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Abstract

Purpose: To determine the effect of sevoflurane (SE) on neuronal apoptosis, and the mechanism
involved.

Methods: Sixty healthy male Sprague-Dawley rats were assigned to control, model and SE groups.
Sham surgery was performed in control group, while middle cerebral artery infarction (MCAQO) was
established in model group. The expression of HO-1 mRNA was determined by quantitative real-time
polymerase chain reaction (QRT-PCR). Apoptosis, autophagy and protein content of P13K/Akt/P70S6K
signaling pathway were assessed by Western blot assay.

Results: Apoptosis was significantly lower in SE rats, relative to model rats. There were markedly
higher protein levels of LC3 Il / I, beclin-1, bad, Bcl-2 and caspase-3 in model and SE groups than in
control rats (p < 0.05). The HO-1 mRNA was significantly up-regulated in model and SE groups, relative
to controls, but it was significantly up-regulated in SE group, relative to model rats (p < 0.05). The
expression levels of phosphorylated proteins of the P13K/Akt /P70S6K signal-related proteins in model
and SE groups were significantly up-regulated, relative to control, but elevated in SE mice, when
compared to model mice (p < 0.05).

Conclusion: SE improves the behavior of MCAO rats, reduces cerebral infarction, and inhibits
apoptosis and autophagy of nerve cells by regulating autophagy and apoptosis-related proteins through
a mechanism that may be related to the induction of HO-1-mRNA expression by regulating P13K/Akt
/P70S6K signal pathway. This provides new insights for the development of anti-neuronal apoptosis
drugs.
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INTRODUCTION the lives and health of Chinese people [1]. Stroke

comprises two types: hemorrhagic stroke and
Cerebrovascular diseases are associated with ischemic stroke, with ischemic stroke accounting
high rate of disability; they are primary causes of for about 80 % of strokes [2]. Cerebral vascular
mortality in China, and they seriously endanger ~embolism,  severe trauma and arterial
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malformation may lead to ischemic stroke which
may result in severe physical disability, and
impairment of intelligence and other functions,
thereby seriously endangering patients' lives
[3]. Early restoration of blood supply is key to the
treatment of ischemic stroke. However, a sudden
restoration of blood flow in ischemic brain tissue
can lead to ischemia reperfusion injury (I/R) in
local brain tissue [4].

Complex mechanisms underlie I/R injury which
can lead to autophagy and apoptosis, and
damage to cell function. Sevoflurane (SE) is an
inhaled anesthetic frequently used in clinical
practice, with the advantages of rapid induction,
low irritation and rapid absorption [5]. Liu et al [6]
found that SE alleviated cerebral ischemia-
reperfusion injury, but the relevant mechanism
was not determined. In this study, 60 healthy
male SD mice were used as experimental
animals to investigate the mechanism involved in
the effect of SE on neuronal cell apoptosis.

EXPERIMENTAL
Animals

Sixty selected healthy male Sprague Dawley
(SD) mice with average age of 8 + 1 weeks and a
mean weight of 260 + 10 g were provided by
Beijing Weitonglihua Experimental Animal Center
(license no. SCXKJING 2006-0009). The mice
were maintained in SPF animal room at room
temperature of 23 + 1 °C and relative humidity of
55 £+ 5 %, and were allowed ad libitum access to
feed and drinking water. The mice were handled
in line with the relevant standards of the
Regulations on the Management of Experimental
Animals.

Ethical approval

This research was approved by the Animal
Ethical Committee of Shanghai Pudong New
Area People’s Hospital (approval no. 20200879),
and conducted according to "Principles of
Laboratory Animal Care" (NIH publication no. 85-
23, revised 1985) [7].

Establishment of rat MCAO model

The mice were fasted for 8 h before surgery and
anesthetized via administration of chloral hydrate
(10 %). The right common carotid artery (CCA),
external carotid artery (ECA) and internal carotid
artery (ICA) were dissected in the middle of the
neck, and the CCA, ECA and ICA were exposed.
The ICA and ECA were ligated, and a small
incision was made at the bifurcation of
CCA. Then, ICA and nylon wires were ligated,

and perfusion was resumed after occlusion for
120 min. Spontaneous breathing was maintained
during the operation.

Animal grouping and treatment

Sixty (60) rats were assigned to control, model
and SE groups. Model mice were the established
MCAO model. The SE group was subjected to
inhalation of 2 % sevoflurane for 15 min at the
same time of reperfusion.

Evaluation of indicators/parameters
Water maze test

Morris Water Maze was used. First, a positioning
trial was carried out: the rats were put in a pond
at various starting points, and the time from
entering the water to finding the underwater
platform was noted. If platform location was
unsuccessful in 60 s, the rat was led to it, and a
recording of 60 s was made. Training was carried
out four times daily for each rats at 15 - 20 min
spacing, and the mean time was the result for
that day. Each rat was removed from the
platform after 10 s, and toweled dry.

Space exploration experiment

Two days after the positioning navigation
experiment training, the rats were trained to
explore space for 60 s. They were put into water
from the 1! quadrant, and the number of
crossings of the original platform within 60
seconds was recorded.

Determination of cerebral infarction area

Deep anesthesia was given with pentobarbital
sodium which was injected intraperitoneally.
Animal sacrifice was done via decapitation.
Excised brain tissues were frozen at -20 °C for 30
min. Then, 5 coronal brain slices were stained in
TTC solution (10g/L) at 37 °C for 10 min, and
fixed and preserved in FPS. Healthy brain tissue
was reddish in color, while infarct tissue was
gray. The infarct area in each was calculated.

Nerve cell apoptosis

Brain tissue was paraffin-embedded and
sectioned, dewaxed in xylene and dehydrated in
gradient alcohol. Apoptosis assay kits were used
to measure apoptosis in nerve cells. In this
assay, normal nucleus was blue, and apoptotic
nucleus was brownish-yellow. Cell apoptosis was
calculated for each group.

Trop J Pharm Res, June 2022; 21(6): 1162



Luetal

The formation of autophagosome vacuoles was
examined with electron microscopy. The brain
tissues were excised, cleaned and fixed with
PBS, dehydrated in alcohol gradient, embedded
in paraffin and sectioned; stained with uranium
acetate for 30 min, and with lead citrate for 10
min, and examined using transmission electron
microscopy. The sections were photographed,

and the number of autophagosomes was
counted.
The HO-1 mRNA expression level was

determined using RT-fluorescence quantitative
PCR. The extraction of total RNA was done
using TRIzol method. The RNA concentration
was determined using ultraviolet
spectrophotometry,  followed by reverse-
transcription to cDNA. Fluorescence signal was
collected at 72 °C. The levels of HO-1 mRNA
were determined with real-time quantitative
Polymerase Chain Reaction (PCR).

Immunoblot assay

Total protein was extracted from tissue sections
from each group by homogenization in RIPA lysis
buffer. The homogenates were centrifuged at
12000 g for 5 min, and the supernatants
containing total proteins were collected. The total
protein concentration in each lysate was
quantitatively determined using BCA method.
Thereafter, equal amounts of protein were
resolved using  SDS-polyacrylamide  gel
electrophoresis, followed by electro-transfer to
polyvinylidene difluoride (PVDF) membrane.
Following the membrane transfer, each
membrane was rinsed with TBST washing
solution for 3 min to wash off excess membrane
transfer solution. Then, the membrane was
incubated with Western blocking solution (5 %
skimmed milk powder) at room temperature for 2
h to block non-specific binding of the blot. This
was followed by incubation overnight at 4 °C with
appropriate primary antibodies diluted with
primary antibody diluent in appropriate
proportions. Thereafter, the membranes were
incubated with horse radish peroxidase-linked
secondary antibody (diluted 1:10000) at room
temperature for 2 h. The protein bands were
subjected to ECL, while Quantitative One
Grayscale analysis software was used for
determination of relative protein expression
levels, with B-actin as standard.

Statistical analysis

The SPSS 20.0 software package was employed
for data analysis. Normally-distributed data are
expressed as mean + SD. One-way ANOVA was
used to compare multiple groups, while paired

comparison was done with SNK-Q test. Values of
p < 0.05 indicated statistically significant
differences.

RESULTS

Morphology of neuronal cells at different
times of hypoxia and different concentrations
of sevoflurane

When hypoxic, the volume of spindle like
neurons increased, or the number of spindle like
cells increased gradually with the prolongation of
hypoxia. Compared with hypoxia for 0 h, the
proportion of activated cells increased gradually
after hypoxia for 2, 4, 6, 8 and 12 h (Figure 1).
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Figure 1: Morphological changes in neuronal cells
under different hypoxia times

When the concentration of sevoflurane was 0 %,
the volume of neuronal cells increased, and there
were more cells with branch-like or spindle-like
changes. Compared with 0 % sevoflurane
treatment group, the proportion of activated cells
in 2 %, 4 % and 6 % sevoflurane treatment
groups increased gradually in a dose-dependent
manner (Figure 2).

D

Figure 2: Morphological changes of neuronal cells in
each group

Behavioral characteristics of rats

At each same time point, escape latency values
in model and SE rats were markedly higher than
the corresponding control value, but escape
latency was lower in SE rats than in model rats.
The frequency of crossing of the platform was
markedly lower in model rats than in control rats,
but it was higher in SE rats than in model rats,

Trop J Pharm Res, June 2022; 21(6): 1163



Luetal

with the difference being statistically significant (p
< 0.05; Table 1).

Cerebral infarction area

There were higher areas of cerebral infarction in
model and SE mice than in control mice, but
infarction area was lower in SE mice than in
model mice, as shown in Table 2 and Figure 3.

Apoptosis level

Apoptosis levels were higher in model and SE
groups than in controls, but apoptosis was lower
in SE rats than in model rats, with statistical
significance (p < 0.05; Table 3).

Apoptotic and autophagic proteins

The protein expression levels of LC3 ii/i,
Beclin-1, Bad, Bcl-2 and Caspase-3 in model and
SE rats were significantly up-regulated, relative
to those in control group, while they were
significantly lower in SE group than in model
group (p < 0.05; Table 5).

mRNA levels of heme oxygenase 1

The mRNA levels of heme oxygenase 1 in model
and SE groups were markedly up-regulated,
relative to control value, but HO-1 mRNA level
was higher in SE mice than in model rat, with
statistical significance (p < 0.05; Table 6).

Table 1: Comparison of behavioral characteristics of rats amongst the groups (

P13K/Akt/p70S6K proteins

Protein levels of p-PI3K, p-Akt and p-P70S6K
were up-regulated in model mice and SE mice,
relative to control mice, while these protein levels

were higher in mice in SE group than in model
mice, as shown in Table 7.

Control Model
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Figure 3: Cerebral infarct area

X+8)

Escape latency

Number of platform

Group Day 1 Day 3 Day 5 crossings (n)
Control ~ 48.16+4.16 16.25+1.85 5.68+3.12 4.65+0.35
Model 57.89+1.262 49.85+2.132  44.28+3.462 1.35+0.252
SE 50.46+2.46%  24.56+1.89%°  9.78+4.15%° 3.78+0.35%
F 62.204 1493.154 692.811 570.790
abp < .05, avs control; Pvs model
Table 2: Cerebral infarction areas (mean + SD)
Control Model SE F P
Cerebral 1.182+0.661 42.786+2.152 a 25.744+4.031 ab 593.800 <0.001
infarction areas
Table 3: Apoptosis levels (mean = SD)
Control Model SE F P
Apoptosis level ~ 1.742+0.526  15.331+4.2182  7.406+1.7542 66.100 < 0.001
Table 4: Number of autophagosome vacuoles (mean + SD)
Item Control Model SE F P-value
Number of 1.588+0.302 19.544+3.7662 13.527+2.205 20 130.900 <0.001

autophagosome vacuoles
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Table 5: Apoptotic and autophagic proteins (mean + SD)

Variable Control Model SE F P-value
LC3-I/1 0.724+0.115 2.088+0.8832 0.898+0.200 2 19.85 < 0.001
Beclin-1 0.901+0.096  3.779+0.9052 2.324+0.385? 213.70 < 0.001
Bad 1.033+0.272  3.406+0.9882 2.11110.9552 22.31 < 0.001
Bcl-2 5.672+0.648 2.883+0.7232 3.998+0.6152 44.76 < 0.001
Caspase-3 0.855+0.197  4.497+0.5242 3.186+0.2112 285.20 < 0.001
Table 6: MRNA levels of heme oxygenase 1(HO-1) (mean = SD)

Item Control Model SE F P

HO-1  0.214+0.047 0.385+0.0962 1.247+0.205%® 172.10 < 0.001
Table 7: P13K/Akt/p70S6K proteins (mean + SD)
Variable Control Model SE F P-value
p-PI3K 0.522+0.121 0.831+0.1352 1.192+0.172%° 41.57 < 0.001
p-Akt 0.637+0.054 0.81210.0762 1.255+0.163° 86.33 < 0.001
p-P70s6K 0.574+0.069 0.799+0.1492 1.078+0.1382 54.02 < 0.001

DISCUSSION percentage apoptosis, and the number of

With recent pronounced increases in population
of the aged, incidents of stroke have shown
increasing trend year by year, thereby seriously
endangering people's health and bringing heavy
economic burden to families and society
[8]. Therefore, there is need to focus on how to
alleviate the brain injury of stroke patients and
reduce the incidence of disability. Ischemic
stroke causes depolarization, necrosis,
inflammation and apoptosis of neurons in the
corresponding parts of the brain, and it may lead
to hemiplegia, consciousness disorder and
aphasia. Sevoflurane (SE) has been a frequently
used inhalation anesthetic in recent years.
Recent studies have found that SE produced a
protective effect on the brain, which may be
related to its antioxidant, neurotransmitter
regulation and suppression of neuronal death [9].

In the present study, the behavior of MCAO rats
was tested using positioning navigation test and
space exploration test. It was found that escape
latency was markedly higher in MCAO rats than
in healthy rats, while the number of platform
crossings was significantly lower than that of
normal mice. Thus, SE improved the behavioral
ability of MCAO mice. This suggests that SE may
slow down impairment of learning and
impairment of memory in MCAO rats, which is
similar to the research results of Wang et al [10].

Autophagy is a process of cellular self-
catabolism, while apoptosis is a process of
programmed cell death. In ischemia reperfusion
injury, autophagy and apoptosis of neurons are
significantly increased, resulting in cerebral
infarction [11]. In this study, cerebral infarct zone,

autophagosome vacuoles in MCAO rats were
markedly raised, relative to values in normal rats.
Sevoflurane (SE) reduced the cerebral infarction
area, percentage apoptosis, and the number of
autophagosome vacuoles in MCAO mice. These
results indicate that SE inhibited autophagy and
apoptosis, and reduced neuron injury. Autophagy
is regulated by autophagy-related proteins, with
LC3 I/l as one of the important proteins that
mediate the process. Beclin-1 is not only an
important autophagy-related protein, it also
mediates apoptosis by interacting with Bcl-2
lentinus edodes [12].

Apoptosis is a process generated by the hypoxia,
radiation and cytotoxins. In ischemia-reperfusion
injury, the cytoplasm is abnormally increased and

can bind bcl-3; Bad is inserted into the
mitochondrial membrane to form apoptotic
bodies which promote cell apoptosis by

activating caspase-3 protein [13]. In this study,
LC3 Il/l, Beclin-1, Bad, Bcl-2 and Caspase-3
proteins in MCAOQO rats were significantly higher
than those in normal rats, while SE inhibited the
expression of autophagy and apoptosis proteins
in MCAO rats. These results suggest that SE
may protect nerve cells by inhibiting apoptosis
and autophagy through regulation of autophagy
and apoptosis-related proteins.

It is known that heme oxygenase 1 is an
important part of the response of brain cells
against oxidative stress. It has been found that
an increase in HO-1 mRNA level increased SOD
activity, reduced MDA and NO contents, and
improved spatial cognitive learning ability of mice
to a certain extent [14]. It was found that the level
of HO-1 mRNA in MCAO rats was markedly
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raised, relative to that in normal mice, and SE
increased the expression of HO-1 mRNA. These
data imply that SE up-regulated HO-1 mRNA,
which is similar to the results of Yang et al[15].

Activated PI3K is an important protein which
regulates neuronal survival after ischemic brain
injury and it inhibits apoptosis [16]. The important
downstream target of PI3K, Akt is a key factor for
nerve cell survival after ischemic brain injury, and
it modulates Bcl-2 and caspase-associated
apoptotic proteins. Moreover, P70s6k is a protein
synthesis regulator which is crucial for regulating
proteins, cell cycle, and DNA synthesis, and
promoting cell survival [17]. Previous studies
have found that P13K/Akt/p70S6K is an
important pathway for protein synthesis; it
responds to various physiological or pathological
signals and regulates the transcription of HO-1
and other genes [18]. In this study, SE increased
the expressions of P-PI3K, P-Akt and P-P70S6K-
related proteins in MCAO mice. These results
suggest that SE protected nerve cells and
suppressed apoptotic changes in the cells
through a process which may be associated with
HO-1-mRNA expression induced by regulating
P13K/Akt/p70S6K signaling pathway.

CONCLUSION

This study shows that SE improves the
behavioral characteristics of MCAO rats, reduces
cerebral infarction in rats, and inhibits neuronal
apoptosis and autophagy by regulating
autophagy and apoptosis-related proteins. Thus,
the mechanism of action may be related to HO-1-
mRNA expression induced by SE via regulation
of P13K/Akt/p70S6K signaling pathway. This
provides a new idea for the development of an
anti-neuronal apoptosis drug.
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