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Dexmedetomidine attenuates sevoflurane/surgery-induced
cognitive deficits and inhibits expression of Mapt in aged mice

Shunsuke Tachibana, Tomo Hayase, Michiaki Yamakage

ABSTRACT

Background: Postoperative cognitive dysfunction is an important complication of surgery but the mechanism and
impact on brain network are not fully understood. Dexmedetomidine, a highly selective a2 adrenergic agonist, has
anti-inflammatory effects on the brain. The goal of this study was to elucidate how transcriptional network changes
in the hippocampus of aged mice exposed to sevoflurane/surgery-induced stress and to determine how
dexmedetomidine impacts cognitive function.

Methods: Mice were divided into four groups- Naive, Sevo (sevoflurane exposure), Ope (surgery under
sevoflurane) and Dex (dexmedetomidine injection before surgery). We focused on Mapt as the target gene, because
Mapt is important in neurodegenerative disorders. We investigated whether Mapt expression changes occurred in
the hippocampus of each group using quantitative real-time polymerase chain reaction (QRT-PCR). Cognitive
function before and after the intervention was evaluated with the Barnes Maze test.

Results: gRT-PCR analysis showed that the level of Mapt expression was significantly up-regulated (2.60 =+ 0.77
in the Ope group, 1.00 = 0.11 in the Naive group and 0.77 == 0.28 in the Sevo group [mean fold change =+ SD],
respectively. p < 0.01). Dexmedetomidine treatment inhibited the Mapt expression induced by sevoflurane/surgery
(0.88 £ 0.32, p < 0.01). In the Barnes Maze test, sevoflurane/surgery stress also increased the time to identify the
target box and dexmedetomidine treatment inhibited the time extension when tested 7, 14, and 28 days after the
training sessions.

Conclusion: Our results suggest that dexmedetomidine attenuates sevoflurane/surgery-induced cognitive deficits

and inhibits the Mapt expression in the hippocampus of aged mice.

POSTOPERATIVE cognitive dysfunction (POCD) is
an important complication after a surgery in clinical
settings.! POCD has a negative impact on the quality
of life in affected patients, and is seen in elderly
patients more frequently and severely.24 In several
human observation studies, general anesthetics or/and
surgical procedures cause systemic inflammation,
neuronal stress, cognitive dysfunction and even
increase the mortality.57 In addition, aging may be the
most important risk factor for POCD, but the details of
the mechanism of POCD and the impact on brain
networks are not fully understood.8-10

Tau proteins observed in neurodegenerative disorders
belong to the family of microtubule-associated protein
tau (Mapt) and play a significant role in assembly of
microtubules during aging.'* In vitro, plague formation
and tauopathy seen in Alzheimer disease are
influenced by anesthetic agents, suggesting that an
interaction between general anesthesia and Alzheimer
pathogenesis may underlie POCD.}2 However, the
study of Mapt regulation in the brain in direct
association with general anesthesia or/and surgical
procedures in non-Alzheimer model mice has not been
reported.

Using transcriptome analysis, we reported that the
comprehensive messenger RNA (mRNA) profile of
neurons in the mouse hippocampus is dramatically
changed following simple exposure to sevoflurane.1?
These changes in brain suggest that simple sevoflurane
anesthesia may induce neuroinflammation. Le Freche

et al. demonstrated that simple sevoflurane exposure is
also associated with spatial cognitive deficits and
increased tau phosphorylation via activation of specific
kinases.

Strategies are needed to prevent cognitive deficits
derived from neuroinflammation and
neurodegeneration. For example, high mobility group
box 1 (HMGB1) is up-regulated in the brain and
cerebrospinal fluid after surgery, suppressing HMGB1
down-regulates expression of inflammatory pathway
genes in aged rats.1>16 Acetyl-l-carnitine may have
neuroprotective effects on lipopolysaccharide (LPS)-
induced neuroinflammation in mice via regulation of
brain-derived neurotrophic factor (BDNF).7
Dexmedetomidine is a highly selective o2 adrenergic
agonist with effects on the human brain, including
sedation, anesthetic effects, and analgesia.!81°
Dexmedetomidine also has anti-inflammatory effects
and suppresses inflammatory  pathways.2® We
hypothesized that cognitive function changed along
with  Mapt expression due to surgery-induced
inflammation and that dexmedetomidine improves
cognitive behavior. Furthermore, we assumed that these
changes are more pronounced with age. The aims of
this study were to verify transcriptional network
changes in the hippocampus of aged mice with
sevoflurane/surgery-induced stress and to determine
with the Barnes Maze test how dexmedetomidine
affects cognitive function.

Submitted for publication January 15, 2018. From the Department of Anesthesiology, Sapporo Medical University School of

Medicine, Sapporo, Japan.



Materials and Methods

Animal treatment

With approval from the Sapporo Medical University
School of Medicine animal ethics committee (project
number: 15-031) for this study, male C57BL/6 mice
(10 weeks of age, body weight about 25 g) were
purchased from Japan SLC, Inc. (Hamamatsu, Japan)
and housed at 22° C under controlled lighting (12:12-
hour light/dark cycle) with food and water available
without limitation. All mice used in this experimental
protocol were housed under similar circumstances
until 54-56 weeks of age and were then used in the
experiment. All experimental treatments were
performed in accordance with the National institutes
of Health Guide for the Care and Use of Laboratory
animals, and the international association for the study
of Pain rules.?1:22

Transcriptome analysis

Twelve aged male mice were assigned to two groups:
Naive group (n = 6) and operation group (Ope group,
n = 6) (Figure 1A). In the Naive group, only 100%
oxygen was provided to mice in a plastic chamber for
1 hr without anesthetic agent. In the Ope group, the
mice were anesthetized with 2.5% sevoflurane
(Maruishi Co., Ltd. Shizuoka, Japan) for 1 hr in 100%
oxygen, and a 15- to 20- mm longitudinal incision was
made in the lower abdomen, followed by intestinal
manipulation during sevoflurane anesthesia. The
incision was sewn and closed with 6.0 VICRYL
PLUS® (Johnson and Jonson, New Brunswick, NJ).
Neither critical blood loss nor intestinal damage was
observed during surgery and closure. All anesthetized
mice breathed spontaneously and maintained oxygen
saturation (SpO,) over 93% during monitoring with
MouseSTAT® Jr. and a paw pulse oximeter sensor
(Kent Scientific CORPORATION, Torrington, CT).
The temperature was monitored with a rectal probe
and was maintained over 37.0°C during the treatments.
Then the mice were decapitated under sevoflurane
anesthesia, and the brain of each mouse was
immediately removed from the skull, frozen at —
70 ° C with 2-methylbutane, and placed in a Petridish
containing ice-cold phosphate-buffered saline. The
brain was cut along the longitudinal fissure of the
cerebrum, and the regions posterior to lambda were
cut off using tissue matrices (Brain Matrices, EM
Japan, Tokyo, Japan). Thereafter, the brain was placed
with the cortex of the left hemisphere facing down and
any non-cortical forebrain tissue was removed. Tissue
blocks containing hippocampal cells were obtained
using Brain Matrices (EM Japan). Meningeal tissue
was removed from the hemisphere according to a
previously described method.2® Finally, dissected
hippocampal cells were homogenized, lysed, and
divided into six samples for each mouse using reagents
from the RNeasy® Plus Micro Kit (Qiagen, Hilden,

Germany) and QIAcube (Qiagen). Quality control for
isolated RNA was performed using the Agilent 2200
TapeStation system (Agilent Technologies, Santa Clara,
CA). For samples to pass the initial quality control step,
> 1 pg of sample was obtained, and the equivalent RNA
integrity number (eRIN) was > 8. The eRIN was
determined with a 2500 Bioanalyzer Instrument
(Agilent Technologies,), which provide accurate
information.?* Isolated RNA was then pooled into two
samples per group and labeled. A complementary DNA
(cDNA) library was prepared using TruSeq® RNA
Library Prep Kits (Illumina, Inc., San Diego, CA)
according to the manufacturer's instructions. RNA-seq
was performed in the paired-end (101 cycles x 2) mode
on an lllumina HiSeq 2500 platform (lllumina, Inc.).
Base call (.bcl) files for each cycle of sequencing were
generated with Illumina Real Time Analysis software
(MMumina, Inc.) and were analyzed primarily and de-
multiplexed into a FASTQ (.fastq) file using Illumina's
BCL2FASTQ conversion software (ver. 1.8.4, Illumina,
Inc.). Raw paired-end RNA-seq reads in FASTQ
formats were assessed for base call quality, cycle
uniformity, and contamination using FastQC
(http://www.bioinformatics.bbsrc.ad.uk/projects/fastqc/).
Mapping of the quality control-filtered paired-end reads
to the mouse genome and quantification of the
expression level of each gene were performed using R
software (ver. 3.4.3 with TCC package).2526 The quality
control-filtered paired-end reads were mapped to public
mouse genome data published by UCSC (NCBI137/mm3,
http://genomes.UCSC.edu/).

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

A separate set of mice was randomly divided into four
different experimental groups: Naive group (n = 7),
sevoflurane exposure only group (Sevo group, h = 7),
Ope group (n = 7) and dexmedetomidine (Maruishi
Pharmaceutical, Osaka, Japan) injection group (Dex
group, n = 7) (Figure 1B). Mice in the Naive and Ope
groups were treated described for as transcriptome
analysis. In the Sevo group, 2.5% sevoflurane in 100%
oxygen was administered to mice in a plastic chamber for
1 hr. In the Dex group, the mice were intraperitoneally
(i.p.) administered 10 pg/kg dexmedetomidine diluted in
0.1ml normal saline 30 min before the operation. Total
RNAs of each group were isolated from frozen brain
tissues including the hippocampus using an RNeasy Mini
Kit (Qiagen) according to the manufacturer’s standard
protocol. The concentration and purity of the isolated
RNA were assessed wusing a NanoDrop 1000
spectrophotometer (Thermo Fisher Scientific, Waltham,
MA). cDNAs were generated by reverse transcription
PCR using QuantiTect® Reverse transcription Kit
(Qiagen). For using gRT-PCR, the SYBR Green
QuantiTect Primer Assay (Qiagen, ID: QT00100170)
specific for Mapt was used to quantify the mRNA
expression levels according to the manufacturer’s
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instructions. Target gene expression was analyzed
using the comparative CT (AACT) method with
Gapdh_3 SG (Qiagen, ID: QTO01658692) as the
control.?”

Behavioral test

Cognitive function before and after the intervention
was evaluated with the Barnes Maze test by using a
computerized video tracking system.2® Training was
performed for 14 days. For the training session,
animals were maintained in the same housing
conditions throughout the test. The room temperature
was maintained at 23 ° C, and the room was kept quiet
during the test. In all trials, mice were first placed in
the middle of a circular platform with 20 equally
spaced holes. One of these holes was connected to a
dark chamber called the target box. Once the mouse
entered the target box, the trial was finished and the
mouse was allowed to stay in the target box for 30-
seconds. If the mouse failed to find the target box
within 180- seconds, it was manually guided to the
target box and allowed to remain in the hole for 30-
seconds. Two trials were conducted per day for 14
days, and the target box remained at the same location
throughout the test. The amount of time spent finding
and entering the target box (latency: seconds), the
distance to enter the box (distance: cm), and percent
time in the quadrant with the target box were
determined from the recorded videos using video
tracking system for Barnes Maze (Lime Light 4,
ACTIMETRICS, Wilmette, IL). The memory test was
performed after treatment- at three time points: post-
operative days on 7, 14 and 28 (Figure 1C).

Statistical analysis

For transcriptome analysis, differential gene sets were
filtered to remove those with fold changes < 1.5 (up or
down-regulated) and with a false discovery rate-
corrected P value of > 0.05. The sample size was
calculated with the following parameters: power > 0.8,
probability level < 0.05, and anticipated effect size =
14. For gRT-PCR analysis, data were analyzed using
one-way ANOVA with post-hoc Bonferroni correction.
For the Barnes Maze test, the data were expressed as
the mean = standard deviation (S.D.). Behavioral data
were analyzed using a repeated ANOVA, followed by
a Student-Newman-Keuls multiple range test for post
hoc comparisons. All analyses were performed using
statistical software (GraphPad Prism 6, GraphPad, San
Diego, CA). P value less than 0.05 were considered
statistically significant in all procedures.

A sacrificed

Naive 0,
(n=6)

Incision + wound closed

OPC Sevoflurane exposure + O, :
(n=6) 0 60
Time (min) :
B sacrificed
Naive I 0, ]
(n=7) :
(n=7)
Ope
(n=7)
Dex
n=7) 39 0 60 °
Time (min)
C test test test

N I S |

intervention

1 14 21 28 42
Time (day)

Fig. 1. The protocol for animal preparations. Mice in
both the Naive and Ope groups were sacrificed 60 min
after treatments, and hippocampal sections of each
group were used for transcriptome analysis (A). Similar
to the protocol for transcriptome analysis, mice in each
group were sacrificed 60 min after treatments and
hippocampal sections of each group were used for
guantitative real-time polymerase chain reaction (B).
Mice in each group were trained for 14 days prior to the
intervention. On the 71, 14"  and 28" day after each
intervention, a spatial test was conducted by the using
Barnes Maze tracking system (C).

Results
Transcriptome analysis

Four RNA samples from each group had a quality > 1
pg and eRIN value > 8. We investigated changes in
expression levels of total of 37,682 genes. A total of
2,786 genes were filtered because of little change in
MRNA expression levels. Microarray plotting showed a
total of 943 genes that were expressed differentially
between the two groups (Figure 2). We detected 752 up-
regulated genes and 191 down-regulated genes. Table 1
shows the top 20 genes that were highly up-regulated
after sevoflurane/surgery stress. Among them, isocitrate
dehydrogenase 3 (NAD+) beta (Idh3b) was the most
highly up-regulated. This gene encodes the  subunit of
isocitrate dehydrogenase 3, a mitochondrial enzyme of
the tricarboxylic acid cycle.?® In addition, Idh3b is
suggested an apoptogenic factor that functions much
like released cytochrome ¢ in mammalian cells and
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interact with cell death.2®3° Thymopoietin (Tmpo) was
the second most highly up-regulated in this
transcriptome analysis. Tmpo causes an increase in
ACTH production and release that are generated by
following stress.3! Synaptotagmin 2 (Syt2) was also
ranked in the top 20 genes that were highly up-
regulated. Synaptotagmins are transmembrane proteins
involved in the regulation of membrane trafficking,
showing changes of the expression in mouse model of
Alzheimer disease that may be related to
neuroinflammation  surrounding the B -amyloid
plaques.®? Mapt which we focused on in this study,
showed a log, ratio of 3.38 (i.e., highly up-regulated).
Table 2 shows the top 20 most highly down-regulated
genes. The gene encoding late cornified envelope 3D
(Lce3d) was the most down-regulated gene.

o
* DEG (FDR<0.05)
. * non-DEG
w i
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| |
0 5 10 15
Average expression levels of genes (log,)

Fig. 2. Changes in the expression levels of genes
using microarray plotting. The horizontal axis shows
average expression levels in the Naive and surgery
(Ope) groups. The vertical axis shows the tendency of
gene expression in the Ope group compared to the
Naive group. Gray circles represent differentially
expressed genes (DEG), and black circles represent
non-DEG.

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

Mapt encodes a neuronal protein that is highly
enriched in axons, and is important in neuronal
development and control of neurological degeneration
and this gene was highly up-regulated in the Ope
group compared with both the Naive and Sevo groups
(P < 0.01). Mapt was not significantly different
between the Naive and Sevo groups. Mapt was
remarkably down-regulated in the Dex group
compared with the Ope group (P < 0.01) (Figure 3).

Mapt expression

fold change
ia

— T

Sevo

Dex

Naive Ope

Fig. 3. The fold change in Mapt expression in Naive,

Sevo, Ope, and Dex groups. The expression level of
Mapt is shown as the mean = S.D. In the Dex group,
the fold change was 2.60 = 0.77. The post hoc-
adjusted p value is *p < 0.01 versus other groups. The
Sevo group was only exposed to sevoflurane, the
Ope group underwent surgery during sevoflurane
exposure, and the Dex group received
dexmedetomidine i.p. before surgery.

Barnes Maze test

We found no difference in cognitive function among
the groups on day 1. The time (seconds) and distance
(cm) to enter the target box during the 14-day training
sessions of the Barnes Maze test gradually decreased in
all mouse groups (Figure 4 and 5). The time and the
distance on day 14 were significantly lower than those
on day 1. When the cognitive function of mice was
tested on post-operative day 7 after the training
sessions, the time to identify the target box for the mice
subjected to surgery was longer than those of the other
three groups. However, these increased times were
attenuated by dexmedetomidine administration. On
post-operative day 14, the prolongation also showed
attenuation due to dexmedetomidine administration. On
post-operative day 28, the time in the Ope group was
longer than that in any other groups. On days 7 and 14
after training sessions, the distance in the Ope group
was significantly longer than in the other three groups.
The percent time in the quadrant with the target box
was not significantly different among the groups.

Discussion

The aged mouse model

The molecules in mice that regulate cell differentiation
and death are similar to those in humans.33 Moreover,
the aging process is also similar in mice and humans.34
The findings obtained from the experiments using aged
mice can be considered similar to the changes that
occur in elderly humans. In this experimental protocol,
we housed all mice in similar circumstances until 54-56
weeks of age, which is equivalent to at least middle-
aged or older humans.
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Tablel. Top 20 genes that were are highly up-regulated in aged mouse hippocampus by
surgery and sevoflurane exposure.

Gene name | Gene description log2 ratio
Idh3b isocitrate dehydrogenase 3 (NAD+) beta 9.64
Tmpo thymopoietin 8.05
Galntl] UDP-N-acetyl-alpha-D-galactosamine:polypeptide 7138
atnt IN-acetylgalactosaminyltransferase 11 '
] protein kinase, AMP-activated. beta 1 non-catalytic
Prkabl subunit 6.78
Chx7 chromobox7 6.67
I larization-activated, cycli leotide-gated
Henl 1yperpolarization-activated, cyclic nucleotide-gate 6.44
K+ 1
Synpo2 synaptopodin 2 6.31
Syt2 synaptotagmin II 5.72
Xir X-linked lymphocyte-regulated 5.68
potassium voltage-gated channel, Shal-related
Kends family, member 3 362
111f5 interleukin 1 family, member 5 (delta) 5.61
Agfe? ATfGAP with FG repeats 2 5.56
Ttel9 tetratricopeptide repeat domain 19 5.25
Cox7h2 cytochrome c oxidase subunit VIIb2 5.18
Wdr37 WD repeat domain 37 518
Gm5431 predicted gene 5431 5.15
Ippk inositol 1.3.4.5.6-pentakisphosphate 2-kinase 5.12
Gprl35 G protein-coupled receptor 135 5.09
| proteasome (prosome, macropain) 26S subunit, non-
Psmdl ATPase. 1 5.08
Bst?2 bone marrow stromal cell antigen 2 4.96




Table2. Top 20 genes that were highly down-regulated in aged mouse hippocampus by
surgery and sevoflurane exposure.

Gene name Gene description log2 ratio
Lce3d late cornified envelope 3D -6.44
Rtndr reticulon 4 receptor -5.95
Manscl MANSC domain containing 1 -4.86
Zbed3 zinc finger, BED type containing 3 -4.67
2010106E10 RIKEN cDNA 2010106E10 gene -4.66
Rik

Trmt2b TRM2 tRNA methyltransferase 2B -4.36
Cldn5 claudin 5 -4.33
Chial chitinase, acidic 1 -4.32
Actl7b actin-like 7b -4.28
Arl4d ADP-ribosylation factor-like 4D -4.24
Mir299b microRNA 299b -4.21
Ugcre?2 ubiquinol cytochrome ¢ reductase core protein 2 -4.11
Gprl82 G protein-coupled receptor 182 -3.99
Hoxb5 homeobox BS -3.96
Sptal spectrin alpha, erythrocytic 1 -3.96
Celv3 \C;leﬁitlléiz gleﬁciellcy-associated gene expressed in .3.89
Tmed7 transmembrane p24 trafficking protein 7 -3.79
AF366264 cDNA sequence AF366264 -3.70
Tsgal0 testis specific 10 -3.68
Fegr4 IFc receptor, IgG. low affinity IV -3.53
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Transcriptome analysis

Recent progress in genomics has enabled
comprehensive analysis of cellular changes at the gene
expression level. The DNA microarray technique has
revealed various mechanisms of disease; however, no
investigation of the association between POCD and the
hippocampus has been done with a transcriptome-wide
association study. Transcriptome analysis can capture
both coding and non-coding RNA and quantify the
heterogeneity of gene expression using samples from
various tissues. This analysis has some advantages.
Functional characterization and annotation of genes
are possible, and researchers can reconstruct genetic
interaction networks and identify clues for disease
processes and prognoses.3>38 In our experimental
protocol, we performed whole transcriptome analysis
to investigate the differences in gene expression in the
hippocampus of mice between the Naive group and the
Ope group. Peffers et al. demonstrated drastic changes
in RNA at numerous genomic levels, indicating that
regulation of transcriptional networks is involved in
aging-associated degeneration in a human clinical
study.3® Moreover, Broad et al. revealed that surgery-
induced cell death is significantly increased in the
developing piglet brain. Using RNA sequence data,
this group identified changes in the expression of gene
transcripts in isoflurane anesthesia alone compared to
surgery.*® These findings indicate that transcriptome
analysis is useful for investigation of differences in
gene expression before and after an intervention and
can identify the association between these changes and
the mechanism of the phenomenon. In our study, we
detected up- and down-regulated genes that were
affected by surgery. We also identified several target
genes that may be related to cognitive deficits after the
surgical procedure compared to before surgery,
however, further experiments were needed to prove
the role of gene. In this transcriptome analysis, the
Mapt was an important target gene that was strongly
associated with sevoflurane/surgery stress.

Mapt

Mapt is expressed in the central nervous system and
encodes tau protein. Tau protein is necessary for
maintaining axonal function, and it plays a role in
axonal transport, synaptic plasticity, and nucleic acid
protection.*-46  However, once abnormal external
stress and neuronal cell death occur in the brain, tau
protein accumulates to form tauopathies. Tauopathies
are a cause and pathogenic mechanism of
neurodegenerative diseases, such as Alzheimer's
disease, frontotemporal lobar degeneration, and post-
traumatic  brain injury.4”%0  The influence of
tauopathies on cognitive function appears strong in
aged individuals, and is the reason for the decrease in
cerebral metabolism in elderly people. From the
results of this study, we suggested two possibilities for
the significant increase in the expression level of Mapt
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Fig. 4. Changes in latency (seconds) from the training

to the test session. In training sessions over 14 days,
the time to identify the target box (seconds) gradually
decreased. On postoperative days 7, 14, and 28, the
mice in the Ope group needed more time to find the
hole compared to those in other groups.
Dexmedetomidine alleviated the sevoflurane/surgery-
induced cognitive deficit. The post hoc-adjusted p
values is *p < 0.05 versus other groups. The time in the
Ope group on postoperative days 7, 14, and 28 were
significantly longer than those on training day 14 (t; p
<0.01).
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Fig. 5. Changes in latency (distance) from the training

to the test session. In training sessions over 14 days,
the distance to identify the target box (cm) gradually
decreased. On postoperative days 7 and 14, the mice
in the Ope group traveled a longer distance to find the
hole compared to those in other groups.
Dexmedetomidine alleviated the sevoflurane/surgery-
induced cognitive deficit. The post hoc-adjusted p
value is *p < 0.05 versus other groups. The distance in
the Ope group on postoperative days 7, 14, and 28
were significantly longer than those on training day 14
(t; p <0.01).



in the hippocampus of aged mice. Mapt may be
directly increased as a consequence of the surgical
procedure and/or Mapt may be indirectly increased
due to suppression of the Mapt metabolism in the
brain due to surgical stress. Inflammation caused by
surgical stress results in  neuroinflammation,
neurodegeneration and neuronal cell death in the
hippocampus. As a result, Mapt expression, which is
thought to be involved in cognitive function, was
drastically affected. This is a different process from
the amyloid cascade observed in common
neurodegenerative diseases. There are several reasons
for up regulation in Mapt. It was suggested that there
is a pathway that increases Mapt expression via up-
regulating the gene associated with inflammation such
as Tmpo and Syt2.

Moreover, the expression level of Mapt is associated
with the pathogenesis of behavioral dysfunction and
serves as a biomarker in the hippocampus of mice,
indicating postoperative cognitive deficit.
Dexmedetomidine treatment appeared to inhibit the
production of the Mapt and improved the cognitive
deficit.

In a surgical invasion model under general anesthesia,
systemic inflammation spreads in the brain and,
affects postoperative cognitive function. In our model,
even short-term surgical invasion may lead to changes
similar to age-related degeneration in the
hippocampus.

Dexmedetomidine inhibits sevoflurane/surgery-
induced up-regulation of Mapt gene expression

Dexmedetomidine, a selective a 2 adrenergic receptor
agonist, is used clinically for perioperative sedation
and anesthesia.5152 In addition, dexmedetomidine has
anti-inflammatory actions by modulation of several
pathways such as the cholinergic anti-inflammatory
pathway and the NF-xB pathway, and this drug
suppresses postoperative agitation and emergence
delirium.5354 Systemic inflammation induced by LPS
is suppressed by dexmedetomidine administration.
Paeschke et al. investigated whether gene expression
of interleukin-1p (IL-1pB), tumor necrosis factor-a
(TNF-a), and expression of the microRNAs miR 124,
132, 134, and 155 was changed in the adult rat
hippocampus, cortex, and plasma after administration
of 1 mg/kg LPS i.p. in the presence or absence of 5
pg/kg dexmedetomidine.®® Dexmedetomidine
suppressed LPS-induced neuroinflammation in the
hippocampus and cortex via a significant reduction in
IL-1f and TNF-a gene expression after 24 hours, and
drastically decreased the expression of miR 124, 132,
134, and 155 after administration in both brain
regions. Moreover, dexmedetomidine has a direct
neuroprotective effect via induction of brain-derived
neurotrophic

factor (BDNF) and an indirect neuroprotective effect by
promoting release of BDNF from astrocyte.

In our study, we injected 10 pg/kg dexmedetomidine in
the Dex group before the incision was made. All mice
received a mild sedative without down saturation. In
previous studies, the intensity of invasive stress and the
amount of LPS administered were different, and the
proper dose of dexmedetomidine also varied. Xiong et
al. stated that 12 pg/kg dexmedetomidine is a high dose
and that 3 pg/kg dexmedetomidine is a low dose.>’
Thus, the dose of dexmedetomidine that we used in our
protocol (10pg/kg) was quite reasonable because mice
were sedative without desaturation in this study. Even
in a short-term surgical procedure, mRNA expression
changes that are similar to changes due to aging likely
occurred in the brain as a result of neuroinflammation.
Moreover, dexmedetomidine attenuated up-regulation
of the Mapt expression via several pathways and
showed a neuroprotective effect. We observed only
MRNA expression changes in the hippocampus and did
not investigate pathways down-stream of mMRNA or
changes in protein expression. We focused on the Mapt
in cognitive dificits, but other genes are likely involved
as well. Indeed, the result of transcriptome analysis
showed that many genes were up-regurated in this
study. We could not determine whether direct
reguration of Mapt via dexmedetomidine administration
or not, and what gene was the main factor affected
Mapt expression.

Dexmedetomidine attenuates sevoflurane/surgery-
induced cognitive deficits

We demonstrated that dexmedetomoidine attenuated
sevoflurane/surgery-induced cognitive deficits by
down-regulating Mapt -mRNA expression. This result
may explain one mechanism of the effect of
dexmedetomidine and show a way to prevent cognitive
deficits. To create the POCD model, mice aged 54-56
weeks underwent open abdominal surgery and
intestinal manipulation. Results of the Barnes Maze test
showed that the latency in the Ope group was
significantly longer than that of naive mice on 7, 14
and 28 day after surgery and that the distance in the
Ope group was significantly longer than that of naive
mice on 7 and 14 day after surgery. Dexmedetomidine
intervention before performing open abdominal surgery
shortened the time latency in the Ope group on the 7,
14 and 28 day after surgery and the distance on the 7
and 14 day after surgery.

These results suggested that dexmedetomidine may be
effective for improving the cognitive deficits induced
by sevoflurane/surgery or for maintaining cognitive
function after surgery stress. Xiong et al. also reported
that dexmedetomidine may be able to limit the degree
of expression of relaxin-3 and the over-expression of c-
fos in the hippocampus, may down-regulate pro-
apoptosis proteins such as Fas, caspase-8, and
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caspase-9, and may up-regulate the anti-apoptosis
protein Bcl-2.55 Yamanaka et al. also showed that early
dexmedetomidine treatment attenuates  these
systemically induced neurocognitive changes by
preventing subsequent hippocampal neuroinflammation
and overexpression of TLR-4 in microglia.5® Our
results were consistent with these previous results.

Limitations

In this experimental protocol, we observed relatively
early behavioral changes at 7, 14, and 28 days after the
intervention. In order to judge the behavioral disorder
as POCD, we might need to observe longer periods.
The analgesic effect of dexmedetomidine may have
influenced behavioral changes after intervention.
However, since both blood concentrations and tissue
concentrations of dexmedetomidine were not examined
in this experimental protocol, it is not possible to
demonstrate the effect of dexmedetomidine on
cognitive behavior after the intervention.

In the Dex group, the transcriptome analysis was not
performed because the method of standard analysis in
multiple groups has not been established. To clarify the
mechanism of the effect of dexmedetomidine, it might
be necessary to conduct a transcriptome analysis in the
Dex group and to directly identify the differentially
expressed genes.

In conclusion, dexmedetomidine attenuates
sevoflurane/surgery-induced cognitive deficits and
down-regulates Mapt expression in aged mice. Our
findings suggest that have POCD may be improved by
suppressing the production of Mapt expression.

Funding Statement

This work was supported by a Grant-in-Aid for Young
Scientists (B) (N0.15K20051, 2015-2019, to S.T.) and
a Grant-in-Aid for Scientific research (C) (No.
16K10967, 2016-2019, to M.Y.)

Conflict of Interest

The authors declare no competing interests.

References

1. T sai TL et al.An updateon post operative cognitive
dysfunction.

Adv.Anesth. 2008;28:269-84

2. Monk TG, Weldon BC, Garvan CW, Dede DE, van
der Aa MT, Heilman KM.,

Gravenstein JS: Predictors of cognitive dysfunction
after major noncardiac surgery. Anesthesiology.
2008;108:18-30

3. Steinmetz J, Christensen KB, Lund T, Lohse N,
Rasmussen LS: Long-term

consequences of postoperative cognitive dysfunction.
Anesthesiology 2009;110:548-55

4. Moller JT, Cluitmans P, Rasmussen LS, Houx P,
Rasmussen H, Canet J, Rabbitt P,

Jolles J, Larsen K, Hanning CD, Langeron O, Johnson
T, Lauven PM, Kristensen PA, Biedler A, van Beem H,
Fraidakis O, Silverstein JH, Beneken JE, Gravenstein
JS :Long term postoperative cognitive dysfunction in
the elderly ISPOCD1 study.ISPOCD investigators.
International Study of Post-Operative Cognitive
Dysfunction. Lancet 1998:351:857-61

5. Cibelli M, Fidalgo AR, Terrando N, Ma D, Monaco
C, Feldmann M, Takata M, Lever

1J, Nanchahal J, Fanselow MS, Maze M: Role of
interleukin-1beta in postoperative cognitive
dysfunction. Ann. Neurol. 2010;68:360-8

6. Aisa B, Elizalde N, Tordera R, Lasheras B, Del Rio
J, Ramirez MJ. Effects of neonatal stress on markers of
synaptic plasticity in the hippocampus: implications for
spatial memory. Hippocampus. 2009;19(12):1222-31
Berger M, Nadler JW, Browndyke J, Terrando N,
Ponnusamy V, Cohen HJ, Whitson

HE, Mathew JP: Postoperative Cognitive Dysfunction:
Minding the Gaps in Our Knowledge of a Common
Postoperative Complication in the Elderly. Anesthesiol.
Clin. 2015;33:517-50

8. Coppin AK, Shumway-Cook A, Saczynski JS, Patel
KV, Ble A Ferrucci L, Guralnik JM: Association of
executive function and performance of sual-task
physical tests among older adults: analysis from the
InChianti study. Age Agein.2006;35:619-24

9. Yakhno NN, Zakharo VV, Lokshina AB.
Impairment of memory and attention in the elderly.
Neurosci Behav Physiol. 2007;37:203-8

10. Fidalgo AR.. Experimental insights into age-
exacerbated cognitive dysfunction after peripheral
surgery. Aging Cell. 2013;12:523-4

11. Sjogren M, Vanderstichele H, Agren H, Zachrisson
O, Edshagge M, Wikkelsg C, Skoog I, Wallin A,
Wahlund LO, Marcusson J, Nagga K, Andreasen N,
Davidsson P, Vanmechelen E, Blennow K: Tau and
Abeta4?2 in cerebrospinal fluid from healthy adults 21-
93 years of age: establishment of reference values. Clin.
Chem. 2001;47:1776-81



12. Tang JX, Eckenhoff MF. Anesthetic effects in
Alzheimer  transgenic  mouse  models. Prog
Neuropsychopharmacol. Biol. Psychiatry.
2013;47:167-71

13.Tomo H, Shunsuke T, Michiaki Y. Effect of
sevoflurane anesthesia on the comprehensive mRNA
expression profile of the mouse hippocampus. Med.
Gas Res. 2016;11:70-6

14. Le Freche H, Brouillette J, Fernandez-Gomez FJ,
Patin P, Caillierez R, Zommer N, Sergeant N, Buée-
Scherrer V, Lebuffe G, Blum D, Buée L: Tau
phosphorylation and sevoflurane anesthesia: an
association to postoperative cognitive impairment.
Anesthesiology. 2012;116:779-87

15. He HJ, Wang Y, Le Y, Duan KM, Yan XB, Liao
Q, Liao Y, Tong JB, Terrando N, Ouyang W: Surgery
upregulates high mobility group box-1 and disrupts
the blood-brain barrier causing cognitive dysfunction
in aged rats. CNS Neurosci. Ther. 2012;18:994-1002
16. Fonken LK, Frank MG, Kitt MM, D'Angelo HM,
Norden DM, Weber MD, Barrientos RM, Godbout JP,
Watkins LR, Maier SF: The Alarmin HMGB1

Mediates Age-Induced Neuroinflammatory Priming. J.

Neurosci. 2016;36: 7946-56

17. Kazak F, Yarim GF. Neuroprotective effects of
acetyl-l-carnitine  on  lipopolysaccharide-induced
neuroinflammation in mice: Involvement of brain-
derived  neurotrophic  factor. Neurosci. Lett.
2017;658:32-6

18.Ramsay MA, Luterman DL. Dexmedetomidine as
a total intra-venous anesthetic agent. Anesthesiology.
2004;101:787-90

19. Walker SM, Howard RF, Keay KA, Fitzgerald M.
Developmental age influences the effect of epidural
dexmedetomidine on inflammatory hyperalgesia in rat
pups. Anesthesiology. 2005;102:1226-34

20. Xu KL, Liu XQ, Yao YL, Ye MR, Han YG,
Zhang T, Chen G, Lei M: Effect of dexmedetomidine
on rats with convulsive status epilepticus and
association with activation of cholinergic anti-
inflammatory pathway. Biochem Biophys Res
Commun. 2017;pii: S0006-291X(17)32104-6

21. Guide for the Care and Use of Laboratory
Animals, 8th edition

22. IASP Guidelines for the Use of Animals in
Research

23. Beaudoin GM 3rd, Lee SH, Singh D, Yuan Y, Ng
YG, Reichardt LF, Arikkath J:. Culturing pyramidal
neurons from the early postnatal mouse hippocampus
and cortex. Nat. Protoc. 2012;7:1741-54

24. Fleige S, Pfaffl MW. RNA integrity and the effect
on the real-time gRT-PCR performance. Mol. Aspects
Med. 2006;27:126-39

25. Robinson MD, McCarthy DJ, Smyth GK. a
Bioconductor package for differential expression
analysis of digital gene expression data.
Bioinformatics. 2010;26:139-40

26. Sun J, Nishiyama T, Shimizu K, Kadota K. TCC:
an R package for comparing tag count data with robust
normalization  strategies. BMC  Bioinformatics.
2013;14:219

27. Yuan JS, Reed A, Chen F, Stewart CN Jr.
Statistical analysis of real-time PCR data. BMC
Bioinformatics. 2006;22:85.

28. O'Leary TP, Brown RE. The effects of apparatus
design and test procedure on learning and memory
performance of C57BL/6J mice on the Barnes maze. J.
Neurosci. Methods. 2012;203:315-24

29. Duncan DM, Kiefel P, Duncan I. Mutants for
Drosophila Isocitrate Dehydrogenase 3b Are Defective
in Mitochondrial Function and Larval Cell Death. G3
(Bethesda). 2017;7:789-99

30. Arnoult D. Mitochondrial fragmentation in
apoptosis. Trends Cell Biol. 2007;7:6-12

31. Yaribeygi H, Panahi Y, Sahraei H, Johnston TP,
Sahebkar A. The impact of stress on body function: A
review. EXCLI J. 2017;16:1057-72.

32. Glavan G, Schliebs R, Zivin M. Synaptotagmins in
neurodegeneration. Anat Rec. 2009;292(12):1849-62.
33. Demetrius L. Aging in mouse and human systems:
a comparative study. Ann N Y Acad. Sci.
2006;1067:66-82

34. Demetrius L. Of mice and men. When it comes to
studying ageing and the means to slow it down, mice
are not just small humans. EMBO Rep. 2005;6:539-44
35. Granjeaud S, Bertucci F, Jordan BR. Expression
profiling: DNA arrays in many guises. Bioessays.
1999;21(9):781-90

36. Altman RB, Raychaudhuri S. Whole-genome
expression analysis: challenges beyond clustering. Curr.
Opin. Struct. Biol. 2001;11:340-7

37. Hsiao LL1, Stears RL, Hong RL, Gullans SR.
Prospective use of DNA microarrays for evaluating
renal function and disease. Curr. Opin. Nephrol.
Hypertens. 2000;9:253-8

38. Celis JE, Kruhgffer M, Gromova I, Frederiksen C,
Ostergaard M, Thykjaer T, Gromov P, Yu J, Palsdéttir
H, Magnusson N, Orntoft TF. Gene expression
profiling: monitoring transcription and translation
products using DNA microarrays and proteomics.
FEBS Lett. 2000;480:2-16

39. Peffers MJ, Fang Y, Cheung K, Wei TK, Clegg PD,
Birch HL. Transcriptome analysis of ageing in
uninjured human Achilles tendon. Arthritis Res. Ther.
2015;17:33

40. Broad KD, Kawano G, Fierens I, Rocha-Ferreira E,
Hristova M, Ezzati M, Rostami J, Alonso-Alconada D,
Chaban B, Hassell J, Fleiss B, Gressens P, Sanders RD,
Robertson NJ. Surgery increases cell death and induces
changes in gene expression compared with anesthesia
alone in the developing piglet brain. PLoS One.
2017;12:e0173413



PERIOPERATIVE MEDICINE

41. Baird FJ, Bennett CL. Microtubule defects &
Neurodegeneration. J. Genet. Syndr. Gene Ther.
2013;6(4):203

42. Scholz T, Mandelkow E. Transport and diffusion of
Tau protein in neurons. Cell Mol. Life Sci.
2014;71(16):3139-50

43 Boehm J. A 'danse macabre’: tau and Fyn in STEP
with amyloid beta to facilitate induction of synaptic
depression and excitotoxicity.

Eur. J. Neurosci. 2013;37(12):1925-30

44, Spires-Jones TL, Hyman BT. The intersection of

amyloid beta and tau at synapses in Alzheimer's disease.

Neuron. 2014;82(4):756-71

45, Sultan A, Nesslany F, Violet M, Bégard S, Loyens
A, Talahari S, Mansuroglu Z, Marzin D, Sergeant N,
Humez S, Colin M, Bonnefoy E, Buée L, Galas MC.
Nuclear tau, a key player in neuronal DNA protection.
Biol. Chem. 2011;286:4566-75

46. Violet M, Delattre L, Tardivel M, Sultan A,
Chauderlier A, Caillierez R, Talahari S, Nesslany F,
Lefebvre B, Bonnefoy E, Buée L, Galas MC. A major
role for Tau in neuronal DNA and RNA protection in
vivo under physiological and hyperthermic conditions.
Front. Cell Neurosci. 2014;18:84

47. Sergeant N, Delacourte A, Buée L. Tau protein as a
differential biomarker of tauopathies. Biochim.
Biophys. Acta. 2005;1739(2-3):179-97

48. Schraen-Maschke S, Sergeant N, Dhaenens CM,
Bombois S, Deramecourt V, Caillet-Boudin ML,
Pasquier F, Maurage CA, Sablonniére B, Vanmechelen
E, Buée L. Tau as a biomarker of neurodegenerative
diseases. Biomark. Med. 2008;2:363-84

49. Goedert M, Ghetti B, Spillantini MG.
Frontotemporal dementia: implications for
understanding Alzheimer disease. Cold Spring Harb.
Perspect. Med. 2012;2(2):a006254

50. Hof PR, Bouras C, Buée L, Delacourte A, Perl DP,
Morrison JH. Differential distribution of neurofibrillary
tangles in the cerebral cortex of dementia pugilistica
and Alzheimer's disease cases. Acta Neuropathol.
1992;85(1):23-30.

51.Ji F, Li Z, Young N, Moore P, Liu H. Perioperative
dexmedetomidine improves mortality in patients
undergoing coronary artery bypass surgery. J.
Cardiothorac. Vasc. Anesth. 2014;28(2):267-73.

52. Pasin L, Landoni G, Nardelli P, Belletti A, Di
Prima AL, Taddeo D, Isella F, Zangrillo A.
Dexmedetomidine reduces the risk of delirium,
agitation and confusion in critically Il patients: a meta-
analysis of randomized controlled trials. J.
Cardiothorac. Vasc. Anesth. 2014;28:1459-66.

53. Xiang H, Hu B, Li Z, Li J. Dexmedetomidine
controls systemic cytokine levels through the
cholinergic anti-inflammatory pathway. Inflammation.
2014;37(5):1763-70.

54. Zhu YJ, Peng K, Meng XW, Ji FH. Attenuation of
neuroinflammation by dexmedetomidine is associated
with activation of a cholinergic anti-inflammatory
pathway in a rat tibial fracture model. Brain Res.
2016;1644:1-8.

55. Paeschke N, von Haefen C, Endesfelder S,
Sifringer M, Spies CD. Dexmedetomidine Prevents
Lipopolysaccharide-Induced MicroRNA Expression in
the Adult Rat Brain. Int. J. Mol. Sci. 2017;18(9). pii:
E1830.

56. Degos V, Charpentier TL, Chhor V, Brissaud O,
Lebon S, Schwendimann L. Neuroprotective effects of
dexmedetomidine against glutamate agonist-induced
neuronal cell death are related to increased astrocyte
brain-derived  neurotrophic ~ factor  expression.
Anesthesiology. 2013;118(5):1123-32.

57. Xiong B, Shi Q, Fang H. Dexmedetomidine
alleviates postoperative cognitive dysfunction by
inhibiting neuron excitation in aged rats. Am. J. Transl.
Res.

2016;8(1):70-80.

58. Yamanaka D, Kawano T, Nishigaki A, Aoyama B,
Tateiwa H, Shigematsu-Locatelli M, Locatelli FM,
Yokoyama M. Preventive effects of dexmedetomidine
on the development of cognitive dysfunction following
systemic inflammation in aged rats. J. Anesth.
2017;31:25-35.



