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ABSTRACT Objective: To investigate the related effects of hypothermia on myocardial no-reflow in the rat model of myocardial is-
chemia-reperfusion. Methods: 40 adult Sprague Dawley rats (20 males and 20 females) were selected, the average body weight were
(205.6+ 1.5) g. They were randomly divided into control group and observation group, 20 for each group. The model of myocardial is-
chemia-reperfusion was established, and the control group was treated with normal temperature. The observation group was given low
temperature intervention at the end of reperfusion. The differences of myocardial tissue no-reflow and the related variables were com-
pared and analyzed. Results: The average percentage of high-risk areas of myocardial ischemia in the observation group was (16.7+ 3.5)%,
which was lower than that of the control group (35.6% 2.5)%(P<0.05). The average percentage of tissue necrosis area in the observation
group was (23.8+ 5.1)%, which was lower than that in the control group (56.4% 3.9)% (P<0.05). Compared with the control group, the
heart rate decreased, systolic blood pressure and mean blood pressure increased at the end of reperfusion in the observation group(P<0.05).
The macroscopic evaluation of myocardial staining showed no significant difference in infarct size between the two groups, but the area
no-reflow in the observation group was smaller than that in the control group. Conclusions: Late administration of therapeutic hypother-
mia after reperfusion in a rat model of myocardial ischemia in rats can significantly improve microvascular occlusion, and this effect is
independent of the area of myocardial infarction.
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Fig.1 Statistics of chest temperature changes in the two groups of rats

L5 EHRE

ERIR AR AR R Cf T RO X R RLD LA T W, O LR
MAFRZE A ST Beda s fn / 58 T 35 R P, PR i bs
AT ST Brol T I B iR IKY s etk sh bk P 28 2 i
FEREVE TR R B DA S P v 25 ROV A 3 0 St e () 50T 7
LR B ORI s TETRBE R T, 80k 23 7 K IR KCL#EA T
BEARFEAL IR, 43 B T AR L BRI, A TS B SRR D) 4
By, A3 BIEATRRE L SR 5 76 UV LT N OS] PPAl B £t
F S Yt L A S MG B L LK R, 76 FO6 IR O LY
SR E R SRR EATHE 1% =AU AL (TTC)
R, B BUAETE A O LA e (5 S G 21t (H R R e ()
AR A FE L O g 1 62 o O JIED) R PR OCHA B, £ Tmage J R 1RKE
Jra e it Cofe i, s A DX 7 A2 3 0 A3 B ) AR SE (i X
BE 43 ) FIJC R 7 X SR T B A 4 o
L6 HiRGit 59

R SPSS 23.0 B AT EAR MG TS 00T . R (xt 5)
FORIT R BORL, A1 FHOR F RS, F A W BRI 47 A
W7 2250 M (BRI IE y HF 325, GEiH 408 F). P<0.05 %
RZEFHAG AR

2 R

2.1 RERBLTH

LA LR AL 155 £ DX o 08 7 4 L S e LA U8 5 0
W, S5 W LG O LA ZUC S I P 2 KA T X B
4, 2 1A P22 S BT GE T3 L (P<0.05) , LA ZURFEIX I
It B9 OO LG S T L, 45 2R s WS o LJE A
T FPER KR T X IR, ) e R A A SRR X
(P<0.05), W3 1. &AL LT T A A B L
P 2, A HEA O WUTE A T B R P B DL L 3.



- 1836 - PREYESHE biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.10 MAY.2021

1| MAXROUERNESRE XIS SHEN L 5,%)

Table 1 Percentages of high-risk areas of myocardial ischemia in the two groups of rats (xt s, %)

Groups No reflow range of myocardial tissue No reflow range of myocardium
Control group(n=20) 35.6+ 2.5 56.4+ 3.9
Observation group(n=20) 16.7+ 3.5 23.8+ 5.1
t 19.651 22.708
P 0.000 0.000
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Fig.2 Shows the percentage of high-risk areas of myocardial ischemia, reflecting the absence of reflow in myocardial tissue (%)
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Fig.3 Shows the absence of myocardial reflow in terms of the percentage of tissue necrotic areas (%)
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Table 2 Comparison of high-risk myocardial ischemia area, infarction area between the two groups of rats (xt s, %)

High-risk myocardial ischemia area
Groups ) Infarction area(high-risk areas)
(left ventricle )

Control group(n=20) 53.0+ 2.8 72.5+ 2.7
Observation group(n=20) 46.8+ 3.5 722+ 3.0
t 4.269 8.512
P 0.896 0.775
2.3 FLAK RO ZEFN M E LR BTG 3 X (P>0.05) 3 15 % HRALAH Lb , W4 2 7

PIZEAN [R]RF[] S0 AP R IE CFI MR BAR U 22 5 88 SR R, Wi T AP 23 L P T ims (P<0.05), WL 3.
AGET L (P<0.05) , Xof HRZELAS [R] s 10] a5 e 4 e R R LL B 22 3 ik
FAGEIHEE X (P<0.05) , T LA AN R 1] 5 MAc 2 T B AR L
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Fig.4 Macro evaluation of myocardial staining in rats in both groups
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Notes: A and B were the distribution of live myocardial cells (red areas) and infarcted tissue area (white areas indicated by arrows) after TTC incubation. C

and D represent differences in tissue reflow areas (black areas indicated by arrows) within the white infarcted area between the two groups stained by

sulphurin S.

* 3 WAXROEMMELR(xE 5)

Table 3 Comparison of heart rate and blood pressure between the two groups of rats (xt s)

Heart rate(beats/min )

Systolic pressure(mmHg)

Diastolic pressure(mmHg) Mean blood pressure(mmHg)

Time points  Control group ~ Observation ~ Control group ~ Observation ~ Control group ~ Observation ~ Control group ~ Observation
(n=20) group(n=20) (n=20) group(n=20) (n=20) group(n=20) (n=20) group(n=20)
Before
coronary 245.6% 2.5 260.6x 9.5 78.6% 2.6 80.6% 4.1 52.5¢ 3.1 58.7£ 5.3 64.7+ 2.9 67.7+ 4.3
occlusion
Start of
) 233.6+ 9.2 225.0+ 124 80.8+ 3.3 79.5 5.5 56.9%+ 2.8 53.6x 5.4 64.6x 3.9 63.8+ 5.4
reperfusion
End of
) 2359+ 8.4 167.6+ 4.4 61.5+ 2.4 81.4+ 4.5° 40.5 2.8 54.1% 4.7 455+ 3.2 61.4+ 4.2°
reperfusion
F 15.075 501.618 286.091 0.811 170.945 5977 216.615 9.291
P 0.000 0.000 0.000 0.449 0.000 0.004 0.000 0.000

Note: compared with control group, *P<0.05.

Il PR B O WURESE 5 26 457 BT T 34800 , L i oL
ZURHETERON A A/ O USRI FR A S, SR T ¥4 70 Foe BT )
WIF5E s B A O LR AL J B3 R AT TR A ISR T 3R A5 R
B, PRI ZEIE SR 1 7 iR e WURE AL 14O B2 R
DIREN . X TR T IR T 94 R H AT S 22 85T, B iR
5 IFA - Ir AR, 55— ROl s 2 A O WURE S - T i ik
FTARSH 00, X T WUSEAE R Hh B0 S i el e 22 1)
AE R ek (19 28 2R LA 5% 9K 3R A A R4 A 70 A AR U 1140 )
g, —E R BSR4 B LA HEEAR
SO 1) 2 A XU AL ARG 20%-25% , - HLAFAEAR L L5 2
READ 5 SR UMk A B S0, JF AR T A B B AR RERE T 2 1R T
F de R AR 7, DR ORI 2 3 1) 7 3 LD D A ) 2 2 T
HATISE I R S

— B TE IRYT J5 1k R B A AT O JIUC A AT fiE
AR TREFELH U AE Tl D 70 3 B B0 T ARAIF S
FATLAKR BRAE A S, BEE 60 23ty etk sl ik A1 28, B 1
B ERE A I A AR A B O LTS A it ) BR A 4 P W30 )
AP IELAE R AR TE FHIE S HEAT T B, H RS 08 JE A2 U, oL

ARG SR L S T 2o UL P T 0 ) — B 5, mT BB R Tk
AE B TG PR AR p e AT B AR 1 I 2 B4 T B
WL Y 7 A D0 AT R TR PR IEAESEAR S ) e bR s o i, mT
I Z PO P SN TR, R PRSTR TE h
SEEAR BRI T 0 1 TR S A TR e T A & B IR AE
FFEAS R B BRGED A 5], AN ) )l R v 22 s R
SPPEROIRIELAL BR AEAE AN [ 2 /N O IUBESE RG], (E A T
G A PR I A A A v HV R v B KA SRy s IR sl kA
AIGTT R BT BOay 7 S O JIURESE , 45 28 R AR IEAL BOR fE
W E W UG RESE (873 B 5 0T o B AR =
FHHETEFT]E 4 /N LA ULCoLRE ALY TR AT b 339%6%, AR
AT R 2 TR R RO I ZH AR AR e (8 70 A7 45 2R s 2L ) ILASE
SR XIJE 2 P22 5, 3k 550 SCRR R il 9 28 2R — 20,
PR A A BB PG Lo UUBEBE Y X8 H R AT A7 7R, PTRE
L5 L T A IS () PR 5C , T RT BE S AR L A 2 (B B 4 2 Y)

BRI ONE R FA R NI 22 ot AR B LG
HRHIFE HE— P UESE o AP ALK BT FHIE TR I 45 T i A
PRI PO Y 0 W s WL SUTC A R0 DX 5 48 /)



- 1838 -

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.10 MAY.2021

W RERERE b ] DARGARG o LR P T 0 A RE B, LAY AH

KM ZLE G AW T2 R SR Rt — 2 0 hr , (At H

A SCHRAE 24521 W 7n m] BE -5 480 A 5 20T 4 L DY 1~ 9 2

HR B2 S A7 P AT WA —E BRIBRYE, ek

IRAEALERE T — VAT ] s (FRETE S 1 200 BT 0P A

WABETT — ARG PR AR AL 3 A (8] I 1) 5 i e AR A8 A LA

RGN FHNS AT IS5 s 55— D5 TR B O B/ VREARIFR

AHRESIERIUESE 7 BE AL, SC TIRIRIG T A AR L A 25 ZEA

AFEATWFGE, B LA 3h g 2 s CEF SRS 2L I 6] v

JES45) .

25 ENR  ARIESESE R A0 20 R TE R B UL M S AR Bl

rh PR R S M 25 TR YT PRI AL AR A8 12 A L
ML A3 2E , I HLIAON 550 WUREAE Y TR T G

£ % 37 ik ( References)

Z UM, T3, $h &R, F. RILI R PCLA P S ILR A& H
FEIE S LB PR AP AR R B FRUE AR [T]. i B S TR F R, 2015, 21
(8): 1045-1047

Kloner RA, King KS, Harrington MG. No-reflow phenomenon in the
heart and brain [J]. Am J Physiol Heart Circ Physiol, 2018, 315(3):
H550-H562

O, AR, § S, F ARKGRE RSN SRR
st B G AL AR K R s WL fe B 2 69 4E R (D). P Ak SR
fisi e w42 &, 2015, 17(2): 178-182

M, K3, Y il K G AL 29 Ao Bk o 5 AL 3P 3 KK S LR o
B BRAPAE R 6933 L[], P B s RAF R, 2016, 29(6): 726-729

ATk, EAM, INRR, L ARG AT B ST Bds SRS L
LR IEE BRI R R Ha]]. %= E XS FIR, 2016,38
(17): 1976-1981

P, AIRIE, KA, B T H A K R WUk B R 09
RPAERA ] B IER E S 4 &, 2017, 27(5): 76-82
L, SHE, AL, . RAKER A S ST Bids & s IR
S8 97 e AT L[], P BARER 4 &, 2016, 31(5): 512-514

Sacli H, Kara I, Diler MS, et al. The Relationship between the Use of

[1

—

2

—

3

—

[4

[}

[5

—

[6

[}

[7

—

(8

=

Cold and Isothermic Blood Cardioplegia Solution for Myocardial
Protection during Cardiopulmonary Bypass and the Ischemia-Reper-
fusion Injury[J]. Ann Thorac Cardiovasc Surg, 2019, 25(6): 296-303

[9] Herring MJ, Dai W, Hale SL, et al. Rapid Induction of Hypothermia by
the ThermoSuit System Profoundly Reduces Infarct Size and
Anatomic Zone of No Reflow Following Ischemia-Reperfusion in
Rabbit and Rat Hearts[J]. J Cardiovasc Pharmacol Ther, 2015, 20(2):
193-202

[10] %) &5, 3%, #f 298, 5. 204 ST BB HE R &4 AEMA
B - R e B EIR [J] AR A E F &, 2017, 17
(26): 5091-5095

[11] # %, S4&H, AER, F. 2 LH0F TR E KRS kb B
BEBGER L PBK/AKt 2 5@su% 2 [Jl. PEFHLE,
2015, 40(1): 118-123

[12] Z#, 40 235, DA B R F AT KR0S Pk o B 205 S A B A=
m e T HHeal] SR E S A& E, 2015, 31(3): 352-354

[13] Heusch G, Rassaf T. Time to Give Up on Cardioprotection: A Critical
Appraisal of Clinical Studies on Ischemic Pre-, Post-, and Remote
Conditioning[J]. Circ Res, 2016, 119(5): 676-695

[14] Rentrop KP, Feit F. Reperfusion therapy for acute myocardial infarc-
tion: Concepts and controversies from inception to acceptance[J]. Am
Heart J, 2015, 170(5): 971-980

[15] TR, 704, 4 25, F. THAARA MR E 0 ST Bds Al
S UAR T P R UG TS AR A6 T AR BRI AR A AT
[0]. i E A4 E, 2017, 45(4): 378-381

[16] Ttk MRig E. ST Bds & A PURR 5e A 208 77 7 X5 i I
AARRORT 0 T AR[T]. MAL S E a4 &, 2013, 19(3): 173, 178

[17] Erlinge D, Gotberg M, Lang I, et al. Rapid Endovascular Catheter
Core Cooling Combined With Cold Saline as an Adjunct to Percuta-
neous Coronary Intervention for the Treatment of Acute Myocardial
Infarction[J]. J Am Coll Cardiol, 2014, 63(18): 1857-1865

(18] T 45, 14k, 1K A&, 5. &if HhKFA B A KK 4k e - V500 LA
G eI AE A [T P40 In B R 2 &, 2015, 17(6):
638-641

[19] A&k, $hok, 30 &, 5. FH BRI IRA BT H R 2 2ok v A2
CIUAR S E AR R R R A £ R B rall] PARGRE
I & (B FAr), 2017, 11(1): 6-11

[20] xImg7k, sRAA, Fia0d, . it & ik microRNA-486 stk R LAk
UG S NET R ARG 0 B E [J]. F B AR F R, 2017, 46(7):
595-599

[21] Wu L, Tan JL, Chen ZY, et al. Cardioprotection of post-ischemic
moderate ROS against ischemia/reperfusion via STAT3-induced the
inhibition of MCU opening[J]. Basic Res Cardiol, 2019, 114(5): 39

[22] Hu S, Cao S, Tong Z, et al. FGF21 protects myocardial ischemi-
a-reperfusion injury through reduction of miR-145-mediated au-
tophagy[J]. Am J Transl Res, 2018, 10(11): 3677-3688

[23] Hausenloy DJ, Botker HE, Engstrom T, et al. Targeting reperfusion
injury in patients with ST-segment elevation myocardial infarction:
trials and tribulations[J]. Eur Heart J, 2016, 38(13): 935-941

[24] Souza PC, Santos EBD, Motta GL, et al. Combined effects of mela-
tonin and topical hypothermia on renal ischemia-reperfusion injury in
rats[J]. Acta Cir Bras, 2018, 33(3): 197-206

[25] Lu QY, MaJQ, Duan YY, et al. Carthamin Yellow Protects the Heart
Against Ischemia/Reperfusion Injury With Reduced Reactive Oxygen
Species Release and Inflammatory Response [J]. J Cardiovasc Phar-

macol, 2019, 74(3): 228-234



