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MicroRNA-383 upregulation protects against propofol-induced
hippocampal neuron apoptosis and cognitive impairment

XINLEI WANG', GUOYOU DING?, WEI LAI%>, SHIWEN LIU> and JUN SHUAI®

1Department of Anesthesia, The First Affiliated Hospital of Nanchang University, Nanchang, Jiangxi 330006;

2Department of Anesthesia, Chinese People's Liberation Army No. 94 Hospital, Nanchang, Jiangxi 330002;
3Department of Anesthesia, Ganzhou People's Hospital, Ganzhou, Jiangxi 310000, PR. China

Received August 18, 2016; Accepted May 11,2017

DOI: 10.3892/etm.2018.5838

Abstract. Anesthesia-induced cognitive impairment is a
recognized clinical phenomenon. The present study aimed
to investigate the effect of microRNA-383 (miR-383) expres-
sion on propofol-induced learning and memory impairment.
In total, 48 male Sprague-Dawley rats (weight, 250+10 g)
were randomly divided into four groups (n=12 each): Control
group, and three groups of rats that were anesthetized with
propofol for 6 h and untreated (propofol model group), treated
with a constructed lentivirus vector expressing miR-383
mimics (mimic + propofol group), or treated with miR-383
scramble (scramble + propofol group). The learning memory
ability, hippocampal neuron apoptosis and expression of
apoptosis-associated factors were detected using reverse
transcription-quantitiative polymerase chain reaction and
western blot analysis. Propofol treatment significantly reduced
the relative mRNA and protein expression of miR-383,
induced neuron apoptosis, upregulated the Bax/Bcl-2 ratio,
downregulated the relative mRNA and protein expression
levels of postsynaptic density protein 95 and cAMP-response
element binding protein, and inactivated the phosphoinositide
3-kinase/protein kinase B signaling pathway. By contrast,
miR-383 mimics significantly altered the propofol-induced
dysregulation of the aforementioned factors. In conclusion,
miR-383 mimic was able to repair propofol-induced cognitive
impairment via protecting against hippocampal neuron apop-
tosis and dysregulation of related factors. The present study
suggested that miR-383 may be used as a potential therapeutic
target for the clinical treatment of cognitive impairment
induced by propofol anesthesia.
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Introduction

Cognitive dysfunction or impairment is prevalent in older
adults with Alzheimer's disease (1,2), or older individuals
receiving anesthesia and surgery (3,4). It is reported that
10-60% of elderly surgical patients have suffered with postop-
erative delirium and cognitive dysfunction in various surgical
procedures (5). However, there is still no effective treatment to
prevent or alleviate this complication. Similar to other diseases,
cognitive impairments are caused by the abnormal accumula-
tion of genetic or non-genetic alterations, and the therapy of
cognitive impairments in older adults is a long and arduous
process with limited apparent results (6). Anesthesia-induced
cognitive impairments are associated with dysregulation
of gene expression and neuron cell apoptosis. For instance,
inactivation of the phosphoinositide 3-kinase/protein kinase
B (PI3K/Akt) signaling pathway significantly increases the
ratio of B-cell lymphoma-2-associated X protein (Bax)/B-cell
lymphoma-2 (Bcl-2) resulting in increased hippocampal apop-
tosis (7). Certain microRNAs (miRs) are also involved in this
procedure. For example, miR-132 mediates stress-inducible
cognitive deficits via acetylcholinesterase (8), and miR-137
variants serve as negative predictors of impaired cognitive
subtype of schizophrenia (9). Cell apoptosis is a compli-
cated process involving various genetic factors, including
brain-derived neurotrophic factor (10), postsynaptic density
protein 95 (PSD95) (11), cAMP-response element binding
protein (CREB) (12,13), miR-34a (14), miR-383 (15), and the
PI3K/Akt signaling pathway (16,17). The PI3K/Akt signaling
pathway is essential for cell apoptosis, and its inhibition has
been proven to contribute to cancer cell apoptosis (16-18). This
pathway is associated with cognitive impairments induced by
diabetes, neonatal hypoxic ischemic brain damage, cardiovas-
cular disease and anesthesia (19-21). Furthermore, miR-383
has been previously identified as an underexpressed miRNA
in medulloblastoma (22,23), and its downregulation promoted
cancer cell proliferation and invasion (24). The in vitro effects
of miR-383 appear to be partially dependent on p21°¥! (23),
which is a cell cycle inhibitor that serves a crucial role in several
biological processes, including cell cycle and apoptosis (25).
Additionally, Chakraborty et al (26) have demonstrated that
miR-383 was associated with PI3K/Akt signaling pathway.
However, to the best of our knowledge, no studies have
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examined the influence of propofol anesthesia-induced cogni-
tive impairment on miR-383 expression, or focused on the
association between propofol anesthesia-associated miR-383
expression and the PI3K/Akt signaling pathway.

In the present study, with the aim to investigate the effect
of miR-383 expression on propofol-induced learning and
memory impairment, a cognitive impairment rat model was
established using propofol anesthesia. The effect of miR-383
expression on propofol anesthesia-induced cognitive impair-
ment was analyzed using constructed lentivirus vectors
expressing miR-383 mimics. Cell apoptosis, rat learning
and memory abilities, and the expression of genetic factors
were also examined. The current study attempted to provide
information on the association between anesthesia-induced
cognitive impairment and miR-383 expression, and assist in
the development of a therapeutic strategy focusing on miR-383
for cognitive impairment.

Materials and methods

Animal anesthesia model. A total of 48 male Sprague-Dawley
rats (7-week-old; weight, 250+10 g) were obtained from Vital
River Laboratory Animal Technology Co., Ltd. (Beijing,
China). Prior to experiments, animals were housed at 22°C
and 50% humidity under a controlled 12-h light-dark cycle
with ad libitum access to food and water for 1 week for
acclimatization. Rats were then randomly divided into four
groups (n=12 each): Control group, and three propofol-anes-
thetized groups that were untreated (propofol group), treated
with miR-383 mimics (mimic + propofol), and treated with
miR-383 scramble (scramble + propofol). Animals in the three
propofol groups were anesthetized for 6 h, between 9:00 a.m.
and 3:00 p.m., by intraperitoneal injection of 300 mg/kg body
weight propofol (833 pg/kg/min; AstraZeneca plc, London,
UK) for 7 days. The control rats were anesthetized with the
same conditions (37°C), administrated with normal saline at
1 ml/h between 9:00 a.m. and 3:00 p.m., and allowed to breath
regular air for 6 h. Animals were allowed to recover for 7 days
after anesthesia, and were then subjected to further tests or
sacrifice. All protocols of animal experiments were reviewed
and approved by the Institutional Animal Care and Use
Committee at the Chinese People's Liberation Army No. 94
Hospital (Nanchang, China).

In vivo hippocampal injection of miR-383 lentivirus. For the
induction of hippocampal miR-383 expression, the lentiviral
construct was used. Briefly, the purchased coding oligo-
nucleotides of antisense mouse miR-383 mimics and scramble
sequence (Guangzhou RiboBio Co., Ltd., Guangzhou, China)
were cloned and inserted into a lentivirus expression vector,
Pcdh-CMV-MCS-EFI1-copGFP (System Biosciences, Inc.,
Morrisville, PA, USA). The miR-383 mimics and scramble
viral particles were produced in 293T cells (CRL-3216;
ATCC, Manassas, VA, USA) via lentivirus expression vector
co-expressed with pPACK packaging system (Systems
Biosciences, Palo Alto, CA, USA). For the miR-383 transfec-
tion, rats were administrated with lentiviruses containing
miR-383 mimics or scramble at 24 h before the first adminis-
tration of propofol. A total volume of 2 yl lentivirus-containing
mimics or scramble vectors were injected to the hippocampus
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of the rats through a drilled hole (0.05 mm in diameter) on the
right cortex just above the dorsal hippocampus, via a Hamilton
syringe under a surgical microscope.

Morris water maze (MWM) test. Subsequent to treatment and
propofol anesthesia, the MWM test was used to examine the
spatial learning and memory of rats. At 7 days after anesthesia
(recovery), half of the animals in each group were subjected
to the test. The MWM, placed in a room with dimmed lights,
was composed of a circular water pool (colored with black ink;
100 cm in diameter, 50 cm in height) with 30-cm depth of
water and a platform at 1 cm below the water surface (12 cm in
diameter). The maze was divided into four quadrants. Animals
attempted to find the platform by swimming in each of the
four quadrants every day for 5 consecutive days. After 5 days
of training, swimming data was recorded on day 6. At the
beginning of the trail, animals were immersed in the center
of one of the three quadrants without the hidden platform.
A maximum of 60 sec was allowed for finding the hidden
platform, and at the end of each swim, rats were allowed to
rest for 30 min. A video camera on the ceiling was used to
videotape the performance of the rats in association with their
swimming ability. The time taken to reach the hidden platform
(latency; recorded in sec), path length (cm) and swimming
speed (cm/s) were analyzed using image tracking software
(HVS Image 2020 Plus tracking system; HVS Image Software
Ltd., Buckingham, UK). The latency was positively correlated
with the rats' spatial memory.

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay. The apoptosis of hippocampal
neurons was detected using TUNEL assay. Briefly, at
7 days after anesthesia, rats were sacrificed and 4-pm
paraffin-embedded hippocampal sections were prepared and
de-paraffinized. A colorimetric TUNEL kit (EMD Millipore,
Billerica, MA, USA) was then used for in situ apoptosis
detection of apoptotic hippocampal neurons following the
manufacturer's instructions. The apoptotic hippocampal
neurons were stained a brown coloration when reacted with
DAB. Cells in five arbitrarily selected fields were counted,
and the percentage of TUNEL positive cell number was
calculated.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). For RT-qPCR analysis, total RNA was extracted
from hippocampus tissues 7 days after anesthesia using TR1zol
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA). Then, 2 ug of total RNA was used as a template
to synthesize the first-strand cDNA using iScriptTM Reverse
Transcription Supermix (Bio-Rad Laboratories, Inc., Hercules,
CA, USA), and the mRNA and miRNA expression levels were
determined using a Ssofast EvaGreen Supermix kit (Bio-Rad
Laboratories, Inc.) with an ABI 7500 Fast Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
and a miRCURY LNA microRNA Array kit (version 14.0;
Exiqon; Qiagen, Hilden, Germany). The primers (Table I)
were synthesized by Shanghai Sangon Biologic Engineering
Technology and Services Co., Ltd. (Shanghai, China). GAPDH
was used as the internal control for mRNA quantifications and
U6 was used as the internal control for miRNA quantification.
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Table I. Primers used for reverse transcription-quantitiative
polymerase chain reaction.

Gene Primer sequence

miR-383  Forward, 5'-CTTTCCCAAGAGTTTCACT-3'
Reverse, 5'-CCACTCCAGTCCACCAAAT-3'
U6 Forward, 5'-CGCTTCGGCAGCACATATAC-3'

Reverse, 5'-TTCACGAATTTGCGTGTCAT-3'

Bax Forward, 5'-TTTGCTTCAGGGTTTCATCC-3'
Reverse, 5'-ATCCTCTGCAGCTCCATGTT-3'

Bcl-2 Forward, 5'-ATTGTGATGGTCATATTATTG-3'
Reverse, 5'-ATATCATATGTCCTTTATGCA-3'

GAPDH  Forward, 5-GAAGGTGAAGGTCGGAGTCA-3'

Reverse, 5'-TTGAGGTCAATGAAGGGGTC-3'

miR, microRNA; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X
protein.

The reaction conditions were as follows: 95°C 10 min,
followed by 95°C for 30 sec, 60°C for 40 sec and 72°C for
10 sec for 40 cycles. All reactions were run in triplicate. The
relative mRNA expression level was calculated by the 2-44¢4
method (27).

Western blot analysis. Animals were sacrificed 7 days after
anesthesia, and the hippocampus tissues were extracted
using lysis buffer [300 mM NaCl, 50 mM Tris-HCI (pH 7.5),
5 mM EDTA, 0.1% NP-40, 1 mM DTT, 1 mM phenyl-
methanesulphonyl fluoride, and 1:100 protease inhibitor
cocktail], homogenized and centrifuged at 4°C at 12,000 x g
for 10 min to collect the supernatants. Concentration
of protein was determined using the bicinchoninic acid
method. Hippocampus proteins were mixed with and
boiled in sodium dodecyl sulfate (SDS) sample buffer for
10 min, then 10 pg protein was prepared for western blot
analysis. Next, 10% SDS-PAGE was used to separate
proteins, which were then electrophoretically transferred to
polyvinylidene difluoride membranes (Invitrogen; Thermo
Fisher Scientific, Inc.). Subsequent to blocking with bovine
serum albumin (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) at room temperature for 1 h, membranes were
incubated at 4°C overnight with primary antibodies against
the following: Bel-2 (1:5,000, catalog no. 4223), Bax (1:1,000,
catalog no. 610982), PSD95 (1:2,000, catalog no. 610495),
phosphorylated (p)-CREB (1:1,000, catalog no. 7722),
CREB (1:1,000, catalog no. 9197), p-PI3K (1:1,000, catalog
no. 4228), PI3K (1:2,000, catalog no. 9655), p-Akt (1:1,000,
catalog no. 4060), Akt (1:1,000, catalog no. 4691) and
GAPDH (1:1,000, catalog no. 560792). The anti-BCL-2,
p-CREB, CREB, p-PI3K, PI3K, p-Akt and Akt antibodies
were obtained from Cell Signal Technology, Inc. (Danvers,
MA, USA), while anti-Bax-; , PSD95 and GAPDH antibodies
were obtained from BD Transduction Laboratories (Breda,
The Netherlands). Subsequently, the membranes incubated
with primary antibodies were washed and incubated with
horseradish peroxidase-conjugated secondary antibodies
(anti-mouse: 1:1,000, catalog no. 61-6000; anti-Rabbit:
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1:1,000, catalog no. A21253, Invitrogen; Thermo Fisher
Scientific, Inc.) for 1 h. The polypeptide bands were visual-
ized using a Tanon-5200 Chemiluminescent Imaging System
(Tanon Science & Technology Co., Ltd. Shanghai, China).
Images were quantified using ImagelJ software version 1.44
(National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. Statistical analysis was performed using
SPSS software (version 19.0; IBM Corp., Armonk, NY, USA).
All data are expressed as the mean + standard deviation.
Differences between two groups were assessed by Tukey's test,
while those among more groups were assessed using analysis
of variance. P<0.05 was considered to indicate differences that
were statistically significant.

Results

Expression of miR-383 in the hippocampus following propofol
anesthesia. Rats were divided into the untreated control,
propofol anesthesia (propofol group, n=12), and miR-383
mimic or scramble treatment prior to propofol anesthesia
(mimic/scramble + propofol) groups. Initially, the expression of
miR-383 in the hippocampus of animals in the control or three
propofol groups was determined using RT-qPCR. The results
demonstrated that the expression of miR-383 in the propofol
group was significantly reduced by propofol administration in
comparison with the control group (P<0.05; Fig. 1A). However,
miR-383 expression in the miR-383 mimic + propofol group
was elevated following injection of the lentivirus expression
vector, when compared with the expression in the control,
propofol model and scramble + propofol groups (P<0.05;
Fig. 1A). Furthermore, no significant difference was observed
in miR-383 expression between the miR-383 mimic + propofol
and the miR-383 scramble + propofol groups. These data
suggested that the miR-383-expressing lentivirus vector was
successfully constructed.

miR-383 protects against reduced animal learning and
memory ability induced by propofol anesthesia. MWM tests
were performed to determine the influence of propofol, as well
as the protective effect of miR-383, on animal learning and
memory ability. Data from MWM test revealed that propofol
administration markedly lengthened the time that rats
required to find the hidden platform compared with the control
group (P<0.05; Fig. 1B). Furthermore, the animals treated
with miR-383-expressing vector presented shorter latency
time in comparison with the propofol model or scramble +
propofol groups (P<0.05; Fig. 1B). However, there were no
significant differences in the swimming speed among the
various groups (P>0.05; Fig. 1C). These results revealed that
the miR-383-expressing lentivirus vector treatment protected
against propofol-induced damage in animal learning and
memory ability.

miR-383 inhibits propofol anesthesia-induced neuron
apoptosis. At 7 days after the anesthesia, 4-um
paraffin-embedded hippocampal sections were prepared for
TUNEL assay. The results from TUNEL assay revealed that
propofol anesthesia significantly increased neuron apoptosis,
in comparison with the control group (P<0.05; Fig. 2). As
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Figure 1. miR-383 expression in the hippocampus and its effect on animal learning and memory ability. (A) miR-383 expression level was detected using
reverse transcription-quantitative polymerase chain reaction. (B) Latency time and (C) swimming speed were performed to examine the learning and memory
abilities using the Morris water maze test. The latency was positively correlated with rat spatial memory. Lentiviruses containing miR-383 mimic or scramble
vectors were injected to the hippocampus on the right cortex just above the dorsal hippocampus. "P<0.05 vs. control; “P<0.05 vs. propofol model group;

©P<0.05 vs. mimic + propofol group. miR, microRNA.

expected, there was a reduction in neuron apoptosis in rats
treated with miR-383-expressing lentivirus vector, when
comparing with the control rats (P<0.05; Fig. 2). No significant
difference was observed in the neuron apoptosis rate between
the propofol model and the miR-383 scramble + propofol
groups. These findings suggest that miR-383 may have
inhibited the propofol anesthesia-induced damage on animal
learning and memory ability by inhibiting neuron apoptosis.

miR-383 inhibits propofol anesthesia-induced dysregulation
of apoptotic proteins. Based on the TUNEL assay, it was
speculated that both propofol and miR-383 affected the
expression of apoptosis-associated proteins. Thus, the present
study detected the expression of two key apoptotic factors,
Bcl-2 and Bax (28,29). The mRNA and protein expression
levels of Bcl-2 were significantly reduced, while those of
Bax were significantly upregulated, by propofol anesthesia
compared with the levels in the control group (P<0.05; Fig. 3).
Furthermore, the propofol-induced dysregulation of Bcl-2 and
Bax was evidently inhibited in the miR-383-treated group,
compared with the propofol anethesia model group (P<0.05;
Fig. 3). However, no significant difference was observed in
the expression levels of Bcl-2 and Bax between the propofol
model and miR-383 scramble + propofol groups. These data
suggested that miR-38 mimic inhibited neuron apoptosis via
regulating Bcl-2 and Bax expression.

Effects of propofol and miR-383 expression on
neurodevelopment-associated protein expression. As
previously reported, PSD95 and CREB are associated with
and serve crucial roles in the development of hippocampal
neurons (30,31). Thus, the present study detected the effect
of propofol administration, as well as of miR-383-expressing
vectors, on the expression levels of PSD95 and CREB. Data
from RT-qPCR and western blot analysis revealed that the
mRNA and protein expression levels, respectively, of PSD95
and CREB were significantly inhibited by propofol administra-
tion (P<0.05; Fig. 4). In the mimic-treated group, however, the
expression levels of PSD95 and CREB in the rat hippocampus
were significantly upregulated compared with those of rats in
the propofol, scramble + propofol and control groups (P<0.05;
Fig. 4). This demonstrated that miR-383 mimic administration
contributed to the promotion of the propofol-damaged devel-
opment of hippocampal neurons.

Effects of propofol and miR-383 expression on PI3SK/Akt
signaling pathway-associated protein expression. Since
the PI3K-Akt signaling pathway is essential for cell apop-
tosis (32,33), the expression and activated status of this
pathway in animals were detected in the current study in order
to examine the action mechanism of propofol and miR-383
expression on neuron apoptosis. The expression of p-PI3K and
p-Akt mRNA and protein levels in the propofol-anesthetized
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Figure 2. miR-383 inhibits propofol-induced hippocampus neuron apoptosis.
(A) Neuron apoptosis images (Magnification, x400) and (B) percentage of
apoptotic cells was examined using terminal deoxynucleotidyl transferase
dUTP nick end labeling TUNEL assay. Cells in five arbitrarily selected fields
were counted to determine the percentage of TUNEL positive cells. "P<0.05
vs. control; “P<0.05 vs. propofol model group; ®P<0.05 vs. mimic + propofol
group. miR, microRNA.

group were significantly reduced in comparison with
those in the control group (P<0.05; Fig. 5). By contrast, the
miR-383-expressing vector triggered the expression of p-PI3K
and p-Akt, in comparison with the propofol group (P<0.05;
Fig. 5). There were no notable differences in the expression of
total PI3K and Akt among the various groups, or in the expres-
sion of p-PI3K and p-Akt between rats treated with propofol
and with miR-383 or scramble + propofol (Fig. 5B). These
data demonstrated that propofol and miR-383 may regulate the
activation of PI3K-Akt signaling pathway.

Discussion

Anesthesia-induced cognitive impairment is a recognized
clinical phenomenon and possibly the most frequent type of
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model group; “P<0.05 vs. mimic + propofol group. miR, microRNA; Bcl-2,
B-cell lymphoma-2; Bax, Bcl-2-associated X protein.

postoperative cognitive impairment (3,4). miRNAs had been
reported to be associated with cognitive ability (34,35). The
present study aimed to investigate the effect of miR-383
expression on propofol-induced learning and memory impair-
ment. The current results revealed that propofol anesthesia
induced the downregulation of miR-383 expression. Further
experiments demonstrated that miR-383-expressing vector
treatment was able to repair the propofol anesthesia-induced
cognitive impairment by inhibiting neuron cell apoptosis and
by modulating the expression of apoptotic proteins and other
factors associated with neuronal development, as well as by
regulating the apoptosis signaling pathway.

Previous studies have demonstrated that anesthesia-induced
cognitive impairment, including isoflurane, sevoflurane or
propofol exposure, and the associated neuron apoptosis are
recognized clinical phenomena (36,37). Additionally, studies
focusing on the comparison between propofol and other
clinical anesthetics have observed that propofol has a contro-
versial or dual effect on cognitive impairment (37-39). Propofol
may induce cognitive impairment with a higher severity in
comparison with sevoflurane administration (39). However,
propofol may protect against or reduce cognitive impairment
resulting from surgery or electroconvulsive therapy (38,40).
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Figure 5. miR-383 expression triggers the activation of PI3K/Akt signaling
pathway. The expression levels of the PI3K/Akt signaling pathway-associated
proteins, PI3K and Akt, were detected by (A) reverse transcription-quantitative
polymerase chain reaction and (B) western blot analysis. "P<0.05 vs. control;
"P<0.05 vs. propofol model group; ®P<0.05 vs. mimic+propofol group. miR,
microRNA; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B.

In the present study, a rat model with cognitive impairment
was successfully established using propofol administration.
The increment in the apoptotic rate of hippocampal neurons
(Fig. 2), alterations in apoptosis-associated protein expression
(Figs. 3 and 4), as well as inhibition of the PI3K/Akt signaling
pathway activation following propofol treatment (Fig. 5),
demonstrated that propofol administration resulted in cogni-
tive impairment in rats.

miR-383 is a disease-associated miRNA, and its down-
regulation has been identified in patients with various types of
cancer, infertility and other diseases (23,24). Ectopic expres-
sion of miR-383 has been demonstrated to be associate with
cell growth, apoptosis and expression of apoptosis-associated
proteins (22). In the present study, miR-383 mimic-expressing
lentivirus vectors were successfully constructed and employed
as a treatment for propofol-induced cognitive impairment.
Administration of miR-383 mimics significantly upregulated
the reduced expression levels of miR-383, neuron development
factors and PI3K/Akt signaling pathway factors, p-PI3K and
p-Akt, that resulted from propofol administration. In addition,
miR-383 mimics inhibited the propofol-altered expression
of apoptosis-associated proteins and apoptotic neuron cells.
These observations revealed that miR-383 repaired the
propofol-induced cognitive impairment in the rat model, and
that it may be a novel target for exploring effective therapeutic
strategies for propofol anesthesia-induced cognitive impairment.

Cell apoptosis is a complicate process involved in numerous
signaling pathways, as well as stimulation, genetic and
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non-genetic factors (41-44). Cognitive impairments resulting
from propofol or other anesthetics have been demonstrated to
involve hippocampal neuron apoptosis and regulation of apop-
tosis-associated proteins and signaling pathways (37,45,46). For
instance, Bcl-2 and Bax are important factors for cell apoptosis,
which is benefited by overexpression of Bax and inhibition of
Bcl-2, or upregulation of the Bax/Bcl-2 ratio (16,17,47.48). In
addition, Bcl-2 expression may be mediated by p-CREB or
CREB-dependent Bcl-2 signaling, which further contributes
to cell apoptosis (49,50). Furthermore, CREB is required for
PSDO5 disruption (31), and the transcription of PSD95 may
be directly activated CREB (51). In the current study, it was
determined that the propofol anesthesia upregulated Bax/Bcl-2
ratio, but this was then reduced by miR-383 mimic transfection
via inhibiting Bax and inducing Bcl-2 (Fig. 3). Additionally,
propofol anesthesia-inhibited PSD95 and p-CREB expression
levels were upregulated by miR-383 mimic administration
(Fig. 4). These findings demonstrated that the apoptotic factors
Bax and Bcl-2, as well as PSD95 and p-CREB, responded to
the abnormal expression of miR-383.

PI3K/Akt signaling pathway is a key pathway for cell
apoptosis (16,17). As reported, inhibition of the PI3K/Akt
signaling pathway contributed to cancer cell apoptosis (18).
Yoshii and Constantine-Paton revealed that the inhibition of
MAPK/ERK signaling pathway disrupted PSD95 expres-
sion, and that PI3K is critical for the PSD95 disruption (51).
However, there was no evidence demonstrating the effect of
miR-383 mimic on PI3K/Akt signaling pathway activation
in propofol anesthetized animals with cognitive impairment.
Since miR-383 dysregulation and PI3K/Akt signaling pathway
participate in cell apoptosis (16,17,23,24), the present study
speculated that miR-383 mimics may be able to regulate the
expression levels of p-PI3K and p-Akt, and the activation
status factors of PI3K/Akt signaling pathway. As expected,
propofol administration significantly downregulated the
expression levels of p-PI3K and p-Akt proteins (Fig. 5), as
well as those of miR-383, Bax/Bcl-2, PSD95 and p-CREB.
However, miR-383 mimic evidently upregulated the expres-
sion of all these factors, revealing that miR-383 regulated the
expression or activation of PI3K/Akt signaling pathway, thus
modulating cell apoptosis.

In conclusion, in the present study, a cognitive impairment
rat model was established using propofol anesthesia. Propofol
induced downregulation of miR-383, lengthened latency time,
apoptosis of hippocampal neurons, upregulation of Bax/Bcl-2,
inhibition of PSD95 and p-CREB expression levels, and
inactivation of PI3K/Akt signaling pathway. However, treat-
ment with miR-383 mimic-expressing lentivirus vector
significantly improved the propofol effects, demonstrating the
protective effect of miR-383 on propofol anesthesia-induced
cognitive impairment in the rat model. The current study also
suggested the miR-383 mimics may be used as a novel target
for the development of a therapeutic strategy for propofol
anesthesia-induced cognitive impairment.
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