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Abstract: To observe the effects of different concentrations of sevoflurane on synaptotagmin 1 (Syt1) expression,
synaptic long term depression (LTD), and paired pulse depression (PPD) in the rat hippocampus as well as to inves-
tigate the association between these effects and the cognitive function of rats. A total of 24 male Sprague-Dawley
(SD) rats were selected and randomly divided into 3 groups: the control group (group A), which inhaled air; group
B, which inhaled 0.65 minimum alveolar concentration (MAC) sevoflurane for 2 h; and group C, which inhaled 1.30
MAC sevoflurane for 2 h. The subsequent experiments were performed after one day. (1) Y maze tests were per-
formed, and the expression of Syt1 in hippocampal tissues was detected using western blot. (2) The changes in LTD
and PPD in rat hippocampal slices were examined using electrophysiological techniques. Compared to the control
group, the cognitive function was decreased and Syt1 expression in the hippocampus was significantly decreased
in rats in the 1.30 MAC sevoflurane inhalation group. After 60 min of low frequency stimulation, the amplitudes of
population spike (PS) potentials in rat hippocampal slices were significantly decreased. After induction of PPD, the
P2/P1 ratio was significantly increased. No indicators in the 0.65 MAC sevoflurane inhalation group showed any
significant changes. Inhalation of high concentrations of sevoflurane significantly reduced Syt1 protein levels in the
rat hippocampus, significantly inhibited the release of presynaptic neurotransmitters, and reduced the efficiency of
synaptic transmission, thus causing memory impairment.
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Introduction The synaptic circuits and their integration in the

hippocampal structure are very important for all

Sevoflurane is the most extensively applied
inhalational anesthetic. Its advantages include
a low blood-gas partition coefficient, rapid
anesthesia induction, ease of depth control,
and fast and complete recovery [1, 2]. Some
studies have shown that sevoflurane causes
early cognitive impairment of patients after sur-
gery, albeit the degree was milder than other
systemic fluorinated inhalation anesthetics.
Some animal studies have shown that young
rats that inhaled a certain concentration of
sevoflurane developed cognitive impairment in
adulthood [3, 4]. Studies of the decline of learn-
ing and memory caused by sevoflurane inhala-
tion have received increasing amounts of
attention.

types of learning and memory functions [5].
Brain functions such as learning and memory
are closely associated with synaptic plasticity,
which requires normal synaptic transmission
and normal release of neurotransmitters [6].
The release of neurotransmitters involved in
the formation of synaptic plasticity requires the
involvement of many synaptic proteins. The syn-
aptotagmin proteins, which are closely associ-
ated with the release of neurotransmitters,
have received widespread attention [7]. The
synaptotagmin (Syt) family members are cur-
rently the most important Ca?* sensors in the
regulation of membrane fusion; of which, syt-1
is considered a major rapid phase Ca?* sensor
during the process of synaptic vesicle exocyto-
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sis and is an important synaptic protein associ-
ated with the decline of learning and memory
abilities [8].

Sytl is an important synaptic protein that is
associated with the decline of learning and
memory abilities; however, whether sevoflurane
inhalation can affect Sytl expression to cause
changes in the efficiency of synaptic transmis-
sion that result in cognitive function impair-
ment has not been reported. Therefore, this
study used the concentrations and times com-
monly used in clinical situations to observe the
effect of sevoflurane on the cognitive function,
degree of inhibition of hippocampal synaptic
transmission, and changes in Syt1l expression
in rats to investigate the possible mechanism
underlying the development of postoperative
cognitive dysfunction (POCD).

Materials and methods
Experimental animals and grouping

After the experimental protocol was approved
by the National Institutes of Health Guide for
Care and Use of Laboratory Animals (Publication
No. 85-23, revised 1985) and approval by the
Ethics Committee of our hospital was obtained,
a total of 24 clean-grade 8-week-old male
Sprague-Dawley (SD) rats with a body weight of
300-350 g were selected. The rats were pro-
vided by the Shanghai SLAC Laboratory Animal
Co., Ltd., and the animal license number was
SCXK (Hu) 2012-0002. The rats were randomly
divided into three groups: the control group
(group A), the 0.65 minimum alveolar concen-
tration (MAC) sevoflurane group (group B), and
the 1.30 MAC sevoflurane group (group C).
Each group consisted of eight animals. The rats
were first adapted in the animal room for one
week and had access to food and water ad libi-
tum. The light/dark cycle was 10/14 h (lighting
starting at 7:30 am), the temperature was
22°C, and the humidity was 60%-80%.

Major instruments and reagents

The BX45 microscope and imaging system
were obtained from Olympus. The anesthesia
machine was obtained from Drager. The S/5
multi-functional monitor was obtained from
Datex-Ohmeda. Sevoflurane was obtained from
Abbott (USA). The Y maze was obtained from
Zhangjiagang Biomedical Instruments. Rabbit
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anti-mouse Syt-1 and bovine serum albumin
were obtained from Sigma Company. Secondary
antibodies, NBT/BCIP chromogenic substrate
and BCA protein analytical reagent were
obtained from Nantong Biyuntian Company.
The MEZ-8301 microelectrode amplifier, SEN-
3301 stimulator, SS-202J) isolator, ZQP-86
vibrating microtome, and HXD-2000 electric
signal processing analysis software were pro-
vided by Beijing Huaxiang Company.

Anesthetic management

Rats in group A inhaled air, and rats in other
groups were placed in a homemade acrylic
glass anesthesia box. An anesthesia machine
was used to provide sevoflurane for inhalation
by the rats. The oxygen flow was 4 |/min. After
the level of sevoflurane in the box was stabi-
lized at 1.5% or 3%, as detected by a monitor-
ing machine, the rats were anesthetized in the
anesthesia box for two hours. During the inha-
lation process, the sevoflurane concentration
and oxygen saturation in rats (maintained at
99%-100%) were monitored using a multi-func-
tional monitor. All rats in group B awoke within
two minutes, and all rats in group C awoke with-
in five minutes; all rats resumed drinking and
eating within one hour.

Behavioral tests

One day after anesthesia, rats in groups B and
C received learning and memory training ina 'Y
maze [8], and rats in group A received learning
and memory training at the same time as the
other groups. The learning and memory training
was tested using a Y maze in a quiet dark room.
The bottom of the maze box consisted of a cop-
per grid, and one arm contained a signal light.
The copper grid at the bottom of the box and
the arm with a light did not have current. The
second and the third arms without a light were
connected to an electric current generator.
Before the test, the rats were adapted in the
maze for five minutes. During the test, the stim-
ulation voltage was adjusted to ensure that rats
escaped and ran within ten seconds. A correct
reaction was recorded when the rats ran direct-
ly to the safe area after an electric shock was
administered; otherwise the response was con-
sidered an incorrect reaction. Each time that a
rat ran to the safe area, the light was turned on
continuously for 15 s, followed by turning off
the light for 30 s before the next test. The loca-
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Table 1. The oxygen satura_tion (Sp0,) and
heart rate of each group (Xs)

Group Number of cases SpO Heart rate

2

A 8 98.3+1.6 383.8+16.4
B 8 97.8+2.1 379.5+14.7
C 8 97.4+2.3 372.4+15.3

tion in which the light was present varied
according to the order I—=ll—lll—l. The learning
standard was nine correct reactions in ten con-
tinuous tests. The observations included @ the
total number of times that the learning stan-
dard was achieved and @ the total training
time needed to achieve the learning standard.

Specimen collection

After training, the rats in each group were anes-
thetized by peritoneal injection of 10% chloral
hydrate. The rats were decapitated, and the
whole brains were collected via a craniotomy.
The brains were placed in artificial cerebrospi-
nal fluid (ACSF), and the bilateral hippocampi
were dissected on frozen ACSF. The samples
stored in a -80°C refrigerator for future usage.

Western blot

Brain tissues were weighed on a balance, and
approximately 60 mg of the tissue samples was
transferred to Eppendorf tubes. Radioimmuno-
precipitation assay (RIPA) lysis buffer was
added to the tissue samples at a ratio of 1 mg
sample/10 L lysis buffer. The tissues were
homogenized with a tissue homogenizer and
lysed in an ice bath for 45 min. Subsequently,
the lysates were centrifuged at 12,000 rpm for
10 min. The resulting supernatant was collect-
ed, and the total protein concentration in the
supernatant was determined using the bicin-
choninic acid (BCA) protein assay. The protein
samples were mixed thoroughly with an equal
volume of 2x sample loading buffer, boiled for
3 min, and stored at -80°C for future assays.

The obtained protein samples were subjected
to western blot analysis according to the
instruction manual of the reagents. The gels
have been run under the same experimental
conditions. The procedure is briefly summa-
rized below. The separating gel and stacking gel
were prepared. The protein samples were dilut-
ed by adding an equal volume of 2x sample
loading buffer and placed in boiling water for
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10 min (the prestained marker was boiled for 5
min). Sample loading: Approximately 10-20 uL
of protein samples was added to each well of
the gel. Electrophoresis: The gel was placed in
the electrophoresis tank, and the protein sam-
ples were electrophoresed for 45 min at a con-
stant voltage of 130 v. The gel plate was
removed from the electrophoresis tank, and
the gel was trimmed with a cutting knife. The
gel was then immersed and equilibrated in the
transfer buffer. The transfer sandwich was
assembled with the materials listed below in
the following order: black side of the transfer
cartridge—sponge—filter paper—gel—nitro-
cellulose (NC) membrane—filter paper—spon-
ge. The transfer stack was then placed in a
transfer apparatus (black side of the cartridge
was placed toward the black side of apparatus).
Ice and transfer buffer were added to the trans-
fer apparatus. After the electrodes were cor-
rectly connected, the proteins were transferred
for 90 min at a constant current of 250 maA.
Blocking: The membrane was blocked with 5%
nonfat dry milk in Tris-Buffered Saline/Tween
20 (TBST) at room temperature for 1 h on a
shaker. The blocking solution was then
removed, and the membrane was incubated
with the primary antibodies (rabbit anti-mouse
Syt-1; 1:200 dilution) at 4°C overnight on a
shaker. The primary antibodies were collected,
and the membrane was washed three times in
TBST (10 min each wash). The membrane was
then incubated with the secondary antibodies
at room temperature for 1 h on a shaker. The
secondary antibodies were removed, and the
membrane was washed three times in TBST
(10 min each wash). The membrane was then
incubated with the chemiluminescence solu-
tion for 5 min. The membrane was placed in a
film exposure box and exposed to light-sensi-
tive films in a darkroom. The film was then
developed. B-Actin was used as an internal ref-
erence (experimental procedure was the same
as described above). The relative optical densi-
ty (ROD) values of the Sytl protein bands in
each lane were determined using Gel-Pro
Analyzer 4.0.

Preparation of in vitro hippocampal slices

One day after anesthesia was administered,
the rats were decapitated, and the brains were
collected. The samples were placed in ACSF
saturated with 95% 0,-5% CO, at 0-4°C. The
blood was washed out, and the temperature
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Table 2. Comparison of cognitive function and Syt1 expression in

each group (X ts)

Electrophysiology

Number Number of

Under a dissection micro-

Syt expression

Group of cases Training time (s) training sessions (relative density, %) scope, a bipolar stimulating
A 8 2204.4+40.8 33.6+4.1 0.73+0.17 g'eﬁt;?de V"I";‘St p""l‘cfd Orlha
B 8 2373.1+12.9 34.6+3.5 0..69+0.15 chatter co.a era rom. ©

. . . CA3 pyramidal cell region,
C 8 2928.8+60.9"#  41.9+5.77#* 0.54+0.12"*

“P<0.05, ""P<0.01 compared with group A; #P<0.05, #P<0.05compared with group

B.

group A group B group C

v v v B actin

Figure 1. Expression of Syt-1 in each group determined by western blot.

Table 3. Comparison of electrophysiological changes in hippocam-

pal slices in each group (X+s)

and a glass microelectrode
(filled with 2 mmolI* NaCl
solution with an impedance
of 2-10 MQ) was placed in
the CA1 pyramidal cell layer
to record the population
spike (PS) potentials induced
by electrical stimulation. The
stimulation was first tested
before the experiment. The
stimulation parameter was a
single pulse with a 0.15-ms
pulse width and a stimulation
strength that could induce
approximately 60% of the
maximum response of the PS
(the stimulation strength that
induced the maximum re-

Sytl

PS changes (%)

sponse of the PS was the

Number - . .

Group of cases S amplitude after LTD  P2/P1 ratio after PPD maximum stimulation stren-
induction induction gth). When the PS had been

Group A 8 78.46+13.5 60.82+3.4 stabilized for 10-15 min, low
Group B 8 72.92+11.1 64.35+4.2 frequency stimulation (LFS,
Group C 8 61.15£12.3" 72.9246.6”# 900 pulse stimulation, 1 Hz)

was used to induce long term

“P<0.05, “*P<0.01 compared with group A; #P<0.05, #P<0.05 compared with group

B.

was reduced to remove the hippocampi. Three
to four hippocampal slices were sectioned per-
pendicularly to the long axis of the hippocam-
pus using a vibrating microtome at a thickness
of 400 um. Hippocampal slices were incubated
in ACSF at 32.0+0.5°C for two to three hours,
and 95% 0,-5% CO, was continuously supplied.
After incubation, the brain slices were com-
pletely immersed in a 32.0+0.5°C thermostat
perfusion tank. The liquid surface was 2 mm
higher than the surface of the slices, and ACSF
saturated with 95% 0,-5% CO, was continuous-
ly supplied (gas flow 200 ml-min?). The perfu-
sion speed of ACSF was 1.5-2 ml-min?. The
components of the ACSF included (mmol-I?)
NaCl (124), KCI (3.3), NaH,PO, (1.24), MgSO,
(2.4), NaHCO, (25.7), CaCl, (2.4), and glucose
(10.0) at pH 7.35-7.45.
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depression (LTD). The record-

ing time was at least 60 min

for the entire experimental
process. After the potential was amplified by a
microelectrode amplifier, the results were
stored on a computer, and analysis and pro-
cessing were performed. Paired pulse depres-
sion (PPD) was measured by the ratio of the
second PS amplitude (P2) to the first PS ampli-
tude (P1) after administration of a paired pulse
at a certain interval (20-150 ms); an induced
PS amplitude ratio (P2/P1) after stimulation
smaller than 1 was considered PPD.

Statistical analysis

All analyses were performed with SPSS19.0
statistical software. Experimental data are pre-
sented as X +s. The indicators of the cognitive
function of each group, changes in PS ampli-
tude, and the expression of Sytl proteins were

IntJ Clin Exp Med 2015;8(11):20853-20860
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Group A \/\

Group B v\/\
Group C
| ZnV

dms

Before LFS After LFS

Figure 2. LTD in hippocampal slices. The PS ampli-
tude after LFS in group A was significantly reduced;
at 60 min, the amplitude was 78.46+13.5% of that
before stimulation, which constituted LTD. At 60 min
after LFS, the PS amplitude in group C was signifi-
cantly reduced and was significantly different from
that in group A (P<0.05).

analyzed using one-way analysis of variance
(ANOVA). Multiple analyses were performed
using least-significant difference for post hoc
analysis. A value of P<0.05 indicated a statisti-
cally significant difference.

Results

The oxygen saturation (SpO,) and heart rate of
each group did not show obvious variations
(Table 1).

Behavioral results

The learning and memory training results in the
Y maze showed that in group C, the time to
reach the correct location and the training
times were increased compared to those in the
group A, and the differences were statistically
significant (P<0.01). There were not significant-
ly different between the groups B and A
(P>0.05), but the different was also significant-
ly between the groups B and C (P<0.01) (Table
2).
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Western blot results

The protein band optical density analysis
showed that Syt1 expression in the 3.0% sevo-
flurane group (group C) was significantly
decreased compared to group A (P<0.05).
Moreover the different was also significantly
between the groups B and C (P<0.01). Sytl
expression in the hippocampi of group B and A
rats were not significantly different (P>0.05).
(Table 2 and Figure 1).

LTD in hippocampal slices

The PS amplitude of brain slices before LFS
was 100%. The PS amplitude after LFS in group
A was significantly reduced; at 60 min, the
amplitude was 78.46+13.5% of that before
stimulation, which constituted LTD. At 60 min
after LFS, the PS amplitude in group C was sig-
nificantly reduced and was significantly differ-
ent from that in group A (P<0.05). The PS ampli-
tude in group B was not significantly different
from that in group A or C (P>0.05) (Table 3 and
Figure 2).

PPD results in hippocampal slices

After PPD was induced by paired pulses in
group A, the P2 amplitude was significantly
lower than the P1 amplitude, and the P2/P1
ratio was 60.82+3.4%. After PPD induction in
group C, the P2/P1 ratio was significantly
increased and was significantly different from
that in group A (P<0.01). The difference
between groups B and A was not statistically
significant (P>0.05), but the different was sig-
nificantly between the groups B and C (P<0.01)
(Table 3 and Figure 3).

Discussion

Our study showed that the inhalation of 3.0%
sevoflurane significantly decreased Sytl pro-
tein levels in the rat hippocampus, inhibited the
release of presynaptic transmitters, and
decreased the efficiency of synaptic transmis-
sion, thus impairing memory function.

Studies have shown that the MAC of sevoflu-
rane in rats is approximately 2.4% [9]. For rou-
tine clinical anesthesia, the 99% effective dose
(ED99) is approximately 1.30 MAC, while 0.65
MAC is the commonly used dose [10]. Therefore,
in this study, the selected values of the depth of

IntJ Clin Exp Med 2015;8(11):20853-20860
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Group A

Group B

~ -~ \/\W
Group C \/\/\

Paired pulse stimulation

Figure 3. PPD results in hippocampal slices. After PPD induction in group C,
the P2/P1 ratio was significantly increased and was significantly different from
that in group A (P<0.01). The different was significantly between the groups B

and C (P<0.01).

sevoflurane were 1.5% and 3.0% [11]. The early
effect of general anesthesia on cognitive func-
tion is mainly observed by the changes that
occur on the first day after anesthesia. One day
after the administration of sevoflurane anes-
thesia, the rats completed a spatial cognition
task that they had learned before anesthesia.
The results showed that rats that inhaled 1.30
MAC sevoflurane required more time to com-
plete the task; however, 0.65 MAC sevoflurane
inhalation had little effect on the cognitive
function of rats. These results indicated that
higher concentrations of sevoflurane had larger
effects on the memory of rats and caused
memory impairment.

The hippocampus is the anatomical center of
learning and memory and is an important struc-
ture in the memory circuits of the brain; it is
also an ideal model for examining the learning
and memory functions of the brain [12]. LTD
and long term potentiation (LTP) in the hippo-
campus are indispensable for learning and
memory formation [13, 14]. The induction of
LTP can enhance learning and memory abili-
ties, while LTD is generally associated with the
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integration and abolishment
of learning and memory. The
function of LTD is to prevent
the oversaturation of LTP
and to maintain the memory
at a certain volume. How-
ever, facilitation of LTD will
cause a reduction of the
efficiency of synaptic trans-
mission and impair memory
functions [15]. In this study,
after inhalation of 1.30 MAC
sevoflurane, the PS ampli-
tude of rat hippocampal
brain slices was significantly
reduced after LFS induction,
suggesting that inhalation of
high concentrations of sevo-
flurane could cause LTD
facilitation in the rat hippo-
campus that resulted in the
_I 2oV ) ; )
impairment of learning and
dms memory function.

Sytl is a membrane protein
specific to small synaptic
vesicles and large dense
core vesicles in the brain. It
is a key factor for membrane
fusion during the neurotransmitter release indu-
ced by Ca?". Syt1 binding with Ca?* and regula-
tion of membrane fusion play important roles in
the release of presynaptic neurotransmitters
[16, 17]. Reports have shown that Sytl influ-
ences synaptic plasticity via the regulation of
neurotransmitter release, thus further influenc-
ing learning and memory [18]. The present
study showed that inhalation of 1.30 MAC sevo-
flurane caused significant reduction of Sytl
expression in the rat hippocampus, suggesting
that high concentrations of sevoflurane could
reduce cognitive function via the inhibition of
Sytl expression in the hippocampus and the
inhibition of presynaptic neurotransmitter
release.

Paired pulse stimulation is one of the most
commonly used methods to examine synaptic
transmission. When the interval between two
stimulations is short, synapses that have high
probabilities of releasing neurotransmitters are
prone to develop PPD [19, 20]. In this study, we
found that after the inhalation of 1.30 MAC
sevoflurane, the P2/P1 amplitude ratio, which
was inhibited by paired pulses in the CA1 region
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of the rat hippocampus under control condi-
tions, was significantly increased. The P2/P1
ratio exhibited a negative correlation with the
probability of transmitter release, demonstrat-
ing that when the release of the presynaptic
transmitter vesicles decreases, the P2/P1
value increases. These results suggest that
sevoflurane might directly decrease the stimu-
lation-induced release of presynaptic mem-
brane vesicles in the CA1 region, thus reducing
the efficiency of synaptic transmission, which
further confirms that sevoflurane could inhibit
presynaptic transmitter release.

Due to the different stages of the physiological
cycle in female rats, they exhibit more variable
responses to the experimental conditions,
which may allow changes in body weight and
hormone levels to directly affect the reliability
and repeatability of the experiments. Therefore,
we used male SD rats for model establishment
to eliminate sex effects. The preparation of hip-
pocampal brain slices relied on incubation in
ACSF to simulate the in vivo environment and
reduce the influence of ischemia and hypoxia.

There were some limitations in this study. First,
the sample size was small. Only eight rats were
used in each group. Next, we only observed the
effects of 1.5% and 3.0% sevoflurane on the
cognitive function and did not observe the
effects of other concentrations. Therefore, the
lowest concentration of sevoflurane that could
influence cognitive function was not deter-
mined. Finally, the sevoflurane exposure time
was not further examined, and therefore, the
effects of exposure time on the cognitive func-
tion were not determined.

Conclusion

Overall, the results of this study showed that
inhalation of high concentrations of sevoflu-
rane significantly reduced Syt1 protein levels in
the rat hippocampus, inhibited presynaptic
neurotransmitter release, and decreased the
efficiency of synaptic transmission, thus result-
ing in memory impairment. The results also
suggested that the reasonable selection of the
inhalation concentration of sevoflurane in clini-
cal anesthesia could reduce the incidence of
POCD.
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