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Abstract

Sevoflurane is a widely used inhalational anesthetic in pediatric medicine that has been reported to have deleterious effects on
the developing brain. Strategies to mitigate these detrimental effects are lacking. Sirtuin 2 (SIRT2) is a member of nicotina-
mide adenine dinucleotide (NAD™)-dependent protein deacetylases involved in a wide range of pathophysiological processes.
SIRT?2 inhibition has emerged as a promising treatment for an array of neurological disorders. However, the direct effects of
SIRT?2 on anesthesia-induced damage to the immature brain are unclear. Neonatal rats were exposed to 3% sevoflurane or
30% oxygen for 2 h daily with or without SIRT?2 inhibitor AK7 pretreatment from postnatal day 7 (P7) to P9. One cohort of
rats were euthanized 6, 12, and/or 24 h after the last gas exposure, and brain tissues were harvested for biochemical analysis
and/or immunohistochemical examination. Cognitive functions were evaluated using the open field and Morris water maze
tests on P25 and P28-32, respectively. SIRT2 was significantly up-regulated in neonatal rat hippocampus at 6 and 12 h
post-anesthesia. Pretreatment with SIRT2 inhibitor AK7 reversed sevoflurane-induced hippocampus-dependent cognitive
impairments. Furthermore, AK7 administration mitigated sevoflurane-induced neuroinflammation and microglial activation.
Concomitantly, AK7 inhibited pro-inflammatory/M1-related markers and increased anti-inflammatory/M2-related markers in
microglia. AK7 might prevent sevoflurane-induced neuroinflammation by switching microglia from the M1 to M2 phenotype.
Downregulation of SIRT2 may be a novel therapeutic target for alleviating anesthesia-induced developmental neurotoxicity.
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Abbreviations Introduction

NAD Nicotinamide adenine dinucleotide

HDACs Histone deacetylases Growing evidence suggests that general anesthetics com-
CNS Central nervous system monly used in the clinic may trigger neurotoxic changes in
PK Parkinson’s disease the developing brain. Research has reported an association
HD Huntington’s disease between early-life anesthesia exposure and subsequent neu-
LPS Lipopolysaccharides rocognitive deficits (Bilotta et al. 2017), which is a concern-
MWM  Morris water maze ing issue. Research over the past several decades has pro-
HATs Histone acetyltransferases vided greater insight into potential mechanisms underlying

anesthesia-induced developmental neurotoxicity (Satomoto
and Makita 2016). Nevertheless, the precise underlying
mechanisms are not clearly understood, and effective thera-
pies are currently limited.

Cycles of acetylation/deacetylation are fundamental
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and enzymatic activity (Fujita and Yamashita 2018). SIRT2
is primarily a cytosolic protein and is highly expressed in
the central nervous system (CNS). SIRT2 regulates vari-
ous biological processes including gene expression, nutri-
ent metabolism, mitochondrial function, and aging (Harting
and Knoll 2010). Compelling evidence indicates that SIRT2
accumulates in several neurodegenerative disorders. Moreo-
ver, SIRT?2 inhibition or deficiency has beneficial and thera-
peutic effects in models of various neurological diseases,
including Parkinson’s disease (PK) and Huntington’s dis-
ease (HD), which are linked to regulation of metabolism and
cellular survival (Chopra et al. 2012; Harrison et al. 2018;
Outeiro et al. 2007). Collectively, these findings indicate
that inhibition of SIRT2 may provide a novel strategy for
preventing anesthesia-induced neurotoxicity.

Substantial evidence implies a pathological role of SIRT2
in the regulation of inflammation. For example, SIRT?2 is
required for lipopolysaccharide (LPS)-induced neuroin-
flammation and microglial activation in mice (Wang et al.
2016). Moreover, SIRT2 knockdown in mice ameliorated
LPS-induced infiltration of neutrophils and macrophages
during acute tubular injury (Jung et al. 2015). Neuroin-
flammation contributes to anesthesia-induced neurotoxic-
ity by promoting microglial activation and pro-inflamma-
tory cytokine release (Shen et al. 2013). Microglial cells
are resident phagocytic cells in the CNS that act as key
modulators in the regulation of immune responses and
pathophysiological processes. From a resting state, micro-
glia adopts two extreme polarization states in response to
microenvironmental stimuli, including deleterious M1 and
neuroprotective M2 phenotypes. Those of M1 phenotype
release pro-inflammatory cytokines, which are associated
with secondary tissue injury, while those of M2 phenotype
release anti-inflammatory cytokines, which are responsible
for tissue repair. Pharmacological strategies targeting M1/
M2 phenotypes of microglia could alleviate brain damage
and improve neurological function recovery after injury
(Franco and Fernandez-Suarez 2015).

Sevoflurane is an inhalational agent commonly used in
the induction and maintenance of pediatric anesthesia. In the
present study, we aimed to investigate whether sevoflurane
would induce SIRT2 overexpression in the hippocampus of
rat pups. Furthermore, we sought to validate whether SIRT2
downregulation via administration of the chemical inhibi-
tor AK7 could exert anti-inflammatory and neuroprotective
effects by modulating microglial polarization. We hypoth-
esized that SIRT2 inhibition would exert anti-inflammatory
effects via regulation of microglia M1/M2 polarization in
anesthesia-induced neurotoxicity.
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Materials and Methods
Animals

All animal experimental protocols were reviewed and
approved by the Animal Ethics Committee of Shengjing
Hospital, China Medical University, Shenyang, China
(Approval Number: 2016 PS028K). A total of 110 male
Sprague—Dawley rat pups were purchased from the Experi-
mental Animal Center of China Medical University. Rat
pups and their dams were housed individually with free
access to food and water. The environment was controlled
on a 12/12-h light/dark cycle at a temperature of 25+2 °C.
All efforts were made to minimize the number of rats used
and their suffering.

The first set of pups (n=15 animals per group) was
randomly divided into two groups: CON (control) group
and SEV (sevoflurane) group. In the first experiment, hip-
pocampal tissues were obtained from the brains of five
randomly selected pups from each group at each time
point (6 h, 12 h, and 24 h after last gas exposure) and
were prepared for western blotting assay. The second set
of pups (n =20 animals per group) was randomly assigned
into four groups: CON (control plus vehicle) group,
CON + AKY7 (control plus AK7), SEV (sevoflurane plus
vehicle), and SEV + AK7 (sevoflurane plus AK7). Accord-
ing to the consequences of the first experiment, in the sec-
ond experiment, hippocampal tissues of five pups in each
group were collected at 12 h after gas exposure, for west-
ern blotting analysis. For immunofluorescence analysis,
five rat pups in each group were perfused transcardially
with phosphate-buffered saline (PBS) followed by 4%
paraformaldehyde. Brains were left overnight at 4 °C and
embedded in paraffin after dehydration in graded ethanol.
The ten remaining pups in each group were subjected to
the open field and Morris water maze tests at P25 and
P28-32, respectively. The experimental schedule is pre-
sented in Fig. la.

Sevoflurane Exposure and Drug Administration

On P7, rat pups were separated from their mothers and
placed in an anesthetizing container with home cage bed-
ding material. Rat pups in the sevoflurane groups received
3% sevoflurane plus 30% oxygen for 2 h daily for 3 con-
secutive days. Rat pups in the control groups only received
30% oxygen for 2 h daily for 3 consecutive days in a simi-
lar container. The total gas flow was 2 L/min. The rat pups
breathed spontaneously. Anesthetic, oxygen, and carbon
dioxide concentrations were measured continuously by a
calibrated side stream analyzer. Rat pups were kept warm
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Fig. 1 A schematic describing the workflow of the experiment and
the chemical structure of AK7. a Schematic describing the workflow
of the experiment. b Chemical structure of AK7

on a heating pad maintained at 37 + 1 °C throughout the
experiment. Previous studies have shown that sevoflurane
exposure does not significantly affect the value of pH, arte-
rial oxygen, and carbon dioxide tensions compared with
those of the control group (Zhang et al. 2015). After ter-
mination of anesthesia, rat pups were placed back into
the maternal cage when the righting reflex was recovered.

The potent and selective SIRT2 inhibitor, AK7, is able to
cross the blood brain barrier (Taylor et al. 2011). AK7 was
dissolved in 10% cyclodextrin in physiologic solution, as
previously described (Biella et al. 2016). AK7 (20 mg/kg)
or vehicle was intraperitoneally injected 30 min before each
of the 3 days of sevoflurane exposure. An equal number of
oxygen-exposed rats was used as controls and also received
AK7 or vehicle.

Western Blotting

For total protein extraction, the hippocampus was homog-
enized in RIPA lysis buffer containing 1% protease inhibitor
cocktail and then incubated on ice for 30 min. Samples were
centrifuged at 14,000 rpm at 4 °C for 30 min, and the super-
natants were collected. The hippocampus was subjected to
western blotting analysis as described in our previous studies
(Wu et al. 2018). Antibodies against SIRT2 (1:1000; Pro-
teintech Biotechnology, Chicago, IL, USA), acetylated tubu-
lin (1:1000; Proteintech Biotechnology, Chicago, IL, USA),
TNF-a (1:500, Wanlei Biotechnology, Shenyang, China),
IL-1B (1:300, Wanlei Biotechnology, Shenyang, China),
iNOS (1:1000, Wanlei Biotechnology, Shenyang, China),
MCP-1 (1:500, Wanlei Biotechnology, Shenyang, China),
PPARYy (1:500, Wanlei Biotechnology, Shenyang, China),
Argl (1:500, Wanlei Biotechnology, Shenyang, China),
a-tubulin (1:2000; Proteintech Biotechnology, Chicago, IL,

USA), and Gapdh (1:5000; Proteintech Biotechnology, Chi-
cago, IL, USA) were used to detect SIRT2, acetylated tubu-
lin, TNF-a, IL-1p, iNOS, MCP-1, PPARY, Argl, a-tubulin,
and Gapdh expression, respectively. The protein bands were
detected using enhanced chemiluminescence and quantitated
using Image J software (NIH Image, Bethesda, USA).

Immunofluorescence

For immunofluorescence staining, brains were cut into
3-pm-thick coronal sections passing through the dorsal
hippocampus and mounted on poly-L-lysine coated slides.
After performing heat-mediated antigen retrieval with cit-
rate buffer, sections were incubated in 10% fetal bovine
serum for 40 min at room temperature and then incubated
with rat monoclonal anti-Ibal antibody (1:50; Proteintech
Biotechnology, Chicago, IL, USA) overnight at 4 °C. After
three washes in PBS, the sections were incubated with sec-
ondary antibody for 3—4 h at room temperature. After three
washes in PBS, the sections were counterstained with DAPI
for 5 min at room temperature. Fluorescence images of the
slices were obtained using a Leica confocal fluorescence
microscope (Leica TCS SP5 II, Heidelberg, Germany).
Negative controls were incubated with PBS without primary
antibody.

Open Field Test

On P25, rats were placed individually in the center of a black
plastic chamber (100 cm X 100 cm X 50 cm) over a period
of 10 min to evaluate locomotor and exploratory activities.
Tests were recorded and analyzed by EthoVision XT soft-
ware (Noldus, Wageningen, The Netherlands). After each
test, the arena was cleaned with 75% alcohol to avoid the
presence of olfactory cues.

Morris Water Maze Test

The Morris water maze (MWM) test was used to evaluate
spatial learning and memory on days P28-32 and was per-
formed as previously described with minor modifications
(Wu et al. 2018). Briefly, the maze consisted of a round pool
(painted black, 180 cm in diameter, 60 cm in height) filled
with water heated to 22 +2 °C. The pool was geographically
divided into four equal quadrants, designated as I, II, III, and
IV. An escape platform (8 cm in diameter) was placed at
the center of quadrant IV, approximately 1.5 cm below the
water surface. Rats were subjected to four training sessions
daily for five consecutive training days to locate the hidden
escape platform. Each trial started from a different quad-
rant and is limited to 90 s. If the rat could find the platform
within 90 s, the time from beginning to end was considered
the escape latency. When the rat boarded the platform, it
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was kept on the platform for 20 s. In either case, the time
of escape latency was recorded as 90 s and the rat was put
onto the platform for 20 s. On day 6, the probe trail was per-
formed by allowing the rat to swim for 90 s in the absence
of the platform. The swimming time and trajectory of the
rats were recorded by a Noldus Ethovision XT video analysis
system (The Netherlands).

Statistical Analysis

All statistical tests were performed using GraphPad Prism
Version 7.0 (GraphPad Prism Software, Inc., CA, USA).
Data are presented as mean + standard deviation (SD). The
normality assumption test was performed using the Shap-
iro—Wilk test. If the assumption of normality was met, sta-
tistical analysis was performed using one-way analysis of
variance (ANOVA) followed by Tukey post hoc multiple
comparison tests. If the assumption of normality was vio-
lated, Kruskal-Wallis H test was used. The escape latency
was tested by two-way repeated measures ANOVA fol-
lowed by Dunnett’s multiple comparisons tests. P <0.05
was regarded statistically significant.

Results

SIRT2 is Significantly Up-Regulated in Neonatal
Rat Hippocampus After Repeated Exposure
to Sevoflurane

In order to study the role of SIRT2 in the physiopathology
of sevoflurane-induced damage to the immature brain, the
expression of SIRT?2 protein was measured in rat hippocam-
pus homogenates. SIRT2 expression significantly increased

CON SEV

6h 12h 24h 6h 12h 24h

SIRT2 [ s s e e | 43KDA

Gapdh |

Fig.2 Sevoflurane up-regulated SIRT2 expression in the rat hip-
pocampus. a Representative western blotting images for the expres-
sion levels of SIRT2. b Quantification of SIRT2 normalized to
Gapdh. n=35 per group. Data are expressed as mean=+SD of control
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| 36 kDA

at 6 h and peaked at 12 h post-anesthesia, followed by a
reduction at 24 h post-anesthesia (Fig. 2).

SIRT2 Inhibition Alleviates Sevoflurane-Induced
Learning and Memory Impairments

To evaluate locomotor activity and anxiety-like behavior in a
novel environment, rats underwent the open field test at P25.
No differences were observed among groups in total distance
traveled or time spent in the center region (Fig. 3a—c). These
results suggested that neither sevoflurane nor AK-7 influ-
enced locomotor activity or anxiety-like behavior in rats.

From P28, the MWM test was used to evaluate the influ-
ence of early-life sevoflurane exposure on long-term learning
and memory ability. Rats in the sevoflurane group exhibited
longer escape latency (Fig. 3d, e) and less platform crossings
(Fig. 3d, f) than those in the control group. However, com-
pared with that in the sevoflurane group, escape latency was
decreased (Fig. 3d, e) and platform crossings were increased
(Fig. 3d, f) with AK7 pretreatment. These data indicated that
neonatal sevoflurane-induced spatial learning, and memory
deficits were attenuated by AK7.

SIRT2 Inhibition Attenuates Activation of Microglia
and Neuroinflammation Caused by Sevoflurane
Exposure

a-tubulin is a well-known protein substrate for SIRT2
(North et al. 2003). Therefore, we detected the expres-
sions of SIRT2 (Fig. 4b, c) and acetylated a-tubulin in
each group (Supplementary Fig. 1a, b). There was no
change of SIRT2 or acetylated a-tubulin protein between
CON group and CON + AK7 group. Compared with
CON group, SIRT2 expression significantly increased,
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mean values. One-way ANOVA followed by Tukey post hoc multiple
comparison tests was used for data analysis. **P <0.01, compared
with CON group (6 h); *P <0.05, compared with CON group (12 h)
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Fig. 3 Effects of sevoflurane
and AK7 on long-term neurobe-
haviour assessments of rats.

a Representative traces of rat
movement in the open field test.
b Total distance traveled in the
open field test. ¢ Time spent in
the center in the open field test.
d Graphical representation of
search patterns during MWM

a

tests. e Escape latency to find
the platform in the MWM tests.
f Platform crossover in the
target quadrant in the MWM
tests. n=10 per group. Data
are expressed as mean =+ SD.
One-way ANOVA followed

by Tukey post hoc multiple
comparison tests was used for
total distance traveled in the
open field test. Kruskal-Wallis
H test was used for time spent
in the center in the open field
test and platform crossover

in the target quadrant in the
MWM tests. Two-way repeated
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while acetylated a-tubulin significantly decreased in SEV
group. However, the expression of SIRT2 was inhibited
while the expression of acetylated a-tubulin was up-reg-
ulated in SEV + AK7 group. Next, we assessed the effects
of sevoflurane and AK7 on microglial responses and neu-
roinflammation in the rat hippocampus. Figure 4a shows
representative photomicrographs of immunostaining

with anti-Ibal antibody in the hippocampus 12 h post-
sevoflurane exposure from each group. In the sevoflu-
rane group, strongly immunolabeled anti-Ibal-stained
cells with highly branched processes were observed in
the CA1 and CA3 areas of the rat hippocampus. These
cells were consistent with activated microglia based on
immunoreactivity and morphology. Immunoblotting for
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markers of inflammation, TNF-a and IL-1p, revealed that
sevoflurane led to neuroinflammation, at least in the hip-
pocampus (Fig. 4b, d, e). However, AK7 pretreatment
decreased anti-Ibal-stained cells (Fig. 4a) and levels
of TNF-a and IL-1p (Fig. 4b, d, e) in the hippocampus.
Collectively, SIRT?2 inhibition suppressed activation of
microglia and neuroinflammation induced by sevoflurane.

SIRT2 Inhibition Promotes Microglial M2
Polarization

To assess whether AK7 exerted anti-inflammatory activ-
ity in the brain by regulating microglial polarization,
western blotting was performed to quantitatively assess
M1 versus M2 microglial phenotypes. M1-related mark-
ers, iNOS and MCP-1, were up-regulated in sevoflurane-
exposed rats (Fig. 5a—c). These effects were reversed by
AK7 (Fig. 5a—c). M2-related markers, PPARy and Argl,
were downregulated in the sevoflurane-exposed group
(Fig. 5a—c) but up-regulated by AK7 (Fig. 5a—c). Collec-
tively, AK7 induced activated M1 microglia to convert to
an M2 neurotrophic phenotype.

Discussion

In the current study, we demonstrated the involvement of
SIRT?2 in sevoflurane-induced learning and memory deficits
in the developing rat brain. Multiple exposures to sevoflu-
rane in neonatal rats resulted in elevated SIRT2 expression
in the hippocampus at different time points. To evaluate the
potential role of SIRT2, we used the pharmacological SIRT2
inhibitor, AK7. Our results showed that AK7 pretreatment
protected against sevoflurane-mediated cognitive impair-
ments and neuroinflammation in rats, possibly by enhancing
the proportion of microglia with an M2-phenotype.
Histone acetyltransferases (HATs) and HDACs are antag-
onistic enzymes which modulate gene expression through
acetylation and deacetylation of histone and non-histone pro-
teins. It is well established that an imbalance between the
actions of HATs/HDACS in the CNS triggers aberrant gene
expression profiles and failure of neuronal homeostasis (Pen-
ney and Tsai 2014; Sen 2015). Activation of HATS or inhibi-
tion of HDACs has been proposed as a promising epigenetic
therapeutic in anti-neurodegenerative agents (Ganai et al.
20164, b). SIRT2 is an abundant deacetylase in the brain.
Accumulation of SIRT2 in CNS has been implicated in
aging and neurodegenerative diseases (Maxwell et al. 2011;
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Fig.5 AK7 promoted microglial M2 polarization. a Representative
western blotting images for the expression levels of iNOS, MCP-1,
PPARY, and Argl. b Quantification of iNOS normalized to Gapdh.
¢ Quantification of MCP-1 normalized to Gapdh. d Quantification
of PPARy normalized to Gapdh. e Quantification of Argl normal-
ized to Gapdh. n=5 per group. Data are expressed as mean=+SD

T T T T
CON CON+AK7 SEV SEV+AK7

CON CON+AK7 SEV SEV+AK7

of control mean values. One-way ANOVA followed by Tukey post
hoc multiple comparison tests was used for data analysis. *P <0.05,
compared with CON group; **P <0.01, compared with CON group;
##%P <(.001, compared with CON group; #P <0.05, compared with
SEV group; #P <0.01, compared with SEV group
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Singh et al. 2017). Elevated expression levels of SIRT2
were detected in the rat brain at 6 h and 12 h after repeated
exposure to sevoflurane in the present study. Genetic or
pharmacologic downregulation of SIRT2 exerts beneficial
effects in multiple neurological diseases, especially PD and
HD. For instance, a-synuclein acts as a key mediator in PD
pathogenesis; inhibition of SIRT2 in cellular and animal
models of PD reduces a-synuclein-induced (Outeiro et al.
2007). Another example is that pharmacological inhibition
of SIRT?2 achieves optimal neuroprotective effects in cel-
lular models of HD through negative regulation of sterol
biosynthesis (Luthi-Carter et al. 2010). Additionally, SIRT2
inhibition-dependent protective effects have been described
in hepatic ischemia—reperfusion injury (Wang et al. 2017),
bacterial infections, noise-induced hearing loss (Liu et al.
2019), and lethal septic shock (Zhao et al. 2015). In line
with these findings, our study provides the first evidence that
the SIRT2 inhibitor AK7 attenuates impaired learning and
memory caused by neonatal sevoflurane anesthesia in rats.

Neuroinflammation is strongly associated with cognitive
impairments caused by anesthesia exposure in the devel-
oping, adult, and aged brain (Lee et al. 2015). Pro-inflam-
matory cytokines such as TNF-a and IL-1p are positive
mediators of inflammation. Brief (approximately 1 h) expo-
sure to isoflurane anesthesia significantly increased serum
IL-1f in children undergoing MRI examination (Whitaker
et al. 2017). Ketamine anesthesia can increase the levels
of inflammatory cytokines TNF-a, IL-6, and IL-1f, which
would lead to neuroinflammation in the hippocampus of
adult mice (Li et al. 2017). Consistent with these reports,
repeated sevoflurane exposure in neonatal rats induced ele-
vated levels of TNF-a and IL-1f in the hippocampus. Pro-
inflammatory cytokines are released by activated microglia,
fueling neuroinflammation and leading to cognitive impair-
ments. In turn, pro-inflammatory cytokines can give rise to
microglial activation, leading to the production of the same
pro-inflammatory cytokines. Therefore, besides pro-inflam-
matory cytokine accumulation, microglial activation is rec-
ognized as another hallmark of neuroinflammation. We used
immunofluorescent labeling with an antibody against Ibal
to identify microglia. The numbers of Ibal-immunolabeled
microglial cells were elevated in the CA1 and CA3 regions
of the hippocampus.

Studies have shown that SIRT2 plays a vital role in regu-
lating inflammatory processes. SIRT2 silencing produced
reductions in the SIRT?2 level can significantly decrease
LPS-induced upregulation of pro-inflammatory cytokine
(TNF-a and IL-6) mRNA in microglial BV2 cells (Chen
et al. 2015). These in vitro observations suggested that
SIRT2 may be a potential pharmacological target for inflam-
matory-related diseases. It is reported that pharmacologi-
cal inhibition of SIRT2 by AGK2 suppressed LPS-induced
neuroinflammation and brain damage in mice (Wang et al.
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2016). Similarly, SIRT2 inhibitor AGK2 suppressed the
inflammatory responses in acute liver failure mice by inhi-
bition of mitogen-activated protein kinase and NF-kB sign-
aling pathways (Jiao et al. 2019). In line with these, our
results verified that SIRT2 inhibition by AK7 significantly
inhibited microglial activation and reduced the levels of
pro-inflammatory cytokines TNF-a and IL-1f in the hip-
pocampus. These findings suggest that SIRT2 inhibition
exerts anti-inflammatory actions on sevoflurane-exposed
neonatal rat brains. However, some previous published
work has suggested contrasting roles of SIRT2 in modulat-
ing inflammation. SIRT2 was identified a deacetylase of the
transcription factor NF-xB subunit RelA (p65) (Rothgiesser
et al. 2010). p65 is hyperacetylated in SIRT2 knockdown
cells after TNF-a stimulation, which results in an increase
in expression of a subset of NF-kB-dependent target genes
(Rothgiesser et al. 2010). AK7 treatment exacerbated neu-
roinflammation in experimental traumatic brain injury both
in vitro and in vivo (Yuan et al. 2016). SIRT2 knockout mice
showed morphological changes in microglia and an increase
in pro-inflammatory cytokine in brain when received LPS
(Pais et al. 2013). Mechanically, SIRT2 deacetylated p65
and inhibited NF-xB-dependent transcription in microglia
(Pais et al. 2013). Moreover, SIRT2 knockout mice devel-
oped more severe clinical and histological characteristics in
dextran sulfate sodium-induced colitis model (Lo Sasso et al.
2014), showed exaggeration of microvascular inflammation
with sepsis in the small intestine (Buechler et al. 2017),
exhibited a more severe arthritic phenotype after collagen
immunization (Lin et al. 2013), and promoted aging-related
and angiotensin II-induced pathological cardiac hypertrophy
(Tang et al. 2017). These data confirmed a protective role for
SIRT?2 against the development of inflammatory processes.
Collectively, SIRT2 might have different effects on inflam-
mation depending on the inflammatory model, organ, as well
as signaling pathway, and the precise role and mechanisms
of SIRT2 in biological processes warrant further investiga-
tion for the rational use of SIRT2 as a potential therapeutic
target.

New trends in research are moving toward the theory that
microglia not only function as resident CNS macrophages
but also respond to environmental changes by secreting
detrimental pro-inflammatory cytokines or beneficial anti-
inflammatory cytokines that act on surrounding cells (Gehr-
mann et al. 1995). In this regard, activated microglia can be
classified into two specific states: classically activated (M1)
and alternatively activated (M2) subtypes. Briefly, the M1
phenotype is a pro-inflammatory cellular state associated
with an overexpression of inflammatory cytokines, whereas
M2 polarized microglia release beneficial mediators, inhib-
iting inflammation and restoring brain homeostasis. In this
study, western blotting analysis indicated that SIRT?2 inhibi-
tion hindered sevoflurane-induced M1 microglial activation
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by attenuating the gene expression of M1 markers (iNOS
and MCP-1). In addition, the levels of M2 markers (PPARY
and Argl) in the AK7 pretreatment group were up-regulated.
Our results provide support for suppression of microglial M2
polarization by sevoflurane in vitro (Pei et al. 2017). Col-
lectively, our findings suggested that sevoflurane facilitated
microglial M1 polarization and inhibited microglial M2
polarization; these effects were reversed by SIRT?2 inhibitor
AK7.

The present study has several limitations. First, we did not
examine other possible effects of SIRT2 inhibition such as
its antioxidative capacity. Therefore, further investigations
are needed to understand the contributions of these effects.
Second, we did not clarify a definitive signaling pathway
involved in the anti-inflammatory action of SIRT?2 inhibi-
tion. Moreover, other brain regions related to learning and
memory such as the amygdala and striatum should also be
evaluated after AK7 administration.

Conclusions

In conclusion, our results highlight a novel role for SIRT2
inhibition in sevoflurane-induced learning and memory defi-
cits in the immature brain of rats. At the molecular level,
our findings reveal that these protective actions might be
associated with a decrease in microglial activation and
neuroinflammation. More importantly, our results provide
compelling evidence that SIRT2 inhibition by AK7 confers
protective action by regulating microglial M1/M2 polari-
zation. Studies to investigate different substrate profiles of
sirtuin family members and to design highly potent and spe-
cific pharmacological inhibitors or activators could lead to
the development of more effective therapies for anesthesia
neurotoxicity.
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