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ABSTRACT

BACKGROUND: Blunt thoracic injury often leads to pulmonary contusion and the development of acute respiratory distress syn-
drome, which carries a high risk of morbidity and mortality, originating from the local and systemic inflammatory states. This study 
aimed to investigate the local and systemic antiinflammatory effects of levosimendan in rat models of blunt chest trauma.

METHODS: A total of 32 Wistar albino rats were randomly assigned to one of the following four groups: control, sham, low-dose 
levosimendan (LDL) (5 µg/kg loading dose for 10 min and 0.05 µg/kg/min intravenous infusion), and high-dose levosimendan (HDL) (10 
µg/kg loading dose for 10 min and 0.1 µg/kg/min intravenous infusion). Blunt chest trauma was induced, and after 6 h, the contused 
pulmonary tissues were histopathologically and immunohistopathologically evaluated, serum TNF-α, IL-1β, IL-6, and NO levels were 
biochemically evaluated.

RESULTS: The mean arterial pressure was low throughout the experiment in the LDL and HDL groups, with no statistically differ-
ence between the groups. Levosimendan reduced the alveolar congestion and hemorrhage, which developed after inducing trauma. 
Neutrophil infiltration to the damaged pulmonary tissue was also reduced in both the LDL and HDL groups. In rats in which pul-
monary contusion (PC) was observed, increased activation of nuclear factor kappa B was observed in the pulmonary tissue, and 
levosimendan did not reduce this activation. Both high and low doses of levosimendan reduced serum IL-1β levels, and high doses of 
levosimendan reduced IL-6 and NO levels. TNF-α levels were not reduced.

CONCLUSION: In conclusion, the results showed that in a rat model of PC, the experimental agent levosimendan could reduce 
neutrophil cell infiltration to damaged pulmonary tissues and the systemic expressions of some cytokines (IL-1β, IL-6, and NO), thereby 
partially reducing and/or correcting pulmonary damage. Systemic inflammatory response that occurs after trauma could also be reduced.
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  EXPERIMENTAL STUDY

tion, hemorrhage, destruction of the alveolar structure integ-
rity, edema, leukocyte infiltration, and hypoxemia with severe 
hypercarbia, and the course may vary with an increased re-
spiratory burden.[1,2] In 2009, Hoth et al. reported that PC 
that develops because of blunt thoracic trauma stimulates the 
systemic natural immune response and causes an increase in 
proinflammatory cytokines.[3] The activation of the immune 
system, which occurs after massive injury, and the early in-
flammatory immune response, which is developed, is defined 
as systemic inflammatory response syndrome.[4] It has been 
shown in the literature that nuclear factor kappa B (NF-κB) 
has a significant role in controlling the expression of media-
tors, including inflammation-related factors, TNF-α, IL-1β, 
and adhesion molecules, which emerge in association with 
acute pulmonary injury and acute respiratory distress syn-

INTRODUCTION

The pulmonary contusion (PC) table associated with blunt 
chest trauma is a clinical table observed with alveolar conges-
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drome (ARDS).[5–7] Blunt chest trauma and PC, which devel-
ops with all of these features, have a high risk of morbidity 
and mortality.[8,9]

Levosimendan increases the affinity of Ca2+ to troponin C 
(TnC) and is a pyridazinone-dinitrile-derived class III Ca2+-
sensitizing agent. By providing a dose-dependent connection 
of Ca2+ to the TnC N-terminal region, troponin activation is 
provided by inhibiting troponin I (TnI) and TnC-Ca2+ stabili-
zation.[10] At the same time, levosimendan is a new drug that 
increases cardiac output with positive inotropic and vasodila-
tion properties, without increasing the need for myocardial 
oxygen consumption. It has also been shown in the literature 
that besides these properties, oxidative pulmonary damage 
associated with reperfusion and inflammatory cytokines (IL-
1, IL-6, TNF-α, etc.) in ventilator-related pulmonary damage 
and sepsis experimental models are reduced, and cellular 
level inflammation and proinflammatory responses are sup-
pressed.[11–14]

This study outlines the therapeutic properties and effects of 
levosimendan on the potential systemic antiinflammatory re-
sponse in an experimental rat model of unilateral PC.

MATERIALS AND METHODS

Material
This experimental study was performed according to the 
guidelines for the use of laboratory animal subjects in re-
search set by the Ethics Committee of Kırıkkale University 
(Date: 02.13.2014; Number: 14/03-33).

In this experimental study, the experimental agent levosimen-
dan (Simdax, Orion Corporation, Finland) was intravenously 
infused at a low dose (5 µg/kg loading dose for 10 min, fol-
lowed by 0.05 µg/kg/min maintenance dose) and a high dose 
(10 µg/kg loading dose for 10 min and 0.1 µg/kg/min mainte-
nance dose). The oral LD50 dose of levosimendan is defined 
as 980 mg/kg in rats. 

A total of 32 male Wistar albino rats, each weighing 300–350 
g, were used in the study. The number of rats to be included 
in the groups was determined based on similar studies in the 
literature, and the number of rats to be used was confirmed 
by power analysis. The rats were randomly allocated to one 
of the following four groups.

- Control group (n=8; sedation anesthesia was administered 
but no contusion was induced)

- Sham group (n=8; after inducing contusion, 1.5 ml/100 g/h 
of physiological saline was intravenously administered)

- Low-dose levosimendan (LDL) group (after inducing contu-
sion, levosimendan was administered as a 5-µg/kg loading 
dose for 10 mins, followed by 0.05 µg/kg/min as an intrave-
nous infusion)

- High-dose levosimendan (HDL) group (after inducing con-
tusion, levosimendan was administered as a 10-µg/kg load-
ing dose for 10 mins, followed by 0.1 µg/kg/min as an intra-
venous infusion)

For sedation anesthesia, 40 mg/kg ketamine HCl (Ketalar® 
5%; Pfizer Inc., USA) and 5 mg/kg xylazine HCl (Rompun® 
2%; Bayer HealthCare AG, Germany) were intraperitoneally 
administered.

Method
With all rats under sedation anesthesia, a vascular route was 
opened from the tail veins using a 24G yellow intracatheter. 
Invasive monitorization was performed for 6 h for each rat 
fixed on a fixation plate, the left femoral artery was explored, 
and a catheter was placed in the artery under microscope 
guidance. After these preparatory procedures, unilateral pul-
monary injury was induced in the right hemithorax of each 
rat via a modified form of the trauma mechanism developed 
by Raghavendran et al. (with the method of a 0.5 kg cylindrical 
body falling from a height of 0.4 m; energy created, E=1.96 
J) (Fig. 1).[15] To reduce cardiac injury to a minimum and have 
a minimum effect on hemodynamic instability, the contusion 
was unilaterally induced to the right lung.

Then, keeping the control group aside, the rats of the sham 
group were administered 1.5 ml/100 g/h of physiological sa-
line infusion; those of the LDL group were administered le-
vosimendan as a 5-µg/kg loading dose for 10 min, followed by 
0.05 µg/kg/min intravenous infusion; and those of the HDL 
group were administered levosimendan as a 10-µg/kg loading 
dose for 10 min, followed by 0.1 µg/kg/min intravenous infu-
sion. Throughout the experiment, systolic and diastolic blood 
pressures, mean arterial pressures, and heart rates (HRs) of 
all rats were monitored and recorded (Fig. 1). The rats were 
kept warm under a blanket throughout the experiment, and 
oxygen support was provided. After 6 h, median sternotomy 
was performed for all the rats under anesthesia, and eutha-
nasia was performed by draining all the blood from the body 
via the cardiac route. The right lung was completely excised 

(a) (b)

Figure 1. Arterial	pressure	monitorization	(a)	and	blunt	thorax	trau-
ma	experiment	mechanism	(b).
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from each rat. The tissues and blood samples obtained were 
used for pathological, Immunohistochemical, and biochemical 
analysis.

Histopathological Evaluation
After fixation of the pulmonary tissues obtained in 10% form-
aldehyde solution, the samples were embedded in paraffin 
blocks, and then, 5-µm-thick slices were cut and stained with 
hematoxylin and eosin. The preparates obtained were evalu-
ated using a light microscope (Leica DM 2500) by an experi-
enced pathologist who was blinded to the study groups. The 
areas of lung contusion were classified according to the pres-
ence of neutrophil infiltration, alveolar hemorrhage, alveolar 
congestion, and hyaline membrane formation, as described 
below (Fig. 2).

- Grade 0: minimal damage 
- Grade 1: little damage
- Grade 2: moderate damage 
- Grade 3: severe damage

Immunohistochemical Evaluation
Pulmonary tissues were washed with 4% paraformalde-
hyde, and after dehydration, they were embedded in paraf-
fin blocks. Using standard histological techniques, 5-µm-thick 
slices were cut. All slices were heated at 60°C for 60 min in 
an oven and then deparaffinized. After the endogenous per-
oxidase reaction, blocking was performed using 3% H2O2 for 
30 min. The samples were then washed thrice using a phos-
phate-buffered solution and incubated overnight in a solution 
of anti-rat NF-κB polyclonal antibody (Santa Cruz, CA, USA), 
which was diluted at room temperature 1/100 with primary 
rabbit. Biotin peroxide and diaminobenzidine brown-yellow 
colors were used in the development of the findings. The re-
sults obtained were evaluated by an experienced pathologist 
who was blinded to the study groups, and the NF-κB values 
in each slice were classified under a microscope (BenchMark 
GX, Ventana Medical Systems Inc.) using the histopathologi-
cal classification method stated above.

Biochemical Evaluation
The blood samples obtained from the rats were centrifuged 
at 3000 rpm for 10 mins; the serum samples were collected 
and immediately frozen in dry air at −80°C and stored until 
analysis. All serum samples were evaluated with respect to IL-
1β, IL-6, TNF-α, and NO levels by an experienced biochemist 
who was blinded to the study groups. The Platinum ELISA kit 
method was used for all serum samples (Affymetrix, eBiosci-
ence Inc., USA), and the results were calculated as pg/ml for 
IL-1β and IL-6, ng/L for TNF-α, and as μmol/L for NO.

Statistical Analysis
All statistical analyses were conducted using the SPSS 22.0 
statistical software (SPSS Inc., Chicago IL, USA).

The histopathological grades and TNF-α levels that were 
not normally distributed and the variation was not homog-
enous between all groups were statistically analyzed using 
Kruskal–Wallis test. To determine the statistical differences 
between the groups (post hoc evaluation), Mann–Whitney U 
test (with Bonferroni correction) was performed for all grade 
results. p values of <0.0083 were considered to be significant.

The values of the hemodynamic parameters and IL-1β, IL-
6, and NO levels were normally distributed, and the varia-
tions were homogenous among the groups. Therefore, one-
way analysis of variance (ANOVA) was performed for all the 
values. To determine the statistical differences between the 
groups, post hoc evaluation (one-way ANOVA–Tukey multi-
ple comparisons test) was performed. p values of <0.05 were 
considered to be significant.

RESULTS

Hemodynamic Measurement Evaluation
Throughout the 6 h of the experiment, the systolic and dia-

Figure 2. Areas	of	neutrophil	infiltration,	alveolar	hemorrhage,	and	
alveolar	congestion	in	the	alveolar	wall	showing	Grade	1	on	the	left	
and	grade	3	on	the	right	(HE;	×100)	(a-c);	stained	areas	in	the	lung	
showing	grade	1	NF-κB	and	grade	3	on	the	right	(×200)	(d).

(a)

(b)

(c)

(d)
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stolic blood pressures, mean arterial pressures, and HRs of 
all the rats were monitored and recorded. After inducing 
the trauma, bradycardia and hypotension developed in all the 
rats. At 20 min after the trauma, HR values were significantly 
higher in the LDL and HDL groups than in the sham group 
(p=0.031). The mean arterial pressure values tended to be 
high in the sham group after 30 min, and after 6 h, the val-

ues reached the baseline values. In the LDL and HDL groups, 
the mean arterial pressure values were observed to be low 
throughout the experiment, with no statistically significant 
difference observed between the groups.

Histopathological Evaluation
Statistical analysis of the results of the histopathological ex-
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Table 1. Descriptive table of the histopathological grades

Group Variable Minimum Maximum Mean/Median(*) Standard deviation

Control Alveolar congestion 0 1 0* 0.35

 Alveolar hemorrhage 0 1 0* 0.35

 Hyalen membrane 0 0 0* 0.00

 Neutrophil infiltration 0 1 0* 0.35

 NF-κB 0 1 0* 0.35

 TNF-α 43.85 52.88 46.71* 4.12

 IL-1β 285.70 548.20 408.03 102.20

 IL-6 19.19 45.66 2941 9.97

 NO 6.13 11.87 8.71 2.23

SHAM Alveolar congestion 1 2 1* 0.52

 Alveolar hemorrhage 1 3 1* 0.74

 Hyalen membrane 0 0 0* 0.00

 Neutrophil infiltration 1 2 1* 0.35

 NF-κB 1 3 2* 0.84

 TNF-α 45.67 119.83 76.07* 23.89

 IL-1β 801.70 2161.60 1412.60 480.41

 IL-6 22.64 59.47 36.74 12.93

 NO 7.34 14.19 10.08 2.24

LDL Alveolar congestion 1 3 1.5* 0.74

 Alveolar hemorrhage 0 3 1* 0.92

 Hyalen membrane 0 1 0* 0.35

 Neutrophil infiltration 0 1 0* 0.52

 NF-κB 1 3 1.5* 0.74

 TNF-α 44.53 82.05 53.82* 12.80

 IL-1β 443.80 1157.00 863.90 238.49

 IL-6 16.89 33.00 23.36 6.30

 NO 6.81 15.05 11.13 3.24

HDL Alveolar congestion 0 2 1* 0.52

 Alveolar hemorrhage 0 2 0* 0.76

 Hyalen membrane 0 0 0* 0.00

 Neutrophil infiltration 0 1 0* 0.46

 NF-κB 1 2 1* 0.46

 TNF-α 43.55 61.76 48.66* 6.03

 IL-1β 407.70 991.40 670.59 220.86

 IL-6 15.74 27.25 20.92 3.94

 NO 4.58 8.70 6.80 1.60
*Median values. LDL: Low dose levosimendan; HDL: High dose levosimendan; NF-κB: Nuclear factor kappa B; TNF-α: Tumor necrosis factor alpha; IL6: Interleukin 6; 
NO: Nitric oxide; IL-1B: Interleukin 1 beta.
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amination revealed a difference among the groups with re-
spect to alveolar congestion (X2=17.965; p<0.001), alveolar 
hemorrhage (X2=14.750; p=0.002), neutrophil infiltration 
(X2=15.001; p=0.002), and NF-κB (X2=18.619; p<0.001). 
No statistically significant difference was determined among 
the groups with regard to hyaline membrane formation 
(X2=3.000; p=0.392) (Tables 1, 2, and 3; Fig. 3).

A statistically significant difference was determined among 
the following groups with respect to alveolar congestion: 
control/sham (Z=−3.340; p=0.001); control/LDL (Z=−3.354; 
p=0.001), and control/YDL (Z=−2.887; p=0.004). No dif-
ference was observed among the groups with regard to the 
reduction of alveolar congestion. In addition, a statistically 
significant difference was determined among the groups with 
regard to alveolar hemorrhage: control/sham (Z=−3.332; 
p=0.001) and control/LDL (Z=−2.912; p=0.004). No differ-
ence was observed among the groups with respect to the 
reduction of alveolar hemorrhage.

A statistically significant difference was determined among 
the groups with respect to neutrophil infiltration: control/
sham (Z=−3.359; p=0.001), sham/YDL (Z=−2.646; p=0.008), 
and sham/LDL (Z=−2.988; p=0.003). Neutrophil infiltration 
was higher in the sham group than in the other groups. From 
this, it was determined that LDL and HDL reduced neu-
trophil infiltration in the pulmonary tissue with contusion 
(Table 3).

Immunohistochemical Evaluation
NF-κB levels were different among all the groups: control/sham 
(Z=−3.385; p=0.001), control/LDL (Z=−1.118; p=0.001), and 

Table 2. The statistically significant differences among all the 
groups described in the text with regard to alveolar 
congestion, alveolar hemorrhage, neutrophil 
infiltration, and NF-κB levels

Variable  X2 df p

Alveolar congestion 17.965 3 <0.001

Alveolar hemorrhage 14.750 3 0.002

Hyalene membrane 3.000 3 0.392

Neutrophil infiltration 15.001 3 0.002

NF-κB 18.619 3 <0.001

TNF-α 11.994 3 0.007

Kruskal–Wallis multiple variant analysis; p<0.05 (df, degrees of freedom; X2, chi-
square). 

NF-κB: Nuclear factor kappa B; TNF-α: Tumor necrosis factor alpha.

Figure 3. Variation	of	histopathological	grades	of	each	group.	Each	bar	shows	neutrophil	 infiltration,	alveolar	
hemorrhage,	alveolar	congestion,	and	hyaline	membrane	values.
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control/YDL (Z=−3.335; p=0.001) (Table 3). Although NF-κB 
levels were not statistically significantly different among the 
groups, the levels were numerically lower in the LDL and HDL 
groups than in the control and sham groups. 

Biochemical Evaluation
Statistical analysis of the results of the biochemical evalua-
tion revealed a difference among the groups with respect to 
the serum levels of IL-1β (F=16.719; p<0.001), IL-6 (F=4.955; 
p=0.007), NO (F=4.855; p=0.008), and TNF-α (X2=11.994; 
p=0.007) (Table 4, 5, Fig. 4).

A statistically significant difference was determined among the 
groups regarding serum IL-1β levels: control/sham (p<0.001), 
control/LDL (p=0.022), sham/LDL (p=0.005), sham/LDL 
(p<0.001), and LDL/YDL (p=0.005). Reduced serum IL-1β 
levels were observed in the LDL and HDL groups.

A statistically significant difference was determined among 
the groups with regard to serum IL-6 levels: sham/LDL 
(p=0.028) and sham/YDL (p=0.008). The use of HDL signifi-
cantly reduced serum IL-6 levels.

A statistically significant difference was determined with 
respect to serum NO levels only between the sham/YDL 
(p=0.005) and LDL/YDL (p=0.006) groups (Table 5). HDL 
significantly reduced serum NO levels.

Serum TNF-α levels were different only between the control/
sham (Z=−2.941; p=0.003) groups (Table 3).

DISCUSSION
Previous studies demonstrated that the effect of chest trauma 
increased with the occurrence of respiratory complications, 
such as ALI/ARDS, associated with the trauma severity.[16–18] In 
patients with multiple trauma, if PC occurs, the mortality rate 
increases from 27% to 56%. In addition, animal experimen-
tal studies revealed that after trauma, there are severe local 
and systemic inflammatory changes, which potentially trigger 
septic complications, and the organ failure that first develops 
in this table is respiratory failure.[19] In the current study, an 
increase in the systemic inflammatory response and develop-
ment of severe bradycardia and hypotension, as a clinical re-
flection, were observed more in the trauma groups than in the 
control group. In the LDL and HDL groups, where doses ad-
ministered were similar to those in used in the clinical practice, 
the mean arterial pressure significantly reduced. In the clinical 
practice, levosimendan is administered for hypotension, and 
so, to observe the effect on hypotension in the current study, 
the following two different doses were administered: 5 µg/kg 
loading dose for 10 min, followed by 0.05 µg/kg/min intrave-
nous infusion, and 10 µg/kg loading dose for 10 min, followed 
by 0.1 µg/kg/min intravenous infusion. No statistically signifi-
cant differences were observed with regard to the mean arte-
rial blood pressure or heart rate in the LDL and HDL groups.

Table 4. Descriptive table of the mean values of IL-1β, IL-6, 
and NO and median values of TNF-α levels

Variable F df p

IL-1B 16.719 3 <0.001

IL-6 4.955 3 0.007

NO 4.855 3 0.008

p<0.05. SD: Standard deviation. IL-1B: Interleukin 1 beta; IL6: Interleukin 6; 
NO: Nitric oxide.

Table 3. Low and high doses of levosimendan reduced
   neutrophil infiltration in the pulmonary
   contusion tissue

Variable  Groups Z p

Alveolar Control/Sham -3.340 0.001

congestion Control/LDL -3.354 0.001

 Control/HDL -2.887 0.004

 Sham/LDL -0.657 0.511

 Sham/HDL -1.356 0.175

 LDL/HDL -1.767 0.077

Alveolar Control/Sham -3.332 0.001

hemorrhage Control/LDL -2.912 0.004

 Control/HDL -1.179 0.239

 Sham/LDL -0.061 0.952

 Sham/HDL -2.227 0.026

 LDL/HDL -1.947 0.052

Neutrophil Control/Sham -3.359 0.001

infiltration Control/LDL -1.118 0.264

 Control/HDL -0.620 0.535

 Sham/LDL -2.646 0.008

 Sham/HDL -2.988 0.003

 LDL/HDL -.522 0.602

NF-κB Control/Sham -3.385 0.001

 Control/LDL -3.354 0.001

 Control/HDL -3.335 0.001

 Sham/LDL -0.623 0.533

 Sham/HDL -1.651 0.099

 LDL/HDL -1.108 0.268

TNF-α Control/Sham -2.941 0.003

 Control/LDL -1.787 0.074

 Control/HDL -0.630 0.529

 Sham/LDL -1.892 0.059

 Sham/HDL -2.521 0.012

 LDL/HDL -1.156 0.248

Mann–Whitney U test and Bonferroni multiple comparison test; p<0.0083.
LDL: Low dose levosimendan; HDL: High dose levosimendan; NF-κB: Nuclear 
factor kappa B; TNF-α: Tumor necrosis factor alpha.
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PC, which is widely observed after blunt thorax trauma, is an 
injury that may result in morbidity and mortality.[20] In the cur-
rent study, because the results of the histopathological exam-
ination of pulmonary tissues obtained 6 h after the formation 
of blunt thorax trauma, which included alveolar hemorrhage, 
alveolar edema, and neutrophil infiltration, were similar to 
the those of the trauma model described by Raghavendran 
et al., the efficacy of the current study model was confirmed.
[15] According to these results, PC model was successfully 
established in the rats. After analyzing the results obtained 
from the histopathological examination in this study, although 
a statistical difference was not observed, when the median 
values were examined, the high dose of levosimendan was 
considered to reduce alveolar hemorrhage that developed 
after trauma; however, when a low dose was administered, 
no effect on alveolar hemorrhage was observed. In addition, 
at both low and high doses, levosimendan reduced neutrophil 
infiltration in damaged pulmonary tissues. However, levosi-
mendan did not have any effect on reducing alveolar conges-
tion. Based on these findings, it was considered that levosi-
mendan did not reduce alveolar congestion but was effective 
in reducing inflammatory cell infiltration and alveolar hemor-
rhage in PCs that developed after blunt thoracic trauma. 

In experimental studies of pulmonary damage, an intense in-
flammatory response developed in damaged tissues, and the 

chemokines that were particularly expressed by alveolar mac-
rophages activated neutrophils.[21] It has been proposed that 
reactive oxygen radicals, tissue fragmenting proteinases, and 
cationic polypeptides in proinflammatory cytokines (e.g., IL-
1β, IL-6, TNF-α, and NO), expressed by active neutrophils, 
are a risk factor for increase in tissue damage and the devel-
opment of ARDS.[22] NF-κB, a proinflammatory factor, has a 
regulatory role in the emergence of several of the abovemen-
tioned mediators.[7] In an experimental animal model study 
by Perl et al.,[23] the inflammatory effects of PC were exam-
ined in mononuclear cells in the peripheral blood, peritoneal 
macrophages, splenocytes, and splenic macrophages and on 
plasma TNF-α and IL-6 levels. At the end of the study, it was 
reported that PC caused severe immune function impairment 
systemically and in different compartments. 

In the current study, PC induced in the rats increased NF-
κB activation in the pulmonary tissue, and levosimendan did 
not reduce this activation. Although statistical analysis did 
not reveal any difference between the groups, the TNF-α 
formation could have been suppressed in the serum samples 
of the LDL and HDL groups. While the serum IL-1β level 
reduced after administration of low and high doses of levosi-
mendan, serum IL-6 and NO levels reduced with high doses 
only. In the current study, serum levels of the proinflamma-
tory cytokines IL-1β and TNF-α significantly increased in 

Table 5. The variations in mean values of IL-1β, IL-6, and NO were statistically significant among all 
groups

Variable Groups Mean difference (I-J) Standard Error p

IL-1β Control/Sham -1004.58 147.25 <0.001

 Control/LDL -455.88 147.25 0.022

 Control/HDL -262.56 147.25 0.302

 Sham/LDL 548.70 147.25 0.005

 Sham/HDL 742.01 147.25 <0.001

 LDL/HDL 193.31 147.25 0.563

IL-6 Control/Sham -7.34 4.48 0.376

 Control/LDL 6.04 4.48 0.542

 Control/HDL 8.49 4.48 0.254

 Sham/LDL 13.38 4.48 0.028

 Sham/HDL 15.82 4.48 0.008

 LDL/HDL 2.45 4.48 0.947

NO Control/Sham -1.37 1.20 0.669

 Control/LDL -2.41 1.20 0.207

 Control/HDL 1.91 1.20 0.399

 Sham/LDL -1.05 1.20 0.818

 Sham/HDL 3.28 1.20 0.050

 LDL/HDL 4.33 1.20 0.006

    
One-Way ANOVA test, p<0.05. df: Degrees of freedom; F: F test. LDL: Low dose levosimendan; HDL: High dose levosimendan; 
IL6: Interleukin 6; NO: Nitric oxide; IL-1B: Interleukin 1 beta.
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the sham group compared with those in the control group. 
These results suggested that proinflammatory cytokine for-
mation after blunt thoracic trauma was suppressed by levo-
simendan.

Limitations
This study had some limitations. First, this study evaluated 
the effects of levosimendan on the systemic inflammatory 
response, but for technical and financial reasons, advanced 
biochemical and histopathological examination of inflam-
matory response inhibitors, which are developed in dam-
aged pulmonary tissues, were not performed. Second, the 
low and high doses of levosimendan used in this study were 
within the dose ranges recommended in the guidelines for 
the diagnosis and treatment of acute heart failure; there-
fore, it would be appropriate to conduct further studies of 
higher doses and assess the long-term effects of such doses. 
If a more significant increase is observed in the antiinflam-
matory properties of HDL compared LDL, the selection of 
the dose to be used should be patient-based in the clini-
cal use. Therefore, considering the effects of the local and 
systemic response on mortality following PC development 
after thorax trauma, further studies over a longer term with 
higher doses would be useful with respect to clinical safety. 
Third, owing to technical and financial restrictions, arterial 
blood gas analysis was not performed, and saturation was 
not monitored. 

Conclusion
In conclusion, the study results revealed that in a rat model 
of PC, the experimental agent levosimendan could reduce 
neutrophil infiltration to damaged pulmonary tissues and de-
crease the systemic release of some cytokines (such as IL-
1β, IL-6, and NO), thus partially reducing and/or correcting 
pulmonary damage. Therefore, levosimendan is considered 
to reduce systemic inflammatory responses that occur after 
trauma and is clinically beneficial for patients with PC.
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Deneysel künt toraks travma modelinde levosimendanın sistemik antienflamatuvar
etkilerinin araştırılması
Dr. Gökay Ateş,1 Dr. Ferda Yaman,1 Dr. Bülent Bakar,2 Dr. Üçler Kısa,3 Dr. Pınar Atasoy,4 Dr. Ünase Büyükkoçak1
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AMAÇ: Künt toraks travması sıkılıkla pulmoner kontüzyona yol açar, lokal ve sistemik enflamatuvar durumlardan kaynaklanan yüksek morbidite ve 
mortalite riski taşıyan akut solunum sıkıntısı sendromunun gelişmesine neden olur. Bu çalışmanın amacı sıçanlarda künt göğüs travma modelinde 
levosimendanın lokal ve sistemik antienflamatuvar etkilerini araştırmaktır.
GEREÇ VE YÖNTEM: Otuz iki Wistar Albino sıçan dört gruba ayrıldı: Kontrol, Sham, düşük doz levosimendan (LDL) (5 µg/kg 10 dakika yükleme 
doz, 0.05 µg/kg/dk intravenöz infüzyon) ve yüksek doz levosimendan (YDL) (10 µg/kg 10 dakika yükleme doz, 0.1 µg/kg/dk intravenöz infüzyon) 
grubu olarak belirlendi. Künt göğüs travmasından altı saat sonra histopatolojik ve immünohistokimyasal değerlendirme için kontüze pulmoner do-
kular çıkarılmıştır ve serumda TNF-α, IL-1β, IL-6, NO düzeyleri biyokimyasal olarak değerlendirildi. 
BULGULAR: Düşük doz levosimendan ve YDL grubunda ortalama arter basınçları deney boyunca düşük seyretti ve aralarında istatistiksel olarak 
anlamlı fark saptanmadı. Levosimendanın travma sonrası oluşan alveolar konjesyonu ve hemorajiyi azaltmadığı saptandı. Ancak levosimendanın 
düşük ve yüksek dozlarda hasarlı akciğer dokusuna nötrofil infiltrasyonunu azalttığı tespit edildi. PC oluşturulan sıçanlarda akciğer dokusunda NF-
κB’nin aktivasyonunun arttığı ancak levosimendanın bu aktivasyonu azaltamadığı gözlendi. Öte yandan levosimendanın düşük ve yüksek dozlarda 
verildiğinde serum IL-1β seviyesini azalttığı; yüksek dozlarda uygulandığında da IL-6 ve NO oranlarını azalttığı tespit edildi. Ancak serum TNF-α 
seviyelerini azaltamadığı saptandı.
TARTIŞMA: Sonuç olarak levosimendan isimli deneysel ajanın sıçanlarda oluşturulan pulmoner kontüzyon modelinde hasarlı akciğer dokusuna 
nötrofil hücre infiltrasyonunu ve bunlardan salınacak bazı sitokinlerin (IL-1β, IL-6, NO) sistemik salınımını azaltabileceği ve böylece pulmoner hasarı 
kısmen azaltabileceği ve/ veya düzeltebileceği; travma sonrası ortaya çıkan sistemik enflamatuvar yanıtı da azaltabileceği düşünülmüştür.
Anahtar sözcükler: Akciğer kontüzyonu; B, enflamasyon, künt göğüs travması, levosimendan; nükleer faktör κ.
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