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Summary
In this study, we examined the effect of ethyl pyruvate (EP) on pulmonary
inflammation in rats with severe pancreatitis-associated acute lung injury
(ALI). Severe acute pancreatitis (SAP) was induced in rats by the retrograde
injection of 5% sodium taurocholate into the pancreatic duct. Rats were ran-
domly divided into the following experimental groups: control group, SAP
group and EP-treated group. The tissue specimens were harvested for mor-
phological studies, Streptavidin–peroxidase immunohistochemistry exami-
nation. Pancreatic or lung tissue oedema was evaluated by tissue water
content. Serum amylase and lung tissue malondialdehyde (MDA) and
myeloperoxidase (MPO) were measured. Meanwhile, the nuclear factor-kB
(NF-kB) activation, tumour necrosis factor-a (TNF-a), interleukin-1b (IL-
1b) levels and HMGB1 protein expression levels in the lung were studied. In
the present study, we demonstrated that treatment with EP after SAP was
associated with a reduction in the severity of SAP and lung injury. Treatment
with EP significantly decreased the expression of TNF-a, IL-1b, HMGB1 and
ameliorated MDA concentration, MPO activity in the lung in SAP rats. Com-
pared to SAP group, administration of EP prevented pancreatitis-induced
increases in nuclear translocation of NF-kB in the lung. Similarly, treatment
with EP significantly decreased the accumulation of neutrophils and mark-
edly reduced the enhanced lung permeability. In conclusion, these results
demonstrate that EP might play a therapeutic role in pulmonary inflamma-
tion in this SAP model.
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Introduction

Acute lung injury (ALI) is the most common extrapancre-
atic complication associated with the high rates of morbid-
ity and mortality in severe acute pancreatitis (SAP) [1].
Despite significant advances in understanding the patho-
genesis of ALI in SAP and its management, the mortality
rate remains unacceptably high. Studies have shown that
pancreatic damage due to SAP leads to the release of sys-
temic inflammatory cytokines, including tumour necrosis
factor (TNF)-a and interleukin (IL)-1b. These proinflam-
matory cytokines may result in distant organ damage and
the development of ALI. ALI is characterized by an intense
inflammatory process in the lungs, with accumulation of
activated neutrophils and the development of interstitial

oedema [2–4]. Related studies found that the transcrip-
tional induction of genes involved in the release of inflam-
matory cytokines associated with SAP is controlled by
various regulated factors, including the nuclear factor-
kappa B (NF-kB) signalling pathway. NF-kB appears as the
primary activator of proinflammatory mediators [5].

High mobility group box 1 (HMGB1) has been shown to
be a late-acting mediator in lethal systemic inflammation
[6,7]. Extracellular HMGB1 can trigger acute lung injury
[8,9] and a lethal inflammatory process [10] by inducing
nuclear translocation of NF-kB and increasing significantly
the release of inflammatory cytokines such as TNF-a,
IL-1b, etc. [11–14]. Therefore, HMGB1 can stimulate the
release of cytokines [15] and, conversely, cytokines can
control the further release of HMGB1 into the extracellular
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space [16]. As such, HMGB1 enhances the inflammatory
response in various pathological conditions. These observa-
tions demonstrate why extracellular HMGB1 might be a
potential novel therapeutic target. These findings suggest
that HMGB1 plays a critical role in ALI. Accordingly,
HMGB1 inhibitors might be beneficial in the treatment of
various inflammatory diseases.

Recently, our laboratory and others have demonstrated
that ethyl pyruvate (EP), a simple aliphatic ester derived
from pyruvic acid, is an effective anti-inflammatory agent
[17–19]. EP has been shown to improve survival and
ameliorate organ dysfunction in a wide variety of animal
models of severe sepsis, haemorrhagic shock, ischaemia/
reperfusion-induced intestinal mucosal injury and ileus
induced by bowel manipulation in mice [20–23]. EP inhib-
its lipopolysaccharide-induced NF-kB activation in cul-
tured RAW264·7 murine macrophage-like cells, and reduces
HMGB1 release and TNF-a gene expression both in vitro
and in vivo [20,22,23]. Therefore, we reasoned that EP
might also be protective in pancreatitis-associated ALI,
depending on inhibition of early and late inflammatory
cytokines. The present study was designed to evaluate
whether EP could be beneficial in a rat model of
pancreatitis-associated ALI [24].

Materials and methods

Animals

Healthy male Wistar rats weighing 250–300 g were pur-
chased from the Experimental Animal Center of China
Medical University. The animals were kept under standard-
ized conditions with a 12-h light/dark cycle. Rats were
fasted from solid food for 24 h (but allowed water ad
libitum). All experimental procedures were approved by the
Animal Ethics Committee of China Medical University and
carried out in accordance with established International
Guiding Principles for Animal Research.

Reagents

The reagents used were as follows: serum amylase, malondi-
aldehyde (MDA) and myeloperoxidase (MPO) kits
(Jiancheng Company, Nanjing, China); UltraSensitiveTM SP
kit (Maxim Company, Fuzhou, China); goat anti-rat poly-
clonal anti-HMGB1 antibody (Santa Cruz Inc., Santa Cruz,
CA, USA); micro-bicinchoninic acid (BCA) protein assay
kit (Pierce, Rockford, IL, USA); rabbit anti-HMGB1
polyclonal primary antibody (BD Pharmingen, San Jose,
CA, USA); rabbit anti-b-actin monoclonal antibody
(Invitrogen, Carlsbad, CA, USA); anti-rabbit horseradish
peroxidase-coupled secondary antibody (Bio-Rad, Hercules,
CA, USA); enhanced chemiluminescence plus Western blot-
ting detection reagents (Amersham Pharmacia Biotech,

Piscataway, NJ, USA); TNF-a and IL-1b enzyme-linked
immunosorbent assay (ELISA) kit (Sengxiong Biotechnol-
ogy Co. Shanghai, China); nuclear and cytoplasmic extrac-
tion reagent kit (NE-PER; Pierce Biotechnology, Rockford,
IL, USA); and non-radioactive NF-kB p50/p65 transcrip-
tion factor assay kit (Chemicon, Temecula, CA, USA). All
other chemicals were purchased from Sigma-Aldrich
Chemicals (St Louis, MO, USA). EP was prepared in solu-
tion with sodium (130 mM), potassium (4 mM), calcium
(2·7 mM), chloride (139 mM) and EP (28 mM) (pH 7·0).

Taurocholate-induced pancreatitis

Rats were anaesthetized by intraperitoneal injection of 1%
pentobarbital sodium (35 mg/kg body weight) and the
operation was performed under aseptic conditions. SAP
models were prepared according to the method by Aho
et al. [24]. After entering the abdomen via median epigastric
incision, the bile–pancreatic duct, hepatic hilus and
common hepatic duct were identified, and the duodenal
papilla inside the duodenum duct wall was identified. A seg-
mental epidural catheter was inserted into the duodenum
cavity and then inserted into the bile–pancreatic duct
towards the direction of papilla in a retrograde manner;
two microvascular clamps were used to nip both ends of
the bile–pancreatic duct, then 5% sodium taurocholate
(1·5 ml/kg body weight) was injected into the bile–
pancreatic duct at a rate of 0·2 ml/min by a microinfusion
pump. Five minutes after injection, the microvascular clamp
and epidural catheter were removed. After ensuring that
there was no active bleeding in the abdominal cavity, the
abdomen was closed.

Experimental design

In the first series of experiments, rats were killed at 0, 3, 6,
12, 24 and 48 h after the induction of SAP (n = 12 per
group). Zero time refers to the point of first injection of
sodium taurocholate. The time–course of the first series of
experiments was 48 h. In the first series of experiments, we
confirmed the successful induction of the pancreatitis
model. Furthermore, we evaluated the trends of these
measurements at the designated time-points. Then, we
selected the time-points that had shown the most signifi-
cant differences to determine the effect of EP in the
second experiment.

The second experiment was designed to determine the
effect of treatment with EP (40 mg/kg) after the induction
of SAP. Rats were assigned randomly to one of three groups.
The groups were then divided randomly into 3-, 6-, 12- and
24-h subgroups, with 12 rats in each subgroup; in (i) the
control group (n = 48), nothing was injected into the bile–
pancreatic duct and the remaining procedure was the same
as the SAP group; (ii) the SAP group (n = 48) received an
infusion of 5% sodium taurocholate into the pancreatic bile
duct; and (iii) the EP-treated group (n = 48) was perfused
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with EP at a dose of 40 mg/kg body weight for 2 min
through the tail vein every 6 h after the induction of SAP (0,
6, 12 and 18 after SAP). The control group and SAP group
rats were given the same dose of vehicle solution at the
same time-point.

Measurement of serum amylase

Blood samples were collected from the abdominal aorta,
conserved at room temperature for 10 min and centrifuged
at 3000 g for 10 min at 4°C, and the serum were kept at
-70°C until measurement. Serum amylase (AMY) activity
was determined using AMY kits by automated clinical bio-
chemistry analysis equipment (Hitachi Co., Tokyo, Japan).

Histological analysis

Pancreatic and lung tissue samples were fixed in 10%
buffered formalin overnight and subsequently dehydrated
through a graded ethanol series. After impregnation in par-
affin wax, tissue samples were cut into 4-mm sections. Pan-
creatic and lung tissues were stained with haematoxylin and
eosin (H&E) and examined by light microscopy. Sections
were examined for tissue injury by an experienced mor-
phologist who was blinded to the sample identity. For this
study, five randomly chosen microscopic fields were exam-
ined for each tissue sample and given a histological score
for injury according to the previously described method
[25,26].

Wet/dry weight (W/D) ratio

Pancreatic or lung tissue oedema was evaluated by tissue
water content. A portion of the pancreatic or lung tissue
was taken immediately after euthanasia to trim fat and
weigh. Tissue water content was determined by calculating
the wet weight/dry weight ratio according to the formula:
[(wet weight–dry weight)/dry weight] ¥ 100%, where the
wet weight was the initial weight of the respective tissue and
the weight after incubation at 72°C for 24 h was the dry
weight.

Lung tissue MPO and MDA assays

To carry out the assays, 1 g lung tissue samples were thawed,
homogenized in 1 M phosphate-buffered saline (PBS) (pH
7·4) and centrifuged at 12 000 g for 10 min at 4°C. The
supernatant was assayed for MPO activity and MDA con-
centration using test kits. All procedures were performed in
accordance with the manufacturer’s instructions.

Cytokine measurements

Lung tissue was homogenized in ice-cold lysis buffer con-
taining 1 mM protease inhibitor. Homogenates were centri-
fuged at 14 000 g for 15 min, and supernatants were

collected. Levels of TNF-a and IL-1b in lung were deter-
mined using commercially available ELISA kits according to
the manufacturer’s instructions.

Immunohistochemical analysis

Immunohistochemistry was performed to examine the
protein expression levels of HMGB1 and to localize
HMGB1 expression in the tissue. Lung tissue specimens
from control and SAP rats were stained simultaneously.
Briefly, tissue samples were isolated and fixed immediately
in 10% pH-neutral phosphate-buffered formalin solution.
The fixed tissues were then embedded in paraffin and sec-
tioned at 4 mm. Paraffin sections were deparaffinized and
hydrated. Antigens were retrieved in a 10 mM sodium
citrate buffer (pH 6·0) preheated to 95°C for 20 min. Sec-
tions were blocked with peroxidase blocking buffer, fol-
lowed by serum blocking buffer, avidin blocking buffer and
biotin blocking buffer. For the detection of HMGB1,
blocked sections were then incubated with goat anti-rat
polyclonal anti-HMGB1 primary antibody (1:400 dilution)
overnight at 4°C. Subsequently, tissue sections were washed
and incubated with biotinylated anti-goat secondary anti-
body for 20 min at room temperature. After being washed,
the sections were incubated with the streptavidin–
peroxidase complex for 30 min at room temperature
followed by incubation with freshly prepared 0·1% 3,3-
diaminobenzidine-tetrahydrochloride containing 0·02%
hydrogen peroxidase in PBS. Finally, the sections were
counterstained with haematoxylin and subsequently dehy-
drated, mounted and covered with coverslips. Normal
blocking serum without primary antibody was used for the
negative control.

Western blotting

Western blotting was used to determine HMGB1 levels in
the lungs. Briefly, 100 mg of lung homogenate protein was
loaded onto a 10% Tris-HCl-sodium dodecyl sulphate
(SDS)-polyacrylamide gel and run for 60 min at 120 V
using a Bio-Rad minigel system. Protein was electrotrans-
ferred onto a nitrocellulose membrane and then blocked
with 5% non-fat dry milk and Tris-buffered saline with
0·1% Tween 20. After being blocked, the membrane was
incubated overnight at 4°C with a specific polyclonal
rabbit primary antibody to HMGB1 at a dilution of 1:2000
followed by anti-rabbit horseradish peroxidase-coupled
secondary antibody at a dilution of 1:5000 for 60 min
before detection. After three washings, bands were detected
using enhanced chemiluminescence plus Western blotting
detection reagents. The membranes were then stripped
using stripping buffer (63 mM Tris·HCl, pH 6·8, 2% SDS
and 100 mM 2-mercaptoethanol) and reprobed with
antibodies specific for b-actin to ensure equal loading
of protein on the gel. HMGB1 expression was quantified
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densitometrically with the use of GelExpert version 3·5 soft-
ware (Nucleotech, San Mateo, CA, USA).

NF-kB binding assay

Nuclear proteins were extracted from the lung tissue using
NE-PER extraction reagents. The DNA binding activity of
NF-kB (p50/p65) was determined using an ELISA-based
non-radioactive NF-kB p50/p65 transcription factor assay
kit. The absorbance at 450 nm was determined using an
ELISA reader (Bio-Rad Laboratories).

Statistical analysis

The results are reported as means � standard error (s.e.).
One-way analysis of variance (anova) with Dunnett’s mul-
tiple comparison tests was performed using the Statistical
Package for the Social Sciences (spss) software, version 10·0.
P-value < 0·05 was considered statistically significant.

Results

Serum amylase

Evidence of pancreatic injury in SAP induced by adminis-
tration of taurocholate was confirmed by an increase in
serum amylase in the first series of experiments. It showed
that the serum amylase in the SAP and the EP-treated
groups increased significantly more at each time-point
compared to those in the control group (Fig. 1). However,
the values in the EP-treated group decreased significantly
compared to those in the SAP group at 6 and 12 h after SAP
(Fig. 1).

Histopathology and morphometry of the pancreas and
the lung

In control rats (Fig. 2a), the histological features of the pan-
creas were typical of a normal architecture. The infiltration

of neutrophils and mononuclear cells, interstitial oedema
and focal necrotic areas were seen in the pancreatic tissue of
untreated SAP rats (Fig. 2b). Treatment of pancreatic rats
with EP resulted in a significant amelioration of pancreatic
injury. The morphological changes in pancreatic tissue of
EP-treated rats included intralobular oedema, inflamma-
tory infiltrate and acinar cell necrosis, but these were greatly
reduced and without obvious parenchyma necrosis and
haemorrhage (Figs 2c and 3a). Lung tissue from control rats
showed a normal structure and no histological changes
under a light microscope. In untreated SAP rats, the patho-
logical changes of the lung showed a widespread increase in
alveolar wall thickness caused by oedema, severe alveolar
congestion, alveolus collapse and obvious inflammatory cell
infiltration. The histopathological features were similar to
human conditions, and the successful induction of the rat
model was confirmed. In the EP-treated rats, the histologi-
cal changes of lung tissue showed markedly reduced inter-
stitial oedema and inflammatory cell infiltration compared
with those in the untreated SAP rats (Fig. 2e,f, 3b).

W/D ratio of the pancreas and the lung

At 12 h after the induction of SAP, the W/D ratios of the
pancreas and the lung in the SAP group were elevated. The
W/D ratios of the pancreas and the lung in rats of the SAP
group were significantly higher than those of control rats.
However, the W/D ratios of the pancreas and the lung in
rats of the EP-treated group were significantly lower than
those in the SAP group (Fig. 4).

MDA concentration and MPO activity in the lung

Pulmonary MDA concentrations were increased signifi-
cantly by taurocholate administration in both SAP- and
EP-treated rats (Fig. 5a,c). The increase was significantly
smaller in EP-treated rats than in SAP rats at 6 h after the
induction of SAP (Fig. 5c). Histological examination of
lung sections from SAP rats revealed tissue damage charac-
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terized by oedema, neutrophil infiltration and alveolus col-
lapse (Figs 2e, 3b). The infiltration of neutrophils into the
lung was also evaluated by pulmonary MPO activity after
induction of SAP in the first series of experiments. MPO
activity in the lung was increased significantly at 6 h after
the induction of SAP. However, rats receiving EP demon-
strated a significant reduction of MPO activity in the lung
at 6 h after the induction of SAP (Fig. 5d).

Pulmonary TNF-a and IL-1b expression

TNF-a and IL-1b were determined at the designated times
in the lung homogenates. As shown in Fig. 6, compared to
the control group both TNF-a and IL-1b increased signifi-
cantly at 3 h in the SAP and EP-treated groups, with an
early return to baseline values and no elevation for pro-
longed periods of time, as did HMGB1. In the SAP group,

(a) (b) (c)

(d) (e) (f)

Fig. 2. Morphological changes of pancreas and lung stained with haematoxylin and eosin (H&E). (a) No histological alteration of pancreas was

observed in the pancreas collected from the control group. (b) Histological examination [at 24 h after severe acute pancreatitis (SAP)] of pancreatic

sections from pancreatitic rats revealed oedema and acinar cell necrosis as well as inflammatory cells infiltration and an important alteration of the

pancreas was also present. (c) Significantly less histological alteration of the pancreas tissue was observed in pancreatitic rats, which received ethyl

pyruvate (EP) treatment. Representative H&E-stained section of lung was examined by light microscopy in control rats (d) and in pancreatitic rats

(e), and in pancreatitic rats, which received EP treatment (f). Original magnification: ¥400. Figure is representative of at least three experiments

performed on different experimental days.
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the changes in the expression of two cytokines in the lung
were more significant than in the EP-treated group at 3 h
(P < 0·05).

HMGB1 expression is up-regulated in the lung
after SAP

To determine the cellular localization of HMGB1 in the
lung, immunohistochemical staining was performed in
control lungs and lungs that underwent SAP. At 24 h after
SAP, positive staining cells for HMGB1 were rarely observed
in lung tissue from the control group (Fig. 7a). Positively
staining endothelial cells, macrophages and neutrophils
expressing HMGB1 were present in lung tissue from the

SAP group. The number of cells expressing HMGB1 was
decreased substantially in the EP-treated group compared
with the SAP group (Fig. 7b,c). To determine if the
HMGB1-mediated injury was associated with changes in
protein levels, Western blot analysis was performed on lung
lysates from animals that were subjected to SAP. As shown
in Fig. 8, in the SAP group HMGB1 concentrations in the
lung were increased slightly at 6 h of SAP and increased
more markedly at 12 h, with the highest concentration
observed at 24 h. Compared with the control group, differ-
ence was statistically significant (P < 0·05). HMGB1 con-
centration started to decrease at 48 h but did not return to
basal levels. Moreover, among SAP rats treated with EP,
there was a consistent decrease in HMGB1 expression
(Fig. 8b).

EP treatment reduces NF-kB DNA binding activity

Because the NF-kB pathway plays a critical role in the secre-
tion of cytokines, we measured the proinflammatory tran-
scription factor NF-kB in nuclear extracts prepared from
lung samples. Whereas there was only a low level of basal
DNA binding of NF-kB in pulmonary samples from control
animals, NF-kB DNA binding activity increased in the rats
with acute pancreatitis (Fig. 9). When the rats from the SAP
group were treated with EP the extent of NF-kB DNA
binding activity was clearly decreased, although it was still
somewhat greater than that observed in the control group
(Fig. 9b).

Discussion

SAP is usually accompanied by obvious inflammatory reac-
tions, and local pathological injuries can lead to systemic
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inflammatory response syndrome and multiple organ dys-
function syndrome, resulting in high mortality [27]. Some
degree of pulmonary dysfunction occurs in as many as
40–70% of patients with acute pancreatitis, and respiratory
failure occurs in about 45% of patients with pancreatic
necrosis [28,29]. ALI is an important problem affecting the
severity of SAP [30]. It is believed that the excess produc-
tion of inflammatory mediators released by macrophages,
neutrophils and other cells of the immune system in a
cascade network is the underlying mechanism causing ALI
in SAP [31,32]. As SAP progresses, neutrophils are also
transmigrated into the tissues by inflammatory mediator
induction, resulting in microvascular dysfunction and local
inflammatory response. These responses include microvas-
cular disorder, alveolar capillary barrier leakage, interstitial

and alveolar oedema and eventual cell death [33,34]. This
study provides evidence that EP attenuates: (i) the rats
from taurocholate-induced ALI; (ii) the taurocholate-
induced pulmonary expression of TNF-a, IL-1b and
HMGB1; (iii) neutrophil infiltration and lipid peroxidation
in the lung; and (iv) NF-kB DNA binding activity in the
lung. EP has been shown to improve survival and amelio-
rate organ dysfunction in a wide variety of animal models
[20–23]. In this study, our results confirm the previous
findings and indicate that EP may play a role in reducing
the pathology of SAP-associated lung injury, and that the
potential mechanism of action is through the inhibition of
systemic inflammation.

In the present study, we demonstrated that treatment
with EP could prevent the rats from taurocholate-induced
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time-points after SAP. (c, d) At 3 h after the

induction of severe acute pancreatitis (SAP),

levels of TNF-a and IL-1b were increased

compared with control rats. While SAP rats

receiving the treatment with EP had a

significant reduction in pulmonary TNF-a
and IL-1b expression compared with animals

receiving vehicle. The number of rats in each

group at every time-point was 12. Values are

shown means � standard error. *P < 0·05 versus

control group and †P < 0·05 versus untreated

SAP group, as tested by one-way analysis of

variance (anova). Cont: control.
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Fig. 7. Lung immunohistochemical localization of high mobility group box 1 (HMGB1) is depicted. Immunohistochemical analysis was used to

detect HMGB1 protein in lung sections obtained 24 h after severe acute pancreatitis (SAP). Representative specimens from the control group, SAP

group and ethyl pyruvate (EP)-treated group are presented. (a) Immunohistochemical stain of HMGB1 from sections of control lung. (b) Staining

of lung tissue sections obtained from SAP group with anti-HMGB1 antibody show an intense positive staining in the endothelial cells (white

arrows), macrophages and neutrophils (black arrows). (c) The degree of lung staining for HMGB1 was reduced markedly in tissue section obtained

from the EP-treated group. The arrows in (b) indicate cells staining positive for HMGB1. All photographs are at ¥200 magnification. Images are

representative lung sections from 12 rats per group.
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ALI. Interestingly, treatment with EP failed to ameliorate
the development of hyperamylasaemia at 24 h after SAP. It
suggested that, even if treatment of EP could reduce pan-
creas injury, it could not reverse this trend of pancreas
injury. To our knowledge, this is the first study regarding
the anti-inflammatory effect of EP on taurocholate-induced
lung injury. Moreover, we have demonstrated that treat-
ment with EP improved taurocholate-induced ALI signifi-
cantly and was associated with a reduction in both early
(TNF-a and IL-1b) and late (HMGB1) cytokine levels in
rats. Our results also suggested that the inhibition of
cytokine secretion was the result of an inhibition of NF-kB
activity. Thus, the improvement in taurocholate-induced
ALI by EP administration seems to be related to the altered
expression of these mediators.

EP reduced the lung permeability index in mice with
LPS-induced ALI. Also, there was a dose-dependent reduc-
tion in the permeability index [31]. In this study, the W/D

ratios of lung tissue for each group were measured for
assessment of changes in lung vascular permeability. This
study found that the EP-treated rats showed a much lower
ratio of wet/dry weight in lungs than in the untreated SAP
rats. Furthermore, when compared to the untreated SAP
rats, the EP-treated rats had lower scores for lung injury,
including measurements of alveolar congestion, haemor-
rhage, infiltration or aggregation of neutrophils in airspace
or vessel wall, and thickness of the alveolar wall. According
to the MPO assay measurement of neutrophil accumula-
tion, the untreated SAP rats had a higher neutrophil accu-
mulation than the control rats. MDA is one of the final
products of lipid peroxidation, and its concentration is
directly proportional to the cell damage caused by reactive
oxygen metabolites [35]. In the present study, the increase
in pulmonary MDA production following SAP induction
was reduced by EP administration, suggesting that EP is
involved in an anti-inflammatory effect. These results lend
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Fig. 8. Changes in high mobility group box 1 (HMGB1) protein expression in lung tissue after induction of severe acute pancreatitis (SAP) in rats.

(a) The expression of HMGB1 in the lung was detected by Western blot at the designated time-points after SAP. Results show the HMGB1/b-actin

ratio from Western blots performed at each time-point. Blot shown is representative of three experiments with similar results. (b) Effect of

treatment with EP on pulmonary expression of HMGB1 at 24 h after SAP. Pulmonary expressions of HMGB1 and b-actin determined by Western

blot analysis in the control group, SAP group and ethyl pyruvate (EP)-treated group. The data shown are representative of three independent

experiments. Values are shown means � standard error. *P < 0·05 versus control group and †P < 0·05 versus SAP group, as tested by one-way analysis

of variance (anova). Cont: control.
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Fig. 9. Effect of ethyl pyruvate (EP) on the increase in specific binding of p50 and p65 to DNA in the lung. (a) Changes of p50/p65 DNA binding

activity in the lung after induction of severe acute pancreatitis (SAP)at the corresponding time-points. (b) Rats undergoing SAP were treated with

EP or vehicle solution. Nuclear fractions were harvested 6 h following taurocholate administration from rats with or without EP treatment (n = 12

for each group). The DNA binding activity assay showed a marked decrease in the p50/p65 binding activity in nuclear fractions from lung tissue in

the EP-treated group. Values are shown as means � standard error. *P < 0·05 compared with control group and †P < 0·05 compared with SAP

group. Cont: control.
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support to the use of EP as an anti-inflammatory therapy
for SAP associated with ALI.

Proinflammatory cytokines, such as TNF-a and IL-1b,
are thought to play a crucial role in the pathogenesis of SAP,
directly injuring cells and causing necrosis, inflammation
and oedema [36,37]. In our study, we examined pulmonary
levels of TNF-a and IL-1b. These cytokines were normally
induced strongly in rats with SAP. However, treatment with
EP markedly attenuated this induction, suggesting that EP
can reduce the inflammatory response in this rat model of
SAP. Cytokines such as TNF-a and IL-1b are secreted
during the early phase of the inflammatory response and
play an important role in the development of ALI [38].
HMGB1 plays an important role in various types of inflam-
mation and is expressed at a relatively late stage following
injury [39]. As a non-classic proinflammatory cytokine,
extracellular HMGB1 plays a pivotal role in the pathogen-
esis of proinflammatory diseases such as ALI [40]. In the
present study, pulmonary levels of HMGB1 were increased
as soon as 6 h after SAP and remained elevated for 48 h.
Thus, delayed release of HMGB1 can participate in the
downstream development of lung injury, and HMGB1 may
be a distal mediator of acute inflammatory lung injury.
Neutrophils appeared to be the primary contributors to the
increases in pulmonary HMGB1 levels after SAP. This was
supported by the fact that lungs of SAP rats were infiltrated
with neutrophils that were strongly positively stained for
HMGB1. Moreover, we demonstrated that HMGB1 secre-
tion was inhibited by EP treatment in our SAP model.
HMGB1 mediates acute inflammation in animal models of
lung injury and plays an important role in the development
of sepsis and LPS-induced lung injury [40,41].

Currently, researchers have proved that the activation of
NF-kB plays an extremely important role in the develop-
ment of SAP [42,43]. In this study, we observed the
increased NF-kB DNA binding activity in lung tissue
samples obtained after the induction of SAP. Meanwhile,
the increase in NF-kB DNA binding activity was a dynamic
course from a lower level to a higher level, and reached the
highest level at 6 h after the induction of SAP. The results
above indicate that NF-kB could be activated in the early
stage of SAP and could be involved in the process of severe
pancreatitis-associated lung injury. In the present study,
treatment of the SAP rats with EP decreased NF-kB DNA
binding activity in lung tissue. Therefore, what is the
mechanism of EP inhibition of NF-kB DNA binding activ-
ity in lung tissue? On one hand, the molecular mechanism
of EP action interferes with signal transduction through the
p38 mitogen-activated protein kinase (MAPK) and NF-kB
pathways, and to target directly the p65 subunit of the tran-
scription factor [20,44]. On the other hand, besides the
direct injuries against tissues or cells, reactive oxygen
species act as second-messenger molecules and enhance
proinflammatory cytokine production through activation
of NF-kB [45,46]. Furthermore, EP may be an effective

scavenger of reactive oxygen species and hydrogen peroxide
[47].

In conclusion, the results suggest that administration of
EP inhibited the activation of NF-kB, down-regulated
downstream inflammatory cytokines and attenuated severe
pancreatitis-associated ALI in SAP rats. It might be helpful
to use EP in SAP as a therapeutic strategy for future experi-
ments, and we believe this study will be particularly relevant
in clinical settings.
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