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Abstract

BACKGROUND—Previous studies have shown that exposure to inhaled anesthetics can cause
cognitive dysfunction, suggesting that general anesthesia might be a risk factor for the
development of Alzheimer disease. However, the underlying mechanisms remain to be elucidated.
In the present study, we tested our hypothesis that enhanced tau protein phosphorylation in
hippocampus contributes to isoflurane-induced cognitive dysfunction in a mouse model of
Alzheimer disease.

METHODS—Fifty-four male wild-type (WT) mice (12 months old) and 54 male amyloid
precursor protein 695 (APP695) mice (12 months old) were either anesthetized for 4 hours with
1.0 minimum alveolar concentration isoflurane or sham-anesthetized (control). Learning and
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memory behaviors were measured using the Morris Water Maze test for mice. Phosphorylation of
hippocampal tau protein at Ser262 site was analyzed with quantitative Western blotting.

RESULTS—In the Morris Water Maze test, both WT and transgenic APP695 mice showed
decreased latency times during a 4-day training period. Isoflurane exposure significantly increased
the latency times on days 2 and 3 in WT mice as well as on days 3 and 4 in APP695 mice (WT: P
= 0.005 for day 2 and A= 0.002 for day 3; APP695: 2= 0.001 for day 3 and A< 0.0001 for day 4)
and reduced platform quadrant times (WT: P< 0.0001; APP695: £< 0.0001) in both types of
mice. Compared with WT mice, transgenic APP695 mice displayed worse learning and memory
behaviors after isoflurane exposure (P = 0.0005 for escape latency testing on day 4 training; P =
0.009 for platform probe testing). Western blot analysis showed that the levels of phosphorylation
of hippocampal tau protein at Ser262 site (tau[pS262]) in the transgenic APP695 mice were higher
than those in WT mice (P < 0.0001) and that isoflurane exposure time dependently enhanced the
hippocampal tau[pS262] levels in both types of mice, but this effect was much more significant in
the transgenic APP695 mice (P < 0.0001). Our data also showed that isoflurane exposure had no
effect on the expression of total tau protein in the hippocampi of all mice (P= 0.54).

CONCLUSIONS—Isoflurane may induce cognitive dysfunction by enhancing phosphorylation
of hippocampal tau protein at Ser262 site, and this effect is more significant in transgenic APP695
mice.

Inhaled anesthetics have been used in modern surgical procedures worldwide. However,
there has been increasing concern about their involvement in postoperative cognitive
dysfunction. Several lines of evidence have shown that inhaled anesthetics, such as
isoflurane, cause learning and memory impairment.1~7 Meanwhile, it has been reported that
isoflurane not only increases amyloid-f (AB) oligomerization and cytotoxicity,8 but also
alters the processing of amyloid precursor protein (APP).® Because altered APP processing
that leads to the deposition of A is a key event in the pathogenesis of Alzheimer disease
(AD),10:11 these results suggest that isoflurane exposure might accelerate the process of AD
and increase the risk of postoperative cognitive dysfunction in patients with AD. As one of
the most serious neurodegenerative diseases, AD is characterized by progressive dementia
and cognitive dysfunction. General anesthesia might be a risk factor for the development of
AD. However, the underlying mechanisms remain to be elucidated.

Neurofibrillary tangles that are composed by insoluble deposits of hyperphosphorylated tau
protein contribute to the neuropathogenesis of AD. Recent studies have shown that
anesthetics including isoflurane induce tau protein phosphorylation.12-14 Tau protein is a
microtubule-associated protein that is expressed abundantly in neuronal axons, and this
protein is commonly phosphorylated at the Ser262 site (tau[pS262]), which is an important
phosphorylation site connecting the tau protein and microtubule.®Hyperphosphorylated tau
could dissociate from the microtubule and relocalize in the somatodendritic compartment,
thereby destabilizing the microtubule and causing neuronal damage, neurodegeneration, and
ultimately cognitive dysfunction.1® Therefore, it is possible that tau protein phosphorylation
may be involved in the mechanism by which isoflurane exposure produces learning and
memory impairment. In the central nervous system, the hippocampus is a critical region for
learning and memory. Thus, assessing hippocampal tau protein phosphorylation will
determine whether it correlates with isoflurane-induced cognitive dysfunction and will help

Anesth Analg. Author manuscript; available in PMC 2014 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lietal.

Page 3

us understand the importance of tau protein phosphorylation in the neuropathogenesis of
AD. We hypothesized that enhanced tau protein phosphorylation in hippocampus
contributes to isoflurane-induced cognitive dysfunction in a mouse model of AD.

In the present study, specific AD transgenic APP695 mice, in which the AP peptide is
overexpressed and deposited,1”-18 were used. We investigated the effects of isoflurane
exposure on learning and memory behaviors as well as hippocampal tau protein
phosphorylation in the mouse model of AD.

METHODS

Animals

Anesthesia

All animal procedures performed in this study were approved by the Institutional Ethics
Review Committee for Animal Care and Use at the Zhengzhou University in China. All
experiments were performed in accordance with the National Institutes of Health guide for
the Care and Use of Laboratory Animals (National Institutes of Health Publications No.
8023, revised 1978). Fifty-four 12-monthold male C57BL/6 wild-type (WT) mice and fifty-
four 12-month-old male APP695 mice with C57BL/6 genetic background were used in this
study. The mice were housed 4 per cage, using a 12/12-hour light/dark cycle, with free
access to food and water. The mice were assigned as follows: 10 WT mice and 10 APP695
mice were used for minimum alveolar anesthetic concentration (MAC) testing; 20 WT mice
and 20 APP695 mice were used for Morris Water Maze testing (10 for control group and 10
for isoflurane exposure group); 24 WT mice and 24 APP695 mice were used for Western
blot analysis (6 for control group, 6 for day 1 after isoflurane, 6 for day 3 after isoflurane,
and 6 for day 7 after isoflurane). All efforts were made to minimize animal suffering and to
reduce the number of animals used. A timeline for animal treatment is listed in Figure S1
(Supplemental Digital Content 1, http://links.lww.com/AA/A924).

Determination of the MAC value for isoflurane was performed as described previously with
minor modification.19-20 Mice were placed into individual Plexiglas chambers (5 x 5 x 15
cm), and anesthesia was induced with 1.5 vol% isoflurane in 100% oxygen (1 L/min)
through a regularly calibrated TEC3 isoflurane vaporizer (Datex-Ohmeda, GE Healthcare,
Madison, WI). After an initial equilibration period of 30 minutes, MAC was determined by
clamping the middle third of the tail to the first ratchet of a 15-cm hemostatic forceps for up
to 1 minute. Motor activities (gross movements of the head, extremities, and/or body) were
considered a positive response. Next, the anesthetic concentration was increased (or
decreased) by 0.1 vol%. After 10 minutes of equilibration, the tail was stimulated again.
Only the middle third of the tail was used for tail clamping, and the clamp was always
placed proximal to the previous test site. The midpoint isoflurane concentration for negative
and positive responses was considered the MAC. The Plexiglas chamber was cleaned with
5% ethanol.

For isoflurane exposure, mice assigned to the anesthesia groups were placed into the
Plexiglas chambers and were anesthetized for 4 hours with 1.0 MAC isoflurane in 100%
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oxygen (1 L/min) through a regularly calibrated TEC3 isoflurane vaporizer. Mice in the
control groups received 100% oxygen (1 L/min) without isoflurane for 4 hours. During
MAC testing and isoflurane exposure, the isoflurane concentration at the Plexiglas chamber
gas outlet was continuously monitored using an agent analyzer (Datex-Ohmeda, Helsinki,
Finland). Rectal temperature of the mice was kept 36°C to 38°C throughout the experiment.

Learning and Memory Behavioral Testing

The Morris Water Maze test was performed to measure learning and memory behaviors as
described previously2! with minor modification. The diameter and height of the pool were
1.2 and 0.6 m, respectively, and the depth of the water was 0.4 m. There was a Plexiglas
escape platform (10 x 10 cm) in the pool, which was placed in the northwest quadrant of the
pool and hidden 0.5 cm below the surface of the water. Water temperature was controlled at
a steady level of 20°C to 22°C, and white titanium dioxide powder was added as a shield
agent. The training session included environmental acclimation followed by an escape
latency test for 4 days started from the next day after isoflurane exposure. In the escape
latency test, each mouse underwent four 1-minute trials with a 5-minute break in between.
Each trial began from a different point at the perimeter of the pool and ended when mice
located the platform. If the beginning— ending duration time exceeded 60 seconds, mice
were considered unsuccessful and would be led to the platform, remaining on the platform
for 20 seconds.?! One day after the last training trial, each mouse was subjected to a spatial
probe test, in which the mouse swam for 60 seconds without the platform in the pool. In the
probe test, an experimenter removed the mouse and placed it in the water facing the maze
wall. This test was recorded with a video camera. The data from the probe test were
analyzed by calculating the total time spent in the platform quadrant of the pool.

Western Blot Analysis

Hippocampal tissues were harvested on days 1, 3, and 7 after isoflurane exposure, and total
proteins were extracted. Tau protein phosphorylation and Af expression in the hippocampus
were assessed using quantitative Western blotting as described previously.22 In brief, the
proteins were separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis
and transferred to a nitrocellulose membrane. After blocking with 5% skimmed milk in Tris-
buffered saline containing 0.1% Tween (pH 7.6) for 2 hours, the membrane was incubated
with the following primary antibodies overnight at 4°C: (1) polyclonal rabbit anti-tau
antibody (1:200, Abcam, Cambridge, MA); (2) polyclonal rabbit anti-phospho-tau at Ser262
site (1:1000, Millipore, Billerica, MA); (3) polyclonal rabbit anti-AB(1_42) antibody (1:500,
Abcam); (4) polyclonal rabbit anti—3-actin antibody (1:5000, Abcam). Next, the membranes
were incubated with goat anti-rabbit horseradish peroxidase-conjugated secondary antibody
(Amersham Pharmacia Biotech, Piscataway, NJ) for 2 hours at room temperature. Specific
proteins were detected by enhanced chemiluminescence (Santa Cruz Biotechnology, Santa
Cruz, CA). B-Actin served as a loading control.

Statistical Analysis

The data were expressed as mean + SEM. The immunoblotting bands were quantified by
densitometry using ImageJ software (National Institutes of Health, Bethesda, MD). For tau
expression, the ratio of tau to B-actin was calculated for each group and then the difference
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of the ratio between control group and other groups was statistically analyzed. Comparisons
among groups were performed by 1-way analysis of variance, 2-way, or 2-way repeated
measures analysis of variance followed by post hoc comparisons with the Tukey method.
All reported Pvalues and confidence intervals are Tukey corrected. Student #test was used
to compare the difference of the data from WT and APP695 mice. A< 0.01 was considered
statistically significant. Ninety-nine percent confidence intervals for differences were
calculated for all data in this study and shown in Table S1 (Supplemental Digital Content 2,
http://links.lww.com/AA/A925). Statistical analysis was performed with SPSS version 11.0
software (SPSS Inc., Chicago, IL).

RESULTS
Expression of AB(1-42) in the Hippocampus of WT and Transgenic APP695 Mice

Western blotting showed that hippocampal AB1_42) expression was markedly increased in
APP695 mice compared with that in WT mice (Fig. 1, < 0.0001). The transgenic APP695
mice were used as a mouse model of AD in this study.

Effect of Isoflurane Exposure on Learning and Memory Behaviors

The MAC value for isoflurane in transgenic APP695 mice was significantly higher than that
in WT mice (Table 1, £=0.004). We treated both types of mice with 1 MAC of isoflurane
(1.31 vol% isoflurane for WT mice and 1.48 vol% for APP695 mice) in this study. By
conducting the Morris Water Maze test, we observed that exposure to 1 MAC of isoflurane
for 4 hours impaired spatial learning and memory behaviors in both WT and APP695 mice
(Fig. 2). Before isoflurane exposure, the latency times in APP695 mice were significantly
longer than those in WT mice on days 2 to 4 (Fig. 2A, £=0.0003 for day 2 and < 0.0001
for days 3 and 4); after isoflurane exposure, the latency times were significantly increased
on days 2 and 3 in WT mice as well as on days 3 and 4 in APP695 mice (Fig. 2, B and C,
WT: £=0.005 for day 2 and #=0.002 for day 3; APP695: A= 0.001 for day 3 and P<
0.0001 for day 4). To statistically compare the decrement due to isoflurane between WT and
APP695 mice with the decrement between the 2 control groups, we normalized the data
from isoflurane exposure groups with their control groups and found that compared with
WT mice, the transgenic APP695 mice showed markedly increased latency time on day 4
after isoflurane exposure (Fig. 2D, = 0.0005). Moreover, isoflurane exposure significantly
reduced platform quadrant times in both types of mice (Fig. 2E, £< 0.0001). Compared with
WT mice, the transgenic APP695 mice displayed worse spatial memory before and after
isoflurane exposure (Fig. 2E, = 0.001 and £ = 0.009 for before and after isoflurane
exposure, respectively).

Effect of Isoflurane Exposure on Hippocampal Tau Protein Phosphorylation

Western blot analysis showed that isoflurane exposure time dependently altered
phosphorylation of hippocampal tau protein at the Ser262 site (tau[pS262]) in both WT and
transgenic APP695 mice (Fig. 3, A and B). However, isoflurane exposure had no significant
effect on the expression of total tau protein in the hippocampi of all mice (Fig. 3C, P>
0.54). The widths of the 99% confidence intervals are all <46% of the corresponding means
and an associated SE is 2% (Table S2, Supplemental Digital Content 3, http://
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links.lww.com/AA/A926). In WT mice, the levels of hippocampal tau[pS262] were
significantly increased on days 1 and 3 after isoflurane exposure (Fig. 3A, £< 0.0001 for
day 1 and P=0.0008 for day 3), and the tau phosphorylation reached peak level on day 1
and returned to baseline (levels in control group) on day 7 after isoflurane (Fig. 3A, P=0.8
for day 7). In the transgenic APP695 mice, the levels of hippocampal tau[pS262] were
markedly increased on days 1, 3, and 7 after isoflurane exposure (Fig. 3B, £< 0.0001 for all
3 time points), and the tau phosphorylation also reached peak level on day 1 but did not
return to baseline (levels in control group) on day 7 after isoflurane (Fig. 3B).

Compared with WT mice, transgenic APP695 mice displayed increased levels of
hippocampal tau[pS262] before and after isoflurane exposure (Fig. 4). In normal conditions,
the level of hippocampal tau[pS262] in the APP695 mice was significantly higher than in
WT mice (Fig. 4A, P<0.0001). On days 1, 3, and 7 after isoflurane exposure, the levels of
hippocampal tau[pS262] in the APP695 mice were also significantly higher than those in
WT mice (Fig. 4, B-D, £< 0.0001).

DISCUSSION

In the present study, we investigated the role of hippocampal tau protein phosphorylation in
isoflurane-induced cognitive dysfunction in a transgenic mouse model of AD. We found that
isoflurane exposure markedly impairs spatial learning and memory in transgenic APP695
mice. Isoflurane-induced cognitive dysfunction may be correlated with phosphorylation of
hippocampal tau protein at the Ser262 site. Our results demonstrate that isoflurane may
induce cognitive impairment by enhancing phosphorylation of hippocampal tau protein at
the Ser262 site, and this effect is more significant in APP695 mice, suggesting isoflurane
might have a detrimental effect on the development of AD by enhancing hippocampal tau
protein phosphorylation and cognitive dysfunction.

Our data showed that isoflurane MAC was higher in transgenic APP695 mice than in WT
mice (Table 1), which is consistent with 2 studies from other laboratories that used other AD
mouse models.23:24 Previous studies have shown that AB oligomers directly activate A-
methyl-d-aspartate (NMDA) receptors2® and that AB also induces astrocytic glutamate
release, which in turn activates extrasynaptic NMDA receptors on neurons.28 An increase in
the cytosolic concentration of Ca2* induced by AP oligomers in cortical neurons is
prevented by AP5, a broad spectrum NMDA receptor antagonist.2® In our study, we
observed that AB1_42) expression was markedly increased in APP695 mice (Fig. 1).
Therefore, the excitatory effect of AR may contribute to increased isoflurane MAC in
APP695 mice. To investigate the effect of isoflurane exposure on cognitive function in our
AD mouse model, we treated both APP695 and WT mice with 1 MAC isoflurane to reach
the same anesthesia depth. MAC is defined as the concentration of inhaled anesthetic that is
needed to prevent movement in 50% of subjects in response to surgical (pain) stimulus.
MAC value is accepted as a valid measure of potency for inhaled anesthetics, which remains
fairly constant for a given species. Thus, by treating animals with 1 MAC isoflurane, we can
avoid overdose of isoflurane-produced off-target effects in the 2 types of mice. However,
APP695 mice may have been overdosed with isoflurane relative to WT mice for tau
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phosphorylation, because it is well known that not all anesthetic end points have the same
sensitivity.

Inhaled anesthesia has a variety of effects, both short term and long term, on central nervous
system function. Isoflurane exposure has been shown to influence cognitive function in
rodent animals, but previous studies have reported controversial results regarding the effect
of isoflurane anesthesia on cognitive function.#22.27-30 For instance, Rammes et al.28
showed that isoflurane reversibly improves cognitive function and long-term enhancement,
and Su et al.?° also observed that repeated isoflurane exposure improves spatial memory.
However, several other studies have illustrated that isoflurane exposure leads to cognitive
dysfunction.#2227.30 These discrepancies may have been due to different ages of animals
used in different studies. It has been reported that isoflurane anesthesia impairs acquisition
of hippocampus-dependent spatial memory 2 weeks after cessation of anesthesia in aged
rats,31 but in adult rats, previous isoflurane exposure produces improved spatial memory
performance 2 weeks later.32 Isoflurane treatment with different concentrations and
exposure times might also produce differential effects. In our study, 12-month-old male
mice received 1.0 MAC of isoflurane treatment for 4 hours, and our data in the Morris
Water Maze test showed that isoflurane exposure significantly impaired spatial learning and
memory. Compared with WT mice, transgenic AD mice (APP695 mice) displayed enhanced
impairment of spatial learning and memory after isoflurane exposure, suggesting that
isoflurane may promote AD development by aggravating cognitive dysfunction.

Tau protein can functionally bind microtubules, which is crucial for the processes of
neuronal outgrowth and axonal integrity.33 Tau protein plays an important role in synaptic
plasticity and memory formation, and tau hyperphosphorylation may contribute to cognitive
dysfunction in tauopathies.34 The hyperphosphorylated form of tau protein is present in
neurofibrillary tangles.3° The formation of neurofibrillary tangles is considered to be a
common mechanism underlying neurodegeneration in the pathogenesis of AD.36:37 |n
addition, the progression of tau phosphorylation has been shown to correlate with the
evolution of tau pathology.38 The development of intraneuronal lesions as a result of the
progressive deposition of hyperphosphorylated tau at specific brain regions (such as
hippocampus and cortex) plays a key role in the pathological process of AD. It has been
reported that tau phosphorylation at Ser262 is relevant to the pathogenesis of AD.3940 [t is
noteworthy that phosphorylation at this residue is modified in the brain of patients with
AD.3? In double transgenic mice (APPSWe/tau-VLW) that reproduce AB and tau pathologies,
tau phosphorylation at Ser262 correlates with an increase in the formation of filamentous tau
aggregates showing a diameter similar to that of tau filaments observed in AD.**Moreover,
tau hyperphosphorylation has been associated with memory impairment after isoflurane
exposure.?2 Tan et al.22 observed that isoflurane anesthesia combined with hypothermia, but
not isoflurane anesthesia alone, increases tau phosphorylation at the Thr205 and Ser396 sites
in the hippocampus.22 They also found that approximately 45% of protein phosphatase 2A
are inhibited in isoflurane-anesthetized rats without temperature control.22 Their results
indicate that tau hyperphosphorylation is not induced by isoflurane anesthesia directly, but
may be a consequence of isoflurane anesthesia-produced hypothermia, because the
inhibition of phosphatase activity and subsequent tau hyperphosphorylation could occur in
hypothermic rats. Thus, tau hyperphosphorylation may be associated with isoflurane-
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induced spatial learning and memory impairment through isoflurane anesthesiaproduced
hypothermia. Recently, Dong et al.12 observed that isoflurane exposure increases tau
phosphorylation at the Ser262 site both in vitro and in vivo. In their in vitro study, primary
neurons were exposed to 2% isoflurane for 6 hours and were harvested at the end of
isoflurane exposurel?: in their in vivo study, 5- to 8-month-old mice were treated with 1.4%
isoflurane for 2 hours, and whole brain tissues were harvested at 6, 12, and 24 hours after
isoflurane anesthesia.12 By conducting Western blot analysis, they showed that isoflurane
exposure increases the level of phosphotau at the Ser262 site in both primary neurons and
whole brain tissues.12 They also found that isoflurane-induced tau phosphorylation is
mediated by caspase activation and AB generation.12 To further investigate the relationship
between hippocampus-dependent cognitive deficits and hippocampal tau phosphorylation
after isoflurane anesthesia in aged animals, we determined whether isoflurane exposure
alters tau phosphorylation in the hippocampus of 12-month-old mice. We found that
isoflurane exposure time dependently increases hippocampal tau phosphorylation at the
Ser262 site. Compared with WT mice, transgenic AD mice (APP695 mice) displayed
greater enhancement of hippocampal tau phosphorylation after isoflurane exposure. Our
results suggest that isoflurane-induced cognitive dysfunction may be correlated with
phosphorylation of hippocampal tau protein at the Ser262 site. Because of its role in tau
phosphorylation at the Ser262 site, the effect of isoflurane exposure on the pathology of AD
should be studied in the future.

In conclusion, our study demonstrates that isoflurane may induce cognitive dysfunction by
enhancing phosphorylation of hippocampal tau protein at the Ser262 site and this effect is
more significant in transgenic APP695 mice. Tau phosphorylation at the Ser262 site has
been illustrated to prevent tau from binding and stabilizing microtubules, which is associated
with increasing severity of neuronal cytopathology in AD.#1-43 Therefore, hippocampal tau
phosphorylation might be involved in the molecular mechanisms by which isoflurane
anesthesia impairs cognitive function and promotes AD development, and isoflurane might
be a deleterious factor contributing to the neuropathogenesis of AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The expression of amyloid-B(1_42) (AB(1-42)) in the hippocampi of wild-type (WT) and
transgenic amyloid precursor protein 695 (APP695) mice. Compared with WT mice, the
APP695 mice showed markedly increased expression of AB(1_47) in the hippocampus. The
bands shown were representative of 3 independent experiments. 3-Actin served as a loading
control. Statistical analysis indicated that the level of hippocampal AB1_47) in the APP695
mice was significantly higher than that in WT mice (r7= 6 per group, *~ < 0.0001 versus

WT mice).
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Figure 2.
The effect of isoflurane (iso) exposure on spatial learning and memory in both wild-type

(WT) and transgenic amyloid precursor protein 695 (APP695) mice. All mice in iso-treated
groups received 1 MAC of iso for 4 hours. A, During 4-day training period, the latency
times in APP695 mice (APP-con) were significantly longer than those in WT mice (WT-
con) before iso exposure (1= 10 per group, *~ = 0.0003 for day 2, *P < 0.0001 for days 3
and 4 versus WT-con group). B, In isotreated WT mice (WT-iso), the latency times during
4-day training period were significantly increased compared with the control WT mice (n=
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10 per group, *£=0.005 for day 2 and *~ = 0.002 for day 3 versus WT-con group). C, In
iso-treated APP695 mice (APP-iso), the latency times during 4-day training period were
significantly increased compared with the control APP695 mice (/7= 10 per group, *P=
0.001 for day 3 and *P < 0.0001 for day 4 versus APP-con group). D, The data from iso
exposure groups were normalized with their control (con) groups and expressed as
percentage of latency time (%, [iso — con]/con). During 4-day training period, the latency
times in APP695 mice were significantly longer than those in WT mice on day 4 after iso
exposure (/7= 10 per group *~=0.0005 versus WT-iso group). E, 1so exposure significantly
reduced platform quadrant times in both types of mice (7= 10 per group, *£ < 0.0001 versus
WT-con group and 2P < 0.0001 versus APP-con group). Compared with WT mice, the
transgenic APP695 mice displayed worse spatial memory before and after iso exposure (7=
10 per group, *£=0.001 versus WT-con group and #P = 0.009 versus WT-iso group).
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Figure 3.
The effect of isoflurane exposure on hippocampal tau protein phosphorylation in both wild-

type (WT) and transgenic amyloid precursor protein 695 (APP695) mice. All mice in
isoflurane-treated groups received 1 minimum alveolar anesthetic concentration (MAC) of
isoflurane for 4 hours. A, Isoflurane exposure time dependently altered the expression of
tau[pS262] in the hippocampus of WT mice. Statistical analysis indicated that the levels of
hippocampal tau[pS262] in WT mice were significantly increased on days 1 (WT-1d) and 3
(WT-3d) after isoflurane exposure (7= 6 per group, *£ < 0.0001 for day 1 and *~= 0.0008
for day 3 versus WT-con group), and the tau phosphorylation returned to control level on
day 7 (WT-7d) post-isoflurane (7= 6 per group, 2= 0.8 versus WT-con group). B,
Isoflurane exposure time dependently altered the expression of tau[pS262] in the
hippocampus of the APP695 mice. Statistical analysis indicated that the levels of
hippocampal tau[pS262] in the APP695 mice were significantly increased on days 1
(APP-1d), 3 (APP-3d), and 7 (APP-7d) after isoflurane exposure (7= 6 per group, *P<
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0.0001 versus APP-con group). C, Isoflurane exposure had no effect on the expression of
total tau protein in the hippocampi of both types of mice. Statistical analysis indicated that
the levels of total tau protein in the hippocampi of all mice were not significantly different
(n =6 per group, WT: P=0.95 for day 1, #=0.87 for day 3, and P=0.65 for day 7 versus
WT-con group; APP695; P= 0.54 for day 1, A= 0.90 for day 3, and A= 0.75 for day 7
versus APP-con group). B-Actin served as a loading control for all Western blotting
experiments.
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Figure4.

Enhanced phosphorylation of hippocampal tau protein in the transgenic APP695 mice. A,
Compared with wild-type (WT) mice, the amyloid precursor protein 695 (APP695) mice
showed increased hippocampal tau[pS262] in normal condition. Statistical analysis indicated
that the level of hippocampal tau[pS262] in the APP695 mice was significantly higher than
that in WT mice (7= 6 per group, *P< 0.0001 versus WT-con group). B, Compared with
WT mice, the APP695 mice showed increased hippocampal tau[pS262] on day 1 (APP-1d)
after isoflurane exposure. Statistical analysis indicated that the level of hippocampal
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tau[pS262] in the APP695 mice was significantly higher than that in WT mice (7= 6 per
group, *P< 0.0001 versus WT mice on day 1 [WT-1d] group). C, Compared with WT mice,
the APP695 mice showed increased hippocampal tau[pS262] on day 3 (APP-3d) after
isoflurane exposure. Statistical analysis indicated that the level of hippocampal tau[pS262]
in the APP695 mice was significantly higher than that in WT mice (7= 6 per group, *P<
0.0001 versus WT-3d group). D, Compared with WT mice, the APP695 mice showed
increased hippocampal tau[pS262] on day 7 (APP-7d) after isoflurane exposure. Statistical
analysis indicated that the level of hippocampal tau[pS262] in the APP695 mice was
significantly higher than that in WT mice (n7= 6 per group, *£< 0.0001 versus WT-7d
group). B-Actin served as a loading control for all Western blotting experiments.
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