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Background: Acute kidney injury (AKI) poses a serious threat to patients’ health, creating an urgent need for effective prevention
and treatment strategies. Propofol, an anesthetic used in clinical practice, has demonstrated protective effects across several
organs. This study aims to explore the effect of propofol on AKI and its underlying mechanism.

Methods: An AKI model was established by using lipopolysaccharide (LPS) injection. At 24 hours post-operation, renal func-
tion was evaluated through biochemical analyzers and hematoxylin-eosin staining. The level of oxidative stress was detected
using a biochemical kit. Iron death-related proteins in kidney tissues were evaluated by Western blot (WB) analysis, and iron
deposition was observed by Perls staining. The levels of inflammatory factors were detected by Enzyme-linked immunosorbent
assay (ELISA) and immunohistochemistry. In vitro experiments were performed using human proximal tubular epithelial cells
(HK-2). Cell viability was detected by Cell Counting Kit-8 assay, intracellular reactive oxygen species (ROS) was detected by
flow cytometry, and the expression of ferroptosis-related proteins was determined by WB.

Results: In the in vivo experiments, propofol treatment significantly improved renal function (p < 0.05). The indicators related
to oxidative stress and ferroptosis were downregulated (p < 0.05). The levels of inflammatory factors were reduced, and the
activation of the inflammatory body was suppressed (p < 0.05). The in vitro experiments showed that propofol could significantly
increase the cell viability of HK-2 (p < 0.05), reduce ROS production (p < 0.05), downregulate ferroptosis-related proteins levels
(p < 0.05), and inflammatory responses (p < 0.05). Upon induction of ferroptosis with Erastin, the protective effect of propofol
was attenuated (p < 0.05).

Conclusions: Propofol has a significant protective effect on AKI, mainly through inhibiting ferroptosis and inflammatory re-
sponses in renal tubular epithelial cells. This research provides a strong theoretical basis and experimental foundation for the
clinical application of propofol in the prevention and treatment of AKI.
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Introduction At present, the pathogenesis of AKI is extremely com-
plex. It typically includes cellular dysfunction, hypoxia,
mitochondrial damage, renal tubular injury, and dysregula-
tion of the inflammatory response [4,5]. Among them, the
renal tubular epithelial cells, being an important foundation
of the kidneys, play a central role in the occurrence and de-
velopment of AKI [6]. When the kidneys are subjected to
damage factors such as ischemia-reperfusion injury (IRI),
nephrotoxic substances, and drugs, the epithelial cells of
the renal tubules bear the brunt. Their normal physiologi-
cal functions are disrupted, resulting in damage to the struc-
tural integrity of the renal tubules and subsequently leading
to a sharp decline in renal function [7,8]. Recently, there
has been a growing interest in investigating new types of
cell death, such as necroptosis, pyroptosis, and ferroptosis
etc [8—12]. Among them, ferroptosis has gradually become
a research hotspot due to its unique molecular mechanism

Acute Kidney Injury (AKI) has emerged as a critical
challenge in the field of clinical critical care, with incidence
rates rising annually, posing a serious threat to patients’
lives and health [1]. Epidemiological data indicate that the
prevalence of AKI among hospitalized patients ranges from
approximately 10%—15% globally, while in the Intensive
Care Unit (ICU), this proportion is as high as over 50%
[2]. Although modern medicine has seen continuous ad-
vances in diagnostic and therapeutic techniques, the short-
term mortality of patients with AKI remains a significant
challenge. Moreover, the risk of subsequent development
into chronic kidney disease or cardiovascular complications
for survivors is significantly increased [3]. Therefore, delv-
ing into the pathogenesis of AKI and seeking effective pre-
vention and treatment strategies has become a key issues
that urgently need to be addressed.
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and crucial role in kidney diseases [13]. For instance, re-
search has shown that inhibiting the long-chain family 4
of acyl-CoA synthetase (ACSL4) can alleviate ferroptosis
and significantly reduce the severity of AKI, as well as
improve renal function [14]. In the AKI model induced
by sepsis, the use of Ferrostatin-1 can reduce the death of
proximal tubular cells in mice, and lower the levels of glu-
tathione peroxidase 4 (GPX4), malondialdehyde (MDA),
4-hydroxynonenal (4-HNE), and reactive oxygen species
(ROS) [15]. In addition, the inflammatory response also ex-
erts a significant influence on AKI [16]. When the kidneys
are damaged, the epithelial cells of the renal tubules and
immune cells are activated, releasing inflammatory factors
including tumor necrosis factor-ao (TNF-«), interleukin-143
(IL-1p), and interleukin-6 (IL-6), which trigger an inflam-
matory cascade reaction, further aggravating the damage to
the kidney tissues [17].

Propofol is a widely used intravenous anesthetic, com-
monly employed for the sedation of ICU patients and anes-
thesia for outpatient surgeries. Besides its anesthetic ef-
fects, an increasing number of studies in recent years have
demonstrated that propofol has extensive organ-protective
properties, including for the heart, liver, brain, lungs, and
other vital organs [18-21]. Research has found that propo-
fol can inhibit oxidative stress and inflammatory responses
to alleviate cerebral IRI [22]. In terms of liver protec-
tion, propofol can alleviate liver damage by regulating cy-
tochrome activity and inhibiting hepatocyte apoptosis [23].
There have been some preliminary research reports regard-
ing the protective effect of propofol on the kidneys. For
instance, in the rat model of renal IRI, propofol alleviates
and improves renal function. The mechanism may be per-
tinent to the inhibition of oxidative stress, inflammatory
response, and cell apoptosis [24]. In sepsis-induced AKI
mice, propofol inhibits inflammatory factors by upregulat-
ing miR-290-5p, thereby improving AKI and survival out-
comes in these septic mice [25]. Propofol also inhibits the
pro-apoptotic proteins and inflammatory factors, and plays
an anti-apoptotic and anti-inflammatory protective role in
renal tissues [26]. However, the effect of propofol on AKI
induced by lipopolysaccharide (LPS) and its specific mech-
anism, especially the influence on ferroptosis and inflam-
matory response of renal tubular epithelial cells, is still not
fully clear.

Given the above, this study aims to focus on the influ-
ence of propofol on ferroptosis and inflammatory responses
in renal tubular epithelial cells, providing a theoretical and
experimental basis for AKI and supporting the development
of novel therapeutic approaches for AKI.

Materials and Methods

Experimental Animal Models

In this experiment, 6—8-week-old male C57BL/6 mice
(20-25 g) were purchased from Cyagen (Suzhou, China).

All mice had free access to food and water, and main-
tained a 12-hour light/12-hour dark daily cycle. The ex-
perimental protocol was approved by the Ethics Committee
of Beijing Keweite Laboratory Animal Welfare (Approval
No. KWT-2024-0112-01) and followed the relevant ethical
guidelines for the care and use of laboratory animals. The
mice were randomly divided into the following 4 groups,
with 6 mice in each group: Control group (Con): Only
underwent surgical exposure of the kidneys and received
sterile normal saline; Propofol group (Pro): Received in-
traperitoneal injections of propofol (50 mg/kg, mixed with
intralipid), twice within 24 hours, to observe the effect of
propofol alone on the mice [19]; AKI model group (AKI):
Received intravenous injection of LPS (5 mg/kg, dissolved
in physiological saline) through the tail vein [27]; AKI +
propofol intervention group (AKI + Pro): Intraperitoneal
injections of propofol (50 mg/kg) were administered twice
within 24 hours. One hour after the last injection, intra-
venous injection of LPS (5 mg/kg) was given through the
tail vein to construct the AKI model. At the end of the
experiment (24 hours after modeling), the mice were eu-
thanized by intraperitoneal injection of an excessive dose
of pentobarbital sodium at a dose of 150 mg/kg. After eu-
thanasia, the serum (rapid cardiac puncture), urine, and kid-
ney tissues of the mice were collected for subsequent exper-
iments [28].

Renal Function Assessment

The mouse models were established after 24 hours,
the mice were individually housed in metabolic cages for
another 24 hours, and all the urine samples were collected
for relevant tests. The urine protein content was detected
using the Enzyme-linked immunosorbent assay (ELISA)
urine protein test kit (CB10528-Mu, CPIBO BIO, Shang-
hai, China). The specific steps are as follows: The urine
was collected in a sterile tube and centrifuged for about 20
minutes (at 2000-3000 revolutions per minute) following
the instructions of the kit. The values on the microplate
reader were read, and the urine protein content was calcu-
lated based on the standard curve. After the mice were eu-
thanized, rapid cardiac puncture was performed to collect
blood. The blood was then centrifuged (at 3000 rpm for 10
minutes) to separate the serum. The Scr and BUN levels in
serum were detected using an automatic biochemical ana-
lyzer (Chemray 240, Rayto, Shenzhen, China) to evaluate
the renal function of the mice.

Histopathological Analysis

The fixed renal tissues were successively subjected to
dehydration, paraffin embedding, and sectioning (thickness
4 um), and then stained with Hematoxylin-Eosin (HE). Af-
ter staining, the slides were sealed and observed under a
microscope (Nikon Eclipse E100, Nikon, Tokyo, Japan).
A semi-quantitative scoring system was used to score the
indicators, such as tubular epithelial cell swelling, brush
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border shedding, tubular cast formation, and cell necrosis.
The scoring criteria are as follows: 0 points, no damage;
1 point, <25% tubular damage; 2 points, 25%—-50% tubu-
lar damage; 3 points, 50%—75% tubular damage; 4 points,
>75% tubular damage [29]. The histopathological scores
were independently assigned by two pathologists who were
unaware of the experimental groups, using a double-blind
method.

Oxidative Stress Level Detection

The levels of ROS (BC-K138-F), MDA (E-BC-K027-
S), and 4-HNE (E-EL-0128c) in renal tissues were detected
by a commercial kit (Elabscience, Wuhan, China) to assess
the degree of oxidative stress. Renal tissue was harvested,
and pre-cooled homogenization buffer was added. The tis-
sue was homogenized under ice bath conditions, and then
centrifuged for 10 minutes (4 °C, 12000 rpm) before ex-
tracting the supernatant for detection. The specific opera-
tion steps were carried out strictly in accordance with the
kit instructions.

Detection of Ferroptosis-related Proteins

The expression levels of GPX4 and ACSL4 proteins
in kidney tissue and human proximal tubular epithelial cells
(HK-2) were detected using Western blot (WB) analysis
in accordance with a previously published technique [30].
RIPA lysis buffer (P0013J, Beyoyime, Shanghai, China)
containing protease inhibitors and phosphatase inhibitors
was added. Equal amounts of protein underwent elec-
trophoresis and transfer to the membrane. Then primary
antibodies (GPX4 antibody, A11243, 1:1000, ABclonal;
ACSL4 antibody, ET7111-43, 1:1000, Huabio, GAPDH
antibody, 60004-1-Ig, 1:5000; Proteintech) were added and
incubated. The next day, secondary antibodies (goat anti-
rabbit IgG, ZB-2301, 1:2000; goat anti-mouse IgG, ZB-
2305, 1:2000; ZSBIO) were added and incubated for 1
hour. The image was captured using a Gel Imaging Sys-
tem (Tanon-4600, Tanon, Shanghai, China), and the pro-
tein band gray value was analyzed using ImageJ software
(National Institutes of Health, MD, USA).

Iron Deposition Detection

The Perls Prussian blue staining kit (G1029, Service-
bio, Wuhan, China) was used to detect the iron deposition
in renal tubular epithelial cells. Paraffin sections were de-
paraffinized and rehydrated to water, incubated with Perls
Prussian blue staining solution for 60 minutes, washed with
water, dehydrated, cleared, and mounted. The samples
were observed under a microscope. The iron deposition
sites appeared blue, and the number of positive cells was
calculated.

The Detection of Inflammatory Factors

The levels of TNF-a (E-MSEL-M0002), IL-153 (E-
MSEL-M0003), and IL-6 (E-MSEL-M0001) in serum and
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kidney tissue homogenate were detected using the ELISA
method. Appropriate amounts of serum or supernatant of
kidney tissue homogenate were taken, and the detection was
carried out according to the manufacturer’s instructions of
the ELISA kit (Elabscience, Wuhan, China). The concen-
trations of inflammatory factors were calculated based on
the standard curve.

Immunohistochemistry

The paraffin sections were deparaffinized and rehy-
drated to water, blocked with 3% hydrogen peroxide solu-
tion for 10 minutes, and 5% goat serum for 30 minutes. The
NOD-like receptor thermal protein domain-associated pro-
tein 3 (NLRP3) antibody (GB114320, Servicebio, Wuhan,
China) was added and incubated at 4 °C overnight. The next
day, the sections were washed 3 times with PBS, each for 5
minutes, and then a HRP-labeled secondary antibody (goat
anti-rabbit IgG, GB23303, Servicebio, Wuhan, China) was
added and incubated at room temperature for 1 hour. DAB
staining was performed, followed by hematoxylin counter-
staining, dehydration, transparency, and mounting. The
samples were observed under a microscope. The immuno-
histochemical staining images were quantitatively analyzed
using ImageJ software, and the detection index was integral
optical density (IOD/area).

Cell Culture

Human proximal renal tubular epithelial cells
(HK-2, CBP60447) and the complete culture medium
(CBP60447M) were all purchased from COBIOER (Nan-
jing, China). They were cultured in an incubator as per
the manufacturer’s instructions for cultivation (37 °C, 5%
CO,). The cells have been subjected to STR analysis
and mycoplasma testing and have been confirmed to be
free from contamination. The number of cell passages
was within 15 generations. When the cell density reached
5x 105 cells/mL, the cells were divided into the following
5 groups: Control group (Con): Normal cultured HK-2
cells without any treatment; Propofol group (Pro): 10 uM
propofol was added to the culture medium and cultured for
24 hours [31]; LPS group (LPS): 1 ng/mL LPS was added
to the medium and cultured for 24 hours [32]; Propofol
+ LPS group (Pro+LPS): 1 hour before LPS induction,
10 uM propofol was added to the cell culture medium
for pretreatment, and then 1 pg/mL LPS was added for
24 hours of cultivation; Propofol+LPS+Erastin group
(Pro+LPS+Erastin): Before LPS induction, the cells were
pretreated with 10 pM propofol for 1 hour, and then 10 pM
Erastin (a ferroptosis inducer, Selleck Chemicals, USA)
and 1 pg/mL LPS were added together for 24 hours of
cultivation [33].

Cell Viability Detection

Cell viability was detected using the Cell Counting
Kit-8 (CCK-8) method. During cell inoculation, the con-
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centration was adjusted to 2 x 103 cells/mL and then added
to the 96-well plate. After completing the 24-hour cul-
ture stage, 10 microliters of the CCK-8 detection solution
(96992, Sigma, St. Louis, MO, USA) was injected into
each well; after an interval of 2 hours, an absorption mea-
surement was conducted using the DR-200Bs microplate
reader (DR-200Bs, Diatek, Wuxi, China), at a detection
wavelength of 450 nanometers.

Flow Cytometry

To assess intracellular ROS levels, the DCFH-DA
probe technique (S0033S, Beyotime, Shanghai, China) was
utilized. Following the cultivation of cells, they were rinsed
three times with PBS. Subsequently, the DCFH-DA probe
was introduced, and the cells were incubated at 37 °C for
20 minutes. Afterward, the cells were washed once more
to remove any excess probe. Trypsin was then used to de-
tach the cells, which were collected as a suspension. Flu-
orescence intensity was measured using a flow cytometer
(CytoFLEX, Beckman Coulter, Miami, FL, USA).

Immunofluorescence Assay

The expression of NLRP3 in the cells was detected
using the immunofluorescence method. The cells were cul-
tured in 24-well plates with coverslips. After the treatment,
the cells were fixed and permeabilized, blocked with 5%
BSA for 1 hour, and then incubated with NLRP3 antibody
(ET1610-93, HUABIO) at 4 °C overnight. The cells were
washed with PBS and then incubated with Cy3-labeled sec-
ondary antibody (GB21303, Servicebio) at room tempera-
ture for 1 hour. The cells were washed three times with PBS
and then stained with DAPI for 10 minutes. After mount-
ing, the cells were observed under a fluorescence micro-
scope (APX100 Olympus, Tokyo, Japan), and positive ex-
pression of NLRP3 was indicated by green fluorescence.
Quantitative analysis of immunofluorescence staining im-
ages was conducted using the ImageJ software. The spe-
cific detection indicators were the average fluorescence in-
tensity of the regions of the target protein showing positive
expression. During the analysis process, at least 5 random
fields of view were selected from each group.

Statistical Methods

GraphPad Prism (9.0, Graphpad Software, San Diego,
CA, USA) was employed for data analysis. Quantitative
data are presented as mean =+ standard deviation. Compar-
isons between two groups were performed using a #-test,
while one-way analysis of variance (One-Way ANOVA)
followed by Tukey’s post-hoc test was applied for evalu-
ating differences across multiple groups. A p-value below
0.05 was considered statistically significant.

Results

Propofol Significantly Improves Renal Function in
the AKI Model Mice

Compared with the AKI model mice, the AKI+Pro
treatment showed a marked downward trend in urinary pro-
tein content, and both Scr and BUN levels were signifi-
cantly reduced, suggesting that propofol can effectively al-
leviate glomerular filtration dysfunction and azotemia in
AKI model mice (p < 0.05) [Fig. la—]. Renal HE staining
revealed normal renal tissue morphology and intact tubular
cell structures with lower renal tissue scores in the control
group. In contrast, the AKI group exhibited obvious patho-
logical changes such as tubular epithelial cell swelling, in-
flammatory cell infiltration, and cell necrosis, with a sig-
nificantly increased tubular injury score. The AKI+Pro
group showed markedly alleviated tubular structural dam-
age, with a significantly lower tubular injury score than
the AKI model group, indicating that propofol improves
the renal pathological status of AKI model mice by reduc-
ing structural damage to tubular epithelial cells (p < 0.05)
[Fig. 1d,e]. There were no significant differences in renal
function indices in the propofol single-treatment, indicating
that propofol has no significant effect on renal function in
normal mice, and its renal function-improving effect is only
evident under AKI pathological conditions.

Propofol Inhibits Renal Oxidative Stress and
Regulates Renal Ferroptosis in AKI Model Mice

The AKI model group exhibited significantly elevated
levels of ROS, MDA, and 4-HNE in renal tissues, indica-
tive of a markedly enhanced oxidative stress state. Con-
versely, the AKI+Pro group showed substantial reductions
in renal ROS, MDA, and 4-HNE levels compared to the
AKI model group, demonstrating that propofol effectively
scavenges excessive free radicals and inhibits lipid perox-
idation to alleviate renal oxidative stress injury (p < 0.05)
[Fig. 2a—]. WB analysis revealed a considerable downreg-
ulation of GPX4 protein expression and an upregulation of
ACSL4 in AKI model renal tissues. In the AKI+Pro group,
GPX4 expression was notably upregulated, while ACSL4
expression was downregulated, suggesting that propofol
inhibits ferroptosis in tubular epithelial cells by modulat-
ing key ferroptosis-related proteins (p < 0.05) [Fig. 2d,e].
Perls staining further confirmed increased iron deposition
in tubular epithelial cells of the AKI group, which was no-
tably reduced in the AKI+Pro group, reinforcing propofol’s
inhibitory effect on renal ferroptosis (p < 0.05) [Fig. 2f,g].

Propofol Diminishes Renal Inflammatory Response
and Inhibits NLRP3 Inflammasome Activation in AKI
Model Mice

ELISA results showed significantly elevated levels of
proinflammatory cytokines (TNF-«, IL-1, IL-6) in serum
and renal tissue homogenates of the AKI model group,
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Fig. 1. Propofol significantly improves renal function in AKI model mice. (a—c) Urine protein, BUN, and Scr levels were detected
using ELISA. (d) Representative images of HE staining of renal tissues from each group (scale bar: 20 um, magnification x400). (e)
The renal tissue injury scores of each group of mice. n = 6; **p < 0.01, ***p < 0.001.
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Fig. 2. Propofol inhibits renal oxidative stress and regulates renal ferroptosis in AKI model mice. (a—c) The renal ROS, MDA, and
4-HNE levels were detected. (d,e) WB analysis was used to detect the protein levels of GPX4 and ACSL4. (f,g) The iron deposition

levels in each group were observed using Perls staining (scale bar: 20 pm, magnification x400). n = 6; **p < 0.01, ***p < 0.001.

whereas the AKI+Pro group exhibited substantial reduc-  model renal tissues, while the AKI+Pro group showed a
tions in these inflammatory markers, indicating propofol’s considerable decrease in both the number of positive cells
efficacy in inhibiting cytokine release (p < 0.05) [Fig. 3a—  and staining intensity, suggesting that propofol alleviates
f]. Immunohistochemical analysis revealed a marked in- renal inflammatory injury by suppressing NLRP3 inflam-
crease in NLRP3 inflammasome-positive cells in AKI ~ masome activation (p < 0.05) [Fig. 3g,h].
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Fig. 3. Propofol diminishes renal inflammatory response and inhibits NLRP3 inflammasome activation in AKI model mice. (a—)
The IL-13, TNF-a, and IL-6 in the serum of mice in each group. (d—f) The IL-15, TNF-q, and IL-6 in the renal tissue of mice in each
group. (g,h) Immunohistochemical detection of NLRP3 in each group (scale bar: 20 um, magnification x400). n=6; **p < 0.01, ***p
< 0.001.
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Propofol Protects Against LPS-induced HK-2 Cell
Injury and Ferroptosis, With its Protective Effect
Attenuated by Erastin

The CCK-8 assay was used to detect the effect of dif-
ferent concentrations of propofol on the viability of LPS-
treated HK-2 cells. The results showed that propofol treat-
ment significantly enhanced cell viability. The most sig-
nificant increase in cell viability was observed when the
concentration of propofol was 10 pM (p < 0.05) [Fig. 4a].
Subsequently, 10uM of propofol was selected for treat-
ment. However, from Fig. 4b, co-treatment with the fer-
roptosis inducer Erastin and LPS substantially weakened
propofol’s protective effect, as evidenced by a blunted re-
covery in cell viability (p < 0.05). Flow cytometry showed
a marked increase in intracellular ROS production follow-
ing LPS treatment, which was reduced by propofol pretreat-
ment; this protective effect was compromised upon ferrop-
tosis induction, as reflected by enhanced ROS generation
(» < 0.05) [Fig. 4c,d]. WB analysis revealed significant
downregulation of GPX4 and upregulation of the ferrop-
tosis marker ACSL4 in LPS-stimulated HK-2 cells, which
was reversed by propofol, confirming its protective role.
However, compared with the propofol intervention group,
the GPX4 expression was downregulated and the ACSL4
expression was upregulated in the LPS+Pro+Erastin group,
indicating that ferroptosis was induced, and this weakened
the suppression effect of propofol on ferroptosis (p < 0.05)

[Fig. 4e.f].

Propofol Exerts its Protective Effect by Inhibiting
LPS-induced Inflammatory Response in HK-2 Cells

LPS stimulation led to a considerable increase of in-
flammatory factors such as TNF-a, IL-1/, and IL-6 in the
culture supernatant of HK-2 cells. However, propofol pre-
treatment could significantly reduce the levels of these in-
flammatory factors. Moreover, the addition of ferropto-
sis inducers resulted in a rebound in the secretion of in-
flammatory factors, indicating that the ferroptosis induc-
ers enhanced the inflammatory response of the cells (p <
0.05) [Fig. 5a—c]. Consistent with the in vivo experiments,
immunofluorescence detection showed that LPS stimula-
tion also significantly enhanced the expression of NLRP3,
while the NLRP3 expression in the LPS+Pro group cells
was significantly decreased. Inducing ferroptosis caused
the NLRP3 expression to rebound, further confirming that
the protective effect of propofol is closely involved in the
inhibition of the ferroptosis process (p < 0.05) [Fig. 5d,e].

Discussion

This research comprehensively explored the protec-
tive role of propofol in AKI and its underlying mechanisms.
The findings demonstrate that propofol notably enhances
kidney function in mice with AKI and alleviates kidney tis-
sue damage. The mechanism mainly involves inhibiting

ferroptosis and inflammatory responses in renal tubular ep-
ithelial cells.

After the occurrence of AKI, the renal function is af-
fected, manifested by elevated levels of urinary protein, Scr
and BUN, and the swelling and necrosis of renal tubular ep-
ithelial cells. Propofol significantly improves renal tissue
function following AKI, which is consistent with its pro-
tective effect demonstrated in previous studies [25]. In ad-
dition, for normal mouse models, propofol treatment had no
effect on the various indicators of mouse renal function.

Mechanistically, the effect of propofol in improving
renal function may be potentially explained by its ability to
inhibit oxidative stress and ferroptosis. In this study, propo-
fol significantly reduced the oxidative stress level in renal
tissues, upregulated the GPX4 protein, downregulated the
ACSL4 protein, and simultaneously reduced intracellular
iron deposition, thereby inhibiting the occurrence of fer-
roptosis. This aligns with the results of Zhou et al. [19]
in the sepsis-induced brain injury model, where propofol
alleviated nerve injury and neuroinflammation by eliminat-
ing free radicals, inhibiting lipid peroxidation, and combat-
ing ferroptosis. Furthermore, in vitro experiments demon-
strated that propofol could reduce the generation of ROS
in HK-2 cells induced by LPS, further supporting its an-
tioxidant properties. When Erastin was used to strongly
induce ferroptosis, the protective effect of propofol weak-
ened, which further verified that the inhibitory effect of
propofol on ferroptosis was one of the important mecha-
nisms for its protection against AKI.

This study further confirmed that propofol can reduce
the levels of TNF-q, IL-153 and IL-6 in the serum and kid-
neys of AKI mice, and inhibit the activation of the NLRP3
inflammasome. This conforms with the findings of Liu et
al. [34] in the lung injury model induced by renal ischemia
and reperfusion, where propofol reduced the inflammatory
cascade by inhibiting the NLRP3 inflammasome activation.
It is worth noting that the NLRP3 inflammasome can simul-
taneously promote the release of inflammatory factors and
the process of ferroptosis. The dual inhibition of propofol
on both of these processes may form a synergistic protective
effect [35]. For instance, Lu ef al. [36] found that propo-
fol reduced oxidative stress, inhibited ferroptosis and apop-
tosis, and simultaneously lowered inflammatory cytokines
secretion to alleviate the cardiomyocyte toxicity induced by
azithromycin.

Moreover, in vitro experiments showed that propofol
pretreatment notably reduced the levels of inflammatory
factors in the culture supernatant of HK-2 cells and weak-
ened the immunofluorescence signal of NLRP3. The con-
clusions were similar in liver injury and cardiomyocyte in-
jury models. For example, in the liver injury model, propo-
fol inhibited the maturation of inflammatory and oxida-
tive stress-related factors by blocking the NLRP3 pathway
[37]. In the LPS-induced model of neonatal rat cardiomy-
ocyte injury, propofol pretreatment reduced cardiomyocyte
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Fig. 4. Propofol protects against LPS-induced HK-2 cell injury and ferroptosis, with its protective effect attenuated by Erastin.

(a,b) CCK-8 assay was used to detect the viability of cells in each group. (c,d) Flow cytometry was used to detect ROS levels in cells of

each group. (e,f) The expression levels of the ferroptosis-related proteins ACLS4 and GPX4 were detected using WB analysis. n = 6; *p

< 0.05, **p < 0.01, ***p < 0.001.

cell damage. The mechanism lies in which propofol inac-
tivates the NLRP3 inflammatory body signaling pathway
[38]. These findings suggest that propofol may be a thera-
peutic candidate for septic liver injury and myocardial dam-

age. Additionally, this study also observed the correla-
tion between inflammation inhibition and ferroptosis regu-
lation. When Eastin was used to induce ferroptosis, the anti-
inflammatory effect of propofol was simultaneously weak-
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ened, suggesting that ferroptosis may act as an upstream
event to drive the inflammatory response. This dovetails
with the theory proposed by Deng ef al. [39] that “ferropto-
sis is a target for treating inflammatory diseases”. Growing
evidence indicates that ferroptosis inhibitors have potential
benefits in treating inflammation, suggesting that targeting
ferroptosis could be a promising approach for inflammatory
diseases. Subsequent studies will need to further elucidate
the specific molecular pathways regulating inflammation
through the detection of indicators such as nuclear factor
kappa-B (NF-xB) p65 phosphorylation and IxBa degrada-
tion.

This study also has certain limitations. Firstly, in the
in vivo experiments, only the lipopolysaccharide-induced
AKI model was used, which mainly simulates AKI related
to infection and fails to cover other common causes, such
as ischemia-reperfusion injury, renal toxicant-induced in-
jury. Among the indicators for detecting ferroptosis, merely
using Perls staining and WB to detect the relevant indica-
tors may result in an incomplete assessment of ferroptosis.
Therefore, the generalizability of the results needs to be fur-
ther verified. Future studies could adopt multiple AKI mod-
els, such as ischemia-reperfusion-induced AKI, cisplatin-
induced AKI, and ferroptosis detection methods for com-
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parative research [40]. Secondly, although this study has
revealed the inhibitory effect of propofol on ferroptosis and
inflammatory responses, the specific molecular signaling
pathways have not been fully elucidated. For instance,
how propofol precisely regulates the expression of GPX4
and ACSL4 and its upstream regulatory mechanism on the
NLRP3 signaling pathway still require in-depth investiga-
tion. In the future, through gene knockdown, overexpres-
sion experiments, and signal pathway inhibitors, etc., the
detailed molecular mechanism of propofol exerting its pro-
tective effect can be further explored. It should be noted
that Erastin may have a slight impact on cell death pathways
other than ferroptosis. Subsequent studies could use the
ferroptosis-specific inhibitor liproxstatin-1 to further verify
the core role of ferroptosis in the protective effect of propo-
fol, in order to rule out non-specific interference. Moreover,
this study was conducted only in cellular and animal mod-
els, and clinical studies have not yet been carried out. The
effectiveness and safety of propofol in the treatment of AKI
in humans still need to be verified through clinical trials.

Conclusions

In conclusion, this study has confirmed that propofol
has a significant protective effect on AKI. This effect is
mainly mediated by inhibition of ferroptosis and inflamma-
tory responses in renal tubular epithelial cells. This study
offers new insights and avenues for future research on the
treatment strategies of AKI.
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