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Abstract: As a kind of a2 adrenergic receptor agonists, dexmedetomidine generates sedation, anti-anxiety and
anesthesia effects by hyperpolarizing noradrenergic nerve cells in locus coeruleus. This study was designed to
investigate the neuroprotective of dexmedetomidine attenuates isoflurane-induced cognitive impairment, and the
possible underlying mechanism in aging rat. Firstly, we used isoflurane-induced aging rat model to analyze the
therapeutical effect of dexmedetomidine on cognitive impairment. Next, commercial ELISA kits were used to ana-
lyze tumor necrosis factor o (TNF-a), interleukin-1 (IL-13), methane dicarboxylic aldehyde (MDA) and superoxide
dismutase (SOD) and caspase-3 levels. In addition, Western blotting was used to detect the protein expression
of P38 MAPK, PTEN and phosphorylation-Akt (p-Akt) expression. Our results showed that the neuroprotective of
dexmedetomidine significantly attenuates isoflurane-induced cognitive impairment in aging rat. Moreover, dexme-
detomidine significantly inhibited these TNF-¢, IL-13, MDA, SOD and caspase-3 activities in isoflurane-induced aging
rat. Meanwhile, the neuroprotective effects of dexmedetomidine on isoflurane-induced cognitive impairment signifi-
cantly suppressed Bcl-xL/Bad rate, P38 MAPK and PTEN protein expression and activated p-Akt protein expression
in aging rat. Collectively, neuroprotective effect of dexmedetomidine attenuates isoflurane-induced cognitive impair-
ment through antioxidant, anti-inflammatory and anti-apoptosis in aging rat.

Keywords: Dexmedetomidine, isoflurane-induced cognitive impairment, antioxidant, anti-inflammatory and anti-
apoptosis

anesthetics as follows: intraoperative aware-
ness, postoperative agitation, nausea and
vomit, adult postoperative cognitive dysfunc-
tion (POCD, with an 10-62% incidence rate),
influences on infant development of intelligenc-
es and central nervous system (CNS) [6].
Therefore, elucidating mechanisms of issues
above has a far-reaching significance to reveal-
ing general anesthesia mechanism, instructing
clinical medication, improving security of clini-
cal anesthesia, developing new general anes-
thetics and narcotic antagonist [7]. Besides, it
contributes to exploring advanced brain func-
tions such as memory, perception, movement,

Introduction

With a 170-year history of clinical application,
inhalation anesthetics are widely used in clini-
cal anesthesia because of their strong anes-
thesia efficiency, excellent security, and easy
adjustment of anesthesia depth. Inhalation
anesthesia plays an enormous role in complet-
ing operations smoothly, securely and success-
fully, for the more than 40 million person-times
of patients who received general anesthesia in
America every year [1-3]. What’s more, the pro-
tection against ischemic injuries of vital organs
such as heart, brain and kidney has lead to
broader clinical application prospects of inhala-

tion anesthetics in recent years [4]. However, it
is unclear that how do inhalation anesthetics
produce anesthesia reactions such as uncon-
sciousness, amnesia, immobilization, analge-
sia and so on [5]. As a result, there appears a
widely shared concern for adverse reactions of

sleep and awakening in neuroscience field. The
impacts of general anesthetics such as isoflu-
rane on cognitive function are likely to continue
for some time after anesthesia recovery, some
of which manifest as postoperative cognitive
dysfunction [8].
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Dexmedetomidine performs very well in anti-
anxiety, sedation and analgesia so that it can
reduce stress reaction, maintain stable func-
tion of cardiovascular system and protect
organs in some ways [2]. During anesthesia
recovery, ICU sedation and decannulation, dex-
medetomidine awaken patients with a continu-
ous calming effect and good respiratory func-
tion [2, 9]. As a result, it can provide patients
who need anesthesia, intensive care and auxil-
iary examination with safe and effective seda-
tion and analgesia [3]. In the present study, we
aim to evaluate the neuroprotective of dexme-
detomidine on cognitive impairment after iso-
flurane-induced aging rat. Moreover, our results
demonstrated that dexmedetomidine revealed
antioxidant, anti-inflammatory and anti-apopto-
sis effects, and in related pathways isoflurane-
induced aging rat.

Materials and methods
Animals

Nineteen-month-old male Sprague-Dawley rats
from Institute of Experimental Animal of Capital
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Figure 1. Neuroprotective of dexmedetomi-
dine increase isoflurane-induced cognitive
function in aging rat. Neuroprotective of dex-
medetomidine on escape latency (A), path
length (B), the time spent in target quadrant
(C) times of crossing platform (D) and swim-
ming speeds (E) in isoflurane-induced aging
rat. “"P<0.01 compared with Control group;
#P<0.05 compared with anesthesia group.

Medical University, Beijing, China, were used to
execute this study. The animal protocol was
approved by the Standing Committee on
Animals at Capital Medical University. All
Sprague-Dawley rats were 12 hours/12 hours
light/dark cycle, bred under temperature: 22 +
2°C; humidity: 55 + 5% and available ad
libitum.

Anesthetic exposures and grouping

Fifty Sprague-Dawley rats were allowed to accli-
mate to their new environment for one week
and randomly separated into three groups: (1)
anesthesia group (n = 20); (2) treated group (n
= 20); and (3) control group (n = 10). In anes-
thesia group and treated group, all rats received
1.4% isoflurane (BeastBio, Shanghai, China) in
100% oxygen (BeastBio, Shanghai, China) for 2
hours in an anesthetizing chamber. All rats
were maintained the rectal temperature at 37 £
0.5°C. In treated group, all rats were received
with 1.0 mg/kg of dexmedetomidine for 6
hours. In anesthesia group and control group,
all rats were received with same amount of nor-
mal saline.
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Figure 2. Antioxidant effect of dexmedetomidine in isoflurane-induced aging rat. Antioxidant effect of dexmedetomi-
dine on MDA (A) SOD (B) activities in isoflurane-induced aging rat. “*P<0.01 compared with Control group; *P<0.05

compared with anesthesia group.

Cognitive function

The Morris Water Maze test was performed
using a round pool (diameter, 150 cm; depth,
50 cm) at 24°C. A video tracking system was
recorded to analyze swimming motions using
motion detection software for the Morris Water
Maze. All rats were returned its regular cage
with free access to food, dry and kept warm
after every trial. After isoflurane exposure for
four days, the place trials were performed on
the 15th day to determine the rats’ ability to
obtain spatial information. In each of the four
quadrants of the swimming pool, all rats
received 4 trials every day. Rats were putted
into the swimming pool facing the wall and after
rats allotted 120 sec to find the platform in the
third quadrant upon placed in a fixed position,
in which they sat for 20 sec before being
removed from the pool. The rat was gently guid-
ed to the platform and allowed to remain there
for 20 sec, if a rat did not find the platform with-
in 120 sec. The less time it took a rat to reach
the platform, the better the learning ability.
After the four-day period to evaluate memory
retention capabilities, probe trials were con-
ducted immediately. The probe trials were
removed submerged platform from the pool
and allowing the rats to swim for 120 sec.

Enzyme-linked immunosorbent assay (ELISA)
of tumor necrosis factor « (TNF-&), interleukin-
1B (IL-1B), methane dicarboxylic aldehyde
(MDA) and superoxide dismutase (SOD) levels

The tissues were homogenized in 70% formic
acid, then the homogenates were centrifuged
at 12 000 g for 5 hour. The protein concentra-
tion was measured using Coomassie blue fast
staining solution as instructed (BeastBio,
Shanghai, China). Monoclonal antibody was
seed into 96-well separable micro-plates and
captured A-beta. The absorbance was then
measured at 450 nm.
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Western blot analysis

Hippocampi were immediately putted into ice
and homogenized in epoxydicarboxylic fatty
acid buffer with a handheld homogenizer. The
homogenates were centrifuged for 10 minutes
at 13,000 g at 4°C. The protein concentration
was measured using Coomassie blue fast
staining solution as instructed (Beyotime,
Nanjing, China). 50 mg protein samples were
separated using 12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and trans-
ferred into a nitrocellulose membrane (Wuhan
Boster Biological Technology., Ltd, Wuhan,
China). After membrane blocked with 5%
skimmed milk in TBST for 2 h, membrane was in-
cubated with primary antibody against P38
MAPK (1:1000, Santa Cruz Biotechnology,
USA), PTEN (1:1000, Santa Cruz Biotechnology,
USA), Akt (1:1000, Santa Cruz Biotechnology,
USA), p-Akt (1:1000, Santa Cruz Biotechnology,
USA) and B-actin (1:1000, Santa Cruz Biotech-
nology, USA) overnight 4°C. Subsequently, the
membranes were incubated with HRP-con-
jugated secondary antibodies and ECL kit
(Beyotime, Nanjing, China).

Statistical analysis

All data were presented as mean + S.E.M and
analyzed by one-way ANOVA. All statistical data
were analyzed using SPSS 12 for windows. All
P-values were corrected. Statistical signifi-
cance was accepted at P<0.05.

Results

Neuroprotective of dexmedetomidine increase
isoflurane-induced coghnitive function in aging
rat

After isoflurane exposure, as shown in Figure

1A, the escape latency in isoflurane-induced
anesthesia rat is higher than that of control

Int J Clin Exp Med 2015;8(10):17281-17288



Dexmedetomidine and isoflurane

350
300
250
200
150

p

TNF-a activity
(pg/mg protein)

Anesthesia Treated Control

100
50
0 1 L

w

IL-1B activity

6 &
5

£ 4 #

E 3

B0

£ 2

Bo

. .
. . ,

Anesthesia Treated Control

Figure 3. Anti-inflammatory effect of dexmedetomidine in isoflurane-induced aging rat. Anti-inflammatory effect of
dexmedetomidine on the TNF-a (A) and IL-1B (B) levels in isoflurane-induced aging rat. "*P<0.01 compared with

control group; *P<0.05 compared with anesthesia group.
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Figure 4. Anti-apoptosis effect of dexmedetomidine on caspase-3
activity in isoflurane-induced aging rat. “"P<0.01 compared with
Control group; #P<0.05 compared with anesthesia group.

group. However, treatment with dexmedetomi-
dine significantly decreased the isoflurane-
induced escape latency in rat (Figure 1A). In
the probe test, there was an increase in path
length of isoflurane-induced anesthesia group,
compared with those in the control group
(Figure 1B). Moreover, pretreatment with dex-
medetomidine significantly weakened the iso-
flurane-induced path length in rat (Figure 1B).
Isoflurane exposure dramatically inhibited the
time spent in target quadrant and times of
crossing platform after isoflurane exposure
compared with the control (Figure 1C, 1D). In
addition, dexmedetomidine treatment could
elevate the inhibition the time spent in target
quadrant and times of crossing platform after
isoflurane exposure in rat (Figure 1C, 1D).
Swimming speeds were also analyzed during
place trials, and there was no significant differ-
ence among the three groups (Figure 1E).

Antioxidant effect of dexmedetomidine in
isoflurane-induced aging rat

As shown in Figure 2A, 2B, there were an effi-
cient increase in the MDA level and an efficient
decrease in the SOD level after isoflurane expo-
sure in rat compared with the control. Admi-
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Control

nistrate of dexmedetomidine effici-
ently reversed the isoflurane-induced
MDA and SOD levels in rat following
isoflurane exposure (Figure 2A, 2B).

Anti-inflammatory effect of dexme-
detomidine in isoflurane-induced
aging rat

As shown in Figure 3A, 3B, rats in
isoflurane-induced group showed a
rapid advance in TNF-a and IL-13 lev-
els compared with the control. Treat-
ment with dexmedetomidine quickly
inhibited the advance of TNF-a and IL-1[3 levels
in isoflurane-induced rat.

Anti-apoptosis effect of dexmedetomidine on
caspase-3 activity in isoflurane-induced aging
rat

As shown in Figure 4, the elevation of cell apop-
tosis and caspase-3 activity of isoflurane-
induced aging rat were observed compared
with the control. The elevation of caspase-3
activity of isoflurane-induced aging rat was
promptly receded by treatment with dexme-
detomidine (Figure 4).

Anti-apoptosis effect of dexmedetomidine on
Bcel-xL/Bad in isoflurane-induced aging rat

As shown in Figure 5, Bcl-xL/Bad rate of isoflu-
rane-induced aging rat was memorably de-
creased compared with the control. Pretreat-
ment with dexmedetomidine memorably pro-
moted the inhibition of Bcl-xL/Bad rate of iso-
flurane-induced aging rat (Figure 5).

Neuroprotective of dexmedetomidine on P38
MAPK in isoflurane-induced aging rat

To investigate the mechanism effect of dexme-
detomidine on cognitive impairment induced by

Int J Clin Exp Med 2015;8(10):17281-17288
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Figure 5. Anti-apoptosis effect of dexmedetomidine on Bcl-xL/Bad in isoflurane-induced aging rat. Anti-apoptosis
effect of dexmedetomidine on Bcl-xL/Bad using Western blotting assays (A) and statistical analysis of Bcl-xL/Bad (B)
in isoflurane-induced aging rat. “*P<0.01 compared with control group; #P<0.05 compared with anesthesia group.
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Figure 6. Neuroprotective effect of dexmedetomidine on P38 MAPK in isoflurane-induced aging rat. Anti-apoptosis
effect of dexmedetomidine on P38 MAPK using western blotting assays (A) and statistical analysis of P38 MAPK (B)
in isoflurane-induced aging rat. “*P<0.01 compared with control group; #P<0.05 compared with anesthesia group.

isoflurane anesthesia, the P38 MAPK protein
expression was measured using western blot
analysis. Compared with control group, the P38
MAPK protein expression was remarkably
increased in isoflurane anesthesia group
(Figure 6). These impairments were attenuated
by dexmedetomidine application in isoflurane
anesthesia rat (Figure 6).

Neuroprotective of dexmedetomidine decrease
PTEN expression in isoflurane-induced aging
rat

To check into the mechanism effect of dexme-
detomidine on cognitive impairment in isoflu-
rane-induced rat, hippocampal region was take
out and measured the PTEN protein expression
of isoflurane-induced rat. Isoflurane exposure
dramatically enhanced the levels of PTEN pro-
tein expression in the hippocampal after isoflu-
rane exposure compared with the control
(Figure 7A, 7B). The elevation of PTEN protein
expression was attenuated by dexmedetomi-
dine application (Figure 7A, 7B).
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Neuroprotective of dexmedetomidine increase
p-AKT/Akt expression in isoflurane-induced
aging rat

To research the mechanism effect of dexmede-
tomidine on isoflurane-induced cognitive im-
pairment in rat, Akt pathway was analyzed in
every group. Akt pathway of isoflurane-induced
rat was effectively suppressed compared with
the control (Figure 8A, 8B). However, treatment
with dexmedetomidine effectively activated the
suppression of Akt pathway in isoflurane-
induced rat (Figure 8A, 8B).

Discussion

As a CNS complication caused by multiple fac-
tors like operation and anesthesia, POCD have
clinical manifestations such as insanity, anxi-
ety, personality changes and memory impair-
ment, seriously impacting patients’ life quali-
ties and bringing heavy burden to families and
society [10]. Several factors as follows are con-
sidered at present to be related to POCD occur-
rence: anesthesia methods, anesthetic, opera-

Int J Clin Exp Med 2015;8(10):17281-17288
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Figure 7. Neuroprotective of dexmedetomidine decrease PTEN expression isoflurane-induced cognitive function
in aging rat. Anti-apoptosis effect of dexmedetomidine on PTEN using western blotting assays (A) and statistical
analysis of PTEN (B) in isoflurane-induced aging rat. ““P<0.01 compared with control group; #P<0.05 compared with

anesthesia group.
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Figure 8. Neuroprotective of dexmedetomidine increase p-AKT/Akt expression in isoflurane-induced aging rat. Anti-
apoptosis effect of dexmedetomidine on p-AKT/Akt using western blotting assays (A) and statistical analysis of
p-AKT/Akt (B) in isoflurane-induced aging rat. “"P<0.01 compared with Control group; #P<0.05 compared with an-

esthesia group.

tion type, basic health condition, complication,
hypoxia, hypotension, age, basic cognitive dif-
ference and so on. Several anesthetics widely
used in clinical practice, including inhalation
anesthetics such as isoflurane, sevoflurane
and enflurane, and intravenous anesthetics
such as ketamine and diprivan, can lead to
POCD, the effect of which can be promoted by
operations and anesthetic complications.
Enjoying the enormous popularity in clinical
application, isoflurane significantly influences
postoperative cognitive decline. The present
study demonstrated that the neuroprotective of
dexmedetomidine significantly increase isoflu-
rane-induced cognitive function in aging rat. It
is possible that dexmedetomidine may be a
potential drug target for isoflurane-induced
cognitive function in aging rat.

SOD is a kind of oxygen radical scavenger exist-
ed in organisms natively, the activity of which
reacts the ability to scavenge free radicals [3].
MDA, with cytotoxicity, is the major degradation
product of lipid peroxidation caused by free
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radicals, the content of which reacts the severi-
ty of free radicals attack [3]. It is shown by
researches that there were oxidative injuries of
animal models’ serums and brain tissues, with
higher SOD activity and lower MDA activity [10].
In present study, we found that dexmedetomi-
dine efficiently decrease the MDA level and
increase the MDA level isoflurane-induced aging
rat. Cakir et al. reported that dexmedetomidine
prevent against oxidative damage in rat with
renal ischemia reperfusion [11]. Dong et al.
found that dexmedetomidine protects against
ischemia-reperfusion injury through SOD and
MDA in rat with skeletal muscle [12]. Opinions
vary on POCD’s complicated pathogenesis. It is
proved by basic and clinical researches that iso-
flurane can induce cognition impairment.
Present evidence shows that IL-1, especially
IL-1B can lead to reduced learning and memory
capacity, and infusing IL-1 receptor antagonist
into ventricle can improve global brain ischemia,
the reason of which may be related to hippo-
campal inflammation [13]. According to several
researches, increased expressions of hippo-

Int J Clin Exp Med 2015;8(10):17281-17288
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campal inflammation cytokines can lead to cog-
nition impairment. It is proved by TNF-a and
IL-1 receptors knock-out mice that IL-13 medi-
ated hippocampal inflammation, which is trig-
gered by autoimmune response induced by
peripheral operations, is related to memory
impairment [14]. The continuous overexpres-
sion of IL-1B in mice hippocampi can lead to
contextual and spatial memory impairments
[15]. In this study, dexmedetomidine signifi-
cantly decrease the TNF-a and IL-1 levels in
isoflurane-induced aging rat. Moreover, Zhang
et al. elaborated dexmedetomidine suppressed
TNF-a and IL-1[3 activities in lipopolysaccha-
ride-stimulated astrocytes.

According to recent researches, during neuron
death caused by POCD, especially delayed neu-
ronal death along with apoptosis, there occur
changes of apoptosis-related genes and their
expression products, leading to apoptosis [9].
Participated in pathological processes of neu-
ron damage after cerebral ischemia, Caspase-3
and Bcl-xL/Bad plays an important role in
cerebral ischemia [4]. We found that treatment
with dexmedetomidine significantly inhibited
the elevation of caspase-3 activity and promot-
ed the inhibition of Bcl-xL/Bad rate of isoflu-
rane-induced aging rat. Besides, Li et al.
expounded that dexmedetomidine attenuates
neurotoxicity opinions through inhibited propo-
fol-induced caspase-3 activation [16]. Li et al.
also reported that dexmedetomidine could
reduce isoflurane-induced neuroapoptosis of
neonatal rats through reducing the ratio of Bcl-
xL/Bad and PI3K/Akt pathway [17].

It is found by recent researches that MAPKs
signal pathways, especially p38MAPK signal
pathway, play important roles in the descent of
learning and memory capacity [18]. As a mem-
ber of MAPKs which can be induced by many
factors such as TNF-ac and IL-13, p38MAPK par-
ticipates in cell proliferation, apoptosis and dif-
ferentiation, playing an important role in apop-
tosis [19]. In our study, dexmedetomidine
attenuated the p38MAPK protein expression in
isoflurane anesthesia aging rat. Tanabe et al.
suggested that the effect of dexmedetomi-
dine suppresses IL-1B-induced IL-6 synthesis
through P38 MAPK in rat glial cells. Zhou et al.
reported that the effects of dexmedetomidine
on p38-MAPK in spinal microglia in rats with
spared nerve injury [20].

As one of important intracellular transduction
signal pathways, PI3K/Akt pathway has classi-
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cal effects of anti-apoptosis and survival-pro-
moting so that it plays an important role in pro-
tection from POCD, new vessels formation and
anti-apoptosis. PTEN gene, encoding PTEN pro-
tein, is the first highly conservative tumor sup-
pressor gene with dual specificity phosphatase
activity. PIP3 is dephosphorylated by PTEN pro-
tein specifically to antagonize PI3K/Akt signal
pathway so that cell growth signals are per-
turbed, inducing cell death and cell cycle arrest.
In a word, PTEN gene has a negative regulation
of cell survival and proliferation [21]. Our
results showed that dexmedetomidine sup-
pressed PTEN/PI3K/Akt signal pathway in iso-
flurane-induced aging rat. Li et al. reported that
dexmedetomidine could reduces isoflurane-
induced neuroapoptosis of neonatal rats
through PI3K/Akt pathway [17].

In conclusion, the neuroprotective effect
of dexmedetomidine attenuates isoflurane-
induced cognitive impairment through antioxi-
dant, anti-inflammatory and anti-apoptosis
in aging rat. Nevertheless, dexmedetomidine is
commonly used clinically for anesthesia-
induced cognitive impairment in aging rat, this
effect of dexmedetomidine may have great
translational potential drug if a clinical in-
jury from anesthetics is proven in patients.
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