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Abstract. Effect of micro ribonucleic acid (miR)-130a on 
neuronal apoptosis in rats with cerebral infarction (CI) was 
studied to explore whether phosphatase and tensin homolog 
deleted on chromosome ten (PTEN)/phosphatidylino-
sitol 3-hydroxy kinase (PI3K)/protein kinase B (Akt) is 
involved in the regulation of neuronal apoptosis. Thirty-six 
Sprague-Dawley (SD) rats were randomly divided into blank 
control group, model group and miR-130a low-expression 
group. miR-130a was determined by quantitative poly-
merase chain reaction (qPCR), the content of tumor necrosis 
factor-α (TNF-α), interleukin-6 (IL-6) and IL-10 was detected 
using the enzyme-linked immunosorbent assay (ELISA) kits, 
and the neuronal apoptosis level in each group was determined 
through terminal deoxynucleotidyl transferase-mediated 
dUTP nick end labeling (TUNEL) staining. The neurobehav-
ioral score was significantly lower in model group than that in 
blank control group (P<0.01), while it was significantly higher 
in miR-130a low-expression group than that in model group 
(P<0.01). Compared with blank control group, the model 
group had obviously increased content of TNF-α and IL-6 
(P<0.01), decreased content of IL-10 (P<0.01), more apoptotic 
neurons (P<0.01), higher expression of caspase-3 (P<0.01), and 
obviously lower Bcl-2/Bax (P<0.01). Moreover, expression of 
phosphorylated (p)-PTEN, PI3K and p-Akt in brain tissues was 
remarkably lower in the model group than those in the blank 
control group (P<0.01). The expression level of miR-130a in 
brain tissues of CI rats is significantly increased. miR‑130a 
promotes the release of inflammatory factors and facilitates 

neuronal apoptosis through suppressing the PTEN/PI3K/Akt 
signaling pathway.

Introduction

Stroke is one of the diseases seriously endangering human 
life health. According to the epidemiological survey of the 
World Health Organization, the number of deaths due to 
stroke ranks 2nd among all major diseases, and stroke is 
characterized by acute onset, a high mortality rate and many 
complications. China has gradually stepped into the stage of 
population aging, and stroke has become the first major cause 
of deaths (1,2). Stroke has high mortality and disability rates, 
and edema will occur rapidly with space occupation after cere-
bral infarction (CI), leading to intracranial hypertension and 
cerebral hernia, and resulting in death (3). Currently, imaging 
is an important technique for diagnosing and evaluating the 
severity of CI, and there is a large amount of research evidence 
that the volume of cerebral edema after CI is closely related 
to the treatment and prognosis of CI patients (4-6). However, 
the volume of edema cannot be detected by imaging until the 
disease occurs, causing a lag effect, so it is vitally important to 
search for new indexes for the diagnosis and prediction of the 
therapeutic effect and prognosis of CI patients.

A large amount of research evidence has confirmed that 
micro ribonucleic acids (miRNAs) are involved in regulating 
various pathophysiological processes, which are closely 
related to cell apoptosis, proliferation and individual devel-
opment (7,8). Tan et al (9) analyzed the tissue samples of 
stroke patients using bioinformatics, and found that stroke 
will cause significant changes in the expression of miRNAs. 
Ding et al (10) found that the expression level of miR-130a 
significantly increases after ischemia-reperfusion, and it 
is closely related to the therapeutic effect and prognosis of 
patients. The role of phosphatase and tensin homolog deleted 
on chromosome ten (PTEN), as a cancer suppressor gene with 
phosphatase activity, in brain injury has gradually received 
attention, and strong research evidence exists to support the 
close correlation of PTEN with neuronal proliferation and 
apoptosis. Furthermore, PTEN can also activate the down-
stream phosphatidylinositol 3-hydroxy kinase (PI3K)/protein 
kinase B (Akt) signaling pathway, and participate in the stress 
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induced by cerebral ischemia-reperfusion (11). However, there 
is scarce literature on the effects of miR-130a on cerebral 
ischemia and PTEN/PI3K/Akt signaling pathway at present. 
Therefore, in this study, the rat model of CI was established 
to evaluate the effect of miR-130a on neuronal injury in CI 
rats and whether the PTEN/PI3K/Akt signaling pathway is 
involved in the regulation of this process.

Materials and methods

Laboratory animals and grouping. Thirty-six male 
Sprague-Dawley (SD) rats (250-280 g) were adaptively fed 
in a specific pathogen‑free environment for 1 week under 
the temperature of 23±2˚C, humidity of 45±5% and regular 
circadian rhythm and had free access to food and water. At 
12 h before the experiment, the rats were deprived of food, 
not water.

The above rats were randomly divided into blank control 
group (n=12), model group (n=12) and miR-130a low-expression 
group (n=12). No treatment was performed in blank control 
group, and the CI model was established in the model group 
and miR-130a low-expression group. miR-130a inhibitor nega-
tive control was injected into the lateral ventricle of rats before 
modeling in the model group, while miR-130a inhibitors were 
injected into the lateral ventricle of rats before modeling in the 
miR-130a low-expression group. This research was approved 
by the Animal Ethics Committee of the Animal Center of the 
Third People's Hospital of Wuxi (Wuxi, China).

Injection of miR‑130a inhibitors into lateral ventricle. The 
miR-130a inhibitors and miR-130a inhibitor negative control 
were purchased from Shanghai GenePharma Co., Ltd. 
The lyophilized powder was diluted with RNase-free 
H2O to a concentration of 200 µmol/l and incubated at 
room temperature for 5 min. Then it was gently mixed 
with Lipofectamine™ 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) diluted with serum‑free Dulbecco's modi-
fied Eagle's medium (DMEM) (Gibco; Thermo Fisher 
Scientific, Inc.) and incubated at room temperature for 5 min. 
Lipofectamine™ 2000 was mixed with miR-130a inhibitors 
and miR-130a inhibitor negative control, respectively, incu-
bated at room temperature for 20 min and stored for later use. 
After the rats were anesthetized with 10% chloral hydrate 
via intraperitoneal injection at a dose of 300-350 mg/kg, the 
head skin was cut to expose the anterior fontanel, and the 
rats were fixed on a stereotaxic apparatus. No rat exhibited 
signs of peritonitis after the administration of 10% chloral 
hydrate. With the anterior fontanel as the original point, the 
parameters of the stereotaxic apparatus were adjusted to: 
0.8 mm (P), 1.5 mm (R), and 4.5 mm (V). Then the skull was 
drilled, from which the miR-130a inhibitors and miR-130a 
inhibitor negative control were injected. After 60 min, the rat 
model of CI was established.

Establishment of CI model. After anesthesia via 10% chloral 
hydrate by intraperitoneal injection at a dose of 300-350 mg/kg, 
the rats were fixed on a plate in a supine position, and the neck 
hair was shaved off. No rat exhibited signs of peritonitis after 
the administration of 10% chloral hydrate. A longitudinal 
incision was made in the middle-right line of the neck, and 

the subcutaneous tissues were separated using surgical instru-
ments. The distal external carotid artery was ligated with the 
thread, and the common carotid artery and internal carotid 
artery were clamped with artery clamps. A small incision was 
made in the external carotid artery, from which the suture was 
inserted. Then the artery clamps in the internal carotid artery 
were released, and the suture was reversely inserted into the 
internal carotid artery to block the blood supply of the middle 
cerebral artery. After that, the rats were fed in separate cages 
until resuscitation, and the water drinking status and wounds 
were observed. In blank control group, the suture was not 
inserted, and the remaining operations were the same as those 
in the model group.

Evaluation of behavioral changes in rats via behavioral 
experiments. At 3 days after modeling, the behavioral changes 
of rats in each group were evaluated using the following 
three behavioral experiments: i) Rotation response: 0 points, 
no rotation; 2 points, rotation towards the affected side; and 
4 points, spontaneous rotation or death. ii) Forepaw grip: The 
rats in each group were suspended using the wire rope at 60 cm 
above the ground, with the hind limbs away from the ground. 
The score was given based on the suspension time: 0 point, 
>20 sec; 2 points, <10 sec; 3 points, the rats fell immediately 
after catching the rope; and 4 points, the rats could not catch 
the rope. iii) Crossbar walking: The rats were put on a crossbar 
(2 cm wide and 60 cm long), and their passage was recorded. 
0 point: The rats went across the crossbar, 1 point, the rats fell 
from the crossbar after 30 cm; 2 points, the rats fell from the 
crossbar before 30 cm; 3 points, the rats lay on the crossbar 
and did not walk; 4 points, the rats fell immediately. After 
behavioral experiments, the rats in each group were sacrificed 
immediately, and the whole brain was taken out. The tissues 
around the hemorrhagic hemisphere were isolated and stored 
at ‑80˚C for later use.

Detection of miR‑130a expression level in brain tissues using 
quantitative polymerase chain reaction (qPCR). At 3 days 
after modeling, the rats in each group were sacrificed imme-
diately, and the tissues around the hemorrhagic hemisphere 
were isolated and weighed. Then the tissues were added with 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
at a mass/volume ratio of 100 mg/ml, homogenized using a 
homogenizer and placed at room temperature for 10 min. 
Chloroform (200 µl) was added and the mixture was placed 
at room temperature for 5 min, followed by centrifugation at 
10,500 x g and 4˚C for 10 min. Then the supernatant was taken 
into new centrifuge tubes, and the total RNA was extracted 
according to instructions of the RNA extraction kit (Vazyme). 
The absorbance (A)260/A280 and optical density (OD) value of 
total RNA were determined, the quality and concentration of 
RNA were evaluated, and RNA was stored at ‑30˚C for later 
use. The reverse transcription system was prepared in strict 
accordance with the instructions of the reverse transcrip-
tion kit (Vazyme), and the PCR conditions were: at 37˚C for 
15 min and at 85˚C for 5 min. Moreover, the qPCR system was 
prepared for amplification, as follows: pre‑denaturation at 95˚C 
for 30 sec; PCR: at 95˚C for 5 sec, at 60˚C for 30 sec, for a total 
of 40 cycles. With β-actin as an internal reference, the primers 
were synthesized by Invitrogen; Thermo Fisher Scientific, 
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Inc. (Table I). The relative expression level of miR-130a was 
calculated using 2-ΔΔCt, and expressed as miR-130a/β-actin.

Determination of content of inflammatory factors. At 3 days 
after modeling, the rats in each group were sacrificed imme-
diately, and the tissues around the hemorrhagic hemisphere 
were isolated. Then inflammatory factors in brain tissues 
were measured using the enzyme-linked immunosorbent 
assay (ELISA) kits of tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6) and IL-10 (Wuhan Boster Biological 
Technology Co., Ltd.) in strict accordance with the instruc-
tions, and recorded in detail.

Determination of the number of apoptotic cells using 
terminal deoxynucleotidyl transferase‑mediated dUTP nick 
end labeling (TUNEL) staining. At 3 days after modeling, 
the rats in each group were sacrificed immediately, and the 
tissues around the hemorrhagic hemisphere were isolated and 
prepared into paraffin sections. The neuronal apoptosis level 
of brain tissues in each group was detected through TUNEL 
staining: After deparaffinization, the paraffin sections were 
treated with 3% hydrogen peroxide for 10 min, rinsed with 
phosphate-buffered saline (PBS) 3 times, dropwise added with 
proteinase K solution, and incubated in a wet box at 37˚C for 
10 min. After sections were rinsed with PBS 3 times, they were 
dropwise added with mixed solution of TdT and DIG-d-UTP, 
and incubated in the wet box at 4˚C for 2 h. After sections 
were rinsed with PBS 3 times, they were sealed with 40 µl of 
blocking buffer at room temperature for 30 min, dropwise added 
with antibodies (1:100) and incubated in a wet box at 37˚C for 
30 min. After sections were rinsed with PBS 3 times, they were 
dropwise added with the SABC-FITC secondary antibody 
(1:100) for incubation in the wet box at 37˚C for 30 min, and 
rinsed again with PBS 3 times. Finally, the sections were added 
dropwise with anti‑fluorescence quenching blocking buffer, 
and observed and photographed under a confocal fluorescence 
microscope. The number of TUNEL-positive cells in the 
hemorrhagic hemisphere was recorded to evaluate the neuronal 
apoptosis level (the TUNEL-positive cells displayed yellow 
green fluorescence).

Detection of related protein expression through western 
blotting. At 3 days after modeling, the rats in each group 
were sacrificed immediately, and the tissues around the 
hemorrhagic hemisphere were isolated, weighed and added 
with radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beijing TDY Biotech Co., Ltd.) at a mass/volume ratio 
of 100 mg/ml, as well as 1% phosphatase inhibitor and 
1% protease inhibitor, followed by homogenization using 
the homogenizer, standing at room temperature for 10 min 
and centrifugation at 10,000 x g and 4˚C for 10 min. Then 

the supernatant was taken into new centrifuge tubes as the 
total protein, and the total protein was quantified using the 
bicinchoninic acid (BCA) protein assay kit (Pierce; Thermo 
Fisher Scientific, Inc.).

The total protein in each group was diluted with loading 
buffer until the same concentration, and boiled for 10 min for 
inactivation. After the sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE) gel was prepared, 
an equal volume of protein samples was added for electro-
phoresis under 80 V until the blue band reached the end of 
separation gel. After that, the protein was transferred onto 
a polyvinylidene fluoride (PVDF) membranes (Millipore) 
using the wet method under the constant pressure of 
100 V for 90 min. Then the protein band was sealed with 
freshly‑prepared 5% skim milk powder for 1 h, and the target 
band was cut and incubated with the primary antibodies of 
caspase-3 (1:1,000), B-cell lymphoma-2 (Bcl-2) associated X 
protein (Bax) (1:1,000), Bcl-2 (1:1,000), phosphorylated 
(p)-PTEN (1:1,000), PTEN (1:1,000), PI3K (1:1,000), p-Akt 
(1:1,000), Akt (1:1,000) and GAPDH (internal reference 
antibody, 1:1,000) (all from Cell Signaling Technology, Inc.) 
at 4˚C overnight. The band was washed with Tris‑buffered 
saline with Tween-20 (TBST) 3 times (5 min/time), incubated 
again with the horseradish peroxidase-labeled goat anti-rabbit 
secondary antibody (1:5,000; Shanghai Yihyson Biological 
Co., Ltd.) at room temperature for 1 h and washed again with 
TBST 3 times (5 min/time). Then an appropriate amount of 
electrochemiluminescence (ECL) solution was added to each 
band, followed by color development using the developing 
instrument. The results were processed using ImageJ, and the 
expression level of each protein was calculated.

Statistical analysis. The data in this study were expressed as 
mean ± standard deviation. Statistical Product and Service 
Solutions (SPSS) 22.0 software (IBM, Corp.) was used for the 
data processing. The t-test was used for analyzing measure-
ment data. Differences between two groups were analyzed by 
using the Student's t-test. Comparison between multiple groups 
was done using One-way ANOVA test followed by Post Hoc 
Test (Least Significant Difference). P<0.05 indicates that the 
difference was statistically significant.

Results

Neurological function of rats. The neurological function of 
rats in each group was evaluated using behavioral experiments. 
As shown in Fig. 1, the scores in rotation test, traction test 
and crossbar test were significantly higher in the model group 
than those in the blank control group (P<0.01, P<0.01, P<0.01), 
while they significantly declined after intervention with 
miR-130a inhibitors (P<0.01, P<0.01, P<0.01, respectively).

Table I. Primers used in this study.

Gene Forward primer Reverse primer

miR-130a 5'-CAGTGCAATGTTAAAAGGGCAT-3' 5'-CTCGCTTCGGCAGCACA-3'
β-actin 5'-AACCGTCGGGGACGGAT-3' 5'-TGGCGATCAGACGCAGGTC-3'
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Expression of miR‑130a in brain tissues. The relative 
expression level of miR-130a in CI tissues in each group was 
detected via qPCR. As shown in Fig. 2, the expression level 
of miR-130a in CI tissues was obviously increased in model 
group (P<0.01), while it obviously declined in miR-130a 
low-expression group after intervention with miR-130a 
inhibitors (P<0.01).

Content of inflammatory factors in brain tissues. The content 
of inflammatory factors in CI tissues in each group was deter-
mined using the ELISA kits. The results showed that compared 
with blank control group, model group had evidently increased 
content of IL-6 and TNF-α in brain tissues (P<0.01) and 
evidently decreased content of IL-10 (P<0.01). After interven-
tion with miR-130a inhibitors, the content of IL-6 and TNF-α 
in brain tissues evidently declined (P<0.01) and that of IL-10 

was evidently increased (P<0.01) in miR-130a low-expression 
group (Fig. 3).

Neuronal injury in brain tissues. The neuronal apoptosis level 
of CI tissues in each group was detected through TUNEL 
staining, and the number of TUNEL-positive cells was counted 
to indicate the number of apoptotic neurons. It was found that 
the number of TUNEL-positive cells was obviously larger in 
model group than that in blank control group (P<0.01), while it 
was obviously smaller in miR-130a low-expression group than 
that in model group (P<0.01) (Fig. 4).

Expression levels of apoptosis proteins in brain tissues. The 
expression levels of apoptosis-related proteins in CI tissues in 
each group were detected using western blotting. The results 
revealed that compared with blank control group, model group 
had a remarkably lower expression of Bcl-2/Bax (P<0.01) and 
a remarkably higher expression of caspase-3 in brain tissues 
(P<0.01). Compared with model group, miR-130a low-expres-
sion group had a remarkably higher expression of Bcl-2/Bax 
(P<0.01) and a remarkably lower expression of caspase-3 in 
brain tissues (P<0.01) (Fig. 5).

Expression levels of PTEN/PI3K/Akt pathway‑related proteins 
in brain tissues. The expression levels of PTEN/PI3K/Akt 
signaling pathway-related proteins in CI tissues in each group 
were also detected using western blotting. As shown in Fig. 6, 
the expression of p-PTEN, PI3K and p-Akt in brain tissues was 
remarkably lower in model group than those in blank control 
group (P<0.01), while inhibiting the expression of miR-130a 
remarkably increased the expression of p-PTEN, PI3K and 
p-Akt in brain tissues in the model group (P<0.01).

Discussion

Hemorrhagic stroke is a serious disease leading to death, and 
a large amount of research evidence demonstrates that the 
volume of hematoma in CI and the complications of patients 
are important factors affecting prognosis, which can be used 
to evaluate the prognosis of CI patients (12). MiRNAs are a 

Figure 1. Neurological function of rats in each group evaluated using behavioral experiments. (A) Rotation test, (B) traction test, and (C) crossbar test. The 
scores in rotation test, traction test and crossbar test are significantly higher in model group than those in blank control group, while they are significantly lower 
in miR-130a low-expression group than those in model group. ##P<0.01 vs. blank control group; **P<0.01 vs. model group.

Figure 2. Expression of miR-130a in brain tissues in each group detected 
using qPCR. The expression level of miR-130a in brain tissues is obviously 
higher in model group than that in blank control group, while it is obvi-
ously lower in miR-130a low-expression group than that in model group. 
##P<0.01 vs. blank control group; **P<0.01 vs. model group.
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group of non-coding RNAs that play regulatory roles in vivo, 
and they widely exist in many eukaryotic organisms, which 
are closely related to the individual development, energy 
metabolism, cell proliferation and apoptosis (13). For example, 
Selvamani et al (14) found that such miRNAs as miR-21 and 
miR-181b are involved in the formation of cerebral edema, and 
they are important factors affecting the prognosis of stroke 
patients. miR-130a is an anti-angiogenic transcription factor. The 
study of Jiang et al (15) showed that the expression of miR-130a 
is positively proportional to the cerebral water content in rats 

with cerebral edema, suggesting that miR-130a may be associ-
ated with the formation of cerebral edema (16). Furthermore, 
Altintas et al (17) found that miR-130a also plays an important 
regulatory role in diabetic rats with transient CI. In the present 
study, the rat model of CI was established. It was found that the 
expression level of miR-130a in CI tissues in model group was 
significantly increased, and the results of behavioral experiments 
revealed that there was severe neurological injury in model 
group. After intervention in the expression of miR-130a in brain 
tissues, the neurological function was effectively restored. The 

Figure 3. Content of inflammatory factors in brain tissues in each group. (A) Content of IL‑6, (B) content of IL‑10, and (C) content of TNF‑α. Compared 
with blank control group, model group has evidently increased content of IL-6 and TNF-α in brain tissues and evidently decreased content of IL-10. 
##P<0.01 vs. blank control group; **P<0.01 vs. model group. IL, interleukin; TNF-α, tumor necrosis factor-α.

Figure 4. Neuronal apoptosis level in each group detected through TUNEL staining. (A) Micrograph, and (B) Statistical graph (scale bar, 50 µm). The 
number of TUNEL-positive cells in brain tissues is obviously larger in model group than that in blank control group and miR-130a low-expression group. 
##P<0.01 vs. blank control group; **P<0.01 vs. model group.
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Figure 5. Expression levels of apoptosis-related proteins in CI tissues in each group. (A) Protein bands, (B) statistical graph of Bcl-2/Bax, and (C) statis-
tical graph of caspase-3. The expression of Bcl-2/Bax in CI tissues in model group is remarkably lower than that in blank control group and miR-130a 
low-expression group. The expression of caspase-3 is remarkably higher in model group than that in blank control group and miR-130a low-expression group. 
##P<0.01 vs. blank control group; **P<0.01 vs. model group. CI, cerebral infarction; Bcl-2, B-cell lymphoma-2; Bax, associated X protein.

Figure 6. Expression levels of PTEN/PI3K/Akt pathway-related proteins in brain tissues in each group. (A) Protein bands, (B) expression level of p-PTEN, 
(C) expression level of PI3K, and (D) expression level of p‑Akt. The expression of p‑PTEN, PI3K and p‑Akt in brain tissues in model group is significantly 
lower than those in blank control group and miR-130a low-expression group. ##P<0.01 vs. blank control group; **P<0.01 vs. model group. PTEN, phosphatase 
and tensin homolog deleted on chromosome ten; PI3K, phosphatidylinositol 3-hydroxy kinase; Akt, protein kinase B. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  19:  2119-2126,  2020 2125

above findings indicate that the high expression of miR‑130a 
may be closely related to brain injury in CI rats.

PTEN is a cancer suppressor gene with phosphatase activity, 
and it has been proven to be involved in cell invasion, migra-
tion and apoptosis (18). PI3K is the most important substrate for 
PTEN and an important messenger for cell proliferation, and 
PTEN can specifically act on PI3K to regulate the phosphoryla-
tion of Akt. p-Akt can directly or indirectly regulate the activity 
of apoptosis proteins, thereby disturbing cell proliferation and 
arresting cell cycle, and ultimately leading to apoptosis (19). 
After phosphorylation of PTEN, structural instability will 
be caused and phosphatase activity will be lost (20). In this 
study, it was found that after CI for 3 days, the expression 
level of p-PTEN in brain tissues in each group was obviously 
decreased, and the expression levels of PI3K and p-Akt in 
brain tissues of CI rats also obviously declined, suggesting 
that CI will reduce the phosphorylation level of PTEN in brain 
tissues, thus inhibiting PI3K/Akt and resulting in neuronal 
injury in rats. Moreover, in this study, the neuronal apoptosis 
level in brain tissues of CI rats was obviously increased, and 
the levels of pro‑inflammatory factors IL‑6 and TNF‑α signifi-
cantly increased, while the level of anti‑inflammatory factor 
IL-10 significantly declined. In addition, obvious changes 
were observed in the expression of apoptosis-related proteins 
Bcl-2/Bax and caspase-3. The above results highly demonstrate 
that the mechanism of CI may be that the phosphorylation 
of PTEN is suppressed, thereby inhibiting the activity of the 
PI3K/Akt signaling pathway, and causing neuronal injury and 
neuronal apoptosis. Besides, inflammatory factors are the basic 
substances causing inflammation, and their content evidently 
increases in brain tissues after CI, which can lead to the acti-
vation and infiltration of inflammatory cells in brain tissues, 
thereby producing a direct toxic effect on neurons in brain 
tissues and inducing cerebral edema (21).

In conclusion, CI can significantly raise the expression level 
of miR-130a in brain tissues in rats, thereby promoting the 
release of inflammatory factors and enhancing the neuronal 
apoptosis through inhibiting the PTEN/PI3K/Akt signaling 
pathway, ultimately causing typical symptoms of neurological 
injury in rats. The expression level of miR-130a may serve as 
an important index for evaluating the brain injury and prog-
nosis of CI patients.
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