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Abstract: Our previous study showed that the expression of miR-181a in memory impairment group of pentylenetet-
razol (PTZ)-induced epileptic rats was up-regulated, but whether miR-181a influenced the cognitive function of PTZ-
induced epileptic rats remains unknown. Therefore, we investigated the role of miR-181a in the cognitive function
of PTZ-induced epileptic rats. A model of temporal lobe epilepsy (TLE) was induced via PTZ kindling in SD male rats.
The epileptic rats were divided into Epilepsy group, Agomir-control group, miR-181a agomir group, 12 rats for each.
12 rats were used as sham group. We found that compared to the sham group, the expression of miR-181a in the
Epilepsy group was increased. We also found that escape latency in the 5th day was prolonged and crossing times
in the 6th day was reduced via Morris Water Maze test, which may indicate memory impairment. Furthermore, over-
expression of miR-181a effectively reduced Bcl-2 protein level and increased apoptosis in hippocampus. Moreover,
compared with Agomir-control group, the escape latency of miR-181a agomir group was obviously induced (P<0.05).
Our findings suggest that miR-181a may play a role in impairing the cognitive function of PTZ-induced epileptic rats,
and miR-181a could decrease the Bcl-2 protein and induce the apoptosis in the hippocampus that might be the way
to impair cognitive function.
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Introduction

Epilepsy is a kind of chronic clinical syndrome
about brain function which is caused by abnor-
mal discharge of neurons. In the clinical mani-
festations of epilepsy, except the symptoms of
epilepsy, 30%~40% patients with epilepsy are
often associated with memory impairment,
attention dispersion and other cognitive dys-
function. MicroRNAs (miRNAs) are highly con-
served endogenous non-coding single strand-
ed small molecule RNA, and the length are
about 18-22 nucleotides. They are widely exist
in animal and plant cells, and regulate protein
expression by cleaving or repressing transcrip-
tion of the target mRNA [1] via acting on spe-
cific mRNA 3’-UTR. They play an important role
in the process of various life activities, such as
the growth of biological development, cell pro-
liferation and differentiation, cancer and apop-
tosis. More and more studies have confirmed
that the abnormal expression and function of
microRNAs have close relationship with the
learning and memory impairment of nervous
system [2, 3]. But the mechanism is not clear.

Previous studies have found that the miR-181
family, especially miR-181a and miR-181b, are
rich in the brain [4], and the abnormal expres-
sion of miR-181 family is related to many dis-
eases of nervous system. Reports found that
there was a connection between miR-181 and
memory processing in a transgenic mouse
model of AD [5]. MiR-181 was predicted to
relate to memory in AD by regulating c-Fos and
SIRT-1 [6, 7]. Very few studies have evaluated
the role of cognitive function in epilepsy. In pre-
vious study [8], we found that the expression of
miR-181a in memory impairment group of the
PTZ-induced epileptic rats was significantly up-
regulated, but whether miR-181a influenced
the cognitive function of PTZ-induced epileptic
rats remains unknown. This research will study
the correlation and mechanism of miR-181a
involved in cognitive function of epilepsy.

Materials and methods
Animals

Healthy male Sprague-Dawley (SD) rats (220~
240 g) were provided by the Animal Experimental
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center of Guangxi Medical University. Animals
were handled according to the guidelines of the
Council for International Organization of Me-
dical Sciences on Animal Experimentation
(World Health Organization, Geneva, Switzer-
land). The Guangxi Medical University Animal
Care and Use Committee approved the animal
protocols.

Model establishment and grouping

In the first day, rats were given PTZ (60 mg/kg)
by intraperitoneal injection. After the injection,
we observed it for 20 minutes and record the
behavioral changes of subject rats, grading
them according to Racine grading standard:
grade O, no reaction; grade |, chewing; grade Il,
gazing and head nodding; grade lll, unilateral
forelimb clonus, twitching and scratching;
grade |V, rearing with bilateral forelimb clonus;
grade V, widespread muscle spasms, rearing
with bilateral forelimb clonus and falling back.
Taking the grade IV~V seizures in rats as a
model of epilepsy, Epileptic model rats random-
ly were divided into 3 groups, and 12 rats for
each, including the Epilepsy group, Agomir-
control group, miR-181a agomir group.

The epileptic rats were fixed in the stereotaxic
apparatus after anesthesia by using 10% chlo-
ral hydrate in the second day. Then according to
the rat brain in the stereotaxic coordinates
(Paxinos) positioning in the right side of rat ven-
tricle, coordinates of anterior fontanelle back
0.8 mm, midline 1.3 mm, subdural 3.7 mm,
drilled skull with syringe needle 5 ml specifica-
tions. 10 pl micro syringe was fixed on the micro
injection pump. MiR-181a agomir group was
injected rno-miR-181a agomir (Guangzhou
Ruibo Biological Technology Co. Ltd.) to lateral
ventricle at a constant speed. The Agomir-
control group was injected the same volume of
agomir control (Guangzhou Ruibo Biological
Technology Co. Ltd.) into the lateral ventricle,
while the Epilepsy group was not injected any-
thing. After the injection, the needle stayed in it
for 10 min and then was pulled out slowly. Then
the rats were followed by repeated injections of
PTZ (35 mg/kg), every other 48 hours, with a
total of 14 injections. During the injection, the
rats had IV~V convulsive seizures. Moreover,
12 rats were used as sham group, injecting the
same amount of 0.9% physiological saline i.p.
on alternating days.
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Morris water maze test

After 28 days, Morris Water Maze test was
used to evaluate the cognitive function of rats.
Morris Water Maze apparatus (Panlab, Spain)
consisted of a circular water pool diameter 120
cm, height 50 cm, depth 25 cm. Furthermore, a
platform with a diameter of 10 cm, was located
in a specified quadrant (the experiment was put
in the southwest quadrant) 2 cm below surface,
and the temperature stayed for 22+1°C. Ink
was poured into the pool to make it black. A
digital camera above the pool was connected
to the computer, and the data were acquired
and processed by MWM system v.2.1 SLY-
WMS.

Place navigation test lasted 5 days, and the
training was at 9 a.m. every day. Rats were put
into water in a clockwise sequentially by the
first, second, third, four quadrant, observing
and recording the time that the rats takes to
find the platform in 90 s (i.e. the escape laten-
cy). If the rat failed to find the platform within
the 90 s, they would be guided to the platform
and stay there for 10 s, the escaping latency
was recorded as 90 s.

The ability of the rats of remembering spatial
location was evaluated after they learnt how to
find the platform (i.e. Spatial probe test). In the
sixth day of training, the platform was removed
and the rats were put into water randomly,
observing and recording how many times the
rats went through the platform (i.e. crossing
times) and percentage of time that rats stayed
in the target quadrant.

RT-qPCR for miR-181a

The design and synthesis of primers of miR-
181a were completed by Dalian biotethnology
Co. Ltd. Dalian Takara (China). The primers
were kept in the refrigerator for -20°C.
Hippocampal tissue was isolated on the ice,
and extracted by TRIZOL Reagent (Invitrogen,
USA). The synthesis of cDNA was carried out
according to the specification of Mir-X™ miRNA
First-Strand Synthesis kit (Takara, Dalian,
China). The reaction system was 10 pl. After the
reaction, it should be put into the refrigerator in
-20°C. Using Mir-X miRNA gRT-PCR SYBR Kit
(Takara, Dalian, China), RT-PCR reaction was
taken in Light Cycler 480 Real-time PCR (steps:
denaturation on 95°C for 10 s; PCR amplified to
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Odyssey imaging system (LI-
COR Biosciences, USA), and
then analyzed via LI-COR
Odyssey software V3.0.

TdT-mediated dUTP nick end
labeling (TUNEL)

3-um brain slices were sub-
jected to TUNEL assay (In Situ
Cell Death POD Kit, Roche,
Germany). Reaction was visu-
alized under a fluorescence
microscope (Germany). The
percentage of TUNEL-positive
cells to all cells counted was
used as apoptotic index (Al).

Statistical analysis

All data are reported as the

Figure 1. Expression of miR-181a. A. The expression of miR-181a in every mean + standard deviation

group. B. Predicted binding sites of miR-181a in the 3’UTR of Bcl-2. Values
are mean * SD of 6 rats per group. *P<0.05 compared with the sham group.

95°C for 5, 60°C for 20 s, a total of 40 cycles;
melting curve: 95°C for 60 s, 60°C for 20 s,
65°C for 15 s), analyzing the specificity of melt-
ing curve and the relative amount of miR-181a
in rats’ hippocampal tissue by relative quantifi-
cation 222¢t, U6 was used as an internal con-
trol.

Western blotting analysis

The total protein was extracted by RIPA
(Beyotime, Haimen, China), and detected by
BCA Protein Assay kit. Isolated protein was
heat denatured at 95°C for 5 min. Then con-
ducted electrophoresis in 10% SDS-PAGE for
2.5 h, and transferred to 0.45 mm PVDF
Membrane (Millipore Corp, Massachusetts,
Italy) in the semi dry transfer apparatus. The
constant current was 100 mA for 0.5 h. Washed
the membrane for 3 times, and then put it into
5% skim milk powder sealing fluid for 1 h. Then
the membranes were incubated on ice over-
night with Bcl-2 antibody (1:300, Santa) or
GAPDH (1:5000, Cell Signaling Technology,
USA, as an internal control). Washing the mem-
branes for 3 times, they were incubated with
secondary anti-rabbit antibody (1:5000, Cell
Signaling Technology, USA) for 1 h at room tem-
perature. The bands were scanned with LI-COR
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(SD), analyzing by SPSS16.0
statistical software. Single
factor analysis of variance
(ANOVA) is used in more than two groups. If
value of P<0.05, the differences have statisti-
cal significance.

Results
MiR-181a expression after epilepsy

As showed in Figure 1A, compared with the
sham group, the expression of miR-181a in
other groups were up regulated obviously
(P<0.05). The results indicated that the levels
of miR-181a were increased after epilepsy. The
miR-181a expression of the Epilepsy group and
the Agomir-control group didn’t have obvious
differences (P>0.05). Compared to the Epilepsy
group and the Agomir-control group, the expres-
sion of miR-181a in miR-181a agomir group
was increased significantly (P<0.05).

The role of miR-181a in cognitive function of
PTZ-induced epileptic rats

In the place navigation test, with the increasing
of training days, the escape latency of every
group was shortened gradually. MiR-181a
agomir group was higher than other groups at
all time points, while the sham group was lower
than other groups at all time points (Figure 2A).
As shown in Figure 2B, the escape latency of
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Figure 2. The result of Morris Water Maze test. A. The tendency of escape latency during five days. B. Escape latency
of the rats in the 5th day. C. Crossing times of the rats in the 6th day. D. The percentage of time that rats stayed in
target quadrant in the 6th day. Values are mean + SD of 12 rats per group. *P<0.05 compared with the sham group.

other groups were higher than the sham group
in the 5th day (P<0.05). The escape latency of
Epilepsy group and Agomir-control group didn’t
have obvious differences (P>0.05). The escape
latency of miR-181a agomir group was higher
than that of Epilepsy group (P<0.05). Compared
miR-181a agomir group with Agomir-control
group, they didn’'t have obvious differences
(P>0.05). These findings showed that over-
expression of miR-181a may impair the ability
of learning.

In the 6th day, we removed the platform and
conduct Spatial probe test. Figure 2C showed
that compared with the sham group, crossing
times of other groups were less than that of the
sham group. Crossing times of the Epilepsy
group, Agomir-control group and miR-181a
agomir group didn’t have obvious differences
(P>0.05). As shown in Figure 2D, the percent-
age of time that rats stayed in target quadrant
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in epilepsy group and miR-181a agomir group
were less than that of the sham group (P<0.05).
Compared with Agomir-control group, the per-
centage of time that rats stayed in target quad-
rant in miR-181a agomir group was significantly
decreased (P<0.05). The data suggest that
over-expression of miR-181a caused memory
impairment.

MiR-181a increased the apoptosis of the hip-
pocampus

As shown in Figure 3, compared with the sham
group, the apoptotic cells of other groups were
obviously increased (P<0.05), which may sup-
ported that the apoptosis in hippocampus was
increased after epilepsy. The apoptotic cells of
the Epilepsy group and the Agomir-control
group didn’t have obvious difference. Compared
with the Epilepsy group, the apoptotic cells of
miR-181a agomir group increased 12.83%

Int J Clin Exp Pathol 2015;8(10):12861-12868
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(P<0.05). Comparing the miR-181a agomir
group with the Agomir-control group, the apop-
totic cells increased 7.67% (P>0.05). The data
indicated that over-expression of miR-181a
may increase the apoptosis of the hippo-
campus.

MiR-181a may reduce Bcl-2 expression

Using TargetScan, we analyzed that Bcl-2 may
be the target gene of miR-181a (Figure 1B).
Bcl-2 is an apoptosis-related gene. As shown in
Figure 4, compared with the sham group, the
expressions of Bcl-2 protein in other groups
were decreased (P<0.05). Compared with the
Agomir-control group, the expression of Bcl-2
protein in miR-181a agomir group was
decreased obviously (P<0.05). These findings
showed that over-expression of miR-181a sig-
nificantly reduced Bcl-2 protein level.
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Figure 3. Apoptosis in the hippocampus of each
group. A. The apoptosis of hippocampus detected
by TUNEL. B. The apoptotic index of hippocampus.
Values are mean + SD of 6 rats per group. *P<0.05
compared with the sham group.

Discussions

PTZ kindling model of chronic epilepsy is similar
to temporal lobe epilepsy of human, and it is
useful to study the mechanism of cognitive
impairment by epilepsy. Cognitive impairment
by Temporal lobe epilepsy may be related to
lesion of limbic system, such as hippocampus.

In our previous study, we found that the apopto-
sis of neuron went through the whole process
after epilepsy. Apoptosis was an important
pathway of selected neuron loss in hippocam-
pus of temporal lobe epilepsy. Apoptosis was a
research focus on the cognitive impairment by

epilepsy.

Cell apoptosis, also known as programmed cell
death, was active procedure of the process of
dying out. When epileptic seizures, It may cause

Int J Clin Exp Pathol 2015;8(10):12861-12868
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cell apoptosis in hippocampus [9]. Studies
showed that the abnormal discharge of nerve
cells could induce the apoptosis of nerve cells,
whether in chronic epilepsy or in status epilep-
ticus [9, 10]. The hippocampus is a vulnerable
brain region of epileptic seizures. The research
showed that the hippocampus neuron was
related to the learning and memory, especially
the spatial cognition function.

Mitochondria plays an important role in apopto-
sis [11], and Bcl-2 gene family is a key factor to
regulate apoptosis through mitochondrial path-
way. The Bcl-2 gene family includes the anti
apoptotic gene and apoptotic gene, which regu-
late apoptosis by altering the permeability of
the mitochondrial membrane [12]. Bcl-2 is a
vital member of the Bcl-2 gene family, which
belongs to the anti apoptotic gene, encoding a
mitochondrial membrane protein, located in
the mitochondrial outer membrane, endoplas-
mic reticulum and so on, directly affecting the
mitochondrial function. Bcl-2 protein can block
the release of cytochrome ¢ from mitochondria,
which plays a role in anti apoptosis. Some stud-
ies showed that the ratio of Bcl-2 and Bax was
directly related to apoptosis, and when the
ratio was decreased the apoptosis was
increased [13]. Study [14] suggests that Bcl-2
is regulated by many kinds of miRNAs, such as
miR-29 [15], miR-153 [16], miR-15, miR-16
[17], miR-195 [18] and miR-34 [19] mediated
by p53.

Recently, some researchers found that Bcl-2
was the target gene of miR-181a by luciferase
reporter and when miR-181a over-express,
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Agomir

they found Bcl-2 was decreased [20]. MiR-181a
promotes apoptosis of malignant glioma cells
by decreasing the expression of Bcl-2 [21]. In
neuroglioma of human being, the expression of
miR-181a was reduced and its expression was
negatively correlated with tumor grade [22]. In
rat model of cerebral ischemia, it was found
that the expression of miR-181a was obviously
increased [23, 24]. Studies showed that the
expression of miR-181a was reduced while the
expression of Bcl-2 protein was increased by
the intervention of 10% propofol [25]. In our
previous study [8], we also found that the
expression of miR-181a in memory impairment
group of PTZ-induced epileptic rats was obvi-
ously up-regulated. MCL-1 is also a direct target
gene [20] of miR-181a. MCL-1 protein binds to
Bax to inhibit apoptosis on normal conditions.
When the proportion of MCL-1/Bax is imbal-
anced, it will promote apoptosis of nerve cells.
This study intervened by miR-181a agomir to
make miR-181a over express. The results
showed that the cognitive function of miR-181a
agomir group was significantly impaired, and
the expression of Bcl-2 was decreased while
apoptosis in hippocampus was increased.

It was suggested that miR-181a was a down-
stream target gene of p53 [26]. P53 activated
kinas (ATM) is encoded by chromosome
11922.3. When the chromosome 11922.3 defi-
ciency, the function of P53 would be impaired
and the expression level of miR-181a was
down-regulated [27]. When the deficiency of
p53 function of kainic acid-induced epileptic
rats, it was found that the damage of hippo-

Int J Clin Exp Pathol 2015;8(10):12861-12868



Mir-181a on cognitive function

campal neurons was delayed [28], suggesting
p53 and its downstream genes were important
effect factors for neuronal death by epilepsy
[29]. We hypothesized that when epileptic sei-
zure, DNA damage or hypoxia may cause the
increasing of p53 expression which directly
acted on miR-181a. It probably led to the apop-
tosis of hippocampal neurons, causing the
damage of the cognitive function.
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