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Abstract Previous experimental studies have suggested
that administration of antithrombotic, antioxidant, and
cytoprotective agents have protective effects in caustic
injury of the esophagus. Therefore, an experimental
study was carried out to investigate the effects of ilo-
prost, a stable analogue of prostacyclin, on the esoph-
agus after caustic burns. Sixty Wistar albino rats were
divided into three groups of 20 animals each. In group
A, animals were uninjured and untreated. In group B,
animals were injured but untreated. In group C, rats
were injured and administered intravenous iloprost for
3 days. Caustic esophageal burn was produced by 1 ml
of 15% NaOH. Efficacy of the treatment was assessed by
measuring the tissue malondialdehyde (MDA), super-
oxide dismutase, and glutathione levels with biochemical
methods on the 3rd postoperative day. Histopathologi-
cal evaluation was done on the 28th postoperative day.
The level of MDA was significantly increased in group B
compared with the other groups. In group B, the his-
topathological damage score was significantly higher
than in groups A and C. There was also a significant
difference between groups A and C regarding the his-
topathologic damage. These results indicate that iloprost
has a preventive effect in experimental caustic esopha-
geal burn in rats.
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Introduction

The esophagus is an organ that poorly tolerates injury.
The most common cause of esophageal injury is foreign
body ingestion, including coins, jacks, balls, and caustic
agents [17, 26]. Caustic agents resulting in esophageal
burn have specific importance regarding complications.
In particular, alkaline agents are responsible for some of
the most serious sequelae of caustic ingestion, with a
reported stricture incidence of 12–35% [1, 3, 14, 15].

When a corrosive agent has been ingested, the pres-
ence or absence of an esophageal burn must be estab-
lished immediately, and if such a burn is diagnosed, the
aim is to prevent stricture formation [5, 13, 22, 29].
Various treatment protocols have been suggested. The
combined use of steroids, antibiotics, and early bougie-
nage is the most common protocol currently used [6, 22,
29]. However, the stricture ratios were still high in the
reported series [1, 15, 17, 23]. This reality has popular-
ized research on new modalities for preventing stricture
formation in the esophagus after burns. However, even
though most of the agents (heparin, pentoxifylline,
estradiol, antioxidants, and epidermal growth factor)
have been experimentally shown to be beneficial in
preventing esophageal strictures, they have not gained
clinical application, possibly because of inconsistencies
arising from the requirement for systemic administration
of these drugs; also, some of them have not been found
suitable for human use to date [3, 8, 13, 18, 23, 25, 29].

Iloprost is an analogue of prostacyclin and is known
to be valuable for therapeutic purposes in various
pathologies. Herein we report our study of the thera-
peutic effects of iloprost for preventing esophageal
strictures in a rat alkaline esophageal injury model.

Materials and methods

Sixty Wistar albino rats weighing 200–280 g were ran-
domly allocated into three main groups of 20 animals
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M. Özden Æ H. Maral
Department of Biochemistry,
Medical School of Kocaeli University, Kocaeli, Turkey
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each. In group A (sham), the esophagus was uninjured
and untreated. In group B (control), the esophagus was
injured and untreated. In group C (study group), the
esophagus was injured and treated with intravenous
iloprost (Schering, Berlin) 1.0 lg/kg immediately after
the burn and for three consecutive days. In group A,
distal esophageal segments were instilled with 0.09%
NaCl solution only. All three groups were divided into
two subgroups of 10 animals each for evaluation on the
3rd or 28th days of the study.

The animals were fed standard feedings and water
ad libitum and were fasted for 12 h before the pro-
cedures. Each rat was anesthetized using intramuscular
ketamine HCl 50 mg/kg. The method described by
Gehanno and Guedon [11] was used to create stan-
dard caustic esophageal burns. Using sterile surgical
techniques, a midline laparotomy was made. In groups
B and C, 2 cm of abdominal esophageal segment was
isolated and tied with 2/0 chromic sutures distally and
proximally. A 24-French cannula was placed into the
isolated segment through a gastric puncture. The
esophageal injury was created by instilling 1 ml of
15% NaOH solution for 3 min. After this, the distal
segment was rinsed with distilled water for 1 min. The
laparotomy incision was closed with 3/0 silk sutures.
Ten milliliters of saline was administered subcutane-
ously in each animal, and the animal was not allowed
to feed for the next 24 h. All animals were kept in
identical cages that provided food and water during
the study period.

Efficacy of treatment was assessed by biochemical
methods in a 3-day subgroup and by histopathological
methods in a 28-day subgroup. Ten animals from each
group were killed 3 days after initiation of the study,
and 2 cm of abdominal esophagus was studied for tissue
levels of malondialdehyde (MDA), using the method of
Buege and Aust [4]; superoxide dismutase (SOD), using
the method of Sun et al. [28]; and glutathione (GSH),
using the method of Lowry et al. [21].

In the 28-day animals, the esophageal burn segment
was removed and fixed in 10% formaldehyde and
embedded in paraffin. Then 5-lm sections were stained
with hematoxylin-eosin and Masson’s trichrome con-
nective tissue dye. Esophageal wall thickness and lumi-
nal diameters were assessed by examination with a
millimetric ocular microscope. A stenosis index (SI; wall
thickness/lumen diameter) was calculated for each ani-
mal. Esophageal collagen deposition was evaluated
semiquantitatively and scored as shown in Table 1.

Statistical analyses

The levels of tissue MDA, SOD, and GSH were
computed as mean ± SD, and the significance of
observed differences between groups were evaluated by
Student’s t-test. Stenosis indices and histopathological
scores were compared by Mann–Whitney U-test be-
tween the groups.

Results

Biochemical analyses

The MDA levels in esophageal tissue were significantly
higher in group B (355.97±141.2) than in groups A
(94.33±25.41) and C (114.59±41.47), but there was no
statically significant difference between groups A and C
(Table 2). The levels of GSH and SOD in esophageal
tissue in group B was significantly lower compared with
the other two groups. But there was no significant dif-
ference between groups A and C (Table 2).

Histopathological evaluation

There was no collagen deposition in group A, and there
was significantly more collagen deposition in the sub-
mocosa and tunica muscularis in group B than in group
C (Figs. 1, 2). Wall thickness in group A was signifi-
cantly lower compared with groups B and C. We also
found a significant difference between groups B and C
(p<0.007). The mean SIs were higher in group B than in
groups A and C (Table 3). The statistically significant
differences between groups were as follows; group A
(sham): 0.29±0.96, group B (control): 0.89±0.21, and
group C (iloprost): 0.59±0.21.

Discussion

The results of the present study show that administering
iloprost to rats for 3 days resulted in less collagen

Table 1 Scale used for histopathologic evaluation of each specimen

Criteria Score

Increase in submucosal collagen
None 0
Mild (submucosal collagen at least
twice the thickness of the muscularis mucosa)

1+

Marked (submucosal collagen more than twice
the thickness of the muscularis mucosa)

2+

Damage to the muscularis mucosa
None 0
Present 1+
Damage and collagen deposition in tunica muscularis
None 0
Mild (collagen deposition around
the smooth muscle fibers)

1+

Marked (same as mild, with collagen deposition
replacing some fibers)

2+

Table 2 Biochemical parameters on day 3 of the study (MDA
malondialdehyde, SOD superoxide dismutase, GSH glutathione)

Group A Group B Group C

MDA (nmol/g) 94.33±25.41 355.97±141.2a 114.59±41.47b

SOD (U/mg) 13.02±7.95 6.58±3.01a 11.75±2.99b

GSH (nmol/mg) 10.47±2.14 4.46±4.45a 9.61±4.45b

ap<0.001 compared with group A
bp<0.002 compared with group B
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deposition in the submucosa and less damage to the
esophageal wall after alkaline caustic injury of this or-
gan. It is well known that alkaline caustic agents asso-
ciated with significant stricture formation induce
liquefaction necrosis that allows penetration to deep
muscular layers of the esophagus [3, 5, 25, 26].

In liquefaction necrosis, fats and proteins become
saponified, and thrombosis in blood vessels occurs,
leading to further cellular necrosis and degeneration [5,
12, 26, 30]. Therefore, thrombosis of submucosal vessels
giving rise to local areas of mucosal gangrene is one of
the most striking pathological consequences occurring in
alkaline caustic burns [3, 5, 10, 13]. So it is obvious that

efficient esophageal microcirculation and inhibition of
thrombocyte aggregation play an important role in
defending the mucosa in burn injury and from further
complications such as strictures [1, 3, 6, 9]. Iloprost is a
prostacyclin analogue. Its main effects include inhibition
of thrombocyte aggregation and vasodilation [7, 9].
Additionally, prostacyclin has been known to be a po-
tential mediator of esophageal and gastric blood flow [2,
20]. Thus, these effects of iloprost may increase the
mucosal blood flow in the esophagus, which is crucial
for preventing mucosal gangrene in alkaline esophageal
caustic injuries.

Mucosal gangrene is not the only factor responsible
for strictures. The inflammatory response in burned tis-
sue is another important factor that causes subsequent
complications. Lehmann et al. [19] have shown that ilo-
prost has preserving influences on endotoxin-induced
intestinal injury in rats. The observed beneficial effects
have been explained by the effects of reduction of leu-
kocyte adherence in the circulation and inhibition of pro-
inflammatory cytokines (TNF-a and IL-6) [7, 16, 19]. Our
study has also confirmed that iloprost may be experi-
mentally beneficial in preventing caustic esophageal in-
jury sequelae with inhibition of leukocyte activation.

Günel et al. [13] have shown that tissue oxygen rad-
ical levels are significantly increased 72 h after caustic
injury, and reactive oxygen radicals may play an
important role in the early phase of caustic esophageal
burns by increasing tissue damage [10, 13, 31]. Thus,
using an oxygen-radical scavenger or antioxidative
agents at an earlier stage should prevent fibroplasias and
stricture formation during the healing of corrosive
esophageal injury [13]. The results of the present study
have shown that administering iloprost for 3 days to rats
after caustic injury caused significantly decreased MDA
levels and increased GSH and SOD levels in esophageal
tissue compared with untreated rats. Particularly, the
finding that MDA levels were lower in the iloprost group
reveals the antioxidant effect of iloprost. Many other
researchers have also shown the beneficial effects of
prostacyclin in ischemia/reperfusion injury [16, 19, 20].

Previous experimental studies have suggested that
administration of antithrombotic, antioxidant, and cy-
toprotective agents such as heparin, pentoxifylline,
mitomycin, and vitamin E have protective effects in the
early phase of burn injury [13, 18, 24, 27]. Our study also
showed that administration of iloprost gave rise to a
lower inflammatory response and less esophageal dam-
age, which are very important considerations for the
sequelae of alkaline burns in esophageal injury, with
iloprost’s effects of vasodilation and inhibition of

Fig. 1 Histology of transverse esophageal section of an untreated
control group rat on day 28. Note the severe narrowing in the
lumen and the collagen thickening in the esophageal wall

Fig. 2 Esophageal section of a rat treated with iloprost. Note the
mild narrowing with minimally thickened esophageal wall

Table 3 Results of
histopathological evaluation
done on day 28

ap<0.05, significant when
compared with group A
bp0.05, significant when com-
pared with group C

Groups
(N:10)

Increase in
submucosal collagen

Muscularis mucosal
damage

Tunica muscularis
damage

Stenosis
index

Group A 0 0 0 0.29±0.96
Group B 1.42±0.47a,b 1.07±0.13a,b 1.88±0.62a,b 0.89±0.21a,b

Group C 1.05±0.17a 0.747±0.24a 1.04±0.16a 0.59±0.32a
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thrombocyte aggregation and its cytoprotective and
antioxidant properties.

In conclusion, iloprost exerts a protective effect on
esophageal caustic burns. Therefore, iloprost could also
have a protective action in esophageal caustic injury.
However, its use is limited in children. We believe that
additional research is required to investigate its effects in
ameliorating established esophageal strictures and to
constitute a safe protocol for its use in caustic esopha-
geal injuries.
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