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Abstract. Diabetic encephalopathy (DE) is one of the main 
chronic complications of diabetes, and is characterized by 
cognitive defects. MicroRNAs (miRNAs/miRs) are widely 
involved in the development of diabetes‑related complica‑
tions. The present study evaluated the role of miR‑130b in 
DE and investigated its mechanisms of action. PC12 cells and 
hippocampal cells were exposed to a high glucose environ‑
ment to induce cell injuries to mimic the in vitro model of 
DE. Cells were transfected with miR‑130b mimic, miR‑130b 
inhibitor and small interfering RNA (si)‑phosphatase and 
tensin homolog (PTEN) to evaluate the protective effect of 
the miR‑130b/PTEN axis against oxidative stress in high 
glucose‑stimulated cells involving Akt activity. Furthermore, 
the effect of agomir‑130b was also assessed on rats with DE. The 
expression of miR‑130b was reduced in the DE models in vivo 
and in vitro. The administration of miR‑130b mimic increased 
the viability of high glucose‑stimulated cells, prevented apop‑
tosis, increased the activity of superoxide dismutase (SOD), 
decreased the malondialdehyde (MDA) content, activated 
Akt protein levels and inhibited the mitochondria‑mediated 
apoptotic pathway. The administration of miR‑130b inhibitor 
exerted opposite effects, while si‑PTEN reversed the effects of 
miR‑130b inhibitor. In vivo, the administration of agomir‑130b 
attenuated cognitive disorders and neuronal damage, increased 
SOD activity, reduced the MDA content, activated Akt protein 
levels and inhibited the mitochondria‑mediated apoptosis 
pathway in rats with DE. On the whole, these results suggest 
that miR‑130b activates the PI3K/Akt signaling pathway to 

exert protective effects against oxidative stress injury via the 
regulation of PTEN in rats with DE.

Introduction

Diabetic encephalopathy (DE) is one of the main chronic 
complications of diabetes, and is characterized by acquired 
cognitive and behavioral defects, accompanied by changes 
in brain morphology and abnormal neurophysiological func‑
tions (1‑3). The clinical manifestations of DE include decreased 
learning and memory ability, impaired comprehension and 
judgment, and slow thinking (4,5). It is of great importance 
to determine the pathogenesis of DE and to identify effective 
preventive and treatment strategies.

MicroRNAs (miRNAs/miRs) are a group of short 
non‑coding RNAs composed of 20‑22 nucleotides, which play 
a key role in mRNA suppression and degradation (6). Previous 
studies have demonstaated that miRNAs are widely involved 
in the development of diabetes‑related complications (7‑10). 
miR‑130b is downregulated in the serum of patients with 
diabetic nephropathy (DN), and has been reported to improve 
epithelial‑interstitial transition in DN and ameliorate tubu‑
lointerstitial fibrosis (11,12). The expression of miR‑130b is 
decreased in the serum of patients with diabetes with coronary 
heart disease complications  (13). However, the expression 
pattern and role of miR‑130b in DE is currently unknown.

Previous studies have indicated that phosphatase and 
tensin homolog (PTEN) is one of the target genes of 
miR‑130b (14‑16). PTEN is an antioncogene involved in the 
regulation of cell proliferation, migration, differentiation and 
invasion in various malignant tumor cells (17). PTEN exerts 
its biological function in part by inhibiting the PI3K/Akt 
signaling pathway (18). The PI3K/Akt signaling pathway is a 
key signaling pathway involved in cell metabolism, growth, 
proliferation, survival, transcription and protein synthesis (19). 
In addition, the PI3K/Akt signaling pathway has also been 
shown to be associated with oxidative stress (20‑22), which has 
been regarded as one of the pathogenesis of DE (23). Thus, the 
present study aimed to evaluate whether miR‑130b activates 
Akt activity to protect against oxidative stress‑induced injury 
via the regulation of PTEN in DE.
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Materials and methods

Cell culture and high glucose treatment. PC12 (no. CL‑0480) 
and hippocampal cells (no. CP‑R107) were obtained from 
Procell Life Science & Technology Co., Ltd. PC12 and hippo‑
campal cells were cultured in RPMI‑1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) containing 11.11 mM glucose 
(Sigma‑Aldrich LLC.), 15% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.) and 1% penicillin‑streptomycin (Gibco; 
Thermo Fisher Scientific, Inc.), and placed in a cell incubator 
at 37˚C with 5% CO2. For high glucose conditions, cells were 
cultured in the aforementioned medium but containing 75 mM 
glucose for 72 h (24).

Animals and treatment. Male Wistar rats (n=40; weight, 
180‑220  g) were purchased from Chengdu Dashuo 
Experimental Animal Co., Ltd. Following one week of adap‑
tive feeding, the rats were randomly divided into four groups 
(n=10/group) and kept in their cages in a controlled environ‑
ment, at constant room temperature (18‑25˚C) and humidity 
(40‑60%) under a normal 12‑h light/dark cycle. Rats in the 
control group received an intraperitoneal injection of 0.9% 
saline. Rats in the other groups were administered strep‑
tozotocin (STZ; Sigma‑Aldrich; Merck KGaA) in a single 
intraperitoneal injection at a dose of 60 mg/kg for the induc‑
tion of diabetes. At 72 h after the STZ injection, 200 µl blood 
were collected from the tail vein to measure blood glucose, 
and blood glucose levels ≥16.7 mmol/l were considered to indi‑
cate successful modeling. The STZ‑treated rats were divided 
into three groups at three days after the STZ injection. The 
model group was left untreated and served as the untreated 
diabetic group. The agomir‑NC and agomir‑130b groups 
received agomir‑NC (miR4N0000001‑4‑5; Guangzhou 
RiboBio Co., Ltd.) or agomir‑130b (miR40000837‑4‑5; 
Guangzhou RiboBio Co., Ltd.) via intranasal administration 
once a week at a dose of 5 nmol (25). These treatments were 
continued until the end of the study period (8 weeks). The 
study protocol was approved by the Animal Experimental 
Ethics Committee of Henan Provincial People's Hospital 
(approval no. 2020408A).

Preparation of hippocampal samples. Following an intraperi‑
toneal injection of 3% pentobarbital sodium (50 mg/kg) for 
anesthesia, the animals were sacrificed by cervical disloca‑
tion, and the hippocampal tissues of the rats were collected 
immediately. One part of the collected hippocampus tissues 
was initially flash‑frozen in liquid nitrogen for RT‑qPCR, 
western blot analysis and biochemical examination. The 
remaining hippocampal tissues were collected for pathological 
examination.

Cell transfection. PC12 and hippocampal cells (1x106 cells/well) 
were cultured in 6‑well plates until reaching 70% confluence. 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used to perform cell transfection. Cells were trans‑
fected with 24  nM miR‑130b mimics (miR10000837‑1‑5; 
Guangzhou RiboBio Co., Ltd.), negative control (NC) of 
miRNA mimic (NC mimic; miR1N0000001‑1‑5; Guangzhou 
RiboBio Co., Ltd.), miR‑130b inhibitor (miR20000837‑1‑5; 
Guangzhou RiboBio Co., Ltd.) or NC of miRNA inhibitor (NC 

inhibitor; miR2N0000001‑1‑5; Guangzhou RiboBio Co., Ltd.), 
or 30 nM small interfering RNA (siRNA/si) against PTEN 
(si‑PTEN; siB1142121626‑1‑5; Guangzhou RiboBio Co., Ltd.) 
or NC siRNA (si‑NC; siN0000002‑1‑5; Guangzhou RiboBio 
Co., Ltd.). The cells were collected for further analysis 
following transfection for 48 h.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was isolated from the PC12 cells, hippocampal cells 
and hippocampal tissue using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Extracted RNA was reverse 
transcribed into cDNA for miRNA and mRNA detection 
using the SuperScript™ IV First‑Strand Synthesis system 
(Invitrogen; Thermo Fisher Scientific, Inc.) and Mir‑X 
miRNA First‑Strand Synthesis kit (Takara Bio, Inc.), 
respectively. The expression of miR‑130b and PTEN was 
determined by RT‑qPCR using a Mir‑X miRNA qRT‑PCR 
TB Green® kit or TB Green® Fast qPCR mix (Takara 
Bio, Inc.), respectively. U6 and GAPDH were used for the 
normalization of miRNA and mRNA levels, respectively. 
The results of the RT‑qPCR were calculated using the 2‑ΔΔCq 
method (26). The thermocycling conditions were as follows: 
Initial denaturation at 97˚C for 3 min, followed by 40 cycles 
at 95˚C for 15 sec and 60˚C for 30 sec, and melting curve 
stage at taking f luorescent measurements every 0.5˚C 
for 15 sec from 55˚C until 95˚C. GAPDH was used as a 
standardized internal control. The primer sequences are 
presented in Table I.

Dual‑luciferase reporter assay. TargetScan (www.targetscan.
org) was utilized to predict the binding site between PTEN 
and miR‑130b. Wild‑type (Wt) or mutant (Mut) fragments of 
the 3'‑untranslated region (UTR) from PTEN was synthesized 
by HanBio Co., Ltd., which included the potential miR‑130b 
binding sites. The fragments were then ligated into the 
psiCheck2 vector (Promega Corporation), and the constructs 
were named PTEN‑Wt and PTEN‑Mut, respectively.

For the dual‑luciferase reporter assay, 293T cells (cat. 
no. CL‑0005; Procell Life Science & Technology Co., Ltd.) 
were seeded at a density of 2x104 cells/well in 24‑well plates 
and cultured in RPMI‑1640 medium containing 15% fetal 
bovine serum and 1% penicillin‑streptomycin for 24  h. 
The cells were then co‑transfected with 24 nM miR‑130b 
mimic/NC mimic and 50 nM PTEN‑Wt/Mut reporter plas‑
mids using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). Cells were collected following transfection for 
24 h. The Dual‑Luciferase Reporter Assay system (Promega 
Corporation) was used to monitor the luciferase activity. 
Relative luciferase activity was normalized as the ratio of 
firefly luciferase activity to Renilla luciferase activity. Each 
experiment was performed in triplicate.

Cell viability assay. Cell viability was detected using the Cell 
Counting Kit‑8 (CCK‑8) assay (Dojindo Molecular Technologies, 
Inc.). PC12 and hippocampal cells (6,000 cells/well) were 
seeded into 96‑well plates and treated as aforementioned for 
processing for 48 h. The cells were then incubated in 10% 
CCK‑8 solution at 37˚C for 1 h, and the absorbance value was 
measured at 450 nm using a microplate reader (Thermo Fisher 
Scientific, Inc.). Each experiment was performed in triplicate.
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Apoptosis assay. Cell apoptosis was detected using an 
Annexin  V‑FITC/PI Apoptosis Detection kit (Beyotime 
Institute of Biotechnology) and flow cytometry. Cells were 
digested with 0.25% Trypsin‑EDTA (Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C for 1  min. The cells were then 
washed with PBS buffer solution (Gibco; Thermo Fisher 
Scientific, Inc.), centrifugated at 200 x g at 4˚C for 5 min 
and double‑stained with 10 µl Annexin V‑FITC/PI mix for 
15 min at room temperature in the dark. Subsequently, the 
cells were evaluated by a FACSCalibur™ Flow Cytometer 
(BD  Biosciences) and analyzed using Cell Quest  3.3 
software (BD  Biosciences). The total apoptotic rate of 
the cells was defined as the sum of both early apoptosis 
(Annexin V‑FITC‑positive, PI‑negative) and late apoptosis 
(Annexin V‑FITC‑ and PI‑positive). Each experiment was 
performed in triplicate.

Western blot analysis. Total protein was isolated from the 
PC12 cells, hippocampal cells and hippocampal tissue using 
radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology). Bicinchoninic acid assay 
(Thermo Fisher Scientific, Inc.) was used to quantify proteins. 
Subsequently, proteins (30 µg per lane) were mixed with 
loading buffer (Beijing Solarbio Science & Technology Co., 
Ltd.), boiled for 15 min and separated by 10% SDS‑PAGE 
(Beyotime Institute of Biotechnology). The proteins were 
transferred to PVDF membranes (Millipore Sigma). After 
blocking with 5% skim milk for 1 h at room temperature, 
the PVDF membranes were incubated at 4˚C overnight with 
the corresponding primary antibodies, including anti‑PTEN 
(1:1,000; cat. no. ab267787; Abcam), anti‑Akt (1:500; cat. 
no. ab8805; Abcam), anti‑phosphorylated (p)‑Akt (1:500; cat. 
no. ab38449; Abcam), anti‑Bcl‑2 (1:500; cat. no. ab59348; 
Abcam), anti‑Bax (1:2,000; cat. no.  ab32503; Abcam), 
anti‑cleaved caspase‑3 (1:500; cat. no.  ab49822; Abcam), 
anti‑caspase‑3 (1:1,000; cat. no.  9662; Cell Signaling 
Technology, Inc.) and anti‑β‑actin (1:1,000; cat. no. ab8227; 
Abcam). The PVDF membranes were then washed and 
further incubated with a secondary antibody conjugated to 
horseradish peroxidase (1:2,000; cat. no. ab205718; Abcam) 
for 1 h at room temperature. SuperSignal West Pico Plus 
(Thermo Fisher Scientific, Inc.) was employed to visualize 
the protein bands. Image‑Pro Plus 6.0 (Media Cybernetics, 
Inc.) was used to semi‑quantify the relative band intensities. 

β‑actin was employed for normalization of relative protein 
expression. Each experiment was performed in triplicate.

Biochemical detection. PC12 and hippocampal cells were 
lysed at 4˚C using an ultrasonic cell disruptor and centrifuged 
at 200 x g at 4˚C for 10 min. A total of 100 µl supernatant of 
each group was obtained to detect the optical density values 
using a microplate reader (spectra max PLUS 384, Molecular 
Devices, LLC) according to the instructions of the superoxide 
dismutase (SOD) assay kit (Nanjing Jiancheng Bioengineering 
Institute) (450 nm) and the malondialdehyde (MDA) assay kit 
(Nanjing Jiancheng Bioengineering Institute) (532 nm).

The hippocampal tissues collected as aformenetioned were 
shredded using an ophthalmic scissor. Normal saline was then 
added to produce a 10% brain tissue homogenate. The homog‑
enate was centrifuged at 200 x g at 4˚C for 10 min, and the 
supernatant was obtained for future use. The activity of SOD 
and the content of MDA were detected using a colorimetric 
method according to the instructions provided with the afore‑
mentioned kits.

Behavioral assessment. A step‑down passive avoidance test 
was used to detect the cognitive competence of the rats (27,28). 
The test was performed in a plexiglass cage (20x20x20 cm) 
with a rubber platform (8.0x8.0x4.5 cm) in the corner. In the 
training session, the rats were placed in the plexiglass cage for 
3 min to explore the box freely. The rats were then exposed 
to an electric shock (36 V) until they stepped onto the rubber 
platform. After 24 h, the rats were again placed onto the 
rubber platform, and the step‑down latency and number of 
errors within 5 min were recorded.

Pathological examination. The hippocampal tissues were 
fixed with 4% paraformaldehyde for 48 h and prepared into 
5‑µm‑thick paraffin sections. The pathological changes in the 
hippocampus tissues were stained using a hematoxylin and 
eosin (H&E) staining kit (Beyotime Institute of Biotechnology). 
Briefly, the sections were stained with hematoxylin for 2 min 
and stained with eosin for 10  min at room temperature. 
Following dehydration with gradient alcohol, the sections were 
sealed using neutral resin and observed under a microscope 
(BA400Digital; Motic Group Co., Ltd.). The apoptotic cells in 
the hippocampal tissues were stained using a TUNEL assay kit 
(Roche Applied Science). Briefly, the sections were incubated 

Table I. Sequences of primers used for RT‑qPCR.

Name	 Sequences (5'‑3')

miR‑130b	 Sense: ACTCTTTCCCTGTTGCACTAC
	 Universal antisense: Mir‑X miRNA qRT‑PCR TB Green® kit (cat. no. 638314; Clontech,
	 Takara Bio, Inc.) provided
PTEN	 Sense: CAATGTTCAGTGGCGAACTT
	 Antisense: GGCAATGGCTGAGGGAACT
U6	 Mir‑X miRNA qRT‑PCR TB Green® kit (cat. no. 638314; Clontech, Takara Bio, Inc.) provided
GAPDH	 Sense: TTCCTACCCCCAATGTATCCG
	 Antisense: CATGAGGTCCACCACCCTGTT
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with protease K for 30 min at 25˚C and washed by PBS twice. 
The sections were then incubated with TUNEL reaction 
mixture at 37˚C for 1 h and washed three times with PBS. 
Thereafter, the sections were incubated with converter‑POD 
at 37˚C for 30 min. Following three PBS washes, the sections 
were added to Substrate solution and incubated at 20˚C for 
25  min. Ultrastructural damage of the hippocampus was 
observed using a transmission electron microscope (TEM). 
Briefly, the hippocampal tissues were pre‑fixed with 3% 
glutaraldehyde (Sigma‑Aldrich LLC.) and then fixed with 1% 
osmium (VIII) oxide (Electron Microscopy China, EMCN™). 
Subsequently, the hippocampal tissues were dehydrated with 
acetone, embedded in epoxy resins (EMCN™) and sliced for 
50‑nm‑thick slices by an ultratome (EM UC7, Leica Inc.). The 
ultra‑thin slices were loaded on a formvar/carbon coated grid 
(EMCN™), and stained with uranium acetate (EMCN™) and 
lead citrate (EMCN™) at room temperature for 15‑20 min. 
Finally, the slices were observed under a JEM‑1400 Flash 
electron microscope (JEOL Ltd.).

Statistical analysis. Data are presented as the mean ± standard 
deviation. Experiments were repeated three times. Statistical 
evaluations and calculations were performed with SPSS 22.0 
(IBM Corp.). Differences of data were evaluated using an 
independent‑samples t‑test between two groups or one‑way 
analysis of variance followed by a Turkey's post hoc analysis 
among multiple groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

High glucose stimulation reduces the expression of miR‑130b 
in PC12 and hippocampal cells. To examine the effects of 
high glucose on the expression of miR‑130b in PC12 and 
hippocampal cells, RT‑qPCR was performed to detect the 
miR‑130b levels. As shown in Fig. 1A and B, compared with 
that of the control group, the expression of miR‑130b in PC12 
and hippocampal cells under a high glucose environment 
was significantly decreased (P<0.01 or P<0.05, respectively). 
These results indicated that high glucose stimulation inhibited 
miR‑130b expression in PC12 and hippocampal cells.

Overexpression of miR‑130b promotes cell viability and 
inhibits apoptosis, while miR‑130b silencing inhibits cell 
viability and promotes the apoptosis of PC12 and hippo‑
campal cells under an elevated glucose environment. To 
further investigate the role of miR‑130b in PC12 and hippo‑
campal cells in a high glucose environment, miR‑130b was 
overexpressed using a miR‑130b mimic, and miR‑130b was 
silenced using a miR‑130 inhibitor. As shown in Fig. 2A, the 
expression of miR‑130b in PC12 and hippocampal cells was 
increased following miR‑130b mimic transfection (P<0.01). 
The expression of miR‑130b was decreased following incuba‑
tion with miR‑130b inhibitor (P<0.01).

CCK‑8 assay was performed to detect the effects of 
miR‑130b on the viability of PC12 and hippocampal cells in 
a high glucose environment. As shown in Fig. 2B, compared 
with that of the control group, cell viability was significantly 
decreased in the model group (P<0.01). The overexpression 
of miR‑130b increased cell viability, while the inhibition of 
miR‑130b reduced the viability of PC12 and hippocampal 
cells in a high glucose environment (P<0.05).

The present study also explored the effects of miR‑130b 
on the apoptosis of PC12 and hippocampal cells under high 
glucose conditions. As shown in Fig. 2C, compared with that 
of the control group, the apoptotic rate of the model group 
was significantly increased (P<0.01). The overexpression 
of miR‑130b decreased the apoptotic rate, while the inhibi‑
tion of miR‑130b increased the apoptotic rate of PC12 and 
hippocampal cells in a high glucose environment (P<0.01). 
These results demonstrated that miR‑130b attenuated high 
glucose‑induced cell damage.

PTEN is the target gene of miR‑130b in PC12 and hippo‑
campal cells. To further explore the mechanisms of action 
of miR‑130b, TargetScan was used to predict the potential 
targets of miR‑130b. It was found that PTEN was a poten‑
tial target of miR‑130b (Fig. 3A). To confirm the potential 
targeting association between miR‑130b and PTEN, a 
dual‑luciferase reporter assay was performed. miR‑130b 
mimic and PTEN‑Wt or Mut were co‑transfected into 293T 
cells. The data indicated that the overexpression of miR‑130b 
reduced the luciferase activity of PTEN‑Wt (P<0.01), but not 

Figure 1. Expression of miR‑130b in high glucose‑stimulated cells. (A) Expression of miR‑130b in PC12 cells. (B) Expression of miR‑130b in hippocampal 
cells. For high glucose conditions, cells were cultured in the RPMI‑1640 medium containing 15% FBS and 75 mM glucose for 72 h. *P<0.05, **P<0.01. 
miR, microRNA; FBS, fetal bovine serum.
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that of PTEN‑Mut (Fig. 3B). Furthermore, to examine the 
effects of miR‑130b on PTEN mRNA expression in PC12 

and hippocampal cells, a RT‑qPCR assay was performed. As 
shown in Fig. 3C, miR‑130b mimic significantly inhibited 

Figure 2. Effect of miR‑130b on the viability and apoptosis of high glucose‑stimulated cells. (A) The transfection efficiency of miR‑130b mimic and miR‑130b 
inhibitor was detected using reverse transcription‑quantitative PCR. (B) PC12 and hippocampal cells were incubated with NC mimic, miR‑130b mimic, NC 
inhibitor or miR‑130b inhibitor, followed by treatment with high glucose. Cell viability was determined using a Cell Counting Kit‑8 assay. (C) Cell apoptosis 
was detected using flow cytometry. Data were obtained from three independent experiments. The results are presented as the mean ± standard deviation. 
*P<0.05, **P<0.01. Model, cells were cultured under high glucose conditions. For high glucose conditions, cells were cultured in the RPMI‑1640 medium 
containing 15% FBS and 75 mM glucose for 72 h. miR, microRNA; NC, negative control; FBS, fetal bovine serum.
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the expression of PTEN (P<0.01), while miR‑130b inhibitor 
enhanced the mRNA expression of PTEN (P<0.05). These 
results demonstrated that PTEN was the target gene of 
miR‑130b in PC12 and rat hippocampal cells.

Silencing of PTEN promotes the viability, and inhibits the 
apoptosis of PC12 and hippocampal cells in a high glucose 
environment. To examine the effects of high glucose on 
the expression of PTEN in PC12 and hippocampal cells, 
RT‑qPCR was performed to detect the PTEN levels. As 
shown in Fig. 4A, compared with that of the control group, 
the expression of PTEN in PC12 and hippocampal cells 
in a high glucose environment was significantly increased 
(P<0.05). Subsequently, si‑PTEN was synthesized, and it was 
determined that si‑PTEN could effectively interfere with 
PTEN mRNA expression in PC12 and hippocampal cells 
(P<0.05 or P<0.01, respectively; Fig. 4B). CCK‑8 assay was 
then performed to detect the effects of PTEN on the viability 
of PC12 and hippocampal cells in a high glucose environ‑
ment. As shown in Fig. 4C, the inhibition of PTEN increased 
the viability of PC12 and hippocampal cells in a high 
glucose environment (P<0.05 or P<0.01, respectively), and 
partly reversed the effects of the miR‑130b inhibitor on the 
reduction of cell viability (P<0.01). Furthermore, the present 
study explored the role of PTEN in the apoptosis of PC12 
and hippocampal cells under high glucose conditions. As 
shown in Fig. 4D, the inhibition of PTEN reduced the apop‑
totic rate of PC12 and hippocampal cells in a high glucose 

environment, and partly abrogated the promoting effects of 
miR‑130b inhibitor on apoptosis (P<0.05 or P<0.01, respec‑
tively). These results indicated that miR‑130b regulated 
PTEN to attenuate high glucose‑induced cell damage.

miR‑130b regulates PTEN to strengthen the antioxidant 
capacity of PC12 and hippocampal cells in an elevated 
glucose environment. As shown in Fig. 5A and B, compared 
with that of the control group, the activity of SOD in PC12 
and hippocampal cells of the model group was decreased 
(P<0.05 or P<0.01, respectively), while the content of MDA 
was markedly increased (P<0.05 or P<0.01, respectively). 
Compared with those of the model group, the miR‑130b 
mimic and si‑PTEN groups displayed a reduced content 
of MDA (P<0.05 or P<0.01, respectively) and an increased 
SOD activity (P<0.05 or P<0.01, respectively), while the 
miR‑130b inhibitor group exhibited an increased MDA 
content (P<0.05) and a decreased activity of SOD (P<0.05). 
Compared with those of the miR‑130b inhibitor group, 
the miR‑130b inhibitor + si‑PTEN group displayed an 
increased SOD activity (P<0.05 or P<0.01, respectively) and 
a reduced content of MDA (P<0.01). These results indicated 
that miR‑130b regulated PTEN and promoted the antioxi‑
dant capacity of PC12 and hippocampal cells in an elevated 
glucose environment.

miR‑130b regulates PTEN expression to activate Akt and 
inhibit the mitochondria‑mediated apoptosis pathway in 

Figure 3. PTEN is the direct target of miR‑130b in PC12 and hippocampal cells. (A) Sequence of binding sites between PTEN‑3'‑UTR and miR‑130b. 
(B) Relative luciferase activities were detected in 293T cells co‑transfected with PTEN 3'‑UTR (Wt or mut) reporter plasmid, miR‑130b mimic or NC mimic. 
(C) Reverse transcription‑quantitative PCR analysis of PTEN mRNA expression in PC12 and hippocampal cells transfected with miR‑130b mimic, NC mimic, 
miR‑130b inhibitor and NC inhibitor. U6 served as the reference gene. *P<0.05, **P<0.01. PTEN, phosphatase and tensin homolog; UTR, untranslated region; 
miR, microRNA; Wt, wild‑type; mut, mutant; NC, negative control.
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Figure 4. Effect of the miR‑130b/PTEN axis on cell viability and apoptosis in high glucose‑stimulated cells. (A) The expression of PTEN was detected by 
RT‑qPCR in high glucose‑stimulated cells. (B) The transfection efficiency of si‑PTEN was detected using RT‑qPCR. (C) PC12 and hippocampal cells were 
incubated with miR‑130b mimic, si‑PTEN, miR‑130b inhibitor or miR‑130b inhibitor + si‑PTEN, followed by treatment with high glucose. Cell viability was 
determined by Cell Counting Kit‑8 assay. (D) Cell apoptosis was detected using flow cytometry. Data were acquired from three independent experiments. 
The results are presented as the mean ± standard deviation. *P<0.05, **P<0.01. Model, cells were cultured under high glucose conditions; RT‑qPCR, reverse 
transcription‑quantitative PCR; PTEN, phosphatase and tensin homolog; miR, microRNA; si, small interfering RNA.
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PC12 and hippocampal cells in a high glucose environment. 
The results of western blot analysis are illustrated in Fig. 6A. 
Compared with that of the control group, the expression of 
PTEN was significantly increased (P<0.01; Fig. 6B), while the 
ratio of p‑Akt/Akt was decreased in the model group (P<0.01; 
Fig. 6C). Compared with that of the model group, the expres‑
sion of PTEN was significantly decreased (P<0.05 or P<0.01, 
respectively; Fig. 6B), and the ratio of p‑Akt/Akt was increased 
(P<0.01; Fig.  6C) in the miR‑130b mimic and si‑PTEN 
groups, while the expression of PTEN was increased (P<0.05 
or P<0.01, respectively; Fig. 6B) and the ratio of p‑Akt/Akt 
was significantly reduced (P<0.05 or P<0.01, respectively; 
Fig. 6C) in the miR‑130b inhibitor group. Compared with 
that of the miR‑130b inhibitor group, the expression of PTEN 
was decreased (P<0.01; Fig. 6B) and the ratio of p‑Akt/Akt 
was increased in the miR‑130b inhibitor + si‑PTEN group 
(P<0.01; Fig.  6C). Furthermore, the expression of mito‑
chondria‑mediated apoptosis pathway‑related proteins was 
detected. Compared with that of the control group, the ratios of 
Bax/Bcl‑2 and cleaved caspase‑3/caspase‑3 were significantly 

increased in the model group (P<0.01; Fig.  6D  and  E). 
Compared with that of the model group, the ratios of 
Bax/Bcl‑2 and cleaved caspase‑3/caspase‑3 were decreased in 
the miR‑130b mimic and si‑PTEN groups (P<0.01 or P<0.05, 
respectively; Fig. 6D and E), while the ratios of Bax/Bcl‑2 and 
cleaved caspase‑3/caspase‑3 were significantly increased in 
the miR‑130b inhibitor group (P<0.01 or P<0.05, respectively; 
Fig. 6D and E). Compared with that of the miR‑130b inhibitor 
group, the ratios of Bax/Bcl‑2 and cleaved caspase‑3/caspase‑3 
were decreased in the miR‑130b inhibitor + si‑PTEN group 
(P<0.01; Fig.  6D  and  E). These results indicated that the 
activity of Akt was inhibited and the mitochondria‑mediated 
apoptosis pathway was promoted in PC12 and hippocampal 
cells under a high glucose environment, and that miR‑130b 
could inhibit PTEN to reverse the high glucose‑induced 
decreased Akt activity and mitochondria‑mediated apoptosis.

miR‑130b enhances the learning ability of rats with DE. The 
step‑down passive avoidance test was performed to detect the 
learning ability of rats with DE following miR‑130b treatment. 

Figure 5. The microRNA‑130b/phosphatase and tensin homolog axis enhances the antioxidant capacity to protect cells from oxidative stress damage in vitro. 
SOD activity and MDA content in (A) PC12 cells and (B) hippocampal cells. Data were acquired from three independent experiments. The results are presented 
as the mean ± standard deviation. *P<0.05, **P<0.01. model, cells cultured under high glucose conditions; SOD, superoxide dismutase; MDA, malondialdehyde.
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As shown in Fig. 7A and B, compared with those of the control 
group, the model and agomir‑NC groups showed decreased 
latency time and increased error numbers. Compared with the 
findings in the agomir‑NC group, the step‑down latency time 
was increased, while the number of errors was reduced, in the 

agomir‑130b group (P<0.01). The present study then examined 
the effect of miR‑130b on the blood glucose content of rats with 
DE. As shown in Fig. 7C, compared with that of the control 
group, the content of blood glucose was increased in the model, 
agomir‑NC and agomir‑130b groups (P<0.01). In addition, 

Figure 6. Effect of the miR‑130b/PTEN axis on the activity of Akt and the mitochondria‑mediated apoptosis pathway. (A) PC12 and hippocampal cells 
were transfected with miR‑130b mimic, si‑PTEN, miR‑130b inhibitor or miR‑130b inhibitor + si‑PTEN, followed by treatment with high glucose. Protein 
expression was evaluated by western blot analysis. (B) Relative expression of PTEN in each group. (C) Activation of Akt is shown as the relative intensity of 
phosphorylated‑Akt to Akt. (D) Activation of apoptosis is shown as the relative intensity ratio of Bax to Bcl‑2. (E) Relative intensity ratio of cleaved caspase‑3 
to caspase‑3 in each group. Data were acquired from three independent experiments. The results are presented as the mean ± standard deviation. *P<0.05, 
**P<0.01. PTEN, phosphatase and tensin homolog; miR, microRNA; si, small interfering RNA.
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the expression of miR‑130b in the hippocampus of rats was 
detected. As shown in Fig. 7D, compared with that of the control 
group, the model and agomir‑NC groups exhibited a decreased 
miR‑130b expression (P<0.01). Compared with that of the 
agomir‑NC group, the expression of miR‑130b was increased 
in the agomir‑130b group (P<0.01). These results indicated that 
miR‑130b promoted the learning ability, whereas it did not 
affect the content of blood glucose of rats with DE.

miR‑130b attenuates hippocampus neuronal damage in rats 
with DE. Pathological changes in the hippocampus were 
detected using H&E staining (Fig.  8A). Compared with 
those of the control and agomir‑130b groups, the model and 
agomir‑NC groups exhibited a substantially reduced numer 
of pyramidal cells, and the nucleus was solidified and exhib‑
ited increased positive staining. The ultrastructural damage 
to the hippocampus was observed using TEM (Fig. 8B). The 
control and agomir‑130 groups exhibited a clear nuclear 
membrane, obvious nucleolus, abundant organelles and a 
complete synaptic structure. The model and agomir‑NC 
groups exhibited an irregular nucleolus, mitochondrial 
swelling, rough endoplasmic reticulum dilatation, autophagy 
and a damaged synaptic structure. Apoptotic cells were 
detected using TUNEL staining (Fig. 8C). Compared with 
that of the control group, the apoptotic rate of the model 
and agomir‑NC groups was significantly increased (P<0.01). 
Compared with that of the agomir‑NC group, the apoptotic 
rate of the agomir‑130b group was significantly reduced 

(P<0.01). These results demonstrated that miR‑130b attenu‑
ated damage to hippocampal neurons and the apoptosis of 
hippocampal cells in rats with DE.

miR‑130b improves oxidative stress in the hippocampus of 
rats with DE. As shown in Fig. 9A and B, compared with that 
of the control group, the activity of SOD in the hippocampus 
of the model and agomir‑NC groups was markedly decreased, 
while the content of MDA was increased (P<0.01). Compared 
with those of the agomir‑NC group, the agomir‑130 group 
showed increased activity of SOD (P<0.01) and decreased 
content of MDA (P<0.05). These data indicated that 
miR‑130b may improve oxidative stress in the hippocampus 
of rats with DE.

miR‑130b activates Akt protein and inhibits the mitochon‑
dria‑mediated apoptosis pathway in the hippocampus of rats 
with DE. The results of western blot analysis are presented 
in Fig. 10A. Compared with that of the control group, the 
expression of PTEN in the model and agomir‑NC groups was 
markedly increased, while the ratio of p‑Akt/Akt was reduced 
(P<0.01). Compared with that of the agomir‑NC group, the 
expression of PTEN was significantly increased (P<0.05; 
Fig. 10B) and the ratio of p‑Akt/Akt was decreased in the 
agomir‑130b group (P<0.05; Fig. 10C). In addition, compared 
with that of the control group, the ratios of Bax/Bcl‑2 and 
cleaved caspase‑3/caspase‑3 were significantly increased in the 
model and agomir‑NC groups (P<0.01). Compared with that 

Figure 7. Effects of miR‑130b on step‑down passive avoidance performance and blood glucose in rats with diabetic encephalopathy. (A) miR‑130b affects the 
step‑down latency time of rats in each group. (B) miR‑130b affects the step‑down error times of rats in each group. (C) Blood glucose levels of rats in each 
group. (D) The expression of miR‑130b was detected in hippocampus. The results are presented as the mean ± standard deviation. **P<0.01. miR, microRNA.
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of the agomir‑NC group, the ratios of Bax/Bcl‑2 and cleaved 
caspase‑3/caspase‑3 were decreased in the agomir‑130b group 
(P<0.01 or P<0.05, respectively; Fig. 10D and E). These results 
demonstrated that miR‑130b regulated PTEN expression to 
activate Akt and inhibit the mitochondria‑mediated apoptosis 
pathway in vivo.

Discussion

DE is a chronic complication of diabetes mellitus that 
damages the central nervous system and causes cognitive 
impairment  (29). A high glucose environment can lead to 
the accumulation of advanced glycation end products, which 
can induce oxidative stress and subsequent damage to hippo‑
campal neurons (30). The present study aimed to examine the 
effects of miR‑130b on oxidative stress injury in rats with DE. 
The present data demonstrated that miR‑130b could activate 
Akt by inhibiting PTEN, thereby improving oxidative stress 
damage in rats with DE.

Previous studies have demonstrated that miR‑130b is 
an oncogene, which has been found to promote cancer cell 
proliferation, invasion and metastasis in hepatocellular carci‑
noma (31), breast cancer (32), gastric cancer (33), esophageal 
cancer  (16) and glioma  (34). A previous study found that 
miR‑130b reduced fat deposition in C57BL/6 mice, reversed 
glucose tolerance and improved high‑fat diet‑induced 
obesity  (35). In addition, miR‑130b has been shown to 
attenuate kidney fibrosis and damage induced by diabetes (36). 
The results of the present study indicated that the expression 
level of miR‑130b was reduced in PC12 and hippocampal 
cells stimulated with high glucose. The overexpression of 
miR‑130b reduced the high glucose‑induced apoptosis of 
PC12 and hippocampal cells, and improved cell viability, 
while miR‑130b inhibitor increased apoptosis and reduced cell 
viability.

PTEN is the target gene of miR‑130b in various cancer 
cells, and miR‑130b promotes the development of cancer by 
regulating the expression of PTEN (14,37‑39). PTEN can inhibit 

Figure 8. Effects of microRNA‑130b on the damage of hippocampus neurons in rats with diabetic encephalopathy. (A) Images of hippocampus following 
hematoxylin and eosin staining. (B) Images of hippocampus ultrastructure obtained by transmission electron microscopy. Mitochondrial swelling (red arrows); 
rough endoplasmic reticulum dilatation (blue arrows); autophagy (yellow arrows); damaged synaptic structure (green arrows). (C) Images of hippocampus 
following TUNEL staining. **P<0.01.
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Figure 9. Effect of microRNA‑130b on the activity of SOD and content of MDA in the hippocampus of rats in each group. (A) SOD activity and (B) MDA 
content in each group. The results are presented as the mean ± standard deviation. *P<0.05, **P<0.01. SOD, superoxide dismutase; MDA, malondialdehyde.

Figure 10. Effect of the microRNA‑130b/PTEN axis on Akt activation and apoptosis‑related protein levels in vivo. (A) Protein expression in the hippo‑
campus was evaluated by western blot analysis. (B) Relative expression of PTEN in each group. (C) Activation of Akt, shown as the relative intensity of 
phosphorylated‑Akt to Akt. (D) Activation of apoptosis, shown as the relative intensity ratio of Bax to Bcl‑2. (E) Relative intensity ratio of cleaved caspase‑3 
to caspase‑3 in each group. Data were acquired from three independent experiments. The results are presented as the mean ± standard deviation. *P<0.05, 
**P<0.01. PTEN, phosphatase and tensin homolog.
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the PI3K/Akt signaling pathway, which can attenuate oxidative 
stress‑induced damage by activating downstream antioxidant 
proteins (40). Therefore, it was hypothesized that miR‑130b 
could attenuate high glucose‑induced oxidative stress damage 
by inhibiting PTEN and activating Akt. SOD is an antioxidant 
enzyme involved in free radical scavenging, while MDA is a 
product of lipid peroxidation, and its content can reflect the 
level of free radicals. These two indicators are commonly used 
to assess the level of oxidative stress (41). The present study 
also confirmed that PTEN is the target gene of miR‑130b, and 
showed that PTEN was involved in the high glucose‑induced 
oxidative stress injuries of PC12 and hippocampal cells. The 
downregulation of the expression of PTEN may improve cell 
viability and inhibit cell apoptosis by increasing SOD activity 
and reducing MDA content, indicating that miR‑130b can 
regulate PTEN to ameliorate oxidative stress‑related cell 
injury.

When cells are subjected to oxidative stress, the metabolic 
and functional characteristics of mitochondria change, and 
the intrinsic apoptotic pathway mediated by mitochondria is 
initiated (42). The Bcl‑2 family is a key regulatory protein 
family in the mitochondrial apoptosis pathway. This family 
includes the anti‑apoptotic protein, Bcl‑2, and the pro‑apop‑
totic protein, Bax. The Bax/Bcl‑2 ratio has been used as a 
marker to represent the effect of apoptosis (43). Caspase‑3 is 
one of the members of the caspase protein family that medi‑
ates apoptosis. Caspase‑3 is cleaved into cleaved caspase‑3 
and then activated to cause apoptosis (44). The data of the 
present study demonstrated that miR‑130b regulated PTEN 
to increase the p‑Akt/Akt ratio, and reduce the Bax/Bcl‑2 
and the cleaved caspase‑3/caspase‑3 ratios in PC12 cells 
hippocampal cells, suggesting that miR‑130b could prevent 
cell apoptosis.

The present study established a rat model of DE to further 
evaluate the effects of miR‑130b. The expression level of 
miR‑130b was downregulated in the hippocampal tissue of 
rats with DE, and the overexpression of miR‑130b attenuated 
cognitive impairment and hippocampal damage in DE model 
rats. The overexpression of miR‑130b in vivo increased SOD 
activity and the p‑Akt/Akt ratio, and reduced cell apoptosis, 
the MDA content, the ratio of Bax to Bcl‑2 and the expression 
of cleaved caspase‑3 in the hippocampus of rats with DE. This 
suggests that miR‑130b may attenuate cognitive impairment 
by protecting the hippocampus from oxidative stress‑induced 
damage in rats with DE.

In conclusion, the results of the present study demonstrated 
that miR‑130b improved oxidative stress‑induced injury in 
rats with DE and in high glucose‑induced PC12 and hippo‑
campal cells by inhibiting PTEN and activating the PI3K/Akt 
pathway. The role of PTEN in DE remains unclear. Further 
research is thus required to focus on the role of PTEN in DE 
and other cognitive disorders. In addition, the present study 
only partially discussed the role of PTEN as a target gene of 
miR‑130b in the treatment of DE. However, miR‑130b may 
also target other genes to protect nerve cells, which warrants 
investigation in future studies.
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