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Prevention of lung injury by iloprost following hind limb ischemia
and reperfusion model in rats
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ABSTRACT

Aim: The major part of tissue damage occurs upon reperfusion and is mediated by activated neutrophils that release
oxygen free radicals. Following hind-limb ischemia/reperfusion, lung injury due to neutrophil infiltration and oxygen
free radicals has been demonstrated. Previous studies have shown that this injury can be prevented pharmacologically.
lloprost is a long acting stable analog of prostacyclin. The aim of this study is to test the effect of iloprost in prevention of
lung injury due to lower limb ischemia/reperfusion.

Material and Methods: Through a midline laparotomy infrarenal abdominal aorta was approached and cross-clamped
in 20 male Spraque-Dawley rats for 2 hours. At the time of declamping Group | animals (n=8) received iloprost (0,1ug/kg/
min) and Group Il animals (n=8) received normal saline (0,1ml/kg/min) continously for 4 hours. Third group was the sham
group (n=4).The lung tissue assays were performed for measurement of lipid peroxidation end product malondealdehyde
and also total glutathione. Lung tissues were also examined histopathologically under light microscopy.

Results: The malondealdehyde levels in the iloprost group were significantly lower than the control group (p<0,05). The
glutathione levels did not show any difference between the iloprost and the control groups (p>0,05). Histopathological
examination revealed that the structure of the lung tissue was preserved in the iloprost group whereas lung tissue of the
control group had evidence of injury.

Conclusion: Our results suggest that iloprost reduces the production of oxygen free radicals and prevents lung injury due
to lower limb ischemia reperfusion.
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Amag: iskemi ve bunu takip eden reperfiizyon dénemi sonrasinda ortaya cikan doku hasari biiyiik élctide reperfiizyon
sirasinda gerceklesir. Aktive olmus notrofillerden salinan serbest oksijen radikalleri bu hasarda 6nemli rol oynarlar. Alt
ekstremite iskemi-reperflizyonu sonrasinda gorilen akciger hasarinda notrofil infiltrasyonunun ve serbest oksijen
radikallerinin dnemi gésterilmistir. Bu hasari farmakolojik olarak énlemek icin bircok calisma yapilmistir. iloprost, uzun
etkili bir prostasiklin analogudur. Calismanin amaci, alt ekstremite iskemi reperfiizyonu sonrasi ortaya cikan akciger
hasarini dnlemedeki iloprostun etkisini arastirmaktir.

GeregveYontemler: Calismada20adet Spraque-Dawley cinsierkek sican kullanildi. Orta hattan yapilan laparotomiileabdominal
aortaya ulasildi. Grup | (h=8) ve Grup Il (h=8) de bulunan deneklerin infrarenal aortalarina 2 saat boyunca kross klemp uygulandi.
Klemp kaldirnldidi sirada Grup I'de bulunan deneklere 0,1 g/kg/dk dozunda iloprost ve Grup II'de bulunan deneklere 0,1ml/kg/
dk serum fizyolojik stirekli inflizyon seklinde 4 saat boyunca verildi. Grup lll(n=4) sham grubu olarak belirlendi. Denekler 4. saatin
sonunda sakrifiye edilerek akciger dokulari ¢ikarildive biyokimyasal ve histopatolojik inceleme yapildi.

Bulgular: iloprost verilen grupta malondealdehyde seviyeleri kontrol grubuna gére istatistiksel olarak anlamli derecede
diisiik bulundu (p<0.05). Glutatyon diizeylerinde ise kontrol ve iloprost gruplari arasinda anlamli fark bulunmadi (p>0.05).
Histopatolojik incelemede, iloprost verilen grupta akciger dokusunun korunmus oldugu gozlenirken kontrol grubunda
akciger doku harabiyeti tespit edilmistir.

Sonug: Sonuglarimiz alt ekstremite iskemi-reperflizyonu sonrasinda ortaya c¢ikan akciger hasarinin dnlenmesinde

Anahtar kelimeler: iskemi, reperflizyon, iloprost

Introduction

Ischemia/ reperfusion (I/R) injury is still a major problem for
cardiovascular surgeons dealing especially with aortic surgery.
The main damage occurs during reperfusion period that is
reperfusion initiates both local and systemic damage through
inflammatory mediators and reactive oxygen substances
mainly released from polymorphonuclear leukocytes [1,2].
These products that are released during reperfusion may
lead to severe complications and even death due to systemic
inflmammatory response syndrome and multiorgan failure
[3]. Remote organ damage after I/R is also a dreadful problem
and mainly the lungs, heart, liver and kidneys are the affected
organs [4]. The main mechanism of lung injury following
lower extremity I/R is unknown however many mechanisms
are suggested to explain this condition. Some of these
mechanisms are; activation of proinflammatory citokines
(IL-8, IL-6, TNF), platelet activating factor (PAF), leukotriens,
eicosanoids, locally released proteases from neutrophiles,
chemoattraction of neutrophiles and release of oxygen
radicals [5-9]. These substances are suggested to result in
endothelial damage of lung capillary arteries and cause
increased microvascular permeability [10,11].

It is well known that the main factors in the development of I/R
injury are increased levels of free oxygen radicals and neutrophil
infiltration, thus, many invivo and invitro studies are performed

iloprostun serbest oksijen radikal olusumunu azaltarak etkili oldugunu gostermektedir.

to attenuate I/R through methods inhibiting or preventing
neutrophil infiltration or free radicals. Leukopenia, monoclonal
antibodies against leucocyte adhesion molecules such as
CD11/CD18, cytokines, platelet activating factor antagonists,
free radical scavengers, nitric oxide donors and prostoglandin
analogues are the agents used to prevent I/R injury [5-8, 12].

lloprost is a synthetic analogue of prostocyclin (PGI2). It is
synthesized primarily by endothelial cells and has vasodilatory,
immunomodulatory and antithrombotic actions. It reduces
the levels of circulatory tumor necrosis factor-a, Interleukin-1
and Interleukin-6 [5]. lloprost is therefore a widely used drug
especially in patients with peripheral arterial disease [6].

This study was planned to analyze the effect of lloprost
pretreatment on the prevention of lung injury induced by
abdominal aorta I/R.

Material and Methods

This study was approved by the Institution of Animal Care
Use Committee at Marmara University, Istanbul, Turkey and
complied with the Guide for the Care and Use of Laboratory
Animals. Twenty Sprague-Dawley rats weighing 300-350g were
randomized into 3 groups. The animals were initially anesthesized
with intraperitoneal ketamine hydrochloride (Ketalar; Pfizer,
Ortakoy, Istanbul, Turkey) 100mg/kg bodyweight. The abdomen
was then explored through a midline incision after shaving and
disinfection. In the sham group, only laparotomy was performed.
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In the control and the study groups, I/R was induced by clamping
the aorta with atraumatic vascular clamp infrarenally for 2 hours,
followed by 4 hours of reperfusion. Cessation of arterial flow was
confirmed by means of the absence of an audible continous-wave
Doppler signal. Control group animals received saline solution
intravenously at a dose of 0.1ml/kg/min through inferior vena
cava catheterization and study group animals received lloprost at
a dose of 0.1ml/kg/min intravenously during reperfusion. At the
end of these procedures, the animals were sacrificed with lethal
injection of sodium thiopenthal (Penthotal sodium, Abbot, Italy).
Immediately after sacrifice, through midline sternotomy, the
lungs of the animals were extracted and washed with 0.9% saline
solution for both histopathological and biochemical analysis.

Histopathological examination:

Tissue samples were fixed in 10% formalin and embedded
in paraffin with routine follow-up procedure; 4-5um sections
were cut from paraffin blocks and stained with hematoxylin

and eosin (H&E) for light microscope examination (X200,
Olympus BH-2, Olympus Optical CO, Ltd, Tokyo, Japan). All
samples were evaluated by the same histopathologist, blinded
to the study for edema, alveolar structural disturbance and
infiltration by inflammatory cells. (Table 1).

Biochemical analysis:

Lung tissues were frozen immediately in liquid nitrogen and
stored at -80°C until measurements were started. Twenty-
micron-thick sections were prepared and dried under vacuum
overnight (at 20°C). Freeze-dried sections were stored at -20°C
until biochemical assays were performed. Determination of
malondealdehyde (MDA) and total Glutathione (GSH) levels
were performed by enzyme-linked immunosorbant assay
(ELISA). MDA concentration was expressed as nmol/gr tissue and
concentrations of total GSH were expressed as pmol/gr protein.

Statistical analysis:

Statistical analysis were performed using Statistical Package for
the Social Sciences 10.0. (SPSS, Chicagoi IL, USA) Values were
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expressed as mean+SD. One- way ANOVA, Kruskal Wallis and
Dunn’s multiple comparison tests were used for tissue MDA
and total GSH measurements and histopathological scores.
Statistical significance was set up at p-values of less than 0.05.

Results
Histopathological results:

The sham group exhibited normal lung architecture and
arrangement. The histological structure of alveoli and interstitial
tissue were intact without any infiltration of inflammatory cells
(Figure 1). In the control group, the alveolar structure was
completely destroyed with thickened and fused alveolar septa.
The alveoli showed severe interstitial edema, intraalveolar fibrin
deposits, prominent leukocyte infiltration and intraalveolar
hemorrhage that indicated a high degree of lung injury as
outlined in Table 2 (Figure 2). Light microscopic examination
of the study group that received lloprost at a dose of 0.1ml/
kg/min intravenously during reperfusion demonstrated a

less intraalveolar hemorrhage, less edema and inflammation
revealing a decreasing pathological score (Table2, Figures 3).

Figure 1. Light microscopic photomicrograph of the sham group
with normal lung tissue (H&E, x200).

Figure 2. Light microscopic photomicrograph of control rat lung

tissue showing destroyed alveolar architecture with massive

infiltration of inflammatory cells (H&E, x100).



Figure 3. Light microscopic photomicrograph of lung tissue from

lloprost group showing nearly normal alveolar architecture, with
slight less leukocytic infiltration (H&E, x100).

Biochemical results:

The mean MDA levelsinthe study group were similar to thosein
the sham group (0.273+0.048 nmol/gr tissue and 0.287+0.058
nmol/gr tissue respectively (p>0.05). However, the MDA
levels were significantly higher in the control group than the
study and sham groups (0.968+0.177 nmol/gr tissue, p<0.05)
(Figure 6). The mean total GSH level in the study group was
44.846+3.010 umol/gr protein, in sham group; 43.855+2.186
pumol/gr protein and in the control group; 46.546+2.231 pmol/
gr protein with no statistically significant differences (p>0.05).

Discussion

The present study demonstrated that lloprost at a dose of
0.1ml/kg/min administered intravenously during reperfusion
attenuates lung injury that occured after bilateral lower
extremity I/R in a rat model.

Ischemia-reperfusion injury involves a sequence of events
leading to celluar damage [13]. The main problem in I/R injury
is the oxygen free radicals that are released during reperfusion
period[14].1tis wellknown thatthe main sources of these oxygen
radicals are the activated neutrophils. Activated neutrophils
lead to endothelial cell damage in lungs and free radicals are
released [15]. Pulmonary vasoconstriction, hypertension, and
increased pulmonary vascular permeability are common results
of impaired endothelial cell function [7]. Our results showed
that lloprost administered animals had less intraalveolar
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hemorrhage, less edema and inflammation compared to the
control group revealing a decreasing pathological score. We
used MDA, an end product of lipid peroxidation, to analyse
the severity of lipid peroxidation in this present study. The
lower levels of MDA in the study and sham groups compared
with the control group correlate well with the pathological
findings that are decreased neutrophilic infiltration and less
percentage of alveolar structural damage. Quantitatively both
histopathological and biochemical results revealed a significant
difference between control and study groups.

In the present study we also analysed the levels of total GSH.
It is known that GSH acts as a protective system against
oxidative stress. We found no statistically significant difference
regarding the total GSH levels between the control and
study groups. This result may suggest that lloprost shows its
intracellular protective effect different from the GSH system.

Much recent attention has been focused on the protective
effects of lloprost in I/R. Although there are many studies in
the literature that showed its protective effects in I/R injury
in different organs, the precise mechanism of action is not
completely understood [16-17]. lloprost is an analogue of
Prostoglandin 12 and has vasodilator, antiaggregant and
cytoprotective effects. It inhibits thrombocyte aggregation
and destructs leukocyte and endothelial communication.
It also decreases the synthesis of adhesion molecules and
collectively it increases microcirculation and by this increased
tissue perfusion it results in an endothelial- protective effect
[18]. Thus its cite of intracellular protection action may be
through this pathway other than GSH system.

Conclusion

Our results suggest that lloprost ameliorates the lung injury
associated with I/R of the lower extremity.lloprost also exerts
an inhibitory effect on the neutrophils that cause remote
organ damage. Its clinical effects in this manner should be
warranted by randomized clinical studies.
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