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Dexmedetomidine on autophagy of hippocampal
neurons in aged rats under sevoflurane anesthesia
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Abstract. Dexmedetomidine is a highly-selective o adren-
ergic receptor agonist, widely used as an anesthesia adjuvant
drug in clinic. Effects of dexmedetomidine on autophagy of
hippocampal neurons and cognitive dysfunction in aged rats
under sevoflurane anesthesia were investigated. Sixty healthy
Sprague-Dawley (SD) rats aged 4-6 months of either sex,
weighing 150-200 g were selected and randomly divided into
control group (n=10), sevoflurane group (n=25) and dexme-
detomidine + sevoflurane group (compound group, n=25). The
control group was inhaled with 60% O, for 6 h, the sevoflurane
group was inhaled with 3.4-3.6% sevoflurane for 6 h, and the
compound group was treated with intraperitoneal injection
of 4 ug/kg dexmedetomidine 1 h before the inhalation of
sevoflurane. Five rats were taken from each group 1 h before
sevoflurane anesthesia (T1), immediately after anesthesia
(T2), 12 h after anesthesia (T3) and 24 h after anesthesia (T4),
respectively. The expression levels of microtubule-associated
protein 1 light-chain 3-1 (LC3-I), LC3-II and Beclin-1 were
detected via western blotting, and the LC3-II/LC3-I value was
calculated. Moreover, Morris water maze test was performed
for the five rats in each group 5 weeks after anesthesia to detect
the cognitive function; the escape latency, times across plat-
form and swimming time in target quadrant were recorded.
The levels of LC3-I, LC3-II and Beclin-1 in hippocampal
neurons and LC3-II/LC3-I value in sevoflurane group at T2
were significantly higher than those at T1, and they reached
the peak at T3, but were decreased at T4 (P<0.05); the levels
of proteins and LC3-II/LC3-I value in compound group at
T2 were significantly higher than those at T1 and reached the
peak, and remained unchanged at T3-T4; besides, the level of
proteins and LC3-II/LC3-I values in compound group at T2-T4
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were obviously lower than those in sevoflurane group (P<0.05).
In sevoflurane group, the escape latency was prolonged, the
times across platform were reduced and the swimming time in
target quadrant was shortened compared with those in control
group (P<0.05); these parameters were significantly improved
in compound group compared with those in sevoflurane group
and control group (P<0.05). In conclusion, dexmedetomidine
can improve the cognitive dysfunction in aged rats under sevo-
flurane anesthesia, which is related to the decreased autophagy
of hippocampal neurons.

Introduction

Sevoflurane is a kind of commonly-used inhalational general
anesthetics. A study has pointed out (1) that sevoflurane can
lead to the decline in cognitive function in the recovery period,
which may be related to the surgical trauma, anesthesia depth,
body inflammation, stress and immune dysfunction. The
elderly patients are often complicated with low metabolic
function, poor operation and anesthesia tolerance, and many
perioperative complications, so the postoperative cognitive
dysfunction (POCD) occurs more easily after operation (2).
Hippocampus is an important brain area involved in learning
and memory ability, and the pathological changes, such as
B-amyloid protein deposit and Tau protein phosphorylation,
caused by hippocampal neurons are the important mecha-
nisms of Alzheimer's disease (3); therefore, it is assumed that
POCD caused by sevoflurane anesthesia may also be related to
abnormalities in hippocampal neuronal structure and function.
Cell autophagy is an important way for eukaryotes to degrade
the misfolded proteins and damaged organelles in the body via
lysosomes, and maintain the homeostasis, which is also known
as type II programmed death (4). The decreased autophagy
is associated with tumorigenesis (4), while the enhanced
autophagy is related to the occurrence of neurodegenerative
disease (5). Autophagosomes and specific proteins light-chain
3-1 (LC3-I), LC3-II and Beclin-1 can reflect the autophagic
activity of the body. Dexmedetomidine is a highly-selective
o adrenergic receptor agonist, widely used as an anesthesia
adjuvant drug in clinic, which is characterized by rapid onset
of analgesia and sedation, small side effects, little inhibition
on respiration and circulation and high safety (6,7). This
study aimed to analyze the effects of dexmedetomidine on
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autophagy of hippocampal neurons and cognitive dysfunction
in aged rats under sevoflurane anesthesia.

Materials and methods

Animals. Sixty healthy Sprague-Dawley (SD) rats aged
4-6 months of either sex, weighing 150-200 g were purchased
from Laboratory Animal Center of Jilin University (certificate
no.: SCXK (Ji) 2008-0004). They ate and drank freely at room
temperature of 22+2°C and relative humidity of 55+2% to
adapt to the environment for 1 week, followed by subsequent
experiments. The study was approved by the Animal Ethics
Committee of Nanchang University (Nanchang, China).

Research methods. The rats were randomly divided into
control group (n=10), sevoflurane group (n=25) and dexme-
detomidine + sevoflurane group (compound group, n=25). The
control group was inhaled with 60% O, for 6 h, the sevoflurane
group was inhaled with 3.4-3.6% sevoflurane for 6 h, and the
compound group was treated with intraperitoneal injection of
4 ng/kg dexmedetomidine 1 h before the inhalation of sevoflu-
rane. Five rats were taken from each group before sevoflurane
anesthesia (T1), immediately after anesthesia (T2), 12 h after
anesthesia (T3) and 24 h after anesthesia (T4). The expression
levels of microtubule-associated protein 1 LC3-I, LC3-II and
Beclin-1 were detected via western blotting, and the LC3-I1/
LC3-I value was calculated. Moreover, Morris water maze test
was performed for the five rats in each group 5 weeks after
anesthesia to detect the cognitive function; the escape latency,
times across platform and swimming time in target quadrant
were recorded.

Materials. The rats were placed in a plastic airtight trans-
parent container, then the container was placed in the ZD-600
thermostatic water bath to maintain the temperature of 37°C,
and the bottom of the container was covered with calcium lime
to absorb the CO, generated; two side walls of the container
were the air inlet and exhaust port; the air inlet was connected
to the Vapor 2000 anesthetic gas volatilization pot (Dreager,
Liibeck, Germany) for oxygen or sevoflurane delivery (Jiangsu
Hengrui Medicine Co., Ltd., Jiangsu, China), while the exhaust
port was connected to the Vamos multifunctional anesthetic
gas monitor (Dreager) for monitoring the sevoflurane and
CO, concentrations; the abdomen of rats was connected to the
probe of oxygen saturation monitor (Philips Medical Systems
B V., Eindhoven, The Netherlands).

Western blotting. After anesthesia using chloral hydrate via
intraperitoneal injection at a dose of 300-350mg/kg, the rats
were sacrificed and the brain was removed, the hippocampus
tissues were separated and placed in liquid nitrogen at -80°C.
After hippocampus tissue homogenate, the centrifugation was
performed at 4°C at 10,500 x g for 15 min; the supernatant was
taken, and the protein concentration was detected using the
bicinchoninic acid (BCA) protein quantification kit (Jiangsu
Nanjing Beyotime Technology Co., Ltd., Jiangsu, China). The
loading buffer was added, followed by 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE);
the protein was transferred onto the polyvinylidene fluoride
(PVDF) membrane. After sealing with blocking buffer at
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37°C for 1 h, rabbit polyclonal LC3-I (dilution: 1:2,000;
cat. no. ab48394), rabbit polyclonal LC3-II (dilution: 1:2,000;
cat. no. ab192890), rabbit polyclonal Beclin-1 (dilution:
1:2,000; cat. no. ab207612) and rabbit polyclonal GAPDH
(dilution: 1:500, cat. no. ab37168), purchased from Abcam
(Cambridge, MA, USA), were added at 4°C overnight. After
washing, the goat anti-mouse polyclonal secondary goat
anti-mouse (HRP) IgG antibody (dilution: 1:2,000; cat. no.
ab6789; Abcam, Cambridge, MA, USA) was incubated at 37°C
for 4 h, followed by washing via phosphate buffered saline
(PBS) and ECL development. The results were scanned and
saved, and the semi-quantitative analysis was performed using
the Lab Works4.5 gel imaging software (Invitrogen; Thermo
Fisher Scientific, Inc.).

Morris water maze test. Morris water maze test included the
place navigation and space exploration. In place navigation
test, the platform was placed in the third quadrant, and the rats
stood on the platform for 30 sec; the water was poured into
the pool wall from different quadrants, and the time of finding
and climbing on platform within 60 sec (escape latency) was
recorded. After finding the platform, the rats stood for 30 sec
and rested. If the rats failed to find the platform within 60 sec,
they were led onto the platform to stay for 15 sec, and the
escape latency was recorded as 60 sec. The test was repeated
4 times per day for 5 days, and the average was taken. In space
exploratory test, the platform was removed, and the rat was
put into the water optionally from the same entry point; the
swimming trajectory within 60 sec was shot using a camera,
the times across platform and the swimming time in original
quadrant (target quadrant) were recorded.

Statistical analysis. Statistical analysis was performed using
Statistical Product and Service Solutions (SPSS) 20.0 software
(IBM Corp., Armonk, NY, USA). Measurement data are
presented as mean + standard deviation; one-way analysis
of variance (ANOVA) was used for the comparison among
groups, and least-significant difference (LSD) t-test was used
for the pairwise comparison. The repeated measures analysis
of variance (ANOVA) was used for the data comparisons at
different time points. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression levels of autophagy-associated proteins at
different time points. The levels of LC3-1, LC3-IT and Beclin-1
in hippocampal neurons and LC3-II/LC3-I value in sevoflu-
rane group at T2 were significantly higher than those at T1,
and the value was the highest at T3, but were decreased at
T4 (P<0.05); the levels of proteins and LC3-II/LC3-I value in
compound group at T2 were significantly higher than those at
T1 and reached the peak, and remained unchanged at T3-T4;
besides, the levels of proteins and LC3-II/LC3-I values in
compound group at T2-T4 were significantly lower than those
in sevoflurane group (P<0.05) (Figs. 1-3, Table I).

Escape latency, times across platform and swimming time
in target quadrant of rats. In sevoflurane group, the escape
latency was prolonged, the times across platform were
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Figure 1. Detection of the LC3-1 expression levels at different time points via western blotting ("P<0.05, comparisons of sevoflurane group and compound

group at T2 with the same groups at T1; #P<0.05, comparison between sevoflurane group at T3 and the same group at T2; "#P<0.05, comparison between
sevoflurane group at T4 and the same group at T3; “P<0.05, comparisons between compound group at T2-T4 and sevoflurane group in the same time).
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Figure 2. Detection of the LC3-II expression levels in different time via western blotting (*P<0.05, comparisons of sevoflurane group and compound group at

T2 with the same groups at T1; #P<0.05, comparison between sevoflurane group at T3 and the same group at T2; *#P<0.05, comparison between sevoflurane
group at T4 and the same group at T3; “P<0.05, comparisons between compound group at T2-T4 and sevoflurane group at the same time points).
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Figure 3. Detection of the Beclin-1 expression levels in different time via western blotting (“P<0.035, comparisons of sevoflurane group and compound group at
T2 with the same groups at T1; “P<0.05, comparison between sevoflurane group at T3 and the same group at T2; “#P<0.05, comparison between sevoflurane
group at T4 and the same group at T3; “P<0.05, comparisons between compound group at T2-T4 and sevoflurane group at the same time points).
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Table I. Comparison of LC3-1I/LC3-I values at different time
points.

Groups T1 T2 T3 T4

Control 1.05+0.26 - - -
Sevoflurane 1.03+0.23 0.89+0.13* 0.92+0.15" 0.77+0.14¢
Compound 1.07£0.28 0.67+0.14*¢ 0.68+0.16* 0.66+0.12¢

*P<0.05, comparison of sevoflurane group and compound group at
T2 with the same groups at T1; °P<0.05, comparison between sevo-
flurane group at T3 and the same group at T2; °P<0.05, comparison
between sevoflurane group at T4 and the same group at T3; “P<0.05,
comparisons between compound group at T2-T4 and sevoflurane
group at the same time points.

Table II. Escape latency, times across platform and swimming
time in target quadrant of rats.

Times across Swimming

Escape platform time in target
Groups latency (s) (time) quadrant (s)
Control 26.7+4.5 2.3+0.3 14.6+2.3
Sevoflurane 33.5+4.9* 1.6+0.3* 10.4+2.1*
Compound 28.2+4.6° 2.1+0.4° 13.242.4°

*P<0.05, comparison between sevoflurane group and control group;
°P<0.05, comparison between compound group and sevoflurane

group.

reduced and the swimming time in target quadrant was short-
ened compared with those in control group (P<0.05); these
parameters were significantly improved in compound group
compared with those in sevoflurane group and control group
(P<0.05) (Table II).

Discussion

The median effective dose of dexmedetomidine analgesic on
rats is 1 pg/kg (8). Dexmedetomidine improves the occurrence
of cognitive dysfunction after sevoflurane anesthesia, which
may be related to the clearance of damaged mitochondria,
delayed apoptosis, inhibition of cytochrome c release, reduction
of Caspase family activation, and reduction of apoptosis (9).

In this study, sevoflurane was used on anesthetized aged
SD rats, and the effects of dexmedetomidine on hippocampal
neurons autophagy and cognitive impairment in old rats were
studied.

Morris water maze test is a common method to evaluate
the spatial learning and memory ability of rodents (10). The
results are reliable and repeatable. The study concluded that
compared with rats in the control group, the rats in sevoflurane
group had longer escape latency; they crossed the platform
fewer times, and swam for a shorter period of time in the target
quadrant. The condition of rats in the composite group was
significantly better compared with that in sevoflurane group.
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Therefore, we believe that dexmedetomidine can improve the
cognitive dysfunction of sevoflurane anesthesia in aged rats.

Liu et al (11) showed that the sevoflurane anesthesia-
induced POCD in aged rats is related to the 3-amyloid deposit
and Tau protein phosphorylation of hippocampal neurons.
Satomoto et al (12) pointed out that the sevoflurane anesthesia
can cause behavioral changes and cognitive abnormalities
in young rats. Autophagy is a defense behavior of the body
against the environmental stimulus, and the autophagosomes
and specific proteins LC3-I, LC3-II and Beclin-1 can reflect
the autophagic activity of the body (13). LC3-I can bind with
the phosphatidylethanolamin on the surface of autophagy
membrane after the ubiquitin-like modification, forming
LC3-II (13), both of which are two protein products in the
autophagy process, and the LC3-1I/LC3-I value is better in
reflecting the stability of autophagy. Beclin-1 is a specific gene
involved in autophagy regulation in mammals.

The downregulation of Beclin-1 expression indicates the
decline in autophagy, which is related to the anti-apoptotic
protein Bcl-2 (14). Beclin-1 contains the BH3 structural domain,
which binds Beclin-1 and Bcl-2 to inhibit Beclin-1-dependent
autophagy-activated pathway through the interaction with
Bcl-2 surface BH3. However, the combination of Beclin-1
and Bcl-2 does not affect the fact that Bcl-2 binds to the pro-
apoptotic protein Bax, playing an anti-apoptotic effect, through
the structural domain (15). The results of this study showed
that the levels of LC3-1, LC3-II and Beclin-1 in hippocampal
neurons and LC3-II/LC3-I value in sevoflurane group at T2
were significantly higher than those at T1, and they reached the
peak at T3, but decreased at T4; the level of proteins and LC3-1I/
LC3-I values in compound group at T2-T4 were obviously lower
than those in sevoflurane group. Therefore, it is believed that
sevoflurane anesthesia can up-regulate the autophagic activity
of hippocampal neurons, and the anesthesia combined with
dexmedetomidine can reduce the autophagic activity.

This study showed that the mechanism of sevoflurane anes-
thesia leading to the cognitive decline of rats was related to
the increased autophagy of hippocampal neurons, providing an
important reference basis for the clinical diagnosis and preven-
tion of POCD. At the same time, the dexmedetomidine-assisted
anesthesia can improve the cognitive function, providing an
important idea for the application of dexmedetomidine.
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