 ( cleaved caspase-9 ). cleaved caspase-3
R I RIA K-, 1 H Y A 5 N2 GAPDH JK
FE W ZoR BB AR Rs . 5i5h, BUba
ONUERSRA, BEFTIE . ., YR S5 BRIm
BORERYI R, PEIBIAE TN TUNEL YA AR 2 €2
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FRPEARRE L], DL S SRRSO~ BB A e g
FEHL
1.4 SZitEFHE

I3 41 SPSS 22.0 4 it 4t ( 35 IBM A A )
WATEBIRG I 2#0T . B e TR SRk A A 1E
MR, FRE N IES 0 5 LA + A2z (
x+s) PN, B HBRHBFEZE T 200, i
— W LR H Bonferroni S5 K. THECTT R
PLVE 83w, L] LR Fisher RERAAL R o
Ph P<0.05 hZESA G FE X

2 #R

21 BABEKRSEEHRER

WRIET, AR E . R, 0% m
FE . Ok ST A0 B A A B AR Y ON IE H L L.
Gb, B SO D REIRES 5 0 LR 5 45 75 4 ik
FEAE T — 2K, A i R g iR R X
(P>0.05), CPR #[H], CPR 415 CPR+SV 4%l
BHET 9k, 7%, dlRHEZER TSI FE X
(P>0.05), 755 24 hiif, CPR 415 CPR+SV 4
BTG 7 3%, MLAAIE IS DL ] 2 e aei =%
B (P>0.05).
22 FHHEEFROINEEREHTH

5 Sham 41 #H Ik, CPR 41 5 CPR+SV 4
WA IR GO D e AT & A, R M SV HI GEF
HEETHE, dRkEESARIT¥EX (Y
P<0.05), 4Kifii, 5 CPR 4#HIL, CPR+SV A& 7
JEDIRRIRAS B R AFFE , Horb SVIEAERE 775 4 hit
GEF fHAER 1 h ¥ 8% b, ARz a

Gt X (¥ P<0.05), Wk 1,
2.3 JBAEFBOIBRGIREDHZL

5 Sham 41 #f tt, CPR 415 CPR+SV 41 7] IiL
RO LA, FBR cTnl Al CKMB #JIfi
TR B o, A L 2 A g (3
P<0.05 ). #Rifi, 5 CPR Z40AHEL, CPR+SV A& K
JE 0N AR, Horb Tl F1 CKMB Il
JETES I3 G 4 h 124 h IR T RE, dHIR] s
SAGERE L (¥ P<0.05), W3k 2.
24 SEREFFOIAELE B —catenin BB HIRIX

T

5 Sham ZH #f o, CPR #H 5 CPR+SV 4 & i
J5i 24 h RO SR B -catenin 8 & A oAy, %
A B -catenin, Cyclin D1 fl c-Myc £ H 3 ik 7K
SEU RGN, A A A2 A SRR L (3
P<0.05). #Rifi, 5 CPR 41MLL, CPR+SV 4K
J5i 24 hBLO L ZLH B -catenin, Cyclin D1 Fl c-Myc
FEHRRACERID, iR 2R A5
X (#5P<0.05). WA 1.
25 FAEHFEONALMAMABTRER

Y5 Sham ZH #H I, CPR #H 5 CPR+SV 41 & i
J& 24 h BRO NS T KA, R FTFR
i £ M cleaved caspase-9 fll cleaved caspase-3 £ [
3Ly, ol Ry N TR R o = T 2 A
A LA 2E A Geit2E i L (1 P<0.05 ), AT,
5 CPR AL, CPR+SV 1% 755 24 h if .0 L4
Zlth cleaved caspase-9 Fll cleaved caspase-3 £ [ 3%
RACERA s /0 | R AR TR R e R, A
| b= A g E X (3 P<0.05). JLKEl 2.3,

F1 HALOLIRRRERZL K +5)

Table 1 The changes of myocardial function in each group (¥ + s)
g5 SV (mL) GEF (%)
BL PRO.5h PR1h PR2h PR4h BL PRO.5h PR1h PR2h PR4h
Sham 20 41516 423+15 43330 407+12 43.0+17 37225 365+33 382+40 37.0+£3.0 360x1.1
CPR 4 414£25 149+33" 160+34" 18240 19.8+3.0° 37.1x29 134x2.1"° 13.7£2.6" 162+3.1° 17.9+3.4
CPR+SV #H  40.0x2.1 16.0+3.1° 17.1+25" 20.0+1.6" 23.6+1.7° 367+21 156+2.6" 18.0£2.0° 20.6+2.0" 224+27"

. SV ONEEE I, GEF A4St s4, BL MIEL{E, PR AE G, Sham MEFAR, CPR ALAIEDS, SV HWEYEERIH ; 5

Sham 40 A%, *P<0.05; 5 CPR 4l IbAE, °P<0.05

R 2 SHOCNFR SR ER AL 3 £5)
Table 2 The changes of myocardial injury biomarkers in each group (X + s)
cTnl (pg/mL) CKMB (ng/mL )

1=}
415 BL PR1h PR2h PR4h PR24h BL PR1h PR2h PR4h PR24h
Sham 4 13013 133 +61 118 + 24 124 + 55 135 +47 3113 29+9 38+18 34+15 35+15
CPR 4 126 +40 296+ 118" 444+130° 651+118" 755+ 153" 3215 79+41° 104+45" 132+36" 143+37°
CPR+SV 4 127£16  247+89"°  349+133"  467+93" 584+ 75" 317 5215 75x14° 91+20" 103 +20%

H : Tl AOHUIESE A I, CKMB RMURRLEG R TA, BL MIEZ(H, PRAE IS, Sham ABFAR, CPR ALHIED, SV WL
H44 3 5 Sham ZHHL#E, “P<0.05 ; 5 CPR 4 L#, *P<0.05
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{E : Sham JfBEFA 5 CPR LA IR 5 SV HTTLERFIH ; 5
Sham ZH 4%, °P<0.05 ; 55 CPR 41H4%, °P<0.05
B 1 SHEHEOHEIZ B -catenin JlH Y FRILAE L
Fig 1 The changes of B -catenin pathway in myocardial tissues after
resuscitation in each group
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1 : Sham HRFA ; CPR OIS TS 5 SV AP RGN 5 5
Sham ZH H4%, *P<0.05 ; 5 CPR AU H 4%, "P<0.05
B2 SHALHEONHASUE iR E AR
Fig 2 The changes of apoptosis-related proteins in myocardial tissues
after resuscitation in each group

3 itig

SV JE— i 5 B 1) AR 4 i S 2 1 g A
i), 2 ] R A S SRR A Y
SRAE SO TR AL A H 0T, E AUk B AEE BT
R, PR PURT- SRS L E R
L IR B, SV 2 T s A B M AR E S I
ERE MR BRI A SRR I8 2R A A, G
RS =, A E S . B T5
T, FESR-FRE S U, SV [RIRE R sz
JryFS e ML-PHE S 2 R B B B BRAIR TR

ab

{E : Sham MR FAR 5 CPR LI TR 5 SV VLR A ; 15
Sham £ [, "P<0.05 ; 5 CPR 414, "P<0.05
B 3 A5 0N R TR 0 ST
Fig 3 The analysis of cell apoptosis in myocardial tissues after
resuscitation in each group
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SV i R AIRCo LAE A 17 AR B k3 2 28 WA D AR
A, HAR WL 08000 T A i A SR B — 4R
CRA K. eGP FEE R, CE—FR
WF5EHRIE SV REM LAl NF- « B /519 RAE L
AR IR SR AR 5T BT B A R ™, (E G
SV XU IEBR I I35 £5 4 B DI RERR AT R P AR .
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PEFEARTT SV X 5 95 I 52 450 LAY V8 7 AR 4P 3500
Z A SCHR TR B0 P P B B E R G
5 min AP ZAFIKZEA SV 10 mg/kg, 45 B8, CPR
M CPR+SV £H%¢ Sham ZH S 1.0 I fEFS AR SV
5 GEF R E TR, RGN iR EY cTnl 5
CKMB LI W BE 35 1T, $R 9505 O Dy aE R
15 S WU B A& 5 4R, FERC SV IiRYT T,
CPR+SV 414 CPR 41 1¥) (9.0 T B bn AU (B8
Tt FERC RSP R AR B R, HAE
BRI [E] A A ZE ) oA 25 A gt o 3, IR
7N SV EATIER 5 95 5 0 Dy RE R A5 AU WU AT R B
AR YER

MR BN, B -catenin HESAEANMIA K . 40k .
T2 A EEAEH, HE R s
TR 53 Cyclin D1 5 c-Myc 351 45 41 g
e M MR R, TERAE. SR, B FEE
FZMBGEENRET, DOULLLZiH B -catenin
i eI B S IR VR O LA R T R A,
250 B -catenin 8 [ J5 K DS A0 LR T R AR
O WU E A U Horp ) 70 UL P08 3 45
Bk, Li % U RN RS AL 9% & B E 4 i
RNA circARAPI1 fE I B -catenin i % J5 12 7F .0
WIH R A 4 fb 5 4 i T Bt #2 . D341, He
25 UV /N BRABSE R 5348 2 BHL B -catenin # PR ok
5 45 v 25 35 0 JUAE SN B -catenin 38 B 5 KF 1) 55
NF-«k B #5E W AR, DA TTTI0 2 40 48 1 el 8 ke 1.
PR T O D RERERS . LT LR SCERTERE, A
FRIEFE B -catenin il BEHR T SV 7 A & 950 5 O LR
PR TEAEIPLE . PRI E TR IR I )5 24 h
BF, B S 2 SR AU I AR B LA 2R A i 47
B -catenin il -5 A T-IR AR BRI TEAL . 455K EoR,
Y5 Sham #H [, CPR 41#1 CPR+SV 413 #.0: L 41
41 B -catenin i [ AH JC¢ 8 1 B -catenin, Cyclin
D1 Fl c-Myc RYZRIEBI B3, RIEHET-FrE&E A
cleaved caspase-9 Fl cleaved caspase-3 [¥ 3 ik B g
B, AT R E L, PORE N E %
WO HHZ B -catenin 18 BEEE S0 T- & 4=
SR, TENLH] SV IRJT THUS, CPR+SV 4% CPR
BN B -catenin 18 A ¢ & H F ik B Wi b,
[V JR T A i B Rk B S /D B AR R T e 45
ETRE, HMEER SV REEME] B -catenin i Y
E ST SR, HATRERCH SV AR IR O
WA R E SR Z —

i LRTIR, SV BRI O NERRIS S I35 i O
INRERERT SOOI RRIE , AHSCERIP B AT AE- S5
) B -catenin 3 ST MDA o JULZH RS P U T
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