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Toxicity mechanism of sevoflurane in neural stem
cells of rats through DNA methylation
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Abstract. The present study investigated the influence of
sevoflurane on the cytotoxicity of neural stem cells of rats
and deoxyribonucleic acid (DNA) methylation, and analyzed
the correlation between degree of methylation and neurotox-
icity of sevoflurane. Ten healthy Sprague-Dawley rats aged
6-8 weeks were randomly selected. The neural stem cells in the
hippocampus of rats were isolated, followed by multiplication
culture and induced differentiation. The nerve-related factors
were observed and detected under a microscope. Moreover,
the neural stem cells were treated with sevoflurane in different
concentrations. Three wells were only added with the normal
medium as the control group (C,), 3 wells were added with
the low-concentration sevoflurane (0.2 g/ml) prepared by the
medium as the low-concentration group (C,), 3 wells were added
with the moderate-concentration of sevoflurane (0.5 g/ml) as
the moderate-concentration group (C,), and 3 wells were added
with the high-concentration sevoflurane (1 g/ml) as the high-
concentration group (C;). The apoptosis rate was detected and
calculated via Cell Counting Kit-8 (CCK-8) assay, the content
of genomic DNA methylation in neural stem cells in each group
was detected via high-performance liquid chromatography
(HPLC), and the distribution of methylation in the chromosome
in each group was compared. During the culture, neurospheres
were produced, and the expression levels of four neural markers
were increased. With the increase of sevoflurane concentration
and the prolongation of time, the apoptosis rate of stem cells
was increased. The content of methylation in cells treated with
sevoflurane in a higher concentration was higher than that in
other groups (P<0.05). According to the Pearson's correla-
tion analysis, the content of methylation in neural stem cells
was directly proportional to the concentration of sevoflurane.
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Methylation mostly occurred in the autosome, and the content
of methylation in the high-concentration group was higher than
those in the moderate-concentration, low-concentration and
control groups (P<0.05). In conclusion, the concentration of
sevoflurane can affect the degree of methylation in neural stem
cells of rats and produce certain cytotoxicity.

Introduction

Nerve cells are non-renewable cells. Due to ageing and
damage of external environment, nerve cells are injured,
leading to apoptosis. A variety of related diseases are induced
when the number of nerve cells gradually declines (1,2),
such as Alzheimer's disease, Parkinson's disease, cerebellar
atrophy and other neurodegenerative diseases (3). At present,
maintenance treatment prevails in the drug therapy for
neurodegenerative diseases in clinic, but no radical efficacy is
obtained (4). Relatively speaking, neural stem cells have such
characteristics as self-amplification and constant updating, as
well as the potential of directional differentiation into neuronal
cells, which are considered as the biomaterial that is able to
cure neurodegenerative diseases (5). However, the premise is
that the number of neural stem cells in the body is sufficient
and they are not damaged or reduced (6). Anesthetics are
currently drugs with the greatest direct impact on the nerves,
and are applied most frequently. As a commonly-used anes-
thetic, sevoflurane used to be considered as a landmark drug in
inhalation anesthesia (7), which is characterized by low dose
of muscle relaxant and rapid postoperative recovery, and it is
often used in anesthesia for children (8,9). However, there have
been different reports on the effect of sevoflurane on nerves so
far. In the present study, therefore, the effect of sevoflurane on
neural stem cells was investigated with neural stem cells and
deoxyribonucleic acid (DNA) methylation as entry points.

Materials and methods

Experimental materials. A total of 10 healthy specific
pathogen-free Sprague-Dawley (SD) rats aged 6-8 weeks
(Beijing Vital River Laboratory Animal Technology Co., Ltd.,
Beijing, China) and sevoflurane (Beijing Baitaike Medical Co.,
Ltd., Beijing, China) were used. The rats were kept in cages
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Table I. Primer sequences.
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Gene name

Primer sequences

Nestin

Glial fibrillary acidic portein (GFAP)

[-tubulin

Microtubule-associated protein-2 (MAP-2)

[B-actin

Forward: 5'-CCTCCACCCTTGCCTGCTACCCT-3'
Reverse: 5'-ACGGAGCCTGTTTCCTCCCACC-3'

Forward: 5-“TAGACAGGAAGCATGAAGCCACC3'
Reverse: 5-TGCAAACTTGGAGCGGTACCACTCT-3'

Forward: 5'-“TGGGCCAAGGGTCACTACAC-3'
Reverse: 5'-CTGATGCGGTCGGGATACTC-3'

Forward: 5'-GCACGGCGGACCACCAGGTC-3'
Reverse: 5'-TGGCGACCTTCTTCTCACTC-3'

Forward: 5'-GTGGACATCCGCAAAGAC-3'
Reverse: 5'-GAAAGGGTGTAACGCAACTA-3'

with controlled temperature and light/dark cycles (24°C and
12:12-h light/dark cycles), humidity (60+10%) and free access
to food and water.

Main reagents. Neural stem cell culture medium (R&D
Systems, Inc., Minneapolis, MN, USA), Cell Counting Kit-8
(CCK-8; Dojindo China Co., Ltd., Beijing, China), primary
and secondary antibodies (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) and primers (Sangon Biotech Co., Ltd.,
Shanghai, China).

Methods
Isolation and culture of neural stem cells (10). The brain tissues
were peeled off from Sprague-Dawley rats (male, 200+20 g)
sacrificed in advance on a super clean bench under sterile
conditions, the hippocampus was isolated, and the meninges
and visible blood vessels were removed. The remaining hippo-
campal tissues were cut into pieces with sterile scissors and
added with 0.25% trypsin, placed in a water bath at 37°C and
centrifuged for 5 min (800 x g/min) at 4°C after 15 min. After
the supernatant was discarded, the mixture was filtered through
a 400-mesh filter, added with neural stem cell culture medium,
pipetted and mixed evenly, followed by counting. Then cells
were inoculated into a 75-cm? culture flask (5x10%cm?) and
cultured in an incubator with CO,at 37°C. The medium was
replaced once every 3 days, observed and recorded.

The present study was approved by the Ethics Committee
of Central South University Xiangya School of Medicine
Affiliated Haikou Hospital (Haikou, China).

Reverse-transcription-quantitative polymerase chain reaction
(RT-qgPCR) detection. Ribonucleic acid (RNA) was extracted
from neural stem cells using TRIzol, and 1 g RNA was
reverse transcribed to obtain complementary DNA (cDNA).
The cDNA concentration was adjusted, and the messenger
RNA (mRNA) level was detected using the Bio-Rad CFX96
PCR instrument (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). The reaction conditions were as follows: 95°C for 2 min,
94°C for 15 sec, 50°C for 25 sec, a total of 40 cycles. The corre-
sponding primer sequences are shown in Table I. The results
were analyzed using the 2224 method (11).

Western blot analysis. Cells were ground in liquid nitrogen,
lysed on ice for 30 min and centrifuged at 3,000 x g for 10 min
to obtain the supernatant. A portion of supernatant was taken,
the protein content the protein was extracted with ProteoPrep®
protein extraction kit (Sigma St. Louis, MO, USA) and protein
content was detected with BCA protein quantitative kit and
adjusted to 100 pg, and the 5X reduced loading buffer was
added and boiled for 10 min. A total of 9 ul sample solution
was added slowly with a microsyringe into the 10% polyacryl-
amide gel loading well, followed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) at 80 V. After
electrophoresis, the target protein in the gel was transferred
onto a nitrocellulose membrane at 40 V for 0.5 h, washed
with eluant at least 3 times (10 min/time) and applied with
the antibody. The protein was blocked with skim milk powder
at 4°C overnight, incubated with the primary rabbit anti-rat
antibody Nestin, GFAP, p-tubulin, MAP-2, $-acin polyclonal
antibodies (diluted at 1:500; cat. nos. 19483-1-AP, 16825-1-AP,
10068-1-AP, 17490-1-AP, 20536-1-AP; Proteintech, Wuhan,
China) at room temperature for 2 h and incubated with the
secondary goat anti-rabbit polyclonal antibody (diluted at
1:1,000; cat. no. SAO0001-2; Proteintech) at room temperature
for 1 h, and the ECL substrate was added (Sigma, St. Louis),
followed by tabletting and imaging in the dark. The imaging
results were quantified using ImageJ] software (National
Institutes of Health, Bethesda, MD, USA).

Invitro cell assay using the 96-well plate. A 96-well plate was
selected and added with 1x10° neural stem cells/well, followed
by culture for 24 h. Three wells were only added with the
normal medium as the control group (C,), 3 wells were added
with the low-concentration sevoflurane (0.2 g/ml) prepared
by the medium as the low-concentration group (C,), 3 wells
were added with the moderate-concentration of sevoflurane
(0.5 g/ml) as the moderate-concentration group (C,), and
3 wells were added with the high-concentration sevoflurane
(1 g/ml) as the high-concentration group (Cs). After action for
12 h, the medium was replaced with CCK-8 and placed in the
incubator with CO, for 2 h. The absorbance was measured
at 480 nm. Apoptosis rate = (C, - C,)/C,. The experimental
processes at 24 and 36 h were the same as that at 12 h.
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Figure 1. Isolation and culture of neural stem cells. (A) Neural stem cells
distributed densely like stars. (B) A large number of cells gathered, forming
a ball structure with a strong stereoscopic sense.

Detection of overall methylation content in cells via high-
performance liquid chromatography (HPLC). The sample was
added into the Hypersil BDS C18 column of a high-perfor-
mance liquid chromatographic instrument (Shimadzu, Corp.,
Kyoto, Japan) using a microsyringe. Elution was performed
with the mixed solution of methanol, sodium pentanesulfonate
and triethylamine as the mobile phase at low temperature at a
flow rate of 1 I/min (ultraviolet wavelength, 273 nm; sensitivity,
0.01 AUPS). With deoxycytosine and methyldeoxycytosine
standard samples as controls, the DNA methylation content in
samples was detected. Each sample was detected 3 times, and
the average was taken.

Statistical analysis. Statistical Product and Service Solutions
(SPSS) 19.0 software (IBM Corp., Armonk, NY, USA) was
used for processing of research data. Measurement data were
expressed as (mean + SD), and t-test and one-way analysis of
variance (ANOVA) with Least Significant Difference post hoc
test was used for the comparison of mean. Pearson's correla-
tion analysis was used for correlation between methylation
content and sevoflurane concentration. P<0.05 indicated that
the difference was statistically significant.

Results

Isolation and identification of neural stem cells. Primary
neural stem cells had good transmittance and were
distributed densely like stars in the visual field of an inverted
microscope (Olympus, Tokyo, Japan) (Fig. 1A). At 5 days
after culture, a large number of cells gathered, forming a ball
structure with a strong stereoscopic sense, which was similar
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Figure 2. (A) RT-qPCR results. (B) Western blot analysis detection results.
RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
"P<0.01, compared with somatic cells.
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Figure 3. Effects of sevoflurane in different concentrations on apoptosis of
neural stem cells detected via CCK-8 assay.

to a waxberry (Fig. 1B). At 3 days after induced differentiation,
neural markers were detected via RT-qPCR and western blot
analysis, and the results revealed that the expression levels of
Nestin, GFAP, B-tubulin and MAP-2 were significantly higher
than those in somatic cells (P<0.01) (Fig. 2).

Effects of sevoflurane in different concentrations on apoptosis
of neural stem cells. Results of CCK-8 assay using the 96-well
plate showed that with the increase of sevoflurane concentra-
tion, the apoptosis rate of stem cells was gradually increased,
which was also progressively increased with the prolongation
of time (Fig. 3).

The genomic DNA methylation content in the 4 groups
of neural stem cells was detected via HPLC. The methyla-
tion content in the 3 groups of cells treated with sevoflurane
was higher than that in the control group (P<0.05), and it
was also higher in the high-concentration group than those
in the moderate-concentration and low-concentration groups
(P<0.05) (Fig. 4).

Correlation analysis between methylation content and sevo-
flurane concentration. According to the Pearson's correlation
analysis, the methylation content in neural stem cells was
closely correlated with the sevoflurane concentration, and the
overall methylation content was increased with the increase of
sevoflurane concentration (Fig. 5).
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Figure 4. Comparison of genomic DNA methylation content in each group.
“P<0.05 vs. the control group, “P<0.05 vs. the low-concentration group.
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Figure 5. Correlation analysis between methylation content and sevoflurane
concentration.
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Figure 6. Comparison of distribution of methylation in the chromosome.

Comparison of distribution of methylation in the chromosome
in each group. Methylation mostly occurred in the autosome,
and the content of methylation in the high-concentration
group was higher than that in the moderate-concentration,
low-concentration and control groups (P<0.05). The degree of
methylation on the sex chromosome had no significant differ-
ences among the four groups (Fig. 6).

Discussion

Neurodegenerative diseases lead to incurable pain for the
patients worldwide. There is a lack of self-amplification and

WANG et al: SEVOFLURANE IN NEURAL STEM CELLS

self-repairing capacity in nerve cells, so it difficult to make up
for the loss of nerve cells once damaged (12). Moreover, nerve-
related diseases gradually emerge with the decrease of neurons.
Many neurologists worldwide have made unremitting efforts in
the research on neurodegenerative diseases, and developed a
variety of drugs and therapeutic methods successively, such as
dopamine drugs, which, however, can mostly cure the symptom,
instead of the underlying problem, and relieve symptoms in
different degrees. Besides, the efficacy of drugs also gradu-
ally declines with the progression of the disease (13,14). As a
new therapeutic material, neural stem cells are highly valued
currently, they possess self-repairing capacity and differentiate
into neuronal cells or neuroglial cells required in the body, thus
supplementing and repairing damaged nerve cells and enabling
normal neuronal function (15,16). Cornelissen ef al (17) peeled
off the hippocampal tissues of mice, hen screened, purified
and cultured to obtain the ball-shaped nerve cells at 7 days,
and added with inducer for neural induction. The immuno-
fluorescence assay revealed that the neural markers are all
highly expressed. In the present study, the hippocampus was
also peeled off from rats and digested with trypsin to obtain
primary neural stem cells. After culture for 5 days and induced
differentiation for 3 days, the cellular morphology and surface
markers met criteria for nerve cells, which were roughly consis-
tent with the above study.

Great attention is required to the fact that the number
of neural stem cells in the brain is small, and they can be
easily damaged by external environment. One of the external
environment factors with greater direct impact on the nerve
is anesthetics that are often used in clinic and not easily
detectable (18). Due to various advantages, sevoflurane is
often used in the facial surgery for children. According to the
study on clinical symptoms, sevoflurane has little effect on
neural evaluation indexes. However, some clinical phenomena
are obscured due to the strong metabolism of children. From
a microscopic perspective, neural stem cells were cultured
in vitro and fully treated with sevoflurane in different concen-
trations in the present study. It was found that the apoptosis rate
of stem cells was increased with the increase of sevoflurane
concentration and the prolongation of time, indicating that
sevoflurane has a certain toxic effect on neural stem cells, and
approximately 40% of cells are damaged after action under
high concentration for 24 h.

DNA methylation is a kind of DNA modification, and
different degrees of methylation affect the structure and func-
tion of the whole gene. Therefore, methylation is an important
index in the study on various clinical symptoms from the
perspective of gene molecules (19,20). Currently, there are
many studies on methylation and tumorigenesis, and it was
found that there is a certain correlation between them (21).
There are few studies in the neurological field. In this study,
results showed that the methylation content in cells treated with
sevoflurane was higher than that in the control group, and it
was also higher in the high-concentration group than that in
the moderate-concentration and low-concentration groups. The
methylation content in neural stem cells was closely correlated
with the sevoflurane concentration, and the overall methylation
content was increased with the increase of sevoflurane concen-
tration. Methylation mostly occurred in the autosome, and the
content of methylation in the high-concentration group was
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higher than that in the moderate-concentration, low-concen-
tration and control groups. The degree of methylation on the
sex chromosome had no significant difference among the four
groups. The above results suggest that the higher the degree of
methylation is, the higher the toxicity on neural stem cells may
be from the perspective of molecular mechanism, so the degree
of methylation can serve as an important index for the deter-
mination of neurotoxicity. However, the in vitro environment
in the present study was different from the complex internal
environment in the human body, so whether in vivo and in vitro
results are consistent remains to be further verified.

In conclusion, the concentration of sevoflurane can affect
the degree of methylation in neural stem cells of rats and
produce certain cytotoxicity.
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