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Abstract
Objective: In ischemia-reperfusion, Iloprost decreases
neutrophil activation and aggregation besides inhibi-
tion of oxygen-free radical production. Pentoxifylline
(Ptx) attenuates reperfusion-associated membrane in-
jury and tissue edema, suppresses leukocyte adhesion
and improves hindlimb blood flow during the reperfu-
sion period. The primary hypothesis in this study was
that Iloprost could present better protection than pen-
toxyfillin on renal ischemia-reperfusion in rabbit 
model.
Materials and Methods: Forty rabbits were grouped
into four. Iloprost was continuously infused starting
half an hour before the reperfusion after 2 hours is-
chemia and during the 4 hours reperfusion period in
Group 1 whereas the Group 2 was treated with pen-
toxyfillin. Group 3 was the control group which didn’t
receive any medication. Forth group was sham group.
Renal tissues were histologically and biochemically
evaluated.
Results: The histologic scores were obtained according
to presence of tubuler necrosis and atrophy, regenera-
tive atypia, hydropic degeneration (Group 1 vs Group
3; p<0.001, Group 2 vs Group 3; p = 0.001, Group 1
vs Group 2; p = 0.331). Malondialdehyde levels of the
medicated groups were 109 ± 11 nmol/gr tissue in
Group 1, 119 ± 15 nmol / gr tissue in Group 2 and
132 ± 14 nmol / gr tissue in Group 3 (Group 1 vs
Group 2; p = 0.130, Group 1 vs Group 3, p = 0.002,
Group 2 vs Group 3; p = 0.045). Malondialdehyde lev-
els and histologic scores of all of the groups were sig-
nificantly different from the sham group.
Conclusion: Iloprost and pentoxyfillin reduced renal is-
chemia-reperfusion injury in rabbit model. There was
not a significant difference between these two medica-
tions. 

Key words: Iloprost; pentoxyfillin; ischemia-reperfu-
sion injury; rabbit kidney

INTRODUCTION

There are limited numbers of reports concerning the
effects of Pentoxifyllin (Ptx) and iloprost (IL), a stable
prostacyclin analog on ischemia-reperfusion injury.
The effects of these agents on ischemia-reperfusion
injury have been studied on the skeletal muscles, liver,

myocardium and spinal cord. IL was shown to de-
crease neutrophil activation and aggregation besides
inhibition of oxygen-free radical production and re-
lease of lysosomal enzymes [1, 2]. Pentoxifylline (Ptx)
was also proven to attenuate reperfusion-associated
membrane injury and tissue edema, to suppress leuko-
cyte adhesion and to improve hindlimb blood flow
during the reperfusion period [3]. It was also reported
to improve ischemia-reperfusion injury by attenuating
neutrophil sequestration, production of reactive oxy-
gen species, and platelet activation [4].

These two agents were studied separately in differ-
ent studies. In this experimental study, we investigated
the effect of IL and Ptx on renal ischemia-reperfusion
injury in a rabbit model. The primary hypothesis was
that IL could present a better protection than Ptx on
histopathologic and biochemical basis.

MATERIALS AND METHODS

Forty New Zealand white rabbits of either sex weigh-
ing 2–2.5 kg were included into the study. The rabbits
were groupped into four in a way that 10 rabbits were
in each group. Animals in Group 1 were treated with
IL during the last 30 minutes of ischemia and during
the reperfusion period after the ischemic period. Ani-
mals in Group 2 were treated with Ptx during this pe-
riod. Group 3 was the control group which was not
medicated during this period. The forth group was the
sham group. The experiment was done according to
the ethics of Pamukkale University Medical School,
Denizli, Turkey. The study was funded by the authors.

ANIMAL PREPARATION

The superficial ear veins of the rabbits were cannulat-
ed for venous line. The rabbits were sedatized by intra-
venous ketamine injection with a dose of 30/kg, and
anesthesized by intraperitoneal pentobarbital sodium
(50mg/kg), followed by intraperitoneal supplements
(15mg/kg) as required. The room temperature was
kept between 28-30 °C. After midline laparotromy and
Heparin (400 U/kg) administration, and the left renal
artery was explored and was occluded by an atraumatic
bulldog clamp. The midline laparatomy incisions were
closed by separate sutures thereafter. Two hours of is-
chemia was aimed for ischemic period. The animals in
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Group 1 received continuous intravenous infusion of
IL with a dose of 2 ng/kg/min half an hour before the
reperfusion. The medications were started half an
hour before the reperfusion in order that they would
be present in the blood starting from the reperfusion
period. The animals in Group 2 received intravenous
bolus of Ptx with a dose of 30 mg/kg half an hour be-
fore the reperfusion, followed by continuous infusion
at a rate of 0.1 mg/kg/min, throughout the rest of the
ischemic period [3, 5]. Selected IL dose was the maxi-
mal dose for the human which was written in the
prospectus of the drug. Control animals received only
normal saline solution. After 2 hour ischemia, the
clamps on the left renal arteries were removed and a 4-
hour reperfusion was started. The animals in Group 1
and 2 received IL and Ptx infusions and the animals in
Group 3 received saline solution infusion during the
reperfusion period. After 4 hours reperfusion, left
nephrectomy was done and renal biopsies were taken
from the cortex of the kidneys for microscopic and
biochemical evaluation. Renal tissue materials were
taken from the sham group for histologic and bio-
chemical evaluation.

MICROSCOPIC EVALUATION OF ISCHEMIC INJURY

Portions of the fixed renal biopsy materials were ex-
amined microscopically (Nikon model Eclipse
E600W)). The specimens were fixed in 10% formalin.
Paraffin blocks were cut at 5 µm and stained with
hematoxylin-eosin. Microscopic renal injury was con-
sidered in the presence of tubuler necrosis and atro-
phy, regenerative atypia, hydropic degeneration, inter-
stitial fibrosis, loss of supranuclear cytoplasms and
brush border disappearance. Renal injury was scored
semiquantatively according to these characteristics as;

grade 0 as normal, grade 1 as mild (focal), grade 2 as
moderate (multifocal) and grade 3 as severe (diffuse)
pathologic changes (Table 1) by the same pathologist,
who was blinded to the study [6]. 

TISSUE MDA ANALYSIS

Lipid Peroxidation Measurement was measured form
the renal cortical malondialdehyde (MDA) content as
Uchiama described [7]. Renal cortical tissues were ho-
mogenized by using Ultra-Turrax T25 homogenisator
in 1.15 % ice cold potassium chloride soluıtion con-
taining 50 ml/L of Triton X-100.  A 0.5mL ho-
mogenate was mixed with 3mL of 1% phosphoric acid
and 1mL of 0.6% thiobarbituric acid. The mixture was
heated on boiling water for 45 minutes. After addition
of 4mL of n-butanol, the contents were centrifuged at
4000 gyration per minute for 10 min. The upper or-
ganic layer absorbance was measured at 532 nm spec-
trophotometrically. The tissue MDA levels were ex-
pressed as nmoles per gram renal tissue. 

STATISTICAL ANALYSIS

Statistical analysis was done with SPSS 10.0 statistical
software program (SPSS Inc, Chicago, IL). Continuous
variables were expressed as the mean ± 1 SD. Differ-
ences between the experimental and control groups
were analyzed for their statistical significance by use of
the two-tailed Student t test. The p values less than
0.05 were considered to be statistically significant.

RESULTS

Histologic evidence of reperfusion injury was the pres-
ence of tubuler necrosis and atrophy, regenerative
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Table 1. Histopathological scoring.

Histopathologic Score
0 1 2 3

Tubular necrosis Absent Focal Multifocal Diffuse
Tubular atrophy Absent <25% 25-50% >50%
Regenerative atypia Absent Focal Multifocal Diffuse
Hydrophic degeneration/vacuolisation Absent Focal Multifocal Diffuse
Interstitial fibrosis Absent Focal Multifocal Diffuse
Brush border disappearance Absent Focal Multifocal Diffuse

Table 2. Histopathologic scores of the groups.

Grade 0 Grade 1 Grade 2 Grade 3 Mean Score
nmol/gr tissue

Group 1 (n = 10) 2 8 0.80 ± 0.42
Group 2 (n = 10) 1 8 1 1.00 ± 0.47
Group 3 (n = 10) 2 6 2 2.00 ± 0.66
Group 4 (n = 10) 9 1 0.10 ± 0.31

p = 0.331; Group 1vs Group 2;    p< 0.001; Group 1 vs Group 3;    p = 0.001; Group 2 vs Group 3;    p = 0.001; Group 1 vs
Group 4;    p< 0.001; Group 2 vs Group 4;    p< 0.001; Group 3 vs Group 4



atypia, hydropic degeneration, interstitial fibrosis, loss
of supranuclear cytoplasms and brush border disap-
pearance. The mean histopathologic scores of Group
1 and Group 2 were significantly lower than the con-
trol group. (Group 1 vs Group 3; p<0.001, Group 2 vs
Group 3; p = 0.001, Group 1 vs Group 2; p = 0.331).
There was no significant difference between IL and
Ptx groups (p = 0.331; NS) (Table 2). Figure 1
demostrates a normal renal histology whereas Figures
2, 3 and 4 demostrate abnormal renal morphologies. 

The MDA levels of the medicated groups were sig-
nificantly lower than the levels of the control group.
Mean MDA levels were 109 ± 11 nmol/gr tissue in
Group 1, 119 ± 15 nmol / gr tissue in Group 2 and
132 ± 14 nmol / gr tissue in Group 3 (Group 1 vs
Group 2; p = 0.130, Group 1 vs Group 3, p = 0.002,
Group 2 vs Group 3; p = 0.045).

Mean MDA level was 33 ± 7 nmol/gr tissue in
Group 4 (Group 1 vs Group 4; p<0.001, Group 2 vs
Group 4; p<0.001, Group 3 vs Group 4; p<0.001).
This showed that the ischemia reperfusion model was
well formed in the animals. 

DISCUSSION

The results did not confirm the primary hypothesis
that IL showed a better protection than Ptx..However,
it was proven that Ptx and IL significantly reduced the
ischemia-reperfusion injury on the light microscopic
basis. It can be said that Ptx and IL significantly im-
proved the ischemia-reperfusion injury in the renal
tubules. 

There are few reports concerning the effects of IL
and Ptx on skeletal muscle ischemia-reperfusion injury.
IL functions as a membrane stabilizator and decreases
myocardial enzyme release. It inhibits neutrophil func-
tions which are potential mediators of ischemia-reper-
fusion injury. Neutrophils may cause local injury by
formation of oxygen derived free radicals and release
of lysosomal enzymes. Neutrophil infiltration and acti-
vation, intracytosol calcium influx, complement activa-
tion, and generation of oxygen-free radicals are associ-
ated with reperfusion syndrome [8]. IL also decreases
white blood cell aggregation and adhesion to vascular
endothelium, superoxide radical production from
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Fig. 1. Normal renal tubules. Supranuclear cytoplasms in the tubuler epithelial cells are seen to be normal. (H&E, x400).

Fig. 2. Severe, diffuse tubuler necrosis, brush border dissappearance (H&E, x200).

Fig. 3. Severe, diffuse tubuler necrosis, congestion in the interstitium (H&E, x100).

Fig. 4. Moderate multifocal loss of supranuclear cytoplasm in the tubule cells. (H&E, x400).



stimulated canine and human neutrophils, and free
radical formation in myocardium subjected to is-
chemia-reperfusion injury [9]. IL has been shown to
protect myocardium [2, 10], skeletal muscles [3, 8, 9],
lungs [11], spinal cord [12, 13] in ischemia-reperfusion
models. IL is cytoprotective on 60-min warm is-
chemia-reperfusion injury of rat kidneys [14]. Our
study also revealed that IL protected the kidneys
against ischemia-reperfusion.

Ptx pretreatment was shown to prevent renal cell
injuries. This effect was suggested to be due to the
prevention apoptosis [15]. PTX inhibits generation of
leukocyte-derived reactive oxygen species in exercise
[16]. Ptx was suggested to prevent hypoxia-related
changes in renal function of transplanted kidneys. This
was concluded to be due to stimulation of renal
prostaglandin synthesis, as well as interaction at the
level of the adenosine receptors [17]. The data of the
current study also supported this suggestion because
both Ptx and IL protected renal cells against ischemia-
reperfusion. In another study, Ptx was suggested to ex-
ert a protective effect against ischemic acute renal fail-
ure by inhibiting the production of tumor necrosis fac-
tor-alpha.in rabbits [3].

MDA is an indicator for lipid peroxidation which is
trigerred by free oygen radicals. MDA is liberated as an
end product from hydroxyperoxide distruction. For
this reason, it has been used as an indicator of lipid
peroxidation due to ischemia-reperfusion injury [18-
21]. Free oxygen radicals have been shown to be
formed in the first few minutes when tissues were
reperfused [22]. Lipid peroxidation reaches to a peak
four hours after reperfusion. Leucocyte accumulation
occurs a few hours after the beginning of ischemia
[23]. MDA is formed as an end product of conjugated
diens and hydroxyperoxides which is trigerred by free
oxygen radicals, and it was used as an indicator of is-
chemia-reperfusion injury MDA [24-26]‚. Therefore,
2-hour ischemia and 4-hour reperfusion seems to be
sufficient for the histologic and biochemical analysis.
Lower MDA levels in the recent study demonstrated
that lipid peroxidation was avoided in the the IL and
Ptx treated groups. There was not a significant differ-
ence between the IL and Ptx treated groups concern-
ing lipid peroxidation. 

In the present study, we evaluated the ischemia-
reperfusion injury on histologic and lipid peroxidation
basis. IL and Ptx were proven to reduce ischemia-
reperfusion injury in rabbit kidneys microscopically
and biochemically. The use of a model of unilateral is-
chemia does not allow functional assessment so we
can only speculate whether the observed protective ef-
fect at the tissue level also could translate into preser-
vation of renal function after ischemia. Therefore,
conclusion on protective effects of IL and Ptx renal is-
chemia-reperfusion injury needs further comprehen-
sive studies.
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