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[ Abstract]  Objective

Optimization of the surgical details of acute myocardial infarction in neonatal 1-day-old
mammary mice, and establishment standardized assessment of a stable model. Methods Postnatal day 1 (P1) CD1 mice
were subjected to three sets of surgical manipulations. Coronary artery left anterior descending ( LAD) ligation (1 mm
below the left auricular border, 1 mm in width, and <0.5 mm ligation depth) was performed in the standard myocardial
infarction (SMI) group. The LAD ligation position and width remained unchanged with a >0.5 mm ligation depth in the
deep ligation group ( Deep MI, DMI). Only the chest was opened without LAD ligation in the sham surgery group
(Sham). The success of LAD ligation was verified by TTC and Evans blue-TTC staining. The extent of myocardial tissue
damage, fibrosis, and regeneration of LAD ligation was assessed by HE and Masson staining at 3, 7, 14, 21 and 28 days
after surgery. Structural and functional changes of mouse hearts were assessed by echocardiography at 28 days after surgery.
Results It describes the process of establishing a P1 neonatal mouse myocardial infarction model in detail and provides
stable regeneration and a high survival rate of MI through realization of LAD exposure, ligation, postoperative care, and
other processes. Successful ligation of the SMI model was determined by TTC and Evans blue-TTC staining at 1 day
postoperatively. Echocardiography at 28 days postoperatively revealed no statistical difference in LVEF, LVFS, LVIDd, or
LVIDs compared with the Sham group, indicating that the heart structure and function were restored to normal. Masson
staining at 3, 7, 14, 21 and 28 days postoperatively revealed that tissue fibrosis had occurred in 15.67%, 3.34%,
2.99% , 2.73% and 1. 11% of the heart area, respectively, in the SMI group, indicating almost complete recovery of the
myocardial infarct area at 28 days postoperatively. The survival rate of the DMI group was reduced by 35.71% compared
with the SMI group (85.71% for SMI and 50% for DMI). Ultrasound at 28 days postoperatively showed reduction in LVEF
(17.25+6.03) %, LVFS (11.37+4.06) %, increases in LVIDd (0.46+0.15)%, and LVIDs (0.69+0.20)% (P<
0.05). The fibrotic area was six times larger in the DMI group than in the SMI group, indicating that complete regenerative
repair at 28 days postoperatively could not be achieved with a ligation depth of >0.5 mm. Conclusions This study
describes in detail the process of establishing a standard acute myocardial infarction model in 1-day-old mice, and evaluated
the infarct size and cardiac structure, function, and fibrosis at various time points after surgery by TTC, Evans blue-TTC
staining, cardiac ultrasound, and Masson staining. It was clear that complete cardiac repair at 28 days after surgery cannot
be achieved with a ligation depth of >0.5 mm. These data provide a reference to establish a stable and reliable model of
acute myocardial infarction in 1-day-old mice for surgical evaluation.

[ Keywords] mammary mice; myocardial infarction; left anterior descending branch of the coronary artery;
model evaluation

Conflicts of Interest: The authors declare no conflict of interest.

O 7 R RO L RN Y R AT R R
O B 5 425 A0 JUL 200 i e 5 20, 240 L 400 i ot
R el ol N A A 3 8 N U A v
WO EW O RERE AT, RSB s,
O WUREBE J5 3 B0 % T A 2 S B0 1) il &
R %™, E W 3 Ik 4 BT B (left anterior
descending, LAD ) 251 S B0 1] .0 JIF 19 1L 37 5 9 2>
B g LB B R O JIURE BT, 5 3% 58 A 260 WU BB
5005 905 B2 R A 2600 L A L B 0 A
505 5 T AR S 0 I A R 2 1 R R RS, oY LR
PRI S JI A I 5L 3 0 00 B 450 405 055 64 0 JUL 40 b 72 A
RUWE ZH O kg shae'" , w2 H 8 X
(T A RE TIE LR, AR I L 3 B0 I & B —

g B O <0, A 9 2 4 A R R 4 28 4 SR AT 0 L
L AEE O LI B K, B 5 B0 I 0 4 D)
fekng !,

5 RAE /N AN [R]85, 8 A= 7 BRUFE O k6540 )5
A7 B A I 1) A BB A8 58 4 T4 9 2B /D RURE 502 BF 52
Wit L 30 00 T P A R A 0 UL AN MG 3 B R T 43
BLEN A F1 T Porrello 457 ) f2 22 45
1 B/ LAD Z540, T e 7 1 B #7080
WLEEZERLRY SR, i T AS [ 52 56 % R 41 15 1 2=
5, 45510 LAD 355 S (04987 A= /N BRO JE P28 30 22 45 oK ik
Frbrede . ABFFIEIR T 1 H /N Blbs i 2k
O WUAE BB 452 780 28 37 5k 2, 3 5 TTC AR 3¢ 8L -TTC
Y fa, L0 I R AT Masson 32 5 3% 3L T R 5 AN A



38 o LR R A AR

2023 4F 5 A% 33 %% 58] Chin J Comp Med, May 2023, Vol. 33,No. 5

P TF 500 I A 6 T AR 0 I 235 449 | B 68 L K 2F 4 4k
FREE AR RRE AT RE M 1 H i/ B2 O LR SE
FERI UL R P ARVEAG S i T 2 2% Bdle . AW 5T, 3AT]
T SRR T LT T M 5 FL O M DL R S B B 4
LT AR () 55 7 i 4 it T — A B AR E AR A
15 R 19 44k O WLAE FE ( myocardial infarction, MI)
R, JF B4 1T A ML F R JE /90 L EE R
g

]
1 #MBFFTE

1.1 SEWzh

52 Ui 1d(1.2~1.5 g,i#2:<10%) [y SPF
50 CD1 /B 3K 1 b 5t 4 58 B 48 52 55 3l W) 12 R
AR A [SCXK(51)2021-0011 ], AN X 3 MERE . /)
Bl PR TR A A DL B JBORE 349 7 v [ & 2 B 2 B B Ab
BE B [ 280 04 e b0 B OJRE BR BRI N B AT
[SYXK( 51)2022-0020 ], 3%y s256 a8 K w9 sh
Jr A BRAERE 45 & 3R LI, 453 2] b [ B2 2 Rl
B A0 B2 Be 52 56 3l 4 48 SR A 2 01 2 A o
(FW-2022-0053) .
1.2 FERFNEMNSE

Masson 4t (47 & ( Sigma) ; JFSC R HE-TTC He
€, (Sigma) o KB (Zeiss, ) ; 4 H hH A
Ji KB (Leica, #2) , ¥ Ml (Leica, 2 ) ; ¢t 3t
R WL (Zeiss, T8 ) 5 & A Zh H )7 Bl (Zeiss, 18
[) ;%38 PCR X (Bio-Rad, & [ ) ; /Nl ¥y i 75 & 5¢
(Vevo2100, Visual Sonics)
1.3 SLWHE
L30T S A /N B JULAE BB AR Y 26 Y

H A 1 H % (postnatal 1 day,P1) /] ELSEHE = F
KA T ARAGAE - b5 TR BE 25 L 41 (SMI) Ay br i Ak
AR B Kk A T R S AS AL BN O A B % R S
1 mm, GEER 1 mm, Z5FL IR <0. 5 mm; PR 2 45 HL.41
(DMI) 2y LAD Z5FL A7 & F1 58 BE AR 25 FLIKEE>0. 5
mm FEATEE AL R T AR 4L (Sham ) Jg HJF i A E 17
LAD %540,
1.3.2 DR BRA (Ui s 5 Ak

HR 6 552 56 Fir 75 AR A I 18] 50 3l 9 B e JBCHS /)N
B, 165 /0N B RR I sl R B2 SR A . IR B BT 4T T i
JEE AR B IR, 285 M F2 R A B /0 BRUZE 47 BB O
Py S O B 5 M B RGBS L % k4RO U T
BOOMERE R, AT A 5 . PBS vk S K P AR
R HZH 23R T BN R 1 K L 4% 22 3R TP I IR e

3~5d. MW@ E, FE K pE 1 oh, R a] RE4E
AP T VR ROk AR R A AU K A S
B, % Leica YR HLIY DI R R K 5 pm, M1 5
3dAT7 dyHLNEEFLERA B0 R LLEE 100 wm
) Ta) B i 22 U0, RS 14,21 .28 d A 2 40K 25 L 3B
AL EL AR L AR IR 200 pm B 8] B 220 11 o
1.3.3 TTC 35

TTC & —F g i PE U & W, w] R A )
WL YA 20 B i A ZE . R DU LRI AE T TTC A
B ATE Sy — B Ak I8 S5 48 7 700, 0 4 P i I S e
(JuHIE LMK N 1) 35 518 i Ul ) 7] DL TTC ik
SRR W LA W TPF, X 1 i 458 2 41 20, A
ZH VIR BE I AUl ) K 2 S A 1 OE F 4 2
WA, TTC H MGG 2% (w/v) W H]
R4l 20 2024 0 A0 B A 35 2 R R L &5 FL o IR B ik
AT S 24 s, ACEECH GO I 5 B R O I I
F, PBS whgk i s MO 40454 - 20°C UK AR 2
7R 15 min 2.0 JEASRE 6EF00 R ) R B bR 1)
DR B 2 W 7 m A 1 mm JZA] 5 B T/ BUG
JIERE /N A By A8 B, TR O IR BRI T F A T
ARGV R AL A, R G #HEAT U o KU R &
F 5 mL37C 2% pH=7.4 () TTC Bl 2% b b , %
BARES 15 min {50 3 il B Qe 0 . IR
TR B Z R PR E 24 h 5,
1.3.4 GCE-TTC Ze 0

B SRR T T — e A A 2 g R A AE i
W5 M A E A AR R T, FKiEfT MT T
A BN B AT IF 5 8RO BE, f O SO HE e T
AL E (BT P1ZLE Sk . ks 4, e 1 5
BSCRVEE PR B SR R AL O E) O Rk S
10 min A& 47, R B SCRLE G W R AT — A~ 5 2 A Il 76
R A O U i A 5 TR B O I 5 R0 JIE, PBS i
BT 5 A W K A W o U 3R T KR 5 S 2
[} TTC 4L,
1.3.5 Masson Jt{8,

Masson Y 6, n] DL 3 £ M i b 7= e 5t 25 4k AL
E4 R A7 RGN B LIS ) R S S e NN
HAMBIEAR K, 77 F 1 R/ANH 7 8RR, /D
Gy F i RS BUR BB Y 2L, 0 R 4y
T N Rk A B AR BB RS, A&
M, ¥R & B JHg W 1) 43 F s AR K, A Ut Masson %t (4,
FagEas REAHESO RGO, FEMH
T X0 e i £ A FILEF 4



rhE A 2 2 A 2023 4F 5 A4S 33 %45 5 W] Chin J Comp Med, May 2023,Vol. 33,No. 5 39

K0 WE AL 200 Fr A 7% AL B 68°C Hk 45 45
min By (kiR 5 F 3l RS AILIBE A KoKk AL 6 U0 R A
2. 5% HEK BRI i 12~ 18 h, H 4% R B hy 5o 1 41
0, e B I e s I ) 3 K5 o U0 DA B R
HIRCH JE AR E R K R K B UE 5 U R RS Y (8
5 min, A HRIKBE, ZKTCH 5 95 A G (0 Z i
BRI THT 2 7 A A IS, 5 A ) T W K AR 25 1% 1
W s 1 s 5K BE, A RKRWE, 2V A
s . WU T LSS AN B A% O BE € I A AR 2R
KEORAEMBFLYE 5 min, A HRAKLE, EKT
ERAE, (TN 21 K P R AT R ) s B R G €
5 min, FRAKVE 1, ATTE W AEK T, BT WA
LA AL 2H 21 R 20 €5, 2H 2 18) R o A8 ) BT 4 495 4 2
ZURTCE (BEEH IR AN B 5% 3, 45 f i i gL (R0 )
ARG (A 10~20 s BUH /D W00 T WAL (5K
AR ) B ot A e PR Al A A U (O i, A
ZUYe 3 L T 5 UK 70% (80% ,90% £, 8 A1 Jo 7K
BRI 30 s JBEK ; ZHIRIRIE 3 min, 2 Y A
e R o B2 Rl ML T ERCR 4R

Gty O NEZH U5 2 U0 i rb A AR DX
IR A EONER s o A= 37 Dol DR R R = VRS 3 AT
JIFE B A S T AR o S TR AR A EE
1.3.6 AN - (HE) Qe

I AR S WA P, 2 0 A0 A D 1 G 8 B
5 BTN B R R A AR R B AL O IR M YR,
et 240 i 5 0 440 J A1 R 5T v Y 0 B AL
137 LR O 3 B A

AJE 28 d PAE /IS BT A B K BT /N B, 12
W EE TR BE X, R R ELE LR
ZRWEH o B 5 R ORR (9 /0 B R A2 [ 5
TEB AR AR & b, F Rl [ i, B 1%
S RBE AR IRR B . SR ] Vevo2100 8 75 {72 .0 %
S At R O v, M R 55 A it O T L A0 & 3L K LK P
AP TE R bR A L, FH MR 75 R 0 %, AT B
TRE S0 5 X MR A A0 = S A B (eft
ventricular ejection fraction, LVEF) , /7.0 % &5 Bl 45 45
3 (left ventricular fractional shortening, LVFS) , & 0>
FEE7 KK B N 2 (left ventricular diameter in diastole,
LVIDd), £ .0 % W 45 & 1 N 42 (left ventricular
diameter during systolic contraction, LVIDs) , 3f /£ 4t
.
1.4 ZitFEHZE

JIT A F8 bR AT IR S 20 0T, 45 B 1 25 00 A 4R

U PR bRt 2 (s ) %7, BA P<0. 05 1 i 2
RAFAESHF 205 X . SeH R GraphPad Prism 8. 0
Gt LA T

2 #R

2.1 DAEIEIRBI ST
2.1.1  JFRME

1 H R R K T 3~4 min J5, /N EL Y
JRCE Bl 5E 1k L R TR D8 2%, 38 Ao 4% R DY ) T JRR i IR
JE R4 R DU AN 23 5 S 4 B AT 0] 5 45 1) 3% 2 B Sy
TR B BRI . 3 0T A SRR R N ) A )N
B 5 S5, O IE B 30 IR 20, AN 2 S5 L HL R A £
T SR PR i BF ) 2o 4 /DN B R B B 22, e - 4R
LAD, HARZ) 51 .
2.1.2 [

A MM 45° ~60°, FI e [ 5 /s BT AR AR AL
VI ARAT I AF 1 F- AR MY o 3 8 00 SR AR A Ml
e, FARMEF il 2 iR i 2, K 5 Mg F] LAD; fn 2R
IR A7 LAD 44 R X
2.1.3 Ffhg

FE M 5 B 454 38 70 R =X IO T AT (1 1A
1B) , HI T HR LA A 8, AN B R 256 o il (] B
CIRCRUR (I Ny R S ek a0 (R IV - R ST A N o | AN | S
Y3 (a ) EFERRE b A, BL b s 4 2k
W B2 R BT (1B 1C) | FTFF 2 56 U Al (8] B . 4K WK 2%
12 BT IF Bk R 2L WL PR K Ta) B, e A B e
Je AL, I F AL H R OF, A 2 )k 3
O F 25 Z) 1 R B, BB A Y T A )
B, 7040 % i R WY . R S e AR 2 18 4 T ) )
B, ST 2 Ty Wbk | 25 5 o R L o
2.1.4 454

FHHFFET 2R FF I 10-0 2R A OB T 449 1 mm
b 25 FL5eE AR B Ik 2 iR S, KRR BE T AT IO ¢
SR AR Bk A2 £ T R4 X (— N7 FIR
), AR Bk A2 1B S T 220 B IR R A B &
WEEECNEE Tr, AR B k22 i e S T A2 O H R
A TR WA A 0 B R IO A BT 1) o0 2R
EAT. LAD i TAOGHZ T 1 mm &b, 58N
1 mm,<0.5 mm FEEEHATEEFL, BPIE 1D b 5 %5 &
P, PEATEE L, BB Lk g, 45 HL )G I A €, 0 E
FAEAT] UL, BIUE W S5 FL Ty o A% e IR LR 4D TR
PEATERAE A BT RN 96% {5 T A 21 B AU 7 R
4530 LAD [ 3mt b og g BRI . v B 3 0. 45 4L



40 R LR R A AR

2023 4E 5 HE 33 % 58 Chin J Comp Med, May 2023, Vol. 33,No. 5

FHRATIE A/, ELAE B 300 I B 45 4RI 2
SRS B K £ (B 1E) 7 i FRE AT
Wik %, 76 OB R PR BB 20 7T UL I LAD 2 R
g AR IR 1 SR
2.1.5 XK

8-0 24 2k 4 45 I I B0 L B2 ik o 3R A7 4 2 I T
SRR B, B 1k B R A 5 A TR A R 7
5 min 5ER
2.1.6 HIi&

37°C I, B0 5 /N R AR R
2.1.7 KRy

F /N BB BB Y, TR SR TR LA
RPN B, 0 SN B i %, B BUAT B A AT
T RGO /N B 0 A ot 3 4 T 0,
B BUR BT E /N BB b, 5% Ao f H 4 5 L i
S I SR A A B R R W R ) B
FRALIVIN: AR A SN B S N =)
TR WURA 5%, B 32 7 B I 0 A A8 TR 5 3R [ 517 4h
B KRS N B B 45 B AR I VS IC 4 i £ 2
BT LR A R
2.2 TTC #EMFAXBE-TTC £

SMI 41/ BUARJG 1 d AT A &1, WLEE 45 4L 2% fir

TOH T2 1 mm 4b (& 2A), SMI 4 LAD %54
J5 1 .d,TTC 4e 0] B i F B 45 (1 & 0 # 5E IX, 1 5t
NG X ARG 26 AEREAE X R 40 68 (18] 2B) 5 (R SC L
Wi -TTC UYL 5 7T B 43 S0 W 45 H i AR SE X
fite £1 €4 B A5 8 11 2 DXORA A €8 19 1E 10 3t 98 1 X (A
2C) , i J7 2 3 LAD o454l .

2.3 SMIA/NMRARF28dTeHE, 0BT
/-]

R VPAG Sk 1 453 45 5 BT A= /N B JIE A [ B ) A
T4 B8 J1, %F LAD 25405 3.7.14.21 .28 d il 1t
HE Jetfa . LA 2 R . 25 R BoR, KRG
3 d L AR FE XA R B AR AT A A, B A O R R R A
S AE AR BE TH AR B J5 2 W 2L, 28 d 0 I LT 58 4
P4 (8 3A) . Masson Je B 45 /R AR5 3.7.14,
21.28 d & 4 fb X 8k A7 o0 BE R T L 15.67% |
3.34% .2.99% .2.73% .1.11% (P <0.01) (& 3B,
3C) . RJF 28 d@EA.OE R R BR, 5RTFARA
HIE %, SMI 41 LVEF | LVFS 4> BIF& K T (2. 13
5.32)% (1.92+4.06)% , LVIDd , LVIDs 43 5 [% {i%
T(0.09+0.17) % $Jm T (0.00+0.22)% ( & 3D,
3E) (HI TGt 243 X (P>0.05) , Ui B SMI £ /)N
LD IEH AR SE 28 d G5 AT RERE AR 2 1EH .

TE A RIEE ;B AT T RRER AN B C BT AR /N B MEJT R A7 5 D PL /N LU GBS T 0 I LAD 54007 /R 3 8 B 52 T .0 DU 5E
J T JUE SR AT 78 R PR B0 BE LAD S5FLIR L, 200 R T T A 0 i, X33 (12) (34 5 X8 ( BZ) A ffi i X8 (RZ) o a: DMI [ LAD &%
FLIRIE ;b SMI 19 LAD Z54LIRJZ o
B 10 U SR A R Sy

Note. A, Body mirror. B, Micro scissors, needle holding forceps, micro tweezers. C, MI chest opening position of newborn mice. D, P1 Schematic
diagram of LAD ligation position in mouse heart under microscope. E. It depicts the cross-sectional sketch map of the heart after myocardial infarction
and the ligation depth of LAD in the heart, highlighting the ischemic region (IZ) , border region (BZ) and remote region (RZ) for quantification.
a, The LAD ligation depth of DMI. b, The LAD ligation depth of SMI.

Figure 1 Establishment of myocardial infarction model
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Note. A, Full image of P1 newborn mice after cardiac ligation. B, TTC staining was performed on the first day after LAD ligation. The basal and top
sections of each heart are shown. Red staining showed viable myocardium, pale area was myocardial necrosis, and infarct border area was brick red. C,
On the first day after LAD ligation, the ligature was stained with Evans blue-TTC. The pale color is the myocardial infarction area, the red color is the
infarct border area and the blue normal blood flow perfusion area.

Figure 2 TTC and Evans blue-TTC
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Figure 3 Complete regeneration and cardiac function recovery of mice in SMI group 28 days after operation
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Figure 4 DMI group mice could not regenerate completely 28 days after operation
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