
Int J Clin Exp Med 2019;12(6):6733-6744
www.ijcem.com /ISSN:1940-5901/IJCEM0074085

Original Article
Propofol inhibits burn injury-induced oxidative stress  
injury through SOD2 up-regulation in human  
dermal microvascular endothelial cells

Pengwei Shi1*, Xing Lin2*, Pengliang Chen3*, Dequan Xiao5, Liang Liu4

1Emergency Department, 3The Hui Qiao Medical Centre, 4Department of Burns, Nan Fang Hospital, Southern 
Medical University, Guangzhou, P. R. China; 2Department of Nephrology, People’s Hospital of Guizhou Province, 
Institute of Nephritic and Urinary Disease of Guizhou Province, Guiyang, P. R. China; 5Department of Breast, 
Ganzhou Maternal and Child Health Hospital, Jiangxi, P. R. China. *Equal contributors.

Received June 14, 2016; Accepted February 12, 2019; Epub June 15, 2019; Published June 30, 2019

Abstract: Burns may induce oxidative stress due to the increased production of reactive oxygen species (ROS) and/
or the promotion of cellular oxidation events. The effects of propofol, which plays an important role in antioxidant 
and organ protection, on burn serum-induced oxidative stress injury and its possible mechanisms were investigated 
in this study. Burn serum stimulation can lead to cell injuries in human dermal microvascular endothelial cells 
(HDMECs), including apoptotic cell death and increased cell permeability. Interestingly, these symptoms are allevi-
ated in the presence of propofol. Furthermore, we found that the protective effect of propofol in heat stress-induced 
cell damage is closely related to its antioxidation. We further revealed that burn serum significantly reduces the level 
of SOD2 and SOD1 (P = 0.002), and propofol was only found to inhibit the reduction of SOD2. The transfection of 
HDMECs with SOD2 small interfering RNA (siRNA) markedly decreases the expression of SOD2, and the protective 
effect of propofol in siRNA SOD2 clones is significantly reduced. Taken together, these results indicate that propofol 
protects the burn serum-injured cells, at least partly through upregulating SOD2 expression to reduce the direct or 
indirect cell damage caused by oxidative stress.
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Introduction

Burns are a common form of traumatic injury 
and are associated with high mortality and 
morbidity rates [1]. Blister and edema, resulting 
from endothelial dysfunction and increased va- 
scular hyperpermeability, are regarded as the 
classical signs of burn injury [2]. It is well kn- 
own that burns lead to endothelial dysfuncti- 
on via vascular damage, the pathogenesis of 
which includes a complex range of processes 
such as thermal stimulation, excessive produc-
tion of reactive oxygen species (ROS), hemody-
namic changes and inflammatory mediators  
[3, 4]. Although adequate fluid resuscitation 
can improve hypovolemia, it can also markedly 
aggravate the edema process in the presence 
of vascular damage. Therefore, reversing vas-
cular damage plays a key role in protecting cells 
from burn injury.

The ischemic tissue injury that follows thermal 
injury to the microcirculation in burns has been 
shown to occur due to increased oxygen de- 
mand accompanied by inflammation with coag-
ulopathy [5, 6]. As a potential major mechanism 
of tissue injury in burns, the excessive produc-
tion of reactive oxygen species (ROS) has been 
shown to result in ischemic status via oxida- 
tive stress [7]. Accumulating evidence has also 
implicated that ROS could affect cell signaling 
in the context of burn injury-induced cellular 
damage [7, 8]. These previous findings provided 
a specific mechanism that can be targeted for 
potential treatment. Manganese superoxide di- 
smutase (SOD2), one of the most important 
antioxidants, belongs to the superoxide dis-
mutase (SOD) family and is located in the mito-
chondrial matrix [9]. A high concentration of the 
enzyme SOD2 in the mitochondria ensures that 
the basal level of ROS production is neutralized 
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before it can lead to cell injury [9, 10]. Oxidative 
stress occurs when this critical balance is dis-
rupted as a result of conditions such as excess 
ROS production [11], the depletion of antioxi-
dants, or both [12].

Propofol is an i.v. drug that is widely used as a 
short-acting intravenous anesthetic, and it has 
been shown to exhibit some antioxidative and 
anti-inflammatory effects [13]. A previous study 
demonstrated that propofol prevents oxidative 
stress-mediated endothelial cell activation and 
dysfunction induced by hydrogen peroxide, as 
well as ischemia-reperfusion injury [14]. In this 
study, we investigated the protective effects of 
propofol against cellular damage caused by 
burn serum in HDMECs. We found that the burn 
serum promoted the oxidative stress response 
and damage to mitochondria. Furthermore, this 
burn-dependent injury was inhibited by the up-
regulation of SOD2 expression in the presence 
of propofol.

Materials and methods

Animal model and serum collection

The experiments were approved by the Animal 
Care Committee of Southern Medical University 
(Guangzhou, China) and performed in adher-
ence to the National Institute of Health (USA) 
guidelines. Burn injuries were inflicted based 
on a recently described burn model [15]. Briefly, 
male Sprague-Dawley rats, weighing 160 to 
200 g (Laboratory Animal Center of Southern 
China, China), were anesthetized by peritoneal 
injection of a mixture of 13.3% ethyl carbamate 
and 0.5% α-chloralose (0.65 mL/kg). A dorsal 
area that equaled 25% of the total body surface 
area was shaved, and the rats were placed in a 
mold with an adjustable opening to expose the 
shaved area to a plastic bag holding 90°C to 
95°C water for 60 s. This process produced a 
clearly defined full-thickness burn as confirmed 
by light microscopy. In the control (non-burn) 
group, the animals were shaved and subjected 
to the same procedures except that the tem-
perature of the water in plastic bag was 37°C. 
Six hours after the burning or sham treatment, 
blood was collected by cannulation of the caro-
tis communis, and the serum was obtained by 
centrifugation at 10,000 g for 20 min.

Cells and materials 

Human dermal microvascular endothelial cells 
(HDMECs, ScienCell, USA) were cultured in gel-

atin-coated plastic culture dishes in a complete 
MCDB-131 medium supplemented with 10% 
fetal bovine serum. Propofol was purchased 
from Sigma-Aldrich (USA), WST-1 was from 
Clontech Laboratories Inc (Mountain View, CA, 
USA), MitoSOXTM red mitochondrial superoxide 
indicator was from Invitrogen (USA). SOD2 and 
β-actin antibodies were purchased from BD 
Transduction Laboratories (Lexington, KY, USA) 
and Sigma-Aldrich (USA), respectively. The 
96-well cell culture plates and culture dishes 
were from Corning (USA).

Treatments with burn/normal serum and pro-
pofol (PPF)

The cultured cells were exposed to the serum 
collected from both the sham treatment and 
burn groups at 2 h post-treatment. To deter-
mine the effect of propofol on the cell damage 
induced by the burn serum, the cells were pre-
treated with 1, 10, or 50 mM propofol for 6 h 
prior to exposure to the sham or burn serum. 
For selenite treatment, HDMECs were cultured 
with a serum-free medium supplemented with 
20 μM selenite for 6 h under normal conditions. 
For intralipid treatment, HDMECs were cultured 
with a serum-free medium supplemented with 
10% intralipid (0.2 ml intralipid was added to 
1.8 ml serum-free medium) for 6 h under nor-
mal conditions.

Cell viability assay

Cell viability was assessed by the Premixed 
WST-1 Cell Proliferation Reagent (Clontech La- 
boratories Inc., Mountain View, CA, USA) ac- 
cording to the manufacturer’s instructions. 
Colorimetric changes were determined at 490 
nm using a spectrometer to measure viability: 
the viability at ¼ ODtreatment/ODcontrol.

Transendothelial electrical resistance assay

Transendothelial electrical resistance (TEER) of 
HDMEC monolayers was measured with the 
electrical resistance system (EVOM; World Pre- 
cision Instruments, Berlin, Germany), as des- 
cribed previously [16]. In brief, HDMECs were 
seeded on type-IV collagen-coated transwells 
(0.4 mm pore size; Corning, USA) at a density  
of 2 × 106/cm2. The resistance of the HDMEC 
monolayer was monitored until stable resis-
tances occurred (> 70 Ώ cm2).
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Flow cytometric analysis of cell apoptosis us-
ing Annexin V-FITC/PI staining

Assays were performed according to the manu-
al accompanying the Annexin V-FITC apoptosis 
detection kit (Invitrogen). Approximately 1 × 106 
cells were collected, washed with ice-cold PBS, 
and resuspended in a binding buffer containing 
a suitable amount of Annexin V-FITC. The cells 
were then incubated at room temperature, in 
the dark, for 10 min, followed by removal of the 
buffer by centrifugation. The cells were resus-
pended in a reaction buffer containing propi- 
dium iodide (PI) and flow cytometry analysis 
was immediately performed to detect the 
apoptosis.

Caspase activity by fluorescence spectroscopy

After treatment with PPF or HS, the cells were 
harvested and lysates were prepared at -80°C 
for 30 min, then incubated at 37°C with the 
caspase substrates: Ac-Asp-Glu-Val-AspAMC 
(Ac-DEVD-AMC) using a Quadruple Monoch- 
romator Microplate Reader (Infinite M1000, 
Tecan US, NC, USA). The kinetic reaction was 
monitored for 30 min at 37°C after the addition 
of the appropriate caspase substrate at a final 
concentration of 50 μM, using a Spectra Max 
Gemini spectrofluorimeter (Molecular Devices, 
Sunnyvale, CA). Caspase-3 activities are repre-
sented as relative cumulative fluorescence of 
the kinetic reaction and compared to those of 
the untreated controls.

Measurement of cytosolic cytochrome C

Cytochrome C ELISA kit (MBL, USA) was used to 
measure Cytosolic cytochrome C content. The 
cells were lysed in the cold preparation buffer 
included in the ELISA kit. Cell homogenates 
were centrifuged (10,000 g/60 min, at 4°C) 
and the supernatant was collected. The sam-
ples were then treated with a conjugate re- 
agent, and transferred to a cytochrome C anti-
body-coated microwell plate and incubated for 
60 min at room temperature. Next, the plate 
was washed and treated with a substrate re- 
agent and incubated for 30 min, followed by  
the addition of stop solution. Finally, the absor-
bance at 450 nm was detected with an auto-
matic microplate reader (Spectra Max, M5; 
Molecular Devices, USA). Serial dilutions of a 
cytochrome C calibrator were assayed along 
with the samples to establish a standard curve, 

which was used to calculate the concentration 
of cytochrome C.

Mitochondrial superoxide detection

Mitochondrial superoxide formation was de- 
tected by fluorescence microscopy using Mi- 
toSOXTM Red as a specific fluorescent probe. 
Briefly, the cells were incubated with 5 mM of 
the probe for 30 min at 37°C in the dark. They 
were then washed thoroughly with warm HBSS 
buffer and mounted for imaging. Cellular imag-
es were captured using a laser scanning confo-
cal microscope.

Measurement of cellular ATP

A luciferase-based assay kit (CellTiter-Glo, Pro- 
mega, USA) was used to measure the intracel-
lular ATP level. Cells were seeded onto a stan-
dard 96-well plate, and CellTiter-Glo reagent 
was added to the wells and allowed to react 
with a cell lysate for 10 min at room tempera-
ture. The luminescence was recorded with an 
automatic microplate reader (SpectraMax M5; 
Molecular Devices).

Mitochondrial membrane potential assay

The mitochondrial membrane potential was de- 
tected using 5,5’,6,6’-tetrachloro-1, 1’,3,3’-tet-
raethylbenzimidazolocarbocyanine iodide (JC-
1; Molecular Probes, Eugene, OR, USA). Cells 
were rinsed once with a complete culture medi-
um and incubated with JC-1 for 30 min at 37°C. 
Then, the cells were centrifuged, washed twice 
with cold PBS, transferred to a 96-well plate 
(105 cells/well), and assayed with a fluores-
cence plate reader at the following settings: 
excitation at 490 nm, emission at 540 nm and 
590 nm. Changes in the ratio between the 
measurements of fluorescence intensity col-
lected at test wavelengths of 590 nm (red)  
and 540 nm (green) are potentially indicative  
of changes in the mitochondrial membrane.

siRNA transfection

Silencer siRNA for SOD2 was designed and syn-
thesized by Guangzhou RiboBio (RiboBioInc, 
China). The sense sequence was: GGCCUGA- 
UUAUCUAAAAGCtt and the anti-sense was: 
GCUUUUAGAUAAUCAGGCCtg [17]. Twenty-four 
hours prior to transfection, HDMECs, at 30- 
50% confluence, were plated onto a 6-well pla- 
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te (Nest, Biotech, China), and then transfected 
using TurboFectTMsiRNA Transfection Reagent 
(Fermentas, Vilnius, Lithuania) according to the 
manufacturer’s protocol. The cells were collect-
ed after 48-72 hours for further experiments. 
The mRNA and protein levels of P53 were esti-
mated by RT-PCR and Western blotting.

Quantitative real-time PCR analysis

The total RNA isolated from the HDMECs was 
analyzed for specific transcripts of SOD2 by 
RT-PCR analysis (upstream primer: 5’-GGA- 
AGCCATCAAACGTGACT-3’, downstream primer: 
3’-AGCAGGGGGATAAGACCTGT-5’). Total RNA 
was reverse transcribed with 100 U ReverTra 
Ace (TOYOBO). The PCR reactions were per-
formed under the following conditions: 94°C for 
4 min, specified cycles of 30 s at 95°C, 30 s at 
55°C, and 1 min at 72°C. The difference in CT 
values for the various flow conditions compared 
to the control was used to determine the rela-
tive difference in the level of Mn-SOD mRNA 
expression.

Western blotting

Cell proteins were extracted by using a buffer 
(20 mM Tris-HCl, 2 mM EDTA, 10 mM EGTA, 

0.25 M sucrose, 1:300 protease and phospha-
tase inhibitor) (Sigma-Aldrich, USA). Samples 
were centrifuged at 100,000 g for 30 min at 
4°C. Then the protein was suspended in an 
extraction buffer containing 1% Triton X-100. 
The samples were loaded onto polyacrylamide 
gels and the membranes were blocked in TBST 
(20 mM Tris-HCl, 150 mM NaCl, and 0.1% 
Tween 20) containing 5% nonfat dry milk for 2 
h, incubated with the primary antibodies, anti-
p53 (Abcam, Cambridge, UK), overnight at  
4°C. Peroxidase-conjugated secondary anti-
body anti-rabbit IgG (Sigma-Aldrich, USA) was 
used for 90 min. Image J software was used to 
perform densitometry.

Statistical analysis

The experimental data were analyzed for sta- 
tistical significance using SPSS 13.0 software 
(SPSS, Chicago, IL, USA). Results were expre- 
ssed as the mean ± SD of at least three inde-
pendent experiments. Statistical analysis was 
performed using a one-way analysis of varian- 
ce (ANOVA). Statistical significance was deter-
mined at P < 0.05.

Results 

Propofol increased cell viability following burn 
serum exposure 

Cell survival as measured by the WST-1 assay 
indicated that, as compared with the normal 
serum group, the burn-serum group exhibited a 
significantly lower survival rate. The pre-treat-
ment of cells with 10 µM propofol showed no 
effect on cell survival rate (P = 0.49), whereas 
pre-treatment with 25 µM and 50 µM propo- 
fol significantly improved the cell survival rate 
compared to the burn-serum group (P = 0.03, P 
= 0.002, respectively). These results indicated 
that propofol could protect against burn injury 
at certain concentrations (Figure 1).

Propofol attenuated burn-serum-induced cell 
death

In order to evaluate the effect of propofol on 
apoptosis caused by burn serum, cells that had 
undergone pre-treatment with 50 µM propofol 
followed by burn serum exposure were ass- 
essed for apoptosis using quantitative evalua-
tion by flow cytometry. As shown in Figure 2A, 
50 µM propofol resulted in a marked decrease 
in burn serum-induced apoptosis in the HD- 
MECs by more than 18% (P = 0.008). We also 

Figure 1. Effects of propofol (PPF) or 10% intralipid 
on HDMEC cell viability after burn serum exposure. 
HDMECs were treated with various concentrations 
of PPF (0, 10, 25, 50 μM) followed by burn serum. 
Cell viability was determined using the WST-1 assay. 
Selenite at 20 μM was used as a positive control. 
Each value is the mean ± SD of three determina-
tions. The asterisk indicates a significant difference 
between the control and test groups, *P < 0.05 as 
compared with control; #P < 0.05 as compared with 
burn serum.
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examined the change in activity of effector cas-
pase (caspase-3) and found that propofol sig-
nificantly reduced capase-3 activity (P = 0.02) 
(Figure 2B). These results indicated that pro- 
pofol exhibits an anti-apoptotic effect in burn 
serum-treated HUVEC.

Propofol can protect against burn serum-
induced disruption of the HDMEC monolayer

HDMEC monolayer hyperpermeability was me- 
asured by detecting the TEER of cell monolay-
ers. As shown in Figure 3A, the exposure of 
HDMECs to a temperature equivalent of the 
burn serum for 2 h caused a significant 90% 
decrease in TEER (P = 0.001). Propofol did not 
alter the permeability of the HDMEC monolayer, 
but it did protect the TEER from burn serum-
induced disruption of the monolayer (Figure 
3A). Using confocal microscopy, we determined 
the effect of propofol on the expression of ZO-1 
protein. As shown in Figure 3B, burn-serum sig-
nificantly reduced the level of ZO-1 protein, a 
phenomenon that was inhibited by pre-treat-
ment with 50 µM propofol (P = 0.005).

Propofol inhibited burn serum-induced mito-
chondria damage

To demonstrate the effect of propofol on mito-
chondrial damage induced by burn-serum, we 
analyzed the changes in mitochondrial mem-
brane potential (⊿Ψm) and the cytosolic cyto-
chrome C level in burn serum-treated HDMECs. 
The mitochondrial membrane potential (⊿Ψm) 

ced to 48.5 ± 5.1 ng/mg protein after pre-treat-
ment with 50 mM propofol (P = 0.003). These 
findings supported the protective role of propo-
fol against mitochondrial damage in burn 
serum-treated HDMECs. Intracellular ATP levels 
were also examined to assess mitochondrial 
dysfunction. As shown in Figure 4C, the burn 
serum led to an obvious decrease in intracellu-
lar ATP level, which was reversed by pre-treat-
ment with propofol. This observation indicated 
that propofol could inhibit burn serum-induced 
mitochondrial dysfunction.

Propofol inhibited burn serum-induced mito-
chondrial superoxide generation

To examine the antioxidation of propofol, we  
utilized mitochondria-targeted hydroethidium 
(MitoSOXTM Red) to investigate mitochondria as 
the potential source of superoxide generation. 
As shown in Figure 5, burn serum-induced Mi- 
toSOX fluorescence intensity significantly dif-
fered from the normal serum (P = 0.04). Su- 
bsequently, we pre-treated cells with 50 µM 
propofol followed by burn serum exposure. Our 
results showed that propofol largely suppre- 
ssed the generation of mitochondrial superox-
ides induced by burn serum (P = 0.001). 

The antioxidation of propofol is involved in the 
upregulation of SOD2

SODs, such as SOD1 and SOD2, play a major 
role in ROS regulation [11]. Therefore, SOD1 
and SOD2 levels were monitored after expo-

Figure 2. Effects of PPF on burn serum-induced apoptosis. A. The apoptotic 
cells were measured by flow cytometry using Annexin V-FITC/PI staining. B. 
Enzymatic activity of caspase-3 was tested in cell lysates using the fluoro-
genic substrate Ac-DEVD-AMC, and the results were expressed as relative to 
the control at 37°C (100%). Each value is the mean ± SD of three determi-
nations. *P < 0.05 as compared with control; #P < 0.05 as compared with 
burn serum.

was determined by flow cytom-
etry, using the potential-sensi-
tive fluorescent dye JC-1. As 
shown in Figure 4A, compared 
with the normal-serum group, 
burn serum stimulation eff- 
ectively increased mitochon-
drial membrane potential (P = 
0.02). However, the effect in- 
duced by burn serum was  
partially inhibited by pre-treat-
ment with 50 mM propofol. As 
shown in Figure 4B, the cyto-
solic cytochrome C level in the 
normal serum group was 20.5 
± 5.3 ng/mg protein and rea- 
ched 83.3 ± 7.7 ng/mg pro-
tein in the burn-serum group. 
The increase of cytosolic cyto-
chrome C induced by burn-
serum was significantly redu- 
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Figure 3. Protective effects of PPF against burn serum-
induced disruption of the HUVEC monolayer. HDMEC 
monolayers were treated with or without PPF followed by 
burn serum. A. The transendothelial electrical resistance 
(TEER) was measured. B. The ZO-1 protein was demon-
strated and documented by confocal microscopy. Each 
value is the mean ± SD of three determinations. *P < 0.05 
as compared with the control; #P < 0.05 as compared with 
the burn serum.
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sure to burn serum with or without propofol pre-
treatment. The RT-PCR analysis showed that 
burn serum significantly reduced mRNA expr- 
ession of SOD2 and SOD1 compared with the 
control group (P = 0.002) (Figure 6A, 6B). 
Although propofol pre-treatment significantly 
reduced the burn serum-induced inhibition of 
SOD2 expression (P = 0.03), it did not affect  
the expression of SOD1 (P = 0.71) (Figure 6A, 
6B). Furthermore, the protein levels of SOD1 
and SOD2 showed similar results as revealed 
by Western blot (Figure 6B, 6D). These results 
suggested that the antioxidation of propofol 
might be attributed to its effects on the up-reg-
ulation of SOD2.

SOD2 expression was increased in the protec-
tive effects of propofol on burn serum-induced 
cell injury 

To verify the hypothesis that propofol protects 
against cell damage induced by burn serum 

through the up-regulation of SOD2 expression, 
we evaluated the cell injury in the SOD2 knock-
down HDMEC clones. The transfected cells 
were pre-treated with 50 µM propofol followed 
by a burn serum. Mitochondrial superoxide  
generation, mitochondria damage (mitochon-
drial membrane potential, cytosolic cytochro- 
me C level and intracellular ATP level), cells 
apoptosis and TEER were examined. As shown 
in Figure 7A, MitoSOX fluorescence intensity 
was significantly increased in the SOD2 siRNA-
transfected cells and these cells were more 
susceptible to burn serum-induced mitochon-
dria damage compared with the scr siRNA-
transfected cells (Figure 7B-D). Similarly, when 
compared with scr siRNA cells, SOD2 siRNA-
transfected cells showed a drastic decrease in 
TEER (P = 0.02) (Figure 7E) and a significant 
increase in apoptosis (P = 0.01) (Figure 7F). 
These results indicated that propofol likely 
inhibits burn serum-induced HDMEC cell injury 
via the up-regulation of SOD2 expression.

Figure 4. Burn serum induces mitochondrial damage in HDMECs. A. The loss of ⊿Ψm was measured by JC-1 and 
analyzed by flow cytometry, and the quantification of the mitochondrial depolarization was expressed as JC-1 mono-
mer (green fluorescence). B. The translocation of cytochrome C from mitochondria into the cytosol was analyzed 
using a cytochrome C ELISA kit. C. Quantification of the change in the intracellular ATP levels was analyzed using a 
luciferase-based assay kit. Data are presented as the mean ± SD for three independent experiments, *P < 0.05 as 
compared with control; #P < 0.05 as compared with burn serum.

Figure 5. Burn serum induces mitochondrial superoxide generation in HDMECs. The HDMECs were treated with or 
without PPF followed by burn serum and analyzed for mitochondrial superoxide production by fluorescence micros-
copy using MitoSOXTM Red as a probe. Data are presented as the mean ± SD for three independent experiments, *P 
< 0.05 as compared with the control; #P < 0.05 as compared with the burn serum.
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Discussion

In this study, we focused our efforts on under-
standing the protective effects of propofol 
against cell death caused by burn serum in 
HDMECs. In addition, we demonstrated that 

propofol can attenuate the burn serum-induced 
disruption of the HDMEC cell monolayer. More- 
over, we found that the protective effect of pro-
pofol is associated with oxidative stress and 
the induction of the expression of antioxidant 
enzyme SOD2.

Figure 6. The levels of SOD were measured by RT-PCR and western blot assay. A, C. Quantification of the RT-PCR 
products of SOD1 and SOD2 mRNA. B, D. The protein expressions of SOD1 and SOD2 were assessed by Western 
blot using β-actin as a loading control. Representative blots from three independent experiments. *P < 0.05 as 
compared with the control; #P < 0.05 as compared with the burn serum.
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Endothelial cells normally provide an intact 
monolayer within the lumen of the blood ves-
sel, which functions as a barrier between the 
bloodstream, its elements and toxins, and tis-
sue parenchyma while also acting as general-
ized transducing cells that modulate the paren-

chymal responses to many stimuli [18]. Th- 
erefore, the integrity of endothelial cells plays 
an important role in proper physiological func-
tions. Nevertheless, endothelial cells can be 
damaged by many factors, such as sepsis  
[19], burn stress [20], and ischemia reperfu-

Figure 7. The effects of PPF on burn serum-exposed SOD2 siRNA transfected HDMECs. HDMECs were transfected 
with scrambled siRNA (Scr) or MnSOD siRNA (SOD2). A. The mitochondrial superoxide production was assayed by 
fluorescence microscopy using MitoSOXTM Red as a probe. B. The loss of ⊿Ψm was measured by JC-1 and analyzed 
by flow cytometry. C. The translocation of cytochrome C from the mitochondria into the cytosol was analyzed using a 
cytochrome C ELISA kit. D. Quantification of the change in the intracellular ATP levels was analyzed by a luciferase-
based assay kit. E. Disruption of the HUVEC monolayer was evaluated by TEER. F. Apoptotic cells were measured 
by flow cytometry using Annexin V-FITC/PI staining. Data are presented as the mean ± SD for three independent 
experiments, #P < 0.05 as compared with the SOD2 siRNA group.
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sion [21]. Apoptosis has been shown to incre- 
ase the extent of injuries attributed to burn 
stress in cell lines and animal models [19, 22, 
23]. In addition to apoptosis, the lack of a fun- 
ctioning endothelial cell barrier associated wi- 
th burn injury is another common symptom in 
MODS [24]. TEER has been widely used to ana-
lyze barrier integrity and the expression of tight 
junction proteins such as ZO-1 [16]. ZO-1 is 
important in the establishment and regulation 
of vascular barrier function as it is correlated 
with the development of TEER in epithelial cells 
[25]. Therefore, apoptosis and disruption of the 
cellular monolayer may co-participate during 
the pathological process of burn injury. In this 
study, burn serum-induced cell apoptosis sig-
nificantly increased in TEER, while it decreas- 
ed ZO-1 expression. These alterations were 
partially alleviated by propofol pre-treatment, 
indicating that propofol inhibited burn serum-in- 
duced endothelial cell damage in vitro.

To date, several studies have found a link be- 
tween oxidative stress and burn injury [7, 8, 
26], suggesting a synergistic augmentation of 
cell injury. Mitochondria are the primary source 
of ROS generation, and are sensitive to oxida-
tive stress injury [27]. Previous reports have 
illuminated the vital role of ROS in the mito-
chondrial damage caused by burn stress [28, 
29]. In this study, our results confirmed that 
mitochondrial function was impaired in cells 
treated with burn serum, as indicated by the 
release of cytochrome C, an increase in low 
⊿Ψm, a decrease in relative ATP content, as 
well as an increase in MitoSOX fluorescence 
intensity after burn serum-treatment. These 
phenomena were restored by propofol, indicat-
ing that propofol can inhibit burn serum-in- 
duced mitochondrial dysfunction.

As a critical antioxidant enzyme that removes 
superoxide free radicals, SOD2 is essential in 
protecting against oxidative damage in cells by 
buffering mitochondrial ROS production [11]. 
Loss of SOD2 can give rise to serious events 
such as aggravated endogenous oxidative st- 
ress or cell injury, whereas the up-regulation of 
SOD2 can prevent injury to cells caused by 
stress [10, 11]. To investigate the detailed me- 
chanism through which propofol protects mito-
chondria against the oxidative stress injury in- 
duced by burn serum, we studied the effect of 
propofol on the antioxidant enzymes (Mn SOD 

and SOD1) in the context of burn serum treat-
ment. Interestingly, propofol could only amelio-
rate the reduction in SOD2 caused by burn 
serum in HDMECs, whereas it showed no effect 
on SOD1 expression. Furthermore, the protec-
tive role of propofol against mitochondrial oxi-
dative stress injury was significantly reduced in 
the SOD2 knockdown cells. Therefore, the pro-
tective effect of propofol against burn stress-
induced injury can be mainly attributed to anti-
oxidation through the up-regulation of SOD2 
expression.

In this study, we demonstrated that endothelial 
damage induced by burn serum can be effec-
tively reversed by propofol treatment. Propofol 
may act through the oxidative stress signaling 
pathway and mediate burn-induced cell injury 
through inhibiting enzyme SOD2 expression. 
These observations suggest that propofol holds 
great promise as a potential therapeutic ap- 
proach in both preclinical and clinical settings 
as a means of interfering with vascular hyper-
permeability caused by burn injury.
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