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Background: Postoperative delirium (POD) is a common 
complication after anesthesia and surgery, especially in 
the elderly. RNF146 has neuroprotective effects in cer-
ebral ischemia, hypoxia, and chronic neurological dis-
eases. However, whether RNF146 expression is related 
to the occurrence and development of POD remains 
unclear. Therefore, in this study, we aimed to deter-
mine whether RNF146 is involved in the occurrence of 
POD. Methods: (Sprague-Dawley) male rats (18 months 
old) were splenectomized under sevoflurane anesthe-
sia. The cognitive function of rats at 1, 3, and 7 d after 
anesthesia and surgery was evaluated. Changes in the 
expression of neuroinflammatory cytokines, IL-6 and IL-
10, and RNF146 were measured in the hippocampus in 
both control group (con) and anesthesia (AS) group. We 
examined cognitive outcomes and expression of inflam-
matory factors and RNF146 in con and AS mice using 
cluster analysis. Results: The cognitive ability and mobil-
ity of rats after anesthesia and surgery at day 1, 3, and 
7 decreased, especially at day 3. Similarly, the expres-
sion of neuroinflammatory factors and RNF146 increased 
after anesthesia and surgery at day 1, 3, and 7, and the 
increase was highest at day 3. The clustering and corre-
lation analysis of RNF146 expression in the hippocampi 
of elderly rats revealed a correlation between POD and 
neuroinflammation resulting from anesthesia and sur-
gery. Conclusion: Anesthesia and surgery can lead to 
POD and neuroinflammation. The expression of RNF146 
correlates with delirium and neuroinflammation caused 
by anesthesia and surgery.
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INTRODUCTION

With the progress of modern medicine and the aging 
of the population, the number of elderly patients under-

going surgery and anesthesia is increasing (H et al., 2017; 
Lin et al., 2020). Postoperative delirium (POD) is a com-
mon complication of anesthesia and surgery in elderly 
patients. POD is characterized by mild cognitive impair-
ment, impaired memory, decreased ability to process in-
formation, and reduced attention accompanied by a se-
ries of negative outcomes, including changes in mood, 
personality, and loss of labor ability (Evered et al., 2018). 
Having POD may result in increased morbidity and 
mortality, deteriorating quality of life, and causing other 
physical and psychological diseases, which negatively af-
fect social stability (Carr et al., 2018; Deiner et al., 2017). 
A study reported that patients with POD were nearly 
twice as likely to die within 1 year within 3 months of 
surgery compared with patients without POD (Fodale et 
al., 2010). According to the International Postoperative 
Delirium Study, the incidence of POD in elderly patients 
(>60 years old) is approximately 25.8% within 7 days of 
surgery and 10% within 3 months of surgery (Moller et 
al., 1998). The incidence of POD within 3 months and 
1 year after surgery is approximately 29% and 33.6%, re-
spectively (Deiner et al., 2017; Liu et al., 2022). However, 
the mechanism of POD is unclear. POD occurs due to 
the combined action of susceptibility and predisposing 
factors, and aging is the only independent risk factor 
for the occurrence of POD (Evered et al., 2018). The 
pathogenesis of POD is believed to be mainly caused by 
central nervous system inflammation (Feng et al., 2017), 
oxidative stress (Chen et al., 2020), dysregulations of the 
cholinergic system (Zuo et al., 2018), increased neuronal 
apoptosis (Zhang et al., 2020), and decreased neuronal 
regeneration and synaptic plasticity caused by amyloid 
deposition (Evered et al., 2018). However, neuroinflam-
mation is an important pathological basis for the occur-
rence of POD (Li et al., 2022).

The E3 ubiquitin ligase RNF146 is present in the 
brain, spleen, heart, kidney, and testis (Matsumoto et al., 
2017). Neuronal cytoplasm mainly expresses RNF146 
at a relatively high level in the cortex and hippocampus 
(Yang et al., 2017). Studies have confirmed that RNF146 
has a neuroprotective effect in cerebral ischemia, hy-
poxia, and chronic nervous system diseases (Kim et al., 
2017; Mu et al., 2020) and mediates DNA damage repair 
through PAR-dependent ubiquitination to degrade PAR-
mediated proteins (Andrabi et al., 2011; Koo et al., 2018). 
Cells overexpressing RNF146 exhibited higher survival 
rates after γ-irradiation (Andrabi et al., 2011; Bensih et 
al., 2023). In vitro and in vivo experiments have revealed 
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that RNF146 expression in nerve cells is significantly in-
creased after exposure to low-dose n-methyl-d-aspartic 
acid (NMDA) receptor and sublethal glucose-oxygen 
deprivation or transient bilateral common carotid ar-
tery occlusion in mice, protecting nerve cells from in-
jury (Belayev et al., 2017; Mu et al., 2020). The presence 
of higher RNF146 expression in the brains of patients 
with early Alzheimer’s disease supports a neuroprotec-
tive role for RNF146 (von Rotz et al., 2005). The oc-
currence and clinical manifestations of POD are similar 
to neuroinflammation-related degenerative diseases, such 
as Alzheimer’s disease (Belayev et al., 2017; Evered et al., 
2018). However, whether RNF146 is involved in the oc-
currence and development of POD is unknown. In this 
study, elderly rats were used to induce delirium-like be-
havior during anesthesia and surgery to evaluate changes 
in RNF146 expression in the occurrence of POD. The 
purpose of this paper is to investigate the changes of 
RNF146 expression during POD development, whether 
RNF146 can be a biomarker of POD development, and 
to improve new insights for studying the pathogenesis, 
treatment, and prevention of POD.

MATERIALS AND METHODS

The animal program was approved by the Animal 
Care and Use Committee of Ningxia Medical University 
Medical Center. All animal experiments were conducted 
following the National Institutes of Health Guidelines 
for the Care and Utilization of Laboratory Animals (No. 
2016-124), revised in 2016.

Animals

A total of 72 healthy male SPF (Specific pathogen 
Free) SD rats, aged 18–20 months and weighing 450–
600 g, were provided by the Laboratory Animal Center 
of Ningxia Medical University (IACUC Animal Use Li-
cense number: SCXK (Ning) 2020-0001). The rats were 
randomly divided into six groups (12 animals in each 
group): con group 1, 3, and 7 d without exposure to 
anesthesia and AS group 1, 3, and 7 d after anesthesia 
and surgical intervention. Each cage, measuring 27.94 
cm×15.24 cm×11.43 cm, contained 3–4 animals under a 
12-h light–dark cycle. The rats were provided free access 
to food and water.

Anesthesia and Surgery

Splenectomy was performed under anesthesia with 
sevoflurane in the AS group. In brief, rats were anes-
thetized in an airtight chamber prefilled with 3% sevo-
flurane in 100% O2. Anesthesia was induced by continu-
ous inhalation of 3% sevoflurane in 100% O2 at a rate 
of 1.5 L/min. As soon as the correct reflex disappeared, 
the rats breathed spontaneously after being fixed on the 
operating table. In order to maintain the depth of an-
esthesia, rats were given 100% pure oxygen mixed with 
3% sevoflurane. Splenectomy was performed in the AS 
group according to the methods described in the litera-
ture (Kong et al., 2017; Wang et al., 2017). The operation 
was performed on a heating table and the temperature 
was maintained at 37°C. Skin disinfection was performed 
routinely. First, an incision of 1cm was made, and a sur-
gical field was created. The spleen was bluntly separated 
from the surrounding tissue. Then the blood vessel was 
ligated with 6-0 thread, and the distal blood vessel was 
cut after the spleen was taken out. Abdominal muscles 
and skin were sutured with 4-0 silk thread. The incision 

was locally infiltrated with ropivacaine (1%, 1 mL), and 
erythromycin ointment was applied to the incision. The 
rats were kept at 37°C±0.5°C from anesthesia until they 
woke up. The entire operation was completed in 30 min, 
and a sine individual performed all the surgical opera-
tions. The rats in the con group were placed in the air-
containing induction chamber for 30 min.

Morris water maze test

The Morris water maze (MWM) test of spatial memo-
ry and cognitive ability was performed in splenectomized 
rats. The MWM consists of a circular pool of 120 cm 
in diameter and 50 cm in height. The pool was divided 
into four quadrants. A circular platform with a diameter 
of 15 cm was fixed in the middle of the second quad-
rant. The platform was immersed 1 cm underwater, with 
a water temperature of 22°C±2°C. A camera was placed 
above the maze to record the rats’ movements. The test 
included the following: (1) Positioning navigation experi-
ment: The experiment was conducted at the same time 
every day, once a day for 5 consecutive days. The time 
for rats to find the platform was recorded as escape la-
tency. The automatic camera system and computer analy-
sis and processing system recorded escape latency. If the 
rat could not find the platform within 60 s after entering 
the water, it was led to the platform and allowed to stay 
on it for 15 s to guide its spatial learning and memory. 
In such cases, the escape incubation period was recorded 
as 100 s; (2) Space exploration experiment: The platform 
was removed on the second day after the positioning 
navigation experiment, and the rat was placed into the 
water facing the pool wall at the entry point of 1/2 arc 
in the fourth quadrant. The computer recorded the time 
it took the rat to reach the original platform position, 
the number of times it crossed the platform position, 
and the total swimming distance within 60 s. The sam-
ples were collected after the behavioral experiment.

IntelliCage test (automated IntelliCage testing)

The IntelliCage test (TSE Systems GmbH, Germany; 
http://www.newbehavior.com) assessed spontaneous be-
havior and spatial learning in rats raised in groups. Af-
ter surgery, the rats in each experimental group were 
put in the IntelliCage box before adding water and feed 
and changing the padding regularly. A miniature signal 
transceiver was injected into the neck of the rats (used 
to record activity) (Wu et al., 2017). The labels of each 
group of rats injected were input in the IntelliCage test 
software (IntelliCage plus). The experimental test could 
detect when the rats entered the corner, and the system 
recorded it as a “visit”. Two water bottles were placed 
in each corner, and the system records a “nose-poke” 
when rats touch their noses. When a rat licks a water 
bottle for a drink, the system records it as a lick. The 
IntelliCage test was designed in four stages: (1) Free ex-
ploration: The number of corner visits and nose contacts 
of each rat was recorded to assess the ability of the rat 
to adapt to the new environment for 3 d. (2) Nose-poke 
learning: The times of corner visits and a nasal touch 
of each rat were recorded to evaluate the learning and 
memory ability of the rat for 5 d. POD modeling was 
performed after nose contact learning. (3) Position learn-
ing: The correct access ratio of each rat was recorded to 
evaluate the spatial position learning ability for 3 d. After 
the end of the learning behavior, all rats had access to 
all corners and vial vents. (4) Position reversal learning: 
the diagonal corner of the “correct” area in the previous 
spatial position learning stage was defined as “correct” 
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and the rest as “wrong.” The number of times each rat 
visited the correct corner was recorded to evaluate the 
learning ability of spatial position for 3 d.

Nesting test

The nesting experiment is used to evaluate the be-
havior and habits of rats. Before the experiment, each 
rat was placed in a new sterilized cage, facial tissue was 
added (the thickness of the cage was ~1.5 cm), and 10 
pieces of clean, unscented tissue paper were placed in 
the cage (close to the side wall of the cage, and not right 
below the water bottle). The rectangular paper measured 
10×6 cm. After the rats were put in, the cage was cov-
ered, and the room lights were turned off. The experi-
ment generally started from 16:00 to 18:00, and all rats 
were placed within 1 h to reduce experimental errors. 
The nesting situation of the rats was scored at 24 h.

Score with reference to the literature: 1 = no obvi-
ous bite marks on the paper; 2 = partial shredding of 
the paper; 3 = scrap most of the paper; 4 points = flat 
nest can be identified; 5 = perfect nest. The experiment 
was double-blind, scored by more than three trained ex-
perimenters, and each experimenter’s rating of a rat was 
evenly divided into the rat’s nesting score.

Western blotting

After MWM, six animals in each group were injected 
with cold PBS (phosphate buffered saline) and normal 
saline through the cardiac vein under deep anesthesia, 
and their brains were quickly removed. Brain tissue was 
homogenized in a mixture of RIPA lysis buffers, phos-
phatase, and protease inhibitors and incubated in ice for 
30 min. The lysates were then ultrasonicated and cen-
trifuged at 13 000×g at 4°C for 30 min. Protein samples 
were quantified using a BCA protein determination kit 
(Thermo Scientific, Waltham, MA, USA) and concentra-
tions were determined using a spectrophotometer (MUL-
TISKAN MK3, Thermo Scientific). Subsequently, the 
samples were mixed with 5× sample buffer, balanced with 
double distilled water, and heated at 100°C for 5 min. An 
equal amount of protein in each sample was separated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
on a 10% gel and then electrophoretically transferred to 
a polyvinylidene fluoride membrane (Bio-Rad, Hercules, 
CA, USA). Blocking was performed with 10% skim milk 
in Tris-buffered saline and Tween-20 (0.1%) (TBST) for 
2 h. Then the membranes were immunoblotted with pri-
mary antibodies (RNF146, 1:1000, ab2736529, Invitrogen, 
USA; IL-6, 1:1000, ab9324, Abcam, USA; IL-10, 1:1000, 
DF6894, Affinity Biosciences, China) overnight. After 
being incubated with secondary antibody (1:5000, anti-
rabbit antibody, ab150077, Abcam), signal detection was 
performed by Odyssey infrared laser imaging system, fol-
lowed by gray intensity analysis.

RT-PCR

Total RNA of the hippocampus was extracted using 
TRIzol reagent according to the manufacturer’s protocol 
(TransGen Biotech). The reaction system was config-
ured with a real-time quantitative PCR kit using 2 μL 
DNA as a template, and the reaction was amplified in 
vitro by quantitative PCR. The expression level of miR-
RNF146 (internal reference GAPDH) was analyzed us-
ing the 2–∆∆CT method. The primers used for real-time 
fluorescent quantitative PCR are shown in Table 1. The 
primers and sequencing reactions were sent to Shanghai 
Sangong Bioengineering Co., Ltd.

ELISA

The hippocampus was homogenized with an extrac-
tion buffer containing 5 mol/L guanidine hydrochloride 
in 50 mmol/L Tris-HCl and a protease inhibitor cocktail 
containing a serine protease inhibitor AEBSF, according 
to the manufacturer’s instructions (Jiang Lai, China). In 
brief, the samples were centrifuged at 16 000×g for 20 
min at 4°C and the supernatant was diluted from 1:2 
to 1:10, added to ELISA plates coated with anti-mouse 
IL-6 or IL-10 antibody, respectively, and then incubated 
for 2 h at RT. After the samples were washed, they were 
incubated with 100 μL of IL-6 or IL-10 detection an-
tibody for 1 h at RT, washed, and incubated with 100 
μL of horseradish peroxidase labeled anti-rabbit antibody 
for 30 min at RT. Then the stop solution was added, 
and absorbance was measured at 450 nm with a spec-
trophotometer (Nanodrop2000C, ThermoScientific). The 
protein samples were quantified using an ELISA assay 
kit (Jiang Lai, China) and the concentration was deter-
mined with a spectrophotometer. The concentration of 
IL-6 and IL-10 was expressed in pg/mg tissues.

Immunofluorescence

All six animals in each group were deeply anesthe-
tized with 5% chloral hydrate, infused with normal saline 
through the cardiac vein, and bled simultaneously in the 
right atrium. The animals were given 4% paraformalde-
hyde in 0.1 mol/L phosphate buffer (pH of 7.4) 24 h af-
ter MWM. The brain was removed and stored overnight 
in 4% paraformaldehyde at 4°C. Continuous 30-μm cor-
onal sections were cut from the frozen samples using a 
cryoslicer (Thermo Scientific HM430, Microm, Germa-
ny). The frozen sections were warmed at RT for 30 min 
and washed three times with TBS for 5 min each. The 
sections were blocked with 5% BSA and incubated with 
antibodies overnight at 4°C (RNF146, 1:200, ab2736529 
Invitrogen, USA; IL-6, 1:200, ab9324, Abcam, USA; IL-
10, 1:200, DF6894, Affinity Biosciences, China). Then 
the samples were washed three times with TBS, incu-
bated with CY3-labeled goat anti-rat IgG (H+L) (1<500) 
at RT for 3 h, and washed with TBS three times for 10 
min each. The tablets were sealed with anti-fluorescence 
quenching tablets containing DAPI (4’,6-diamidino-
2-phenylindole) and photographed using a fluorescence 
microscope (The Chongqing Optical Instrument Fac-
tory). Average fluorescence intensity was analyzed us-
ing the image analysis software ImageJ1.48. The coronal 
plane of brain tissue in the hippocampus was included 
in the samples of three rats in each group for observa-
tion and analysis. The middle piece was selected to be 
photographed, and the average fluorescence intensity of 
CA1 in the hippocampus of each sample was calculated 
to compare differences between groups.

Statistical analysis

Data were analyzed using the SPSS21.0 software 
(SPSS Inc., Chicago, IL, USA). Measurement data were 
expressed as mean ± standard deviation (mean ± S.D.). 
Table 1. Primers used for real-time fluorescent quantitative PCR

Primer name Primer sequence (5’–3’)

RNF146-sense ATAAGAAGGCGAGTGAGACC

RNF146-anti AGGGCAGACTGACTGGATGA

GAPDH-sense ACAACTTTGGCATTGTGGAA

GAPDH-anti GATGCAGGGATGATGTTCTG
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One-way analysis of variance (ANOVA) was used to 
compare means between groups, SNK-q test (Student-
Newman-Keuls) was used for pairwise comparison, and 
repeated measures analysis of variance was used for the 
water maze test. P<0.05 was considered statistically sig-
nificant, and the test level of homogeneity of variance 
was 0.1.

RESULTS

Learning and memory ability before anesthesia and 
surgery

The water maze and IntelliCage experiments were 
conducted to evaluate the learning and spatial memory 
ability of rats before anesthesia and surgery. The repre-

sentative tracking’s of rats’ movement in the test session 
were shown in Fig. 1A. During the positioning naviga-
tion stage of the water maze experiment, no statistical-
ly significant differences were observed in the learning 
abilities of the rats in the AS and con groups (Fig. 1B, 
1C). During the free exploration and nose-poke learning 
stage in the IntelliCage system, no statistically significant 
differences were observed in the total number of cor-
ner visits and lickings between the AS and con groups 
(Fig. 1G, 1H). The results showed that the two groups’ 
cognitive learning ability was the same under normal 
conditions. The test was performed at the end of spatial 
learning on day 5. The learning ability level of the two 
groups was the same, with no statistically significant dif-
ference (Fig. 1B). The influence of individual differences 
and groups on the experiment was excluded.

Figure 1. Behavioral changes in aged rats after anesthesia and surgery
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Anesthesia and surgery induced decrease in learning 
and memory and decreased purposeful behavior.

The rats underwent behavioral evaluation after anes-
thesia and surgery. In the water maze experiment, com-
pared with the con group, the escape latency of rats 1, 
3, and 7 d after surgery in the AS group was longer 
(Fig.  1D) and the number of platform crossings was 
smaller (Fig.  1E). In the AS group, the escape laten-
cy time was the longest (Fig. 1D) and the number of 
platform crossings was the lowest (Fig. 1E) on day 3 af-
ter surgery compared with days 1 and 7 after surgery, 
whereas the parameters in the con group were not sta-
tistically different (Fig. 1F). During the spatial learning 
exploration in the IntelliCage experiment, the number of 
correct accesses and licks was significantly lower in the 
AS group than the con group (Fig. 1I), suggesting that 
learning and spatial memory decreased within 3 d after 

the operation. In the inverse spatial learning exploration 
stage, the correct visits and licks of the AS group were 
significantly lower than those of the con group (Fig. 1J), 
suggesting that the learning and spatial memory ability of 
rats decreased within 7 d after anesthesia and operation. 
At the end of the experiment, the three groups of rats 
did not lose weight, excluding the interference of post-
operative pain.

The nesting experiment was performed at the end of 
the water maze experiment 3 d after surgery. The con 
group rats tore most of the pieces of paper and the piec-
es were orderly stacked to build a complete nest, result-
ing in high nesting scores. Rats in the AS group tore a 
few pieces of paper, stacked a few pieces of paper or did 
not stack to build nests, with only embryonic nests or 
no nests, and the nesting scores decreased significantly 
(Fig. 1K). Compared with the con group, the difference 

Figure 2. Neuroinflammatory response was induced in aged rats after anesthesia and surgery



870           2023Y. Gao and ot6hers

was statistically significant (Fig. 1L). The results indicated 
that the executive function and daily activity ability of 
rats undergoing anesthesia and operation decreased.

Anesthesia and surgery induced changes in the levels 
of neuroinflammatory factors

To evaluate central nervous system inflammation in 
rats after anesthesia and surgery, we tested the expres-
sion of IL6 and IL-10 in the CA1 region of the hip-
pocampus (Fig. 2A, 2E). Results from western blot anal-
ysis and immunofluorescence showed that the expres-
sion and fluorescence intensity of IL6 and IL-10 in the 
hippocampus of the AS group increased at 1, 3, and 7 
d after surgery compared with those of the con group 
(Fig. 2B, 2D, 2F, 2H). In the AS group, the protein 
content and fluorescence intensity of IL-6 and IL-10 at 
3 d after surgery were higher than those at 1 and 7 d 
after surgery (Fig. 2B, 2D, 2F, 2H). ELISA results were 
consistent with western blot and immunofluorescence 
tests (Fig. 2C, 2G).

Anesthesia and surgery induced changes in RNF146 
expression

We detected changes in the expression of RNF146 
in CA1 region after anesthesia and surgery (Fig. 3A). 
It shows that compared with the con group, the pro-
tein expression and fluorescence intensity of RNF146 
in the hippocampus of the AS group increased 1, 3, 
and 7 d after surgery (Fig. 3B, 3D). Compared within 
the AS group, the protein expression and fluorescence 
intensity of RNF146 in the hippocampus of the AS 
group at 3 d after surgery were higher than those at 
1 and 7 d after surgery. These results confirmed the 
high expression of RNF146 protein content and flu-
orescence intensity in neurons induced by anesthesia 

and surgical stimulation in aged rats. The results of 
RT-PCR experiment showed that compared with the 
con group, the expression of miR-RNF146 in the hip-
pocampus of the AS group was higher at days 1, 3, 
and 7 (Fig. 3C). In the AS group, miR-RNF146 in the 
hippocampi of rats 1 day after surgery was lower than 
that in rats 3 d after surgery (p < 0.05), and miR-
RNF146 in the hippocampal region of rats 3 d after 
surgery was lower than that in rats 7 d after surgery 
(Fig. 3C).

Correlation analysis of RNF146 with behavioral and 
neuroinflammatory factors

Experimental data parameters were analyzed by hi-
erarchical clustering and correlation testing. Figure 4 
shows the correlation between RNF146, inflammatory 
cytokines IL-6, IL-10, and behavioral data. The rela-
tive expression of RNF146 was positively correlated 
with the relative expression of inflammatory factors 
IL-6 and IL-10 (Fig. 4) and was negatively correlated 
with the escape latency in the water maze experiment, 
which showed significant correlation (p<0.05). It is 
indicating that after anesthesia/surgery, the expres-
sion of endogenous brain protective protein RNF146 
is associated with hippocampus-dependent cognitive 
impairment and central nervous system inflammation. 
The expression of RNF146 was negatively correlated 
with the number of times that rats crossed the plat-
form in the water maze, again demonstrating its cor-
relation with hippocampus-dependent cognition. In 
addition, the correlation coefficients between RNF146 
expression and cognition-related indicators in the In-
telliCage system were concentrated between 0.1 and 
0.4, but the correlation was not significant.

Figure 3 Expression of RNF146 in aged rats after anesthesia and surgery
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DISCUSSION

The study investigated the involvement of RNF146 
induced by anesthesia and surgery in aged rats and dis-
sected the molecular mechanism underlying this regula-
tion. Ho Chul Kang stated that RNF146 regulates cell 
survival and DNA repair by ubiquitinating PAR and 
blocking AIF nuclear translocation to inhibit parthana-
tos cell death (Kang et al., 2011). In the oxygen and 
glucose deprivation/reoxygenation (OGD/R) model, 
NPD1 induces activation of the Wnt/β-catenin pathway 
through upregulation of RNF146, enhanced cell surviv-
al, decreased oxidative stress markers, and a lower level 
of autophagy (Mu et al., 2020). With reference to Ismail 
Nurul Iman and others (Iman et al., 2021), this study 
combined the IntelliCage experiment and the traditional 
water maze experiment and nesting evaluation of elderly 
rats to assess learning and memory and ability to care 
for themselves. The findings revealed that learning and 
memory and ability for daily living of aged rats after an-
esthesia decreased on days 1, 3, and 7 after surgery, and 
the abnormal neurobehavioral function recovered on day 
7 after surgery. Clinical evidence also shows that POD 
occurs mostly within 24–72 h after surgery. Most pa-
tients heal within 1 week, but some patients may devel-
op long-term cognitive dysfunction. Animal experiment 
studies have shown that the appropriate time period for 
observing delirium-like behavior changes in rodents after 
anesthesia is 24–48 h, and neurobehavioral changes are 
the most obvious at this time. These results are consist-
ent with our findings. Neuroinflammation causes deliri-
um after general anesthesia in rodents (Cao et al., 2010; 
Dong et al., 2016). In animal models, the synthesis and 
release of proinflammatory factors can damage nerve 
formation and synaptic plasticity and nerve repair func-
tion (Belarbi et al., 2012; Liu et al., 2018). Studies have 
shown that anesthesia and surgery increase the level of 
IL-6 in the hippocampi of aged wild-type mice, result-
ing in cognitive dysfunction in aged mice. The use of 
the IL-6 antibody can improve cognitive dysfunction af-
ter peripheral trauma in aged wild-type mice. In addition, 
anesthesia did not affect the level of IL-6 in the hip-
pocampi of IL-6 gene knockout rats, nor did it lead to 
cognitive impairment in aged IL-6 gene knockout rats, 
suggesting that the increase of IL-6 may be involved in 

the cognitive dysfunction caused by anesthesia surgery 
(Dong et al., 2016; Naveed et al., 2022; Muhammad AS 
et al., 2023; Waseem et al., 2023). After anesthesia sur-
gery, aged rats exhibited impaired spatial memory and 
significantly higher expression of inflammatory factor 
IL-6 within 1 and 3 d after surgery. Spatial memory is 
improved, and the expression of inflammatory factors is 
downregulated 7 d after surgery (Cao et al., 2010). Stud-
ies have indicated that IL-10 is not only closely related 
to autoimmune diseases and infectious diseases, but also 
has neuroprotective effects in cerebral ischemia, hypoxia, 
and chronic nervous system diseases (Morris et al., 2018; 
Sudheimer et al., 2014; Wang et al., 2019). Furthermore, 
in in vitro experiments, M2-type microglia produced 
IL-10 and TGF-β to reduce the neuronal cell damage 
caused by OGD, and this response was downregulated 
when the damage or pathogen was removed (Ahmad et 
al., 2023; Zhao et al., 2017). Li et al. reported that in the 
rat model of acute cerebral ischemia, IL-10 increased 
sharply 6 h after surgery, suggesting the activation of the 
anti-inflammatory system (Li et al., 2001). In clinical stud-
ies, IL-10 in acute cerebral infarction began to rise at 24 
h after surgery, reached a peak at 3 d after surgery, and 
then gradually decreased (van Exel et al., 2002) IL-10 has 
similar biological activities in humans and mice (Moore 
et al., 2001). In our study, the expressions of IL-6 and 
IL-10 in the hippocampi of aged rats at 1, 3, and 7 d af-
ter anesthesia were higher than that in the control group, 
and the expressions increased most significantly on day 
3 after anesthesia. Our findings coincide with the results 
of other studies, suggesting that inflammatory and anti-
inflammatory effects exist simultaneously in the nervous 
system after anesthesia and surgery.

RNF146, also known as Iduna, has two important 
functional regions in its N terminus: E3 ubiquitin ligase 
active region and PAR binding region, and the C3HC4 
RING finger domain in amino acids 35–77 showed E3 
ubiquitin ligase activity (Belayev et al., 2017; Koo et al., 
2018). When glutamate excitatory toxicity, oxygen glu-
cose deprivation, and other sublethal stimuli caused 
neuronal damage, RNF146 could recognize PARP1 to 
ubiquitinate and degrade axin/tankyrase through WWE 
domain-mediated PARP1, positively regulate Wnt/β-
catenin signaling pathway, and inhibit autophagy-induced 
death. It can reduce the excitatory toxicity of glutamate 
and damage of neurons induced by oxygen and sugar 
deprivation, and play a role in protecting neurons from 
damage (Mu et al., 2020). In addition, RNF146 binds to 
apoptosis-inducing factor, a key death molecule in the 
parthanatos death pathway, and prevents the nuclear 
translocation of apoptosis-inducing factor in the mi-
tochondria (Andrabi et al., 2011). Thus, glutamate and 
NMDA receptor excitotoxicity-mediated cell parthanatos 
death is inhibited and brain protective effect is generated 
(Yang et al., 2017). The Wnt signaling pathway plays an 
important role in POD. A study showed that treatment 
with 3.6% sevoflurane for 6 h inhibited the Wnt/b-
catenin signaling pathway, thereby increasing GSK-3 
β- and decreasing β-catenin. By inhibiting this pathway, 
sevoflurane downregulates annexin A1, thereby breach-
ing the blood–brain barrier and inducing POD. How-
ever, it is unclear whether increasing the expression of 
RNF146 can activate the Wnt/β-catenin pathway and in-
crease the concentration of β-catenin, thus inhibiting the 
occurrence of POD (Hu et al., 2016). However, our find-
ings revealed that the expression of RNF146 in the hip-
pocampi of aged rats increased 1, 3, and 7 d after sur-
gical anesthesia, especially on day 3, when the increase 
was the most obvious. This change was consistent with 

Figure 4. Heat maps of RNF146 and parameters of anesthesia 
and surgical induction in rats
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neurobehavioral changes and expression of neuroinflam-
matory factors IL-6 and IL-10 in the brain. Correlation 
analysis showed that the relative expression of RNF146 
was positively correlated with the relative expression 
of inflammatory factors IL-6 and IL-10, as well as the 
escape latency in the water maze experiment, with the 
correlation coefficients being 0.90 and 0.99, respectively, 
and the correlation was significant.

RNF146 is an endogenous protective protein. When 
the body receives injury, RNF146 increases its reactiv-
ity and defends against external injury. Studies have con-
firmed this phenomenon. After exposure to low-dose 
NMDA and sublethal OGD or transient bilateral com-
mon carotid artery occlusion, the expression of RNF146 
in mice nerve cells significantly increased to protect the 
nerve cells from injury. RNF146 may play the same role 
as anti-inflammatory factors such as IL-10 in the occur-
rence of POD.

CONCLUSION

Our findings reveal that after anesthesia and surgery, 
rat spatial learning and memory ability decreases and 
RNF146 expression increases and the level of IL-6 and 
IL-10 increases. Hierarchical cluster analysis showed that 
the expression of RNF146 was related to the degree of 
central nervous system inflammation and spatial learning 
and memory impairment. RNF146 may play a neuropro-
tective role similar to that of the anti-inflammatory fac-
tor IL-10. However, the mechanisms involved need to 
be investigated. In addition, the limitation of this study 
is that RNF146 was not knocked down or overexpressed 
in rats to verify the mechanism of action of RNF146 in 
POD. This will be a topic of research for the future.
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