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Abstract: This study aims to build the myocardial infarction model in SD rats transfected with pcDNA 3.1(+)/VEGF121 
plasmid and study the effect of the transfection using 7T MRI. Twenty-four male SD rats were randomly divided into 
2 groups, pcDNA 3.1(+)/VEGF121 plasmid transfection group (with improved coronary perfusion delivery) and myo-
cardial infarction model group. Cardiac cine magnetic resonance imaging (Cine-MRI), T2-mapping and late gado-
linium enhancement (LGE) cardiac imaging were performed at 24 h, 48 h, 72 h and 7 d after myocardial infarction, 
respectively. The signal intensity, area at risk (AAR), myocardium infarction core (MIC) and salvageable myocardial 
zone (SMZ) were compared. The hearts were harvested for anatomic characterization, which was related to patho-
logical examination (TTC staining, HE staining, Masson staining and immunohistochemical staining). The Cine-MRI 
results showed that pcDNA 3.1(+)/VEGF121 plasmid transfection group had higher end-diastolic volume (EDV) with 
a reduction in MIC and SMZ, as compared with the myocardial infarction model group. MIC, SMZ and AAR of the 
plasmid transfection declined over time. At 7 d, the two groups did not differ significantly in AAR and T2 value. 
According to Western Blotting, VEGF was up-regulated, while CaSR and caspase-3 were downregulated in the plas-
mid transfection group, as compared with the model group. In conclusion, a good treatment effect was achieved 
by coronary perfusion of pcDNA 3.1(+)/VEGF121 plasmid. 7T CMR sequences provide a non-invasive quantification 
of the treatment efficacy. However, the assessment of myocardial injury using T2 value and AAR in the presence of 
edema is less accurate. The myocardial protection of the plasmid transfection group may be related to the inhibition 
of myocardial apoptosis, vascular endothelial cell (VEC) proliferation and collagen proliferation. The CaSR signaling 
pathway may contribute to reversing the apoptosis. 
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Introduction

Coronary artery occlusion can cause severe 
ischemic necrosis of the myocardia served  
by the infarcted artery. If the blood supply is  
not timely restored, myocardial infarction will 
spread from subendocardium to subepicardi-
um. As a result, area at risk (AAR) (hibernat- 
ing myocardium or stunned myocardium) will 
evolve into unsalvageable infarcted tissue, 
leading to abnormal cardiac function and heart 
failure. Although the application of coronary 
angioplasty or coronary artery bypass has alle-
viated cardiovascular diseases and prolonged 
patients’ life, the mortality of myocardial infarc-

tion remains high. Therefore, finding an appro-
priate technique of myocardial injury assess-
ment and prognostic prediction is urgent for 
those with cardiovascular diseases. 

We have found through preliminary experiment 
that pcDNA 3.1(+)/VEGF121 plasmid transfec-
tion can reverse myocardial cell apoptosis and 
inhibit fibroblast proliferation. Transfection effi-
ciency and the functions of secretory proteins 
were analyzed and the mechanism of myocar-
dial cell apoptosis was discussed. For animal 
models, two issues are at stake: one is to 
choose the proper intervention pathway, and 
the other is how to evaluate the intervention 
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effect. Gene therapy in rats can be implement-
ed by coronary perfusion, intramyocardial injec-
tion or intrapericardial perfusion [1-3]. Following 
intramuscular injection of VEGF plasmid into 
the heart of pigs with chronic myocardial isch-
emia, the number of collateral vessels in the 
infarcted zone increased, with a great improve-
ment of myocardial blood supply. Though this 
technique is effective, the myocardial injury will 
be too great for myocardial function evaluation. 
After literature review and preliminary experi-
ments, we chose the coronary perfusion deliv-
ery technique, which not only achieves high 
transfection efficiency, but also reduces myo-
cardial injury. In this study, 7T MRI was com-
bined with several other imaging techniques for 
quantitative evaluation of the myocardial injury 
after 3.1(+)/VEGF121 plasmid transfection in SD 
rats. The histological changes of the myocardi-
um and the intensity changes of CMR sequenc-
es were characterized so as to evaluate the 
degree of myocardial ischemia and activity. 

Materials and method

Grouping

Twenty-four healthy male SD rats were ran- 
domly divided into 2 groups (n=12), myocard- 
ial infarction model group and pcDNA 3.1(+)/
VEGF121 plasmid transfection group. 

Construction of myocardial infarction model

Left anterior descending artery ligation was 
performed to induce myocardial infarction. For 
the plasmid transfection group, the heart and 
the ascending aorta were exposed and 20 µl of 
the plasmid was injected into the ventricle. In 
the meantime, the circulation was blocked at 
the root of the ascending aorta for 5 s. The 
above procedures were repeated twice. Finally 
the thoracic cavity was closed and the rats 
were reared routinely.

MRI examination

Before imaging, anesthesia was induced using 
an anesthesia induction box (2.5% isoflurane, 
oxygen flow rate 1 L/min). Two to three minutes 
later, the rats were immobilized to the scanning 
bed in prone position. ECG leads were sticked 
to the four limbs, and a pad was placed under 
the abdomen to observe heart rate and respira-
tory rate. MRI was started after the heart rate 
and respiratory rate stabilized.

7T MRI evaluation of myocardial infarction in 
SD rats

CMR imaging was performed at 24 h, 48 h, 72 
h and 7 d after modeling, respectively, in com-
bination with FISP-Cine, T2 mapping and LGE 
imaging. Cine-MRI is mainly used for evaluating 
EDV of the left ventricle. The endocardium con-
tour was traced manually in each slice at end 
diastole and end systole, and the thickness of 
each slice is added up together to obtain EDV. 
On the left ventricle images extracted at end 
diastole and end systole, ROI was delineated 
manually by each person for three times, and 
the average was taken (the measurements had 
good consistency. The interclass consistency 
coefficient (ICC) was calculated using SPSS 
19.0 software, and the value was 1 for each 
sequence). The ventricle area including the 
myocardium and the chamber area excluding 
the myocardium were measured at end diasto-
le and end systole for each sequence, respec-
tively. On this basis, the increased thickness of 
myocardium of the left ventricle in this slice 
was calculated as the myocardial area at end 
systole minus the myocardial area at end dias-
tole (myocardial area was equivalent to ventri-
cle area minus the chamber area). Infarct 
region was defined as the myocardium where 
the signal intensity in LGE was larger than that 
of distant myocardium by a threshold of 5SD. 
SMZ was defined as the myocardium where the 
signal intensity was larger than that of distant 
myocardium by a threshold of 2SD on T2 maps. 
Cine-MRI images of the left ventricle at end sys-
tole were extracted, and ROIs of equal area 
were delineated in the myocardium. The signal 
intensity was measured for each ROI, and the 
mean and standard deviation of signal inten- 
sity of 6-8 ROIs in the left ventricle were calcu-
lated in each rat. The coefficient of variation 
was obtained. On this basis, AAR and MIC  
were delineated manually, and the difference 
between the two was SMZ. The infarct area on 
the CMR images was analyzed with Image J 
software, and for T2 mapping, special post-pro-
cessing software was used. That is, the heart 
images were imported into the software, and 
the end-systolic and end-diastolic contours 
were delineated manually. The evaluation indi-
cators of cardiac function were calculated. 

Histological examination

Anatomic observation: The heart was harvest-
ed, photographed in the anatomical position 
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and marked. The left ventricle was dissociated, 
the transverse section of the heart was har-
vested, photographed and marked. 

TTC staining: After CMR imaging observation, 
the rats were sacrificed by intravenous injec-
tion of 10% potassium chloride, which arrested 
the heart in diastolic phase. The hearts were 
harvested for Masson staining and immunohis-
tochemical staining. 

Masson staining: Heart paraffin sections were 
subjected to Masson staining. Weigert’s iron 
hematoxylin solution was added, followed by 
1% hydrochloric acid in alcohol for differentia-
tion. Then the sections were counterstained in 
xylidine-ponceau 2R, and sealed with neutral 
balsam. Under the low-power microscope, the 
collagen fibers and nuclei were stained blue, 
and the cytoplasm, muscle fibers and red blood 
cells were stained red. Photographs were taken 
and analyzed by the image analysis system.

Western blot detection of VEGF, CaSR and cas-
pase-3

Total protein was extracted and identified. 
Tissues were taken out from liquid nitrogen and 
cut into pieces. Into every 100 mg of the tissue, 
1 ml of TRIzol reagent was added. The tissues 
were made into homogenate on ice and incu-
bated with lysis buffer at 15-30°C for 5 min. 
After centrifugation at 4°C at 12000×g for 10 

min, the insolubles were removed. The solu- 
tion was left to stand at room temperature  
for 5 min for full dissociation between the 
nucleic acids and the proteins. The standard 
curve was plotted, and the absorbance was 
measured at A590 nm. The protein concentra-
tion of the experimental group was calculated 
as follows: protein concentration of the experi-
mental group=OD value of the experimental 
group × protein concentration of the standard 
well/OD value of the standard well). The aver-
age value was taken as the final result. SDS-
PAGE was performed using 8-12% separating 
gel and 5% stacking gel. For each channel, 20 
μl of the sample was loaded along with 20 μl of 
the marker. After electrophoresis, staining was 
performed with Coomassie Brilliant Blue R-250, 
followed by the addition of destaining solution. 
PVDF membrane of gel size was soaked in 
methanol for 15 s, washed with dH2O and bal-
anced with transfer buffer for 5 min. The pro-
teins were blotted to the PVDF membranes by 
semi-dry electrotransfer. Then the membranes 
were placed into a plastic bag and sealed with 
blocking buffer for 2 h. The membranes were 
washed with TBST for 3 times for 10 min each 
time, then incubated with primary antibodies  
at 4°C overnight or at room temperature for 2 
h. The membranes were washed again with 
TBST for 3 times for 10 min each time, then 
with TBS for 10 min. Immune complexes were 
detected using ECL Western Blot Detection Kit. 

Figure 1. Anatomical and Cine-MRI observation for the heart of the model group and intervention group. A. Infarcts 
focus of the anatomical observation. B. Left ventricular dilation observation. C. Infarcts focus of the Cine-MRI obser-
vation. The white arrows illustrate the myocardial infarcts under the observation of the Cine-MRI.
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The membranes were exposed and scanned 
using SK-100 Image System. The grayscale 
ratio of the target band to the β-action band 
was calculated as the relative expression of  
the target gene. Four replicates were done for 
Western Blot. 

Statistical analysis 

The measurements were expressed as Mean ± 
SD. Paired t-test was used for pairwise com- 
parison, and independent-samples t-test was 
used to compare T2 values of different my- 
ocardial segments in the same group. For mul-

observation, the results indicated that the plas-
mid transfection group significantly improved 
the infarction compared to the model group 
(Figure 1C).

Comparison of infarct areas and AAR at 24 h 
in MRI and TTC staining

LGE imaging indicated white myocardium in  
the two groups (Figure 2Aa, 2Ba), which corre-
spondences to the “bright regions” in MRI. T2 
mapping also showed the infarct areas (Figure 
2Ab, 2Bb), which were hyperintense compared 

Figure 2. Observation for the infarct areas and AAR at 24 h in MRI and TTC 
staining. A. Infarct areas in pcDNA3.1(+)/VEGF121 transfection group. a. LGE 
image; b. T2 mapping scanned by MRI; c and d. Pseudo-color maps infarct 
areas; d. TCC staining; e. This image was made by 2,3,5-triphenylterazolium 
chloride staining (TTC) in two groups, the difference between infarction size 
and the viable myocardim was stained red or white. B. Infarct areas in model 
group. a. LGE image; b. T2 mapping scanned by MRI; c and d. Pseudo-color 
maps infarct areas; d. TCC staining; e. This image was made by 2,3,5-triphe-
nylterazolium chloride staining (TTC) in two groups, the difference between 
infarction size and the viable myocardim was stained red or white.

tiple group comparison of T2 
values, one-way ANOVA was 
carried out, with testing for 
normality and homoscedas-
ticity. P<0.05 indicated signifi-
cant differences. All statisti-
cal analyses were carried out 
using SPSS 19.0 software. 

Results

Survival of rats and anatomi-
cal observation of hearts at 
24 h

Excluding the rats which died 
during surgery and scanning 
due to ventricular fibrillation 
and those with poor image 
quality, 20 rats were finally 
included (10 in the model 
group and 10 in the plasmid 
transfection group). Infarct 
region was observed in both 
two groups by CMR at 24 h 
after modeling. Cine-MRI indi-
cated that average EDV was 
84.3±6.34 μl vs. 98.8±7.24 μl 
for the two groups (P<0.01, 
n=16).

By anatomical observation, it 
can be seen that the plasmid 
transfection group had less 
severe infarction and the in- 
farcts were transparent and 
grayish white (Figure 1A), as 
compared with the model 
group. Left ventricular dilation 
can be observed in the figure 
below (Figure 1B). By CMR 



Evaluation of 7T MRI on myocardial infarction

3380	 Am J Transl Res 2016;8(8):3376-3386

with other regions. Pseudo-color maps were 
generated with Image J and special post-pro-
cessing software for T2 mapping. ROIs of myo-
cardial infarction were delineated manually, 
from which AAR was obtained (Figure 2Ac, 2Ad, 
2Bc, 2Bd). The distributions of infarct areas 
and AAR were basically consistent in LGE imag-
ing and TTC staining (Figure 2Ae, 2Be). 
Meanwhile, the results indicated that the 
infarct areas in pcDNA 3.1(+)/VEGF121 transfec-
tion group was significantly decreased com-
pared to the control group (Figure 2).

Comparison of LGE imaging of MIC against HE 
staining 

LGE imaging results were consistent with HE 
staining at 24 h (Figures 3, 4A, 4B). MIC was 
measured at different time points from 24 h to 
7 d by LGE imaging. According to his tological 
staining, MIC was significantly small er in the 

intervention group as compared with the model 
group. Such difference was most prominent at 
7 d, with the result of 32.8±2.91 μl vs. 27.4± 
1.90 μl (P<0.01, n=6). LGE imaging results of 
MIC agreed well with that of HE staining; MIC of 
both two groups declined over time (Figures 3, 
4A, 4B). 

Changes of AAR and T2 value by T2 mapping 
over time 

AAR was evaluated by T2 mapping for the two 
groups from 24 h to 7 d. It was found that  
AAR of the intervention group was significant- 
ly smaller than that of the model group, but the 
two groups had similar AAR at 7 d (Figures 3,  
4C). Within 72 h after modeling, T2 value 
declined gradually, and the two groups differ- 
ed significantly in T2 value, especially at 72  
h (Figures 3, 4D). At 7 d, T2 values increased in 
both two groups, without significant difference 
(Figures 3, 4). 

Figure 3. Observation for the MIC by using the LGE imaging, HE staining and T2 mapping. A. Model group. B. 
pcDNA3.1(+)/VEGF121 group.
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Comparison of SMZ

SMZ was equivalent to AAR minus MIC. From 
24 h to 72 h, SMZ declined gradually in both 
two groups, and the intervention group had 
much smaller SMZ than the model group. At 7 
d, SMZ increased significantly in the model 
group, as shown in Figure 4E.

Histological staining

Masson staining, HE staining and immunohis-
tochemical staining for CD31 revealed infarct 
areas in both two groups. Some myocardial 
cells shrank, with disordered arrangement and 
spot-like bleeding in the ruptured myocardium. 
The myocardial injury was more severe in the 

Figure 4. Changes of MIC ratio, AAR, T2 relaxation times and SMZ ratio in myocardium by T2 mapping. A. Ratio 
changes of MIC by LGE in both model group and pcDNA 3.1(+)/VEGF121 group (

_
x±s, 24 h, n=10; 48 h-7 d, n=6). 

B. Ratio changes of MIC by HE in both model and and pcDNA 3.1(+)/VEGF121 group. C. Apparent AAR changes in 
myocardium by T2-mapping. The T2 mapping shows the edema area as AAR after ischemic infarction in both model 
group and pcDNA 3.1(+)/VEGF121 group. All T2 maps were scaled between 0 and 80 ms. (

_
x±s, 24 h n=10; 48 h-7 d, 

n=6). D. Apparent T2 relaxation times in myocardium by T2 mapping. T2 mapping shows T2 relaxation times after 
ischemic infarction in both model and pcDNA 3.1(+)/VEGF121 groups. (

_
x±s, 24 h, n=10; 48 h-7 d, n=6). E. Apparent 

SMZ is equal to AAR minus MIC. The graph indicates SMZ after ischemic infarction in both model group and pcDNA 
3.1(+)/VEGF121 group (

_
x±s, 24 h, n=10; 48 h-7 d, n=6). *p<0.05, **p<0.01 vs model group.
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model group, where extensive necrosis of myo-
cardial cells was found, nuclei disappeared and 
vacuoles were formed; the necrotic region was 
featured by severe hyperplasia of connective 
tissues. Masson staining indicated myocard- 
ial fiber hyperplasia. By immunohistochemical 
staining, more cells were stained in the inter-
vention group than in the model group, indicat-
ing endothelial cell proliferation (Figure 5A, 
5B).

Western blot detection of VEGF, CaSR and cas-
pase-3

Western Blot showed that VEGF was significant-
ly up-regulated after the transfection, as com-
pared with the model group (P<0.05, Figure 
6A). CaSR (P<0.05, Figure 6B) and caspase-3 
(P<0.05, Figure 6C) were down-regulated sig-
nificantly in the intervention group. 

Discussion

Several therapies are now in use for treating 
ischemic heart disease, including percutane-
ous coronary angioplasty, stent implantation, 
coronary artery bypass and medication treat-
ment. These therapies can alleviate the symp-
toms of cardiac insufficiency, but the methods 
for efficacy evaluation are generally traumatic. 
Moreover, the patients are still faced with the 
risk of heart failure [4]. Myocardial cell apopto-
sis and fibroblast proliferation during myocar-
dial infarction are important pathology of heart 
failure. Instead of focusing on the therapeutic 
angiogenesis of VECs, we found that pcDNA 
3.1(+)/VEGF121 plasmid transfection reversed 
myocardial cell apoptosis and inhibited fibro-
blast proliferation. Stem cells are now increas-
ingly applied to cellular therapy [5], but there 
may still be the probability that stem cells do 

Figure 5. Evaluation for the myocardium infarction in gross tissue after 7 days in model group and pcDNA 3.1(+)/
VEGF121 group. A. Histological sections stained with hematoxylin and eosin show features of myocardium changes 
after 7 day. collagen was stained blue. The CD31 was stained by using the immunohistochemical analysis. B. Sta-
tistical analysis for the collagen and CD-31 staining. The sections were stained with anti-collagen and anti-CD31, 
respectively. All data are expressed as mean SEM, and the difference were illustrated between the two groups.
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not differentiate into myocardial cells, but into 
other types of cells, leading to severe calcifica-
tion [6]. Many studies have been carried out  
on the use of VEGF in treating coronary heart 
disease. In vitro experiment has found that 
VEGF is involved in coronary artery circulation, 
inducing the upregulation of VEGF protein and 
mRNA, promoting angiogensis and anti-apop-
totic effect [7]. As proved by a large amount of 
experiments, VEGF promotes the formation of 
capillary network and hence collateral circula-
tion in ischemic myocardium [8-10]. But the 
anti-apoptotic role of VEGF in the myocardium 
is less mentioned. Considering the high cost 
and the need for repeated VEGF injection, the 
adenoviral vector carrying VEGF is injected. 
However, the short length of action has restrict-
ed its application. Another method is myocar-
dial transfection of high-purity plasmid. 

The genes can be delivered by coronary perfu-
sion, intramyocardial injection and intrapericar-
dial injection. One study [11] performed intra-
muscular injection of VEGF-carrying plasmid 
into the heart of pigs with chronic myocardial 
ischemia and found that the number of collat-
eral vessels increased in the infarct region. This 
indicated good treatment effect of VEGF in 

ischemic myocardium, but this method can 
cause great myocardial injury. In this experi-
ment, coronary perfusion delivery technique 
was chosen, with the blocking of blood flow at 
the root of ascending aorta for 5 s. This would 
stop the systolic blood flow of the ventricle in 
systemic circulation, with an increase in diastol-
ic intracoronary pressure and transfection effi-
ciency. In contrast, transfection by intravenous 
injection usually has a low efficiency, intramyo-
cardial injection causes too great damage, and 
intrapericardial injection has uncertain effect. 
By using coronary perfusion, the transfection 
efficiency is greatly improved. Moreover, with 
the blocking of blood flow at the root of ascend-
ing aorta twice for 5 s each time, the contact 
between the plasmid and the heart wall is 
increased, thus reducing the perfusion injury. 

We have demonstrated the treatment effect of 
transfection of VEGF-carrying plasmid in myo-
cardial infarction through preliminary experi-
ment. In this paper, SD rat model of myocardial 
infarction was built, and the myocardial injury 
induced was evaluated by CMR. At 24 h after 
modeling, infarct regions were revealed in both 
groups. EDV of the two groups was 84.3±6.34 

Figure 6. Relative expression of the VEGF, CaSR and Caspase-3 in model group and pcDNA 3.1(+)/VEGF121 group  
(
_
x±s, n=4). VEGF, CaSR and Caspase-3 levels were analyzed by Western Blot using the anti-VEGF/CaSR/Caspase-3 

antibody. A. Examination and statistical analysis for VEGF expression. B. Examination and statistical analysis for 
CaSR expression. C. Examination and statistical analysis for Caspase-3 expression. The immunoblots shown were 
obtained from 4 independent experiments. Levels of VEGF/CaSR/Caspase-3 were shown as a percentage of change 
in the mean value derived from 4 independent experiments (

_
x±s, n=4). *p<0.05, **p<0.01 vs model group.
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μl vs. 98.8±7.24 μl (P<0.01, n=10). According 
to anatomical observation, the left ventricle 
contained infarct regions in the intervention 
group, which were transparent and grayish 
white but were less severe than in the model 
group. AAR and MIC were measured by LGE 
from 24 h to 7 d. MIC of the intervention group 
was significantly smaller than that of the model 
group, especially at 7 d, which was 32.8±2.91 
μl vs. 27.4±1.90 μl (P<0.01, n=6). LGE imaging 
results agreed well with HE staining for the 
detection of MCI; both groups showed a 
decrease of MCI over time. By T2 mapping, AAR 
of the intervention group decreased from 24  
h to 72 h and was significantly lower than that 
of the model group. AAR started to increase  
at 7 d, and the two groups showed no sig- 
nificant difference. Within the first 72 h, T2  
values decreased over time in the two groups; 
the two groups were significantly different, and 
the difference was the greatest at 72 h. T2 
value began to increase at 7 d in the two 
groups. This result suggested the protective 
effect of pcDNA 3.1(+)/VEGF121 plasmid in is- 
chemic myocardium, but the working mecha-
nism is still uncertain. 

After the first research [16] on the relationship 
between T2 mapping and edema, G et al. [17] 
later identified 2 peaks of T2 value at 1-7 d 
after myocardial infarction in swine model. This 
phenomenon has been observed by many other 
researchers [18, 19]. By measuring the water 
content of the infarct area, the first peak can  
be attributed to reperfusion injury or stress-
induced edema following myocardial infarction. 
The second peak is not related to edema, but  
to collagen hyperplasia during the healing of 
the ischemic myocardium. This hypothesis was 
then proved by comparing with pathological 
results. Similar conclusions were obtained in 
this study, which proved the value of T2 map-
ping in differentiating reversible myocardial 
injury and diagnosing acute myocardial infarc-
tion. Increased T2 value after edema should be 
interpreted with caution. At 7 d after modeling, 
there was an increase in AAR and T2 value, 
which may be related to spontaneous healing 
of the ischemic myocardium. To verify this, 
Masson staining and immunochemical staining 
for CD31 were performed. HE staining indicat-
ed infarct regions in both groups, with model 
group having more severe myocardial fiber 
hyperplasia. By immunohistochemical staining, 

more cells were stained positively in the inter-
vention group than in the model group. It was 
therefore confirmed that collagen hyperplasia 
was more effectively inhibited and VEC prolif-
eration was promoted in the intervention group. 

We further evaluated the treatment effect of 
pcDNA 3.1(+)/VEGF121 plasmid transfection in 
rat model by Western Blot. The result showed 
that VEGF was significantly upregulated in the 
intervention group than in the control group. 
CaSR is involved in maintaining the homeosta-
sis of Ca2+ and other metal ions, regulating 
myocardial cell differentiation, apoptosis and 
necrosis. Our preliminary study has shown that 
VEGF can reverse myocardial cell apoptosis by 
inhibiting CaSR expression. By building the  
animal model of myocardial infarction, we 
found that CaSR was greatly upregulated, wh- 
ile pcDNA 3.1(+)/VEGF121 plasmid transfection 
caused an obvious reduction in CaSR expres-
sion. This indicated similar treatment effect as 
in the cellular model and agreed with the find-
ings by other researchers [25, 26]. Caspase-3 
is activated in the apoptotic cells both by extrin-
sic (death ligand) and intrinsic (mitochondrial) 
pathways [27, 28]. Caspase family members 
act as the executors of apoptosis. In normal 
conditions, caspases exist in the cytoplasm in 
the form of proenzymes. Once activated by ex- 
ternal stimuli, caspase 3 can degrade speci- 
fic substrates, leading to DNA fracture, chroma-
tin condensation and formation of apoptotic 
bodies. It was found by Western Blot that 
pcDNA 3.1(+)/VEGF121 plasmid transfection 
greatly downregulated caspase-3. Moreover, 
SMZ and AAR measured by CMR can be used 
as indicators of the treatment effect of pcDNA 
3.1(+)/VEGF121 plasmid transfection in rat mo- 
del of myocardial infarction. 

pcDNA 3.1(+)/VEGF121 plasmid transfection ef- 
fectively reduced MIC, as compared with the 
myocardial infarction model group and VEGF-
carrying plasmid transfection group. SMZ can 
be used as a reliable indicator of the treatment 
effect. T2 value and AAR measured by T2 map-
ping have high value in evaluating myocardial 
infarction at the acute stage, but they may be 
less accurate if edema happens. Increased T2 
value may not indicate the second peak of 
edema, but the spontaneous healing of the 
ischemic myocardium. VEGF-carrying plasmid 
transfection can help increase SMZ, and inhibit 
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myocardial cell apoptosis, VEC proliferation 
and collagen hyperplasia. 
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