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Abstract

Background: Ethyl pyruvate (EP) was recently identified as an experimental
therapeutic agent in a wide variety of model systems for inflammation-mediated tissue
and cellular injury.

Objective: To evaluate the effect of ethyl EP on improving the survival in mice with
LPS-induced acute lung injury (ALI).

Methods: ALI was induced by administering lipopolysaccharide (LPS) intratracheally.
The mice were treated intraperitoneally (i.p.) with 100, 50 and 10 mg/kg EP
immediately before intratracheal instillation of LPS, and 100 mg/kg EP was
administered 0, 12, 24 and 48 hours after induction of ALI. The mortality rate was
recorded and analyzed by the Kaplan-Meier method. Serum tumor necrosis factor
(TNF)-a, interleukin (IL) -6 and IL-1 B were measured in bronchial alveolar lavage
fluid using an enzyme-linked immunosorbent assay. High-mobility group box 1 levels
were measured by Western immunoblotting.

Results: Treatment with EP significantly inhibited the release of HMGB1, TNF-a,
IL-6 and IL-1 into bronchoalveolar lavage (BAL) fluids of ALI mice, and reduced
the permeability index of the injured lung. High EP doses reduced the mortality from
ALI and the permeability index (100mg/kg and 50mg/kg EP versus control; P <
0.0001). Early administration of high-dose EP significantly increased survival rate (0,
12 and 24 h versus control; P < 0.0001, P <0.0001 and P = 0.01 respectively by
log-rank test). There was no survival advantage when EP was initiated at 48 h.

Conclusions: Ethyl pyruvate improves survival and reduces the lung permeability



index in mice with LPS-induced ALL



Introduction

Despite significant advances in understanding the pathogenesis of acute lung injury
( ALI) and its management, the mortality rate from ALI remains unacceptably high [1,
2]. It is well known that the pathogenesis of ALI is mediated by pro-inflammatory
cytokines, including tumor necrosis factor (TNF)-a, interleukin (IL)-1B, IL-6 and
high-mobility group box (HMGB) 1, which are released from macrophages,
neutrophils and other cells of the innate immune system [3, 4]. However, in two large
clinical trails, administration of a monoclonal antibody against human TNF-o (TNF-a
MADb) and a recombinant human IL-1 (rhIL-1ra) receptor antagonist failed to prolong
survival in patients with sepsis syndrome [5, 6].

HMGBI is a late mediator of lethal systemic inflammation in animal models of
cytokine-mediated disease. It is released by macrophages only after a delay of 12-18 h
during endotoxemia [7]. Anti-HMGB1 antibodies protect against the lethal effects of
LPS-induced endotoxemia in mice when administered 2 h after the onset of
endotoxemia [7]. HMGBI1 stimulates the release of TNF-a, IL-18 and other
inflammatory cytokines from macrophages and pituicytes, and mediates ALI and
lethality [8, 9]. Moreover, in patients with severe infection, increased serum HMGB-1
levels correlated with non-survival [7]. These results suggest that HMGBI1 is an
important mediator in ALI and that its inhibition may be a key to improving clinical
outcomes.

Ethyl pyruvate (EP) is a simple derivative of the endogenous metabolite pyruvic

acid. Pyruvic acid is an end product of glycolysis, but it is also a potent antioxidant



and free-radical scavenger. EP has been shown to improve survival and ameliorate
organ dysfunction in a wide variety of animal models of severe sepsis [10],
hemorrhagic shock [11], ischemia/reperfusion-induced intestinal mucosal injury [12],
and ileus induced by bowel manipulation in mice [13]. EP inhibits lipopolysaccharide
(LPS)-induced NF-kB activation in cultured RAW?264.7 murine macrophage-like
cells, and reduces HMGBI1 release and TNF-a gene expression both in vitro and in
vivo [10-13]. Therefore, we reasoned that EP might also be protective in established
ALI depending on inhibition of early and late inflammatory cytokines. The present
study was designed to evaluate whether EP could be beneficial in a mouse model of

LPS-induced ALI

Materials and Methods

Animals and Materials

Adult male BALB/c mice (22-25g) were allowed to acclimatize for one week housed
at 25 C on a 12-h light / 12-h dark cycle; all animals were allowed free access to
water and standard laboratory chow. All studies were conducted in accordance with
the committee of Shandong University School of Medicine on the use and care of
animals. The protocols were also approved by the Institutional Animal Care and Use
Committee of Shandong University Qilu Hospital. All chemicals were purchased from
Sigma-Aldrich (St. Louis, MO). Ethyl pyruvate solution was prepared as 28 mM EP,

130 mM NacCl, 4 mM KCl, 2.7 mM CaCl, (pH 7.0).



Animal Model of Lung injury

Before the induction of ALI, the mice were fasted overnight but allowed free access to
water, then anesthetized with ketamine (100 mg/ kg, i.m.) and xylazine (10 mg/kg,
i.m.). To create the lung injury, 50 pg LPS from Escherichia coli (serotype O111:B4;
Sigma-Aldrich) in 50 pul PBS was given intratracheally. Sham-operated mice
underwent the same procedure with intratracheal injection of 50 ul PBS without LPS.
To retrieve bronchoalveolar lavage (BAL) fluids, the airways were flushed with 1.0
ml PBS, BAL fluids were collected, and the permeability index as a quantitative
marker of vascular leakage was determined as previously described [14]. In brief,
bovine serum albumin (BSA) was labeled with 1251 by the chloramine T method. A
trace amount of '*I-BSA was added to unlabeled BSA (5 mg/ml in PBS), and 200 pl
of this solution was injected intravenously. Four hours later, the mice were euthanized
with ketamine and blood was collected from the inferior vena cava. The thorax was
opened, the left atrium was incised, and the lung was perfused in situ with PBS via the
pulmonary artery. The flushed lungs were removed and the permeability index
(indicating the extent of pulmonary leakage) was determined using a gamma counter
and expressed as the ratio of counts per min (cpm) in the whole lung to radioactivity
in 100 ul of blood. BAL fluids were collected and the permeability index was

calculated 12 h after ALI induction unless otherwise noted.

Experimental Protocol

In the first experiment, 50 LPS-induced ALI mice were divided randomly into two



groups (n = 25, each group). EP was administered intraperitoneally (i.p.) at 100 mg/kg
immediately before intratracheal instillation of LPS, and control mice received the
same dose of vehicle. HMGB1, TNF-q, IL-1p and IL-6 were measured in BAL fluids
and the permeability indices were calculated.

The second experiment was designed to determine the effect on mouse survival of
treatment with different doses of EP (100, 50 and 10 mg/kg) starting immediately
before intratracheal LPS instillation. Four separate groups of mice (n = 30, each group)
were used for this study. Among the 30 mice in each group, 20 were used to record
mortality up to a week after the procedure and 10 were killed at 12 h to calculate the
permeability index. The mice in these groups were treated with EP at 100, 50 and 10
mg/kg/d (i.p.), and the control mice received the same dose of vehicle until the end of
the study. Mortality was recorded up to a week after the procedure (n = 20). Mice (n =
10) were killed and the permeability indices were calculated.

In the third experiment, the experimental and control mice were divided randomly
into four treatment groups (n = 20, each group). EP was administered at the same dose
(100 mg/kg/d, i.p.), and control mice received the same volume of vehicle beginning
at four different time points (0, 12, 24 and 48 h after LPS instillation) until the end of

study. Mortality was recorded up to a week after the injection.

Cytokine Measurements
The concentrations of TNF-a, IL-6 and IL-1p were measured using commercially

available enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, MN)



according to the manufacturer’s instructions. The sensitivities for TNF-a, IL-6 and
IL-1B were 15 pg/ml, 5 pg/ml and 5 pg/ml, respectively. Levels of HMGB1 were
measured by Western immunoblotting as described by Wang et al. [7]. In brief, serum
samples were ultrafiltered with Centricon 100 (Amicon, Millipore, Bedford, MA) to
clear them of cell debris and macromolecular complexes, then concentrated 15-fold
with Centricon YM-30 and separated on 12% sodium dodecyl sulfate-polyacrylamide
gels. The separated proteins were transferred to an immunoblot polymembrane
(Bio-Rad, Hercules, Calif), and HMGB1 was measured using polyclonal
anti-HMGB1 antibodies (Santa Cruz, America, 1:500 dilution) and secondary
anti-rabbit antibodies linked to horseradish peroxidase (Amersham Pharmacia,
Buckinghamshire, UK). Standard curves were constructed using -HMGB1
(Sigma-Aldrich Chemical), and the intensity of the 30-kd band was measured by

densitometry.

Statistical Analysis

Data are presented as mean = SEM unless otherwise indicated. Differences between
treatment groups were determined by Student’s t test or 1-way analysis of variance
(ANOVA) followed by the least-significant difference test, or Fisher’s exact test. In
the mortality study, time-to-survival data were analyzed by the Kaplan-Meier method

and compared with the log-rank test; P < 0.05 was considered statistically significant.

Results



The effect of ethyl pyruvate on pro-inflammatory cytokines in BAL fluids and
permeability index of experimental ALI mice

To determine the levels of pro-inflammatory cytokines in BAL fluids, we flushed the
airways with 1.0 ml PBS and collected the BAL fluids 12 h after ALI induction. As
shown in Table 1, levels of the cytokines HMGBI1, TNF-a, IL-6 and IL-1p were
substantially elevated in BAL fluids from LPS-induced ALI mice (versus controls; P
<0.001).

Treatment with EP (100mg/kg, i.p., immediately before intratracheal LPS
instillation) significantly inhibited the release of HMGB1, TNF-q, IL-6 and IL-1f into
the BAL fluids of ALI mice (Table 1), indicating that EP prevented LPS-induced ALI
by attenuating the release of early (TNF-a, IL-6, and IL-1B) and late (HMGB1)
systemic pro-inflammatory cytokines associated with lethality. As shown in Fig. 1, EP

reduced the permeability indices of the injured lungs (Fig. 1).

Administration of high dose EP prevents the lethality of ALI and reduces the
permeability index

To evaluate the protective effect of EP against lethality in LPS-induced ALI mice, the
mice received three different doses of EP (100, 50 and 10 mg/kg/d. i.p.) starting
immediately before intratracheal LPS instillation. The results showed that the high EP
dose (100mg/kg/d) protected against ALI lethality (survival in 100mg/kg/d and 50
mg/kg/d of EP versus survival in vehicle-treated controls; P < 0.0001 and P = 0.02

respectively), but the effect was dose dependent; the low dose failed to protect



significantly against death (survival in 10mg/kg/d of EP versus survival in
vehicle-treated controls; P = 0.81) (Fig. 2). Also, there was a dose-dependent
reduction in the permeability index (100mg/kg/d and 50mg/kg/d EP versus
vehicle-treated control, P < 0.0001; 10mg/kg/d versus vehicle-treated control, P =

1.00; Fig. 3).

Early administration of high dose EP prevents ALI lethality

To assess the therapeutic efficacy of early EP treatment against ALI, EP was
administered at different time points (0, 12, 24 and 48 h after induction of ALI) at the
same single dose of 100 mg/kg/d, i.p. The results showed that early administration of
high dose EP (0, 12 or 24 h) significantly increased survival rate in the mice (survival
after administration EP at O, 12 and 24 h versus survival in vehicle-treated controls; P
< 0.0001, P <0.0001 and P = 0.01, respectively) (Fig. 4). However, no survival
advantage occurred when EP was initiated at 48 h (survival after EP administration at
48 h versus survival in vehicle-treated controls; P = 0.75) (Fig. 4). Moreover, the
animals treated with EP beginning at 0, 12, and 24 h were significantly more active
and alert and fed more rapidly than either the animals with treatment beginning at 48

h or controls treated with vehicle.

Discussion
Acute lung injury (ALI) is an important problem in humans and its pathogenesis is

poorly understood. To investigate the molecular mechanisms of ALI, various

10



experimental models have been used; intratracheal administration of LPS induces an
ideal model because it results in lung injury without causing systemic inflammation
and multi-organ failure. Moreover, the LPS-induced ALI model results in
microvascular injury and diffuse alveolar damage with intrapulmonary hemorrhage,
edema and fibrin deposition, which are also features of patients with ALI and acute
respiratory distress syndrome (ARDS) [15,16].

In this present study, the levels of both early (TNF-a, IL-1 and IL-6) and late
(HMGB1) cytokines in BAL fluids increased in mice with ALI 12 h after induction.
Ethyl pyruvate (EP), an experimental pharmacological agent, significantly inhibited
the systemic release of these cytokines, which mediate the lethality of ALI and
systemic inflammation. Early administration of high-dose EP (0, 12, 24 h)
significantly protected against ALI lethality. However, low dose EP or delayed
administration gave no advantage in terms of survival. It is likely that
pro-inflammatory cytokines, notably TNF-a, IL-1p and IL-6, participate in the early
development of inflammation; they have been shown to play a crucial role in ALI and
ARDS [17]. Persistent elevation of pro-inflammatory cytokines in serum and BAL
fluid in ALI or sepsis patients is associated with a worse outcome [18]. Furthermore,
instillation of IL-1f and TNF-a into the lungs leads to neutrophil accumulation,
interstitial edema and histological changes consistent with inflammatory lung injury
[17-19]. High concentrations of TNF-a are found in BAL fluids from patients with
sustained ALI and ARDS, and high levels of IL-6 have been described in a number of

acute conditions such as burns, major surgery and sepsis [20]. In patients with ALI

11



and ARDS, non-survivors have significantly higher BAL-fluid-to-plasma cytokine
concentration ratios than survivors [21], indicating the critical role of these cytokines
in mortality.

These results suggest that the levels of HMGBI1 in BAL fluids were greater in
LPS-induced ALI mice than control mice. Moreover, administration of EP reduced
the late mediator HMGBI1. Unlike other pro-inflammatory cytokines, HMGBI1 is a
"late-appearing" inflammatory mediator, because its release during endotoxemia is
delayed in comparison with the rapid increase of early pro-inflammatory cytokines
such as IL-1p, IL-6 and TNF-a [7, 10, 22, 23]. HMGBI1 rose in the circulation starting
at 8 h, increased until 16 h, and thereafter remained at a high level until 36 h during
endotoxemia [7]. Further study showed that administration of anti-HMGB1 antibodies
reduced lethality from 100% to 30% [7]. Intratracheal administration of HMGBI1
produced acute inflammatory lung injury, and anti-HMGB1 Abs decreased the
migration of neutrophils to the lungs as well as lung edema in endotoxin-induced
acute lung inflammation [23]. Thus, delayed release of HMGBI1 can participate in the
downstream development of lung injury, and HMGB1 may be a distal mediator of
acute inflammatory lung injury.

Ethyl pyruvate (EP), a very simple aliphatic ester derived from pyruvic acid, has
been shown to be an effective anti-inflammatory agent in a wide variety of in vivo and
in vitro model systems of inflammation-mediated cellular or tissue injury, including
severe sepsis, hemorrhagic shock, ischemia/reperfusion-induced intestinal mucosal

injury, and ileus induced by bowel manipulation in mice [10-13, 24, 25]. EP increases
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survival and reduces circulating levels of IL-6 [26], and inhibits activation of NF-kB
in Caco-2 human enterocyte-like cells stimulated with a mixture of TNF-a and IL-1§
[27]. Tt blocks the secretion of HMGB1 by LPS-stimulated RAW 264.7 cells and the
release of HMGBI1 into the circulation in mice [10]. The survival advantage was
apparent even when EP was administered 30 min before endotoxin infusion, and the
treatment began 24 h after the onset of disease [10]. The molecular mechanism of EP
action is to interfere with signal transduction through the p38 MAPK and NF-kB
pathways, and to target directly the p65 subunit of the transcription factor [10, 28]. EP
inhibition of the p38 MAPK and NF-«B signal transduction pathways effectively
induced the release of early (TNF-a, IL-1B and IL-6) and late (HMGBI)
inflammatory mediators. Our data showed that administration of EP even when
initiated 24 h after induction of ALI significantly increased survival, though no
survival advantage occurred when administration was initiated at 48 h, when the
levels of these cytokines had decreased significantly; indicating that EP modulation of
HMGBI1 and other inflammatory cytokines contributes to the beneficial effects on

survival.

Conclusion
In conclusion, EP decreased the release of pro-inflammatory cytokines and improved
survival in mice with LPS-induced ALI. Thus, EP may be developed as a novel

therapeutic adjunct in the treatment of ALIL.

13



Abbreviations
ALI: acute lung injury; EP: ethyl pyruvate; HMGB1: high-mobility group box 1; BAL:

bronchoalveolar lavage; TNF: tumor necrosis factor; IL: interleukin.

Competing interests

No competing interests are declared.

Authors' contributions

SGH designed the study, performed the analyses and wrote the manuscript. LDJ and
XW helped to interpret the data and write the manuscript. JCQ helped with the
statistics and writing. LY helped with the animal experiment and writing. WAH
helped with the cytokine measurements, animal experiments and writing. DL

performed experimental measurements and helped to write the manuscript.

Acknowledgements

We would like to thank Dr Zhouxiong for technical assistance, and Mrs Rengui Jie,
Mr Gao Yang and Mr Zhangxiao Shi for assistance with the animal experiments and
HMGBI1 measurement. This study was supported by grants from the Science and

Technology Department of Shan Dong Province.

References:

1. Ware LB, Mattay MA. The acute respiratory distress syndrome. N Engl J Med 2000,

14



342:1334-1349.

. Repine JE. Scientific perspective on the adult respiratory distress syndrome. Lancet

1992, 339:466-9.

. Gong Q, Yin H, Fang M, Xiang Y, Yuan CL, Zheng GY, Yang H, Xiong P, Chen G,

Gong FL, Zheng F. Heme oxygenase-1 upregulation significantly inhibits

TNF-alpha and HMGBI releasing and attenuates lipopolysaccharide-induced acute

lung injury in mice. Int Immunopharmacol 2008, 8:792-8.

. Kim JY, Park JS, Strassheim D, Douglas I, Diaz del Valle F, Asehnoune K, Mitra S,
Kwak SH, Yamada S, Maruyama I, Ishizaka A, Abraham E. HMGBI1 contributes to
the development of acute lung injury after hemorrhage. Am J Physiol Lung Cell

Mol Physiol 2005, 288:1.958-65.

. Abraham E, Anzueto A, Gutierrez G, Tessler S, San Pedro G, Wunderink R, Dal
Nogare A, Nasraway S, Berman S, Cooney R, Levy H, Baughman R, Rumbak M,
Light RB, Poole L, Allred R, Constant J, Pennington J, Porter S. Double-blind
randomised controlled trial of monoclonal antibody to human tumour necrosis
factor in treatment of septic shock. NORASEPT II Study Group. Lancet 1998,
351:929-33.

. Fisher CJ Jr, Dhainaut JF, Opal SM, Pribble JP, Balk RA, Slotman GJ, Iberti TJ,
Rackow EC, Shapiro MJ, Greenman RL. Recombinant human interleukin 1
receptor antagonist in the treatment of patients with sepsis syndrome. Results from
a randomized, double-blind, placebo-controlled trial. Phase III rhIL-1ra Sepsis

Syndrome Study Group. JAMA 1994, 271:1836-43.

15



7. Wang H, Bloom O, Zhang M, Vishnubhakat JM, Ombrellino M, Che J, Frazier A,
Yang H, Ivanova S, Borovikova L, Manogue KR, Faist E, Abraham E, Andersson J,
Andersson U, Molina PE, Abumrad NN, Sama A, Tracey KJ. HMG-1 as a late
mediator of endotoxin lethality in mice. Science 1999, 285:248-51.

8. Wang H, Vishnubhakat JM, Bloom O, Zhang M, Ombrellino M, Sama A, Tracey
KJ. Proinflammatory cytokines (tumor necrosis factor and interleukin 1) stimulate
release of high mobility group protein-1 by pituicytes. Surgery 1999, 126:389-92.

9. Andersson U, Wang H, Palmblad K, Aveberger AC, Bloom O, Erlandsson-Harris H,
Janson A, Kokkola R, Zhang M, Yang H, Tracey KJ. High mobility group 1 protein
(HMG-1) stimulates proinflammatory cytokine synthesis in human monocytes. J
Exp Med 2000, 192:565-70.

10. Ulloa L, Ochani M, Yang H, Tanovic M, Halperin D, Yang R, Czura CJ, Fink MP,
Tracey KJ. Ethyl pyruvate prevents lethality in mice with established lethal sepsis
and systemic inflammation. Proc Natl Acad Sci U S A 2002, 99:12351-12356.

11. Yang R, Gallo DJ, Baust JJ, Uchiyama T, Watkins SK, Delude RL, Fink MP. Ethyl
pyruvate modulates inflammatory gene expression in mice subjected to
hemorrhagic shock. Am J Physiol Gastrointest Liver Physiol 2002,
283:G212-G221.

12. Sims CA, Wattanasirichaigoon S, Menconi MJ, Ajami AM, Fink MP. Ringer's
ethyl pyruvate solution ameliorates ischemia/reperfusion-induced intestinal
mucosal injury in rats. Crit Care Med 2001, 29:1513-1518.

13. Harada T, Moore BA, Yang R, Cruz RJ Jr, Delude RL, Fink MP. Ethyl pyruvate

16



14.

15.

16.

17.

18.

19.

ameliorates ileus induced by bowel manipulation in mice. Surgery 2005,
138:530-537.

Neff TA, Guo RF, Neff SB, Sarma JV, Speyer CL, Gao H, Bernacki KD,
Huber-Lang M, McGuire S, Hoesel LM, Riedemann NC, Beck-Schimmer B,
Zetoune FS, Ward PA. Relationship of acute lung inflammatory injury to Fas/FasL.
system. Am J Pathol 2005 , 166:685-94.

Roderick J. Szarka, Nandi Wang, Lyle Gordon, P.N. Nation, Richard H. Smith, A

murine model of pulmonary damage induced by lipopolysaccharide via intranasal

instillation, J Immunol Methods 1997, 202 : 49-57.

Rittirsch D, Flierl MA, Day DE, Nadeau BA, McGuire SR, Hoesel LM, Ipaktchi
K, Zetoune FS, Sarma JV, Leng L, Huber-Lang MS, Neff TA, Bucala R, Ward PA.
Acute lung injury induced by lipopolysaccharide is independent of complement
activation. J Immunol 2008, 180:7664-72.

Bhatia M, Moochhala S. Role of inflammatory mediators in the pathophysiology
of acute respiratory distress syndrome, J Pathol 2004, 202: 145-156.
Agouridakis P, Kyriakou D, Alexandrakis MG, Prekates A, Perisinakis K,
Karkavitsas N, Bouros D. The predictive role of serum and bronchoalveolar
lavage cytokines and adhesion molecules for acute respiratory distress syndrome
development and outcome, Respir Res 2002, 3 :25-33.

Gupta S, Feng L, Yoshimura T, Redick J, Fu SM, Rose CE Jr. Intra-alveolar
macrophage-inflammatory peptide 2 induces rapid neutrophil localization in the

lung. Am J Respir Cell Mol Biol 1996, 15:656-63.

17



20.

21.

22.

Nijsten MW, Hack CE, Helle M, ten Duis HJ, Klasen HJ, Aarden LA.
Interleukin-6 and its relation to the humoral immune response and clinical
parameters in burned patients. Surgery 1991, 109:761-7.

Meduri GU, Kohler G, Headley S, Tolley E, Stentz F, Postlethwaite A.
Inflammatory cytokines in the BAL of patients with ARDS. Persistent elevation
over time predicts poor outcome. Chest 1995, 108:1303-14.

Ulloa L, Fink M, Tracey KJ. Ethyl pyruvate protects against lethal systemic
inflammation by preventing HMGBI release. Ann N Y Acad Sci 2003,

987:319-321.

23. Abraham E, Arcaroli J, Carmody A, Wang H, Tracey KJ. HMG-1 as a mediator of

24.

25.

26.

27.

acute lung inflammation. J Immunol 2000, 165:2950-4.

Fink MP. Ethyl pyruvate: a novel anti-inflammatory agent. Crit Care Med 2003,
31:S51-S56.

Yang R, Uchiyama T, Alber SM, Han X, Watkins SK, Delude RL, Fink MP. Ethyl
pyruvate ameliorates distant organ injury in a murine model of acute necrotizing
pancreatitis. Crit Care Med 2004, 32:1453-1459.

Venkataraman R, Kellum JA, Song M, Fink MP. Resuscitation with Ringer's ethyl
pyruvate solution prolongs survival and modulates plasma cytokine and
nitrite/nitrate concentrations in a rat model of lipopolysaccharide-induced shock.
Shock 2002, 18:507-512.

Sappington PL, Han X, Yang R, Delude RL, Fink MP. Ethyl pyruvate ameliorates

intestinal epithelial barrier dysfunction in endotoxemic mice and

18



immunostimulated Caco-2 enterocytic monolayers. J Pharmacol Exp Ther 2003,
304:464-476.

28. Han Y, Englert JA, Yang R, Delude RL, Fink MP. Ethyl pyruvate inhibits nuclear
factor-kappaB-dependent signaling by directly targeting p65. J Pharmacol Exp

Ther 2005, 312:1097-1105.

19



Table. 1. Cytokine concentrations in BAL fluids of ALI mice

Cytokine Control ALI EP treatment Unit

HMGBI1 37.8+10.8 129.0 £22.8* 86.4.8 +22.4"  ng/mL
TNF-a 3774 £94.8 1584.3 + 379.0* 650.5 + 190.4"  pg/mL
IL-1B 86.0 +£18.2 308.2 £50.5* 181.6 £53.5" pg/mL
IL-6 82.9+18.1 914.6 + 103.5%* 434.1 £ 126.0°  pg/mL

* P <0.001 as compared with control group, # P <0.001 as compared with ALI group

Figure legends:

Figure 1. The effect of ethyl pyruvate on permeability index in ALL *P < 0.0001
versus ethyl pyruvate treatment group.

Figure 2. Administration of high EP dose prevents the lethality of ALIL

Survival curves (100mg/kg/d and 50 mg/kg/d EP versus survival in vehicle-treated
controls; P < 0.0001 and P = 0.02 by log-rank test, respectively; 10mg/kg/d EP versus
vehicle-treated controls; P = 0.81 by log-rank test).

Figure 3. There was also a dose-dependent reduction in the permeability index C*p
< 0.0001 versus vehicle-treated control; $ P = 1.00 versus vehicle-treated control)
Figure 4. Early administration of high dose EP prevents the lethality of ALL
Survivals after administration of EP at O, 12 and 24 h versus survival in
vehicle-treated controls; P < 0.0001, P <0.0001 and P = 0.01 by log-rank test,
respectively; survival at 48 h versus survival in vehicle-treated controls; P = 0.75 by

log-rank test).
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Figure

Permeabllity Index

Vehicle- treated ER{] UUmgr'kg) EP(SDmgfkg) EP(1 Umgfkg)



1.00

Probability of Survival
0.00 020 040 0.60 0.80

Number at risk

Vehicle
Oh
12h
24h
48h

Figure 4

| B 3

kB

£ 4

[

O — © O O
Do 9
NOOO —

L LY L LY LY



	Start of article
	Figure 1
	Figure 2
	Figure 3
	Figure 4

