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Despite the progress in the management of thermal 
injury, its complications, such as systemic 

inflammatory response syndrome, sepsis and multiple 
organ failure, continue to be the leading causes of 
mortality and morbidity.1,2 These septic events often 
occur without an identifiable focus of infection. Gut 
hypoperfusion has been implicated as an initiating event 
in the development of septic complications and one of the 
common lethal complications has been acute respiratory 
distress syndrome (ARDS) and acute lung injury (ALI).3 
The pathophysiology of the lung insult without direct 
lung injury is complex and may be mainly caused by 
secondary damage from activated inflammatory cells 
by way of oxidoinflammatory cells. The role of reactive 
oxygen species (ROS) in lung injury in the septic 
states has been shown in a variety of animal models.4 
In sepsis-induced ARDS and ALI, the dependent lung 
regions are the sites of greatest inflammation and injury. 
There are some experimental studies suggesting that an 
apoptotic process triggered by oxidative stress results in 
lung injury.5,6 There is evidence that apoptotic loss of 
parenchymal cells may have an association with organ 
dysfunctions, which seem to be one causes of mortality.7 
Ethyl pyruvate (EP) is a novel anti-inflammatory agent, 
which functions in cells as an endogenous antioxidant 
and free radical scavenger.8 In the present study, we 
aimed to investigate the effects of administered EP  
on oxidoinflammatory and apoptotic pathways in 
the lung tissue of rats in a full-thickness burn model. 
To achieve this lung myeloperoxidase (MPO) content, 
lipid peroxidation products, and nitrite/nitrate levels 
were measured as indices of lung injury. Additionally, 
apoptosis and histopathology were evaluated in lung 
tissue.

Methods. The experiments described in this article 
were performed in adherence to National Institutes of 
Health guidelines on the use of experimental animals. 
The experimental protocol was approved by the Ethical 
Committee of Ankara Numune Training and Research 
Hospital, and the study took place in Ankara Hospital 
Animal Laboratory, Turkey in June 2006. Thirty-two 
Wistar rats, weighing between 200 and 250 g were 
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ABSTRACT

Objectives: To investigate the effects of administered 
ethyl pyruvate (EP), a novel anti-inflammatory agent, 
on oxidoinflammatory and apoptotic pathways in the 
lung tissue of rats in a full-thickness burn model.

Methods: The study took place in Ankara Research 
and Training Hospital Animal Laboratory, Turkey in 
June 2006. Thirty-two rats were randomly divided into 
4 groups in equal numbers as sham, burn, sham+EP, 
and burn+EP. The burn model, used produced a full 
thickness burn of the 30-35% of the total body surface 
area. Ethyl pyruvate was administered as 40 mg/kg 
intraperitoneally. Rats were sacrificed after 24 hours, 
acute lung injury (ALI) was evaluated by direct light 
microscopy and apoptosis was evaluated by caspase-3 
staining. Oxidoinflammatory events were evaluated 
by determining the tissue levels of myeloperoxidase 
(MPO), lipid peroxidation products, and nitrite.

Results: No significant difference was observed in lung 
tissue nitrite and malondialdehyde levels among the 
study groups. Histopathological results revealed that 
ALI and apoptosis were significantly higher in the burn 
group and EP prevented this effect. Similar results were 
obtained in tissue MPO levels.

Conclusion: Ethyl pyruvate is a novel, potent anti-
inflammatory agent. This agent prevented leukocyte 
infiltration, ALI, and apoptotic loss of the lung tissue 
in thermal injury.
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used in this study. The rats were housed at constant 
temperature with a 12-hours period of light-dark 
exposure. Animals were allowed access to the standard 
rat chow and water ad libitum. The rats were randomly 
divided into 4 groups in equal number. The first 
group (sham group, group I, n=8) received sham burn 
and saline injection (1 mL/100 g). The second group 
(burn group, group II, n=8) received thermal injury 
and saline injection (1 mL/100 g). The third group 
(sham + EP group, group III, n=8) received sham 
burn and intraperitoneally EP injection (40 mg/kg) 
and the fourth group (burn + EP group, group IV, 
n=8) received thermal injury and intraperitoneally EP 
injection (same dose) 6 hours after thermal injury. The 
EP was purchased from Sigma-Aldrich Chemie GmbH, 
Riedstr. 2, D-89555 Steinheim, Germany. All animals 
were sacrificed 24 hours after thermal injury and both 
lungs were harvested through a midline sternotomy. To 
evaluate the burn-induced lung injury and apoptosis, 
tissue samples of lung were divided into 4 parts. One of 
them was fixed in 10% formaldehyde, and the other 3 
parts were taken for biochemical assays. Lung specimens 
were kept frozen at -7000C until analysis.  Animals were 
anesthetized with intramuscular injections of ketamine 
hydrochloride (Ketalar®, Eczacibasi, Turkey) (50 mg/kg) 
and xylazine (Rhompun®, Bayer, Turkey) (5 mg/kg). 
The backs of animals were shaved to allow direct skin 
contact between skin and hot water. A marked area of 
the shaved dorsal skin was exposed through a template 
and immersed in boiling water for 12 seconds. This 
procedure produced a full thickness burn of 30-35% 
of total body surface areas of rats.9 The rats in sham 
group were exposed to room temperature water instead 
of boiling water. All animals in the group II and IV were 
resuscitated by intraperitoneal injection of 1 mL/100 g 
saline following burn injury and were allowed to feed 
with water and standard rat chow after recovering 
from anesthesia. No animals died within the first 24 
hours of post-burn period. The MPO activity was 
determined by the method of Koike et al.10 Lung tissue 
was homogenized in 20 mM potassium phosphate 
buffer (pH: 7.4) and the homogenate was centrifuged 
for 5 minutes at 10000 x g at 400C. The supernatant 
was discarded and the pellet was resuspended in 50 
mM potassium phosphate buffer (pH: 6.0) containing 
0.5% hexadecyltrimethylammonium bromide. The 
suspension was frozen and it was then sonicated for 
10 seconds, incubated for 2 hours in a water bath 
(6000C), and centrifuged at 10000 x g for 5 minutes. 
The supernatants were used for MPO assay. The MPO 
activity was assessed by measuring the H2O2- dependent 
oxidation of o-dianisidin. One unit of enzyme activity 
was defined as the amount of MPO present that caused a 
change in absorbance of 1.0/min at 410 nm and 3700C. 
The level of malondialdehyde as an end product of 
lipid peroxidation determines lung tissue homogenized 

in the ratio of 1/10 (w/v) in 1.15% KCl solution by 
the aid of thiobarbituric acid method, and the results 
were obtained in nmol/g tissue weight.11 Nitric oxide 
generation was estimated by a measurement of nitrite in 
lung tissue as follows: Tissue samples were homogenized 
in phosphate-buffered saline solution and centrifuged 
at 10000 x g for 20 minutes. Nitrite production was 
determined colorimetrically using Griess reaction in 
these supernatants.12 The protein concentrations of 
the same supernatants were measured by the method 
of Lowry et al.13 Nitrite levels were expressed in nmol 
nitrite/mg of protein. The specimens were fixed in 
10% formalin for 24 hours, and standard dehydration 
and paraffin-wax embedding procedures were used. 
Hematoxylin and eosin-stained slides were prepared 
using the standard methods. Light microscopic analysis 
of lungs was performed by blinded observation to 
evaluate the pulmonary architecture, tissue edema 
formation, and infiltration of the inflammatory cells. 
The results were classified into 4 grades, where grade 1 
represented normal histopathology; grade 2 indicated 
only limited neutrophil leukocyte infiltration; grade 3 
represented moderate neutrophil leukocyte infiltration, 
perivascular edema formation, and partial destruction 
of pulmonary architecture; and finally grade 4 included 
dense neutrophil leukocyte infiltration, abscess 
formation, and complete destruction of pulmonary 
architecture.

In this study, we used immunohistochemical staining 
with caspase-3 to determine apoptosis in the lung tissue. 
Caspase-3 is a cysteine protease protein (CPP 32) that 
exists as inactive zymogen in all cells and it is involved in 
the development of apoptotic cell death in cell turnover. 
Paraffin sections of 5 mm were cut and deparaffinized. 
The antigen retrieval was performed by microwave 
pretreatment. The citrate buffer was preheated 4 times 
by incubation in a microwave oven at 750 W for 5 
minutes. After cooling, slides were treated with hydrogen 
peroxide to block the endogenous peroxidase activity. 
Then, nonspecific binding of antibody was blocked 
by Ultra V block (Laboratory Vision/ Fremont, CA 
94539) for 10 minutes, Caspase-3 antibody (CPP 32, 
Ab-4 dilution 1:200, Neomarkers Labvision, Fremont, 
CA 94539) was incubated in a moist chamber for 45 
minutes followed sequentially with biotinylated goat 
anti-polivalent (Laboratory Vision) and streptavidin 
peroxidase complex (Laboratory Vision). After 
chromogen incubation, hematoxylin was used for 
nuclear counterstain. A case of chronic tonsillitis was 
included for positive control. Sections were examined 
by light microscopy. The numbers of positively stained 
cells in 5 high-power fields (x 400) were counted in 
the most intensively stained areas and their mean was 
calculated. All values are given as mean ± SD values. 
Statistical differences for values were evaluated using 
one-way analysis of variance followed by Tukey test. 
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For all statistical test, we used the Statistical Package 
for Social Sciences version10.0 software (SPSS Inc, 
Chicago, USA) and the p values less than 0.05 were 
considered significant. 

Results. All animals in the groups survived the 
experiment period. The activity of MPO in lung tissue is 
demonstrated in Figure 1. In the burn group (group II), 
lung tissue MPO activity was found to be significantly 
increased (3.4±0.3 versus 8.1±0.7) whereas EP caused a 
decrease in MPO activity (4.1±0.5; p<0.05). Although 
MPO activity levels were still higher in the burn + EP 
group (group IV) when compared with the sham, this 
difference was not statistically significant.  Although 
the malondialdehyde (MDA) levels of the burn group 
was higher than the sham group, the difference was 
not statistically significant (Figure 1). No significant 
difference was observed in lung tissue nitrite levels 
among the study groups. There were no significant 
light microscopic differences between lungs of sham 
and sham + EP group. In the burn group, interstitial 
edema with massive infiltration of the inflammatory 
cells was observed and the pulmonary architecture 
was severely damaged. In the burn + EP group, the 
pulmonary architecture was preserved and infiltration 
of inflammatory cells and edema decreased (Figure 
2). In the sham and sham + EP groups, the caspase-3 
staining resulted in 2-3 positive cells in 5 high-power 
fields. In the burn and burn + EP groups, the number 
of caspase-3 positive cells was found to be significantly 
increased. However in the burn + EP group, the number 
of the stained cells was reduced significantly compared 
with the burn group indicating a lower rate of apoptosis 
(Figures 3, 4, & 5).

Discussion. In the present study, we demonstrated 
EP to reduce the number of apoptotic cells in the lung 
and to alleviate lung injury in burn model. Exposure of 
rats to thermal injury increased MPO activity in lung 
tissue, indicating the infiltration of polymorphonuclear 
neutrophils and the development of oxidative lung 
injury. Histopathological and immunohistochemical 
assessment also confirmed that the model of thermal 
injury used here substanti ally injured lung tissue, which 
was associated not only with necrosis but with apoptosis 
as well. Recently, it has been demonstrated that EP, a 
simple aliphatic ester derived from pyruvic acid, is an 
effective anti-inflammatory agent.8 Sims et al14 showed 
that, the pre- and post-treatment of rats with EP 
subjected to mesenteric ischemia-reperfusion tended 
to preserve normal intestinal mucosal histology, and 
significantly ameliorated the development of gut-mucosal 
hyperpermeability after reperfusion. Subsequently, 
Tawadrous et al15 showed that resuscitating rats with EP 
instead of Ringer’s lactate solution resulted in improved 
survival, decreased intestinal mucosal damage, and the 

Figure 1 - Lung myeloperoxidase (MPO) and malondialdehyde (MDA) 
levels. EP - ethyl pyruvate

Figure 2 - Histopathological scores of the lung tissue. EP - ethyl 
pyruvate 

Figure 3 - Number of positively stained cells with caspase-3. EP - ethyl 
pyruvate 

02protective20070186.indd   1491 9/22/07   1:37:08 PM



1492

Ethyl pyruvate and lung injury ... Karabeyoglu M et al

Saudi Med J 2007; Vol. 28 (10)     www.smj.org.sa

amelioration of lipid peroxidation in the liver and gut. 
In view of the studies, Fink8 proposed that some of the 
anti-inflammatory effects of EP could be attributed to 
its ability to function as a free oxygen scavenger and 
thereby block any ROS- dependent pathways leading to 
nuclear factor (NF)-KB activation. The ROS, generated 
by neutrophils, activates NF-KB, resulting in the 
excessive production of inflammatory cytokines, which 
may be the primary triggering agents for apoptosis in 
septic states. It was demonstrated experimentally that 
endotoxemia caused the activation of NF-KB in lungs 
through ROS-dependent mechanisms.16 Clinically, 
NF-KB activation was also determined in patients with 
ALI.17 

In our study, we found that EP decreased and 
elevates MPO activity, one of the markers of neutrophil 
accumulation in lung tissue, in the burn group. Also, it 
was documented with hematoxlin-eosin staining; lung 
histology was preserved by EP after thermal injury. Most 
interestingly, the EP treatment significantly attenuated 

the burn induced apoptosis, which was documented 
by caspase-3 staining immunohistochemically. No 
significant difference was observed in lung tissue nitrite 
and MDA levels among the study groups. This result 
may be due to early sacrification of the rats after burn. 

In conclusion, the use of EP inhibited MPO 
activity; which resulted in a reduction of apoptosis in 
the lung in the burn model. We believe that the use 
of EP deserves additional investigation for its possible 
antiapoptotic potential in septic states besides its well-
known antioxidant and anti-inflammatory effects.

References
  
  1. Sittig K, Deitch EA. Effect of bacteremia on mortality after 

thermal injury. Arch Surg 1988; 123: 1367-1370.
  2. Housinger TA, Brinkerhoff C, Warden GD. The relationship 

between platelet count, sepsis and survival in pediatric burn 
patients. Arch Surg 1993; 128: 65-67.

  3. Moore FA. The role of the gastrointestinal tract in postinjury 
multiple organ failure. Am J Surg 1999; 178: 449-453.

  4. Chabot F, Mitchell JA, Gutteridge JM, Evans TW. Reactive oxygen 
species in acute lung injury. Eur Respir J 1998; 11: 745-757.

  5. Buttke TM, Sandstrom PA. Oxidative stress as a mediator of 
apoptosis. Immunol Today 1994; 15: 7-10.

  6. Compton CN, Franko AP, Murray MT, Diebel LN, Dulchavsky 
SA. Signaling of apoptotic lung injury by lipid hydroperoxides. 
J Trauma 1998; 44: 783-788.

  7. Hotchkiss RS, Swanson PE, Freeman BD, Tinsley KW, Cobb JP, 
Matuschak GM, et al. Apoptotic cell death in patients with sepsis, 
shock, and multiple organ dysfunction. Crit Care Med 1999; 27: 
1230-1251.

  8. Fink MP. Ethyl pyruvate: A novel anti-inflammatory agent. Crit 
Care Med 2003; 31(1 Suppl): S51-S56.

  9. Walker HL, Mason AD Jr. A standard animal burn. J Trauma 
1968; 8: 1049-1051.

10. Koike K, Moore EE, Moore FA, Read RA, Carl VS, Banerjee A. 
Gut ischemia/reperfusion produces lung injury independent of 
endotoxin. Crit Care Med 1994; 22: 1438-1444.

11. Mihara M, Uchiyama M. Determination of malonaldehyde 
precursor in tissues by thiobarbituric acid test. Anal Biochem 
1978; 86: 271-278.

12. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, 
Tannenbaum SR. Analysis of nitrate, nitrite, and [15N]nitrate 
in biological fluids. Anal Biochem 1982; 126: 131-138.

13. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the folin phenol reagent. J Biol Chem 1951; 
193: 265-275.

14. 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.

15. Tawadrous ZS, Delude RL, Fink MP. Resuscitation from 
hemorrhagic shock with Ringer’s ethyl pyruvate solution 
improves survival and ameliorates intestinal mucosal 
hyperpermeability in rats. Shock 2002; 17: 473-477. 

16. Rahman I, MacNee W. Regulation of redox glutathione levels 
and gene transcription in lung inflammation: therapeutic 
approaches. Free Radic Biol Med 2000; 28: 1405-1420.

17. Moine P, McIntyre R, Schwartz MD, Kaneko D, Shenkar R, 
Le Tulzo Y, et al. NF-KB regulatory mechanisms in alveolar 
macrophages from patients with acute respiratory distress 
syndrome. Shock 2000; 13: 85-91.

Figure 4 - Immunohistochemical staining for apoptosis in lung tissues 
by caspase-3 (x 200) in the burn group. Caspase-3 stained 
apoptotic cells and apoptotic bodies are seen.

Figure 5 - Immunohistochemical staining for apoptosis in lung tissues by 
caspase-3 (x 200) in the burn + EP group. 
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