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Abstract. – OBJECTIVE: The aim of this 
study was to explore the influence of micro ri-
bonucleic acid (miR)-29 on neuronal apoptosis 
in rats with cerebral infarction by regulating the 
protein kinase B (Akt) signaling pathway. 

MATERIALS AND METHODS: A total of 36 
Sprague-Dawley rats were randomly divided in-
to three groups, including: Sham group (n=12), 
Model group (n=12), and Inhibitor group (n=12). 
Common carotid artery, external carotid artery, 
and internal carotid artery were only exposed in 
the Sham group. However, the ischemia-reper-
fusion model was established by the suture 
method in the other two groups. After model-
ing, artificial cerebrospinal fluid was injected 
into the lateral ventricle in the rats of the Sh-
am and Model groups. Similarly, miR-29 inhibi-
tor was injected into the lateral ventricle in the 
rats of the Inhibitor group. At 24 h postopera-
tively, the sampling was performed. Zea-Lon-
ga score was used to evaluate the neurological 
deficit of rats. Meanwhile, the expressions of 
B-cell lymphoma 2 (Bcl-2) and Bcl-2 associated 
X protein (Bax) in cerebral tissues were detect-
ed via immunohistochemistry. The protein ex-
pression levels of Akt and phosphorylated Akt 
(p-Akt) were determined using Western blotting. 
Furthermore, the expression of miR-29 and cell 
apoptosis were detected via quantitative Poly-
merase Chain Reaction (qPCR) and terminal de-
oxynucleotidyl transferase (TdT) dUTP nick-end 
labeling (TUNEL) assay, respectively. 

RESULTS: Compared with Sham group, Mod-
el, and Inhibitor groups had substantially raised 
the Zea-Longa scores (p<0.05). The Zea-Lon-
ga score in the Model group was markedly low-
er than that of the Inhibitor group (p<0.05). The 
positive expression level of Bax was remark-
ably upregulated (p<0.05). However, the posi-
tive expression level of Bcl-2 declined dramat-
ically in both Model group and Inhibitor group 
when compared with the Sham group (p<0.05). 
Besides, the Model group exhibited significantly 
lower positive expression level of Bax and high-

er positive expression level of Bcl-2 than the In-
hibitor group (p<0.05). The relative protein ex-
pression level of p-Akt markedly increased in 
the Model and Inhibitor groups when compared 
with the Sham group (p<0.05). However, it was 
considerably higher in the Model group than 
that of the Inhibitor group (p<0.05). In compari-
son with the Sham group, both Model group and 
Inhibitor group exerted substantially elevated 
expression level of miR-29 (p<0.05). The relative 
expression level of miR-29 in the Model group 
was significantly upregulated when compared 
with the Inhibitor group (p<0.05). The apopto-
sis rate of cells in both Model group and Inhib-
itor group was markedly higher than that of the 
Sham group (p<0.05). Furthermore, the Model 
group showed remarkably lower apoptosis rate 
than the Inhibitor group (p<0.05). 

CONCLUSIONS: MiR-29 inhibits neuronal 
apoptosis in cerebral infarction rats by upreg-
ulating the Akt signaling pathway, thereby serv-
ing as a protector.
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Introduction

Cerebral infarction has become one of the 
most common cerebrovascular diseases clinical-
ly, which is due to the reason that the aging of 
the population is getting worse, and people’s 
lifestyles are changing. Patients with cerebral 
infarction tend to have sequelae, including speech 
dysfunction, limb motor dysfunction, and sen-
sory dysfunction. This may lead to a loss of 
labor ability, inability to live independently, and 
depression. It has been found that cerebral infarc-
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tion seriously affects the life quality of patients 
and poses a heavy burden to their family and 
the society1,2. In severe cases, cerebral infarction 
can even contribute to deaths, resulting in its 
high disability and mortality rates. Therefore, 
it is of great significance to effectively prevent 
and treat cerebral infarction and to reduce neu-
rological deficit-induced sequelae after cerebral 
infarction3,4. 

Cell apoptosis is a kind of programmed cell 
death. It acts as a crucial pathological reaction 
after cerebral infarction, showing an important 
influence on the repair of the nervous system. 
Therefore, the degree of neuronal apoptosis after 
cerebral infarction can affect the neurological 
deficit to a certain extent5,6. Furthermore, effec-
tively resisting neuronal apoptosis at early stages 
is considered to be one of the key steps for cere-
bral infarction treatment.

As an important cell signal transduction path-
way, the protein kinase B (Akt) signaling pathway 
acts as a pivotal mediator in numerous processes, 
including cell proliferation, differentiation, apop-
tosis, and necrosis. Meanwhile, it plays vital roles 
in the nervous system injury repair and remodel-
ing7,8. Many studies9 have demonstrated that Akt 
signaling pathway is a canonical anti-apoptosis 
pathway that can be activated by injurious stim-
uli to inhibit cell apoptosis after injury. Micro 
ribonucleic acid (miR)-29 is a non-coding RNA 
in organisms. It has been indicated to regulate 
several downstream signaling pathways, thereby 
exerting such effects as anti-apoptosis. However, 
its anti-apoptotic mechanism remains unclear. 
The aim of the present study was to explore the 
influence of miR-29 on neuronal apoptosis in 
cerebral infarction rats by regulating the Akt 
signaling pathway.

Materials and Methods

Laboratory Animals
A total of 36 specific pathogen-free laborato-

ry Sprague-Dawley (SD) rats aged 1-month-old 
[Shanghai SLAC Laboratory Animal Co., Ltd., 
certificate No.: SCXK (Shanghai, China) 2014-
0003] were enrolled in this investigation. All rats 
were fed with a normal diet and sterile filtered 
water daily in the Experimental Animal Center, 
with a 12-12 h light-dark cycle and normal room 
temperature and humidity. This study was ap-
proved by the Animal Ethics Committee of Kun-
ming Medical University Animal Center.

Experimental Reagents and Instruments
The main reagents were: miR-29 inhibitor (Ge-

nePharma Co., Ltd., Shanghai, China), primary 
antibodies: anti-Akt antibody, anti-phosphorylat-
ed Akt (p-Akt) antibody, anti-B-cell lymphoma 
2 (Bcl-2) antibody and anti-Bcl-2 associated X 
protein (Bax) antibody and secondary antibodies 
(Abcam, Cambridge, MA, USA), immunohis-
tochemistry kit, AceQ quantitative polymerase 
chain reaction (qPCR) SYBR Green Master Mix 
kit and Hi Script II Q Reverse Transcriptase Su-
perMix for qPCR [+genomic deoxyribonucleic 
acid (+gDNA) wiper] kit (Vazyme Biotechnology, 
Nanjing, China), optical microscope (Leica DMI 
4000B/DFC425C, Wetzlar, Germany), and fluo-
rescence quantitative PCR instrument (ABI 7500, 
Applied Biosystems, Foster City, CA, USA).

Animal Grouping and Treatment 
in Each Group

36 SD rats were randomly assigned into three 
groups, including: Sham group (n=12), Model 
group (n=12), and Inhibitor group (n=12) using 
a random number table. All rats were adaptively 
fed in the Experimental Animal Center for 7 d for 
subsequent experiments.

Common carotid artery, external carotid ar-
tery, and internal carotid artery were only ex-
posed in the Sham group. However, the cerebral 
infarction model was prepared in the Model 
group and Inhibitor group. After the operation, 
the lateral ventricle was injected with miR-29 in-
hibitor dissolved in artificial cerebrospinal fluid at 
a concentration of 20 μmol/L in Inhibitor group. 
Similarly, the lateral ventricle was injected with 
miR-29 inhibitor and dissolved in artificial cere-
brospinal fluid in the Sham and Model groups. At 
24 h after operation, sampling was conducted in 
each group.

Preparation of Cerebral Infarction Model
After successful anesthesia via intraperitoneal 

injection of 10% chloral hydrate at a dose of 3 
mL/kg, the rats were fixed in the supine position. 
The neck was shaved, disinfected, and covered 
with a sterile towel. Then, a 2 cm-long longitu-
dinal incision was made at the anterior midline 
of the rat neck, followed by careful separation 
and exposure of the common carotid artery, ex-
ternal carotid artery, and internal carotid artery. 
Subsequently, these carotid arteries were ligated 
using silk threads, and the internal carotid ar-
tery was clamped using vascular forceps. Next, 
an intraluminal thread was inserted from the 
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common carotid artery and pushed slowly to 
the middle cerebral artery branch, with vascular 
forceps loosed. Then, the internal carotid artery 
was ligated again, and the intraluminal thread 
was fixed. Finally, the incision was rinsed with 
normal saline and sutured, while timing started. 
After 90 min of vascular occlusion, the intralumi-
nal thread was slowly drawn out.

Sampling
After successful anesthesia, the samples were 

directly obtained from 6 rats in each group. Brief-
ly, the cerebral tissues were directly taken out 
and rinsed with normal saline. Then, the samples 
were placed in Eppendorf (EP; Hamburg, Germa-
ny) tubes and stored at -80°C for use. The remain-
ing 6 rats in each group were fixed by perfusion 
for sampling as follows: the thoracic cavity of 
rats was first cut open to expose the heart. Then, 
the left atrial appendage was perfused with 400 
mL of 4% paraformaldehyde. Next, the cerebral 
tissues were obtained and fixed with 4% parafor-
maldehyde for subsequent experiments.

Zea-Longa Score
At 24 h after operation, the neurological deficit 

of rats was evaluated using the Zea-Longa score 
according to the symptoms and performance of 
rats. Zea-Longa score was shown in Table I.

Immunohistochemistry
Pre-paraffin-embedded tissues were first made 

into 5 μm-thick sections. The tissues were placed 
in 42°C warm water for extending, mounting, 
and baking, followed by preparation into paraf-
fin-embedded tissue sections. Then, the sections 
were routinely de-paraffinized and dehydrated 
by soaking in the xylene solution and gradient 
ethanol successively until hydration. Subsequent-
ly, the sections were immersed in citrate buffer 
and heated repeatedly in a microwave oven for 3 
times (heating for 3 min and braising for 5 min 
per time) to remove the antigen completely. After 
rinsing, the sections were added dropwise with 

endogenous peroxidase blocker. After reaction 
for 10 min, the sections were rinsed and sealed 
with goat serum for 20 min. After discarding the 
goat serum sealing solution, the sections were 
incubated with anti-Bax and anti-Bcl-2 primary 
antibodies (1:200) in a refrigerator at 4°C over-
night. On the next day, the sections rinsed were 
added dropwise with the corresponding second-
ary antibody solution. After reaction for 10 min 
and fully rinsing, the sections were reacted with 
streptomycin avidin-peroxidase solution for 10 
min. Color development was performed using 
DAB. Finally, the cell nuclei were counterstained 
using hematoxylin, and the sections were sealed 
and observed.

Western Blotting
Cryopreserved cerebral tissues were added 

with lysis buffer, bathed on ice for 1 h and centri-
fuged at 14,000 g for 10 min. The concentration 
of the extracted protein was determined by the 
bicinchoninic acid (BCA; Pierce, Rockford, IL, 
USA). After separation via sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE), the protein samples were transferred on-
to polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). Then, the mem-
branes were incubated with sealing solution for 
1.5 h, followed by incubation with primary an-
tibodies of anti-AKT and anti-p-Akt primary 
antibodies (1:1,000) at 4°C overnight. On the next 
day, the membranes were incubated with corre-
sponding secondary antibodies (1:1,000) at room 
temperature for 2 h. Immuno-reactive bands were 
fully developed in the dark through reaction with 
chemiluminescent reagent for 1 min.

Quantitative Polymerase Chain Reaction 
(QPCR)

Cerebral tissues were first added with ribonu-
cleic acid (RNA) extraction reagent to extract the 
total RNA. Subsequently, extracted total RNA 
was reversely transcribed into complementary 
DNA (cDNA). PCR was performed in a 20 μL 

Table I. Zea-Longa score.

	 Score	 Symptoms

0 point	 No neurological deficit 
1 point 	 Mild: The right front paws cannot fully stretch when the tail is raised
2 points	 Moderate: The body rotates to the left during walking
3 points	 Severe: The body tumbles rightwards during walking
4 points	 Unable to spontaneously walk with loss of consciousness
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system under the following conditions: reaction 
at 53°C for 5 min, pre-denaturation at 95°C for 10 
min, denaturation at 95°C for 10 s, and annealing 
at 62°C for 30 s, for a total of 30 cycles. The ex-
pression level of target genes was calculated by 
the ΔCt method. The primer sequences used in 
this study were shown in Table II.

Terminal Deoxynucleotidyl 
Transferase (TdT) dUTP Nick-End 
Labeling (TUNEL) Assay

The tissues embedded in paraffin in advance 
were made into 5 μm-thick sections. Then, the 
tissues were extended, mounted, and baked in 
warm water at 42°C, followed by preparation into 
paraffin-embedded tissue sections. Subsequently, 
the sections were routinely de-paraffinized by im-
mersing in the xylene solution and hydrated in 
gradient ethanol. After reaction with proteinase K 
working solution at room temperature for 15 min, 
the sections were rinsed. Next, they were added 
dropwise with TUNEL reaction mixture and re-
acted at room temperature for 30 min. After rins-
ing with washing buffer and reaction stop buffer, 
the sections were reacted with DAB development 
solution for 15 s. The sections were rinsed again, 
and the cell nuclei were counterstained with hema-
toxylin. Finally, the sections were rinsed, sealed, 
and observed under a microscope.

Statistical Analysis
The Statistical Product and Service Solutions 

(SPSS) 20.0 software (IBM Corp., Armonk, NY, 
USA) was used for all statistical analysis. Enu-
meration data were expressed as mean ± standard 
deviation. t-test, corrected t-test, and nonpara-
metric test were performed for data conforming 
to normal distribution and homogeneity of vari-
ance, those fulfilling normal distribution and het-
erogeneity of variance, and those not in line with 
normal distribution and homogeneity of variance, 
respectively. One-way ANOVA was performed to 
compare the differences among different groups, 
followed by the post-hoc test (Least Significant 
Difference). Ranked and enumeration data were 

subjected to the rank-sum test and Chi-square 
test, respectively. p<0.05 was considered statisti-
cally significant.

Results

Zea-Longa Score
As shown in Figure 1, the Zea-Longa score 

was the lowest in the Sham group, and the highest 
in the Inhibitor group. Compared with the Sham 
group, the Zea-Longa score was dramatically 
raised in both Model group and Inhibitor group, 
displaying statistically significant differences 
(p<0.05). Meanwhile, the Model group exhibited 
substantially lower Zea-Longa score than that of 
the Inhibitor group (p<0.05).

Immunohistochemistry Detection Results
Tan represents a positive expression. In the 

present study, the Sham group exhibited fewer 
positive expressions of Bax, but a more positive 
expression of Bcl-2. However, both the Model 
group and Inhibitor group showed a more positive 
expression of Bax and fewer positive expression 
of Bcl-2 (Figure 2). According to the statisti-

Table II. Primer sequences.

	 Name	 Primer sequence

MiR-29	 Forward: 5’ GTGGCATTACATAGTCAGCA 3’
	 Reverse: 5’ CCCATTGGCGACAGCTTGGA 3’
GAPDH	 Forward: 5’ ACGGCAAGTTCAACGGCACAG 3’
	 Reverse: 5’ GAAGACGCCAGTAGACTCCACGAC 3’

Figure 1. Zea-Longa score in each group. Note: p*<0.05 
vs. Sham group, and p#<0.05 vs. Model group.
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cal results (Figure 3), compared with the Sham 
group, the average optical density of positively 
expressed Bax rose substantially in the Mod-
el and Inhibitor groups (p<0.05). However, the 
average optical density of positively expressed 
Bcl-2 was notably downregulated in the Model 
and Inhibitor groups, showing statistically signif-
icant differences (p<0.05). Meanwhile, the Model 
group showed significantly lower average optical 
density of positively expressed Bax and higher 
average optical density of positively expressed 
Bcl-2 than the Inhibitor group, with statistically 
significant differences (p<0.05).

Relative Expression Levels of 
Related Proteins Determined 
Via Western Blotting

As shown in Figure 4, the Sham group had 
significantly lower protein expression level of 
p-Akt than the Model group and Inhibitor group 

Figure 2. Expressions of Bax and Bcl-2 detected via immunohistochemistry (×200).

Figure 3. Average optical density of positive expressions 
in each group. Note: p*<0.05 vs. Sham group, and p#<0.05 
vs. Model group.
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(p<0.05). Statistical results indicated that the 
relative protein expression level of p-Akt was 
substantially elevated in the Model and Inhibitor 
groups when compared with the Sham group 
(p<0.05). Moreover, the relative protein expres-
sion level of p-Akt in the Model group was 
notably higher than that of the Inhibitor group 
(p<0.05). However, there were no statistically 
significant differences in the relative protein ex-
pression level of Akt among the three groups 
(p>0.05) (Figure 5).

Expression Level of mRNA Determined 
Via qPCR

Compared with the Sham group, the relative 
expression level of miR-29 was markedly upregu-
lated in the Model and Inhibitor groups (p<0.05). 
Furthermore, its relative expression level in the 

Model group was remarkably higher than that of 
the Inhibitor group, showing statistically signifi-
cant differences (p<0.05) (Figure 6).

Cell Apoptosis Detected Via TUNEL As-
say 

TUNEL assay demonstrated that both the 
Model group and Inhibitor group had substan-
tially higher cell apoptosis rate than the Sham 
group (p<0.05). Compared with that in the Inhib-
itor group, the cell apoptosis rate was markedly 
lowered in the Model group, with a statistically 
significant difference (p<0.05) (Figure 7).

Discussion

Cerebral infarction often occurs in the elderly, 
with numerous sequelae and even death in severe 
cases. The morbidity, disability, mortality and 
recurrence rates of cerebral infarction remain 
high. Cell apoptosis, especially neuronal apopto-
sis, plays an important role in a series of complex 
pathological reactions after cerebral infarction. 
Meanwhile, it greatly affects the repair of the 
nervous system after cerebral infarction. This 
may further influence the neurological recovery 
in patients with cerebral infarction. Once cere-
bral infarction occurs, ischemia and hypoxia-in-
duced by insufficient blood supply will activate 
apoptosis-associated pathways in cerebral tissues. 
Finally, this causes aberrant expressions of Bax 
and Bcl-2 that are closely related to cell apopto-

Figure 4. Expressions of related proteins detected via 
Western blotting.

Figure 5. Relative expression levels of relevant proteins in 
each group. Note: p*<0.05 vs. Sham group, and p#<0.05 vs. 
Model group.

Figure 6. Relative expression level of miR-29. Note: 
p*<0.05 vs. Sham group, and p#<0.05 vs. Model group.
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sis. The pro-apoptotic Bax is abnormally highly 
expressed, while the anti-apoptotic Bcl-2 is lowly 
expressed10,11. Meanwhile, due to the aberrant 
expressions of Bax and Bcl-2 in cerebral tissues, 
the ratio of Bax to Bcl-2 alters. The pro-apoptotic 
effect of Bax is more potent than the anti-apop-
totic effect of Bcl-2. Ultimately, their combined 
action on the downstream apoptotic effector mol-
ecules aggravates neuronal apoptosis12,13. Neuro-
nal apoptosis can give rise to the necrosis of large 
numbers of neurons after cerebral infarction. 
This can further adversely affect the repair of the 
nervous system, exacerbate cerebral infarction, 
and hinder the recovery of neurological function 
after cerebral infarction. Hence, effectively alle-
viating neuronal apoptosis after cerebral infarc-
tion can protect neurons well, thereby benefiting 
the repair of the nervous system14.

Current studies15,16 have found that the crucial 
Akt signaling pathway in the cells regulates 
physiological and pathological processes, such 
as cell proliferation, differentiation, apoptosis, 
and necrosis. Based on previous findings, phos-
phatidylinositol 3-hydroxy kinase (PI3K), the up-
stream molecule of Akt, can be activated by such 
injurious stimuli as cytokines and inflammatory 
factors. Active PI3K acts on phosphatidylinositol 
on the surface of cell membranes and activate 
them, thereby generating massive inositol tri-
phosphates. Massive production of inositol tri-
phosphates serves as the second messenger to 
further activate and phosphorylate Akt to form 
p-Akt and transduce signals. Ultimately, the Akt 

signaling pathway can be activated. As the key 
substances in the downstream of the Akt signal-
ing pathway, both Bax and Bcl-2 play a vital role 
in the apoptosis pathways. These two molecules 
can be regulated by Akt to affect cell apoptosis17. 
In the present study, our results confirmed that 
the expressions of the two key apoptosis pathway 
molecules Bax and Bcl-2 were abnormally altered 
after cerebral infarction and were manifested 
by high expression of Bax and low expression 
of Bcl-2. These results suggested that dramatic 
apoptosis responses occurred in neurons after 
cerebral infarction. Moreover, the protein expres-
sion of p-Akt was significantly upregulated. This 
illustrated that the Akt signaling pathway was 
activated and involved in regulating the level of 
neuronal apoptosis to attenuate the influences of 
cerebral infarction on neurons and the nervous 
system. Our present study also indicated that 
miR-29 was aberrantly expressed in cerebral in-
farction, suggesting that miR-29 was implicated 
in several pathological reactions. After applica-
tion of miR-29 inhibitor, the expression of p-Akt 
declined with more apoptotic neurons. This im-
plied that miR-29 participated in the activation of 
the Akt signaling pathway and neuronal apopto-
sis after cerebral infarction. Considering the vital 
regulatory role of the Akt signaling pathway in 
neuronal apoptosis after cerebral infarction, it 
could be concluded that miR-29 inhibited neuro-
nal apoptosis in rats with cerebral infarction by 
upregulating the Akt signaling pathway, thereby 
exerting a protective effect.

Conclusions

To sum up, miR-29 inhibits neuronal apoptosis 
in cerebral infarction rats by upregulating the Akt 
signaling pathway, thereby serving as a protector.
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