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TeG T FE L (1=0.7830,P > 0.05) , Lo AT i/ (0 = 7. 250, P < 0. 01) 50 JJLFHES AR Xl 3% 3%, 95 7208 5L J38 Y 48 ik
1% LDH W% P B2 CK-MB . MDA & H B 5 A (¢ 43 59 K 4. 331.2. 875.5. 343, P ¥ < 0.05) , SOD 1% 1 B 2384 i (¢ =
4.211,P <0.05) ; ML 1 1L-18 S IL-18 & 581 W REAIR (¢ 43501 4 3. 375 Fl4. 266, P < 0. 05) 5.0 AL 21 Nod #2R
1 5Z 1K 3 (nod-like receptor protein 3, NLRP3) | gasdermin 25 [1 ¢ % D (gasdermin D, GSDMD) . Ji T~ #H ¢ B &S FE 8 1
(apoptosis-associated speckle-like protein, ASC) ) caspase-1 Fi8) 28 3K 7K SF- Y4 BH I BTG (¢ 43 31 R 3. 412, 3. 420, 3. 480,
2.585,P# <0.05), Z5it CRETWER/INE MI / R, HAE ML S L0 A0 B T4 X6

S B/ PR ; P PR AR AR T

FESES: R331.3 XEARIRE: A XEHS: 1004-5503(2023)02-0166-06

Effect of caloric restriction on myocardial ischemia / reperfusion injury

in mice and its mechanism
WANG Wen-li, HE Zhong-mei, JI Ye-nan, SUN Si-yu, YANG Rui-rui, YAN Zi, CAO Ji-min
Department of Physiology , Key Laboratory for Cellular Physiology of Ministry of Education , Shanxi Medical University ,
Taiyuan 030001, Shanxi Province, China
Corresponding author: HE Zhong-mei, E-mail: hezmei@126.com

Abstract: Objective To investigate the effect of caloric restriction (CR) on myocardial ischemia / reperfusion injury (MI /
RI) in mice and its mechanism. Methods C57 mice were randomly divided into normal diet group (AL group, free feeding)
and CR group (diet decreased by 10% every 2 weeks) for 8 weeks and monitored for weight changes. Each group was di-
vided into sham operation group and MI / RI group, total 4 groups, AL + Sham group, AL + 1/ R group, CR + Sham group
and CR +1/ R group). The left anterior descending coronary artery was ligated for 30 minutes and then reperfused for 24 hours in
mice of MI / RI group and mice in Sham group were only threaded but not ligated. The mice were determined for myocardial
ischemia and infarct size by Evans blue / TTC staining, observed for the pathology of myocardium by HE staining, determined for

the activities of lactate dehydrogenase (LDH), superoxide dismutase (SOD) and the contents of creatine kinase-MB (CK-MB)
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and malondialdehvde (MDA ) in myocardium by the corresponding kits, determined for serum levels of IL-1B and IL-18 by
ELISA and detected for the expression of pyroptosis-associated proteins in myocardium by Western blot. Results After 8
weeks, the weights of mice in CR group [ (24.54 + 0.41)¢g] were significantly lower than those in AL group [ (31.46 +
0.25) g] (1 = 14.34, P<0. 05 ). Compared with those in AL +1/R group, the area of myocardial ischemia in CR +1/R group
showed no significant difference (¢ =0.783 0, P > 0.05), while the area of myocardial infarction decreased significantly
(t=7.250, P <0.01); The myocardial arrangement was relatively neat, and the degree of pathological changes was obviously
reduced; LDH activity, CK-MB and MDA contents decreased significantly (¢ = 4. 331, 2. 875 and 5. 343 respectively, each
P <0.05), while SOD activity increased significantly (z = 4. 211, P <0.05) ; Serum levels of IL-1B and IL-18 decreased
significantly (¢ = 3. 375 and 4. 266 respectively, each P < 0.05) ; The expression levels of nod-like receptor protein 3
(NLRP3), gasdermin D (GSDMD), apoptosis-associated speckle-like protein (ASC) and caspase-1 significantly decreased
(1 =3.412, 3.420, 3. 480 and 2. 585 respectively, each P < 0.05). Conclusion CR alleviated MI / RI in mice, and its

mechanism was related to the inhibition of cardiac pyroptosis.

- 167 -

Keywords: Ischemia / reperfusion injury; Caloric restriction; Pyroptosis

O LA R 02 e A BR N ZRBE IR B 1 oL, HL R
RRFET R EZAE ETHEHA . HET, X2tk sk
P JIE R A8 Y 2 2R 7 O 2Ok L X T
X RO B AR O R AR T TR B Y
. WEFERB, Bl T R v RE N A Y
S A O LA A, 2 e R A, RO LR,/
FH-E 1 #2475 (myocardial ischemia / reperfusion injury,
ML/ RD™ . MI/ RUF &AL 55 50 A R 2 A i
Z RN MR, 2R AR Al 5 T REAZ 460, O L
HEIIRAE T B fE TS B UIAROC

AR T (pyroptosis ) J& H gasdermin 8 FH K% D
(gasdermin D, GSDMD ) A~ ) — Ff 7 80 A% 1 4 441 e
BT 20, F A Nod #£ 2 1 324K 3 (nod-like recep-
tor protein 3, NLRP3) % M4 /IMA T 1L | caspase-1 J I
B A0 B SEFLIE A2, B2 PN TL- 13 1 TL- 18 B, MATIT i
RARFEGRNE T o A0 EE T 5 A0 0 T A AL
fiIE, 40 DNA 451475 A% [ 45 il caspase MR , 1FL 40 i £
T HARFR BB S F R R T A i 2 R AR e
Jve 4 1 DNA W28, {E 4 B A% A P45 s B s R T
277 A2 B9 DNA 58 15 A KB caspase 1 16 89 DNA i
(caspase activated DNase, CAD)™" ; 4il Jifg A2 7~ i 98 4
V5T 14 FLBE 780 3020 M i K F0 N 5502 325 i,
J TR A R SR Y AR R A T
IR G S RE /MR 0 78 3h Dk A Rl Ak 0 JILARESE
MI/ RUAECa LA 2 Ji v e #5E EE AR T 0 g
= PR 1 (caloric restriction, CR) & —Fh ¥t 2% LB
JRE AR B/ S 0 A DG A TR M 5 DT s . I
FERI, CRASO M RGEHA Z =R HER], /B
Ak A8 R AR SRR AR RE AL , 32 O WL 32 1, S8 220
JEEEE" . A MSEHRGE , E R B ML/ RIFLRL
CR Al o /DG 48 H H 3& (reactive oxygen species,

ROS) 177 £ 238 MI / RIMS {H CR % MI / RIF= A ()
SR 55 A0 AR T A AR Sk i R A . R, AR AR
TEXT /N EAT CR T LAY b, /4y 78 MI / RIBEAL, W0
S AT BB, LAPEHY CR AT MI/ RUASER TR,
FEERTT AR SCHL -

1 H#EFZE

1.1 23X A GHCEEE / TTC I . SDS-PAGE #t
I 450 3 K 2 I A ) R0 A PR RE 6% 75 S (phenyl-
methanesulfonyl fluoride , PMSF)2J014 F Jb 5T 23 F 47
ARATBRAA w5 8 E ALY AL (superoxide dismutase,
SOD) 1% . TN % (malondialdehvde , MDA ) & 18 K L
TR i U (1actate dehydrogenase , LDH ) 1 P46 2 5]
AW R A TR SR T 5 LR Y ) T
fiff ( creatine kinase-MB, CK-MB ) & & & A7 &1 H
I Bio-Swamp 23 @ 5 IL-18 Kz 1L-18 ELISA A6 32 5]
B A b 5T Sino Biological 23 & s HRP #5ic B9 £ 9T
B 1gG FI 4Bt GAPDH £ se SR A Jb 5t b A2
ARV RS A 5 B ECL A2y AR &l A
[ AffinitY 28 7 ; 25T NLRP3 J caspase-1 2 w5
PO A UL FROT A A R A 5 SR 08 TR G
B 5 A 2 H (apoptosis-associated speckle-like protein,
ASC)ZTEHEH A F 1 ABclonal 23 7 5 %t GSDMD
Z e EDUIARIE F £ 1E Abcam A H]

1.2 %33h4 SPFZLCST/MR 40 H Ik, 8 H ik,
KRBT 25 ~ 30 g, HidL st T B 47 78 1L SR FE 7 $ 43k, 3
PIF TIES 2y SCXK (5T )2016-0002. A% 52 58 X /)
B T A B LRI B ) #EA T IR A, ELA%
MRS AR SCRHLUE 2E T (U5 - SYDL2019012)
1.3 SRS 40 HUNRBEHL N A IE# 1k



- 168 - v AR W A 2R 2 2023 42 45 36 455 2] Chin J Biologicals February 2023, Vol. 36 No. 2

B4 (ALY FICR4H, 5520 20 B AL4 /N H A
F A CR AL/ R B 2E i, 45 2 J8 3k 10%
Rz 8 J8, WA B AR ik . A P IR TR
MIMI/RIZH, 440, B AL + Sham 41 AL + 1/ R4
HICR + Sham#H .CR+1/R4, &4 10 2, ¥FAL+1/R
HFCR + 1/ RA/NRH LR RT S , EmE,
A /NSIE L, T AL 3 ~ 4 il [R] T Je , 2 8
O IE, S5 FL IR 30 Ik A2 TR 52, 30 min J5 #A 25 FHLZR
PEHEVE 24 b MY Sham 2H H 22 AN 45 HL
1.4 &40 F08 Mlbk dn o il 5o @ AR 6G ) 2 SR A
B2/ TTC YAk HRETE 24 hm , I 540 od
RN, A0 B ST 0. 2 mL 2% B SC R E A e =
BNk, 30 s J5 5RO ME, 0. 9% AL BN U ik, -80 °C
HCE S ming U B D ARSI 1 ~ 1.5 mm JE (1)

B A PR [ E 30 min, FA R, L0 WLk L IX 1T
BURMAESE AL . B AR 4 AR 2 i, PR 3 TR, [
HEAR AT SCE 2% / TTC Yefh

1.5 &4/ oo MU R R B IR R HE Y0
o BN WL ZUVE T 10% B B W e, A
WAL R R K U0 65 CHE S 1 hy &2 I
RIS KA AR B T K S AT R R HE et DR
TAER

1.6 B0 § s L4 L3 45 M oL e w2 B 20 mg
NEG LS, B EP A, A 180 L 19 0. 9% &
AN, T vk B 0, B S MR FS, 3 000 X g 250
10 min, W4E 3, >R FH AR R 357 &40 LDH . SOD
1M M CK-MB MDA & % .

1.7 &40/ Rk P IL-1B A IL-18 &S 69 4m R
FHELISA ¥, FRHETE 24 h )5 , &/ E3h kR,
A3 MY, SR FHRR I 1751 & R i 5 v TL- 18 A2 11L-18
i,

1.8 B DR CHALE it B EG REK
F eyl SR Western blot ¥ . P 24 h )5,
RIPA 24 i i P2 B2 /N RGO IEZH VR 1, & 12%
SDS-PAGE 52 B )5 , ¥ % Z PVDF i, F 5% i g 3
¥y A 2 hy 435I A St NLRP3 .GSDMD  ASC.,
caspase-1 Z S FEHIAR(F11 1 1 000H ) ,4 “CiF & i
75 F TBST P64 3 UK, Il A HRP AR ic A9 £ B %R 1eG
(¥91: 2000 Fikt) , EFH 2 h; ECLIE B, R
HH Image J 3 AF o M 0 KM, HIEE R S
GAPDH JK FEAE Y HAE R H 18 A 3Rk K

1.9 %3 o4 N Graphpad Prism 6. 02 4 i/
TG00 0T, IR B0 R 8 = AR 25 (x )
Fon, 2 AL ) L HCR FH B R 3R 5 22 53 1T (one -way

ANOVA) , Wit FL BER R 56, L P < 0. 05 N ESA
GuiteraE L,

2.1 B AR AL AL 4/ BUA B 3F
Fa, S R T CR 2/ BUA B A B IAAIG . 8 ]
J&  CREAVNEIA [ (24. 54 £ 0. 41) g ] BAK T AL
20 [(31.46 £0.25) ¢, HEFAGI¥E L =14. 34,
P<0.05), LK 1.

- AL4
40T m crét
30%
=
I 5ok
= 20
&
10
0 20 40 60

IS H] ()
B 1 &2/ AR

Fig. 1 Body weights of mice in various groups
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Fig. 2 Comparison of myocardial ischemia and infarct size

in mice
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Fig. 3 Microscopy of myocardial tissue of mice in various

groups (HE staining, x 200)
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Tab. 1 Activity of LDH and SOD and content of CK-MB and
MDA in myocardium of mice in various groups (x s, n =4)

LDH CK-MB SOD MDA
(U/L) (ng / mL) (U/mL)  (nmol / mL)

AL+Sham 7821+241.1 10.24+0.33 138.7+4.45 6.24+0.43

ikl

AL+I/R 11626+432.0" 14.12+0. 69" 102. 7+ 1. 89* 9. 28 +0. 34
CR+Sham 6101+533.6 9.52+0.59 141.9+4.46 4.89+0.76
CR+I/R 9613+171.4" 12.06+0.18" 119.5+3.51"7.29+0. 15"

5 AL + Sham 41 L4 ,a KR P < 0. 05,aa £/R P < 0.01; 5
AL+1/RAIHEL, bR P <0.05,

2.6 B RS UL P B T AR K R G 09 R A
K-F 5 AL+ Sham 4 Hb#:, AL + 1/ RA/DNEGO AL

ZH AU} H NLRP3 . GSDMD , ASC . caspase-1 [ #H X
FIR K83 B (e 53 51 5.919.4.071.,7. 033,
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IR T 32% .36% .26% F130% , 22 4944 G112
B4R 3. 412.3. 420.3. 480.2. 585,P1 < 0. 05).
ULE 4 F 3.

F2 ELISA WA 45 41/ UM 3 IL-18 K TL-18 19 5 Bt
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Tab. 2 Determination of serum levels of 1L-13 and IL-18 in mice

of various groups by ELISA (pg/ mL,x 5, n=5)

215 IL-1B8 IL-18

AL + Sham 23. 68 + 0. 88 234.9 +12.38
AL+1/R 55.39 +4.71° 746.3 + 54.21°
CR + Sham 24.00 + 0. 94 210. 6 +27. 02
CR+I/R 37.96 +2. 13 500. 6 + 19. 46"

5 AL + Sham A HL# ,a £ /R P <0.05;b % /R 5 AL+1/ R4
[#,P<0.05.

1 2 3 4 Mrx

NLRP3 | s o woom  wme | 106 000

GSDMD —- —— |35 000
ASC | w— ‘ - “ 22 000

caspase-1 | o SN S_—— 20 000
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Fig. 4 Western blotting of expression of pyroptosis -associ-

ated proteins in myocardial tissue of mice in various groups
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Tab. 3 Relative expression levels of NLRP3, GSDMD, ASC
and caspase-1 in myocardial tissue of mice in various groups
(x+s ,n=4)
2151 NLRP3 GSDMD ASC caspase-1
AL+ Sham 0.44+0.05 0.49+0.08 0.39+0.07 0.36=+0.04
AL+1/R 1.06+0.09* 1.03+0.10° 0.97 £0.04* 0.76 0. 05"
CR +Sham 0.47+0.04 0.43+0.07 0.39+0.02 0.37+0.03
CR+1/R 0.72+0.03" 0.66+0.04" 0.72+0.06" 0.53+0.07"
F:a /R 5 AL + Sham 41 H 4%, P < 0.01;b £/R 5 AL + 1/ R4
ILEE, P <0.05,
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