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ABSTRACT
Aim/Background: Propofol, recognized for its quick and effective action as a hypnotic anesthetic, 
is frequently utilized in clinical practice. Our research intended to investigate the mechanism by 
which propofol inhibits neuronal ferroptosis and promotes synaptic plasticity via mitochondrial 
energy regulation. Materials and Methods: Mouse Hippocampal Neurons (HT22) cells were 
treated with RAS-Selective Lethal 3 (RSL3) and propofol followed by Reactive Oxygen species 
(ROS) detection. Expression levels of ferroptosis and mitochondrial energy regulation were 
analyzed. HT22 cells were treated with a Sirtuin 1 (SIRT1) inhibitor before propofol treatment. 
Level of ROS, Fe2+ and genes expression and synaptic plasticity were measured. Results: In 
the RSL3-Low+propofol cohort, exhibiting a stark contrast to both the mock group and the 
RSL3-High+propofol group, the administration of propofol notably attenuated the expression 
of ROS, Cyclooxygenase 2 (COX-2) and Long-chain-fatty-acid-CoA Ligase 4 (ACSL4), while 
concurrently enhancing the levels of Glutathione Peroxidase 4 (GPX4), Solute Carrier Family 7 
Member 11 (SLC7A11), Nuclear Factor-like 2 (NRF2), Ferritin Heavy chain 1 (FTH1), Adenosine 
5‘-Monophosphate (AMP)-Activated Protein Kinase (AMPK), SIRT1 and PPARγ Coactivator-1α 
(PGC-1α). ROS and Fe2+ levels were substantially greater in the Selisistat+propofol group than 
in the propofol group, whereas SIRT1 and PGC-1α expression levels were considerably less 
in comparison to the mock and propofol groups. Conversely, the propofol group showed 
significantly higher levels of AMPK, SIRT1, PGC-1α, Synapsin-1 (SYN1) and PSD-95 compared 
to the mock group and the Selisistat+propofol group (p<0.05). Conclusion: Propofol inhibits 
oxidative stress-induced neuronal cell ferroptosis and promotes synaptic plasticity via the AMPK/
SIRT1/PGC-1α axis.
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INTRODUCTION

Propofol, a commonly used sedative in clinical settings, offers 
rapid onset and control with minimal side effects.1 It is recognized 
for its neuroprotective properties,2,3 protecting the brain from 
ischemic damage through antioxidant activity, reducing free 
radicals and mitigating lipid peroxidation.4 Studies reported that 
propofol regulates certain receptors to decrease neuronal damage 
in animal models of cerebral ischemia and to improve ferroptosis 
by down-regulating Hypoxia-Inducible Factor-1α (HIF-1α) in 
ischemia/reperfusion model of neurons.5-7 Ferroptosis, a form 

of cell death characterized by Reactive Oxygen Species (ROS) 
accumulation and lipid peroxidation, can be influenced by 
propofol due to its chemical structure, which is similar to the 
antioxidant Vitamin E.8,9 This allows it to react with ROS and  
reduce lipid peroxide production, thus playing a role in 
mitochondrial quality control and energy metabolism regulation. 
However, the underlying mechanisms behind propofol in 
improving neuron mitochondrial function or ferroptosis is 
not fully investigated yet. Therefore, further elucidating the 
mechanism of propofol is needed.

Peroxisome proliferator-activated receptor-gamma 
coactivator-1α (PGC-1α) is a major regulator of mitochondrial 
quality control, promoting mitochondrial biosynthesis and being 
regulated by SIRT1, an enzyme involved in nerve growth and 
oxidative stress response.10 When mitochondrial damage results 
in an insufficient supply of energy for normal cellular activity, 
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Sirtuin 1 (SIRT1) enzyme activity increases, which promotes 
deacetylation of PGC-1α, leading to an increase in mitochondrial 
synthesis, which stabilizes the cellular state.11 Adenosine 
5‘-Monophosphate (AMP)-Activated Protein Kinase (AMPK) 
directly phosphorylates the ser538 and Thr177 gene sites of 
PGC-1α, promotes the PGC-1α transcription.12,13 The AMPK/
SIRT1/PGC-1α signaling pathway is crucial for mitochondrial 
stability, integrating mitochondrial function sensing and energy 
output.11,14 Studies have proved that propofol activates AMPK/
mammalian target of Rapamycin (mTOR) pathway and SIRT3 
enhances the protective effect of propofol by triggering autophagy 
to ameliorate postoperative cognitive dysfunction, indicating the 
potential property of propofol in modulating AMPK-related 
signaling.15

In this research, we investigate propofol's protective effects 
against oxidative stress in Hippocampal Neurons (HT22) cells, 
focusing on its ability to inhibit ferroptosis and promote synaptic 
plasticity through the AMPK/SIRT1/PGC-1α axis, by examining 
the expression levels of ferroptosis-related indicators and genes 
related to mitochondrial energy regulation and synaptic plasticity.

MATERIALS AND METHODS

Cell Cultivation and Chemicals

The murine hippocampal neuronal Mouse HT22 cell line 
was obtained from the American Type Culture Collection 
(ATCC) (Manassas, BFN60808571, VA, USA). The HT22 
cells were cultivated in Dulbecco’s Modified Eagle Medium 
(DMEM) sourced from Gibco (Rockville, A5669701, MD, 
USA), enriched with 10% Fetal Bovine Serum (FBS) also from 
Gibco and 100 units/mL penicillin/streptomycin from Sigma 
(St. Louis, V900929, MO, USA). The cells were maintained in 
a humidified, 5% CO2 incubator at a temperature of at 37ºC. 
We bought RAS-selective lethal 3 (RSL3) (MedChemExpress, 
HY-100218A, Monmouth Junction, NJ, USA), Propofol injection 
(MedChemExpress, HY-B0649, Monmouth Junction, NJ, 
USA) and Selisistat (MedChemExpress, HY-15452, Monmouth 
Junction, NJ, USA) from MedChemExpress (Monmouth 
Junction, NJ, USA). Glyceraldehyde-3-Phosphate Dehydrogenase 
(GAPDH) antibody (Abcam, [6C5] (ab8245), Cambridge, MA, 
USA), Glutathione Peroxidase 4 (GPX4) antibody (Abcam, 
[EPNCIR144] (ab125066), Cambridge, MA, USA), cysteine/
glutamate antiporter (xCT) antibody (Abcam, [EPR8290(2)] 
(ab175186), Cambridge, MA, USA), Cyclooxygenase 2 (COX2) 
antibody (Abcam, [EPR12012] (ab179800), Cambridge, MA, 
USA), Long-chain-fatty-acid-CoA Ligase 4 (ACSL4) antibody 
(Abcam, [EPR8640] (ab155282), Cambridge, MA, USA), Nuclear 
factor-like 2 (NRF2) antibody (CST, #12721, Danvers, MA, 
USA), Ferritin heavy chain 1 (FTH1) antibody (CST, #3998, 
Danvers, MA, USA), Adenosine 5‘-Monophosphate (AMP)-
Activated Protein Kinase (AMPKα) antibody (CST, #2532, 
Danvers, MA, USA), Sirtuin 1 (SIRT1) antibody (CST, #9475, 

Danvers, MA, USA), PPARγ Coactivator-1α (PGC1α) antibody 
(CST, #4259, Danvers, MA, USA), postsynaptic density protein 
95 (PSD95) antibody (Abcam, ab18258, Cambridge, MA, USA) 
and Synapsin-1 antibody (CST, #5297, Danvers, MA, USA) were 
purchased from Abcam (Cambridge, MA, USA). All utilized cells 
in this study were free from mycoplasma contamination.

Drug treatment
The Blank group did not use any treatments and the RSL3-Low 
and RSL3-High groups used 2 μmol/L or 10 μmol/L RSL3 (GPX4 
inhibitor) to treat the HT22 cells for 8 hr, followed by a 6-hr 
exposure to 50 μmol/L propofol. The concentrations of 2 μmol/L 
and 10 μmol/L for RSL3 were selected based on preliminary 
experiments showing that these levels effectively induced varying 
degrees of ferroptosis without causing complete cell death. 
This range allowed for the observation of propofol's protective 
effects at different oxidative stress intensities. An 8-hr treatment 
duration with RSL3 was chosen to allow sufficient induction of 
ferroptosis-related markers, while a subsequent 6-hr exposure 
to propofol was found optimal for observing its neuroprotective 
effects (Figure 1A).16,17

In a separate experimental series, the mock group was treated with 
5 μmol/L RSL3. The propofol group underwent an 8-hr treatment 
with 5 μmol/L RSL3 and a 6-hr exposure to 50 μmol/L propofol. 
The Selisistat (SIRT1 inhibitor)+propofol group was treated with 
5 μmol/L RSL3 for 8 hr, followed by a 30-min treatment with 10 
μmol/L Selisistat and then a 6-hr exposure to 50 μmol/L propofol 
(Figure 1B).18

RT-qPCR
Total RNA was extracted using the Vazyme Cell/Tissue Total 
RNA Isolation Kit V2, following the protocol provided by the 
manufacturer. RNA concentration and purity were measured 
using a NanoDrop spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA). Subsequently, the HiScript III 
1st Strand cDNA Synthesis Kit from Vazyme (Nanjing, China) 
was employed to convert total RNA into cDNA according to 
manufacturer’s instructions. The reaction was carried out at 42ºC 
for 15 min, followed by inactivation at 85ºC for 5 min. RT-qPCR 
was carried out using Taq Pro Universal SYBR qPCR Master 
Mix, also provided by Vazyme (Nanjing, China) and utilizing 
the CFX96 Touch 1855195 from Bio-Rad (Hercules, CA, USA). 
Each reaction was conducted in a 20 μL volume containing 10 
μL of 2x SYBR Green Master Mix, 1 μL of each primer (10 μM), 
2 μL of cDNA template and 6 μL of nuclease-free water. The 
thermal cycling conditions were as follows: initial denaturation 
at 95ºC for 3 min, followed by 40 cycles of 95ºC for 10 sec, 60ºC 
for 30 sec and a final melting curve analysis from 60ºC to 95ºC 
to verify the specificity of the amplified products. Analysis of 
each sample was conducted in triplicate, with Glyceraldehyde-3-
Phosphate Dehydrogenase (GAPDH) serving as a reference gene. 
The relative quantitative findings were determined using the 
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2-∆∆CT method. Sangon Biotech (Shanghai, China) designed and 
synthesized the primers used in RT-qPCR, as listed in Table 1.

Western blot

Total protein extraction was performed using a 5-12% 
SDS-PAGE gel, followed by transfer to a Polyvinylidene Fluoride 
(PVDF) membrane (IPVH00010, Thermo Fisher Scientific). The 
membrane was blocked using a 5% skimmed milk solution at 
25ºC for duration of 1 hr. 1 mL of the primary antibody (A1978 
(Sigma-Aldrich), Sigma-Aldrich) diluted at 1:2000 was added 
for incubation at 4ºC overnight. Afterward, the membrane was 
incubated with the secondary antibody (1:5000, 31430 (Thermo 
Fisher Scientific), Thermo Fisher Scientific) for 1 hr under 
ambient conditions. The chemiluminescence reagents were 
mixed in equal volumes of liquid A and liquid B (NCM Biotech, 

Shanghai, China). Before being detected using the JP-K6000 
chemiluminescence imager (Jiapeng, Shanghai, China), the 
membranes were incubated for 5 min. Protein expression was 
analyzed using Image J software (National Institutes of Health, 
NIH) for optical density values.

Measurement of intracellular ROS

The DCFH-DA was diluted in a serum-free culture medium at a 
dilution factor of 1:1000. Each well was filled with 3 mL of diluted 
DCFH-DA and the cells were subjected to a 20-min incubation 
period at a temperature of 37ºC. Remove the DCFH-DA working 
solution and subsequently add HBSS to wash the plate two times. 
500 μL of 4’,6-diamidino-2-phenylindole (DAPI) was added to 
each well and pictures were taken with a fluorescence microscope 
(Zeiss, Oberkochen, Germany).

Colorimetric detection of Fe2+

After the cells have been treated, gather them in a centrifuge tube 
and dispose of the supernatant after centrifugation. Add 0.9 mL 
of buffer for every 1 million cells and then ultrasonically break 
the cells using a power setting of 200W, with 3-sec pulses of 
ultrasonication, 10-sec intervals and repeat the process 30 times. 
Perform centrifugation of the sample at 10,000 g for 10 min at 
a temperature of 4ºC, followed by collection of the supernatant. 
The standard, working solution and color development solution 
were prepared. The Optical Density (OD) value of the sample at 
593 nm was measured (E-BC-F101, Elabscience Biotechnology 
Co., Ltd.).

Cellular immunofluorescence

The specific operation of immunofluorescence is as follows: (1) 
HT22 cells in the logarithmic growth phase were seeded at a 
density of 1*106 cells per well in a 6-well culture plate. Following 
cell adhesion, the cells were subjected to serum starvation for 12 
hr prior to treatment according to the experimental groups. (2) 
The 6-well culture plates were removed and the supernatant was 
aspirated. The cells were gently rinsed with Phosphate-Buffered 
Saline (PBS) three times, followed by the addition of 1 mL of 4% 
paraformaldehyde for fixation on a rocking platform at 50 rpm for 
20 min. (3) After aspirating the supernatant, the plates were gently 
rinsed with PBS three times and 1 mL of 0.25% Triton-X100 was 
added for permeabilization on a rocking platform at 50 rpm for 
20 min. (4) The cells were rinsed gently with PBS three times and 
1 mL of goat serum was added for blocking for 30 min. (5) After 
removal of the blocking solution, 1 mL of the primary antibody 
diluted at 1:200 was added for incubation at 4ºC overnight. (6) The 
primary antibody was decanted and the wells were washed three 
times with Tris Buffered Saline Tween (TBST) for 5 min each. 
Subsequently, 1 mL of the secondary antibody diluted at 1:200 
was added for incubation at room temperature in the dark on a 
rocking platform at 50 rpm for 1 hr. (7) The secondary antibody 
was aspirated and the wells were washed three times with TBST 

Gene 
name

Sequence (5’→3’)

GPX4 Forward 5'-GTGTGGTTTACGAATCCTGG-3'
Reverse 
5'-CACATTTCTACATTTTATTCCCACAAGG-3'

SLC7A11 Forward 5'-TGCAAGCTCACAGCAATTCTG-3'
Reverse 5'-AGATCGGGACTGCTAATGAG-3'

COX-2 Forward 5'-CTACCCATTCCAACTTGGTC-3'
Reverse 5'-GGGAGGGCAATTATGATAAGG-3'

ACSL4 Forward 5'-CTTCCTCTTAAGGCCGGGA-3'
Reverse 5'-TTATCCAGAGTATCTGCTCCAG-3'

NRF2 Forward 
5'-AATGATACCTAGAGTAGTTTGGAAGG-3'
Reverse 5'-AAAGCTCCAGCCTCTTGGTTTC-3'

FTH1 Forward 5'-CTACTGGAACTGCACAAACTG-3'
Reverse 5'-CTTAGCTCTCATCACCGTGT-3'

AMPK Forward 5'-ACAGTTGGATGCAGATGCTG-3'
Reverse 
5'-CAGAATTTTCCTTGTCACAGGTGG-3'

SIRT1 Forward 5'-TCGTTTTGCAAACTGACACCTG-3'
Reverse 5'-CCAAGCAGGTTTGTTTCAGG-3'

PGC-1α Forward 5'-AGACAGGCTTGTGCTCAGG-3'
Reverse 5'-CGCTTTCACCAATGCTCTTC-3'

SYN1 Forward 
5'-ATGAGTCTTGTAAGCATTAGCACC-3'
Reverse 
5'-CTGCTTACAGACAAGTTTGAAAGG-3'

PSD-95 Forward 5'-GCCCTTTCTCCTTTCTTCTC-3'
Reverse 5'-TTAGAGGAAAAAAGCCCACAGC-3'

GAPDH Forward 
5'-TTAGGTTCATCAGGTAAACTCAGG-3'
Reverse 5'-TTCTCGGCCTTGACTGTGC-3'

Table 1: Real-Time PCR Oligonucleotide Sequences.
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for 5 min each. The cells were then stained with DAPI for 5 min, 
after which the DAPI was aspirated and the wells were washed 
again with TBST three times for 5 min each. (8) The slides were 
mounted using Fluoroshield®®TM mounting medium containing 
DAPI and visualized under a fluorescence microscope. (9) 
Fluorescence intensity was quantified using Image J software.

Statistical analysis

Each experiment was performed independently on three 
occasions and the resultant data were expressed as mean±SD. 
ImageJ software was used to do grayscale analysis on Western 
Blot strips. GraphPad Prism 9 (La Jolla, CA, USA) was used to 
construct the representative graphs and Statistic Package for 

Figure 1:  The workflow of experimental procedures.

Figure 2:  Effect of propofol on 2 μmol/L (low) and 10 μmol/L (High) RSL3-induced increase of ROS levels in HT22 cells. (A) ROS 
levels in HT22 cells resulting from different concentrations of RSL3. (B) Inhibitory effect of propofol on ROS levels resulting from 

different concentrations of RSL3. The blank group and the mock group were calibrated to 1. **p<0.01, ***p<0.001, n=3.
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Figure 3:  Effect of propofol on the expression levels of ferroptosis-related genes and AMPK/SIRT1/PGC-1α 
axis after 2 μmol/L (low) and 10 μmol/L (High) RSL3 treatment. (A) Protein levels of GPX4, SLC7A11, COX-2, 

ACSL4, NRF2, FTH1, AMPK, SIRT1 and PGC-1α. B. mRNA levels of GPX4, SLC7A11, COX-2, ACSL4, NRF2, FTH1, 
AMPK, SIRT1 and PGC-1α. The mock group were calibrated to 1. *p<0.05, **p<0.01, ***p<0.001, n=3.
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Social Science (SPSS) 22.0 (IBM, Armonk, NY, USA) was used 
to analyze the data. A one-way ANOVA and t-tests were used to 
compare groups. To identify if there were significant differences, 
a p<0.05 statistical significance criterion was applied.

RESULTS

Propofol Attenuates RSL3-Induced ROS Elevation in 
HT22 Cells

Compared with Blank group, ROS levels were significantly 
increased in HT22 cells in RSL3-Low group and RSL3-High 
group, compared with RSL3-Low group, the ROS levels were 
significantly higher in RSL3-High group (Figure 2A). After 
adding 50 μmol/L propofol to RSL3-treated HT22 cells, propofol 
significantly lowered the ROS levels in the group treated with a 
low dose of RSL3 and had no significant effect on the RSL3-high 
group (p<0.05) (Figure 2B). Results suggested that propofol 
mitigated RSL3-induced ROS in HT22 cells at low doses but not 
at high doses.

Propofol inhibited RSL3-induced ferroptosis and 
promoted AMPK/SIRT1/PGC-1α axis activation

RSL3-Low+propofol group and the RSL3-High+propofol 
group showed lower GPX4 and SLC7A11 protein expression 
levels. Upon Propofol administration, the RSL3-Low+Propofol 
group experienced a notable upregulation in the protein levels 
of NRF2, FTH1, AMPK, SIRT1 and PGC-1α, as evidenced by 
western blot analysis, when contrasted with both the mock 
group and the RSL3-High+Propofol group. Furthermore, in 
the RSL3-Low+Propofol group, Propofol treatment resulted 
in a significant downregulation of COX-2 and ACSL4 
protein expression in comparison to the mock group and the 
RSL3-High+Propofol group (Figure 3A) (p<0.05).

Compared with the mock group, RT-qPCR analysis revealed 
that RSL3 treatment significantly decreased the mRNA 
expression levels of GPX4 and SLC7A11. Compared to the 
mock group and the RSL3-High+propofol group, propofol 
administration substantially decreased the mRNA expression 
of COX-2 and ACSL4 in the RSL3-Low+propofol group. The 
RSL3-High+propofol group showed lower mRNA expression 
levels of NRF2 and FTH1 compared to the mock group and 

Figure 4:  Effect of selisistat treatment on propofol downregulation of ROS and Fe2+ levels. (A) Effect of 
selisistat on ROS levels. (B) Effect of selisistat on Fe2+ concentration. The mock group were calibrated to 1. 

**p<0.01, ***p<0.001, n=3.
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the RSL3-Low+propofol group. The mRNA expression levels 
of NRF2, FTH1, AMPK, SIRT1 and PGC-1α were significantly 
elevated in the RSL3-Low+Propofol group relative to both the 
mock group and the RSL3-High+Propofol group (Figure 3B) 

(p<0.05). Results suggested that propofol induced gene and 
protein expression changes in RSL3-treated HT22 cells, with 
beneficial effects in the low-dose group and reduced efficacy in 
the high-dose group.

Figure 5:  Propofol's Modulation of Synaptic Plasticity Proteins and mRNA through the AMPK/SIRT1/PGC-1α Axis. (A) Protein 
Expression Assessed by Western Blot for AMPK, SIRT1, PGC-1α, SYN1 and PSD-95. (B) mRNA Expression Assessed by RT-qPCR 

for AMPK, SIRT1, PGC-1α, SYN1 and PSD-95. The mock group were calibrated to 1. *p<0.05, **p<0.01, ***p<0.001, n=3.
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SIRT1 inhibitor suppressed the ability of propofol to 

inhibit ferroptosis

Propofol group showed Lower expression levels of ROS 

compared to the mock and the Selisistat+propofol group. Within 

the Selisistat+propofol group, when HT22 cells were first treated 

with selisistat, the inhibitory effect of propofol on ROS generation 

was diminished as compared to the propofol group (Figure 4A). 

Compared with the mock group and the Selisistat+propofol 

group, propofol group showed lower expression levels of Fe2+. 

The Selisistat+propofol group exhibited greater Fe2+ levels in 

comparison to the group treated with propofol (Figure 4B) 

(p<0.05).

Propofol promoted the expression of synaptic 
plasticity-associated genes through AMPK/SIRT1/
PGC-1α axis

The propofol group exhibited elevated protein levels for AMPK, 
SIRT1, PGC-1α, SYN1 and PSD-95, surpassing those observed in 
both the mock and Selisistat+propofol groups. Within the group 
of Selisistat+propofol, we first treated HT22 cells with selisistat 
and then added propofol for treatment. We discovered that the 
Selisistat+propofol group showed a significant reduction in 
protein expression levels of AMPK, SIRT1, PGC-1α, SYN1 and 
PSD-95 compared with the propofol group. In comparison to the 
mock and propofol groups, we found that the Selisistat+propofol 
group's protein expression levels of SIRT1 and PGC-1α 
significantly decreased as a result of treatment with the SIRT1 
inhibitor (Figure 5A) (p<0.05).

Figure 6:  Propofol's Impact on the Localization and Expression of Synaptic Plasticity-Related Proteins. (A) PSD-95 Localization and 
Expression. (B) SYN1 Localization and Expression. The mock group were calibrated to 1. **p<0.01, ***p<0.001, n=3.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 1, Jan-Mar, 2025 193

 Chen, et al.: Propofol Prevents Neuronal Ferroptosis via AMPK/SIRT1/PGC-1α

RT-qPCR analysis demonstrated that, in comparison to the mock 
and Selisistat+propofol groups, treatment with propofol resulted 
in markedly increased mRNA expression across key synaptic 
plasticity proteins, including AMPK, SIRT1, PGC-1α, SYN1 and 
PSD-95. Selisistat mitigated the propofol's promotion of mRNA 
expression for AMPK, SIRT1, PGC-1α, SYN1 and PSD-95, 
with the Selisistat+propofol group exhibiting notably reduced 
mRNA levels of SIRT1 and PGC-1α relative to both the mock 
and propofol groups (Figure 5B) (p<0.05). Results suggested that 
Propofol increased the expression of synaptic plasticity proteins 
in HT22 cells, but this effect was reversed by prior treatment with 
the SIRT1 inhibitor selisistat.

Propofol promoted the expression of synaptic 
plasticity-associated proteins

Immunofluorescence was used to examine PSD-95 and SYN1 
expression and localization in HT22 cells. The results showed that 
fluorescence signals for PSD-95 and SYN1 were notably enhanced 
in the propofol group, surpassing those in both the mock group 
and the Selisistat+propofol group. We first treated HT22 cells with 
selisistat and then added propofol treatment and the expression 
levels of PSD-95 and SYN1 within the Selisistat+propofol group 
exhibited no significant deviation from those observed in the 
mock group (Figure 6A-B) (p<0.05). Results suggested that 
propofol increased PSD-95 and SYN1 expression in HT22 cells, 
but this effect was abolished by prior selisistat treatment.

DISCUSSION

In this research, we investigate propofol's protective effects 
against oxidative stress in HT22 cells and its ability to inhibit 
ferroptosis and promote synaptic plasticity through the AMPK/
SIRT1/PGC-1α axis, by examining the expression levels of 
ferroptosis-related indicators and genes related to mitochondrial 
energy regulation and synaptic plasticity.

Propofol, a frequently utilized intravenous anesthetic, finds 
extensive application across diverse clinical environments.19 
Propofol's primary site of action is the synapse and its primary 
mechanism of propofol anesthesia is to block the release of 
presynaptic membrane transmitters.20 Propofol's neuroprotective 
functions have been shown to significantly rescue neuronal 
damage in neuronal inflammation caused by cerebral ischemia 
and brain injury.21 Our study suggests that propofol can mitigate 
oxidative stress and inhibit ferroptosis in neuronal cells via the 
AMPK/SIRT1/PGC-1α axis, mechanisms that are relevant for 
neuroprotection. These findings imply that propofol may have 
potential clinical applications beyond anesthesia, including the 
prevention of neuronal damage in conditions such as ischemic 
brain injury and neurodegenerative diseases like Alzheimer's 
and Parkinson's. Given the association between ferroptosis 
and neurodegenerative disorders, the inhibition of ferroptosis 
by propofol could offer a novel therapeutic strategy. However, 

translation to clinical practice will require further in vivo 
studies to confirm the efficacy of propofol in animal models 
of neurodegeneration, followed by clinical trials to determine 
optimal dosages and long-term effects.

Recent years have shown a strong association between ferroptosis 
and neurodegenerative diseases.22 Ferroptosis leads to a significant 
buildup of iron-dependent,-lethal lipid ROS, potentially 
triggering an inflammatory response within the central nervous 
system.23 Evidence suggests that propofol, when used clinically, 
effectively reduces the excessive lipid oxidation induced by H2O2 
and its lower concentrations have been demonstrated to exert a 
protective effect on cell membrane.24 Good lipid-soluble propofol 
can be assembled at the cell membrane to enhance the resistance 
to ROS. Propofol also suppresses superoxide radicals produced 
by H2O2 from inactivating NF-κB, which may protect cells in 
an indirect manner.25 In the current investigation, we observed 
that propofol possesses anti-ROS capabilities and can suppress 
ferroptosis.

Research has demonstrated that frequent exposure to propofol 
can negatively affect synaptic plasticity and recognition 
function.26,27 Studies also have indicated that propofol can 
augment cognitive functions, specifically improving memory 
retention and cognitive learning capabilities in rats exhibiting 
symptoms of Post-Traumatic Stress Disorder (PTSD), through 
the restoration of synaptic plasticity in the hippocampus.28 
But most studies have focused on the area of propofol against 
neuronal damage, such as neurodegenerative diseases and brain 
dysfunction.29,30 In the present study, we determined that propofol 
promotes synaptic plasticity, possibly through the regulation 
of neuronal intracellular energy via the AMPK/SIRT1/PGC-1α 
axis. Activation of the AMPK/SIRT1/PGC-1α pathway is integral 
to reducing oxidative stress, inhibiting apoptosis and averting 
mitochondrial fission.31,32

To explore the inhibitory impact of propofol on ferroptosis in 
neuronal cells, we treated HT22 cells with RSL3, a ferroptosis 
inducer, at varying concentrations and observed that higher 
concentrations led to increased ROS generation. We observed 
that when a specific concentration of propofol was given to 
HT22 cells that had been treated with varying concentrations 
of RSL3, the generation of ROS was inhibited. It is possible 
that propofol was not sufficient to inhibit oxidative stress in the 
high-concentration RSL3 group due to the concentration and 
treatment time. Propofol suppressed the expression of genes 
associated with ferroptosis onset and the AMPK/SIRT1/PGC 
signaling pathway's activity was activated. Propofol facilitated the 
expression of genes associated with synaptic plasticity and that 
synaptic plasticity involved the AMPK/SIRT1/PGC-1α axis.

The AMPK/SIRT1/PGC-1α axis is a promising target for 
neuroprotection, with implications for treating neurodegenerative 
diseases. AMPK activation can protect neurons by regulating 
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metabolism and reducing oxidative stress. SIRT1 and PGC-1α 
enhance mitochondrial function and biogenesis, crucial for 
neuronal health.33,34 It has been proven that propofol inhibits 
ferroptosis in the hippocampus of postoperative cognitive 
dysfunction rats by improving the downregulation of SIRT1/Nrf2/
GPX4 pathway, indicating the effects of propofol in regulating 
SIRT1-related signaling pathway mediated ferroptosis.35 In 
accordance with previous reports, we found that propofol is able 
to ameliorate neuronal ferroptosis by modulating AMPK/SIRT1/
PGC-1α axis in the present research. Propofol's modulation of 
this axis inhibits ferroptosis and promotes synaptic plasticity, 
suggesting its potential in enhancing cognitive function and 
combating neurodegeneration. While the study provides valuable 
insights, clinical translation requires further research to determine 
optimal dosage and potential side effects. A combination therapy 
approach targeting this axis, alongside other pathways, may offer 
effective treatment strategies.

Our findings highlight the potential of propofol not only as an 
anesthetic but also as a neuroprotective agent. However, this 
study had some limitations. In subsequent experiments, we 
will validate  our results using animal models of neurological 
damage and investigate the AMPK/SIRT1/PGC-1α axis's role 
in the neuroprotective properties of propofol. In addition, the 
potential biases in the experimental design and limitations of the 
detection methods existed in our manuscript. Future research 
directions should be suggested to address these limitations and 
validate the findings in larger, independent cohorts. Also, future 
research should focus on validating these in vitro findings in 
animal models and exploring the AMPK/SIRT1/PGC-1α axis as a 
therapeutic target for neuroprotection. Ultimately, the integration 
of propofol or its derivatives into clinical practice for managing 
neurodegenerative conditions could represent a significant 
advancement in the field of neuroprotection.

CONCLUSION

In summary, we have shown that propofol has a function 
in neuronal cell ferroptosis. Propofol may inhibit oxidative 
stress-induced neuronal cell ferroptosis and promote synaptic 
plasticity via the AMPK/SIRT1/PGC-1α axis. It may reduce 
oxidative neuronal death and enhance cognitive functions by 
modulating mitochondrial energy regulation and synaptic 
markers. This highlights propofol's potential in treating cognitive 
decline in neurodegenerative diseases.
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