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Effect of transplantation of bone marrow stem cells on 

myocardial infarction size in a rabbit model
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BACKGROUND: Intravenous transplantation has been regarded as a most safe method in 

stem cell therapies. There is evidence showing the homing of bone marrow stem cells (BMSCs) into 

the injured sites, and thus these cells can be used in the treatment of acute myocardial infarction (MI). 

This study aimed to investigate the effect of intravenous and epicardial transplantion of BMSCs on 

myocardial infarction size in a rabbit model.

METHODS: A total of 60 New Zealand rabbits were randomly divided into three groups: control 

group, epicardium group (group I) and ear vein group (group II). The BMSCs were collected from 

the tibial plateau in group I and group II, cultured and labeled. In the three groups, rabbits underwent 

thoracotomy and ligation of the middle left anterior descending artery. The elevation of ST segment 

>0.2 mV lasting for 30 minutes on the lead II and III of electrocardiogram suggested successful 

introduction of myocardial infarction. Two weeks after myocardial infarction, rabbits in group I were 

treated with autogenous BMSCs at the infarct region and those in group II received intravenous 

transplantation of BMSCs. In the control group, rabbits were treated with PBS following thoracotomy. 

Four weeks after myocardial infarction, the heart was collected from all rabbits and the infarct size 

was calculated. The heart was cut into sections followed by HE staining and calculation of infarct size 

with an image system.

RESULTS: In groups I and II, the infarct size was signifi cantly reduced after transplantation with 

BMSCs when compared with the control group (P<0.05). However, there was no signifi cant difference 

in the infarct size between groups I and II (P>0.05).

CONCLUSION: Transplantation of BMSCs has therapeutic effect on MI. Moreover, epicardial 

and intravenous transplantation of BMSCs has comparable therapeutic efficacy on myocardial 

infarction.
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INTRODUCTION
Acute myocardial infarction (MI) is a common 

disease, but it is a dangerous illness with high mortality. 

The clinical treatments of MI include conservative 

therapy, thrombolytic therapy, interventional therapy, 

coronary artery bypass grafting, heart transplantation 

and others. The former four treatments can't repair the 

necrotic myocardium. Although the transplanted heart 

can replace the injured heart, the source is scare. Apart 

from immune rejection, high medical cost and ethical 

issues are practical in heart transplantation. Thus, heart 

transplantation is extremely limited in clinical practice. 

In recent years, bone marrow stem cells (BMSCs) in 

the treatment of MI have been extensively investigated. 
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BMSCs can be transplanted via the epicardium, 

endocardium, coronary artery or veins.
[1]

 Intravenous 

transplantation of BMSCs has been regarded as a most 

safe method. There is evidence showing the homing of 

BMSCs into the injured sites,
[2–4]

 and thus these cells can 

be used in the treatment of acute MI. In the present study, 

epicardial and intravenous transplantation of BMSCs 

was performed to treat acute MI in a rabbit model, and 

the survival and differentiation of these BMSCs were 

observed. At the same time, the infarct size was measured 

macroscopically and microscopically to compare the 

therapeutic effi cacy of BMSCs transplantation.

METHODS
Experimental animals

A total of 60 healthy New Zealand rabbits, aged 

2–4 months, weight 2–3 kg, were purchased from 

the Experimental Animal Center of Dalian Medical 

University.

Reagents
Fetal bovine serum (FBS; PAA, Germany), low-

glucose DMEM (Hyclone, USA), trypsin, mouse 

monoclonal antibody (GIBCO, Alstralia),  BrdU 

(Sigma, USA), lymphocyte separation solution (Tianjin 

Xinhaoyang Biotech Co., Ltd) and secondary antibodies 

(Zhongshan Golden Bridge Biotech Co., Ltd) were used 

in the present study.

Grouping
The 60 New Zealand rabbits were randomly assigned 

into three groups (n=20 per group): control group, 

epicardium group (group I), and ear vein group (group 

II). In group I, rabbits received epicardial transplantation 

of BMSCs; in group II,  rabbits were treated by 

transplantation of BMSCs via the ear vein.

Preparation of autologous BMSCs
The rabbits were anesthetized with 3% sodium 

pentobarbital via the ear vein. Following local anesthesia 

with 1% lidocaine, bone marrow aspiration was done 

at the tibial plateau of the knee with a 10 mL syringe 

which was connected to a bone marrow puncture needle 

and contained 1 mL of heparin and 1 mL of complete 

medium. A total of 8 mL of bone marrow was aspired 

and then mixed with PBS at a volume ratio of 1:1. The 

mixture was added to the lymphocyte separation solution 

at a volume ratio of 2:1. Centrifugation was done at 3 000 

r/min for 20 minutes. The cloudy layer (lymphocytes) 

was harvested and washed in serum-free DMEM twice 

by centrifugation at 1000 r/min for 10 minutes. The cells 

were subsequently suspended in complete medium. The 

cell suspension of appropriate volume was diluted and 

mixed with 1 mL of 0.4% trypan blue for detection of 

the cell viability. The cell density was adjusted to 105/L 

and seeded into a 25 cm
2
 fl ask followed by incubation in 

complete medium in a humidifi ed environment with 5% 

CO2 at 37 ºC (HEPA Class 100, Thermo).

Culture and passaging of BMSCs
The BMSCs were cultured for 5 days and then 

observed under an inverted microscope (OLYMPUS, 

Japan). When 90% of cells were spindle-shaped and 

adherent to the wall, the medium was refreshed completely 

and thereafter once every 3 days. At 2 weeks after culture, 

when the cell confluence reached about 90%, 0.25% 

trypsin and EDTA were added followed by digestion at 

37 ºC for 1–2 minutes. When the cells became round and 

shedding under a light microscope, complete medium was 

added to stop the digestion. Then, the cells were washed 

in D-Hanks twice and cell suspension was prepared. 

Passaging was done at a ratio of 1:3 (P1). The cells of 

passage 3 (P3) were used in the following experiments.

Establishment of acute MI animal model
Rabbits were anesthetized with 3% sodium pentobarbital 

at 1 mL/kg via the ear vein and electrocardiography was 

performed. The electrocardiogram in lead II was recorded. 

Then, tracheotomy and mechanical ventilation (DW-

2000 ventilator; Shanghai Jiapeng Tech Co., Ltd) were 

performed. The animals were fixed on a table, the hair 

was removed and the skin was sterilized. An incision 

was made at the left 2nd intercostal space which was 

then opened. The pericardium was open to expose the 

heart. Ligation was made at the middle left anterior 

descending coronary artery (ADCA). The elevation of ST 

segment of >0.2 mV for longer than 30 minutes in lead 

II and III and the myocardium supported by the ADCA 

becoming dark red suggested the successful establishment 

of myocardial infarction. Post-operatively, the animals 

were intramuscularly treated with penicillin for infection 

prophylaxis for 3 days.

Labeling and detection of BMSCs
When the confl uence of BMSCs of P3 reached 70%–

80%, these cells were harvested, and used to prepare the 

cell suspension, and then seeded into coverslip-coated 

dishes. BMSCs were maintained in dishes. The coverslip 

was taken out of the dishes, washed in PBS, fixed in 
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Groups n Microscopic study Macroscopic study

I 20 47.22 (36.64–78.04)
*

1.09 (0.66–1.89)
*

II 20 39.54 (32.18–73.98)
*

1.24 (1.17–2.02)
*

Control 20 61.62 (54.89–108.52) 2.08 (1.89–2.92)

Table 1. Infarct size in different groups

Compared with the control group, 
*
P<0.05.

4% paraformaldehyde and washed in PBS. Following 

treatment with 2 mol/L HCL at room temperature, the 

coverslips were washed in PBS and treated with 0.3% 

tritonx-100. After washing in PBS, these coverslips were 

treated with 3% H2O2 in deionized water. After washing 

in PBS, the coverslips were blocked in normal goat 

serum and then with primary antibody (1:100) at 4 ºC 

overnight. After washing in PBS, these coverslips were 

incubated with biotin conjugated secondary antibody. 

Following washing in PBS, mounting was performed. 

Cells were observed under an immunofluorescence 

microscope (OLYMPUS, Japan) at a magnification 

of 200 times. The staining intensity of nuclei was 

determined. Five fields were randomly selected from 

each section, and the number of positive cells (green 

fl uorescence) and negative cells was counted.

Transplantation of BMSCs
Two weeks after MI, BMSCs were used to prepare 

the cell suspension. In the control group, thoracotomy 

was performed, and PBS (30 μL) was injected at the 

epicardium. In group I, thoracotomy was performed, 

and BMSCs were transplanted at the upper, middle and 

lower parts of the anterior and posterior edge of infarct 

region (30 μL; 5×10
6
/100 μL). In group II, BMSCs were 

transplanted via the ear vein (30 μL; 5×10
6
/100 μL).

Determination of infarct size
Four weeks after transplantation, the heart was 

collected and the infarct size was calculated. First, the 

macroscopic infarct size was calculated. Then, the heart 

was frozen and cut into sections (6 mm) followed by HE 

staining. The sections were adherent to the slides which 

were treated with Harris hematoxylin for 5 minutes, 

washed in water for 1 minute, treated with 75% ethanol 

for 30 seconds, rinsed in water, treated with ammonia 

for 30 seconds, washed in water for 1 minute, treated 

with acidifi ed eosin in ethanol for 12 minutes and rapidly 

washed in water. After dehydration in ethanol and 

transparentization in xylene, mounting was done with 

neutral gum. The infarct size was determined under a 

microscope with an image analysis system (Table 1).

Statistical analysis
Statistical analysis was made with SPSS version 

17.0. Data were expressed as median and range 

interquartile (25th interquartile, 75th interquartile). 

Comparisons were done with rank-sum test and a value 

of P<0.05 was considered statistically signifi cant.

RESULTS
At 5 days after culture, cells were closely adherent 

to the wall of a flask and the cell confluence reached 

80%–90%. Then, digestion for passaging and purifi cation 

were done. Following passaging, the cells were further 

cultured for 3 days with cell confluence reaching about 

100%, and they became spindle-shaped (Figure 1).

BrdU staining and identification of BMSCs were 

performed. Results showed that the proportion of 

BMSCs was as high as 95% (Figure 2).

Following MI, BMSCs was transplanted. Four weeks 

later, scars were found in the heart, dark grey could be 

easily differentiated from the surrounding normal tissues. 

However, the borderline between infarct size and normal 

tissues was blurred. HE staining of the heart specimens 

showed myocardial fi bers were irregularly arranged and 

obvious borderline was found between infarct size and 

normal myocardium. In the infarct region, myocardial 

cells were absent or degraded and replaced with scars 

(Figures 3 and 4).

DISCUSSION
Cardiovascular diseases, especially acute MI, have 

been considered as major causes of death in humans. 

Following acute MI, loss of myocardial cells, myocardial 

fi brosis, and scarring may take place. These changes are 

factors affecting heart function and the pathological basis 

of refractory heart failure.
[5]

 Because of acute MI, the 

infarct myocardium enlarges or changes in shape, which 

may persistently infl uence the contractibility and electric 

activity of the ventricles and fi nally result in ventricular 

remodeling. To date, no effective treatments have been 

developed to treat the necrotic myocardium. Although 

pharmacotherapy, thrombolic therapy, interventional 

therapy and coronary artery bypass grafting can improve 

myocardial ischemia and heart failure, they have failed 

to repair necrotic myocardium and regenerate myocardial 

cells. Heart transplantation, scare source and immune 

rejection after heart transplantation have limited its 

wide application. Thus, to promote the regeneration 

of myocardial cells in the infarct region, to prevent 
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Figure 1. Bone marrow stem cells (original magnifi cation×100). Figure 2. BrdU staining of bone marrow stem cells (original 
magnifi cation×40).

ventricular remodeling and to improve the long-term life 

quality of patients with MI have become key points in 

the treatment of acute MI.

Transplantation of autogenous BMSCs has been 

a novel treatment of acute MI, which can regenerate 

myocardial cells in the infarct region. Soonpaa et al
[6]

 

transplanted mouse embryonic cardiomyocytes into 

adult mice with MI, and found the long-term survival of 

these embryonic cardiomyocytes. Moreover, the cardiac 

function of adult mice was markedly improved, and the 

cardiomyocytes formed intercalated discs with host cells. 

This fi nding suggests the regeneration of cardiomyocytes. 

The feasibility and advantages of transplantation of stem 

cells have been extensively investigated in the treatment 

of acute MI since the fi rst study was published 20 years 

ago. The evidence included the following. 1) Myocardial 

microenvironment may support the growth of MSCs and 

can promote the differentiation of MSCs into myocardial 

cells.
[7]

 Following transplantation, MSCs can migrate 

via the circulation to repair different interstitial tissues. 

Moreover, MSCs in different tissues may also express 

different tissue-specific proteins.
[8]

 The special homing 

and the expression of tissue-specific proteins of these 

MSCs suggest that microenvironment plays an important 

role in the differentiation of MSCs. 2) The transplanted 

MSCs have favorable elasticity and thus may strengthen 

Figure 3. Macroscopic hearts in different groups.

Control group Group I Group II

Figure 4. HE staining of the heart specimens in different groups.

Control group Group I Group II
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the stress of the ventricular wall, which significantly 

limits the over-extension of scar tissues after MI.
[9]

 3) 

Transplanted MSCs can differentiate normal myocardial 

cells and form new myocardial tissues with host cells,
[10]

 

which promotes the absorption of scar tissues. 4) MSCs, 

a group of multipotent stem cells, can be differentiated 

into the myocardium like tissues and vascular cells. The 

generation of vascular cells may promote angiogenesis 

in scar tissues after MI, while facilitating the survival 

and growth of newly generated myocardial cells.
[11]

 

In addition, transplanted MSCs can secret vascular 

endothelial growth factors promoting the angiogenesis.
[12]

The mechanisms underlying the therapeutic effect 

of BMSCs on acute MI are as follows: 1) BMSCs can 

differentiate into cardiomyocyte-like cells which possess 

the ability to contract and express some contraction-

related proteins. In addition, the newly generated 

myocardial cells can also form intercalated discs with 

normal myocardial cells involving in the synchronous 

contraction and reducing the area of scar tissues.
[13]

 2) The 

BMSCs can differentiate into vascular endothelial cells 

and smooth muscle cells.
[14]

 Moreover, BMSCs can secret 

some cell active substances via the paracrine including 

fibroblast growth factor, vascular endothelial growth 

factor and stem cell homing factor.
[15,16]

 These factors may 

further assist the establishment of collateral circulation 

and improve the myocardial perfusion. 3) The BMSCs 

can regulate the metabolism of extracellular matrix, 

which may inhibit the thickening of the infarct ventricular 

wall and the enlargement of the left ventricle, increase 

the local movement of the ventricular wall and improve 

the relaxation in the diastolic phase, which prevent the 

detrimental ventricular remodeling.
[17]

 4)The transplanted 

BMSCs in the heart can secret some substances which 

may inhibit the production of inflammatory cytokines 

such as tumor necrosis factor, interleukin-1 and 

interleukin-6 and suppress the accumulation of type I 

and II collagens, thus reducing the area of scar tissues.
[18]

 

These mechanisms are still in the exploratory stage, and 

the present study was to confirm the above mechanisms 

that the transplanted BMSCs could migrate into the infarct 

myocardium and differentiate into myocardial cells, which 

could further inhibit the enlargement of infarct region, 

reduce the infarct size, improve the heart function, and 

prevent the subsequent vascular remodeling. BMSCs 

can be transplanted via the epicardium, endocardium, 

coronary artery and veins. But the transplantation of 

BMSCs via the local vein is a new way. Theoretically, 

the transplantation of BMSCs via the vein is the most 

safe way, and can promote angiogenesis, increase local 

myocardial perfusion and strengthen left ventricular 

function.
[19]

 Some investigators emphasized the safety 

of intravenous transplantation of BMSCs, the number 

of transplanted BMSCs and the mechanisms underlying 

the therapeutic effect of BMSC transplantation on MI. 

Following intravenous injection, the BMSCs can migrate 

into multiple organs and systems via the circulation. 

When there is lesion in a specific organ or system, the 

organ or system may generate signals for homing of stem 

cells. The BMSCs can differentiate into multiple cells. In 

the presence of above signals, the transplanted BMSCs 

migrate into the injured organs or system exerting effect. 

Thus, a lot of BMSCs, rather than a few BMSCs, migrate 

into the infarct myocardium. Epicardial transplantation 

of BMSCs has a precise location to transplant these stem 

cells into the infarct region. All BMSCs are injected into 

the infarct region, which assures the therapeutic effi cacy. 

In the present study, the infarct size was measured 

to compare the therapeutic efficacy of epicardial and 

intravenous transplantation of MSCs. Our results 

demonstrated that intravenous transplantation of BMSCs 

had defi nite therapeutic effect on MI and had comparable 

therapeutic efficacy on the epicardial transplantation 

of BMSCs. Thus, we speculate that intravenous 

transplantation of BMSCs can replace the epicardial 

transplantation of BMSCs to treat cardiovascular 

diseases, especially MI.

It has been regarded that transplanted BMSCs can 

migrate into the infarct myocardium and differentiate 

into myocardial cells and blood vessels, which increase 

blood supply and reperfusion, prevent the enlargement 

of infarct size, promote the absorption of infarct 

myocardium and improve heart function. This is a major 

mechanism underlying the therapeutic effect of BMSC 

transplantation on acute MI. With the development of 

in-depth studies, some different views are proposed on 

the therapeutic effect of MSCs. Toma et al
[20]

 proposed 

that paracrine and electric and mechanical stimulation 

of BMSCs play determinant roles in the differentiation 

of stem cells in the myocardium. However, Wang et 

al
[21]

 proposed that myocardial tissues could provide an 

appropriate amount of matrix. At the same time, in the 

presence of specific growth factors and signals for the 

differentiation, transplanted BMSCs could differentiate 

into myocardial cells to improve the symptoms of 

MI. In addition, some investigators speculated that 

the improvement of heart function following BMSC 

transplantation is dependent on paracrine, but not the 

previously presumed differentiation of BMSCs into 

myocardial cells to regenerate myocardial cells. Thus, 



www.wjem.org

309World J Emerg Med, Vol 4, No 4, 2013

there is no consensus on the therapeutic effect of BMSCs 

on MI (improvement of myocardial ischemia and heart 

function). To find consistent mechanism may provide a 

breakthrough for the cell therapy of acute MI.

Previous animal experiments and ongoing clinical 

trials have demonstrated that BMSCs have definite 

therapeutic effect on acute MI. However, they only 

confirmed the short-term therapeutic effect of BMSCs. 

Thus, except the short-term improvement of heart 

function following BMSC transplantation, whether 

the therapeutic effect of BMSC transplantation may 

last for a long time is controversial. Yousef et al
[22]

 

published a study in which the patients with acute MI 

receiving treatment with BMSCs were followed up for 

5 years. Their results showed treatment with BMSCs 

could effectively improve the left ventricular ejection 

fraction (LVEF), quality of life and reduce the mortality 

of patients with acute MI. A double blind, multicenter 

clinical trial from Germany
[23]

 also revealed that coronary 

artery transplantation of BMSCs could reduce the 

incidence of major cardiovascular events and persistently 

improve hear t  funct ion.  Al though int ravenous 

transplantation of BMSCs is the most safe treatment 

with stem cells, traditionally intravenous transplantation 

of BMSCs had no therapeutic effect on MI, and 

transplanted BMSCs might be obstructed at different 

sites during migration in the circulation. However, our 

findings demonstrated that transplanted BMSCs could 

migrate into the injured site. Following intravenous 

transplantation of BMSCs, numerous cells migrated into 

the infarct myocardium exerting therapeutic effect.

Great progress has been made in the treatment of 

acute MI with BMSCs, but there are increasing issues. 

Further investigations on the application of BMSC 

transplantation in the treatment of MI may provide 

evidence for stem cell therapy as a novel strategy.
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