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Abstract

We investigated the effect of propofol (Prop) administration (10 mg kg-1 h-1, intravenously) on lipopolysaccharide (LPS)-
induced acute lung injury and its effect on cluster of differentiation (CD) 14 and Toll-like receptor (TLR) 4 expression in lung
tissue of anesthetized, ventilated rats. Twenty-four male Wistar rats were randomly divided into three groups of 8 rats each:
control, LPS, and LPS+Prop. Lung injury was assayed via blood gas analysis and lung histology, and tumor necrosis factor-a
(TNF-a) and interleukin-1b (IL-1b) levels were determined in bronchoalveolar lavage fluid using ELISA. Real-time polymerase
chain reaction was used to detect CD14 and TLR4 mRNA levels, and CD14 and TLR4 protein expression was determined by
Western blot. The pathological scores were 1.2 ± 0.9, 3.3 ± 1.1, and 1.9 ± 1.0 for the control, LPS, and LPS +Prop groups,
respectively, with statistically significant differences between control and LPS groups (P , 0.05) and between LPS and
LPS+Prop groups (P , 0.05). The administration of LPS resulted in a significant increase in TNF-a and IL-1b levels, 7- and 3.5-
fold, respectively (P , 0.05), while treatment with propofol partially blunted the secretion of both cytokines (P , 0.05). CD14
and TLR4 mRNA levels were increased in the LPS group (1.48 ± 0.05 and 1.26 ± 0.03, respectively) compared to the control
group (1.00 ± 0.20 and 1.00 ± 0.02, respectively; P , 0.05), while propofol treatment blunted this effect (1.16 ± 0.05 and
1.12 ± 0.05, respectively; P , 0.05). Both CD14 and TLR4 protein levels were elevated in the LPS group compared to the
control group (P , 0.05), while propofol treatment partially decreased the expression of CD14 and TLR4 protein versus LPS
alone (P , 0.05). Our study indicates that propofol prevents lung injury, most likely by inhibition of CD14 and TLR4 expression.
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Introduction

Acute lung injury (ALI) and acute respiratory distress
syndrome (ARDS) are major causes of acute respiratory
failure, which increases the risk of morbidity and mortality
in critically ill patients (1). Intratracheal instillation of
lipopolysaccharide (LPS) in the rat is a well-characterized
model (2-4) of ALI, which in many important aspects
closely resembles the clinical presentation of ALI and
ARDS (5-7).

Despite intensive investigation in animals and
patients, attempts to improve the outcome of ALI and
associated organ disorders by modulating the inflamma-
tory response have met with only limited success (8).
Propofol (2,6-diisopropylphenol) has been commonly
used to sedate intubated, mechanically ventilated ALI

and ARDS patients because of the rapid onset and short
duration of action, and rapid elimination. Additionally,
increasing research findings have shown that propofol
has anti-inflammatory effects. Propofol inhibits neutrophil
functions, including chemotaxis, attachment, migration,
phagocytosis, and the production of reactive oxygen
species (ROS) (9). Propofol also suppresses pro-inflam-
matory cytokine production and inducible NO synthase/
NO biosynthesis in LPS-activated macrophages (10).
Although propofol•s mechanism of action remains elusive,
it may modulate the immune system and, hence, bear
great significance for patient care (11-13).

Accordingly, the most important LPS receptors on
immunocompetent cells are cluster of differentiation (CD)

Correspondence: Wei-Min Chen, Department of Anesthesiology, Shengjing Hospital, China Medical University, No. 36 Sanhao Street,
Heping District, Shenyang, 110004, China. Fax: +86-24-2326-1169. E-mail: maling27@hotmail.com

Received May 31, 2012. Accepted December 4, 2012. First published online March 15, 2013.

Brazilian Journal of Medical and Biological Research (2013) 46: 299-305, http://dx.doi.org/10.1590/1414-431X20122379
ISSN 1414-431X

www.bjournal.com.br Braz J Med Biol Res 46(3) 2013





was performed in triplicate for each sample. The thermal
cycling conditions were as follows: 1 cycle of 10 s at 956C,
45 cycles of 956C for 5 s and 606C for 20 s, followed by a
standard melting curve analysis. Annealing temperatures
were optimized for each primer pair used. The cycle
threshold value within the linear exponential increase
phase was used to determine the original copy number of
the DNA template. As an internal control and for normal-
ization purposes, along with characterization of CD14 and
TLR4 expression for each sample, the level of mRNA
expression for GAPDH was simultaneously measured.
Real-time PCR was performed in a Rotor-Gene 2000
instrument (Corbett Robotics, Australia).

Western blot analysis of CD14 and TLR4
Protein was extracted from the frontal lobe of each

right lung and protein content was determined by the
Bradford method. Each homogenate was then diluted with
PBS to obtain equal protein concentrations. Then, 20 mg
protein per lane was separated on a 10% polyacrylamide
gel and transferred to a nitrocellulose membrane (Bio-
Rad, USA). The transfers were blocked overnight with 5%
(v/v) skim milk at 46C. The membranes were then
incubated with anti-CD14 (sc-9150), anti-TLR4 (sc-
16240), or anti-b-actin (sc-47778) antibodies (Santa
Cruz Biotechnology, USA) at 1:200 dilution for 2 h at

376C. After being washed 3 times in PBST, the
membranes were incubated with 1:2000 horseradish
peroxidase-conjugated anti-rabbit, -goat, or -mouse IgGs
(Pierce, USA) for 1 h at room temperature. The blots were
developed using the enhanced chemiluminescence
detection system. The relative band density was deter-
mined with the Scion imaging system (Scion Corporation,
USA). Gel loadings were normalized to b-actin levels.

Statistical analysis
Data are reported as means ± SD; n is the number of

animals in each study group. Intragroup comparisons
were performed by ANOVA, followed by the Tukey post
hoc test when differences were significant. Values of P ,

0.05 were considered to be statistically significant. The
SPSS 13.0 software (SPSS Inc., USA) was used for all
statistical analyses.

Results

All rats survived for the duration of the study. As
shown in Table 2, in the control group HR, MAP, PaO2,
and PaCO2 were stable before and after the experimental
treatment. HR and PaCO2 were significantly increased at
the end of the experiment in the LPS-treated group, while
these effects were partially attenuated by propofol
infusion. MAP and PaO2 were significantly decreased in
the group with LPS-induced lung injury by the end of the
experiment compared to the control group, and again
these values were partially compensated for by propofol
infusion (Table 2).

Lung histology by light microscopy
Histopathology revealed more alveolar edema,

hemorrhage, wall thickening, hyperinflation, and infiltra-
tion of inflammatory cells into alveolar spaces in the LPS
group when compared to the control group. These
changes were less prominent in the rats receiving
propofol compared to the LPS group (Figure 1). The
pathological scores were 1.2 ± 0.9, 3.3 ± 1.1, and 1.9 ±

Table 1. PCR primers for RT-PCR.

cDNA Primer sequences

CD14 Forward: 59-GGAAACCTAGGCCAGAGGGA-39

Reverse: 59-AGCAAAGCCAAAGTTCCTGA-39

TLR4 Forward: 59-GAGGACTGGGTGAGAAACGA-39

Reverse: 59-GAAACTGCCATGTCTGAGCA-39

GAPDH Forward: 59-ATGTTCCAGTATGACTCCACTCACG-39

Reverse: 59-GAAGACACCAGTAGACTCCACGACA-39

cDNA = complementary DNA; CD14 = cluster of differentiation
14; TLR4 = Toll-like receptor 4; GAPDH = glyceraldehyde-3-
phosphate dehydrogenase.

Table 2. Heart rate, mean arterial blood pressure, and blood gases of rats before intratracheal instillation and after 5 h of intratracheal
instillation (n = 8).

Data Control LPS LPS+Prop

Before After Before After Before After

HR (bpm) 378 ± 42 383 ± 60 375 ± 64 432 ± 25 *,** 365 ± 29 393 ± 51 +

MAP (mmHg) 134 ± 13 127 ± 5 130 ± 16 81 ± 13 *,** 127 ± 10 105 ± 14 **,+

PaO2 (mmHg) 409 ± 84 404 ± 89 382 ± 38 151 ± 43 *,** 366 ± 45 262 ± 47 **,+

PaCO2 (mmHg) 30 ± 6 34 ± 3 37 ± 10 77 ± 22 *,** 32 ± 6 58 ± 10 **,+

Data are reported as means ± SD. In the control group, there was no significant difference before and after infusion of PBS. All data
obtained at the ••before•• time point were similar to those for the control group. LPS = lipopolysaccharide; Prop = propofol; HR = heart
rate; MAP = mean arterial pressure. *P , 0.05 compared to control. **P , 0.05 compared to before. +P , 0.05 compared to LPS
(repeated-measures ANOVA followed by the post hoc Tukey test).
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1.0 for the control, LPS, and LPS+Prop groups, respec-
tively, with statistically significant differences between
control and LPS groups (P , 0.05) and between LPS and
LPS+Prop groups (P , 0.05). Data are reported as
means ± SD for n = 4 animals per group. This
observation suggests that propofol at least partially
reverses the lung injury caused by LPS injection.

Effect of propofol on TNF- a and IL-1 b concentration in
BALF

TNF-a and IL-1b levels in BALF were analyzed by
ELISA in order to detect inflammation in the lungs of rats
after administration of LPS. Figure 2 shows that very low
levels of TNF-a and IL-1b were detected in the control
group. Conversely, the administration of LPS resulted in a
significant increase in TNF-a and IL-1b levels, 7- and 3.5-

fold, respectively (P , 0.05), while treatment with propofol
partially blunted the secretion of both cytokines (P ,

0.05). Our data suggest that propofol partially decreases
the levels of the inflammatory cytokines TNF-a and IL-1b
in BALF caused by LPS injection.

Effect of propofol on CD14 and TLR4 mRNA
expression in lung tissues

After intravenous infusion of propofol for 5 h, lung
homogenates were analyzed by real-time PCR to deter-
mine CD14 and TLR4 mRNA expression. The relative
mRNA expression of CD14 and TLR4 was analyzed after
normalization to GAPDH mRNA. Figure 3 shows that CD14
and TLR4 mRNA levels were increased in the LPS group
compared to the control group (P , 0.05), while propofol
treatment blunted this effect (P , 0.05).

Figure 1. Histological findings for control (left), LPS (middle), and LPS+Prop (right) groups (H&E stain). Significant alveolar edema,
hemorrhage, wall thickening, hyperinflation, and infiltration of inflammatory cells in alveolar spaces can be seen in the LPS group
(arrow). These changes were less prominent in the rats that received LPS+Prop (arrow). LPS = lipopolysaccharide; Prop = propofol.
Magnification bar = 50 mm.

Figure 2. Concentration of TNF-a and IL-1b in bronchoalveolar
lavage fluid (BALF). BALF samples were collected after each
animal had received 5 h of intravenous LPS infusion, then
examined by ELISA. Data are representative of triplicate
experiments with similar results. Data are reported as means
± SD for n = 8 animals per experimental group. *P , 0.05
compared to control; #P , 0.05 compared to LPS group (ANOVA
followed by the post hoc Tukey test). TNF-a = tumor necrosis
factor-a; IL-1b = interleukin-1 b; LPS = lipopolysaccharide; Prop
= propofol.

Figure 3. CD14 and TLR4 mRNA expression in lung tissue
samples. Using real-time PCR, samples taken after each animal
had received 5 h of intravenous LPS infusion were examined for
CD14 and TLR4 mRNA expression. For each experimental
condition, CD14 and TLR4 mRNA expression was normalized
with GAPDH mRNA. Data are reported as means ± SD for n = 8
animals per experimental group. CD14 = cluster of differentiation
14; TLR4 = Toll-like receptor 4; LPS = lipopolysaccharide; Prop
= propofol. *P , 0.05 compared to control; #P , 0.05 compared
to LPS group (ANOVA followed by the post hoc Tukey test).

302 Ling Ma et al.

Braz J Med Biol Res 46(3) 2013 www.bjournal.com.br




	References

