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Dexmedetomidine may upregulate the expression
of caveolin-1 in lung tissues of rats with sepsis
and improve the short-term outcome
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Abstract. Dexmedetomidine (DXM) is a selective
a2-adrenoceptor (a2-AR) and imidazoline receptor (IR)
agonist that has been reported to regulate inflammatory
responses mediated by diverse signaling pathways through
02-AR. The majority of the reported receptors or downstream
molecules have been demonstrated to locate with caveolin-1,
a protein suggested to participate in regulating Toll-like
receptor 4 (TLR4)-mediated inflammatory responses and
the pathogen endocytosis capability of macrophages. The
present study hypothesized that DXM may influence these
pathways by regulating the expression of caveolin-1 and
mediating the subsequent effects. Using a cecal-ligation and
puncture-induced rat sepsis model, it was initially observed
that pre-emptive DXM is able to upregulate and stabilize the
amount of caveolin-1 expression, which may be partly antago-
nized by both a2-AR and the IR antagonist atepamezole
(APZ). The pathophysiological parameters indicated that
DXM is able to inhibit secondary lung injury, in addition to
the rise of body temperature and arterial lactate accumula-
tion, however it marginally increased arterial glucose and
the murine sepsis score, which can be largely antagonized
by APZ. The overall effect was beneficial and improved the
24-h cumulative survival rate of rats with sepsis. In conclusion,
preemptive clinical sedative doses of DXM may upregulate the
expression of caveolin-1 downregulated by sepsis, which may
contribute to the inhibition of inflammatory pathways such
as TLR4-mediated pathways. Furthermore, DXM may favor
the improvement of short-term outcomes by the regulation of
other metabolic pathways.
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Introduction

Sepsis is a systemic inflammatory response syndrome with a
proven or suspected infectious etiology (1). The early stages of
sepsis are classically characterized by fever and blood hyper-
dynamics, with rapidly developing secondary organ injury,
and hypothermia and death as sepsis progresses (1,2). The
mortality rate of sepsis remains high and the therapy remains
intractable.

Dexmedetomidine (DXM) is a selective a2-adrenoceptor
(02-AR) and imidazoline receptor (IR) agonist (3), which
was formally approved for sedation and adjunct analgesia
for patients in the intensive care unit (ICU) by the US Food
and Drug Administration in 1999, particularly recommended
for patients with sepsis (4) Clinical studies of patients with
severe sepsis and other critically ill patients identified
that DXM may marginally improve the survival rate and
significantly inhibit the release of pro-inflammatory factors
in patients with sepsis (5-7). These beneficial effects were
confirmed by an animal study (8), however the underlying
signaling pathways reported from different animal and cyto-
logical models presented a wide range of pathways including:
Toll-like receptor 4 (TLR4)/myeloid differentiation primary
response gene 88 (MyD88)/nuclear factor-xB (NF-kB) or
mitogen-activated protein kinase [c-Jun N-terminal kinase,
extracellular signal-regulated kinases (ERK)1/2] (8.,9), endo-
thelial nitric oxide synthase (eNOS)/nitric oxide (10) and Janus
kinase/signal transducers and activators of transcription (11).
How DXM can affect so numerous signaling pathways or
downstream molecules remains unclear.

Caveolae, typically flask-shaped membrane invaginations
expressed in various cell types, are abundant in lung, muscle
and adipose tissues, and have been demonstrated to partici-
pate in the regulation of lipid and glucose metabolism (12),
in addition to the maturation of immunocytes and inflam-
mation responses (13). Caveolin-1 is a protein that maintains
the morphological and functional integrity of caveolae (12).
Knockout of caveolin-1 decreases the survival rate in mice
with cecal ligation and puncture (CLP)-induced sepsis (14).
Jiao et al (15) identified that tyrosine (Tyr) 14 phosphorylation
of caveolin-1 induced interaction with TLR4 and mediated
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TLR4/MyD88 signaling regulation. Additional studies have
demonstrated that receptors including G-protein coupled
receptors (GPCRs), a-ARs, 3-ARs (16), tumor necrosis factor
receptor (17) and downstream molecules including G,, subunits
(Gs, Gi and Gq) (16), eNOS (18) and ERK1/2 (19), localized
to the caveolae. GPCR activation led to the release and trans-
location of Gy subunits and subsequent Src-dependent Tyr
phosphorylation of caveolin-1 (20). Following these studies,
it was hypothesized that DXM may affect inflammatory path-
ways through the influence on caveolin-1.

The present study aimed to evaluate the effect of DXM
on the most frequent clinical manifestations of sepsis and the
expression of caveolin-1 in lung tissues, and to identify the
association between inflammatory pathways and the charac-
teristic receptors of DXM.

Materials and methods

Animals. A total of 170 male Sprague-Dawley rats aged
8 weeks (weight, 250-300 g) were obtained from the Animal
Center of the Second XiangYa Hospital of Central South
University (Changsha, China) and housed in the Animal
Laboratory Center of the Second XiangYa Hospital of Central
South University, in groups of three per cage. All rats were
weighed and numbered on arrival and acclimated for 7 days,
under 24°C and 48% humidity, a 12-h light/dark circadian
cycle, and were provided with specific pathogen-free rodent
diet and water ad libitum throughout all experiments. Animals
were euthanized with an overdose of pentobarbital injected
after the experiments. All animal procedures were approved
by the Animal Care and Use Committee of XiangYa Medical
College, Central South University (Changsha, China).

Materials. The small-animal-specialized digital thermometer
(AT320; Da-Xiong Ltd., Shenzhen, China) and blood gas
analyzer (GEM Premier 3000; Instrumentation Laboratory
Co., Bedford, MA, USA) were used. The silk suture (Ethilon;
Ethicon, Inc., Somerville, NJ, USA), sodium dodecyl sulfate
(SDS) buffer and phosphate-buffered saline (PBS; Beijing
Dingguo Changsheng Biotechnology Co., Ltd., Beijing, China)
were donated by Dr Lili Jiang (Department of Anesthesiology,
Affiliated Hospital of Qingdao University, Qingdao, China).
DXM and ketamine (HengRui Medicine, Ltd., Nanjing, China)
were purchased from Second XiangYa Hospital of Central
South University. Pentobarbital sodium (Sigma-Aldrich;
Merck Millipore, Darmstadt., Germany), atepamezole
(APZ; Axon Medchem, Groningen, Netherlands), D46G3*?
caveolin-1 rabbit monoclonal antibody [horseradish peroxi-
dase (HRP)-conjugated; 1:10,000; catalog no. 3267S] and
13ES5 B-actin rabbit monoclonal (1:1,000; catalog no. 4970S)
antibodies (Cell Signaling Technology, Inc., Danvers, MA,
USA) were purchased from respective companies. The
HRP-conjugated secondary antibody (1:1,000; catalog
no. CW0103M) was obtained from Beijing ComWin Biotech
Co., Ltd. (Beijing, China). Enhanced bicinchoninic acid
assay (BCA) protein assay kit was purchased from Beyotime
Institute of Biotechnology (Shanghai, China).

CLP surgery. All rats were anesthetized with pentobarbital
sodium [45 mg/kg, intra-peritoneal (i.p.)] and ketamine
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(1.5 mg/100 g, intravenous). Following a previous study (21),
a severe polymicrobial septic model was induced by CLP.
Rats were fixed on a surgical board following the shaving
of abdominal hair. Surgical fields were covered with sterile
drapes after disinfection with iodine complex (three times),
then a 1-2 cm lower-midline laparotomy was conducted. The
cecum was exposed and ligated tightly 25% distal to the
ileocecal valve with a 6-0 silk suture, and perforated twice
with an 18-gauge needle on the same side near and distal to
the ligation, respectively. The cecum was squeezed gently to
extrude two small amounts of feces after which the cecum was
returned to abdominal cavity. The abdomen was closed with
3-0 silk sutures in two layers. Then 5 ml/100 g 37°C normal
saline was injected subcutaneously using a 25G needle prior
to the rat being transferred to a recovery cage. Perioperative
body temperature was protected with temperature-adjusting
blankets and monitored at 1 h intervals.

Experimental protocol. Rats were randomly divided into five
groups: Control group (Control); sham surgery (Sham); CLP
(CLP); DXM + CLP (DXM); and DXM + APZ + CLP (APZ).
Control rats did not undergo any procedures. Sham surgery
was conducted with laparotomy and cecum exposure without
ligation and puncture. CLP was conducted as aforementioned.
DXM (2 ug/100 g, 10 pg/ml) or an equal volume normal saline
was injected i.p. 10 min prior to surgery. APZ (25 ug/100 g,
1 mg/ml) or an equal volume normal saline was injected i.p.
simultaneously with pentobarbital injection.

Survival rate, anal temperature and disease severity moni-
toring, and arterial blood gas (ABG) analysis. A total of
65 rats were randomly divided into five groups: Control and
Sham (10 per group), CLP, DXM and APZ (15 per group) as
aforementioned. All rats were monitored up to 24 h or until
death, and the time when an animal died was recorded. Left
ventricular blood was collected when rats died or were eutha-
nized at 24 h for ABG. Anal temperature and disease severity
were determined at pre-set time-points (immediately prior to
surgery, 4, 8, 12 and 24 h postoperatively) with a digital ther-
mometer and a scoring system, murine sepsis score (MSS),
developed by Shrum et al (22). The criteria in MSS (data not
shown) include: Degree of piloerection, spontaneous activity,
response to stimuli, level of consciousness, openness of eyes,
posture and degree of labored breathing. Each criterion was
scored from O to 4 and a total MSS score was calculated.
Mortality rises as MSS increases.

Lung tissue collection. At each time-point (immediately prior
to surgery, 4, 8, 12 and 24 h postoperatively), thoracotomy
was performed on the rats (three rats per group in control
and sham groups, five per group in the rest of the groups),
with pulmonary transfusion of 0.9% normal saline under
speed of 120 ml/h for 15 min with drainage of the blood
from left atrium. Then both lungs were removed. The lower
and middle lobes of right lung tissues were snap frozen in
the liquid nitrogen and stored at -80°C for subsequent protein
detection, and the whole left lung was perfused with 1.5 ml
10% formalin via the bronchus and stored in 10% formalin
for hematoxylin and eosin (H&E) staining and pathological
analyses.
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Western blot analysis. Frozen rat lung tissues were homog-
enized and the lysates were prepared in ice-cold lysis buffer
and centrifuged (10,000 x g, -4°C, 10 min). The supernatant
was collected and normalized for equal amounts of total
protein measured with the BCA method; 60 pg protein from
each sample were separated on a 12% SDS-polyacrylamide
gel (SDS-PAGE) and transferred to PVDF membranes (Merck
Millipore). The membranes were blocked with 5% non-fat milk
and incubated overnight with the primary anti-caveolin-1 anti-
body at 4°C, followed by incubation with the HRP-conjugated
secondary antibody for 4 h. Cellular B-actin protein was
immunodetected as the internal standard.

HE staining and histological injury scoring for lung tissues.
Formalin-fixed lungs were embedded in paraffin and serially
sectioned in foto, then stained with H&E. A total of five images
per slide were captured with a microscope (Nikon Eclipse
E200; Nikon Corporation, Tokyo, Japan) at magnifications
of x4 and x40. Histological changes, including alveolar wall
edema, congestion, hemorrhage and inflammatory cell infiltra-
tion under a magnification of x40, were scored by a pathologist
blinded to the present study, as previously described (8). Each
criterion was scored between 0 (normal) and 5 (severe), and the
overall pulmonary inflammation was categorized according
to the sum of the score (0-5, normal to minimal inflamma-
tion; 6-10, mild inflammation; 11-15, moderate inflammation;
16-20, severe inflammation).

Statistical analysis. Data were presented as the mean =+ stan-
dard deviation and analyzed with SPSS software, version 20.0
(SPSS, Inc., Chicago, IL, USA). Differences between groups
were determined by analysis of variance, followed by a post
hoc test (least significant difference method; LSD) in ABG
and histological scoring data. The missing values of MSS
and anal temperature due to mortality were interpolated
with the maximal MSS score and the temperature measured
immediately prior to mortality, respectively. Western blotting
images were read and calculated with Image J2X software
(http://imagej.net/ImageJ2). Then MSS, anal temperature
and caveolin-1 expression data were analyzed with repeated
analysis of variance, followed by post hoc analysis (LSD). The
cumulative survival rates among groups were analyzed with
log-rank 72 test and the survival curve with the Kaplan-Meier
method. P<0.05 was considered to indicate a statistically
significant difference.

Results

Survival rate. As demonstrated in Fig. 1, the survival rate
24-h post-operatively was 100, 90, 20, 40 and 33.3, respec-
tively, for the Control, Sham, CLP, DXM and APZ groups. No
significant differences were identified between the Control and
Sham groups. CLP surgery markedly decreased survival rate
compared with the Sham group, and survival rate was notably
improved by pre-emptive DXM treatment. The antagonism of
APZ did not significantly decrease the protection of DXM.

The severity of disease. The MSS score, which was reported
to be highly predictive of sepsis progression and mortality
and was paralleled with systemic pro-inflammatory factors in
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Figure 1. The effect of DXM and its antagonist APZ on survival rates of septic
rats induced by CLP. Control, control group (n=10); Sham, sham operation
group (n=10); CLP, CLP operation group (n=15); DXM, DXM pretreatment
group (n=15); APZ, APZ antagonizing group (n=15). The survival rate 24 h
after operation was analyzed. "P<0.05, vs. Sham, DXM and APZ groups,
respectively. DXM, dexmedetomidine; APZ, atepamezole; CLP, cecal liga-
tion and puncture.

CLP-induced mice models (22), was employed to evaluate the
effect of DXM. Fig. 2A provides the MSS scoring at pre-set
time-points after surgery from individual rats in different
treatment groups without missing data interpolation. Control
rats scored O at all time-points. Sham-operated rats scored
similar to CLP-operated rats 4 h postoperatively and went back
to control level 8 h postoperatively, with the exception of one
whose cecum was in the right upper quadrant and kept high
scores after surgery. Scores of CLP-operated rats increased
continuously 8 h postoperatively. DXM pretreatment resulted
in the rise of scoring, however inhibited the rising speed 4 h
postoperatively compared with that of CLP; however, APZ
partly antagonized this effect. Fig. 2B demonstrates the differ-
ences of MSS among groups with missing data interpolation.
MSS scores significantly increased after Sham and CLP
surgery and only returned to the control level 8 h after surgery
in the Sham group. DXM markedly increased scores at 4 h and
maintained a similar level until 12 h postoperatively compared
with the CLP group. APZ significantly antagonized the effect
of DXM and reduced the scores until 24 h postoperatively.

ABG analysis. As demonstrated in Table I, there was no
significant difference of pH among the groups. Blood lactate
and base excess significantly increased in the CLP group
compared with the Sham group, DXM marginally ameliorated
lactate accumulation, and APZ marginally antagonized these
effects, however these were not significant. Blood glucose (Glu)
significantly increased in the Sham, CLP and DXM groups,
however remained higher in the DXM group compared with
the CLP group but (not statistically significant). Glu was mark-
edly antagonized by APZ.

Anal temperature. Fig. 3A demonstrates the anal temperature
(°C) of individual rats at pre-set time-points after surgery from
different treatment groups without missing data interpola-
tion. Sham-operated rats convergently maintained a higher
temperature without influence on short-term survival. CLP
surgery affected the temperature and survival of rats. DXM
and APZ effectively improved survival rate, however DXM
significantly inhibited the increase of temperature as sepsis
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Table I. Arterial blood gas analysis data.
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Group pH Lac (mmol/ml) BE (mmol/ml) Glu (mmol/ml)
Control 7.42+0.08 1.34+0 .45 0.33+2.77 6.40+1.76
Sham 7.40+0.08 1.79+0.33% -1.45£3.31* 9.85+2.31
CLP 7.32+0.13 4.5+1.35 -4.18+£5.04 10.85+2.51
DXM 7.45+0.13 3.58+1.01 -4.10+4.78 12.67+£5.74
APZ 7.43+0.14 4.02+0.89 -3.96+3.56 7.59+1.86°

Control, control group (n=10); Sham, sham operation group (n=10); CLP, CLP operation group (n=15); DXM, DXM treatment group (n=15);
APZ, APZ antagonizing group (n=15). The femoral blood collected when rats died naturally or were euthanized at 24 h were determined
immediately after death and were analyzed. *P<0.001, vs. CLP group; "P<0.05, vs. DXM group. Lac, blood lactate; BE, base excess; Glu, blood
glucose; CLP, cecal ligation and puncture; DXM, dexmedetomidine; APZ, atepamezole.
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Figure 2. The effect of DXM and its antagonist APZ on the MSS of septic rats induced by CLP. Control, control group (n=10); Sham, sham operation group
(n=10); CLP, CLP group (n=15); DXM, DXM treatment group (n=15); APZ, APZ antagonizing group (n=15). The subjects represent each numbered rat in each
group. (A) The MSS scoring at pre-set time-points after operation from individual rats in the different treatment groups without missing data interpolation.
(B) Differences of MSS among groups with missing data interpolation were analyzed. "P<0.05, vs. control and CLP groups, respectively; “P<0.05, vs. DXM
group. DXM, dexmedetomidine; APZ, atepamezole; MSS, murine sepsis scores; CLP, cecal ligation and puncture.

progressed, which was effectively antagonized by APZ.
Fig. 3B demonstrates the differences of anal temperature
among groups with missing data interpolation. Normal anal
temperatures fluctuated between 37.0-38.0°C and peaked at
12 h after surgery (corresponding to 22:00 h). CLP surgery
caused significant fever and hypothermia at different stages of
sepsis compared with the Sham group, and severely disturbed
the circadian rhythm, which was significantly inhibited by
DXM pretreatment. APZ significantly antagonized the effect
of DXM.

Histological changes of lung tissues. As demonstrated in
Fig. 4, the histological changes due to procedures of tissue
harvesting were minimal (Fig. 4A and F). Sham surgery caused

minimal but significant lung injury compared with the Control
group (Fig. 4B and F). CLP surgery induced mild to moderate
injury (Fig. 4C and F), which was significantly reduced by
DXM pretreatment to a minimal level (Fig. 4D and F). APZ
antagonized the beneficial effect of DXM (Fig. 4E and F).

Western blot analysis for caveolin-1 expression in lung. In
order to identify whether DXM is able to affect caveolin-1
expression, the expression of caveolin-1 in lung tissues was
examined. Fig. 5A demonstrates the caveolin-1 and B-actin
bands determined by western blotting in different groups at
pre-set time-points. Fig. 5B demonstrates the diurnal expres-
sion mode of caveolin-1 in the Control group. As indicated
in Fig. 5A and B, rats in the Control group expressed a stable
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Figure 3. The effect of DXM and its antagonist APZ on temperature of rats with CLP-induced sepsis. Control, control group (n=10); Sham, sham operation
group (n=10); CLP, CLP operation group (n=15); DXM, DXM treatment group (n=15); APZ, APZ antagonizing group (n=15). The subjects represent each
numbered rat in each group. (A) The anal temperature (°C) of individual rats at pre-set time-points after operation from different treatment groups without
missing data interpolation. (B) Differences of anal temperature among groups with missing data interpolation were analyzed. "P<0.05, vs. Sham and DEX
groups; "P<0.05, vs. DXM group. DXM, dexmedetomidine; APZ, atepamezole; CLP, cecal ligation and puncture.

Control Sham CLP DXM APZ

Figure 4. Histological changes of rat lung tissues stained with hematoxylin and eosin (A) Control group (Control); (B) sham operation group (Sham); (C) CLP
operation group (CLP); (D) DXM group (DXM); (E) APZ antagonizing group (APZ). Magnification, x4. (F) The histological changes of lung tissue presented
in A-E were magnified (magnification, x40) and scored and the data were presented as the mean + standard error. The CLP and APZ groups demonstrated
mild to moderate injury, whilst Sham and DXM groups demonstrated minimal to mild injury. “P<0.01, vs. Control and CLP group. “P<0.001, vs. CLP and APZ
group. CLP, cecal ligation and puncture; DXM, dexmedetomidine; APZ, atepamezole.

amount of caveolin-1 with peak expression at the 8-h time-point  the difference of caveolin-1 expression in different treatment
(corresponding to ~4:00 p.m.), and the lowest expression at pre-  groups. As indicated in Fig. 5A, C and D, caveolin-1 expres-
and 24-h time-point (corresponding to ~8:00 a.m.). Fig. 5C  sion fluctuated in operated rats, with the exception of the DXM
indicates the average level of caveolin-1 expression during and APZ pretreated groups. DXM significantly upregulated
one day in different treatment groups. Fig. 5D demonstrates  the expression which was markedly inhibited by CLP surgery
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Figure 5. The effect of DXM and its antagonist APZ on caveolin-1 expression in lung tissues of rats with sepsis determined by western blotting. Control, control
group (n=10); Sham, sham operation group (n=10); CLP, CLP operation group (n=15); DXM, DXM pretreatment group (n=15); APZ, APZ antagonizing group
(n=15). B-actin was used as the internal standard protein. The grey value of protein band was read by Image J2X and presented as the mean + standard devia-
tion. (A) The caveolin-1 and -actin expression determined by western blotting in different groups at pre-set time-points. (B) The diurnal expression mode of
caveolin-1 in control group, the tissue was harvested at the time corresponding to the pre-set time-points in treated groups. ***P<0.05. (C) The average level of

AN

caveolin-1 expression during a day in different treatment groups,
dexmedetomidine; APZ, atepamezole; CLP, cecal ligation and puncture.

4 h postoperatively. This effect was partly antagonized by
APZ. DXM and APZ pretreatment effectively preserved the
diurnal rhythm disturbed by CLP surgery.

Discussion

DXM was recommended as a sedative for septic patients
in the ICU due to its anti-inflammatory effects, however its
underlying mechanisms and long-term effects remain unclear.
In the present study, it was identified that DXM pretreatment
at a single sedative/hypnotic dose (20 ug/kg, i.p.) effectively
decreased 24-h mortality and acute lung injury, and inhibited
the increase of temperature, however it failed to reduce the
increase of blood lactate, glucose and MSS scores. It was
demonstrated that DXM can upregulate the expression and
partly preserve the diurnal rhythm of caveolin-1 in lung
tissues. APZ could partly neutralize the effects of DXM.
DXM pharmaceutically causes a dose-dependent inhibi-
tion of sympathetic tone in the central and peripheral nervous
system and is used for sedation, analgesia, hypotension and
hypothermia, its use resulting in a spontaneous motility
decrease and induction of sleep. All these effects can be
inhibited by prior or simultaneous delivery of APZ (23,24).
The results of the present study agreed with this, even though
it appeared that DXM marginally increased MSS scores

P<0.05. (D) The difference of caveolin-1 expression in different treatment groups. DXM,

while APZ decreased the scores. Due to the fact that the MSS
scoring system gauged activity, consciousness, response to
stimuli and eye opening as criteria, DXM could have increased
these scores due to its sedative and analgesic activity, and APZ
downgraded the scores through the neutralization of these
effects. The present study also identified that DXM slightly
decreased blood lactate and increased glucose levels, which
can be significantly antagonized by APZ. To the best of our
knowledge, stress can induce the rise of blood glucose, and
tissue hypoxia can induce lactate generation. DXM may have
reduced blood glucose due to the inhibition of stress through
sedation and analgesia, however the effect of DXM on blood
glucose and insulin secretion was more complex, since it can
directly inhibit insulin secretion through activation of a2-AR
and imidazoline receptors on pancreatic p cells (25), but also
diminished activation of a1-AR and 3-AR through reducing
the sympathoadrenal output: The balance of these factors may
have resulted in different glucose levels (26). These effects on
peripheral sympathetic tone in addition with its central sympa-
tholysis and vagal effect can significantly reduce systemic
blood pressure. In addition, DXM was reported to enhance
micturition through a2b-AR on the proximal tubule endo-
thelia (27), which may further decrease circulatory volume
and blood pressure when not under continuous fluid perfusion.
These effects may have contributed to the failure of DXM to
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effectively reduce the hypoxia in tissues and the accumulation
of lactate, even following the balance of its favorable effect
in the preservation of capillary perfusion through attenua-
tion of leukocyte-endothelial interaction and micro-emboli
generation (28). Above all, DXM may be a promising sedative
and antipyretic in patients with sepsis, and may be promising
for clearing blood lactate after efficient fluid resuscitation.
However, DXM may be detrimental to patients who survive
sepsis, with the exception of the unclear effect on lactate, due
to the fact that the effect of central hypothermia and glucose
upregulation could bring patients into a chronic infectious or
susceptible state (29). This indicates that the long-term effect
of DXM on patients with sepsis or critically ill patients who
survive should be further studied to assist clinical practice.

DXM was reported to inhibit lung injury and improve
survival rate in CLP-induced rats (8), which was in agree-
ment with the results of the present study. These results
indicated that the anti-inflammatory action of DXM may
be mediated by inhibition of the TLR4/MyD88/NF-«xB
signaling pathway. The TLR4-dependent signaling pathway
mediates neutrophil sequestration into the lungs and causes
secondary lung injury due to endotoxin or hyperinflation (30).
Additional studies have implied that the receptors mediate the
anti-inflammatory actions of DXM possibly through a2-AR
and IRs, although one study used APZ as an antagonist in a
renal ischemic-reperfusion injury (IRI) rat model (11) and
the other utilized yohimbine in a lung IRI rats model (9). It is
known that DXM binds to a2-AR and specifically activates
the Gai subunit, which has been demonstrated to bind with the
N-terminus (Residual 82-101) of caveolin-1 prior to being acti-
vated, and to translocate away from caveolin-1, concomitantly
releasing Gy subunits after activation (31). Studies have also
demonstrated that Src Tyrosine kinases, H-ras and eNOS
share the same binding domain of caveolin-1 (32), the GBy
complex induces activation of Src after release (33) and the
later phosphorylated caveolin-1 at Tyrl4 induces interaction
with TLR4 and mediates MyD88-dependent signaling (15).
Deficiency of caveolin-1 would reduce TLR4 signaling (34).
However, knockout studies have identified that caveolin-1
protects against sepsis by modulating inflammatory responses,
alleviating bacterial burden and suppressing thymocyte apop-
tosis in rats with CLP-induced sepsis (35). In brief, caveolin-1
may biphasicly regulate the TLR4-dependent inflammatory
responses.

In the present study, the expression of caveolin-1 in the lung
was determined and it was identified that DXM can effectively
inhibit the increase of caveolin-1 at 4 h and the decrease at
8 h postoperatively induced by CLP surgery, and promote the
average expression amount. APZ only partly antagonized the
upregulation effect of DXM. This implied that DXM could
exert influence on the TLR4 pathway-mediated inflammatory
responses and the promote sepsis survival rate through regula-
tion of caveolin-1 expression, however the exact receptors and
downstream molecular events require additional investigation.

In conclusion, preemptive clinical sedative doses of DXM
may upregulate the expression of caveolin-1 downregulated by
sepsis, and may contribute to the inhibition of inflammatory
pathways such as the TLR4-mediated pathways. Furthermore,
DXM may favor the improvement of short-term outcome by
the regulation of other metabolic pathways.
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