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Myocardial Function and Outcome of Cardiopulmonary Resuscitation in a Rat Model of
Myocardial Infarction Treated with Bone Marrow Mesenchymal Stem Cells

WANG Tong, HUANG Zi- tong, FU Yue, FANG Xiang- shao
( Department of Emergency, The Second Affiliated Hospital, SUN Yat- sen University, Guangzhou 510120, China )

Abstract: Objective To investigate myocardial function and outcome of cardiopulmonary resuscitation (CPR)
in a rat model of myocardial infarction treated with bone marrow mesenchymal stem cells. Methods A thoracotomy
was performed in 18 rats. Myocardial ischemia was induced by ligation of the left anterior descending artery (LAD).
4 weeks later, animals were randomized to receive 5x10° MSCs marked with PKH26 in phosphate buffer solution
(PBS) or PBS alone as a placebo. Four weeks after MSCs or PBS injection, ventricular fibrillation (VF) and CPR
were performed. Ejection fraction (EF) was quantitated two and four weeks after administrating MSCs or PBS.
Hemodynamics, including cardiac index (Cl), dp/dt,, — dp/dt, and LVDP were measured before inducing VF and
hourly following return of spontaneous circulation (ROSC). MSCs were counted in 5 pwm sections obtained from each
harvested heart with cryostat. Results Significant improvements in EF, Cl, dp/dt,, - dp/dt, LVDP followed injection
of MSCs prior to inducing VF. Following ROSC, myocardial function and hemodynamic were significantly greater in
animals treated with MSCs. Duration of survival were significantly longer in MSCs- treated animals compared PBS-
treated animals. Conclusion ~ Myocardial function before and after CPR and survival time after CPR were
significantly improved in animals treated with MSCs compared to those which received PBS.
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, , 10 mL
&2 (cardiopulmonary DMEM , :
resuscitation, CPR) , , 600xg 5 min,
L- DMEM 10 mL ,
G4 25 cm? , 37
CPR 2 (Po) 3d
, 90%
(left anterior desending , 0.25% 1 2
artery, LAD) , ( P ) : ;
4 (bone P, P P,
marrow mesenchymal stem cells, MSCS)
(phosphate buffer solution, PBS), Ps )
CPR , 4 , PBS 3 4
(ventricular fibrillation, VF) CPR, 30 min, PBS , 1%
MSCS CPR 15 min,
MSCS CD11b/c, CD29, CD44H, CD45, CD90.1
CPR Ps (
MSCS , 1x10" ), , 600%g
MSCS 5 min PBS , 600xg 10
min, PBS ( <25 mL),
PKH26 0.5 mL,
1 , 1L
PKH26 0.5 mL
1.1 min, 1% 1 mL, 1
Sprague - dawey ,6 8 min, 2 mL, 600xg 10min,
, 450 550 g , 10 mL ,
Ps PKH26 ( Sigma Aldrich ) , 3
MSC
1.2 1.3.2 18  Sprague-
CO, ( 1L200, Dawley , 9
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( 3500H, Sechrist ). 45 mg/kg
( 2406A, Hewlett- Packrad ), 14 g
( Smart, Philips ), ( , :
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Abbott Critical Care Systems ) PE-50 CO, (P=COy) ,
(Intramedic PE - 50, Becton - 6.5 mlL/kg , 100 / ,FIO,=
Dickinson ), 4-F (model C-PMS- 0.21
401J, Cook Critical Care ) 4
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Fig.1 Experimental protocol

LAD:  left anterior descending coromary; VF:  ventricular
fibrillation; PC: precordial compression; DF:  defibrillation; BL:

baseline; MSC: mesenchymal stem cell; PBS: phosphate buffer solution
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' Table 1 Ejection fraction
Pre MSC Post MSC
Baseline 4 weeks 6 weeks 8 weeks
1 MSCs 0.74+0.03 0.56+0.08" 0.67+0.04®% 0.67+0.06%°
1.5 PBS 0.74+0.04 0.56+0.05? 0.56+0.05  0.54+0.13
151 LAD ( Values are means +SD
) LAD 4 ( MSC PBS ) 1) 4 weeks (MSC) vs Baseline (MSC); F=34.7, P=0.000; 2) 4

MSC PBS 2 4 4

1.5.2
P&CO, DP/dt, -dP/dt
CODAS
VF ,CPR 60 min 240 min 3
153 (Micron HM
500 OM)
5 um,
(Olympus 1x71)
1.7
Scheffe’ s
72 h X°
* P< 0.05
2
21 MSC
Ps
MSC 98%  MSC CD29 CD44H CD90.1
' 6% CD11b/c CD45
PKH26 , 95%
2.2
, 2 EF
( 1) LAD 4 2 EF
( P <0.01;4 2

) MSC PBS 2
(67 %=+4% vs 56%+5%, P=0.0001) 4
6% Vs 53%z13%, P=0.002), MSC
EF
2.3
MSC 4

(67%+

weeks (PBS) vs Baseline (PBS); F=77.7, P=0.000; 3) 6 weeks (MSC)
vs 6 weeks (PBS), F=25.3, P=0.000; 4) 8 weeks (MSC) vs 8 weeks
(PBS), F=14.5, P=0.002; 5) 6 weeks (MSC) vs 4 weeks (MSC), F=
12.3, P=0.003; 6) 8 weeks (MSC) vs 4 weeks (MSC), F=9.8, P=
0.004

CPR , 2 MAP HR PCO,

CPR , MsC

Cl, dp/dty, - dp/dt, LVDP

(P< 0.02); 4 h
(60 120 180 240 min), MSC Cl dp/dt40 -dp/
dt LVDP (P<
0.05, 2)
2.4

CPR 2

2 CPR Cl dp/dt, - dp/dt LVDP
Table 2 Effects of intervention on ClI, dp/dt,, - dp/dt, LVDP
before onset of cardiac arrest and after resuscitation

BL 60 min 120 min 180 min 240 min

cl
MSCs 341229 332462 202443 31076 316471
PBS 206115 20730 255415 23836 229151

F 134 47 53 54 73
P 0.003 0.049 0038 0.038 0.018
Dpldt,

MSCs 71164485 5123491 5370680 52124702 51074692
PBS 6194£473 4694£176 4614£228 44761325 4271£278

F 138 48 78 75 89
p 0,003 0.048 0015 0017 0011
- dpldt

MSCs  7423+534 5070+596 51424790 49154650 51074692
PBS 6290696 45144350 4383394 4069+532 40034351

F 127 47 53 76 55
0.003 0.049 0.039 0016 0.035
Lvdp
MSCs 15407 20111 37422 49135 55129
PBS 4114 53133 6.1£18 98£34 10.1£36
F 24 70 51 15 14
P 0.000 0.02 0.042 0017 0.018
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) CPR
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Table 3 Number of ROSC, 72 survival, number of Bl CPR ,
defibrillations and duration of survival X£s Fang Bl
ROSC Survive to 72 Number of shocks Duration of survival(h)
Placebo 7/9 1 39+23 26.1+21.6
MSC 809 418 2.0£1.1 58.6+20.6
X 0.04 111 '
P value 0.85 0.29 0.08 0.011 CPR CPR
ROSC, return of spontaneous circulation
3.2
2.5
PKH26
MSC(  2)
) 50%
5 6
[ ,
[8]’
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Fig.2 PKH26 Labeled MSC in the harvested heart(x40)
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