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Prostaglandin endoperoxide synthase 2 (PTGS2) is a rate-limiting enzyme of prostaglandin (PGs) 
production, mediating perioperative inflammatory response. This study aimed to explore the 
mechanisms underlying the involvement of PTGS2 in postoperative cognitive dysfunction (POCD). 
Transient bilateral common carotid artery occlusion (tBCCAO) was performed to induce POCD. 
The Morris water maze test was used to assess the cognitive function. PTGS2 expression in the 
hippocampus and plasma was measured. Hippocampal RNA sequencing was performed to determine 
the pathological basis of POCD. In vivo, the mice were treated with or without a selective PTGS2 
inhibitor during the perioperative period. The hippocampi were isolated to detect inflammation 
and oxidative damage. In vitro, PTGS2 was silenced in BV2 microglial cell lines, and oxygen-glucose 
deprivation/reoxidation (OGD/R) was performed. Conditioned medium from BV2 cells was collected to 
culture HT22 hippocampal neurons. Proinflammatory factors and oxidative damage were detected in 
BV2 and HT22 cells, respectively. The results indicated that the expression of PTGS2 in the plasma and 
hippocampal tissue of POCD mice was increased and that hippocampal inflammation is an important 
biological process in POCD. Inhibition of PTGS2 alleviated hippocampal inflammation, and the Morris 
water maze test showed improved learning and memory functions that were previously impaired. In 
addition, the inhibition of PTGS2 prevents OGD/R-induced microglial activation and alleviates neuronal 
injury. In conclusion, PTGS2 may be a culprit in POCD.
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Postoperative cognitive dysfunction (POCD) is a common perioperative neurocognitive complication observed 
in patients of all ages1,2. The combined incidence was approximately 29%, owing to the heterogeneity of the 
evaluation index and study participants3. POCD prolongs the hospital stay, induces depressive mood, and 
increases the risk of postoperative mortality4. Hence, understanding the mechanism of POCD can help establish 
preventive and control measures.

Growing evidence suggests that neuroinflammation is a potential contributor to POCD5, leading to 
cognitive impairment through mechanisms such as increasing blood–brain barrier permeability and inducing 
mitochondrial dysregulation6,7. The inhibition of hyperactive neuroinflammatory responses is a common 
therapeutic strategy for POCD8. Microglia are major players in POCD-associated neuroinflammation9. Activated 
microglia have been frequently reported to upregulate the expression of Prostaglandin endoperoxide synthase 
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2 (PTGS2)10. PTGS2 plays a pivotal role in inflammatory signaling and associated pathological processes. 
Under normal physiological conditions, PTGS2 expression is relatively low; however, it is rapidly upregulated in 
response to inflammatory stimuli or trauma11. As a key enzyme, PTGS2 catalyzes the conversion of arachidonic 
acid into prostaglandins, including PGE2, which act as critical mediators of inflammation12. PTGS2 not only 
modulates inflammatory responses by regulating signaling pathways such as nuclear factor-kappa B (NF-κB)13, 
but also indirectly influences the expression of multiple proinflammatory cytokines, including interleukin-6 (IL-
6) and tumour necrosis factor-alpha (TNF-α), through the production of PGE214.

In clinical practice, selective PTGS inhibitors have been shown to protect against postoperative cognitive 
decline. According to a retrospective population-based cohort study, the use of selective PTGS2 inhibitors 
reduced the risk of postoperative cognitive impairment by more than 15%15. Recent findings indicate that in 
adults with hyperlipidaemia who received parecoxib before surgery, the incidence of postoperative delirium was 
13.72% and 12.39% lower than that in the placebo group16. Studies in animal models have shown that PTGS2 
expression increases in the hippocampus after surgery17,18. Inhibiting hippocampal PTGS2 overexpression 
improves cognitive function in POCD rats19.

In this study, we explored the possible mechanisms by which PTGS2 is involved in POCD.

Methods
Animals
Four-month-old male C57BL/6 mice weighing 26–30 g were used in this study (Chengdu Dossy Experimental 
Animals Co., LTD, China). In vivo experiments have been ethically approved by the Ethics Committee of 
Laboratory Animal Care and Welfare of Southwest Medical University, Chairman Minhai Nie, April 18, 2022 
(approval number SWMU20220029, Luzhou, China). In addition, the experiments conformed to ARRIVE 
Guidelines 2.0 and were in accordance with the National Research Council’s Guide for the Care and Use of 
Laboratory Animals. All the animals were housed in specialised rodent cages (n = 5/cage). Animals had ad 
libitum access to standard rodent chow and water under standard breeding conditions at 22 °C. Before the 
experiment, the animals were acclimated to natural light for one week.

Transient bilateral common carotid artery occlusion (tBCCAO) has been used to induce cognitive 
impairment in mice20 to simulate POCD caused by intraoperative hemodynamic fluctuations21. In the first in 
vivo experiment, 28 mice were randomly assigned to the following two groups using simple randomisation 
(n = 14/group): control group and surgery group. Mice in the Surgery group underwent tBCCAO. Anaesthesia 
was administered with isoflurane, 4% for induction, and 2% for maintenance22. After 30 min, the mice with no 
response to pain were placed in the supine position and immobilised. In the middle of the neck, an incision (2 
cm) was made. The bilateral common carotid arteries were separated, clamped for 10 min, and then reperfused 
for 10 min; this process was repeated three times. The incision was rinsed with saline and closed using sterile 4 − 0 
surgical suture. The time from anaesthesia induction to resuscitation lasted for approximately 2 h. Postoperative 
analgesia was administered by intraperitoneal injection of fentanyl (2 µg/kg) and local infiltration of the incision 
with 2 mL of 1% ropivacaine. The mice in the control group underwent the same surgical procedure without 
ligation of the bilateral carotid arteries. The timeline shown in Fig. 1A illustrates the experimental protocol.

Eighty mice were randomly assigned to four groups (n = 20 mice/group): control, Cele, Sur, and Cele 
+ Sur. According to a preclinical study23, mice in the Cele and Cele + Sur groups received daily intraperitoneal 
injections of celecoxib (20 mg/kg/day; #DL2227, Pfizer Inc., United States) from 3 days preoperatively to 3 days 
postoperatively. In addition, mice in the control and Sur groups received intraperitoneal injections of the same 
volume of vehicle (normal saline containing 20% dimethyl sulfoxide [; #D8370, Solarbio, China]). The mice in 
the Sur and Cele + Sur groups underwent tBCCAO. The timeline shown in Fig. 2A illustrates the experimental 
protocol.

Cell treatment
The BV2 mouse microglial cell line (RRID: CVCL_0182) and HT22 mouse hippocampal neuronal cell line 
(RRID: CVCL_0321) were used (Procell Life & Technology Co., Ltd., China). BV2 and HT22 cells were cultured 
with Dulbecco’s Modified Eagle Medium (DMEM, #C11995500BT, ThermoFisher Scientific, United States) 
supplemented with 100 U/mL penicillin/streptomycin and 10% foetal bovine serum (#PS-FB5-SA1, PeakSerum, 
United States) in a carbon dioxide (CO2) incubator (37 °C, 5%).

According to the manufacturer’s protocol, short hairpin ribonucleic acid (shRNA) was transfected into 
BV2 cells (Hanbio Biotechnology Co., Ltd., China). The shRNA sequences are listed in Supplementary Table 
1. shRNA-PTGS2 with a PTGS2 inhibition rate of 64.96 ± 3.01% (P < 0.0001) was selected for subsequent 
experiments (Supplementary Fig. 1 A-B).

BV2 cells were transfected with either shRNA-PTGS2 (B-sh-PTGS2 group) or shRNA-NC (negative control 
(B-NC group). These two groups were treated with oxygen-glucose deprivation/reoxidation (OGD/R), similar 
to the B-sh-PTGS2-OGD and B-NC-OGD groups. The conditioned media of BV2 cells in each group were 
collected and used for the corresponding HT22 cell culture24.

In vitro POCD model: oxygen-glucose deprivation/reoxygenation (OGD/R)
According to a previous study25, BV2 cells were maintained in glucose-free DMEM (#L160 KJ; Basal Media, 
China). Next, BV2 cells subjected to glucose deprivation were cultured in an oxygen-free environment in an 
AnaeroPack rectangular jar (#C-01; Mitsubishi Gas Company, Japan). After oxygen-glucose deprivation for 4 h, 
the BV2 cells were cultured DMEM containing 100 U/mL penicillin/streptomycin and 10% foetal bovine serum 
in a CO2 incubator (37 °C, 5%) for 20 h.
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Enzyme-linked immunosorbent assay (ELISA)
On the 3rd postoperative day, mice were anaesthetised with 2% isoflurane. Blood was collected via enucleation 
of the eyeballs. The blood was mixed with heparin for 10 min and the supernatant (plasma) was collected by 
centrifugation (2000 g, 4℃, 20 min). The plasma PTGS2 concentration was detected using the Mouse PTGS2/
COX-2 ELISA Kit (#AD2829Mo; Andy Gene Biotechnology Co., Ltd., United States).

Brain tissue collection
Three days after surgery, the mice were deeply anaesthetised with isoflurane. Cardiac perfusion was performed 
using pre-cooled 0.9% normal saline (10% neutral formaldehyde for haematoxylin and eosin [H&E] staining 
and immunohistochemical analysis). The mice were then decapitated by trained experimenters26 Hippocampi 
were isolated on ice and stored at −80℃ for subsequent experimental analysis.

RNA-seq
Total RNA was extracted from the hippocampi of the control and Sur groups (n = 6/group) was extracted 
using TRNzol Universal Reagent (#DP424, TIANGEN, China). Sequencing was performed using the Illumina 
NovaSeq 6000, and raw data were saved as FASTQ files. After quality control, differentially expressed genes 
(DEGs) were identified (edgeR, v3.24.3). Blast2 go (v2.5) and KOBAS (v2.0) were used to annotate gene ontology 
(GO) functions and the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways27–29, respectively. 
The STRING database (v11.5) was used for protein interaction analysis and the results were visualised using 
Cytoscape (v3.6.1).

Morris water maze (MWM)
According to the MWM protocol, cognitive function was assessed30. MWM was performed in a 122 cm diameter 
circular pool, evenly divided into four quadrants. White coloured water at 25℃ was added to a depth of 35 cm. 
A hidden platform was placed 1 cm below the water surface. MWM training was initiated 7 days preoperatively 

Fig. 1.  Expression of PTGS2 in Plasma and Hippocampus were increased in POCD mice.
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and continued for four consecutive days. From the third postoperative day, each mouse was tested four times 
a day at 3-min intervals for 4 days. Twenty-four hours after the last day of spatial acquisition, a probe test was 
conducted. During spatial acquisition, the mice were placed in the pool with the nose tip facing the wall, and the 
time taken to reach the platform was recorded. If a mouse failed to find the platform within the specified time (60 
s), it was manually guided to the platform and the recording time was set to 60 s. The mice were then left on the 

Fig. 2.  PTGS2 contributes to the development of POCD.
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platform for 15 s. After 3 min, the mice were placed in the pool again, starting from an adjacent quadrant relative 
to the previous experiment, ensuring all four quadrants were tested in clockwise manner. During the probe test, 
the hidden platform was removed, and the mice were placed in the swimming pool allowed to swim from the 
same position for 60 s. The percentage of time spent in the target quadrant, number of times the platform was 
crossed, swimming distance, and swimming speed within the target quadrant were recorded and analysed. All 
swimming activity was tracked and analysed using the WMT-100 Morris software (Taimeng Software Co., Ltd., 
China).

H&E staining
Based on a previous study, 4-µm paraffin sections were prepared31 Then, the sections were scanned using an 
automatic digital pathological section scanner (#KF-TB-400, Konfoong Biotech International Co., LTD, China).

Immunohistochemistry
Paraffin sections of the mouse brain (4-µm) were dewaxed and the antigen was repaired. The sections were 
then blocked in bovine serum albumin and incubated with a primary antibody (ionised calcium-binding 
adapter molecule 1, Iba-1, #DF6442; Affinity Biosciences, United States). After washing with PBS, the cells were 
incubated with a secondary antibody (#S0001; Affinity Biosciences, United States). Wash again with PBS, it was 
stained with 3,3’-diaminobenzidine (#DA1010, Solarbio, China) and haematoxylin, dehydrated with ethanol, 
rendered transparent with xylene, and finally sealed with neutral gum. The antibodies used in this study are 
listed in Supplementary Table 2.

Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was extracted using TRNzol Universal Reagent (#DP424, TIANGEN, China). The concentration 
and OD260/280 were determined using a NanoDrop spectrophotometre (Thermo Fisher Scientific Inc., 
United States). The RNA was reverse-transcribed into copied DNA (#FSQ-301; TOYOBO, Japan). qRT-PCR 
analysis was performed with SYBR Green fluorescent dye (#QPK-201, TOYOBO, Japa) on a Roche PCR 
instrument (LightCycler®96, F. Hoffmann-La Roche, Ltd, Switzerland). The primer sequences used are listed in 
Supplementary Table 3.

Western blotting
Total protein in the hippocampi and cells was extracted using RIPA lysis buffer (#P0013B, Beyotime, China) 
containing 1% PMSF (#P0100, Solarbio, China). Proteins were separated by 12% SDS-PAGE and transferred to 
a PVDF membrane (#IPVH00010, Millipore, Germany). The membrane was blocked with 5% skim milk and 
washed with Tris-buffered Saline containing Tween-20. Western Blotting analysis was performed using primary 
antibodies (Iba-1, #DF6442, RRID: AB_2838405, Affinity Biosciences, United States; Cox2, # AF7003, RRID: 
AB_2835311, Affinity Biosciences, United States; Ferritin Heavy Chain [FTH1], # DF6278, RRID: AB_2838244, 
Affinity Biosciences, United States; divalent metal transporter 1 [DMT1], # DF12740, RRID: AB_2845701, United 
States; glutathione peroxidase 4 [GPX4], # DF6701, RRID: AB_2838663, United States) and secondary antibody 
(#S0001, RRID: AB_2839429, Affinity Biosciences, United States) (Supplementary Table 2). The immunoreactive 
bands were visualised using a gel imager (GelView 5000Plus Smart Gel Imaging System; Guangzhou Biolight 
Biotechnology Co., Ltd., China). ImageJ software (National Institutes of Health, Bethesda, MD, USA) was used 
for quantitative analysis.

Malondialdehyde (MDA) detection
MDA can be condensed using thiobarbituric acid, and the product exhibits a maximum absorption peak at 532 
nm. According to the manufacturer’s instructions, 5 mg of fresh hippocampus was homogenized and treated, 
the MDA concentrations were quantified using an MDA assay kit (#A003, Nanjing Jiancheng Bioengineering 
Institute, Nanjing, China) according to the manufacturer’s instructions.

MTT assay
The MTT assay was used to evaluate the viability of HT22 cells. HT22 cells were seeded into 96-well plates (5 
× 103 cells/well). After 20 h of treatment with the conditioned medium, MTT (5 mg/mL/well, #M8180, Solarbio, 
China) was added and incubated at 37 °C for 4 h. The formazan crystals were dissolved in DMSO (150 µL/well). 
The absorbance (570 nm) was measured (BioTek, Santa Clara, United States).

Reactive oxygen species (ROS) measurement
Intracellular ROS levels were detected using a Reactive Oxygen Species assay kit (#CA1410; Solarbio, China). 
HT22 cells were cultured in 6-well plates (5 × 105 cells/well). After treatment with the conditioned medium for 24 
h, washed cells with serum-free medium and stained with 7 µM 2′,7′-dichlorofluorescin diacetate (DCFH-DA) 
for 40 min. Subsequently, the cells were washed thrice with serum-free medium. Images were captured using 
an inverted fluorescence microscope (#IX73, OLYMPUS Corporation, Tokyo, Japan) with an FITC channel 
(excitation wavelength: 488 nm, emission wavelength: 525 nm).

Statistical analysis
Statistical analyses were performed using GraphPad Prism 9.0.0 (San Diego, CA, USA). The sample size depended 
on the POCD modelling method used in the study20,32 The researcher was blinded to the experiment and data 
analysis. No exclusion criteria were set and no animals considered for the experiment were excluded. No animals 
died during the experiment. No outlier tests were performed on the data. A normality test was conducted on 
the data, and data conforming to a normal distribution were expressed as mean ± standard deviation. A two-
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tailed Student’s t-test was used to compare two groups. Welch’s t-test was used when the two groups of data 
had inconsistent variance. Differences between more than two groups were assessed using one-way analysis of 
variance (ANOVA). The escape latency in the Morris water maze was analysed using two-way repeated measures 
ANOVA. In the RNA-seq analysis, the probability or frequency of errors in the overall inference results was 
controlled by performing false discovery rate correction using the Benjamini/Hochberg algorithm to correct the 
P-value obtained from the statistical test. The corrected P-value was marked as P-adjusted. Significant differences 
are indicated by *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, and ns (non-significant differences).

Results
Expression of PTGS2 in plasma and hippocampus were increased in POCD mice
Expression of PTGS2 in plasma (66.73 ± 16.84 pg/mL in the Surgery group vs. 44.40 ± 7.58 pg/mL in the Control 
group; P = 0.027; Fig. 1B) and hippocampus (P < 0.0001; Fig. 1C) were increased 3 days after tBCCAO. In the 
MWM test, mice that underwent tBCCAO spent more time finding the target platform (F (3,42) = 4.593, P = 
0.0072; Fig. 1D-E). In the probe trial, the percentage of time spent in the target quadrant (P < 0.0001), number of 
crossings (P < 0.0001), and distance travelled in the target quadrant were reduced (P < 0.0001; Fig. 1F-I). These 
results indicated that tBCCAO induces cognitive decline.

PTGS2 May affect POCD-related inflammatory responses
Hippocampal RNA-seq showed that 1444 genes were significantly altered in mice, of which 1374 were upregulated 
and 70 were downregulated (surgery group vs. control group, Fig.  3A and B; top 100 DEGs are shown in 
Supplementary Table 4). KEGG pathway analysis showed that immune- and inflammation-related signalling 
pathways were highly enriched: the cytokine-cytokine receptor interaction, chemokine signalling pathway, NF-
kappa B signalling pathway, NOD-like receptor signalling pathway, antigen processing and presentation, and B 
cell receptor signalling pathway (Fig. 3C). GO enrichment analysis of these DEGs revealed that the inflammatory 
response ranked third among biological processes (Fig. 3D). PTGS2 in the peripheral circulation can enter the 
centre through the blood-brain barrier33. Protein-Protein Interaction Networks (PPI) analysis of these DEGs 
revealed that 84 genes were closely associated with PTGS2 expression (Fig. 3E, Supplementary Table 5). These 
genes were mainly concentrated in the pathways identified in the KEGG analysis (Supplementary Table 6). These 
results support the role of neuroinflammation in POCD and indicate that the regulation of PTGS2 may affect 
POCD-related inflammatory responses.

PTGS2 contributes to the development of POCD
Western Blotting showed that celecoxib administration prevented the increased expression of PTGS2 induced 
by intraoperative cerebral ischaemia–reperfusion injury (CIRI) (P = 0.0004, t[6] = 7.246; Fig. 2B). According 
to the MWM test, celecoxib treatment did not affect the latency to locate the target platform (F (3,54) = 0.04492, 
P = 0.9872; Fig. 2C-D). However, pharmacological inhibition of PTGS2 improved intraoperative CIRI-induced 
cognitive decline, and escape latency was significantly shortened by 26.9% (F (3,54) = 3.408, P = 0.0239; Fig. 2C-
D). Furthermore, the percentage of time spent in the target quadrant, number of crossings in the platform 
quadrant, and distance travelled in the target quadrant in the probe test increased by 38.8% (P < 0.0001), 93.6% 
(P < 0.0001), and 39.8% (P < 0.0001), respectively (Fig. 2E-G). In addition, there were no significant differences 
in swimming velocity (F(3,36) = 0.6414, P = 0.5934; Fig. 2H).

PTGS2 mediation of hippocampal microglia activation and oxidative damage in the 
development of POCD
Immunohistochemistry revealed that pharmacological inhibition of PTGS2 decreased the percentage of Iba-1-
positive areas in the hippocampus induced by CIRI (P < 0.001; Fig. 4A-B). This was supported by western blot 
analysis, which showed that inhibition of PTGS2 reduced hippocampal Iba-1 protein expression (P = 0.0238; 
Fig. 4C). qRT-PCR analysis showed that inhibiting PTGS2 exhibited suppression effects on POCD associated 
inflammation in the hippocampus: the activated microglia markers cluster of differentiation 68 (CD68) (P = 
0.0001), TNF-α (P = 0.0012), IL-6 (P = 0.0381), and interleukin-1 (IL-1β) (P = 0.0072) were decreased significantly 
(Fig. 4D). H&E staining of the hippocampi showed that neurones in the surgery group were irregularly shaped, 
with darkly stained nuclei and chromatin condensation. Pharmacological inhibition of PTGS2 improved the 
damage to hippocampal neuron morphology after surgery (Fig. 5A) and reduced the production of MDA (a 
product of lipid peroxidation) in the hippocampus postoperatively (P = 0.0088; Fig.  5B). Furthermore, the 
inhibition of PTGS2 prevented the increased expression of FTH1 (P = 0.0026), DMT1 (P = 0.0289), and GPX4 
(P = 0.0155) induced by intraoperative CIRI (Fig. 5C-D).

PTGS2 are required for OGD/R-induced microglial activation
We established an in vitro model of POCD to verify the involvement of PTGS2 in the regulation of microglial 
activation (Fig. 6A). PTGS2 expression was successfully inhibited in BV2 microglia, as evidenced by a decrease 
in protein and RNA levels of 35.1% (P = 0.0015) and 58.7% (P = 0.0025; Fig. 6B-D), respectively. Furthermore, 
PTGS2 inhibition prevented the upregulation of the microglial marker Iba-1 (P = 0.0013; Fig. 6B-C), decreased 
the expression of TNF-α (P = 0.0134), IL-1β (P = 0.0037), IL-6 (P = 0.0273), and CD68 (P = 0.0008) in BV2 cells 
induced by OGD/R (Fig. 6D).

PTGS2 mediates OGD/R-induced microglia neurotoxicity
The BV2 microglia-conditioned medium was collected from HT22 hippocampal neuron cultures (Fig.  7A). 
Downregulation of PTGS2 in BV2 microglia protected HT22 cells from damage caused by conditioned medium 
derived from OGD/R-induced BV2 microglia, prevented the decline in HT22 cell viability (P = 0.0039; Fig. 7B), 
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reduced intracellular ROS accumulation (P < 0.0001; Fig. 7C-D), inhibited the increase in DMT1 (P = 0.0300) 
and FTH1 (P = 0.0291), and restored the expression of GPX4 (P = 0.0107; Fig. 7E-F).

Discussion
Postoperative cognitive dysfunction (POCD) is classified as perioperative neurocognitive disorders (PND)34, is 
of concern because it increases the risk of long-term cognitive decline such as dementia in the future35. Elderly 
patients who do not have a diagnosis of mild cognitive impairment or dementia but experience postoperative 
delirium or cognitive dysfunction, are three times more likely to develop permanent cognitive impairment or 
dementia36. The present study demonstrates that PTGS2 is involved in the development of POCD and that the 
underlying mechanism involves the regulation of microglia-mediated neuroinflammation.

The key pathogenesis of POCD is cerebral ischaemia–reperfusion injury (CIRI)-associated 
neuroinflammation37,38. Cerebrovascular disease, also known as cerebrovascular accident or stroke, may 
reduce patient tolerance to anaesthesia and increase the risk of perioperative neurocognitive disorders39. In 

Fig. 3.  Involvement of neuroinflammation in POCD development and association of PTGS2 with POCD-
related microglial activation.
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addition to existing cerebrovascular diseases, perioperative anaesthesia and surgical stress can induce acute 
cerebral ischaemia, also known as perioperative covert stroke. The incidence of cognitive decline one year after 
perioperative covert stroke was higher than that in non-stroke patients (42% vs. 29%)40. We established a POCD 
model by inducing CIRI in mice. We evaluated the cognitive function of the mice using the Morris water maze 
test to confirm that BCCAO treatment successfully induced POCD.

According to a previous study, following total hip replacement, patients with POCD have substantially 
greater levels of PTGS2 expression in their peripheral blood than those without POCD41. We revealed that mice 
with POCD have higher PTGS2 concentration in their peripheral blood. The maintenance of normal cognitive 
function is highly dependent on the hippocampus of the brain42,43. In this study, hippocampal PTGS2 expression 
was elevated in mice with POCD. It has been hypothesised that PTGS2 plays a role in POCD.

According to hippocampal RNA-seq studies, hippocampal inflammation may play a significant biological 
role in the onset of POCD. Research has verified the ability of specific PTGS2 inhibitors, including celecoxib, to 
cross the blood–including celecoxib44. Parecoxib, a selective inhibitor of PTGS2, suppressed IL-1β and TNF-α 
expression in the hippocampus after hepatectomy by down-regulating the PTGS2/PGE2 pathway45. In this 
study, specific PTGS2 inhibitor pretreatment can diminish the expression of inflammatory factors TNF-α, IL-1β 
and IL-6 in hippocampus of POCD model mice.

Microglia are the main innate immune cells involved in neuroinflammatory responses and are closely 
associated with the normal maintenance of synaptic plasticity and neuronal function46,47. Eliminating microglia 
can prevent synaptic loss and improve cognitive impairment induced by sevoflurane anesthesia48. Throughout 
the various stages of microglia activation, CD68 is broadly expressed. Because CD68 is mostly expressed in 
intracellular lysosomes, it is not a good tool for examining microglia morphology49. Iba-1 immunostaining can 
be used to assess the pathophysiological involvement of activated microglia in ischemia injury since50. This study 

Fig. 4.  PTGS2 mediation of hippocampal microglia activation in the development of POCD.
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indicated that preconditioning with specific PTGS2 inhibitors can reduce the expression of Iba-1 and CD68 in 
the hippocampus of POCD mice, suggesting that PTGS2 is involved in the regulation of microglial activation.

Microglia are the main source of PTGS2 in the central nervous after cerebral ischemia51,52. In a splenectomy 
mouse model, an intraperitoneal injection of the selective PTGS2 inhibitor meloxicam was administrated 24 
h after surgery, reduced postoperative hippocampal microglial activation53. Compared with previous studies 
on the relationship between PTGS2 and POCD, we designed an in vitro study to explore the role of microglial 
PTGS2 in POCD-associated neuroinflammation. Changes in microglia during cerebral ischaemia-reperfusion 
were simulated by inducing oxygen glucose deprivation followed by reoxygenation (OGD/R)54. Here, we found 
that OGD/R induced an increase in PTGS2 expression in microglia, accompanied by an increase in inflammatory 
cytokines. The conditioned medium produced by the OGD/R treatment of microglia increased the levels of the 
iron storage proteins FTH1 (an iron-storage protein) and DMT1 (a major iron transporter) in neurones, while 
lowering neuronal activity, which is consistent with previous research. Inflammatory activation of microglia 
induces the internalisation of iron-exporting proteins in co-cultured neurones55, significantly upregulating the 
expression of FTH1 and DMT1, and leading to iron accumulation in neurones56. Intracellular iron accumulation 
disrupts REDOX homeostasis and catalyzes reactive oxygen species (ROS) production, leading to oxidative 
damage57. Conditioned medium derived from OGD/R-induced microglia decreased GPX4 (intracellular 
antioxidant enzyme) levels in neurones, accompanied by an increase in neuronal ROS, which was alleviated 
after inhibiting PTGS2 expression in BV2 microglia. In conclusion, our results suggest that PTGS2 mediates 
the regulatory role of microglia in neuronal damage in an inflammatory setting, which requires confirmation in 
vivo. A recent study has shown that microglial activation induced by anaesthetics mediates excessive synaptic 
pruning and dendritic structural abnormalities58. Understanding how to assess and regulate microglia-neuron 
interactions, which are critical to brain health, will be key to developing effective treatments for POCD.

Studies have shown that the complete knockout of PTGS2 in rodents results in abnormal kidney development, 
reproductive abnormalities in females, patent ductus arteriosus, and spontaneous heart failure59,60. One day after 
the lateral ventricle injection of lipopolysaccharide, transgenic mice whose neurones overexpressed PTGS2 and 
non-transgenic control mice showed similar levels of inflammation, suggesting that PTGS2 from neurones does 
not play a role in neuroinflammation caused by the acute activation of the brain’s innate immune response61. The 
effect of the conditional knockout of hippocampal microglial PTGS2 on POCD requires further investigation.

Fig. 5.  PTGS2 mediation of hippocampal oxidative damage in the development of POCD.
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This study has some limitations. First, the sample was collected only after three days of modelling; therefore, 
more time points should be set for sample collection to understand the dynamic changes of relevant indicators 
during the development of POCD. Second, because in vitro experiments cannot fully reflect the in vivo state, 
the conclusions of the in vitro experiments need to be further verified by in vivo experiments. For example, an 
adeno-associated virus with a microglia-specific promoter was injected into the mouse hippocampus to obtain 
mice with low PTGS2 expression in hippocampal microglia.

Conclusion
In conclusion, this study demonstrates that PTGS2 is involved in the development of POCD and that its 
inhibition can effectively improve POCD. The underlying mechanism may be that targeting PTGS2 alleviates 
microglial activation, reduces the inflammatory response, and improves neuronal survival.

Fig. 6.  PTGS2 are Required for OGD/R-induced Microglial Activation.
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Data availability
Data will be made available upon reasonable request from the corresponding author. RNA sequences of mice 
hippocampus were deposited in the National Center for Biotechnology Information (NCBI) repository. The 
BioProject accession number is PRJNA1175023 and the SRA records can be accessible with the following link: 
https://www.​ncbi.nlm.nih​.gov/bioproj​ect/PRJNA11​75023.
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