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Abstract

Oxidative stress is one of the main mechanisms of myocardial 
ischaemia-reperfusion (I/R)-induced injury, which is one of the main cause of 
cardiomyocyte death and precipitates life-threatening heart failure. Propofol 
(2,6-diisopropylphenyl, PR) plays critical roles, including in I/R-induced 
oxidative stress; however, its protective effects on I/R-induced oxidative stress 
are still largely unknown. Considering that oxidative stress strongly affects 
mitochondrial function, we hypothesized that propofol may regulate I/R-induced 
H9C2 injury by modifying mitochondrial function. In a H2O2-induced cell model, 
propofol treatment reversed the H2O2-induced blockade of the cell cycle at 
the G1 phase and promotion of apoptosis. Two-hour pretreatment promoted 
proliferation and inhibited apoptosis, indicating that propofol pretreatment may, 
decrease H2O2-induced ROS accumulation. Propofol decreased oxidative 
stress-induced haem oxygenase-1 (HO-1) expression, and ROS scavenging 
mediated by treatment with NAC also decreased HO-1 expression. Propofol 
decreased ROS accumulation after H2O2 treatment, which was similar to the 
effects of the ROS scavenger NAC. Further results also showed that propofol 
enhanced the maintenance of mitochondrial function. However, without 
affecting the mitochondrial DNA content, propofol decreased mitochondrial ATP 
production and transcriptional activity, indicating that propofol may temporarily 
block mitochondrial function to prevent oxidative stress. These results suggest 
that propofol protects cardiomyocytes by regulating mitochondrial function.
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induced the transcriptional activity of antioxidant enzymes [7]. It 
is also reported inhibition of calcineurin-induced calcium overload 
and the subsequent activation of YAP signalling decreased hypoxia-
induced oxidative stress in hippocampal neurons [7]. Propofol 
administration can protect the kidneys from sepsis-induced AKI via 
exerting inhibitory role on oxidative stress [10]. By considering that 
oxidative stress is one of the main cause in mitochondrial damage 
[11] and propofol treatment was reported to exert protective effects 
on hearts from reperfusion injury [12-14] it is worth investigating 
the role of propofol conditioning or preconditioning and potential 
molecular mechanisms on it protective effects.

As the major energy-producing organelle of the cell, the 
mitochondria produce a major proportion of reactive oxygen species 
(ROS) by metabolizing active oxidative species under oxidative stress 
conditions [15]. Excessive ROS can cause damage to mitochondrial 
energy production by damaging mitochondrial DNA (mtDNA) and 
disrupting the mitochondrial membrane potential [16]. Propofol 
has been reported to be tightly associated with mitochondrial 
biogenesis and function. Sumi reported that propofol disturbed 
mitochondrial function by blocking the mitochondrial electron 
transport chain, inducing a metabolic switch and causing cell death 
[17]. In hippocampal astrocytes and neurons, propofol promotes 

Introduction
Ischaemia/reperfusion (I/R) injury is one of the most common 

types of damage during or after major surgeries, with the incidence of 
myocardial damage ranging from 1% to 7% [1,2]; myocardial damage 
is the main cause of death mediated by inducing oxidative stress and 
subsequent fatal damage to cardiomyocytes [2]. Reducing I/R injury 
is now one of the main strategies for achieving improved recovery [3], 
including ischaemic conditioning and preconditioning [4], herbal 
component conditioning [5], and chemical conditioning [6]. There 
are many factors that potentially contribute to protection against 
I/R-induced myocardial injury. However, the exact mechanism 
underlying myocardial injury induced by I/R is not completely 
understood; thus, no promising therapeutic candidates have been 
found. In this context, the protective effects of ischaemic conditioning 
and preconditioning on cardiomyocytes are gaining attention.

Propofol is a widely accepted and clinically used intravenous 
anaesthetic that also plays protective roles in oxidative stress induced 
cell injury by several factors in several kinds of cells, including 
cardiomyocytes [7], hippocampal neurons [8], and kidney cells [9]. 
Shinjo and colleagues presented that oxidative stress induced by 
H2O2 was decreased by propofol in rat cardiac H9C2 cells, which 
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mitochondrial fission and mitophagy, which induce mitochondria-
dependent apoptosis [18]. In contrast, under oxidative stress induced 
by oxygen-glucose deprivation and reperfusion, propofol protects 
the mitochondrial ultrastructure and inhibits mitochondrial fission, 
but the exact molecular mechanism is unknown [19]. According to 
the literature, propofol tightly regulates mitochondrial function and 
homeostasis and results in context-dependent pro-apoptotic or pro-
survival effects. These findings prompted us to investigate the exact 
roles of propofol in mitochondrial homeostasis and function under 
oxidative stress.

In present study, we focused on the regulatory roles of the 
intravenous anaesthetic propofol on mitochondrial homeostasis and 
function under oxidative stress induced by H2O2. Propofol exerts 
cytotoxic effects by disrupting mitochondrial function under normal 
conditions and exerts protective effects on the mitochondria under 
oxidative stress conditions [20]. We aimed to determine the exact 
effects of propofol on mitochondrial function and provide clinical 
suggestions for the use of propofol.

Material and Methods
Cell culture and treatment

Rat cardiomyocyte cell line H9C2 was bought from American 
Type Culture Collection (ATCC Manassas, VA, USA), and 
maintained in medium (DMEM) with addition of 10% Fetal bovine 
serum (FBS, Life Technologies, Grand Island, NY, USA), 100g/mL 
streptomycin and 100 U/mL penicillin. Cells were cultured in a 
humidified atmosphere of 5% CO2 and 95% air at 37oC and passaged 
every three days. 

For inducing oxidative stress, 100, 200, 300, 400, 500, 600, 700, 
and 800 μM of H2O2, was supplemented into culture medium for 24h, 
respectively. For inducing proliferation-inhibiting effect, 243.5μM of 
H2O2 was employed for 24-hour incubation. For inducing apoptosis-
promoting effect, 425.1μM of H2O2 was employed for 24-hour 
incubation.

For assessing propofol’s effect, 50μM of propofol was employed 
for 24-hour incubation.

Cell cycle analysis
Propidium iodide (PI, Beyotime) followed by flow cytometry assay 

was employed for analyzing cell cycle distribution. Approximately 
1×106 cells were fixed with ice-cold 75% ethanol for 12-16 h. Then, 
fixed cells were washed with ice-cold PBS twice and incubated with 
100μg/ml RNase A and 40μg/ml PI in final concentration for 30min 
avoid from light. Then stained samples were investigated by Navios 
flow cytometers (Beckman Coulter, Brea, CA, USA). The proportion 
of G1/G0, S and G2/M phases were calculated by employing FlowJo 
9.7.6 (FlowJo LLC, Ashland, OR USA).

Apoptotsis analysis
Cells were stained with Annexin V-FITC (green fluorescence) 

and the non-vital dye PI (red fluorescence). FITC+/PI- and FITC+/
PI+ proportions were considered as apoptotic cells, FITC-/PI+ 
proportion was considered as non-apoptotic cells. All samples were 
analyzed flow cytometry and data was analyzed using FlowJo 9.7.6 
(FlowJo LLC, Ashland, OR USA).

ROS detection
Cells were treated with H2O2 for various duration, and 

30 min prior to the termination of the treatment, 100ng/ml 
2’,7’-dichlorofluorescein diacetate (H2DCFDA, Sigma-Aldrich, St. 
Louis, MO, USA) was added to the medium for 30-minute staining. 
Then cells were washed with ice-cold PBS twice and imaged under 
a X71 (U-RFL-T) fluorescence microscope (Olympus, Melville, NY).

Imaging of mitochondrial ROS
To identify mitochondrial ROS accumulation, cells were 

incubated with 2.5μM MitoSox Red for 15min and 10ng/ml DAPI 
was added simultaneously for nucleus staining. The excitation 
wavelength of MitoSox Red is 543nm and emission wavelength of 
560-620 nm was collected. For each group, five views were randomly 
imaged under a X71 (U-RFL-T) fluorescence microscope (Olympus, 
Melville, NY).

Western blot
Samples were lysed by employing SoniConvert® Sonicator 

(DocSense, Chengdu, China) following the manufacture’s instruction. 
Protein concentration was measured using BCA kit (Sigma) and 20μg 
of total protein were separated by SDS-PAGE and transferred to 
PVDF membrane (Millipore) pre-blocked in 5% powdered milk+5% 
BSA in PBS containing 0.3% 20 for 30 min at room temperature (RT). 
Then, the blot-transferred membrane was incubated with primary 
antibody at 4oC overnight. Anti-Heme Oxygenase 1 antibody (Cat. 
No.: ab189491, Abcam) was diluted in 1:1000 and anti-beta Actin 
antibody (Cat. No: Ab8226, Abcam) was diluted in 1:5000. After 
washing for three times with PBS containing 0.3% Tween 20, the 
membrane was incubated with horseradish peroxidase (HRP)-labeled 
secondary antibody for 1h at RT. Then membrane was then developed 
by using ECL detection systems (Thermo Scientific, Waltham, MA, 
USA).

JC-1 staining
Cells were stained using 20μg/mL of JC-1 at 37°C for 20min. 

Then supernatant was removed and cells were washed using chilled 
PBS for two times. Cells were imaged. The red signal represents JC-1 
aggregates, and green signal represents JC-1 monomers.

RT-qPCR
It was performed to detect mitochondrial-coded genes. Briefly, 

total RNA was extracted from 1×106 cells for each sample by using 
SoniConvertTM system (DocSense, Chengdu, China). Reverse 
transcription was performed by employing 1μg of total RNA. 

For each reaction, 0.2μl of cDNA was employed. The reaction 
procedure  was  described  as  follows: 95h 5min,  35 cycles of  95h  
10s,  and  60h 1min. GAPDH forward: 5’-C C T T C A T T G A C C 
T C A A C T A C A T-3’; reverse: 5’-C C A A A G T T G T C A T G G 
A T G A C C-3’. GAPDH was considered as a internal control. COX I 
forward: 5’- G G A G C A G T A T T C G C C A T C A T-3’; reverse: 
5’-G A G C A C T T C T C G T T T T G A T G C-3’; HO-1 forward: 
5’-A A G A C T G C G T T C C T G C T C A A C-3’; reverse: 5’-A A 
A G C C C T A C A G C A A C T G T C G-3’; ND1 forward: 5’- C A 
C C C C C T T A T C A A C C T C A A-3’; reverse: 5’-A T T T G T T 
T C T G C G A G G G T T G-3’.
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Statistical analysis
All data were analyzed for statistical significance using SPSS 13.0 

software (SPSS, Chicago, IL, USA) and presented as mean±SD from 
at least 3 independent experiments performed in duplicate. Statistical 
comparisons of the results were made using analysis of One-way 
ANOVA followed by Tukey’s post-hoc test. P<0.05 was considered 
statistically significant.

Results
Propofol treatment exerts protective effect against H2O2-induced 

inhibition of cell proliferation. To determine the exact concentration 
of H2O2 in inducing inhibition of cell proliferation and cell death, a 
range concentration of H2O2 (100-800 μM) was co-incubated with 
H9C2 cells for 24 hours, and then assessed for cell viability. As it 
is shown in Figure 1A, continuous decrease of cell viability was 
observed, and 30% inhibitory concentration (IC30), approximately 
243.5μM was employed in the term of proliferating inhibition, 
50% inhibitory concentration (IC50), approximately 425.1μM was 
employed in the term of apoptosis promotion. To confirm that IC30 
of propofol inhibits proliferation, but not stop proliferation, its effect 
on cell viability from day 1 to 4 was measured and it is observed that 
H9C2 cells cultured with H2O2 presented a slower proliferating rate 
compared to mock group (solvent control group) (Figure 1B). As a 
cell marker response to oxidative stress, heme oxygenase-1 (HO-1), 
a critical antioxidant enzyme that can be induced by oxidative stress 
[21], was detected by western blot. Expectedly, H2O2 (≥200μM in 

concentration) significantly upregulated HO-1 protein levels (Figure 
1C). Aim to confirm whether propofol exerts protective effect on 
H2O2-induced cell injury, 10-100 μM of propofol was added in with 
IC30 of H2O2, and cell cycle phases were measured 24-hour later. 
As it is shown in figure 1D, expectedly, H2O2 treatment remarkably 
increased the proportion of G1/G0 phase, which is potentially the 
main cause of cell cycle arrest by H2O2. Notably, addition of both 50 
and 100 μM of propofol significantly reversed the increase of G1/
G0 proportion induced by H2O2, indicated that propofol treatment 
decreased H2O2-induced inhibitory effect on proliferation. By 
considering that propofol alone presented no detectable effect on cell 
proliferation after 24h (data not shown), reverse of H2O2-induced cell 
cycle arrest by propofol may due to the block of oxidative stress.

Propofol decreased H2O2-induced apoptosis
It is presented that, 10-100 μM of propofol presented no detectable 

effect on apoptosis (data no shown), this indicated that propofol 
treatment may target to block H2O2-induced oxidative stress. By 
considering this, we hypothesized that pretreatment of propofol 
may achieve better effects on exerting protective effect. H9C2 cells 
pretreated with 50μM of propofol for 0.5, 1, 2, and 4 hours were then 
exposed to IC50 of H2O2. Cell viability was observed to be higher in 
2- and 4-hour pretreated groups (Figure 2A). To evaluate the effect 
of propofol on H2O2-induced apoptosis, IC30 of H2O2 and different 
concentration of propofol were added for co-incubation for 24 hours, 
then the apoptosis was measured. As it is shown in Figure 2B and 

Figure 1: Propofol reversed H2O2-induced cell cycle arrest.
A) Cell cytotoxicity of H2O2 was measured by performing CCK-8 assay. B) The effect of IC30 of H2O2 on proliferation from day 1 to 4 in H9C2 cells was measured 
by performing CCK-8 assay. *P<0.05, vs. mock group. C) Western blot was performed to detect the protein level of HO-1 after H2O2 treatment for 24h. D) Different 
concentration of propofol and IC30 of H2O2 were supplemented in medium for 24-hour culturing, then cells were stained with PI and analyzed by flow cytometry. 
*P<0.05, vs. 243.5μM H2O2/0μM propofol group.
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2C, H2O2 significantly induced apoptosis after 24-hour incubation. 
Addition of both 50 and 100 μM of propofol significantly decreased 
apoptotic proportion induced by H2O2, indicated that propofol may 
reverse oxidative stress induced by H2O2. In further experiments, 
50μM of propofol was used. To further confirm this observation, all 
cells were then analyzed by apoptotic detection. Expectedly, propofol 
treatment decreased apoptosis after H2O2 exposure (Figure 2D 
and 2E), and 2- and 4-hour pretreated groups presented much less 
proportion of apoptotic cells.

To find out whether 50μM of propofol exerts protective effect, 
neonate cardiomyocytes were isolated and cultured. 2-day-old 
newborn rat was sacrificed for isolating rat cardiac myocytes (RCM). 
Isolated cells were cultured in 6-well plate at different confluence 
(Figure 3A). After 24h treatment under IC30 of H2O2, cell viability 

and cell cycle phases were measured. As presented in figure 3B, 
expectedly, H2O2 treatment decreased cell viability, which was 
reversed by treatment of propofol. Cell cycle distribution was also 
beening arrested at G1/G0 phase after H2O2 addition, which was 
reversed by propofol (Figure 3C). The protective effect of propofol 
on oxidative stress-induced apoptosis in RCM was then measured by 
Annexin V-FITC/PI double staining assay. As shown in Figure 3D, 
IC50 of H2O2 significantly induced apoptosis, which was reversed by 
addition of propofol?

Propofol exerts protective effect on H2O2-induced cell 
injury potentially via inhibiting ROS accumulation 

By considering that H2O2-induced toxicity is mainly via 
promoting ROS accumulation [22], we wondered that whether 
pretreatment of propofol on H2O2-induced oxidative stress also 

Figure 2: Pre-treatment of propofol exerts protective effects on H2O2-induced apoptosis.
To evaluate the protective effect of pre-treatment of propofol, 0.5-4h pretreated H9C2 cells were then incubated with IC50 of H2O2 for 24h, followed by performing 
CCK-8 assay (A) and flow cytometry (B&C). *P<0.05, vs. H2O2 treated group. D&E. 425.1μM of H2O2 and 50μM of propofol were co-incubated with H9C2 for 24 
hours, and then cells double stained with Annexin V-FITC and PI were analyzed by flow cytometry. *P<0.05, vs. H2O2 treated group.
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modify ROS accumulation. ROS staining results presented that, after 
H2O2 exposure, ROS accumulation was observed (Figure 4A). In all 
propofol treated groups, ROS accumulation was obviously decreased, 
compared to untreated group, and pretreatment further decreased 
ROS level, indicated that propofol pretreatment may inhibit ROS 
accumulation induced by H2O2-induced oxidative stress. To further 
confirm whether the modification of ROS accumulation by propofol 
is critical for its protective effect under oxidative stress induced by 
H2O2, the effects of propofol with or without NAC, a ROS scavenger, 
on proliferation and apoptosis were accessed. As it is shown in Figure 
4B and 4C, both NAC and propofol treatment reversed H2O2-induced 
proliferating inhibition and apoptosis promotion, and co-treatment 
of NAC and propofol failed to exert further modification on these two 
processes, indicated that propofol may exert protective effect mainly 
via decrease ROS level. 

Propofol may protect H9c2 cells from oxidative stress via 
presence of HO-1

By considering that HO-1 is crucial for antioxidantation after 
oxidative stress, we hyperthized that propofol may protect cardiac 

myocytes via HO-1 directly or indirectly. By performing RT-qPCR 
and western blot, it was observed that H2O2 treatment expectedly 
increased HO-1 expression (Figure 5A and 5B). Both addition of NAC 
(a ROS scavenger) and propofol (at final concentration of 50μM) 
significantly decreased HO-1 expression, indicated that propofol may 
regulates HO-1 expression via decreasing ROS accumulation. We 
then efficiently knockdown HO-1 expression by transfecting shRNA 
target to HO-1 mRNA (Figure 5C), and detected ROS accumulation. 
Expectedly, propofol treatment significantly decreased ROS level only 
when HO-1 was presented (Figure 5D). By detecting cell cycle arrest 
and apoptosis induced by oxidative stress, it was clearly observed that 
propofol only exerted protective effects on cell cycle and cell survival 
when HO-1 was presented (Figure 5E and 5F).

Propofol treatment potentially decreased mitochondrial 
function and maintained mitochondria function

We also detect mitochondrial ROS by performing mitotracker 
SoxRed after propofol treatment. Expectedly, H2O2-induced increase 
in mitochondrial ROS was obviously decreased by 0.5- and 2-hour 
pretreatment of propofol (Figure 6A). H2O2-induced oxidative stress 

Figure 3: Pre-treatment of propofol exerts protective effects on oxidative stress in RCM.
A) Morphology of isolated RCM at different confluence. B) After being cultured in 243.5μM of H2O2, with or without 50μM of propofol, cell viability was measured 
by cck-8 assay. *P<0.05, vs. Mock group. #P<0.05, vs. H2O2 group. C) After being cultured in 243.5μM of H2O2, with or without 50μM of propofol, cell cycle phases 
were measured by performing PI staining followed by flow cytometry. *P<0.05, vs. Mock group. #P<0.05, vs. H2O2 group. D) After being cultured in 425.1μM of 
H2O2, with or without 50μM of propofol, cell apoptosis was measured by performing Annexin V-FITC/PI double staining followed by flow cytometry. *P<0.05, vs. 
Mock group. #P<0.05, vs. H2O2 group.
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Figure 4: Propofol abolishes H2O2-induced ROS accumulation and thus exerts protective effects.
A) Intracellular ROS levels were determined by H2DCFDA staining and imaged. B) After 10μM of NAC, 50μM of propofol, or NAC/propofol treatment with 243.5μM 
of H2O2 exposure, cell cycle phases were detected by PI staining followed by flow cytometry. *P<0.05, vs. H2O2 group. C) After 10μM of NAC, 50μM of propofol, or 
NAC/propofol treatment with 425.1μM of H2O2 exposure, apoptosis rates were detected by Annexin V-FITC/PI double staining followed by flow cytometry. *P<0.05, 
vs. H2O2 group.

causes cellular injury mainly via inducing loss of mitochondrial 
homeostasis [22], this promoted us to confirm whether propofol 
affects mitochondrial membrane potential by performing JC-1 
staining. As it is presented in Figure 6B, propofol treatment obviously 
reversed H2O2-induced loss of mitochondrial membrane potential. 
Without affecting mitochondrial DNA contents (Figure 6C), propofol 
treatment decreased mitochondrial ATP synthesis (Figure 6D) and 
mitochondrial transcriptional activity (Figure 6E). Taken together, 
propofol treatment decreased mitochondrial function, which may 
due to the decrease in ROS accumulation.

Discussion
In this report, we demonstrated the regulatory effects of propofol 

on mitochondrial mass, ATP production, transcriptional activity 
and membrane potential to limit oxidative stress induced by H2O2. 
Propofol treatment and preconditioning maintained mitochondrial 
function while exerting suppressive effects on mitochondrial ATP 
production and mitochondrial transcriptional activity. In rat H9C2 
cells, propofol reversed the inhibition of proliferation and promotion 
of apoptosis mediated by H2O2-induced oxidative stress, indicating 
a potential protective mechanism involving protection of the 
mitochondria.

Propofol has been shown to have antioxidant and antiapoptotic 
effects [23]. In human umbilical vein endothelial cells (HUVECs), 
propofol exerts antioxidant and pro-survival effects against H2O2-

induced oxidative stress. Propofol treatment attenuated the 
activation of caspase-3 and expression of Bcl-2 and Bax in a dose-
dependent manner. Propofol also ameliorated the H2O2-induced 
phosphorylation of p38 MAPK, JNK, and Akt signaling pathway 
components, which are critical for initiating or promoting apoptosis 
[24]. Furthermore, propofol exerts protective effects against H2O2 
induction. Takabuchi used a hypoxia model to illustrate the effects 
of propofol on nontumour liver Hep3B cells and showed that 
hypoxia-induced factor 1 (HIF-1) was transcriptionally and actively 
inhibited by propofol; thus, propofol exerted a protective effect 
against hypoxia exposure. The exact mechanism by which propofol 
regulates HIF-1 and its downstream signaling pathway, including 
lactate dehydrogenase and vascular endothelial growth factor 
pathways, and promotes cell survival under hypoxic stress is not 
known [25]. Zhao and colleagues used oxygen-glucose deprivation 
and reperfusion models established with H9C2 cells and showed that 
propofol treatment exerted cardioprotective effects by increasing 
FoxO1 expression in a dose-dependent manner and inhibiting 
p-AMPK generation [26]. However, how propofol exerts protective 
effects against oxidative stress-induced injury in the mitochondria is 
still worth to be investigated.

We revealed that both treatment with propofol and pretreatment 
with propofol obviously decreased the ROS accumulation induced 
by H2O2, indicating that propofol exerts antioxidant effects. 
The accumulation of ROS, which are mainly produced in the 
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Figure 5: Propofol potentially exerts protective effects via regulating HO-1 expression.
After treatment of 10μM of NAC, 50μM of propofol, HO-1 mRNA (A) and protein (B) levels were detected. *P<0.05, mock group; #P<0.05, H2O2 group. C) After 
tranfection of shRNA target to HO-1 mRNA, western blot was measured to detect HO-1 protein level. After HO-1 knockdown, the effects of propofol on ROS 
accumulation (D), cell cycle arrest (E) and cell apoptosis (F) were measured. *P<0.05, mock group.

mitochondria, is the main cause of oxidative stress and leads 
to mitochondrial DNA damage and loss of the mitochondrial 
membrane potential [16]. Oxidative stress induced by H2O2 leads 
to ROS accumulation, which has been reported to be negatively 
associated with the mitochondrial membrane potential [27], and 
these findings prompted us to examine whether propofol treatment 
regulates mitochondrial function. Although H2O2-induced oxidative 
damage marker, such as p-histone (Ser139-H2A) was not detected 
which is a potential limitation of the present study, the H2O2-induced 
cell damage was detected by performing CCK-8 assay and Annexin 
V-FITC/PI double staining followed by flow cytometry. As expected, 
propofol treatment helped to maintain function in the context of 
oxidative stress induced by H2O2. This result demonstrated that 
propofol treatment helped to maintain mitochondrial function by 

decreasing the ROS accumulation induced by H2O2. Although the 
molecular mechanism remains largely unknown, we hypothesized 
that propofol may maintain mitochondrial homeostasis by promoting 
mitochondrial biogenesis. In further study, it is worth investigating 
the exact molecular mechanism of propofol function on pretecting 
mitochondrial homeostasis by several experimental approaches, such 
as detecting JC-1 staining and mitochondrial-induced ROS.

We further found that propofol conditioning markedly 
decreased mitochondrial function by decreasing ATP production 
and decreased mitochondrial transcriptional activity without 
affecting mitochondrial DNA levels. As a limitation, we failed to 
perform Seahorse XFp Analyzer, which is powerful tool for the 
assessment of cellular respiration, which is a limitation in this 
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Figure 6: Propofol decreased mitochondrial ROS and maintained mitochondrial homeostasis.
A) After propofol pretreatment, mitochondrial ROS induced by H2O2 was detected by performing mitoSoxRed staining. B) To determine mitochondrial homestasis, 
JC-1 staining was performed. C) To determine mitochondrial DNA contents, the relative DNA contents of 12S rDNA and 18S rDNA were measured by quantitative 
PCR. Mitochondrial ATP synthesis (D) and mitochondrial transcriptional activity (E) were analyzed. *P<0.05, vs. H2O2 group.

study. The mitochondria play key roles in inducing apoptotic cell 
death via ROS-induced pathways [28], including the regulation of 
calcium levels and the opening of the mitochondrial permeability 
transition pore, followed by the release of cytochrome. It is reported 
that propofol interacts with mitochondrial complexes I, II, and III 
and subsequently causes a cellular metabolic switch from oxidative 
phosphorylation to glycolysis [28]. Furthermore, generated ROS 
activates caspases 9 and 3/7 and induce mitochondria-dependent 
apoptosis. According to our data, propofol treatment decreased 
mitochondrial function, which may be the cause of the decrease in 
ROS levels, and maintained mitochondrial function under oxidative 
stress. This finding demonstrates that propofol mediates protective 
effects rather than promoting apoptosis.

Conclusion
In summary, propofol suppresses mitochondrial function, 

maintains mitochondrial homeostasis, inhibits ROS accumulation, 
and exerts a protective effect under oxidative stress induced by H2O2. 
Our data also demonstrated that propofol pretreatment exerted 
regulatory effects on the mitochondria and cellular injury induced by 
oxidative stress. These results provide new insight into the regulatory 
roles of propofol in the mitochondria under oxidative stress.
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