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EXPERIMENTAL STUDY

The effects of iloprost on lung injury induced by skeletal 
muscle ischemia–reperfusion
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Abstract: Purpose: The aim of this study was to investigate the effects of iloprost (I) on lung injury as a remote 
organ following skeletal muscle ischemia-reperfusion injury in a rat model. 
Materials and methods: Twenty-four Wistar Albino rats were randomized into four groups (n = 6). Laparotomy 
was performed in all groups under general anesthesia. Only laparotomy was applied in Group S (Sham). Isc-
hemia reperfusion group (Group I/R) underwent ischemia and reperfusion performed by clamping and declam-
ping of the infrarenal abdominal aorta for 120 minutes. Group iloprost (Group I) received intravenous infusion 
of iloprost 0.5 ng/kg/min, without ischemia and reperfusion. Group I/R/I received intravenous infusion of ilop-
rost 0.5 ng/kg/min immediately after 2 hours of ischemia. At the end of the study, lung tissue was obtained for 
determining total oxidant status (TOS) and total antioxidant status (TAS) levels, histochemical and immunohis-
tochemical determination.
Results: Diffuse lymphocyte infi ltration was detected in immunohistochemical examination of lung tissue in Group 
I/R. The connective tissue around bronchi, bronchioles and vessel walls was found to be increased. Although 
minimal local lymphocyte infi ltration was detected in some fi elds in Group I/R/I, the overall tissue was found to 
be similar to Group S. iNOS expression was signifi cantly higher in Group I/R, when compared with Group S 
and signifi cantly lower in Group I/R/I compared to Group I/R.
TOS levels were signifi cantly higher in Group I/R, when compared with groups S and I (p = 0.028, p = 0.016, 
respectively) and signifi cantly lower in group I/R/I, when compared with Group I/R (p = 0.048). TAS levels were 
signifi cantly higher in Group I/R, when compared with groups S, I (p = 0.014, p = 0.027, respectively) and sig-
nifi cantly lower in Group I/R/I, when compared with Group I/R (p = 0.032). 
Conclusion: These results indicate that administration of iloprost may have protective effects against ischemia 
reperfusion injury (Fig. 8, Tab. 1, Ref. 30). Text in PDF www.elis.sk.
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Ischemia/ reperfusion (I/R) induced tissue injury is one of 
the most important problems in a number of surgical procedures 
including extremity revascularization, abdominal aortic surgery, 
replantation, transplantation and muscular fl ap reconstruction (1, 
2). Reperfusion of ischemic tissues results in both a local and a 
systemic infl ammatory response that, in turn, may result in wide-
spread microvascular dysfunction and altered tissue barrier func-
tion (3). Skeletal muscle I/R elicits oxidative stress and causes 
infl ammation in lung tissue that may lead to lung injury. 

Iloprost (I), a stable prostacyclin-mimetic drug, is widely pre-
scribed to treat vascular features of systemic sclerosis (Raynaud’s 

phenomenon, digital ulcers and pulmonary arterial hypertension) 
on the grounds of its well known vasodilatory and antiaggregant ef-
fects. Beside these actions, Iloprost appears to have also an antioxi-
dative effect which substantially adds to the spectrum of his “non-
conventional” (e.g. antifi brotic and angiogenetic) actions (4, 5).

The aim of the present study was to examine the potential 
protective effects of Iloprost on lung damage induced by skeletal 
muscle I/R in a rat model, using both biochemical and histopatho-
logical aspects.

Materials and methods

Experimental groups
Twenty-four adult Wistar-albino rats, weighing 200 to 250 g 

were used in this study. Rats were housed in cages at an average 
temperature of 22 °C in a light dark cycle-controlled environment 
with free access to food and tap water. The protocols of this experi-
mental study were approved by the Animal Ethics Committee of 
Gazi University. All animals received human care in compliance 
with the “Principles of Laboratory Animal Care” formulated by 
the National Society for Medical Research and the “Guide for the 
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Care and the Use of Laboratory Animals” prepared by the National 
Academy of Science and published by the National Institutes of 
Health (NIH publication No. 85–23, revised in 1985).

Study design
Rats were randomized into four groups (n = 6). The sham 

group (Group S) underwent midline laparotomy and dissection 
of the infrarenal abdominal aorta (IAA) without cross-clamping; 
ischemia reperfusion group (Group I/R) underwent laparotomy and 
cross-clamping of the IAA for 120 minutes and then 120 minutes 
of reperfusion; Group I underwent laparotomy and received in-
travenous infusion of Iloprost (0.5 ng/kg/min), without ischemia 
and reperfusion; Group I/R/I received intravenous infusion of Il-
iprost (0.5 ng/kg/min) immediately after 120 minutes of ischemia.

Aortic occlusion and ischemia reperfusion
Rats were anesthetized with ketamine hydrochloride (Ketalar, 

50 mg/kg, intramuscularly, Parke-Davis, Eczacibasi, Istanbul, Tur-
key) and xylazine hydrochloride (Alfazyne, 2%, Ege Vet, Izmir, 
Turkey). Anesthesia was maintained by an additional muscular in-
jection of ketamine hydrochloride and xylazine hydrochloride. The 
surgical procedures were performed while the rats were placed in 
a supine position under a heating lamp. The abdomen was shaved, 
the skin was prepared aseptically and a midline laparotomy was 
performed. The abdominal aorta was exposed and clamped using 
an atraumatic microvascular clamp. The aortic occlusion was con-
fi rmed by the loss of the distal arterial pulsation. The skin incision 
was closed and covered with a plastic wrap to maintain the body 
temperature and fl uid balance. After 120 minutes of ischemia, 
the microvascular clamp was removed and lower extremities 
were reperfused for 120 minutes. At the end of the reperfusion 
period, all rats were sacrifi ed under anesthesia and left lung were 
harvested for biochemical, histopatological and immunohistopa-
tological analyses.

Biochemical examination
Blood samples were obtained after induction of anesthesia and 

at the end of the surgery. The samples were centrifuged at 3000 
revolutions per minute for 10 minutes to separate plasma and then 
blood samples were stored at −80 °C until analysis. 

Measurement of serum total oxidant status (TOS)
Plasma total oxidant status (TOS) levels were determined using 

a commercially available kit, developed by Erel (6) (REL assay 
diagnostics, Mega Tip, Gaziantep, Turkey). In this method, the 
oxidants present in the sample oxidize the ferrous ion-o-dianisi-
dine complex to ferric ion. The oxidation reaction is enhanced by 
glycerol molecules, which are abundantly present in the reaction 

medium. The ferric ion produces a colored complex with xylenol 
orange in an acidic medium. The color intensity, which can be 
measured spectrophotometrically, is related to the total amount of 
oxidant molecules present in the sample. The assay is calibrated 
with hydrogen peroxide, and the results are expressed as μmol 
H2O2 equivalent/L. Hydrogen peroxide and other derivatives of 
peroxides, produced physiologically in organisms and occurring 
in higher concentrations under some pathologic conditions, dif-
fuse into plasma. The level of total peroxide was measured and 
expressed as TOS in this study. 

Measurement of serum total antioxidant status (TAS)
Plasma total antioxidant status (TAS) levels were determined 

using a commercially available kit developed by Erel (REL assay 
diagnostics, Mega Tip, Gaziantep, Turkey) (7). In this method, 
hydroxyl radical, which is the most potent radical, is produced 
via Fenton reaction. In the classical Fenton reaction, the hydroxyl 
radical is produced by mixing of ferrous ion solution and hydrogen 
peroxide solution. In the most recently developed assay by Erel, the 
same reaction is used. In the assay, ferrous ion solution, which is 
present in the Reagent 1, is mixed with hydrogen peroxide, which 
is present in the Reagent 2. The sequentially produced radicals 
such as brown-colored dianisidinyl radical cation, produced by the 
hydroxyl radical, are also potent radicals. In this assay, antioxida-
tive effect of the sample against the potent free radical reactions, 
which is initiated by the produced hydroxyl radical, is measured. 
The assay has got excellent precision values, which are lower 
than 3 %. The results are expressed as mmol Trolox equivalent. 

Immunohistochemical method
All tissues were transferred immediately in to 10 % formal 

saline for 72 hours, dehydrated in graded alcohols and embedded 
in paraffi n wax. 4 μm sections were cut on a microtome (Leica 
SM 2000, Germany) and mounted on polylizine-coated sides 
(Menzel-Glaser, Braunschweig, Germany). Some part of tissue 
samples were stained with Masson-trichrome for the evaluation of 
ultrastructural changes and inducible nitric oxide synthase (iNOS) 
expression was evaluated in other part of the samples for immuno-
histochemical examination. After an overnight incubating at 37 °C 
and then for 1 h at 60 °C, slides were de-waxed by two chances of 
xylene (10 minutes each). The slides were then placed in 100 %, 96 
% and 80 % ethanol for 10 minutes each, followed by two 5 minutes 
changes of distilled water. Then tissues were circumscribed with a 
pap pen (Super PAP Pen, PN IM3580, Becman Coulter Company, 
France). After washing with distilled water and with phosphate 
buffer saline (PBS, pH = 7.4), endogenous enzymeswere blocked 
using hydrogen peroxide in 10 minutes. Following a PBS wash, 
slides were blocked using ready to use Ultra block (Cat: 859043, 

Group s
(n = 6)

Group I
(n = 6)

Group I/R 
(n = 6)

Grup I/R/I 
(n = 6)

P**

TOS (μmol H2O2 /L) 108.03 ± 75.65* 147.97 ± 32.78* 220.97 ± 22.85 168.89 ± 36.93* 0.027
TAS (mmolTroloxEquiv ) 13.36 ± 1.67* 16.27 ±3.80* 21.78 ± 2.47 14.52 ± 4.37* 0.019
P**: p < 0.05 is considered to be signifi cant using Kruskal−Wallis test, * p < 0.05 compared to the Group I/R

Tab. 1. TOS and TAS parameters of the study groups (mean ± SD).
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Lot: 903532A, Invitrogen, USA) in 10 minutes, prior to application 
of a 1:50 concentration of i-NOS (Cat: sc-651, Lot: H1308, Santa 
Cruz, USA) for 1 hour. Two PBS rinses preceded secondary anti-
body (Cat: 859043, Lot: 903532A, Invitrogen, USA) application 
by 10 minutes. After washing with PBS, slides were exposed to 
streptavidin peroxidase (Cat: 859043, Lot: 903532A, İnvitrogen, 
USA) for 10 min. Then AEC (3-Amino-9-EthylCarbazole, Lot: 
911667A, Invitrogen, USA) was used as chromogen. Afterwards, 
the slides were counterstained with Mayer’s haematoxylin. Slides 
were examined with Photo-light microscope (DCM4000 Image 
Analyze System, DFC280 Plus Camera and QWin Programme, 
Leica, Weetlar, Germany).

Statistical analyses
Statistical Package for the Social Sciences (SPSS, Chicago, IL, 

USA) 17.0 program was used for statistical analysis. Kolmogorov–
Smirnov test was used for the comparisons to determine the dis-
tribution of all variable groups. Variations in TOS and TAS levels 
were assessed by using KruskalWallis test. Bonferroni adjusted 

Mann-Whitney U test was used after signifi cant Kruskal-Wallis 
to determine which group differs from the other. Results were 
expressed as mean± standard deviation (mean ± SD). Statistical 
signifi cance was set at a p value < 0.05. 

Results

There was a statistically signifi cant difference among the 
groups when they were compared between themselves by means 
of TOS levels in lung tissue (p = 0.027). TOS levels were signifi -
cantly higher in Group I/R, when compared with groups S and I 
(p = .028, p = 0.016, respectively). TOS levels were found to be 
signifi cantly lower in group I/R/I, when compared with Group 
I/R (p = 0.048). 

A statistically signifi cant difference was found between the 
groups, when they were compared for TAS levels in lung tissue (p 
= 0.019). TAS levels were signifi cantly higher in Group I/R, when 
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Fig. 1. Lung tissue in Sham Group. TB − Terminal bronchiole, AS 
− Alveolar sac, Al − Alveol,  − Vessel (Masson-Trichrome X100).
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Fig. 2 A,B. INOS expression in lung tissue in Sham Group (). TB 
− Terminal bronchiole, AS − Alveolar sac, Al − Alveol,  − Vessel,  
− Cellular debris (Immunoperoxidase-Hematoxylin AX100,BX400).
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Fig. 3. Lung tissue in Group I/R. TB − Terminal bronchiole, AS − Al-
veolar sac, Al − Alveol,  − Vessel (Masson-TrichromeX100).
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Fig. 4 A,B. INOS expression in lung tissue in Group I/R (). TB − 
Terminal bronchiole, AS − Alveolar sac, Al − Alveol,  − Vessel,  
− Cellular debris,  − Lymphocyte infi ltration (Immunoperoxidase-
Hematoxylin AX100,BX400).
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compared with groups S, I (p = 0.014, p = 0.027, respectively). 
TAS levels were found to be signifi cantly lower in Group I/R/I, 
when compared with Group I/R (p = 0.032). Table 1 shows TOS 
and TAS parameters in study groups. 

The terminal bronchioles, respiratory bronchioles, alveolar 
ducts and sacs were structurally normal in tissue samples taken 
from the S group. Alveolar cells were in normal structure and no 
cell debris was found in the alveolar lumen. The structure of vas-
cular wall appeared to be normal and no oedema was detected. 
Immunohistochemical staining demonstrated weak cytoplasmic 
immunoreactivity for iNOS in vascular structures, apical cyto-
plasm of bronchial and bronchiolar epithelial cells and particularly 
in Type-I alveolar cells in this group (Figs 1, 2 A,B).

Diffuse lymphocyte infi ltration was detected by immunohis-
tochemical examination of lung tissues in Group I/R. The con-
nective tissue around bronchi, bronchioles and vessel walls was 
found to be increased. Signifi cant cellular debris was detected in 

the lumen of terminal bronchioles. A thickening in the alveolar 
wall and and an increase in the alveolar connective tissue were 
noted. A diffuse perivascular oedema was detected in the vascular 
wall. A signifi cant degeneration in tunica media and degenerative 
vacuolar structures in the surface of tunica intima facing the lumen 
were identifi ed. Immunohistochemical examination revealed a sig-
nifi cant increase in iNOS expression in this group when compared 
with the Sham group. The expression was found to be extremely 
strong in the vascular wall and endothelial cells (Figs 3, 4 A,B).

In Group I, although all lung tissue components were similar 
to those in S group, some cellular debris was detected in terminal 
bronchioles. Perivascular oedema and vascular dilatation were 
found in this group similar to Group I/R. Contrary to Group I/R, 
no lymphocyte infi ltration was detected in Group I. iNOS expres-
sion was also detected in all structures mentioned in the S group, 
particularly in the connective tissue and it was noted that immu-
noreactivity was stronger than that of the S group (Figs 5, 6 A,B).
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Fig. 5. Lung tissue in Group I. TB − Terminal bronchiole, AS − Alveo-
lar sac, Al − Alveol,  − Vessel,  − Lymphocyte infi ltration (Masson-
TrichromeX100).
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Fig. 6 A,B. INOS expression in lung tissue in Group I (). TB − Termi-
nal bronchiole, AS − Alveolar sac, Al − Alveol,  − Vessel,  − Cellular 
debris (Immunoperoxidase-Hematoxylin AX100,BX400).
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Fig. 7. Lung tissue in Group I/R/I. TB − Terminal bronchiole, AS − Al-
veolar sac, Al − Alveol,  − Vessel (Masson-TrichromeX100).
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Fig. 8 A,B. INOS expression in lung tissue in Group I/R/I (), TB − 
Terminal bronchiole, AS − Alveolar sac, Al − Alveol,  − Vessel,  
−: Cellular debris,  − BALT (Bronchus associated lymphoid tissue) 
(Immunoperoxidase-Hematoxylin AX100,BX400).
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Generally, the examination of tissue samples revealed simi-
lar fi ndings with the S group, minimal local lymphocyte infi ltra-
tion was detected in immunohistochemical examination of lung 
tissues in Group I/R/I. Local cellular debris was observed in 
some terminal bronchioles and immunohistochemical examina-
tion revealed a decreased iNOS expresion compared to Group 
I/R (Figs 7, 8 A,B).

Discussion
Remote organ damage caused by I/R of the lower limb targets 

the lungs, a fact which is of major importance. I/R of the lower 
limb leads to pulmonary edema by means of pulmonary vasocon-
striction, pulmonary hypertension and a rise in alveolar membrane 
permeability (8). 

Temporary aortic cross-clamping is accompanied by I/R injury 
and a systemic infl ammatory response syndrome that can lead to 
non-cardiogenic pulmonary oedema, or acute respiratory distress 
syndrome in abdominal aortic surgery (8, 9). Various drugs have 
been reported to reduce I/R/I during aortic cross clamping (10, 11).

In the development of lung injury, the excessive generation 
of reactive oxygen radicals, polymorphonuclear sequestration in 
pulmonary microvasculature, increased endothelial permeability 
and interstitial edema have been suggested (12). Restoration of the 
blood supply to the ischemic tissue results in generation of reactive 
oxygen species (ROS). Excessive production of ROS causes lipid 
peroxidation in cell membranes and oxidative damage to DNA and 
proteins (13). A number of agents, such as N-acetylcystein, calcium 
dobesilate, aprotinin, erdosteine or magnesium sulfate have been 
proposed to be useful against lung injury induced by I/R (14−18).

The neuroprotective effect of iloprost, a stable prostacyclin 
analog, has received attention and has been used in some experi-
mental studies. Iloprost mimics the pharmacodynamic properties 
of prostacyclin, such as the inhibition of platelet aggregation, va-
sodilatation and cytoprotection (19). Pretreatment with iloprost 
decreases pulmonary injury after ischemia (20, 21).

In two publications a reversible and dose-related inhibition of 
the O2 •− production (by neutrophils) was demonstrated in animal 
models of ischemic myocardium damage in the presence of I (22, 
23). In addition, I has proven to signifi cantly decrease malondi-
aldehyde (MDA) in animal models of abdominal aortic I/R (24) 
and induced liver peroxidation (25) and to reduce H2O2- induced 
pathological glaucomatous changes in cultured cells (26). 

Iloprost activity in preserving scavenging system has also 
been reported to positively affect heart transplantation in an ani-
mal model when added to cardioplegic solutions (27). Similarly, 
pretreatment of isolated hearts with iloprost improved myocardial 
and SOD levels in I/R injury (28).

Therefore, through suppression of nitric oxide expression and 
subsequent ROS accumulation, Iloprost would directly reduce OS 
related tissue damage and profi brotic intracellular signalling (4).

Acute ischemia of the lower extremities results in a signifi -
cant increase in nitric oxide (NO) production from the. NO is a 
signifi cant determinant of lung injury process induced by lower 
limb I/R. NO can react with other free radicals such as superoxide 
anion to generate molecules such as peroxynitrite that enhances its 

cytotoxicity and it is reported to inhibit the aggregation, adhesion 
and secretory response of polymorphonuclear leukocytes (29). 
Endothelial cells activate the genes increasing endothelial nitric 
oxide synthase that catalyses the production of NO and increased 
NO levels may contribute to attenuation of I/R injury(30).

In this study, we also used a novel measurement method to 
evaluate the extent of oxidative stress in rat lungs after skeletal 
muscle I/R. This provides a useful method for the rapid evaluation 
of the TAS and TOS, which are valuable parameters in conditions 
involving oxidative stress. TOS indicates the total oxidative prod-
ucts in tissue. Oxidative products such as ROS, reactive nitrogen 
species, hydrochloric acid, MDA, and lipid peroxides constitute 
TOS (6). In our study, TOS levels signifi cantly increased after 
aortic I/R. We also found that I/R plus I signifi cantly reduced the 
levels of TOS. TAS levels signifi cantly increased in Group I/R/I. 
Our fi ndings are consistent with previous papers reporting the 
antioxidant effects of I on animal models of remote organ injury 
induced by aortic I/R (20−24). The mechanism of protective ef-
fect of I against lung injury can not be explained by its antioxida-
tive effect only, since I/R injury is a complex process. We have 
hypothesized that it may also have an antioxidative effect on lung 
injury to some extent. Our fi ndings need to be supported by further 
studies evaluating different oxidative parameters. 

In this study, we aimed to reveal the increasing expression 
of iNOS in parallel with endothelial injury in lungs using an im-
munohistochemical methods. Our fi ndings were consistent with 
the results of biochemical analyses. We observed no immunohis-
tochemical activity in the S group, while a strong staining reveal-
ing an increased immunoreactivity was detected in tissue samples 
taken from Group I/R and a signifi cantly weaker staining was ob-
served in samples in Group I/R/I. 

Conclusion

Immunohistochemical and biochemical fi ndings of this study 
demonstrate that administration of iloprost may have protective 
effects against lung injury induced by lower extremity I/R injury 
and encourage us to investigate this agent in different dosage strate-
gies with alternate administration protocols. Further studies evalu-
ating histological and other biochemical parameters are required 
to confi rm our fi ndings and to elucidate the exact mechanisms of 
action before clinical use.
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