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Abstract: Anesthesia-induced postoperative cognitive dysfunction (POCD) has been confirmed in elderly patients, 
while studies have shown that Nampt protein is critical for learning and memory. To better understand the mecha-
nism of anesthesia-induced POCD, we studied the behavioral and biochemical changes in aged rats that were 
exposed to sevoflurane (Sev) and nitrous oxide (N2O) for 4 hours. Rats were randomly divided into control group 
and anesthesia group. The anesthesia group rats were given 1.3% Sev and 50% N2O for 4 hours, and controls with 
50% O2 for same time. Morris Water Maze test was used to test the rat’s ability to learn and remember 24 hours 
exposure. The result shown that Sev-N2O anesthesia induced a significant deficit in short-term spatial learning 
acquisition and memory retention, but it had no significant deficit in long-term. After 48 hours Sev-N2O anesthesia, 
the neuronal apoptosis and the expression of Bax, PARP-1 in hippocampus of rats increased significantly, and the 
expression of Nampt, RelB decreased significantly. However, Nampt activators could reduce the apoptosis of hippo-
campal primary cells in vitro after 4 hours exposed with Sev-N2O. Thus, we believed that down-regulation of Nampt/
RelB signaling was closely related to neuronal apoptosis in the hippocampus contributed to the neurotoxicity and 
cognitive dysfunction induced by general anesthesia with sevoflurane-nitrous oxide.

Keywords: Anesthesia, postoperative cognitive dysfunction, Nampt

Introduction

Postoperative cognitive dysfunction (POCD) is a 
cognitive impairment, which is caused by sur-
gery and anesthesia. It is a transient disorder 
of memory, attention, language comprehension 
and social integration, and advanced age is a 
risk factor for the disease. The previous study 
[2, 3] have showed that the incidence of POCD 
was 40% one week after operation in the elder-
ly patients after non-cardiac surgery, and still 
more than 10% 3 months after operation. The 
memory impairment and the decrease of learn-
ing ability were the main clinical manifest- 
ations.

Although the pathogenesis and molecular 
mechanisms of POCD are not clear, the current 
study suggests that, POCD is a neurological 
deficit caused by a combination of multiple fac-
tors includes surgery, anesthesia and so on 
[4-6]. And neurodegenerative disease [7], infla- 

mmatory [8] and central nervous system degra-
dation [9] are the current mainstream of the 
POCD pathogenesis hypothesis. Inhalation an- 
esthesia plays an important role in anesthesia 
nowadays [10], while studies have shown that 
the anesthetic drugs desflurane, isoflurane and 
sevoflurane commonly used in inhalation anes-
thesia can cause transient cognitive impair-
ment in the elderly patients [11-15]. Because of 
the common use of isoflurane and sevoflurane 
in inhalation anesthesia, animal studies are 
mainly focused on these two drugs.

Sevoflurane is commonly used in inhalation 
anesthesia clinically. It plays its role in anesthe-
sia and forgetting by inhibiting N-methyl-D-
aspartic acid receptor, and clinically, N2O is 
used in combination to reduce sevoflurane’s 
dosage. The previous studies have shown that 
transient inhalation of sevoflurane can cause 
transient reversible tau-protein phosphoryla-
tion, and long-term repeated inhalation of sevo-
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flurane can damage the mouse’s spatial memo-
ry 1 month after surgery [16]. At the same time, 
Chen G et al. [17] showed that the endoplasmic 
reticulum stress-mediated apoptosis plays an 
important role in the neurodegenerative and 
cognitive impairment induced by sevoflurane 
inhalation. However, these studies all suggest 
that the cognitive impairment caused by se- 
izethaether inhalation is short-term; this cogni-
tive impairment may be associated with the 
decrease of neuron apoptosis in hippocampus 
region caused by oxidative stress, inflammato-
ry response, etc [14, 15, 17].

Nicotinamide phosphoribosyl transferase (Na- 
mpt) is the rate-limiting enzyme of nicotinamide 
adenine dinucleotide (NAD+) remediation syn-
thesis pathway, which is involved in cellular 
energy metabolism, apoptosis and autophagy, 
and plays a role in immune, inflammation and 
metabolic related diseases. The Nampt-NAD-
sirtuin hypothesis is a new hypothesis about 
aging in recent years [18]. In the process of 
senescence of mammals, the expression of 
Nampt gradually decreased, resulting in the 
decrease of NAD content, thus inhibiting the 
activity of acetylated sirtuins, affecting the 
senescence process of eukaryotic. NAD can 
effectively protect neurons and inhibit apopto-
sis, whereas sirtuins can affect apoptosis, 
senescence, inflammation and metabolism by 
regulating the acetylation of histones and other 
cytokines [19, 20]. It confirmed that loss of 
Nampt expression is one of the major causes to 
increase the formation of Alzheimer’s disease 
amyloid beta (Aβ) and plaque, increasing the 
expression of Nampt can significantly delay the 
development of neurodegenerative lesions [21, 
22].

Based on these, the present study was per-
formed to determine whether Sev-N2O anesthe-
sia in aged rats could reduce the short-term 
learning and memory ability, and evaluated the 
protective effect of Nampt/RelB pathway by 
Morris Water Maze, western blot and so on.

Methods and materials

Animal for research

The SD rat (16 months old and 24 hours old) 
was used to make animal models in present 
research, and was offered and fed (22±2°C, 12 
h light cycle) by animal experimental center. All 

animal protocols were approved by the Ani- 
mal Care and Use Committee in China Meitan 
General Hospital, and were confronted with the 
guidelines of National Institution of Health.

Anesthesia procedure

The Anesthesia group rat were given 1.3% 
sevoflurane (Baxter Medical Co., Ltd, China) 
and 50% N2O (Shanghai Haizhou Special Gas 
Co., Ltd, China) continuous inhalation in a cus-
tom transparent glass box for 4 hours, and the 
control group mice with 50% O2 (Shanghai Hai- 
zhou Special Gas Co., Ltd, China) for 4 hours. 
Electric blanket (Shanghai Yuyan Scientific 
Instrument Co., Ltd, China) was used to main-
tain rectal body temperature in (37.0±0.5)°C, 
the Multi-function monitor (Datex-Ohmeda, 
USA) was used to continuous monitoring of 
ETCO2 and inhalation anesthesia MAC values, 
and the oxygen saturation meter (Datex-
Ohmeda, USA) is used to detect SpO2 in 
Anesthesia group. However, the control group 
did not monitor SpO2 to avoid stress.

Morris water maze text

The Morris water maze experiment was done by 
the researchers who did not know the rats 
group. Fist was 3 days for of adaptive training 
(water temperature and the surrounding en- 
vironment).

The next 6 days (day 1 to day 6)was for place 
navigation test, the rats were randomly placed 
four times from the four quadrants into the 
water, and the swimming trajectories of the rats 
were recorded and analyzed by the automatic 
camera system and software (Shanghai Jigong 
Software Technology Co., Ltd, China). The rats 
boarded the platform and stayed for more than 
5 seconds to be seen as successfully finding 
the hidden platform, then the automatic cam-
era system automatically stopped recording. 
The next training began after the rats stay on 
the platform for 15 seconds to observe the sur-
roundings. If the rats could not find the plat-
form in 60 seconds, the automatic camera sys-
tem also automatically stopped recording, and 
we would guide the rat to the platform, and 
recorded the escape latency as 60 seconds.

The space exploration test was conducted on 
day 7 and 14, respectively. The rats were put 
into the pool which was without the platform in 
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random place twice, and recorded its swim-
ming track in 60 seconds.

Western blot

The RIPA lysate buffer (Beyotime, China) with 1 
mM PSMF (Beyotime, China) was used to 
extract the total cell protein, and Total Protein 
Extraction Kit-tissue (Beyotime, China) was 
used to extract total protein of brain tissue. The 
concentration of total protein was detected by 
BCAProtein Assay Kit (Beyotime, China), then 
the sample was boiled in 100°C water for 10 
min. 75 mg total protein was loaded onto each 
lane, separated by 15% SDS-PAGE, and trans-
ferred onto a polyvinylidene difluoride mem-
brane (Amersham Biosciences, UK). The mem-
brane was blocked with 5% skimmed milk for 2 
h, and then probed with Nampt (1:1000, 
Abcam, UK), RelB (1:1000, Abcam, UK), Bax 
(1:1000, Santa Cruz, USA), Bcl-2 (1:1000, 
Santa Cruz, USA), and β-actin (1:1000, Santa 
Cruz, USA) at 4°C overnight. Then washed twice 
with PBS buffer. HRP-goat anti rabbit or mouse 
antibody (1:5000, Santa Cruz, USA) was per-
formed for detecting.

Paraffin sections and Nissl staining

After 48 hours of Sev-N2O anesthesia, some 
rats were executed, and the hippocampus was 
removed. The hippocampus is dehydrated by 
the following procedure: 75% ethanol overnight, 
85% ethanol for 3 hours, 95% ethanol I for 1.5 
hours, 95% ethanol II for 1.5 hours, 100% etha-
nol I for 1 hour, 100% ethanol II for 1 hour, 
xylene ethanol mixture for 25 minutes, xylene 
for 25 minutes. And then the waxing operation 
was paraffin for 2 hours. At last, slices were 
made by thermostat slicer (SLEE, CUT4062, 
Germany). The slices were warmed by 0.01 M 
PBS for 0.5 h, and rinse three times by PBS (10 
min for 1 time) before Nissl staining. 

Nissl staining was prepared as follows. Firstly, 
methyl violet dye smeared for 10-20 minutes. 
After washing the slices with water, Nissl differ-
entiation solution was used to differentiation 
slices for 4-8 seconds. And then we could ob- 
serve the cells by microscopy (BX51, OLYMPUS, 
Japan). Only intact neurons with a clearly 
defined cell body and nucleus were counted.

Immunofluorescence

10% milk and 0.5% Triton-100 which were dilut-
ed with PBS were used to block slices of rats 

hippocampalfor 1 hour at room temperature, 
and then in the primary antibody overnight at 
4°C: PE-NeuN rabbit mAb (1:200, Abcam, UK), 
PE-Nampt mouse mAb (1:100, Abcam, UK), or 
RelB mouse mAb (1:100, Abcam, UK). After 3 
times wash with PBS (10 minutes for one time), 
the second antibody was incubated for 4 hours: 
anti-rabbit or anti-mouse IgG (1:1000, Abcam, 
UK). DAPI (sigma, USA) was used to nuclear 
counterstaining for 30 minutes at room tem- 
perature.

Doubled staining with Annexin V-FITC and 
NeuN

Double staining with Annexin V-FITC and NeuN 
was used to detect the neuronal apoptosis  
in rat hippocampal. First labeling was with 
AnnexinV-FIFC by AnnexinV-FIFC labeling kit 
(Thermo Fisher, USA), then blocked with block-
ing solution as described above, incubated with 
primary anti-NeuN antibody (1:100, Abcam, UK) 
at room temperature for 2 hours and secondary 
antibody for 1 h. 

Hippocampal primary neuronal cell cultures

Rats which was born within 24 hours was used 
to isolate hippocampal neuronal cell. Briefly, 
the rats were sacrificed and disinfected with 
75% alcohol. And the rat hippocampus tissue 
was obtained by the following procedure which 
was in sterile conditions: cut the scalp skin, 
skull, open the brain field of vision with curved 
tweezers, carefully open the brain temporal 
Leaf cortex, exposed crescent hippocampus 
back, and sandwiched hippocampus tissue. We 
placed the rat hippocampus tissue in the ice 
bath D.hanks solution (Hyclone, USA), removed 
the microvascular, and fully cut the tissue. The 
same volume of 0.125% trypsin (Gibico, USA) 
was added to digest the rat hippocampus tis-
sue in 37°C for 15 minutes, and stop digestion 
by adding fetal bovine serum (Hyclone, USA). 
Then, blow, filter and centrifuge cells (1000 
rpm, 10 minutes, Eppendorf, Germany), resus-
pend cells with DMEM/F12 medium (+10% 
FBS, Hyclone, USA), and cultured the hippo-
campal Primary Neuronal Cell in 37°C incuba-
tor (Thermo fisher, USA) with 5% CO2. After 12 
hours culture, the DMEM/F12 medium was 
completely replaced by neuro-basal medium 
(Hyclone, USA) which was added in 2% B27 
(Hyclone, USA), 1% L-Glutamine (Hyclone, USA) 
and 1% penicillin-streptomycin solution (Hycl- 
one, USA). Then, replaced half of the culture 
medium every 3 days.
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After 14 days culture, the hippocampal primary 
neuronal were treated with 5 μM P7C3 (HY-
15976, MCE, USA) for 2 hours [24, 25], and 
then the neuronal were given 1.3% sevoflurane 
and 50% N2O continuous incubated for 4 hours 
(P7C3 group), and the control group mice with 
50% O2. The Sev-N2O group was continuous 
incubated with 1.3% sevoflurane and 50% N2O, 
but no P7C3 advanced treated.

Flow cytometry detect apoptosis

This experiment requires at least 1×106 cells. 
The cells were washed with PBS for twice, and 

then added 80% ethanol overnight. The super-
natant was removed by centrifugation (800 
rpm for 10 minutes), washed with PBS and 
resuspend with PC buffer (300 μl, 1.611% 
NaHPO4.12H2O, 0.074% Sodium citrate, pH= 
7.8), standing for 30 minutes at room tempera-
ture. The following operation is carried out 
according to the instructions of Annexin V-FITC 
Apoptosis Detection Kit I (Abcam, UK). Barely, 
added 5 μl Annexin V-FITC to mix well and incu-
bate at room temperature for 15 min. Then 
added 5 μl PI buffer at 5 minutes before the 
test. At last, added 200 μl PC buffer to detect.

Figure 1. Data of positioning sailing training and probe test in Morris water maze test. A. The latency time of two 
group rats during positioning sailing training, and there was a significant difference in day 2 (P=0.003), day 3 
(P=0.005), day 4 (P=0.035) and day 5 (P=0.042). * was P<0.05 and ** was P<0.001 which was compared with 
the control group. B. The swimming speed of two group rats during positioning sailing training, and had no signifi-
cant difference. C, D. The time spent in target quadrant (WS quadrant) in control group was much more than the 
anesthesia group (P=0.002) in day 7 probe test, but no significant difference in day 14 probe test (P=0.079). ** was 
P<0.001 compared with the control group. # was P<0.05 and ## was P<0.01 compared with the time percentage 
of WS quadrant.
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Data analysis

All data was analyzed by SPSS20.0, T test or 
one-way analysis of variance was used to com-
pare differences between groups in the data of 
behavioral scoring. P-value less than 0.05 was 
considered significant difference.

Results

Sev-N2O anesthesia induced short-term impair-
ment of spatial learning and memory in aged 
rats

There was no hypoxia rats (SpO2<90%) during 
anesthesia, and no dyskinesia and floating rats 
during positioning sailing training. In first day, 
all rats tended to swim to the edge of the pool 
for escape. However, rats gradually learned the 
important of a platform for escape after a plat-
form was placed at the end of each trial. In sec-
ond day, all rats tended to swim to the platform 

for escape, and the latency time (time for locate 
the platform after being put into the pool) was 
significantly less than the first day (P<0.05). 
Repeat the measurement data of latency in two 
groups, and then analyze the data. The rats in 
anesthesia had a significantly longer latency 
time than control group in day 2 (P=0.003), day 
3 (P=0.005), day 4 (P=0.035) and day 5 
(P=0.042) (Figure 1A), but no significant differ-
ence on swimming speed during the trial (Figure 
1B).

The first probe test conducted 24 hours after 
the last positioning sailing training was used to 
assess the memory of spatial. In the first probe 
test, the WS quadrant was the target quadrant, 
and the percentage of time spend in every 
quadrant was recorded. In Figure 1C, two 
groups rats all spent more time in target quad-
rant, but the control group rats spent signifi-
cantly more than the anesthesia group 
(P=0.002). After 7 days of the first probe test, 

Figure 2. Neuronal death increased in rats after 48 hours of Sev-N2O anesthesia. A. Nissl positive cells were signifi-
cantly reduced in anesthesia group rats which were compared with control group. ** was P<0.01 compared with 
control group. B. Expression of the NeuN in CA1 subfield decreased in exposed rats compared with controls. C. More 
neurons apoptotic in CA1 area in Anesthesia group compared with controls, which was detected by doubled stain-
ing with Annexin V-FITC and NeuN. D. Western blot show that the expression of Bax and PARP-1 was significantly 
increased in Anesthesia group compared with controls. ** was P<0.01 compared with control group.
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Figure 3. Sev-N2O anesthesia induced Nampt and RelB protein decrease in rats. A. The expression of Nampt and RelB protein was detected by immunoblotting. ** 
was P<0.01 compared with control group. B. Nampt positive cells and RelB positive cells were decreased compared with controls.
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the second probe test had been conducted, 
and the control group rats did not spent sig- 
nificantly more than the anesthesia group 
(P=0.079) in target quadrant (Figure 1D).

Sev-N2O anesthesia induced neuronal apopto-
sis in rats

After 48 hours of Sev-N2O anesthesia, some 
rats in anesthesia group and control group 
were executed, and the hippocampus was 
removed for Nissl staining, staining with NeuN, 
doubled staining with Annexin V-FITC and NeuN, 
western Blot. As shown in Figure 2A, the  
number of Nissl positive cell in anesthesia 
group was significantly more than controls 
(32.00±3.71 vs 51.30±3.95, P=0.000) (Figure 
2B). And the expression of the NeuN in CA1 
subfield decreased in exposed rats compared 
with controls. 

To confirm the neuronal loss was resulted from 
the neuronal apoptosis, we examined neuronal 
apoptosis by doubled staining with Annexin 
V-FITC and NeuN, and the result shown that the 
Annexin V positive neuronal was significant 
more in CA1 of anesthesia group rats than in 
controls. But most of the Annexin V-positive 
cells also stained positive for NeuN (Figure 2C).

To study the molecular mechanism of neuronal 
apoptosis, the expression of Bax and PARP-1 
protein was detected by western blot. In Figure 
2D, we saw that the expression of Bax and 
PARP-1 protein was significantly increased 
compared with controls (P<0.001).

Sev-N2O anesthesia induced Nampt and RelB 
protein decrease in rats

Western blot and immunofluorescence were 
used to detect the expression of Nampt and 

Figure 4. Expression of Nampt, RelB, Bax, PARP-1 was detected by western blot and hippocampal primary neuro-
nal apoptosis by Flow cytometry. A. P7C3 attenuated Sev-N2O anesthesia induced hippocampal primary neuronal 
apoptosis. B. Nampt and RelB protein were up-regulated, and Bax, PARP-1 proteins were down-regulated by P7C3 
stimulation in advance compared with Sev-N2O group. 
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RelB in hippocampus of two groupsof rats after 
48 hours of Sev-N2O anesthesia. As shown in 
Figure 3, the expression of Nampt and RelB in 
hippocampus of anesthesia group was signifi-
cantly decreased compared with controls 
(P<0.01).

Nampt activator P7C3 attenuated Sev-N2O 
anesthesia induced hippocampal primary neu-
ronal apoptosis

AS shown in Figure 4A, Apoptotic hippocampal 
primary neurons were significantly higher after 
Sev-N2O anesthesia, but P7C3 stimulation in 
advance could attenuate apoptosis. And we 
detected the expression of Nampt, RelB, Bax, 
PARP-1 protein by western blot, it was shown 
that Nampt and RelB protein were up-regulat-
ed, and Bax, PARP-1 protein were down-regulat-
ed by P7C3 stimulation in advance compared 
with Sev-N2O group.

Discussion

POCD could occur in different age, and it is not 
conducive to early postoperative rehabilitation 
and long-term quality of life of patients, and 
advanced age is currently the only widely recog-
nized risk factor for long-term or irreversible 
POCD [26, 27]. With the aging of the age, social 
adaptability will be a progressive loss. When a 
life accident or traumatic event occurs, chang-
es in the environment require the body to be 
more adaptable, the need and abilities are out 
of balance and lead to memory loss in the 
elderly [28].

In addition, β-amyloid naturally exists in the 
central nervous system, and in the elderly brain 
its concentration was significantly higher than 
in adults. Therefore, after general anesthesia 
for elderly patients, it can increase the risk of 
the occurrence and development of POCD by 
directly influencing the aggregation rate of Aβ in 
the brain [29]. In the elderly, the brain is differ-
ent from young people in terms of volume, dis-
tribution, neurotransmitter type, metabolic 
function, and plasticity, which can be more sen-
sitive to the anesthesia-mediated neurotoxicity 
[30]. Based on the above reasons, we use 
18-month-old rats as the object to explore the 
effects and potential mechanisms on cognitive 
function after inhalation anesthesia.

In the present study, we found that Sev-N2O 
anesthesia induced a significant deficit in short-

term spatial learning acquisition and memory 
retention, but it had no significant deficit in 
long-term. As early as 1955, Beford et al. had 
suggested that the occurrence of cognitive dys-
function was associated with narcotic drugs 
[31]. Although inhaled anesthetics can be 
removed from the body very quickly, it may still 
lead to changes in brain morphology and func-
tion over time.

Recently, a randomized controlled trial by 
Meineke et al. showed that elderly patients 
(≥65 years) were given sevoflurane or diflurane 
inhaled anesthesia and maintained appropri-
ate anesthesia depth, and both groups experi-
enced a brief decline in cognitive function after 
anesthesia [32]. And a large number of animal 
experiments also suggested that isoflurane, 
N2O, isoflurane combined with nitrous oxide 
and sevoflurane have neurotoxic effected on 
both adult and elderly brains, and eventually 
lead to impaired cognitive function [33-37]. A 
study by Wikland et al. showed that mice had 
memory dysfunction after 2 hours of inhalation 
of 2.6% sevoflurane, and rats showed dose-
dependent memory impairment after 2 hours 
of exposing to 0.5%, 1.0% and 2% sevoflurane 
[38, 39]. Peng et al. also showed that the 
expression of IGF-1 in elderly rats can be 
reduced after 2 hours of inhalation of 3% seflu-
rane, and its cognitive function is also affected 
[40].

Although many studies have shown that inhaled 
anesthetics can cause postoperative cognitive 
impairment, there are also some arguments 
raised by other researchers [41, 42]. Callaway 
et al. showed that young adult rats and elderly 
rats (22-24 months) after 4 hours of exposing 
to sevoflurane, 1 week later, the behavioral 
experiment suggesting that exposing to sevo-
flurane promote the acquisition of learning, and 
there was no significant difference in the 
extraction of spatial memory between the inter-
vention group of adult rats or elderly rats and 
the corresponding control group [43]. The 
results of this contradiction are not yet reason-
ably explained, but it may be related to the type 
of drug used, dosage, duration of exposure and 
gas carrier, in addition to the animal species, 
age, and rearing environment.

Although we cannot explain the opposite find-
ings from different studies, we can confirm that 
narcotic drugs-induced neuronal apoptosis play 



Nampt/RelB pathway protects learning and memory ability

301 Int J Clin Exp Pathol 2018;11(1):293-303

an important role in the pathogenesis of POCD 
[8, 9]. Therefore, we detected the apoptosis of 
neurons in hippocampus of rats 48 hours after 
Sev-N2O anesthesia. The result shown that the 
neuronal apoptosis and the expression of Bax, 
PARP-1 in hippocampus of rats increased sig-
nificantly after Sev-N2O anesthesia. It was indi-
cated that Sev-N2O anesthesia may cause 
induce short-term POCD by promoting the 
apoptosis of neuronal cells in the hippocampus 
of rats in the present study. 

Nampt is the rate-limiting enzyme for mamma-
lian NAD+ remediation synthesis pathway, and 
it has two functions. Firstly, Nampt could affect 
material synthesis and energy metabolism, 
protein modification, DNA repair and other 
important processes in cell [44]. Secondly, 
Nampt regulates the inflammatory response in 
vivo as an anti-inflammatory factor [45, 46]. 
Recently, lots of studies suggest that Nampt is 
associated with aging and aging-related dis-
eases, and have presented the Nampt-NAD-
sirtuin aging hypothesis [18, 47-50]. As a Rate 
limiting enzyme of NAD and a coenzyme of 
PARP-1, Nampt could protect neurons [48], 
inhibits apoptosis [49] and axonal degenera-
tion [50]. Moreover, Nampt-SIRT1-Relb can 
inhibit the high inflammatory response in vivo 
[45, 46].

In the present study, the expression of Nampt, 
RelB decreased significantly 48 hours after 
Sev-N2O anesthesia, and Nampt activators 
could reduce the apoptosis of hippocampal pri-
mary cells in vitro after 4 hours exposed with 
Sev-N2O bypromoting the expression of Nampt/
RelB. In the lower organisms such as yeast, the 
longevity gene PNC1 can affect the synthesis of 
NAD by synthesizing nicotinic acid, and activate 
Sir2 protein, to extend the life of the function. 
NAMPT plays a similar function to PNC1 in 
mammal. It could fight aging by synthesizing 
nicotinamide mononucleotide for NAD [48]. In 
addition, the expression of Nampt is also asso-
ciated with the development of neurodegenera-
tive diseases. Nampt is widely distributed in 
neurons, and it is helpful to delay the develop-
ment of neurodegenerative diseases by up-reg-
ulating the expression of Nampt, while down-
regulating the expression of Nampt will induce 
cognitive impairment [20-22, 51].

In conclusion, down-regulation of Nampt/RelB 
signaling was closely related to neuronal apop-

tosis in the hippocampus contributed to the 
neurotoxicity and cognitive dysfunction induced 
by general anesthesia with sevoflurane-nitrous 
oxide, and the mechanism may be related to 
the down-regulation of Nampt/RelB expression 
in promoting hippocampal neuronal apoptosis.
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