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ORIGINAL ARTICLE

Study on the ameliorating effect of miR-221-3p on the nerve cells injury
induced by sevoflurane

Qirui Wanga, Xin Tiana, Qijuan Lua, Kun Liub and Jiekun Gonga

aDepartment of Anesthesiology, Zhenhai District People’s Hospital of Ningbo, Ningbo, Zhejiang, China; bDepartment of
Anesthesiology, Shanghai Chest Hospital Affiliated to Shanghai Jiao Tong University, Shanghai, China

ABSTRACT
Purpose: Sevoflurane is a widely used anesthetics, however, it has been reported that sevoflur-
ane has neurotoxic effects. Studies have shown that miR-221-3p can ameliorate neuron damage.
This study was to investigate whether miR-221-3p could reduce the neurotoxic effect of sevo-
flurane on nerve cells.
Materials and methods: The rat hippocampal neuron cells were treated with sevoflurane or
cultured normally. And we constructed neuron cells that overexpressed or low expression of
miR-221-3p in the presence or absence of sevoflurane. The cells were transfected with CDKN1B
or siCDKN1B, and co-transfected with miR-221-3p mimic and CDKN1B or miR-221-3p inhibitor
and siCDKN1B. Cell viability and apoptosis were detected by CCK-8 and flow cytometer. Target
gene of miR-221-3p were predicted by TargetScan and luciferase reporter assay. The expressions
of related genes were detected by western blotting and quantitative real-time polymerase
chain reaction.
Results: Sevoflurane decreased miR-221-3p level and increased CDKN1B level, inhibited cell via-
bility and promoted apoptosis. Overexpress of miR-221-3p decreased CDKN1B level, up-regu-
lated cell viability and inhibited apoptosis, and reversed the effects of sevoflurane on cell
viability and apoptosis, while the effects low expression of miR-221-3p was contrary. CDKN1B
was the target gene of miR-221-3p, which inhibited cell viability and promoted apoptosis, and
reversed the effects of miR-221-3p mimic, whereas siCDKN1B did the opposite effects.
Conclusions: Sevoflurane can cause nerve cell injury, and miR-221-3p may promote cell activity
and inhibit apoptosis by inhibiting CDKN1B expression, thereby ameliorating cell injury induced
by sevoflurane.
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Introduction

In recent years, the continuous improvement of anes-
thesia technology has enabled more and more surgical
operations and invasive examinations to be carried out
smoothly [1, 2]. Anesthesia is divided into local anes-
thesia and general anesthesia, and the general anes-
thesia includes inhalation anesthesia or intravenous
anesthesia [3, 4]. Sevoflurane is the most widely used
inhalation anesthetics in clinical practice, which has the
advantages of rapid effect, good controllability and
low airway irritation [4, 5]. However, recent studies
have proved that sevoflurane exposure has toxic
effects on the central nervous system, which can lead
to abnormal apoptosis of neurons and neurodegenera-
tion [6, 7]. It is mainly manifested in the decline of cog-
nitive functions such as learning and memory [8–10].
Therefore, it is important to study the therapeutic

methods to reduce the neurocognitive impairment
induced by sevoflurane.

MicroRNAs (miRNAs) are highly conserved, noncod-
ing RNA molecule [11]. In recent years, studies have
found a close correlation between miRNAs and anaes-
thesia-related cognitive dysfunction [12, 13]. Gentaro
Goto et al. [14] showed that after sevoflurane inhal-
ation and intravenous injection of propofol, the
expression levels of different miRNA in the hippocam-
pus of rats showed different changes. It has been
reported that miR-221-3p can promote peripheral
nerve regeneration [15]. This study was intended to
observe whether miR-221-3p can reduce the neuro-
toxic effect of sevoflurane on rat hippocampal nerve
cells, and to explore the neuroprotective mechanism
of miR-221-3p, so as to provide theoretical basis for
clinical research.
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Materials and methods

Neuronal cell acquisition and culture

All experimental procedures were approved by the
Animal Ethics Committee of Zhenhai District People’s
Hospital of Ningbo. A total of 20 Wistar rats (SPF, 18-
day-old, weighing 40 to 50g, half male and half female)
were obtained from the Vital River Laboratories (Beijing,
China, https://www.vitalriver.com). The animals were
housed in a room at 23-27 �C, 12-hour day-night cycle,
and allowed to drink and eat freely. The rats were
treated with intraperitoneal injection of sodium pento-
barbital (50mg/kg), and routinely sterilized after anes-
thesia, and then sacrificed by cervical dislocation.
Ophthalmic scissors were used to cut the skin and skull
to expose the cerebral hemispheres on both sides. The
hippocampal tissues of the rats were removed, and the
blood vessels and meninges on the surface were
removed. The hippocampal tissues were cut into small
pieces and digested in 0.15% trypsin. After 30min of
incubation at 37 �C, the digestive juices were filtered
and centrifuged, and obtained single cell suspension.
The cells were cultured in DMEM medium (Invitrogen,
USA) with 10% fetal bovine serum (FBS, Invitrogen,
USA) at 37 �C, 5% CO2 incubator.

Immunofluorescence staining

Cells were fixed with 4% paraformaldehyde for 30min,
then, incubated with 0.5% Tritonx-100 for 30min, and
blocked with 10% goat serum (Invitrogen, USA). After
1 h, cells were incubated with anti-NSE antibody
(1:1000, ab79757, Abcam) at 4 �C overnight. Cells were
incubated with goat anti-rabbit IgG H&L (1:2000,
ab205718, Abcam) for 2 h. The cells were stained with
DAPI (Vector Laboratories, USA) for 30min and imaged
under an inverted fluorescence microscopy (IX70,
Olympus, Japan). The NSE positive cells were green,
and the nuclei of all cells were blue (DAPI labeled).

Sevoflurane model establishment

Four groups were designed in this study: control
group (cell cultured in 5% O2 and 95% CO2); Sev1
group (cell cultured in 5% O2, 94% CO2 and 1% sevo-
flurane); Sev2 group (cell cultured in 5% O2, 93% CO2

and 2% sevoflurane); Sev3 group (cell cultured in 5%
O2, 92% CO2 and 3% sevoflurane). The cells were
placed in an airtight modular incubator chamber with
inflow and outflow connectors (Billups-Rothenberg,
Del Mar, CA). The sevoflurane (Sigma, USA) was mixed
with O2 and CO2 at a speed of 10 L/min by using the

calibrated sevoflurane vaporizer (Datex-Ohmeda, USA),
and then delivered into cells through inlet port. The
Datex-Ohmeda 5250 RGM gas analyzer was used to
measure the concentrations of gas. Cells were treated
with sevoflurane for 12 h.

Transfection

The cells were pretreated with 3% sevoflurane or not,
and the Lipofectamine 2000 Transfection Reagent
(Invitrogen, USA) was used for transfection. In the pres-
ence or absence of sevoflurane, miR-221-3p mimic con-
trol, miR-221-3p mimic, miR-221-3p inhibitor control,
miR-221-3p inhibitor, CDKN1B plasmid, siRNA targeting
CDKN1B, and scramble negative controls were used for
cell transfection. The cells were divided into mimic con-
trol group, mimic controlþ Sev3 group, mimic group,
mimicþ Sev3 group, inhibitor control group, inhibitor
controlþ Sev3 group, inhibitor group, inhibitorþ Sev3
group, CDKN1B group, siCDKN1B group and NC group.
At the same time, cells were co-transfected with miR-
221-3p mimic and CDKN1B plasmid (mimicþCDKN1B
group), as well as miR-221-3p inhibitor and siCDKN1B
(inhibitorþ siCDKN1B group). All transfection molecules
were purchased from RiboBio (Guangzhou, China) and
GenePharma (Shanghai, China). The miRNA mimic,
miRNA inhibitor, plasmids or controls were mixed with
OPTIM-MEM, and then the Lipofectamine 2000 and
Opti-MEM medium were added and static for 20min.
The mixture solution was added to the cells and incu-
bated at 37 �C, 5% CO2 for 48 h. The control group was
set up. The primer sequences for transfection were
listed in Table 1. 24 h and 48h after transfection, cell
viability and apoptosis were measured, respectively.

Cell viability

The cells were placed in 96-well plate with a density of
5� 103 cells/well, Cell Counting Kit-8 (CCK-8, Beyotime,
China) was used to detect the cell viability according to
the manufacturer’s instructions. CCK-8 solution was
added into plate, and incubated at 37 �C, 5% CO2 for
8h, 16 h and 24h. The optical density (OD) was

Table 1. Primer sequences for transfection.
Name 50–30

miR-221-3p Mimic control UUCUCCGAACGUGUCACGUTT
miR-221-3p Mimic AGCUACAUUGUCUGCUGGGUUUC
miR-221-3p Inhibitor control CAGUACUUUUGUGUAGUACAA
miR-221-3p Inhibitor GAAACCCAGCAGACAAUGUAGCU
CDKN1B AGCACCGCAAGGAAATGG
siCDKN1B GATATCCGGCATTCTTCAATC
scramble negative control (NC) TTCTCCGAAGGTGTCACGTA
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recorded by microplate reader (Model 680, Bio-Rad,
USA) at the 450nm.

Apoptosis

Apoptosis was analyzed by Annexin V-FITC/PI apop-
tosis detection kit (Biosea, Beijing, China) according
to the manufacturer’s instructions. The cells were re-
suspended in binding buffer containing Annexin
V-FITC and propidium iodide (PI, Sigma, USA), with a
concentration of 1� 106 cell/ml and stay in the dark
30min. The apoptotic cells were analyzed under a
flow cytometer (BD FACSCalibur, BD Biosciences, USA).

Target gene prediction and luciferase
reporter assay

TargetScan (http://www.targetscan.org/) was used to
find the potential target gene of miR-221-3p, and the
binding sites of miR-221-3p and target genes were
validated. The wild-type and mutant 30-UTRs sequen-
ces of CDKN1B containing the presumed miR-221-3p
binding sequence were synthesized from GenePharma
(Shanghai, China), and then cloned into firefly luciferase
reporter vector pGL3 (Promega, USA). The cells were
transfected with a mixture of miR-221-3p mimic and plas-
mids CDKN1B-wt or CDKN1B-mut by using Lipofectamine
2000 transfection system (Invitrogen, USA). Ultimately,
48h after transfection, the dual-luciferase reporter assay
system (Promega, UAS) was used to measure luciferase
activities of firefly and Renilla.

Quantitative real-time polymerase chain reaction
(qRT-PCR)

The TRIzol reagent (Invitrogen, USA) was used to
extract the total RNA, and the purity and concentra-
tion of RNA was quantified by using Nano Drop 2000
spectrophotometer (Thermo Fisher Scientific, USA).
The total RNA (2 mg) was converted to cDNA with
PrimeScript RT Master Mix kit (Takara, China). qRT-PCR
was performed with ABI PRISM 7500 real-time PCR
Detection System (Life technology, USA) and SYBR
Premix Ex Taq (Takara, China). PCR reaction conditions:
pretreatment at 94 �C for 5min; (94 �C for 30 s, 58 �C

for 30 s, 72 �C for 2min) � 35 cycles, finally extended
at 72 �C for 5min. U6 and GAPDH were used as the
endogenous control. The level of relative expression
was performed by using 2-DDCT [16]. The sequences for
qRT-PCR were listed in Table 2.

Western blotting (WB)

Protein extracts from neuronal cells were prepared by
using RIPA lysis buffer (Beyotime, China). The BCA
Protein Assay Kit (Pierce, USA) was used to quantify the
protein concentrations. Equal amounts of protein
(20lg) was subjected to 10% SDS-PAGE, and transferred
into PVDF (Bio-Rad, USA) membranes. The membranes
were blocked in 5% non-fat milk for 1h, then incubated
overnight at 4 �C with anti-Bcl-2 antibody (rabbit,
1:1000, ab59348, Acbam), anti-Bax antibody (rabbit,
1:1000, ab32503, Acbam), anti-Cleaved Caspase-3 anti-
body (rabbit, 1:1000, ab2302, Acbam), anti-p27 KIP 1
(CDKN1B) antibody (mouse, 1:2000, ab193379, Abcam)
or anti-GAPDH antibody (mouse, 1:2000, ab8245,
Abcam). The membranes were subsequently incubated
with goat anti-rabbit IgG H&L (HRP) (goat, 1:2000,
ab205718, Abcam) and goat anti-mouse IgG H&L (HRP)
(mouse, 1:2000, ab205719, Abcam) for 1 h. The bands of
each gene were visualized using Pierce Western Blotting
ECL substrate kit (Thermo Fisher Scientific, USA) and
quantified using Image Lab Software (Bio-Rad, USA). The
GAPDH was used as internal standard.

Statistical analysis

All experiments were repeated three times. Statistical anal-
yses were performed by SPSS 21.0 system (SPSS Inc., USA)
and the results were expressed as the Mean±standard
deviation. Differences among groups were calculated using
the student’s tests or one-way analysis (ANOVA). p< 0.05
was considered significant difference.

Results

Identification of neuronal cells

To start with, hippocampal neurons of Wistar rats
were cultured in vitro, and immunofluorescence

Table 2. The sequences for qRT-PCR.
Name Forward: 50–30 Reverse: 50–30

miR-221-3p AGCUACAUUGUCUGCUGGGUUUC CCCAGCATTTCTGACTGTTG
U6 CTCGCTTCGGCAGCACA GTGCA GGGTCCGAGGT
CDKN1B AGCACCGCAAGGAAATGG TCGGCTGCCTGAAGTAGAAG
GAPDH GGGCAAGGTCATCCCTGAGCTGAA GAGGTCCACCACCCTGTTGCTGTA
Bcl-2 GGTGAACTGGGGGAGGATTG GCATGCTGGGGCCATATAGT
Bax GGCTGGACACTGGACTTCCT GGTGAGGACTGGAGCCACAA
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staining was used to identify whether the acquired
cells were neuronal cells. After fluorescence staining
with NSE, fluorescence microscopy demonstrated
that most of the cells were NSE positive (Green,
Figure 1(A,C)). Moreover, the DAPI staining of hippo-
campal neuron nucleus was clear (Blue, Figure 1(B,C)).
The acquired neuron cells can meet the requirements
of further experiments.

The effects of sevoflurane on cell viability
and apoptosis

To understand the effect of sevoflurane on neuronal
cells, sevoflurane models were constructed by treating

cells with 1%, 2% and 3% sevoflurane, respectively.
The miR-221-3p expression in cells was detected by
qRT-PCR. As presented in Figure 2(A), the miR-221-3p
level was decreased in Sev2 and Sev3 groups, which
was more significantly in Sev3 group (p< 0.05), sug-
gesting that the decreased expression of miR-221-3p
may be of great significance in sevoflurane-induced
nerve injury. The CCK-8 and flow cytometer were per-
formed to determine the cell viability and apoptosis.
Compared with control group, we observed the down-
regulation of cell viability (Figure 2(B)) in Sev2 and
Sev3 groups, while the up-regulation of apoptosis rate
(Figure 2(C)) in Sev2 and Sev3 groups (p< 0.05).
Minimum cell viability and maximum apoptosis rate

Figure 1. Immunofluorescence staining of hippocampal neurons. A: Green staining indicated NSE positive cells. B:
Photomicrographs of DAPI staining of hippocampal neuron nucleus (Blue). C: Green staining indicated NSE positive cells and blue
staining indicated nuclei. The hippocampal neuronal cells was obtained from the Wistar rats (SPF, 18-day-old, weighing 40 to
50 g, half male and half female, n¼ 20), all rats were sacrificed by cervical dislocation after anesthesia.

Figure 2. The effects of sevoflurane on cell viability and apoptosis. A: The miR-221-3p level in different groups was detected by
quantitative real-time polymerase chain reaction (qRT-PCR). B: Cell viability in different groups was detected by Cell Counting Kit-8
(CCK-8). C: The apoptosis was promoted by sevoflurane. D: The apoptosis rate in different groups was detected by flow cytometer.
Four groups were designed in this study: control group (cell cultured in 5% O2 and 95% CO2); Sev1 group (cell cultured in 5% O2,
94% CO2 and 1% sevoflurane); Sev2 group (cell cultured in 5% O2, 93% CO2 and 2% sevoflurane); Sev3 group (cell cultured in 5%
O2, 92% CO2 and 3% sevoflurane). �p< 0.05 vs. control, ��p< 0.01 vs. control.
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were observed in Sev3 group, suggesting that sevo-
flurane inhibited cell viability and promoted apoptosis
in a concentration-dependent manner. In view of the
above results, 3% sevoflurane was used for follow-up
experiments.

The effects of miR-221-3p mimic and miR-221-3p
inhibitor on cell viability and apoptosis

To verify the protective effect of miR-221-3p on sevo-
flurane induced nerve injury, the cells were pretreated
with 3% sevoflurane or not, and miR-221-3p mimic,
miR-221-3p mimic control, miR-221-3p inhibitor, or
miR-221-3p inhibitor control were used for transfec-
tion. Compared with control, mimic control and inhibi-
tor control groups, the miR-221-3p was highly
expressed in mimic group (Figure 3(A)) and lowly
expressed in inhibitor group (Figure 3(B), p < 0.05).
Compared with mimic control and inhibitor control
groups, the miR-221-3p was lowly expressed in mimic

controlþ Sev3 group (Figure 3(A)) and inhibitor
controlþ Sev3 group (Figure 3(B), p < 0.05). The miR-
221-3p level in mimicþ Sev3 group was lower than
that in mimic group and higher than that in mimic
controlþ Sev3 group (Figure 3(A), p < 0.05), whereas
miR-221-3p level in inhibitorþ Sev3 group was lower
than that in inhibitor and inhibitor controlþ Sev3
groups (Figure 3(B), p < 0.05). Overexpression of miR-
221-3p increased the miR-221-3p level, and reversed
the inhibitory effect of Sev3 on miR-221-3p expression,
while the role of low-expression miR-221-3p was
the opposite.

In addition, the CCK8 and flow cytometer were
performed to determine the cell viability and apop-
tosis. Compared with control, mimic control and
inhibitor control groups, miR-221-3p mimic up-regu-
lated cell viability (Figure 3(C)) and inhibited apop-
tosis (Figure 3(E,F)), while miR-221-3p inhibitor down-
regulated cell viability (Figure 3(D)) and promoted
apoptosis (Figure 3(E,G)), the difference was

Figure 3. The effects of mimic, inhibitor alone and combined with 3% sevoflurane on cell viability and apoptosis. A: MiR-221-3p
level was detected by qRT-PCR, after exposure to sevoflurane or transfection with mimic. B: MiR-221-3p level was detected by
qRT-PCR, after exposure to sevoflurane or transfection with inhibitor. C: Cell viability was detected by CCK-8, after exposure to sev-
oflurane or transfection with mimic. D: Cell viability was detected by CCK-8, after exposure to sevoflurane or transfection with
inhibitor. E: The apoptosis rate in different groups was detected by flow cytometer. F: Mimic inhibited apoptosis, and reversed the
effect of 3% sevoflurane on apoptosis. G: Inhibitor promoted apoptosis, and enhanced the effect of 3% sevoflurane on apoptosis.
The cells were pretreated with 3% sevoflurane or not, and miR-221-3p mimic control, miR-221-3p mimic, miR-221-3p inhibitor
control, miR-221-3p inhibitor were used for cell transfection. �p< 0.05 vs. control, ��p< 0.01 vs. control; #p< 0.05 vs. mimic con-
trol or inhibitor control, ##p< 0.01 vs. minmic control or inhibitor control; �p< 0.05 vs. mimic or inhibitor, ^^p< 0.01 vs. mimic or
inhibitor; �p< 0.05 vs. Mimic controlþ Sev3 or Inhibitor controlþ Sev3, ��p< 0.01 vs. Mimic controlþ Sev3 or Inhibitor
controlþ Sev3.
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significant (p< 0.05). In mimic controlþ Sev3 and
inhibitor controlþ Sev3 groups, the cell viability
(Figure 3(C,D)) were lower than those in mimic con-
trol and inhibitor control groups, and the apoptosis
rate (Figure 3(F,G)) were higher than those in mimic
control and inhibitor control groups (p< 0.05). In
mimicþ Sev3 group, the cell viability (Figure 3(C))
was lower than that in mimic group, and higher
than that in mimic controlþ Sev3 group (p< 0.05),
while the apoptosis rate (Figure 3(F)) was higher
than that in mimic group and lower than that in
mimic controlþ Sev3 group (p< 0.05). In
inhibitorþ Sev3 group, the cell viability (Figure
3(D)) was lower than that in inhibitor and inhibitor
controlþ Sev3 groups, while the apoptosis rate
(Figure 3(G)) was higher than that in inhibitor and
inhibitor controlþ Sev3 groups (p< 0.05). The over-
expression of miR-221-3p improved cell viability,
inhibited apoptosis, and significantly alleviate the
effect of inhibitory cell viability and pro-apoptosis
caused by sevoflurane, while low-expression miR-
221-3p did the opposite effect.

CDKN1B was target gene for miR-221-3p

TargetScan and luciferase reporter assay were used to
predict and verify the target gene of miR-221-3p. We
found that the 30-UTR of CDKN1B had sites comple-
mentary to miR-221-3p sequence (Figure 4(A)). Then,
the CDKN1B-wt or CDKN1B-mut was co-transfected
with miR-221-3p mimic into cells. The luciferase activ-
ity in mimic-CDKN1B-wt group was down-regulated
compared with blank-CDKN1B-wt group (Figure 4(B), p
< 0.05). And no significant difference was observed in
luciferase activity between the blank-CDKN1B-mut and
mimic-CDKN1B-mut groups, miR-221-3p mimic could
not bind to the CDKN1B-mut (Figure 4(B), p > 0.05).

The WB and qRT-PCR were used to detect CDKN1B
expression. In mimic group, the CDKN1B protein
(Figure 4(D)) and mRNA (Figure 4e) levels were down-
regulated as compared with control and mimic control
group (p< 0.05). The CDKN1B expression in mimic
controlþ Sev3 group was higher than that in mimic
control group (Figure 4(C–E), p< 0.05). In
mimicþ Sev3 group, the CDKN1B expression was
lower than that in mimic controlþ Sev3 group, and
higher than that in mimic group (Figure 4(C–E),
p< 0.05). In additional, the CDKN1B was highly
expressed in inhibitor group compared with control
and inhibitor control groups, the CDKN1B expression
in inhibitor controlþ Sev 3 group was higher than
that in inhibitor control group, and the CDKN1B

expression in inhibitorþ Sev 3 group was higher than
that in inhibitor group (Figure 4(F–H), p< 0.05). The
results revealed that miR-221-3p mimic inhibited
CDKN1B expression, and partially reversed the promo-
tion effect of Sev3 on CDKN1B expression, whereas
miR-221-3p inhibitor increased CDKN1B expression.
The above experimental results indicated that CDKN1B
was a direct target of miR-221-3p.

The effects of CDKN1B and siCDKN1B on cell
viability and miR-221-3p

To further confirm that miR-221-3p promote neuronal
cell viability and inhibit apoptosis by targeting
CDKN1B, the cells were transfected with miR-221-3p
mimic, miR-221-3p inhibitor, CDKN1B or siCDKN1B,
and co-transfected with miR-221-3p mimic and
CDKN1B, as well as miR-221-3p inhibitor and
siCDKN1B. The cell viability was measured by CCK-8,
and compared with control and NC groups, we
observed the up-regulation of cell viability in mimic
group and siCDKN1B group, whereas the down-regula-
tion in inhibitor group and CDKN1B group was
observed (Figure 5(A,B), p< 0.05). In mimicþCDKN1B
group, the cell viability was lower than that in mimic
group and higher than that in CDKN1B group (Figure
5(A), p< 0.05), indicated that CDKN1B overexpression
partially reversed the promoting effect of miR-221-3p
on neuronal cell viability. In inhibitorþ siCDKN1B
group, the cell viability was lower than that in
siCDKN1B group and higher than that in inhibitor
group (Figure 5(B), p < 0.05), indicated that siCDKN1B
partially reversed the inhibitory effect of miR-221-3p
inhibitor on cell viability.

The effects of CDKN1B and siCDKN1B on
apoptosis and miR-221-3p

Apoptosis was detected by flow cytometry, and apop-
tosis-related genes expressions were detected by WB
and qRT-PCR. Compared with control and NC groups,
the apoptosis rate (Figure 5(C–E)) and the levels of
Bax and cleaved caspase-3 (Figure 6(A–F)) in mimic
and siCDKN1B groups were down-regulated, while the
Bcl-2 level (Figure 6(A–F)) was up-regulated (p< 0.05).
However, the apoptosis rate (Figure 5(C–E)) and the
levels of Bax and cleaved caspase-3 (Figure 6(A–F)) in
inhibitor group and CDKN1B group were up-regulated,
while the Bcl-2 level (Figure 6(A–F)) was down-regu-
lated (p< 0.05). In mimicþCDKN1B group, the apop-
tosis rate (Figure 5(C,E)) and the levels of Bax and
cleaved caspase-3 (Figure 6(A–C)) were higher than
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those in mimic group and lower than those in
CDKN1B group (p< 0.05), while the Bcl-2 level (Figure
6(A–C)) was lower than that in mimic group and
higher than that in CDKN1B group (Figure 6(A–C),
p< 0.05). In inhibitorþ siCDKN1B group, the apoptosis
rate (Figure 5(D,E)) and the levels of Bax and cleaved
caspase-3 (Figure 6(D–F)) were lower than those in
inhibitor group and higher than those in siCDKN1B
group, while the Bcl-2 level (Figure 6(D–F)) was lower
than that in siCDKN1B group and higher than that in
inhibitor group (p< 0.05). CDKN1B promoted

apoptosis, and partially reversed the effects of miR-
221-3p mimic inhibiting apoptosis. The siCDKN1B
inhibited apoptosis and partially reversed the effect of
miR-221-3p inhibitor promoting apoptosis.

CDKN1B reversed inhibitory effects of miR-221-3p
mimic on CDKN1B expression, and siCDKN1B
reversed peomote effects of miR-221-3p inhibitor

WB and qRT-PCR were used to detect CDKN1B expres-
sion. Compared with control and NC groups, the

Figure 4. The effects of mimic, inhibitor alone and combined with 3% sevoflurane on CDKN1B expression. A: TargetScan was
used to verify the binding sites of miR-221-3p to target genes. B: The cells were transfected with a mixture of mimic and plasmids
of CDKN1B-wt or CDKN1B-mut, and luciferase activities were measured by luciferase reporter assay. C: CDKN1B protein expression
was detected by western blotting (WB), after exposure to sevoflurane or transfection with mimic. D: Mimic decreased CDKN1B
protein level, reversed the promotion effect of 3% sevoflurane on CDKN1B protein expression. E: Mimic decreased CDKN1B mRNA
level, reversed the promotion effect of 3% sevoflurane on CDKN1B mRNA expression. F: CDKN1B protein expression was detected
by WB, after exposure to sevoflurane or transfection with inhibitor. G: Inhibitor increased CDKN1B protein expression, enhanced
the promotion effect of 3% sevoflurane on CDKN1B protein expression. H: Inhibitor increased CDKN1B mRNA expression, and
enhanced the promotion effect of 3% sevoflurane on CDKN1B mRNA expression. �p< 0.05 vs. control or blank, ��p< 0.01 vs.
control or blank; #p< 0.05 vs. minmic control or inhibitor control, ##p< 0.01 vs. minmic control or inhibitor control; �p< 0.05 vs.
mimic or inhibitor, ^^p< 0.01 vs. mimic or inhibitor; �p< 0.05 vs. Mimic controlþ Sev3 or Inhibitor controlþ Sev3, ��p< 0.01
vs. Mimic controlþ Sev3 or Inhibitor controlþ Sev3.
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Figure 5. The effects of CDKN1B, siCDKN1B alone and combined with miR-342-5p on cell viability and apoptosis. A: Cell viability
were detected by CCK-8, after transfection with mimic or/and CDKN1B. B: Cell viability were detected by CCK-8, after transfection
with inhibitor or/and siCDKN1B. C: CDKN1B promoted apoptosis, reversed the effect of mimic on apoptosis. D: SiCDKN1B inhibited
apoptosis, reversed the effect of inhibitor on apoptosis. E: The apoptosis rate in different groups was detected by flow cytometer.
F: CDKN1B protein expression were detected by WB, after transfection with mimic or/and CDKN1B. G: CDKN1B increased CDKN1B
protein expression, reversed the effect of mimic on CDKN1B protein expression. H: CDKN1B increased CDKN1B mRNA expression,
reversed the effect of mimic on CDKN1B mRNA expression. I: CDKN1B protein expression were detected by WB, after transfection
with inhibitor or/and siCDKN1B. J: SiCDKN1B decreased CDKN1B protein expression, reversed the effect of inhibitor on CDKN1B
protein expression. K: SiCDKN1B decreased CDKN1B mRNA expression, reversed the effect of inhibitor on CDKN1B mRNA expres-
sion. CDKN1B, siCDKN1B, scramble negative controls, miR-342-5p inhibitor and miR-342-5p mimic were used for transfection, and
divided into CDKN1B group, siCDKN1B group, NC group, inhibitor group, mimic group. And cells were co-transfected with miR-
221-3p mimic and CDKN1B plasmid (mimicþ CDKN1B group), as well as miR-221-3p inhibitor and siCDKN1B (inhibitorþ siCDKN1B
group). �p< 0.05 vs. control, ��p< 0.01 vs. control; #p< 0.05 vs. NC, ##p< 0.01 vs. NC; �p< 0.05 vs. mimic or inhibitor,
^^p< 0.01 vs. mimic or inhibitor; �p< 0.05 vs. CDKN1B or siCDKN1B, ��p< 0.01 vs. CDKN1B or siCDKN1B.
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CDKN1B level in mimic group and siCDKN1B group
was expressed lowly, which was highly expressed in
inhibitor group and CDKN1B group (Figure 5(F–K),
p< 0.05). In mimicþCDKN1B group, the CDKN1B
expression was higher than that in mimic group and
lower than that in CDKN1B group (Figure 5(F–H),
p< 0.05). In inhibitorþ siCDKN1B group, the CDKN1B
expression was lower than that in inhibitor group and
higher than that in siCDKN1B group (Figure 5(I–K),
p< 0.05). The inhibitory effects of miR-221-3p mimic
on CDKN1B expression were partially reversed by
CDKN1B, and the promote effects of miR-221-3p
inhibitor on CDKN1B expression were partially
reversed by siCDKN1B.

Discussion

There are evidences that general anesthesia is related
with the increased risk of neurodevelopmental defects
[17, 18]. Recent studies have shown that sevoflurane
anesthesia can cause neurological disorders, leading
to neurodegeneration of the developing brain, affect-
ing memory and cognitive functions [19, 20].
Therefore, we tested the hypothesis that miR-221-3p
could protect nerve cells in the brain from neurocog-
nitive impairment caused by sevoflurane. To start
with, the hippocampal neurons of rats were cultured.
The hippocampus is an important nerve center for
learning and memory in mammalian, and is sensitive
to neurotoxic drugs [21, 22]. NSE is mainly exists in
neurons and is abundant in the brain, which is also a
specific marker of nerve injury [23]. In this study, hip-
pocampal neurons showed NSE positive by

immunofluorescence staining, and the obtained cells
were neurons, which could be used for follow-up
experiments.

To observe the effects of sevoflurane on hippocam-
pal neurons viability and apoptosis, the sevoflurane
model was constructed, and cells were treated with
the concentration of 1%, 2% and 3% sevoflurane,
respectively. Neural development is a complex and
dynamic process, and the viability of neural stem cells
directly affects neural development. Drug-induced
neuronal apoptosis is also a potential factor affecting
neural development [24, 25]. Anesthetic drugs can
trigger abnormal apoptotic patterns, and cause neuro-
degenerative changes in the brain [26]. It has shown
that the exposure of sevoflurane may lead to the loss
of hippocampal neurons and cognitive dysfunction by
inducing the apoptosis of hippocampal cells mediated
by endoplasmic reticulum stress [27]. This study
revealed the toxic effects of sevoflurane on hippocam-
pal neurons in rats, sevoflurane inhibited the cell via-
bility and promoted apoptosis. These results were
consistent with previous studies by Xu Yang et al [28].
Importantly, we observed that miR-221-3p level was
decreased by sevoflurane, suggesting that the down-
regulation of miR-221-3p was involved in the neuron
injury induced by sevoflurane.

In view of the above research results, we con-
structed neurons that overexpressed or low expression
of miR-221-3p in the presence or absence of 3% sevo-
flurane. Mir-221-3p has been reported to be associated
with nerve injury, which can protect neurons by tar-
geting LASS2 [29]. In this study, we discovered that
miR-221-3p mimic increased the cell viability and

Figure 6. The effects of CDKN1B, siCDKN1B alone and combined with miR-342-5p on the expressions of apoptotic genes. A: The
expressions of apoptotic genes were detected by WB, after transfection with mimic or/and CDKN1B. B: CDKN1B partially reversed
the effect of mimic on apoptotic genes expressions. C: CDKN1B partially reversed the effect of mimic on the mRNA expressions of
apoptotic genes. D: The expressions of apoptotic genes were detected by WB, after transfection with inhibitor or/and siCDKN1B.
E: SiCDKN1B partially reversed the effect of inhibitor on apoptotic genes. F: SiCDKN1B partially reversed the effect of inhibitor on
the mRNA expressions of apoptotic genes. �p< 0.05 vs. control, ��p< 0.01 vs. control; #p< 0.05 vs. NC, ##p< 0.01 vs. NC;
�p< 0.05 vs. mimic or inhibitor, ^^p< 0.01 vs. mimic or inhibitor; �p< 0.05 vs. CDKN1B or siCDKN1B, ��p< 0.01 vs. CDKN1B
or siCDKN1B.
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inhibited apoptosis, whereas miR-221-3p inhibitor
showed an opposite role. In additional, miR-221-3p
mimic could reverse the inhibitory effect of 3% sevo-
flurane on cell viability, and the promotion effect of
3% sevoflurane on apoptosis, while the role of miR-
221-3p inhibitor was similar to that of 3% sevoflurane.
The results showed that miR-221-3p could attenuate
the nerve injury that induced by 3% sevoflurane and
protect hippocampal neurons.

To explore the mechanism by which miR-221-3p
protects hippocampal neurons from sevoflurane
induced nerve injury, we predicted and discovered
that CDKN1B was the target gene of miR-221-3p.
MiRNA participates in biological processes in human
organism mainly by regulating the expression of its
target genes [30, 31]. Dong-Mei Wu et al. shown that
miR-142-3p can partially promote the neuronal cell
cycle and inhibit cell apoptosis by inhibiting CDKN1B
and TIMP3 expressions [32]. In this study, the miR-221-
3p mimic down-regulated CDKN1B level, while miR-
221-3p inhibitor up-regulated CDKN1B level. Moreover,
3% sevoflurane up-regulated CDKN1B level, and miR-
221-3p mimic partially reversed the effect of 3% sevo-
flurane on CDKN1B expression. CDKN1B was involved
in sevoflurane induced nerve injury and was a func-
tional target of miR-221-3p.

This study continued to explore the effects of
miR-221-3p and CDKN1B on rat neuron cells, and dis-
covered that CDKN1B inhibited cell viability and pro-
moted apoptosis, and the siCDKN1B did the opposite
effect. The Bax and Cleaved Caspase-3 levels were
decreased by miR-221-3p mimic and siCDKN1B, and
increased by miR-221-3p inhibitor and CDKN1B. The
Bcl-2 level was increased by miR-221-3p mimic and
siCDKN1B, and decreased by miR-221-3p mimic and
siCDKN1B. In additional, CDKN1B partially reversed the
effects of miR-221-3p mimic, and siCDKN1B partially
reversed the role of miR-221-3p inhibitor on cells. The
pro-apoptotic molecular protein Bax can form Bax/Bcl-
2 heterodimers with the anti-apoptotic protein Bcl-2,
indirectly inhibiting Bcl-2 expression and activating
caspase-3, and eventually promoting apoptosis [33].
Studies have shown that sevoflurane can down-regu-
late the Bcl-2 level, while up-regulate the levels of Bax
and cleaved caspase-3, and increase apoptotic cells
[12, 34]. Therefore, it can be inferred that miR-221-3p
may regulate the Bcl-2, Bax and Caspase-3 expressions
by inhibiting CDKN1B expression, thereby promoting
cell viability, inhibiting cell apoptosis and exerting its
protective effect on the nervous system.

In conclusion, our study further confirmed the
neurotoxic effects of sevoflurane. In addition, we found

that miR-221-3p had a neuroprotective effect on sevo-
flurane induced nerve injury, which may regulate the
expression of apoptosis-related genes by inhibiting
the CDKN1B expression, thus promoting the activity
of hippocampal neurons and reducing apoptosis.
These results may provide some basic information for
the future application of miR-221-3p for neuro-
logical diseases.
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