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Propofol protects against endotoxin-induced myocardial
injury by inhibiting NF-kB-mediated inflammation
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Abstract. This study investigated whether propofol protects
against endotoxin-induced myocardial injury by inhibiting
NF-kB-mediated inflammation. Thirty clean male SD rats
were randomly divided into a control (n=10), a model (n=10)
and a propofol group (n=10). The model and propofol groups
were injected with lipopolysaccharide (LPS) via the caudal
vein to establish animal models of myocardial injury. At the
same time, the control group was injected with normal saline
via the caudal vein. At 30 min after the injections, the propofol
group was treated with a continuous intravenous infusion of
propofol, the control and model groups were injected with
normal saline, and the three groups were treated continu-
ously for 4 h. The changes in levels of interleukin-1 (IL-1),
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in
serum were detected via enzyme-linked immunosorbent assay
(ELISA). The mRNA expression level of nuclear factor-xB
(NF-kB) in myocardial tissues was detected via quantitative
real-time polymerase chain reaction (QRT-PCR). The protein
expression levels of NF-kB, Bax and Bcl-2 in atrial muscles in
each group were measured via Western blotting. The damage
of myocardial tissues was detected via hematoxylin eosin
(H&E) staining of tissues. Our results showed that compared
with those in control group, the levels of IL-1,IL-6 and TNF-a
in serum in the model and propofol groups were significantly
higher; however, the levels in the model group, were signifi-
cantly higher than those in the propofol group (P<0.01). The
mRNA and protein expression levels of NF-«xB in the propofol
group were significantly lower than those in the model group
(P<0.01). Likewise, the protein expression levels of Bax were
significantly lower, while those of Bcl-2 were significantly
increased. H&E staining showed that the myocardial tissues in
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the model group were damaged significantly, but the damage
in the propofol group was significantly less severe. Based on
our findings, it seems propofol can indeed protect against
endotoxin-induced myocardial injury through its inhibition of
the NF-kB-mediated inflammatory pathway.

Introduction

Endotoxemia is a common systemic inflammatory response
caused by the release of large amounts of endotoxin produced
by Gram-negative bacteria into the bloodstream (1-3).
Lipopolysaccharide (LPS) is the main component of endo-
toxin. When the ligand LPS binds to its signal receptor on the
cell membranes, it can activate signal pathways to initiate the
natural immune defense response of the body (4,5). A systemic
inflammatory response syndrome (SIRS) is the main symptom
of endotoxemia, which progresses to involve multiple organ
without timely and effective treatment; the heart is one of
the most severly affected organs. If the cardiac complication
occurs and the disease cannot be effectively controlled, the
mortality rate reaches 50-60% (6,7). Myocardial injury caused
by endotoxemia is an important cause of death, but its patho-
genic mechanism has not been entirely elucidated (8).

Propofol, which is widely used in clinical anesthesia, can
induce coronary dilatation. A large number of clinical tests
have made a comprehensive evaluation of propofol, suggesting
that it can effectively protect myocardial cells from ischemia-
reperfusion injury, and that it has significant anti-inflammatory
effects (9,10). However, reports on the anti-inflammatory effect
of propofol in the context of endotoxin-induced myocardial
injury are lacking. Nuclear factor-xB (NF-kB), as a marker of
the inflammatory response, not only regulates the transcrip-
tional expression levels of various inflammatory factors, but
also plays a certain role in apoptosis (11).

In this study, we hypothesized propofol can be used in
the clinical treatment of endotoxemia and septic shock. Rats
with endotoxin-induced myocardial injury were treated
with propofol, and the effect of the treatment on myocardial
injury and its possible mechanism were studied via in vivo
experiments.

Materials and methods

Experimental animals and grouping. Thirty clean and healthy
male SD rats weighing 180-220 g were randomly divided into
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Figure 1. Graphic representation of the ELISA results for the effects of propofol on TNF-a (A), IL-1 (B), and IL-6 (C) levels in serum. Levels of IL-1, IL-6 and
TNF-o in the model and propofol groups are significantly higher than those in the control group (“P<0.01). Levels of IL-1, IL-6 and TNF-a in the propofol

group are significantly lower than those in the control group (*/P<0.01).

3 groups (10 rats in each group). LPS (5 mg/kg) (Sigma, New
York, NY, USA) were injected via the caudal vein to establish
the rat models of myocardial injury, and the control group rats
received an intravenous injection of 0.5 ml normal saline via
the caudal vein. After 30 min, the rats in the control and model
groups were injected with 1 ml/kg/h normal saline, and the
rats in the propofol group were injected with 4 mg/kg propofol
(AstraZeneca, Cambridge, UK; batch number: 0802193) via
the caudal vein. An infusion with 8 mg/kg/h propofol and
another one with normal saline were initiated for the rats in
the propofol group and those in the model and control groups,
respectively. The total infusions lasted 4 h in all the rats. While
still under anesthesia, blood was collected from the abdominal
aorta and then rats were sacrificed. The chest was opened to
take out the heart. A portion of myocardium was stored at
-80°C, and a portion was fixed with 10% neutral formaldehyde
solution. The study was approved by the Ethics Committee of
Ezhou Central Hospital.

Detection of IL-1, IL-6 and TNF-a levels via ELISA. Arterial
blood was collected from the rats and then centrifuged at
2,010 x g for 10 min at 4°C, and the separated serum was
saved for detection. The levels of IL-1, IL-6 and TNF-a in
serum from each rat were measured via ELISA strictly
according to the manufacturer's instructions (Nanjin Jiancheng
Biotechnology, Nanjin, China). In the experiment, each sample
was detected 3 times, and each average value was recorded.

Detection of mRNA expression of NF-xkB in myocardial
tissues of rats via qRT-PCR. Total RNA was extracted
from the myocardial tissues of each rat according to the
method provided in the TRIzol kit (Beyotime Biotechnology
Institute, Nantong, China), and the concentration and purity
of RNA were measured. When the A260/A280 ratio was
between 1.8 and 2.0, it was deemed of good quality. Next,
reverse transcription and qPCR were performed following
the instructions in the reverse transcription, and quantita-
tive real-time polymerase chain reaction (QRT-PCR) kits
(Takara, Dalian, China). The mRNA expression was detected
using the cDNA obtained after reverse transcription as the
template according to the instructions of qRT-PCR Kkit.
The primer sequences (Takara) are shown in Table I. The
gPCR reaction conditions included 94°C for 5 min, and then
35 cycles of 94°C for 30 sec, 57°C for 30 sec, and 72°C for

30 sec, followed by a final extension at 72°C for 5 min. Ct
values were obtained from the instrument, and the relative
expression levels were calculated according to the following
formula with GAPDH gene as the control gene: ACt (target
gene) = Ct (target gene) - Ct (control gene).

Detection of protein expression levels of NF-kB, Bax and
Bcl-2 in myocardial tissues via western blotting. Atrial
tissue samples from each rat were lysed with RIPA lysate
buffer (Beyotime Biotechnology Institute) and centrifuged
using a high-speed centrifuge for 5 min. The supernatant
was collected and the protein concentration was measured
using the BCA protein concentration detection kit (Beyotime
Biotechnology Institute). After ensuring the quality of the
samples, 50 pg protein were taken for 12% SDS-PAGE and
membrane transfer. The separated proteins were transferred
onto PVDF membranes. The membranes were sealed using
sealing fluid at room temperature for 1 h, and incubated with
NF-xB, Bax, Bcl-2 and GADPH antibodies (diluted at 1:500)
overnight at 4°C. Next, the membranes were washed fully
with TTBS, and HRP-labeled secondary antibody (1:500) was
used for incubation overnight at room temperature, followed
by color development in the ECL darkroom, scanning and
recording results. A grayscale analysis was performed with
GADPH as the internal control protein. NF-xB, Bax, Bcl-2
and GADPH antibodies and HRP-labeled secondary antibody
were purchased from Wuhan Proteintech Biotechnology
(Wuhan, China).

Detection of myocardial injury via hematoxylin eosin
(H&E) staining of tissues. Myocardial tissues were fixed
and embedded into a paraffin block. Then, 5 pm-thick slices
were cut into sections. The sections were stained with H&E
according to the conventional histopathological method. The
stained sections were observed under a light microscope and
photographed, before analyzing them using histopathological
standards.

Statistical analysis. Data are presented as mean + standard
deviation. SPSS 17.0 (IBM Corp., Armonk, NY, USA) software
was used for data processing. One-way analysis of variance
(ANOVA) was used to analyze the data and t-test was used for
pairwise comparisons. A P-value of <0.05 was considered to
indicate a statistically significant difference.
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Table I. gRT-PCR primer sequences. groups (P<0.01). Still, the NF-kB levels in the propofol group
were significantly lower than those in the model group,

Gene name Primer sequence (P<0.01) (Fig. 2).

NF-«B F: 5-GAAGAAGCGAGACCTGGAG-3'

Effects of propofol on the protein expression levels of NF-kB,
R: 5-TCCGGAACACAATGGCCAC-3' Bax and Bcl-2. Compared to those in the normal control group,

GAPDH F: 5-GGAAAGCTGTGGCGTGAT-3' the B cell lymphoma-2 (Bcl-2) protein expression levels in the

R:5-AAGGTGGAAGAATGGGAGTT.3' model and propofol groups were downregulated (P<0.01), but
the expression levels of Bax and NF-kB were significantly

F, forward; R, reverse. upregulated (P<0.01). Moreover, the protein expression levels
of Bcl-2 in the propofol group were upregulated compared
with those in the model group (P<0.01), but the expression
levels of Bax and NF-kB were significantly downregulated

2.5+ (P<0.01) (Fig. 3).
#k
—
2.0 ﬁ # Detection of differences on myocardial injury in the three

e experimental groups via H&E staining. Myocardial tissues in
the rats of the control group suffered no apparent injury. The

el myocardial tissues of rats in the model group were severely

ﬁﬁ injured, coagulative necrotic lesions, lamellar necrosis, myocar-

ﬁ dial fiber breakage and partial dissolution were apparent. The

e myocardial injury of rats in the propofol group was significantly
o . .

' T less severe than that of rats in the model group (Fig. 4).
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Figure 2. Graphic representation of NF-kB mRNA expression levels via Discussion
qRT-PCR in the three groups. NF-kB mRNA expression levels in the model
and propofol groups are significantly increased compared with those in the Gram_negaﬁve bacteria produce a large amount of endotoxin,
control group ("P<0.01). The expression levels in the propofol group were a4 \when it is released into the blood, it can cause a systemic
significantly lower than those in the model group (*/P<0.01). . ..
inflammatory response (12). Once a systemic inflammatory
response occurs, the death rate of patients is increased due to
organ dysfunction, such as heart failure caused by myocardial
Results injury (13). Propofol is a common anesthetic agent shown
to possess anti-inflammatory effects (14). However, there is
Effects of propofol on IL-1, IL-6 and TNF-a levels in serum.  scarce research on whether propofol has a protective effect on
The average levels of IL-1, IL-6 and TNF-a in serum in the endotoxin-induced myocardial injury.
model and propofol groups were significantly higher than those NF-«kB is mainly expressed in vascular smooth muscle
in the control group (P<0.01). However, the average levels of  cells, vascular endothelial cells and cardiomyocytes. Studies
IL-1, IL-6 and TNF-a in serum in the propofol group were  have shown that NF-kB plays key roles in the pathogenesis
significantly lower than those in the model group (P<0.01)  of cellular inflammation, proliferation and apoptosis (15,16).
(Fig. 1). When endotoxin is present in the blood, it can make the body
cells produce a large number of reactive oxygen and free radi-
Effect of propofol on the mRNA expression of NF-xB in serum.  cals, thus activating the NF-kB signaling pathway to damage
The mRNA expression levels of NF-«B in the control group  cells (17). TNF-a, IL-1 and IL-6 are common inflammatory
were significantly lower than those in the model and propofol  factors with anti-infection, antitumor, immune regulation and
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Figure 3. Western blot results for NF-«kB, Bax and Bcl-2 protein levels in the three experimental groups. “"P<0.01 comparison between the control and either
the model or the propofol groups. #P<0.01 comparison between the model and the propofol groups.
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Figure 4. H&E staining of myocardium samples in the three groups showing various degrees of injury. Myocardial tissues in the model group exhibit the most

damage, followed by those in the propofol group.

other biological effects. Certain stimuli in the body, lead to
increased inflammatory factors causing tissue damage and
exacerbations of present conditions (18). TNF-a mediates the
inflammatory response, and can be used as an important
indicator of inflammation and tissue damage. TNF-a is
derived from monocytes, macrophages, T lymphocytes and
neutrophils. TNF-a leads to synthesis of a large number of
NO and oxygen free radicals by its stimulation of i-NOS,
thus resulting in cell membrane lipid peroxidation damage
in tissues (19). IL-6 is mainly produced by activated neutro-
phils, endothelial or vascular smooth muscle cells. It is a
factor with various biological activities, know to contribute
to the development of cardiac dysfunction caused by myocar-
dial ischemia-reperfusion injury (20). IL-1 can stimulate
the biosynthesis of other inflammatory cytokines, but also
enhances the sensitivity of tissue cells to TNF-a (21).

NF-«kB can affect the release of inflammatory factors, such
as IL-1, IL-6 and TNF-q; in turn, IL-1, IL-6 and TNF-a can
affect the activity of NF-«xB in a biological feedback loop (22).
The Bcl-2 family of proteins is part of a bigger mitochondrial
apoptotic pathway. Anti-apoptotic proteins mainly include
Bcl-2 and Bcl-x1 (23). Bax is a pro-apoptotic protein that can
destroy the mitochondrial bilayer structure, form perforated
channels, increase membrane permeability and promote the
release of cytochrome c, thus activating the mitochondrial
apoptotic signaling pathway (24).

In this study, we hypothesized that propofol protects against
endotoxin-induced myocardial injury through its inhibition of
the NF-kB-mediated inflammation. The changes in the levels
of IL-1,IL-6 and TNF-a in serum detected in our study are in
agreement with the results of an study, which suggested that
these factors play important roles in the myocardial injury
caused during myocardial ischemia reperfusion (11). Since the
NF-kB mRNA expression levels in myocardial tissues in rats
treated with propofol were significantly lower than those in
the model group our findings suggest that increased NF-kB
levels can lead to damage to the vascular endothelial and
myocardial cells (25). In addition, we found that the protein
expression levels of NF-kB and Bax in the propofol group
were significantly lower than those in the model group rats,
and the Bcl-2 protein expression levels were significantly
higher in the propofol group. These findings agree with the
results of a study showing that quercetin reduces apoptosis of
myocardial cells through downregulating the expression of

Bax and upregulating the expression of Bcl-2 (26). Finally, the
direct observation of the myocardial injury in the rat hearts
by H&E staining proved that the myocardium of rats in the
model group presented clear damage, while that of rats in the
propofol group was much less injured.

In conclusion, propofol can protect against endotoxin-
induced myocardial injury through its inhibition of the
NF-kB-mediated inflammation and its resulting reduced
expression levels of IL-1, IL-6 and TNF-a.
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