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ABSTRACT The researchers of the present study aimed to explore the effects and mechanism of general control of
amino acid synthesis 5 like-1 (GCN5L1) in the anaesthesia-induced nerve injury model. In brief, the mRNA and protein
of GCN5L1 expression was up-regulated in the anaesthesia-induced nerve injury model. GCN5L1 protein was increased
in anaesthesia-induced nerve injury by inducing oxidative stress. Meanwhile, over-expression of GCN5L1 promoted
oxidative stress in vitro. Down-regulation of GCN5L1 inhibited oxidative stress in nerve cells. GCN5L1 suppressed the
protein expression of forkhead box O1 (FoxO1) in vivo or in vitro. The activation of FoxO1 attenuated the effects of
GCN5L1 on oxidative stress in vitro. Finally, FoxO1 protein attenuated the effects of GCN5L protein on induced nerve
injury via suppression of nerve apoptosis and oxidative stress in vivo. The researchers concluded that GCN5L1 regulated
anaesthesia-induced nerve injury in newborns through FoxO1 via oxidation effects.
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  INTRODUCTION

In paediatric and obstetric patients, the num-
ber and duration of anaesthesia procedures and
the complexity of surgical procedures have in-
creased. People have begun to pay attention to
the effects or risks of anaesthetics on brain de-
velopment. A large number of infants and young
children undergo anaesthesia every year in Chi-
na (Goyagi 2019). Thousands of parents are con-
cerned about whether surgical trauma and an-
aesthetics will affect the growth and develop-
ment of children (Goyagi 2019). With the devel-
opment of modern science and technology, con-
tinuous progress has also been made in medical
technology (Pietraszek 2018). The investigations
into the mechanism of anaesthetics have prompt-
ed the constant improvement of anaesthetics,
improving the effectiveness while reducing the
damage to the body (Han et al. 2015). Recent clin-
ical studies and animal experiments have suggest-
ed the correlation between the commonly used
anaesthetics in current clinical practice and the
post-operative cognitive dysfunction in patients

undergoing surgery and anaesthesia (Chen et al.
2016b; Han et al. 2015).

Every year, tens of millions of infants and
young children worldwide receive general anes-
thesia because of different diseases or maternal
needs during pregnancy (Goyagi 2019). Wheth-
er early exposure to general anesthesia impairs
children’s neurodevelopment and even causes
long-term intellectual cognitive impairment has
become one of the focuses of attention in the
fields of anesthesiology, neuroscience, and pe-
diatrics (Han 2018 et al; Goyagi 2019). As early
as 2003, it was reported that early exposure to
general anesthetics may lead to brain tissue de-
generation. Long-term or repeated exposure to
general anesthesia may affect children’s neurode-
velopment, pushing the research fever to the peak
(Goyagi 2019). Later, more studies showed that
sevoflurane could lead to abnormal apoptosis of
brain neurons in the early stage, concentrated
in the hippocampus, and even cause negative
effects on long-term learning and cognition (Goy-
agi 2019). Because most infants and young chil-
dren are operated under general anesthesia, it is
of great significance to reduce and improve the
neurotoxicity measures and drug research medi-
ated by general anesthesia drugs (Han et al. 2015).
However, due to ethical constraints and the com-
plexity of human trials, clinical research is diffi-
cult (Han et al. 2015). At present, some progress
has been made in the mechanism of sevoflurane
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neurotoxicity in animal models, and a variety of
corresponding drug intervention measures have
been found. It is of great significance to the neu-
roprotection of children during perioperative
period.

With anesthesiologists’ in-depth research on
patients’ rapid recovery during perioperative
period, it is very important to seek a periopera-
tive management plan that can promote patients’
faster recovery after operation (Goyagi 2019).
At the same time, research shows that postop-
erative cognitive dysfunction (POCD) is one of
the serious complications after general anesthe-
sia, which significantly delays the recovery pro-
cess after surgery and reduces the quality of life
of patients (Goyagi 2019). Therefore, it is very
important to select a reasonable and reliable an-
esthetic method to inhibit the stress response
of surgery. At present, total intravenous anes-
thesia and combined intravenous and inhalation
anesthesia are common general anesthesia meth-
ods in clinical practice (Han et al. 2015). The
former only relies on intravenous anesthetics to
maintain the depth of anesthesia, while the lat-
ter is combined with intravenous anesthetics and
inhalation anesthetics to maintain the anesthesia
effect (Han et al. 2015).

Damage to damaged neurons and glial cells
will cause the release of structural proteins and
metabolic enzymes in brain cells, resulting in
oxidative stress damage. In addition, patients
with intracranial hematoma and the generation
of metabolites in the hematoma will also lead to
oxidative stress damage (Li et al. 2016). Oxida-
tive stress is continuously activated, which will
lead to neurological function of patients (Li et
al. 2016). ROS was initially considered to be a
harmful metabolite. The increase of its level can
cause DNA damage, protein damage, and ulti-
mately lead to cell apoptosis. However, research
has found that ROS is involved in regulating the
activation of multiple intracellular signal trans-
duction pathways, such as FoxO1. FoxO1 is not
enough to resist the damage caused by oxidative
stress.

Forkhead transcription factor of class O1
(FoxO1) is an important regulatory factor for
metabolism in the body, and its activity is nega-
tively regulated by insulin (Li et al. 2016). Over-
activation of FoxO1 can increase the uptake and
oxidation of fatty acids, and simultaneously in-

hibit the utilisation rate of glucose oxidation (Qin
et al. 2010). In the case of excessive intake of
fatty acid beyond the cellular metabolic capaci-
ty, mitochondrial dysfunction would occur, pro-
ducing excessive reactive oxygen species (ROS)
to further cause cell injury (Li et al. 2016; Cic-
carone et al. 2019). Thus, FoxO1 can inhibit oxidative
stress loss and neuronal apoptosis.

The weakened binding of general control of
amino acid synthesis 5 like-1 (GCN5L1) to DNA
can increase gene transcription. GCN5L1 can
bind to E2FA and CYCLINE1 to subsequently
regulate multiple cellular processes, including
cell proliferation, differentiation, cell cycle, and re-
pair of nerve injury (Scott et al. 2018; Lv et al. 2019).

Objectives

The researchers of the present study aimed
to explore the effects and mechanism of GCN5L1
in anaesthesia-induced nerve injury newborn
mice model.

MATERIAL  AND  METHODS

C57BL/6 newborn mice (postnatal days 7)
were maintained at 23 °C ± 2 °C, with a 12-hour-
light dark cycle. All mice were treated according
to the guidelines of the Guide for the Care and
Use of Laboratory Animals. The Laboratory Ani-
mal Care Committee of Yan Tai Yu Huang-ding
Hospital approved all experimental procedures
and protocols.

Management of Experimental Animals

Male C57BL/6 newborn mice were used in
this study, and then randomly assigned into
groups (n=8 mice/every group). Propofol-in-
duced model group, all mice was administered
with 90 mg/kg/every week of propofol for three
weeks (Cui et al. 2011). After the 4th week, mice
were executed for cognitive function testing.

Model + GCN5L1 group, anaesthesia-induced
nerve injury of newborn mice was injected with
100 ng/kg of recombination GCN5L1 protein (IP).

Model + GCN5L1+ FoxO1 group, anaesthe-
sia-induced nerve injury of newborn mice was
injected with 100 ng/kg of recombination GCN5L1
protein and 1μg /kg of recombination FoxO1 (IP).
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Determination of Cognitive Function

The open field test was executed to measure
the emotional responses as described previous-
ly (Valentim et al. 2010). All mice were released in
the centre of the arena (30 cm×30 cm×30 cm).
Activity was assessed as the total distance of
the rat travelled in 10 minutes. Then, the arena
was cleaned with 75 percent alcohol to avoid
the presence of olfactory cues.

The fear conditioning test was executed to
measure as described previously (Li et al. 2014).
All mice were exposed in the conditioning cham-
ber for 3 minutes of accommodation and then
one tone-foot-shock pairing was handed. Fear
conditioning test was executed for 24 hours and
then mice travelled by placing mice back to the
same test chamber for 5 minutes. After 2 hours, all
mice were placed in a novel chamber and the train-
ing tone was delivered for 3 minutes to evaluate
tone fear conditioning. All mice were narcotised
using 35 mg/kg pentobarbital sodium and sacrificed
using decollation for another experiment.

Microarray Experiments

Microarray experiments were performed at
the Genminix Informatics (China). Gene expres-
sion profiles were analysed with the Human Exon
1.0 ST GeneChip (Affymetrix).

Measurement of Oxidative Stress

Serum and tissue samples were collected at
2000 g for 10 minutes at 4 °C and was used to
measure GSH, GSH-PX, SOD and MDA levels
using GSH, GSH-PX, SOD and MDA kits (Nan-
jing JianchengBiological Engineering Research
Institute Co. Ltd.). Absorbance at 450 nm was mea-
sured using a Multiskan Spectrum Microplate Spec-
trophotometer (ThermoScientific™, USA). ROS lev-
els (S0033, Beyotime) were measured using ROS
production levels kit.

Western Blot Analysis

Total proteins werecollected by using RIPA
lysis buffer and protease inhibitor cocktail (1:100,
Beyotime). 50 μg protein samples were loaded
to 10 percent sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis and then transferred

onto polyvinyl difluoride (Thermo Scientific™,
USA) membranes. Membranes was incubated
with GCN5L1 (ab12188, 1:1000, Abcam), FoxO1
(2880, 1:1000, Santa Cruz Biotechnology) and
GAPDH (sc-365062, 1:500, Santa Cruz Biotech-
nology) at 4°C overnight after blocking with 5
percent non-fat milk in tris-buffered saline with
0.1 percent tween 20 (TBST). The membrane was
washed with TBST and then incubated with anti-
rabbit secondary antibody (sc-2004, 1:5000, San-
ta Cruz Biotechnology) for 2 hours at room tem-
perature. Immunoreactive bands were visualised
using the ECL kit (Thermo Scientific™, USA) and
integrated density of the bands was quantified
by Quantity One software (Bio-Rad).

Cell Culture and Transfection

PC-12 cells were obtained from the Shang-
hai cell bank of Chinese Academy of Sciences
and were maintained in RPMI 1640 medium (Hy-
clone, Logan, UT, USA) containing 10 percent
foetal bovine serum (Hyclone) at 37°C with 5
percent CO2 and 95 percent air. GCN5L1 plasmid,
siGCN5L1 and FoxO1 plasmid were purchased from
GenePharma Co. (Shanghai, China).  These plas-
mid were transfected into PC-12 cells using Lipo-
fectamine 2000 reagent (Invitrogen, Carlsbad, CA,
USA) for 24 hours and Propofol (10 μg/mL) was ap-
plied to PC-12 transfection cells for 48 hours at 37 °C
with 5 percent CO2 and 95 percent air.

Statistical Analysis

Data were expressed as the mean ± standard
deviations (SD). Comparisons between groups
of independent samples were assessed by Stu-
dent’s t-test or one-way analysis of variance
(ANOVA) and Tukey’s post test. p values < 0.05
were considered to indicate statistical significance.

RESULTS

The Expression of GCN5L1 in Newborns in
Anaesthesia-induced Nerve Injury Mouse Model

Firstly, to analyse expression changes of
GCN5L1 in newborns of anaesthesia-induced cog-
nitive dysfunction of mouse model, the research-
ers found that there was an induced escape la-
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tency and increased mean path length after five
days of training in mice from the model group
(36±3.2 vs 65±3.5; 410±70 vs 1810 ± 110; all p
<0.01, Fig. 1A-1C). Compared to sham control,
the time in the target quadrant and the number
of times of crossing the former platform location
were both decreased in anaesthesia-induced
mice (76±2.8 vs22±2.2;11.3±0.8vs2.26±0.5; all p
<0.01, Fig. 1D-1E). MDA level was increased,
while the levels of anti-oxidant factors (SOD,
GSH and GSH-px) were decreased in newborns
of anesthesia-induced nerve injury mouse mod-
el (17.66±0.72 vs 53.31±2.72; 11.37±0.57 vs
3.18±0.42; 72.67±5.67 vs 21.76±3.56; 29.89±1.35
vs 8.86±1.59; all p <0.01, Fig. 1F-1J). In addition,
the mRNA and protein expression of GCN5L1
was expanded in mice with anaesthesia-induced
nerve injury, in comparison with sham control
group (1.00±0.68 vs 3.56±0.086; 1.00±0.074 vs
2.25±0.052; all p <0.01, Fig. 1K-1L).

GCN5L1 Regulated Oxidative Stress in
Newborns of Anaesthesia-induced Nerve
Injury Mouse Model

In order to explain the function of GCN5L1 in
newborns of anaesthesia-induced nerve injury
mouse model, the researchers analysed the ef-
fects of GCN5L1 on newborns of anaesthesia-
induced nerve injury mouse model. As a result,
GCN5L1 protein reduced escape latency and
mean path length after five days of training in
mice from the model group (68±3.2 vs 33±3.5;
1920±110 vs 690±150; all p <0.01, Fig. 2A-2C). In
addition, GCN5L1 protein caused less time in
the target quadrant and decreased the number of
times of crossing the former platform location
(25±2.8 vs 72±2.2; 2.1 ±0.8 vs 14.96± 0.9; all p
<0.01, Fig. 2D-2E). GCN5L1 protein induced MDA
levels, and reduced the levels of anti-oxidant fac-
tors in mice from the model group (11.66±0.52 vs

Fig. 1. The expression of GCN5L1 in anaesthesia-induced nerve injury in newborn of mice model
Record chart of determination of cognitive function (A), escape latency (B) and mean path length (C), spent less time
in the target quadrant (D) the number of times the animals crossed the former platform location (E), MDA level (F),
SOD level (G), GSH-px level (H), GSH level (I), GCN5L1 mRNA expression (J), GCN5L1 protein expression (K and
L)
Sham, control sham group; Model, anaesthesia-induced Nerve injury of newborn mice model group
Data were expressed as the mean ± standard deviations (SD)
**p<0.01 versus sham group
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33.31±1.72; 8.37±1.07 vs 4.18±0.42; 66.67±5.67
vs 22.76±3.56; 22.89±1.35 vs 11.86±0.59; all p
<0.01, Fig. 2F-2I). Meanwhile, the protein expres-
sion of GCN5L1 was induced while that of FoxO1
was suppressed in brain tissue of mice from
GCN5L1 group (1.00±0.042 vs 2.32±0.074; 1.00±
0.68 vs 0.43±0.51; all p <0.01, Fig. 2J-2L).

GCN5L1 Regulated Oxidative Stress in
Anaesthesia-induced Nerve Injury
Model In Vitro

To identify the effects of GCN5L1 in oxida-
tive stress in anaesthesia-induced nerve injury,
GCN5L1 plasmid or si-GCN5L1 mimics was trans-
fected to increase or decrease GCN5L1 mRNA
expression in vitro, respectively (1.00±0.058 vs
11.85±0.52; 1.00±0.061 vs 0.39±0.071; all p <0.01,
Fig.3A, 3H). Up-regulation of GCN5L1 enhanced
ROS production levels and MDA levels, and re-

duced the levels of anti-oxidant factors in vitro,
in comparison with negative group (1±0.06 vs
2.27±0.22; 16.66±1.12 vs 63.81±2.82; 7.37±0.57 vs
2.68±0.42; 49.67±2.67 vs 10.76±2.56; 39.89±7.86
vs 2.35±1.59; all p <0.01, Fig.3B-3G). Down-regu-
lation of GCN5L1 weakened ROS production lev-
els and MDA levels, and enhanced anti-oxidant
factors in vitro (1±0.05 vs 0.42±0.07; 15.66±5.81
vs 1.12±0.82; 10.37±1.67 vs 60.18±4.12; 41.67±5.67
vs 252.76±18.56; 55.89±8.35 vs 194.86±12.59; all p
<0.01, Fig. 3I-3N).

GCN5L1 Regulated FoxO1 in
Anaesthesia-induced Nerve Injury

To further explore the reliable biological mech-
anism of GCN5L1 on oxidative stress in anaes-
thesia-induced nerve injury, a gene chip was used
to analyse gene expression. FoxO1 may be a tar-
get for the effects of GCN5L1 in anaesthesia-

Fig. 2. GCN5L1 regulated oxidative stress in anaesthesia -induced nerve injury in newborn of mice model
Record chart of determination of cognitive function (A), escape latency (B) and mean path length (C), spent
less time in the target quadrant (D) the number of times the animals crossed the former platform location
(E), MDA level (F), SOD level (G), GSH-px level (H), GSH level (I), GCN5L1 and FoxO1 protein expression (J,
K and L)
Model, anaesthesia-induced nerve injury of newborn mice model group; Model+ GCN5L1, anaesthesia-in-
duced nerve injury of newborn mice with 100 ng of recombination GCN5L1 protein group. Data were expressed
as the mean ± standard deviations (SD)
**p<0.01 versus anaesthesia-induced nerve injury of newborn mice model group
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induced nerve injury (Fig. 4A). GCN5L1 sensi-
tized GCN5L1 protein expression, and abate-
mented FoxO1 protein expression in vitro (1.00±
0.41 vs 3.02±0.087; 1.00±0.048 vs 0.28± 0.032; all
p <0.01, Fig. 4B-4D). By contrast, down-regula-
tion of GCN5L1 abatemented GCN5L1 protein
expression, and sensitized FoxO1 protein expres-
sion in vitro (1.00±0.025 vs 0.39±0.036; 1.00±0.
034 vs 3.48±0.064; all p <0.01, Fig. 4E-4G).

FoxO1 lighten the effects of GCN5L1 on new-
borns of anaesthesia-induced nerve injury mouse
model.

To confirm the role of FoxO1 on the effects
of GCN5L1 on newborns of anaesthesia-induced
nerve injury mouse model, FoxO1 recombinant

protein (1 μg/kg, Sangon Biotech) was treated
in newborns of anaesthesia-induced nerve inju-
ry mouse model by GCN5L1 protein. As a result,
FoxO1 recombinant protein induced escape la-
tency and increased mean path length after five
days of training in model group treated with
GCN5L1 protein, compared with those only treat-
ed with GCN5L1 protein (68±3.2 vs 36±3.5 vs
62±3.1; 1803±127 vs 623±88 vs 1151±55; all p <0.01,
Fig. 5A-5C). FoxO1 recombinant protein reduced
time spent in the target quadrant and decreased
the number of times crossing the former plat-
form location (24±2.1 vs 682.1±2.2 vs 42±2.7; 4.8±0.3
vs 12.6±0.6 vs 7.2±0.6; all p <0.01, Fig. 5D-5E).
FoxO1 recombinant protein reduced MDA levels,

Fig. 3. GCN5L1 regulated oxidative stress in anaesthesia -induced nerve injury of in vitro model
GCN5L1 mRNA expression (A), ROS production (B and C), MDA level (D), SOD level (E), GSH-PX level (F),
GSH level (G) by up-regulation of GCN5L1; GCN5L1 mRNA expression (H), ROS production (I and J), MDA
level (K), SOD level (L), GSH-PX level (M), GSH level (N) by down-regulation of GCN5L1
Negative, negative mimics group; GCN5L1, up-regulation of GCN5L1 group; si GCN5L1, down-regulation of
GCN5L1 group
Data were expressed as the mean ± standard deviations (SD)
**p<0.01 versus negative mimics group
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and increased the levels of anti-oxidant factors
in model group treated with GCN5L1 protein,
compared with those only treated with GCN5L1
protein (13.66±1.12 vs 56.81±2.52 vs 27.52±2.52;
12.37±0.67 vs 3.18±0.52 vs 7.56±0.71; 37.67±1.67
vs 6.76±1.56 vs 22.99±1.68; 51.89±2.35 vs 12.86±
2.59 vs 30.95±2.36; all p <0.01, Fig.5F-5J). FoxO1
recombinant protein induced the protein expres-
sion of FoxO1 in brain tissue of model group treat-
ed with GCN5L1 protein, compared with those
only treated with GCN5L1 protein (9.66± 0.12 vs
2.51±0.52 vs 5.52±0.32, p <0.01, Fig.5K-5L).

FoxO1 lighten the effects of GCN5L1 on an-
aesthesia-induced nerve injury in vitro.

FoxO1 plasmid also enhancedthe protein ex-
pression of FoxO1 in vitro by GCN5L1 (1±0.07vs
0.18±0.12 vs 0.56±0.11; p <0.01, Fig. 6A-6B). FoxO1
reduced ROS-induced oxidative stress in vitro by
GCN5L1 (1±0.02 vs 2.4±0.1 vs 1.35±0.13; 13.66± 1.12
vs 56.81±2.52 vs 27.52±2.52 ; 12.37±0.67 vs 3.18±0.52
vs 7.56±0.71 ; 37.67±1.67 vs 6.76±1.56 vs 22.99±1.68;
51.89±2.35 vs 12.86±2.59 vs 30.95±2.36; all p <0.01,
Fig. 6C-6H).

DISCUSSION

In consideration of poor tolerance and poor
coordination during surgery in young children,
general anaesthesia is required with effective
and complete analgesia, fewer adverse reactions
to attenuate the disturbance and impact on the
paediatric physiological function and rapid
postoperative wake up (Chen et al. 2016a). Clin-
ical observations have revealed that exposure
to propofol would cause anterograde amnesia
within a certain period of consciousness recov-
ery in patients (Chen et al. 2016a). Recent stud-
ies reported that anterograde amnesia is defined
as the process of forgetting after the event that
has caused the amnesia (Chen et al. 2016a; Hua-
ng et al. 2016). Total intravenous anesthesia is
one of the commonly used general anesthesia
methods for tracheal intubation in clinical prac-
tice. It is mainly used to maintain the depth of
anesthesia required for surgery through intra-
venous injection or target-controlled infusion
of anesthetic drugs (Chen et al. 2016a). It has
the advantages of rapid onset, less irritation in

Fig. 4. GCN5L1 regulated FoxO1 in anaesthesia -induced nerve injury
Heat map (A), GCN5L1 and FoxO1 protein expression (B, C and D) by up-regulation of GCN5L1; GCN5L1 and
FoxO1 protein expression (E, F and G) by down-regulation of GCN5L1
Negative, negative mimics group; GCN5L1, up-regulation of GCN5L1 group; si GCN5L1, down-regulation of
GCN5L1 group. Data were expressed as the mean ± standard deviations (SD)
**p<0.01 versus negative mimics group
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Fig. 5. The activation of FoxO1 reduced the effects of GCN5L1 on anaesthesia-induced nerve injury in newborn
of mice model
Record chart of determination of cognitive function (A), escape latency (B) and mean path length (C), spent less
time in the target quadrant (D) the number of times the animals crossed the former platform location (E), MDA
level (F), SOD level (G), GSH-px level (H), GSH level (I), GCN5L1 and FoxO1 protein expression (J, K and L)
Model, anaesthesia-induced nerve injury of newborn mice model group; GCN5L1, anaesthesia-induced nerve
injury of newborn mice with GCN5L1 protein group; GCN5L1+ FoxO1, anaesthesia-induced nerve injury of
newborn mice with GCN5L1 protein and FoxO1 protein group; Data were expressed as the mean ± standard
deviations (SD)
**p<0.01 versus anaesthesia-induced nerve injury of newborn mice model group; ##p<0.01 versus anaesthesia-
induced nerve injury of newborn mice with GCN5L1 protein group

Fig. 6. The activation of FoxO1 reduced the effects of GCN5L1 on anaesthesia-induced nerve injury in in vitro model
FoxO1 protein expression (A and B), ROS production (C and D), MDA level (E), SOD level (F), GSH-PX level (G), GSH
level (H)
Negative, negative mimics group; GCN5L1, up-regulation of GCN5L1 group; GCN5L1+ FoxO1, up-regulation of
GCN5L1 and FoxO1 group; Data were expressed as the mean ± standard deviations (SD)
**p<0.01 versus negative mimics group
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the induction process, simple use method, and can
achieve good anesthesia effect. However, some
literatures have pointed out that only taking total
intravenous anesthesia can increase the dos-
age of narcotic drugs, resulting in prolonged
postoperative recovery time and increased risk
of complications (Chen et al. 2016a). The apop-
tosis of neurons induced by sevoflurane is re-
lated to the apoptosis pathway of mitochondria
and endoplasmic reticulum induced by stimula-
tion. In addition, inhalation of anesthetics will
break the calcium homeostasis of endoplasmic
reticulum, increase intracellular and mitochon-
drial calcium ions, and ultimately lead to neu-
ronal apoptosis. It can be seen that the decrease
of neuron number at the peak stage of neural
development will inevitably have a negative im-
pact on long-term cognitive function. Oxidative
stress causes different mechanisms of inflam-
mation by activating various transcription fac-
tors, and destroys the integrity of cell membrane
and cell function. Some studies have found that
subclinical sevoflurane exposure will lead to the
imbalance of free radical metabolism in newborn
mice, resulting in the accumulation of reactive
oxygen species and malondialdehyde, a by-prod-
uct of oxidative stress in the plasma. 2.6 percent
sevoflurane exposure will significantly inhibit
the activity of antioxidant enzyme superoxide
dismutase (SOD), resulting in a surge of malon-
dialdehyde in the hippocampus of mice. Timely
removal of these reactive oxygen species can
reduce neuronal death. The inhibition of ERK phos-
phorylation caused by oxidative stress will affect
the normal development of the nervous system.
The above studies show that oxidative stress may
be involved in sevoflurane-mediated neurotoxici-
ty, and there is a certain concentration dependence.
Timely removal of excessive oxygen free radicals
is a potential treatment strategy.

This phenomenon suggests that propofol has
a significant interference effect on the uptake and
transmission of brain memory information (Yang
et al. 2014). The findings demonstrated that
GCN5L1 mRNA and protein expression increased
anaesthesia-induced nerve injury in mice. Man-
ning et al. (2019) showed that GCN5L1 restricts
recovery from ischemia-reperfusion injury.
Meanwhile, Wang et al. (2017) showed that oxi-
dative stress is increased in GCN5L1 KO mice,
which indicated these results existed some op-

posite, and it needs further research whether
GCN5L1 regulates inflammation and its activity as
an acetyltransferase. The researchers will further
study whether GCN5L1 regulates inflammation.

Hypoxia is defined as a pathological process
characterised by abnormal alterations in the
metabolism, function and morphology in cells
and tissues, caused by inadequate supply of
oxygen and disordered use of oxygen (Lu et al.
2017; Guo et al. 2019). Severe or long-term hy-
poxia can cause serious harm to the body (Kal-
imeris et al. 2013). Short-term cerebral hypoxia
can cause symptoms such as headache and rest-
lessness, while severe hypoxia can induce brain
edema, coma, convulsions, and even death (Kal-
imeris et al. 2013; Wang et al. 2019). Severe hy-
poxia can attenuate judgement, while the brain
is highly sensitive to hypoxia, mainly in the hip-
pocampus (Lu et al. 2017). The cognitive func-
tions include learning ability and memory ability.
On the other hand, the findings suggest that up-
regulation of GCN5L1 enhanced ROS -induced
oxidative stress in vitro model. Manning et al.
(2019) conclude that loss of GCN5L1 promotes cell
death via promotion of oxidative stress. This study
showed that GCN5L1 revealed antioxidant activity
by regulation of FoxO1.

Generally, the antioxidant and oxidation sys-
tems in the organism maintain a dynamic bal-
ance (Liu et al. 2018). The imbalance between anti-
oxidation and oxidation system in cells will cause
oxidative stress. There are also many peroxides
and antioxidants in the body. Such as MDA, GSH
and CAT. MDA is the final product of lipid perox-
idation reaction, which will lead to cross-linking
reaction of protein and DNA, resulting in cell death,
and also affect the damage of mitochondrial mem-
brane and cell membrane (Liu et al. 2018). Oxidative
stress can eliminate ROS by activating the expres-
sion of antioxidant stress kinase downstream of
FoxO1(Liu et al. 2018). FoxO1 critically involved in
neuronal apoptosis and survival (Chen et al. 2019;
Ji et al. 2019). However, it requires further investi-
gation on the specific mechanism underlying the
effects of oxidative stress (Chen et al. 2019; Liu et
al. 2019). GCN5L1 suppressed FoxO1 protein ex-
pression in vivo of newborn mice and vitro mod-
el. FoxO1 reduced the effects of GCN5L1 on an-
aesthesia-induced nerve injury in vivo of newborn
mice and vitro model. Wang et al. (2017) reported that
GCN5L1 controls  glucose  levels  through  FoxO1
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levels. These results showed that GCN5L1 sup-
pressed  Fox O1 protein to promote oxidative stress,
however, the mechanism of GCN5L1 regulated Fox O1
was unclear and it needs further research.

CONCLUSION

The results indicate that GCN5L1 mRNA and
protein expression increased anaesthesia-in-
duced nerve injury. GCN5L1 enhanced ROS pro-
duction levels and oxidative stress in anaesthe-
sia-induced nerve injury of newborn mice via sup-
pression of FoxO1 by oxidation effects, which
may have the potential for clinical applications of
anaesthesia-induced nerve injury in newborn
mice.
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