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Abstract
 The aim of this study was to determine the effects of enrofl oxacin (ENR), fl unixin meglumine (FM) and dexamethasone 
(DEX) on antioxidant status and organ damage markers in experimentally-induced endotoxemia. Rats were divided into 
three groups. To induce endotoxemia, lipopolysaccharide (LPS) was injected into all groups, including the positive control. 
The two other groups received the following drugs (simultaneously with LPS): ENR � FM � low-dose DEX and ENR 
� FM � high-dose DEX. After the treatments, blood samples were collected at 0, 1, 2, 4, 6, 8, 12, 24 and 48 h. Oxidative 
stress parameters were determined by ELISA, while serum organ damage markers were measured by autoanalyser. LSP 
increased ( p  � 0.05) malondialdehyde, 13,14-dihydro-15-keto-prostaglandin F 2 a   and nitric oxide, while LPS reduced vita-
min C. These changes were especially inhibited ( p  � 0.05) by ENR � FM � high-dose DEX. LPS increased organ damages 
markers. Cardiac and hepatic damage was not completely inhibited by any treatment, whereas renal damage was inhibited 
by two treatments. This study suggested that ENR � FM � high-dose DEX is most effective in the LPS-caused oxidative 
stress and organ damages.  

  Keywords:   Oxidative stress ,  13,14-dihydro-15-keto-prostaglandin F 2 a ,  enrofl oxacin ,  fl unixin ,  dexamethasone ,  organ 
damage.    
 Introduction 

 Lipopolysaccharide (LPS), outer membrane of Gram 
(–) bacteria is released during bacterial lysis and 
causes endotoxic shock. Endotoxic shock is respon-
sible for a high mortality rate in intensive care units. 
The presence of LPS in the bloodstream causes fever, 
hypotension, disseminated intravascular coagulation, 
cytokine production, multiple organ failure and, in 
severe cases, septic shock and death [1,2]. 

 There is convincing evidence of severe oxidative 
stress in patients with septic shock. The best-known 
reactive oxygen species (ROS) generated from oxygen 
include the superoxide anion, hydroxyl radical, hydro-
gen peroxide, nitric oxide (NO) and peroxynitrite [3,4]. 
ISSN 1071-5762 print/ISSN 1029-2470 online © 2010 Informa UK Ltd. (In
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Under normal physiological conditions, a balance 
exists between the formation of ROS and antioxidants 
such as (enzymatic) superoxide dismutase, glutathione 
peroxidase, catalase, etc. and (non-enzymatic) gluta-
thione and vitamins A, E and C. Oxidative stress 
occurs when this balance is disrupted by the excessive 
production of ROS and/or inadequate antioxidative 
defenses. Both may occur in sepsis [4]. When the anti-
oxidant balance is disrupted, lipid peroxidation occurs. 
Malondialdehyde (MDA), a very global and crude test 
of lipid peroxidation occurring under oxidative stress, 
remains the most useful in clinical settings [5]. 

 Cyclooxygenase 2 is induced by several pro-
infl ammatory stimuli, leading to the release of 
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prostaglandins. 13,14-Dihydro-15-keto-prostaglandin 
F 2 a (PGM), a major metabolite of prostaglandin F 2 a, 
is increased during the infl ammatory response. It can 
be used as an indicator of  in vivo  lipid peroxidation 
through the cyclooxygenase (COX) pathways in septic 
shock [6,7]. 

 Multiple-organ failure is observed in septic patients 
and organ dysfunction has been reported in inten-
sive-care units at frequencies of cardiovascular 
62%, renal 53% and hepatic 24% [8]. It is well known 
that serum creatine kinase–MB (CK–MB) is an 
accepted marker of cardiac damage, whereas alkaline 
phosphatase (ALP), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and gamma glu-
tamyl transferase (GGT) are indicators of hepatic 
damage. Serum urea (BUN) and creatinine are indi-
cators of renal damage. Blood lactate levels have also 
been used as a marker of tissue hypoperfusion during 
shock [9]. 

 Enrofl oxacin (ENR), a fl ouroquinolone antibiotic, 
and fl unixin meglumine (FM), an NSAID, glucocor-
ticoids (GCs) are recommended for the treatment of 
endotoxemia or Gram (–) bacterial infections [2,10]. 
Flouroquinolone antibiotics and FM may effect oxi-
dative status in the endotoxemia or infection [11,12]. 
GCs are also commonly used in endotoxemia; how-
ever there is still some controversy over the dosage, 
timing and duration of administration of GCs. High-
dose GC was the chosen treatment in the 1960s [13], 
but a meta-analyses found that there was no benefi cial 
effect of high doses used in humans in the 1990s [14]. 
Nowadays, low-dose GC is preferred in human 
medicine [13]. To the best of our knowledge, there 
have been very limited studies of the effects different 
doses of dexamethasone (DEX) in combination with 
ENR plus FM on oxidative stress and organ function 
during endotoxemia. 

 The aim of this study was to determine the effects 
of low-dose DEX combined with ENR � FM, and high-
dose DEX combined with ENR � FM on MDA, NO, 
SOD, vitamin C (VC) and PGM, which are indicators 
of oxidative damage and cardiac, hepatic and renal dam-
age markers in endotoxemia.   

 Material and methods  

 Animals and experimental design 

 A total of 150 Sprague Dawley rats (6–8 months; 
female,  n  � 75, 213 � 20.4 g; male,  n �  75, 348 � 39.2 
g; Laboratory Animal Unit, Akdeniz University, Anta-
lya, Turkey) were used and the study protocol was 
approved by the Ethics Committee of the Veterinary 
Faculty. The animals were fed a standard pellet diet and 
tap water  ad libitum . 

 One hundred and forty-four rats were divided into 
three groups. Six rats were used at a 0 sampling point 
for all groups. To induce endotoxemia, LPS (4 mg, 
 Escherichia coli  0111:B4; Sigma-Aldrich Chemie, 
Deisenhofen, Germany) was injected intraperitone-
ally into the rats of all groups. The positive control 
group received LPS only. The other two groups 
received the following drugs dose (simultaneously 
with LPS): ENR (10 mg/kg, subcutaneously, 
Baytril® 10% inj., Bayer Turk Kimya San. Ltd. Sti, 
Istanbul, Turkey) � FM (2.5 mg/kg, subcutaneously, 
Finadyne® inj., Sol., Dogu Ilac Veteriner Urunleri, 
Istanbul, Turkey) � high-dose DEX (0.6 mg/kg intra-
muscularly, Dekort®   amp., Deva Ilac, Istanbul, 
Turkey) and ENR (10 mg/kg, subcutaneously) � 
FM (2.5 mg/kg, subcutaneously) � low-dose DEX 
(0.6 mg/kg intramuscularly). After the treatments, 
serum and plasma samples ( n  � 6) were collected 
under thiopental sodium anaesthesia (70 mg/kg, 
intraperitoneally; Pental® sodium 1 ginj., I. E. Ulagay 
Ilac Sanayi, Istanbul, Turkey) by cardiac puncture at 
0, 1, 2, 4, 6, 8, 12, 24 and 48 h After just bleeding, 
rats were euthanized. Serum levels of MDA (Bioxytech-
MDA 586, Oxisresearch, Portland, Oregon), NO 
(Bioxytech Nitric Oxide Assay, Oxisresearch), SOD 
[15], plasma vitamin C [16] and PGM (13,14-dihydro-
15-keto-prostaglandin F 2 a EIA kit, Cayman Chemical, 
Michigan) were determined with an enzyme-linked 
immunosorbent assay/spectrophotometric reader 
(MWGt Lambda Scan 200, Bio-Tek Instruments, 
VT). Levels of lactate (Spinreact kit, Girona, 
Spain), CK–MB (Cormay, Lomianki, Polanya), ALP 
(Cormay, Lomianki, Polanya), AST (Cormay, 
Lomianki, Polanya), ALT (Cormay, Lomianki, 
Polanya), GGT (Cormay, Lomianki, Polanya), BUN 
(BUN; Cormay, Lomianki, Polanya), and creatinine 
(Cormay, Lomianki, Polanya) were determined with 
an autoanalyser (Tokyo Boeki Prestige 24i, Japan).   

 Statistical analysis 

 Concentrations of MDA, NO, SOD, VC, PGM, 
lactate, CK–MB, ALP, ALT, AST, GGT, BUN and 
creatinine in the sampling times were compared by 
independent  t -test (SPSS release 10.0). Data are 
expressed as means � SE. Signifi cance was accepted 
at a level of  p  � 0.05.    

 Results  

 Oxidative stress 

 Blood MDA, NO, SOD, VC and PGM levels are given 
in Tables I and II, respectively. LPS increased MDA 
levels during 48 hafter treatment (Tables I and II). 
This increase was completely inhibited ( p  � 0.05) by 
ENR � FM � high-dose DEX (Table I). NO and 
PGM levels were increased while plasma VC levels 
decreased in the LPS group and two combined treat-
ments generally inhibited these changes ( p  � 0.05; 
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Tables I and II). No treatment had a consistent effect 
on SOD levels (Tables I and II).   

 Organ damage  

 Serum lactate, CK–MB, ALP, ALT, AST, GGT, BUN 
and creatinine levels are given in Tables I and II, 
respectively. Cardiac, hepatic and renal damage 
marker increased after LPS treatment. Cardiac and 
hepatic damage was not completely inhibited by any 
treatment, whereas renal damage was inhibited by 
two treatments. \    

 Discussion 

 Endotoxic shock has an unacceptably high mortality 
rate, although many new therapeutic agents are avail-
able to treat it. ROS-induced oxidative damage plays 
a key role in septic shock and ROS may contribute to 
mortality in Gram-negative bacterial sepsis [17]. 
Increased ROS production and higher MDA levels 
occur in septic patients [18,19]. LPS-induced lipid 
peroxidation was measured as increases in MDA lev-
els in this study (Tables I and II). Although the two 
combined treatments inhibited ( p  � 0.05) this lipid 
peroxidation, they had variable effects on SOD levels 
(Tables I and II). The results of antioxidant studies in 
which only antioxidant enzymes are evaluated are 
confl icting. However, when MDA is evaluated as a 
biomarker of oxidative stress, consistent results have 
been reported [12]. GCs and FM suppress lipid per-
oxidation by reducing MDA levels in endotoxemia 
[12,20]. It has been reported elsewhere that antioxi-
dants have therapeutic potential in preventing multi-
ple-organ failure and in treating septic shock [21]. 

 LPS increased serum NO levels and the combined 
treatments usually inhibited this increase ( p  � 0.05; 
Tables I and II). Mitochondria play a central role in 
the intracellular events associated with septic shock 
because they are a target of NO [22]. LPS induces 
iNOS-derived NO and the excessive formation of NO 
is a major factor in the pathological vasodilatation, 
tissue damage and organ failure of septic shock 
[23,24] and the amount of NO produced correlates 
with the severity of septic shock and mortality [25]. 
The expression of nuclear factor kappaB (NF-κB), a 
ubiquitous transcription factor, is increased by LPS 
and the resulting over-expression of infl ammatory 
mediators (cytokines, iNOS, COX2) may account for 
the deleterious effects seen in sepsis [4]. DEX and 
FM inhibit iNOS expression by blocking NF-κB 
[26,27] and the inhibition of iNOS (the ‘NO effect’) 
might be useful in overcoming the life-threatening 
hypotension observed in septic shock [23]. 

 LPS reduced plasma VC levels and two combined 
treatments generally inhibited this reduction ( p  � 0.05; 
Tables I and II). VC may be used in the body during 
septic shock, because ascorbate inhibits the excessive 
production of NO [28] and endothelial NADPH 
oxidases, which produce ROS, which can cause 
endothelial dysfunction in sepsis [29]. It has been 
proposed that the administration of VC might be a 
useful adjunct to conventional approaches to the 
management of septic shock [30]. 

 In this study, LPS increased PGM, an indicator of 
 in vivo  lipid peroxidation through the COX pathways 
and it reached its peak concentration after 2 h Plasma 
PGM levels are related to the degree of infections 
[31,32]. Increase of PGM inhibited by two combined 
treatments (Tables I and II) might be attributable to 
the potent inhibitor effect of FM on the synthesis of 
prostaglandins. 

 LPS increased cardiac, hepatic and renal damage 
markers and damages were not completely inhibited 
at all sampling times by any treatment (Tables I 
and II). Myocardial contractility depression is a 
common fi nding in septic patients. The cause of 
myocardial dysfunction in sepsis is not entirely 
clear, but the production of cytokines and ROS, 
fl uid–electrolyte imbalance and the release of intra-
cellular mediators are likely to play a role. Hence, 
damaged myocytes release CK–MB [33]. Hepatic 
and renal damages have been reported in LPS-
induced endotoxemia [34–38]. It seems that high-
dose DEX with ENR � FM was more effective in 
the inhibition of organ damages than low-dose DEX 
with ENR � FM. 

 This study results indicate that high-dose DEX 
with ENR � FM has the most antioxidant and preser-
vative effect to organ damage in the endotoxemia.   

 Acknowledgements 

 This study was a part of a project supported by 
The Scientifi c and Technological Research Council 
of Turkey (TUBITAK, 107O042) and SUBAPK 
(08401001).   

Declaration of interest: The authors report no con-
fl icts of interest. The authors alone are respon sible for 
the content and writing of the paper.

 References       

  Mayeux PR. Pathobiology of lipopolysaccharide. J Toxicol [1] 
Environ Health 1997;51:415–435.  
  Elmas M, Bulbul A, Avci GE, Er A, Uney K, Yazar E, Tras B. [2] 
Effects of enrofl oxacin, fl unixin meglumine and dexametha-
sone on disseminated intravascular coagulation and cytokine 
levels in endotoxemia. J Vet Pharm 2009;32:218–219.  
  Salvemini D, Cuzzocrea S. Oxidative stress in septic shock [3] 
and disseminated intravascular coagulation. Free Radic Biol 
Med 2002;33:1173–1185.  
  Macdonald J, Galley HF, Webster NR. Oxidative stress and [4] 
gene expression in sepsis. Br J Anaesth 2003;90:221–232.  



402 E. Yazar et al.

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
  Berger MM, Chiolero RL. Antioxidant supplementation in [5] 
sepsis and systemic infl ammatory response syndrome. Crit 
Care Med 2007;35:584–590.  
  Basu S, Nozari A, Liu XL, Rubertsson S, Wiklund L. [6] 
Development of a novel biomarker of free radical damage 
in reperfusion injury after cardiac arrest. FEBS Lett 2000; 
470:1–6.  
  Basu S, Eriksson M. Vitamin E in relation to lipid peroxida-[7] 
tion in experimental septic shock. Prostag Leukotr Ess 2000; 
62:195–199.  
  Parke AL, Liu PT, Parke DV. Multiple organ dysfunction [8] 
syndrome. Infl ammopharmacology 2003;11:87–95.  
  Kirschenbaum LA, Astiz ME, Rackow EC. Interpretation of [9] 
blood lactate concentrations in patients with sepsis. Lancet 
1998;352:921–922.  
  Er A, Uney K, Altan F, Cetin G, Yazar E, Elmas M. Effects [10] 
of different doses of dexamethasone plus fl unixin meglumine 
on survival rate in lethal endotoxemia. Acta Vet Beograd 
2009;59:47–51.  
  Yazar E, Tras B. Effects of fl uoroquinolone antibiotics on [11] 
hepatic superoxide dismutase and glutathione peroxidase 
activities in healthy and experimentally induced peritonitis 
mice. Revue Med Vet 2001;152:235–238.  
  Konyalioglu S, Er A, Uney A, Elmas M, Yazar E. Effect of [12] 
fl unixin meglumin on the antioxidant status in endotoxoemia. 
Acta Vet Beograd 2007;57:241–246.  
  Sevransky J, Natanson C. Clinical trials in sepsis: an update. [13] 
Curr Opin Anaesthesiol 2000;13:125–129.  
  Minneci PC, Deans KJ, Banks SM, Eichacker PQ, Natanson C. [14] 
Meta-analysis: the effect of steroids on survival and shock 
during sepsis depends on the dose. Ann Intern Med 2004; 
141:47–56.  
  Sun Y, Oberley LW, Li Y. A simple method for clinicalassay of [15] 
superoxidedismutase. Clin Chem 1988;34:497–500.  
  Kyaw A. A simple colorimetric method for ascorbic acid [16] 
determination in blood plasma. Clin Chim Acta 1978;86:
153–157.  
  Broner CW, Shenep JL, Stidman GL, Stokes DC, Hildner WK. [17] 
1988. Effects of scavengers of oxygen derived free radicals on 
mortality in endotoxin-challenged mice. Crit Care Med 1988; 
16:848–851.  
  Keskin E, Oztekin E, Col R, Sivrikaya A, Uney K, Yazar E. [18] 
Effect of pentoxyfi lline on antioxidant status of healthy and 
endotoxemic New Zealand white rabbits. Acta Vet Brno 
2005;74:17–21.  
  Huet O, Obata R, Aubron C, Davit AS, Charpentier J, [19] 
Laplace C, Khoa TN, Conti M, Vicaut E, Mira JP, Duran-
teau J. Plasma-induced endothelial oxidative stress is related 
to the severity of septic shock. Crit Care Med 2007;35:
821–826.  
  Yazar E, Konyalioglu S, Col R, Birdane YO, Bas AL, Elmas M. [20] 
Effects of vitamin E and prednisolone on some oxidative 
stress markers in endotoxemic rabbits. Revue Med Vet 
2004;155:538–542.  
  Biesalski HK, McGregor GP. Antioxidant therapy in critical [21] 
care—is the microcirculation the primary target? Crit Care 
Med 2007;35:577–583.  
  Boveris A, Alvarez S, Navarro A. The role of mitochondria [22] 
nitric oxide synthase in infl ammation and septic shock. Free 
Radic Biol Med 2002;33:1186–1193.  
  Stoclet JC, Muller B, Gyorgy K, Andriantsiothaina R, [23] 
Kleschyov AL. The inductible nitric oxide synthase in vascu-
lar and cardiac tissue. Eur J Pharmacol 1999;375:139–155.  
  Cauwels A, Brouckaert P. Survival of TNF toxicity: depend-[24] 
ence on cascades and NO. Arch Biochem Biophys 2007;462: 
132–139.  
  Keh D, Feldheiser A, Ahlers O. Current state of corticosteroid [25] 
therapy in patients with septic shock. Clin Intent Care 2005; 
16:151–161.  
  Booke M, Westphal M. Treatment of sepsis and septic shock: [26] 
is there a light at the end of the tunnel? Curr Opin Anaesthe-
siol 2003;16:101–105.  
  Bryant CE, Farnfi eld BA, Janicke HJ. Evaluation of the ability [27] 
of carprofen and fl unixin meglumine to inhibit activation of 
nuclear factor kappa B. Am J Vet Res 2003;64:211–215.  
  Wu F, Wilson JX, Tyml K. Ascorbate protects against impaired [28] 
arteriolar constriction in sepsis by inhibiting inducible nitric 
oxide sythase expression. Free Radic Biol Med 2004;37:
1282–1289.  
  Wu F, Schuster DP, Tyml K, Wilson JX. Ascorbate inhibits [29] 
NADPH oxide subunit p47phox expression in microvascular 
endothelial cells. Free Radic Biol Med 2007;42:124–131.  
  Galley HF, Howdle PD, Walker BE, Webster NR. The effects [30] 
of intravenous antioxidants in patients with septic shock. Free 
Radic Biol Med 1997;23:768–774.  
  Jana B, Kucharski J, Ziecik AJ. Effect of intrauterine infusion [31] 
on  Escherichia coli  on hormonal patterns in gilts during the 
oestrous cycle. Reprod Nutr Dev 2004;44:37–48.  
  Jana B, Kucharski J, Dzienis A, Deptula K. Changes in pros-[32] 
taglandin production and ovarian function in gilts during 
endometritis induced by  Escherichia coli  infection. Anim 
Reprod Sci 2007;97:137–150.  
  Makwana N, Baines PB. Myocardial dysfunction in meningo-[33] 
coccal septic shock. Curr Opin Crit Care 2005;11:418–423.  
  Elmas M, Yazar E, Uney K, Er (Karabacak) A, Traş B. [34] 
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