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Abstract: This study aimed to investigate the neuroprotective effect and its mechanism of lentivirus mediated VEGF 
on rat model with cerebral ischemic injury. 45 rats with cerebral ischemic injury constructed by the suture method 
were randomly divided into sham group, model group, vector group and VEGF group. The packaged vector lentivirus 
and lentivirus carrying VEGF gene were injected into the lateral ventricular of rats in vector group and VEGF group 
respectively. The equal volume of PBS buffer was injected in sham group and model group respectively. The expres-
sion of VEGF and protein in brain tissue were detected by real-time fluorescence quantitative PCR and Western blot. 
The change of brain tissue vascular density was analyzed by immunohistochemistry. The brain infarction area and 
the degree of nervous functional defect of the rats were analyzed. VEGF mRNA and protein levels were significantly 
higher in brain tissue of rats in VEGF group than those in model group and vector group (P < 0.05). The brain tissue 
vascular density increased significantly in VEGF group (P < 0.05). Compared with sham group, the infarction area 
of brain tissue and the degree of nervous functional defect increased significantly in model group, vector group and 
VEGF group, but the VEGF group was significantly lower than those in model group and vector group (P < 0.05). In 
conclusion, the overexpression of VEGF in cerebral ischemia injury contributed to the angiogenesis in brain tissues, 
reduced the brain injury caused by cerebral ischemia and protected brain neuronal function.
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Introduction

Ischemic cerebral injury was one of the com-
mon types of cerebral vascular disease. Its inci-
dence was secondary to malignant tumor and 
became one of the diseases which seriously 
affects human health [1, 2]. The main treat-
ment of cerebral ischemia injury was thrombo-
lytic therapy, secondly all kinds of brain protec-
tive agents were used to prevent brain cells 
apoptosis [3]. However, the time window of 
thrombolysis therapy was relatively short, the 
time when the majority of patients visited the 
doctors exceeded thrombolysis time window. 
The brain protective agents usually only had 
protective effects on ischemic penumbra cells, 
and had minor role on the ischemic core area 
[4]. In recent years, with the continuous devel-
opment of ischemic brain damage mechanism 
and gene therapy technology, the means of 
gene target treatment became one of the meth-
ods to treat ischemic brain injury. Vascular 

endothelial growth factor (VEGF) was a potent 
mitogen. It could act on vascular endothelial 
cells in the form of paracrine in normal physio-
logical and pathological conditions, promote 
angiogenesis, and increase vascular especially 
microvascular permeability [5-7]. A large num-
ber of animal and clinical studies showed that 
hypoxia or ischemia could induce high expres-
sions of VEGF, its receptor mRNA and protein 
level in brain tissue during short period. 
However VEGF synthesis obstacles appeared 
after ischemia for a long time [8-11]. This result 
suggested that the high expression of VEGF in 
the early stage of the disease could promote 
brain tissue angiogenesis, and compensatorily 
protect brain tissue from necrosis and apopto-
sis. Therefore, a certain dose of VEGF could pro-
tect brain tissue from necrosis and apoptosis at 
time of ischemic cerebral injury. Under the guid-
ance of this theory, the effects of high expres-
sion of VEGF on brain tissue cells and neural 
function in rats with cerebral ischemic injury 
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were investigated through the expression in 
ischemic brain damage model carrying exoge-
nous VEGF gene taking lentivirus as a vector.

Materials and methods

Model construction

45 SD rats (female, 180-200 g) were purch- 
ased from Experimental Animal Center of 
Xinxiang Medical University. The rat model with 
ischemic brain injury was constructed accord-
ing to LONGA method [12]. 0.4% pentobarbital 
sodium was injected into abdominal cavity. A 
midline incision 1.6-2.0 cm long was made on 
the neck of rat, the right common carotid artery 
was exposed, and external carotid artery was 
ligated. The vagus nerve accompanied with 
common carotid artery was separated and the 
common carotid artery was ligated. In the distal 
of carotid artery ligation, the thread was re- 
tained. The common carotid artery was closed 
down with tiny artery clamp and the incision 
was made near the spare thread. No. 5 thread 
was inserted into the incision. 5/0 nylon suture 
was inserted upwards into the initiation site of 
middle cerebral artery along the common carot-
id artery and internal carotid artery. If the inser-
tion encountered resistance from the common 
carotid bifurcation, it should be stopped. That 
was the middle cerebral artery blood supply 
disorder rat model. The vessel was only isolat-
ed but without occlusion in sham group. The 
signs of successful modeling included: The rats 
were dispirited within 2 h after the establish-
ment of modeling, Horner’s syndrome on the 
same side, contralateral forelimb ptosis, adduc-
tion and internal rotation, spontaneously whirl-
ing to the affected side, which illustrated that 
the modeling was successful. The model was 
unsuccessful without the above performances. 
This study was performed in strict accordance 
with the recommendations in the Guide for the 
Care and Use of Laboratory Animals of the 
National Institutes of Health (Bethesda, MD, 
USA). Eighth Edition, 2010. The animal use pro-
tocol has been reviewed and approved by the 
Institutional Animal Care and Use Committee 
(IACUC) of Xinxiang Medical University.

Experimental grouping and treatment

The blood vessels were only isolated but with-
out occlusion on 10 rats in sham group. 100 μl 
PBS buffer was injected into lateral ventricles; 

The remaining 30 cerebral ischemia injury 
model rats were randomly divided into model 
group, vector group and VEGF group. 100 μl 
PBS buffer was injected into lateral ventricles 
in model group; 100 μl lentivirus solution pack-
aged with vector plasmid was injected into lat-
eral ventricles in vector group; 100 μl lentivirus 
solution packaged with the expression of VEGF 
was injected in VEGF group. The lentivirus solu-
tion and control solution were injected after 
modeling for 2 h.

Real time fluorescent quantitative PCR 

Four groups of rats were sacrificed 72 h after 
modeling and treatment. 0.1 g brain tissue was 
used for extracting total RNA with RNA extrac-
tion kit (TaKaRa, Dalian, China). RNA was tran-
scribed into cDNA with reverse transcription kit 
(TaKaRa, Dalian, China) for the following experi-
ments. According to the gene sequence of 
VEGF, real-time fluorescent quantitative PCR 
primers were designed, and the amplified le- 
ngth was 200 bp, meanwhile, β-actin was de- 
signed as internal standard. Primer sequences 
were as follows: VEGF-F: 5’-GAGCAGAAGTCC- 
CATGAAGTGA-3’; VEGF-R; 5’-CACAGGACGGCTT- 
GAAGATGT-3’; Actin-F: 5’-AGAAGGCTGGGGCT- 
CATTTG-3’; Actin-R: 5’-AGGGGCCATCCACAGTC- 
TTC-3’. PCR reaction system was prepared 
according to the following system: 10 µl 2*SYBR 
Green general qPCR Master Mix (TaKaRa, Da- 
lian, China), 0.6 µl upstream/downstream pri- 
mer respectively (10 µmmol•L-1), 8.8 µl 1:100 
diluted cDNA. The total reaction volume was 20 
µl. Then the reaction mixture was swung to the 
bottom of test tube with 1500 rpm/min cen-
trifugal. PCR was undertaken according to the 
following reaction conditions: pre degenerated 
for 30 s at 95°C; degeneration for 3 s at 95°C; 
annealing and extension for 30 s at 60°C; The 
dissolution curve was constructed. Finally, the 
data were directly read from the real-time fluo-
rescence quantitative PCR instrument (Applied 
Biosystems, Foster City, CA, USA).

Western blot

Four groups of rats were sacrificed after model-
ing and treatment for 72 h. 0.1 g brain tissue 
was taken out and cut into pieces. 300 µl tis-
sue lysate was added, homogenized in tissue 
homogenate instrument and centrifuged by 
12000 rpm/min for 30 min. The supernatant 
was extracted, 5*Loading buffer was added 
and boiled in the boiling water for 10 min, then 
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centrifuged by 12000 rpm/min for 5 min. The 
supernatant was extracted for SDS-PAGE. The 
protein was transferred onto NC membrane 
after SDS-PAGE, closed with 5% BSA PBST 
solution for 30 min, incubated overnight using 
the diluted VEGF (1:2000; Abcam, Cambridge, 
UK) at 4°C, washed with PBST for 3 times, 5 
min each time and incubated with Goat anti rat 
HRP labeled secondary antibodies (1:2000; 
ZSGB-BIO, Beijing, China) at room temperature 
for 1 h. HRP substrate was added on film and 
colored. The expression level of VEGF was an- 
alyzed.

Immunohistochemical analysis

Four groups of rats were sacrificed after model-
ing and treatment for 72 h. The brain tissue 
was taken out, embedded with paraffin and cut 
into 5 µm thick sections. After the sections 
were dewaxed and hydrated, the endogenous 
catalase was removed with 3% hydrogen perox-
ide. Then the tissue was closed with 10% goat 
serum for 1 h. CD31 antibody (1:500; Abcam, 
Cambridge, UK) was dropped on the slides, 
incubated overnight at 4°C and washed with 
PBST for 3 times the next day, 5 min each time. 
The reaction system was incubated with Goat 
anti rat HRP labeled secondary antibodies 
(1:2000; ZSGB-BIO, Beijing, China) at room 
temperature for 1 h, washed with PBST for 3 
times, 5 min each time, colored with TMB and 
stained with hematoxylin. The sections were 
successively immersed in 75%, 80%, 90% and 
100% ethanol for 1 min, placed in xylene for 30 
min and closed with neutral resin. The brain tis-
sue vascular density was observed under the 
microscope.

TTC staining

The rats were sacrificed 48 h later. The brain 
tissue was taken out. The olfactory bulb, cere-
bellum and lower brainstem were resected. The 
coronal sections were undertaken for the 
remainder. The sections were placed in 2% of 
TTC phosphate buffer for staining for 20 min at 
37°C. Then paraformaldehyde was used for 
fixation. The normal tissue was red, while the 
infarcted tissue was white. The infarcted tissue 
was separated with normal brain tissue under 
the microscope. The wet weights of normal tis-
sue and infarction tissue were weighed with 
analytical balance. The infarction range was 
the percentage of infarction tissue weight 
accounting for the total mass of infarction tis-
sue and normal brain tissues.

Effects of different treatments on nervous 
functional defect degree of rats

The nervous functional defects were analyzed 
in sham group, model group, vector group and 
VEGF group after modeling for 24 h, 48 h and 
72 h with Bederson standard score [13]. 0: 
without nervous functional defect; 1: right fore-
paw was not fully extended; 2: whirling to the 
left; 3: dumping to the right; 4: could not walk 
spontaneously and loss of consciousness.

Statistical analysis

All data were analyzed using SPSS13.0 statisti-
cal software (SPSS Inc, Chicago, IL, USA). The 
measurement data were expressed by XS. The 
measurement data were compared using anal-
ysis of variance. t test was used for the two-two 
comparison between groups. P < 0.05 showed 
that the difference had statistical significance.

Figure 1. Comparison of VEGF mRNA and protein in brain tissues in different treatment groups. A. VEGF mRNA in 
brain tissues in different treatment groups were analyzed by real-time fluorescence quantitative PCR; B. VEGF pro-
tein in brain tissues in different treatment groups were analyzed by Western blot; C. Quantitative analysis results of 
Western blot.



VEGF protects brain neuronal function

4097	 Int J Clin Exp Med 2015;8(3):4094-4100

Results

Analysis of expression of lentivirus mediated 
VEGF in brain tissues

The level of VEGF mRNA in brain tissue in differ-
ent group of rats was analyzed using real-time 

fluorescence quantitative PCR. As shown in 
Figure 1A, compared with sham group, model 
group and vector group, the level of VEGF mRNA 
increased significantly in brain tissues of rats in 
VEGF group after treatment for 72 h (P < 0.05). 
Compared with sham group, the levels of VEGF 

Figure 2. Comparison of microvessel density of 
rat brain tissue in different treatment groups. A. 
Microvessel density of brain tissue displayed by 
CD31 (Magnification ×400); B. Microvessel den-
sity of brain tissue in different treatment groups 
by quantitative analysis.

Figure 3. Comparison of brain infarc-
tion areas of rats in different treatment 
groups. A. TTC staining results (Magni-
fication ×100); B. Quantitative analysis 
of brain infarction areas in sham group, 
model group, vector group and VEGF 
group.
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mRNA in brain tissue of rats in model group 
and vector group increased after treatment for 
72 h (P > 0.05), but were still significantly lower 
than that in VEGF group (P < 0.05). Western 
blot results showed that compared with sham 
group, the expression level of VEGF protein in 
brain tissue of the rats increased significantly 
in model group, vector group and VEGF group (P 
< 0.05). However compared with model group 
and vector group, the expression level of VEGF 
protein in brain tissue of the rats increased sig-
nificantly in VEGF group (P < 0.05) (Figure 1B).

Comparison of brain tissue neovascular den-
sity in different treatment groups 

The neovascular density of brain tissue in rats 
was analyzed by immunohistochemistry in four 
groups. The number of vascular tubular struc-
tures with CD31 positive in brain tissues of the 
rats in sham group was fewer, the vascular den-
sity in brain tissue of the rats in model group 
and vector group increased to a certain degree, 
but the vascular density in brain tissue of the 
rats in VEGF group significantly increased 
(Figure 2A). The results of quantitative analysis 
were shown in Figure 2B, compared with sham 
group, the vascular density in brain tissue of 
the rats in model group and vector group in- 
creased, but the difference was no statistically 
significant (P < 0.05), while compared with 
sham group, model group and vector group, the 
vascular density in brain tissue of the rats in 
VEGF group increased significantly and the dif-
ference was statistically significant (P < 0.05).

Comparison of brain infarction areas of rats in 
different treatment groups 

Cerebral ischemia for long time could lead to 
brain tissue apoptosis and necrosis. This 
research analyzed the effect of different treat-
ments on rat brain tissue infarction in quick 
succession. The infarct area was white after 

sham group and model group showed no statis-
tical significance with vector group (P < 0.05) 
(Figure 3B).

Comparison of cerebral neural function defect 
in different treatment groups

The evaluation of cerebral neural function 
defect degree of rats after different treatments 
for 24 h, 48 h and 72 h showed that compared 
with sham group, cerebral neural function 
defect degree of rats increased significantly in 
model group, vector group and VEGF group. 
With the increase of time, the injury degree was 
heavier. However the degree of neural function 
damage of rats in VEGF group decreased sig-
nificantly compared with model group and vec-
tor group and the difference was statistically 
significant (P < 0.05) (Table 1).

Discussion

Ischemic cerebral injury was one of the com-
mon clinical acute cerebral vascular diseases. 
The main means of the present treatment was 
to block the subsequent pathological changes 
of brain tissue penumbra cells by improving the 
hemodynamics parameters or other means, 
such as abnormal energy metabolism, electro-
lyte disturbances, large amount of free radicle 
release and a large number of apoptosis and 
necrosis of brain tissue, so as to protect pen-
umbra tissue and cell injury and improve the 
disease [14-16]. In recent years, there were the 
expressions of specific genes accompanied by 
cerebral tissue injury in clinical studies. The 
expressions of these genes compensatorily 
protected brain tissue.

VEGF was one of the numerous genes. VEGF 
was called as vascular endothelial cell growth 
factor, which could promote angiogenesis and 
played an important role in the process of phys-
iological and pathological neovascularization 

Table 1. Comparison of cerebral neural function defect in different 
treatment groups

Groups n Before  
treatment

After treatment
24 h 48 h 72 h

Sham group 15 0.29±0.18 0.31±0.15 0.23±0.15 0.15±0.10
Model group 15 3.24±0.78* 3.01±0.63* 2.87±0.56* 2.07±0.50*
Vector group 15 3.36±0.81* 2.96±0.52* 2.79±0.60* 2.14±0.47*
VEGF group 15 3.54±0.79*,#  2.01±0.53*,#  1.51±0.38*,# 0.65±0.32*,#

Note: Compared with sham group, *P < 0.05; Compared with Model group and Vector 
group, #P < 0.05.

coloration by TTC. The no- 
rmal brain tissue was red. 
The infarct tissue was 
separated and the infarc-
tion size was analyzed 
(Figure 3A). Compared 
with sham group, model 
group and vector group, 
the infarct size in brain 
tissue of rats in VEGF 
group decreased signifi-
cantly (P < 0.05), while 
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[17, 18]. Research showed that in acute cere-
bral infarction model, VEGF expression level in 
both sides of brain tissue was improved after 
the blood vessel was blocked for 1 day, among 
them the highest level was in the edge of infarc-
tion [19]. Another study also showed that VEGF 
expressed in cerebral ischemia center and 
brain tissue to a certain degree after ischemia 
for 2 d [20]. Our study also showed the level of 
VEGF in brain tissue of rats increased com-
pared with sham group after modeling, but 
which was not statistically significant. This phe-
nomenon suggested that the up-regulation of 
VEGF in brain tissue might be a compensatory 
phenomenon and was a self protective mecha-
nism of body, so as to promote neovasculariza-
tion, increase the blood supply of ischemic tis-
sues and decrease brain tissue apoptosis and 
necrosis. However this protection mechanism 
was limited. Therefore exogenous VEGF could 
achieve the purposes of promoting brain tissue 
angiogenesis, improving cerebral blood supply, 
oxygen supply and protect brain function.

The exogenous VEGF mediated by lentivirus 
was expressed in brain tissue. The results 
showed that lentivirus could successfully medi-
ate the expression of VEGF plasmid in brain tis-
sue. The expression level of VEGF mRNA and 
protein in brain tissue of rats increased obvi-
ously in VEGF group. Meanwhile the neovascu-
larization density of brain tissue of rats in VEGF 
group increased significantly by immunohisto-
chemistry, which was significantly higher than 
those in sham group, model group and vector 
group, indicating that VEGF plasmid mediated 
by lentivirus expressed the activated VEGF in 
brain tissue and promoted neovascularization 
in brain ischemic tissue. This had the vital sig-
nificance to improve ischemic brain tissue. The 
experiment further analyzed the infarct area in 
brain tissue of rats after different treatments. 
The results showed that the infarction area of 
brain tissue of rats in VEGF group significantly 
decreased than those in model group and vec-
tor group, suggesting that neovascularization 
promoted by VEGF could alleviate cerebral isch-
emia in a certain extent, thereby to reduce the 
degree of brain tissue apoptosis and necrosis 
and reduce the infarct area. Neural function 
was one of the indicators reflecting brain tissue 
injury degree. Research results showed that 
cerebral neural function defect degree of rat in 
VEGF group was significantly lower than those 
in model group and vector group, but still higher 

than that in sham group, suggesting that lenti-
virus mediated VEGF had a certain protective 
function on cerebral ischemic injury.

In conclusion, the expression of VEGF mediated 
by lentivirus could promote neovascularization 
in brain tissue, improve cerebral ischemia con-
dition in a great extent, thereby to reduce cere-
bral ischemic injury.
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