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[ Abstract]  Objective To investigate various ischemia times of myocardial ischemia-reperfusion injury ( ML/RI)

in Chinese miniature swine and provide the basis to establish the optimal model of MI/RI in Chinese miniature swine.
Methods

(n=7), 60 min ischemia group (n=7), and 90 min ischemia group (n=9). After pentobarbital sodium anesthesia, left

Twenty-nine Chinese miniature swine were randomly divided into a sham group (n=6), 30 min ischemia group

coronary angiography was performed in each model group, and a balloon was exchanged into the middle of the left anterior
descending branch through a wire. We elevated the ST segment on a body surface electrocardiogram and the numbers of
ventricular fibrillations and defibrillations during the operation. Left ventricular ejection fraction ( EF) and left ventricular
fractional shortening (FS) were recorded before the operation, before reperfusion, and at 1, 2 and 3 h of reperfusion.
Serum levels of creatine kinase isoenzyme ( CK-MB), lactate dehydrogenase (LDH), superoxide dismutase ( SOD) and
malondialdehyde (MDA) were measured at the same time. The area of myocardial infarction was observed by double
staining with TTC/Evans blue. The non-reflowed area after reperfusion was observed by thioflavin S staining. Results
Mortality was the highest in the 90 min ischemia group. The numbers of ventricular fibrillations and defibrillations were
increased significantly with increasing ischemia time (P<0.05, P<0.01). Ejection fraction and fractional shortening were
obviously lower after 90 min of ischemia and ay 3 h of reperfusion compared with those in the other groups (P<0.05, P<
0.01). No significant differences were found in the electrocardiogram, areas of myocardial infarction and non-reflow,
myocardial tissue staining, or serum levels of CK-MB, LDH, SOD, and MDA among model groups. Conclusions A
swine model of MI/RI with 90 min of ischemia had strong arrhythmias and high mortality, whereas models established under
ischemia for 30 min with reperfusion for 3 h replicated the characteristic lesions of clinical disease with low mortality and are
suitable for studies of pathogenesis and drug actions.
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Figure 1 Schematic diagram of coronary artery

balloon inflation occlusion
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Figure 2 Changes of electrocardiogram in swines
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Note. Compared with Sham group, ¥P<0.05, ¥P<0.01. Compared with Isc 60 min group, * P<0.05, ** P<0.01. Compared with Isc 90 min

group, *P<0.05, #¥P<0.01. Compared with reperfusion 2 h, *P<0.05. Compared with reperfusion 3 h, * P<0.05, 44 P<0.01.

Figure 4 Changes of ECG in different groups
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Sl 1l DX /o0 5 T AR T BE DX /e 1L [X TSR /AL X
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TE P AR, ““P<o.01,
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Note. Compared with Sham group, “* P<0. 01.

Figure 5 Changes of myocardial infarction and no-reflow area in different groups

F2 K4IMH CK-MB LDH SOD MDA & &/ iH Ak (v4s,n=6~7)
Table 2 Changes in serum CK-MB, LDH, SOD and MDA levels/activities in different groups

EiEL7D 2H 5 e I R TR TS Reperfusion
Index Groups Pre-operation Pre-reperfusion lh 2h 3h
=) AN é
ﬁijn'ﬂ 259. 80+80. 37 267.00+74. 25 233. 60+53. 01 209. 40+47. 46" 188. 2041, 44 *#
in 4
it 30 min £1] 246. 17+64. 65 268. 83+78. 11 424.17+195.80  499.67+165.53  488.00+140. 34
CK-MB Isc 30 min
in 4
(W/1) BRI 60 min £ 287. 17+89.72 293. 67+38.92 478.83+192. 13 542.17+204.12  561.00+174. 55%
Isc 60 min
B in 4
A1l 90 min 41 231.83+64. 26 291.83+97.24 506.17+212.08  634. 17+283.36%  616.33+261. 40%¢
Isc 90 min
1 )
ﬂxsijn’ﬂ 438. 67+65. 17 428. 83+146. 96 418.83+118.80%  427.50+118.16"* 438.00+119.32™*
in
BR1fl. 30 min 21 449. 50+79. 85 429. 0086. 18 793.33x460.76  1039.67+448.90  1166. 33+392. 03
LDH Isc 30 min
in 4
(u7L) ﬁ*ﬁ%%r;‘;'ﬂ 483.33+68. 41 479. 83+40. 81 1119. 17£554.84  1490. 00£672. 905  1701. 00£573. 31%¢
90 min 4
ﬂfi 90“;1‘]_‘; fl 554.33+114. 14 642.33+272.42  1214.83x570.69%  1593.50+757.33%% 1701.00+733. 21%¢
1 > Q
1&fhi‘n’ﬂ 22.16+2. 00 20.99+1. 54 19. 76+ 1. 67 17.84x1.08* 18. 16+4. 90
e g
kifi. 30 min £ 22.17£2.38 22.27+2.19 21.63£2.17 20. 99+0. 50% 22.11£2.25
SOD Isc 30 min
(U/mL) Bl 60 min 241 21.15+1. 48 21. 151. 96 20.24x2. 06 20. 46+1. 97¢ 19.01x1.95
Isc 60 min
in ¥
Bifi. 90 min £ 20.56+1. 62 20.081.39 20.78+1.78 19. 60+2. 03 18.91+2. 67
Isc 90 min
1 \Q
%‘fhi\nﬂ 17. 14+1. 89 16. 67+0. 72 16. 76+0. 43 17.29+2. 00 20.05+7. 42
A i 4
BRIl 30 min £ 18.90=1.79 17.90+1. 70 17.67=1. 56 18.19+1. 52 18.33+1. 96
MDA [SC 30 min
in 4
(wmol/L)  §kifl 60 min 41 18.00+1. 53 18. 34+2. 96 17.68+1.57 18. 58+2. 31 18. 00+1. 76
Isc 60 min
in 4
BR1fl. 90 min 21 18.90+2. 17 16. 43+0. 56 18. 48+3. 66 16. 7620. 56 17.33+1. 91
Isc 90 min

I SR TFARLLLE, CP<0.05, ““P<0.01; 50l 60 min 41LLEE, *P<0.05, ™ P<0.01; 56l 90 min 41HE, *P<0.05, ¥ P<0.01,
Note. Compared with Sham group, * P<0. 05, *¥P<0.01. Compared with Isc 60 min group, * P<0.05, ** P<0.01. Compared with Isc 90 min group,
#P<0.05, *P<0.01.
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Figure 6 Myocardial staining in different group
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52 SEIRHIEFE v Cs LS i P A B TR) ) 35 R 91 1R
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Ko NAKYE 25 YRS AE FHALE  AF5E B 85 A
IV 3 6 P A F ) [ P AN MIL/RT /N FR0 7 A5 70
A 7T TP — e FH A 2 h 8 3 h, P 25 4 %
MI/RI WA I7 RO B 2 38 H 24 h ] DL b P v
Hﬂ.I‘Eﬂ[27,30,42—45] )

TEARTRFFE R, 8 2 /N R e bR sl ok ok 4 A4 €
SO WLBRIM 30 min 60 min F1 90 min FF#EE 3
h (IBFGE 2 BL, 5 FAR LA L, 5582 sh ) = B
K REUCEL A 3G T o e ]I O AL Il R R
T LS 35 O LA 8 K TG 522 i 1 AR 3 4G
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Stk WU AE G i 50 36 PR | AR BIF 9 s et A 4 AR
Jit o P P AU S fk 3ok 0 A S J 1 L O S g o S
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FEHEVE 3 h S5 FEE 2 h /.0 HL ] 3-ST N-ST [1] 7%
K EF {8 FS ARSI B HHEE 1 h 2508 H

FEHEE 3 h FRARHE 3% (P<0. 05,P<0.01) , 7E.0IL
Yo Hrfifi ] TTC/ % SCREL i XU e (0 LA e il R S
Yt gy, v LA X A il X B BE X 6 3 X
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ZH P TR T R4 EF (B AT FS {5 5 2 FAK, 1
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BET-HAY 14. 3% ; Bl 30 min ZH N4 3R7E6 . PRI
TS IUBR I 30 min 60 min B R &, A 2EHE W
ZoHRE O IV BT BRI (<20 min) FEREVE S &R
ALY T RE R4S, < s ] (40 LB IAL ( >20 min) 2%
57 BP0 P O WLIRBE, 172400 L i A 7] 4iE
K2 60 min B, Sl X300 B 4 R0 LE
ZEIRFES) [ A 2 3 X RO WL B ot R 3 )
PEATHIEGE , 255 B O LR 30 ~ 40 min B, AN AT 3
ERR) A5 A AR S B 24 h 19 AR 4B LT A
[0 AT Bl 30 min © %F00 L3 BLEE N ™ &
FEE AT, S ST R B S5
e e fiL B a4 AR ABL 1, ELAE TSR, 0 R B e Bl
ML) 25 i a0 545 A A SR BEL W 52 ik iy %
N — BRI A] 5 AT DR b N RO O LB
MLFETE TEFBE Y B 1l ) ) 30 min J5 A0 FEOE U 3
h Z5F R s ol DUHE ST ST MK e BLAE AL A i
B Sh AR | R T — 25 T RO WL ASIe ot P-4 732 463 497 )5
BRI ESE ST



36

o AR PR AR 2R AR 2023 4F 8 A 33 BEE 8 1

Chin J Comp Med, August 2023, Vol. 33 ,No. 8

SE 3k :

(1]

[2]

[3]

[10]

[11]

[12]

[13]

[14]

[15]

BB, RSO, B, . 20U R E 221 E R
KI5 B RAR S BE AL T MG I R A0 [T]. oh B
M AFAMRHIE R, 2022, 29(8) ; 1008-1013.

IRK, REEE, WA, BT IR B ISR
PR P AR X A o UL L/ T 400 A 5 8 (b P 1
SLYHFEE [J]. R 24, 2023, 48(3) ; 725-735.
Vincent A, Covinhes A, Barrere C, et al. Acute and long-term
cardioprotective effects of the Traditional Chinese Medicine
MLC901 against myocardial ischemia-reperfusion injury in mice
[J]. Sci Rep, 2017, 7(1) : 14701.

Deng J. Advanced research on the regulated necrosis mechanism
in myocardial ischemia-reperfusion injury [ J]. Int J Cardiol,
2021, 334. 97-101.

Gao D, Jing S, Zhang Q, et al. Pterostilbene protects against
acute renal ischemia reperfusion injury and inhibits oxidative
stress, inducible nitric oxide synthase expression and
inflammation in rats via the Toll-like receptor 4/nuclear factor-kB
signaling pathway [ J]. Exp Ther Med, 2018, 15(1): 1029
-1035.

Binder A, Ali A, Chawla R, et al. Myocardial protection from
ischemia-reperfusion injury post coronary revascularization [ J].
Expert Rev Cardiovasc Ther, 2015, 13(9) . 1045-1057.
Lecour S, Botker HE, Condorelli G, et al. ESC working group
cellular biology of the heart; position paper: improving the
preclinical assessment of novel cardioprotective therapies [ J].
Cardiovasc Res, 2014, 104(3) . 399-411.

Lecour S, Andreadou I, Botker HE, et al. IMproving preclinical
assessment of cardioprotective therapies ( IMPACT ) criteria;
guidelines of the EU-CARDIOPROTECTION COST action [ J].
Basic Res Cardiol, 2021, 116(1): 52.

Perrin S. Preclinical research: make mouse studies work [J].
Nature, 2014, 507(7493) . 423-425.
Hausenloy DJ, Chilian W, Crea F, et al. The coronary
circulation in acute myocardial ischaemia/reperfusion injury: a
target for cardioprotection [ J]. Cardiovasc Res, 2019, 115(7) :
1143-1155.

Bulluck H, Yellon DM, Hausenloy DJ. Reducing myocardial
infarct size; challenges and future opportunities [ J]. Heart,
2016, 102(5) . 341-348.

WA, BRI, BRIk, HEREEE SR 5T 18] 1 IR 92 e % AL 77
RIS [J]. B¥57%, 2009, 30(15) : 69-71.
FWV. 22 G ot ZE 1 N RO JURE SEAR B It i A6 14 1
HEARSIEWEE [D]. M. WHRHRE, 2015.

ZKER, Rk, B, SF. BRI EON RO LB i 7
WAL PRI AT [0]. hOk2h, 2022, 44(9): 3027
-3030.

PR, R, Sltm, S5 W MBI ER /) B 0 B
M/ FRREERG K T RPVL B MR [1]. & E 253550
i, 2022, 38(3): 417-421.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Ren J, Li C, Liu Y, et al. Protective effect of dexmedetomidine
against myocardial ischemia-reperfusion injury in rabbits [ J].
Acta Cir Bras, 2018, 33(1) . 22-30.

Wang S, Wang Y, Cheng H, et al. The networks of noncoding
RNAs and their direct molecular targets in myocardial infarction
[J]. Int J Biol Sci, 2022, 18(8): 3194-3208.

Poomani MS, Mariappan I, Perumal R, et al. Mesenchymal
stem cell (MSCs) therapy for ischemic heart disease : a promising
frontier [ J]. Glob Heart, 2022, 17(1); 19.

Milani-Nejad N, Janssen PM. Small and large animal models in
cardiac contraction research; advantages and disadvantages [ J].
Pharmacol Ther, 2014, 141(3) : 235-249.

WG, VPR, T, F. DR RERE AL S W R BT
HER[J]. M S BN SRR, 2017, 3(5): 962
-967.

RS, sk, Xk, % CIUIREBSSED C
SO VRS O WL P T 5 A A T i) 33k e
[J]. SEFCIiM AR A, 2022, 30(11) : 57-62, 69.
X, 2R, WOER, %, MR T2mapping BUR A A A
R ZE TR A (0 2O LR MUBE RO LA URHE (7], PR
A EIRIT:, 2020, 17(1) : 43-46.
Sala-Mercado JA, Wider J, Undyala VV, et al.

e
X

Profound
cardioprotection with chloramphenicol succinate in the swine

of myocardial ischemia-reperfusion [J].

Circulation, 2010, 122(11) ; S179-S184.

model injury
Issa ZF, Rosenberger J, Groh WJ, et al. Ischemic ventricular
arthythmias during heart failure; a canine model to replicate
clinical events [ J]. Heart Rhythm, 2005, 2(9): 979-983.

Zhai X, Han W, Wang M, et al. Exogenous supplemental NAD*
myocardial ischemic/reperfusion

Am J Transl Res, 2019, 11(9) .

protect myocardium against
injury in swine model [J].
6066-6074.

Rissanen TT, Nurro J, Halonen PJ, et al. The bottleneck stent
model for chronic myocardial ischemia and heart failure in pigs
[J]. Am J Physiol Heart Circ Physiol, 2013, 305(9) : H1297-
H1308.
Yang P, Li JH, Li AL, et al. Garlicin post-conditioning
suppresses adhesion molecules in a Porcine model of myocardial
ischemia-reperfusion injury [ J]. Chin J Integr Med, 2019, 25
(1):31-36.

Liu J, Zhu H, Zheng Y, et al. Cardioprotection of recombinant
human MGS53 protein in a porcine model of ischemia and
reperfusion injury [J]. J Mol Cell Cardiol, 2015, 80 10-19.
INEFAE, FR76, WL, S5 B S b BEERE O LB I
WORGSEN [J]. SCHERAAER, 2010, 26(3) : 384-386.
WeEMr, AR, RHORE, A%, RO LB O L
MFFHETE S SRR AR AL IIRE [J]. 7 BERER 244,
2020, 40(6) : 899-906.
Penna C, Andreadou I, Aragno M, et al. Effect of
hyperglycaemia and diabetes on acute myocardial ischaemia-
reperfusion injury and cardioprotection by ischaemic conditioning

protocols [ J]. BrJ Pharmacol, 2020, 177(23) . 5312-5335.



o [ H A PR A 235 2023 4E 8 A5 33 %45 8 ] Chin J Comp Med, August 2023, Vol. 33,No. 8 37

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

XUkLEE, Z—, fLFHHME, & FRIEZEITT LR BRI AL X0 L
S PR R B LA ML T sz [0, 22 B Sl
IR, 2022, 38(4): 107-112.

Conklin DJ, Guo Y, Nystoriak MA, et al. TRPAI channel
contributes to myocardial ischemia-reperfusion injury [J]. Am J
Physiol Heart Circ Physiol, 2019, 316(4) . H889-H899.
R, W, R, 55 YRR LS L P R
PRBSRI R [J]. BT BRRLRZA2A4R, 2018, 38(2) : 205-
210.

SRV, ek, EHEY, S WO LR 2O LB -
TEW IO A N B B B S R AR T (D], IR BE 2y,
2020, 60(28) : 33-36.

TR, 2245, FraPe, S5 8 IKSR.O LR/ N DR O LI I
TR0 5 I AR W R IE T BUE S L], HR gy,
2018, 49(7) . 1612-1616.

A, MU, AR, AF. /NEURE R O 45 IE SR O IR
LW [J]. R B2y, 2013(10) ; 1132-1136.
ZERGE, S, 24, AR /N O R AR AL R IR B 45 IE
Wi 53745 [J]. T E P BERRE AR, 2009, 15(11)
825-827.

XUEER, T, 2R, ORI Z Y i RO I A & 1 8
S FER I —— I A A 12 1 /DN RO o L ke 1t A2 TR £
58 [J]. PSR, 2007, 23(5) : 207-209.

R, W, WY, &5 505 FE TR A DO USRI
TR BT SE (1], hESFES:, 2018, 21
(11): 1310-1314.

Fischesser DM, Bo B, Benton RP, et al. Controlling reperfusion

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

injury with controlled reperfusion; historical perspectives and new
paradigms [ J]. J Cardiovasc Pharmacol Ther, 2021, 26(6) .
504-523.

FIEAE, SR O LR I -0 40 A T T T vk A B 5
e [1]. IS RIOR 2 (A RBIERR) |, 2015 (3) : 251
-256.

Ghaleh B, Thireau J, Cazorla O, et al. Cardioprotective effect of
sonic hedgehog ligand in pig models of ischemia reperfusion [ J].
Theranostics, 2020, 10(9) ;. 4006-4016.

Malka A, Meerkin D, Barac YD, et al. TVP1022. a novel
cardioprotective drug attenuates left ventricular remodeling after
ischemia/reperfusion in pigs [ J]. J Cardiovasc Pharmacol,
2015, 66(2) . 214-222.

PR WS T IR AR WEHT/ B O LR
HEEBGHLRIBIE [D]. bt PEPERSR, 2021.
BRGSO U AE AR O Hi P ST B [l % i 1) 5 U 1)
KFAHT [J]. BBPEH¥Iex, 2021, 25(10) ; 1426-1427.
MR, ZOB, XL, SO NURESE S o [ ST B (el
VERE S TR R R AAT [J]. O STER, 2020, 39(4)
379-381.

Heyndrickx GR. Early reperfusion phenomena [ J]. Semin
Cardiothorac Vasc Anesth, 2006, 10(3) ; 236-241.

Jennings RB. Historical perspective on the pathology of

myocardial ischemia/reperfusion injury [ J]. Circ Res, 2013,
113(4) . 428-438.

(KFEEHHA)2022-11-12



