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ABSTRACT

BACKGROUND: Intestinal ischemia-reperfusion (I/R) injury can lead to multiple organ failure and death. The aim of this study was
to investigate the effects of pentoxifylline and iloprost administered before reperfusion in intestinal ischemia.

METHODS: In total, 25 male Wistar Albino rats weighing 250-300 g were divided into five groups each comprising five subjects:
control group (n=5), sham group (n=5, no I/R), I/R group (n=5, 45 min ischemia, and 120 min reperfusion), I/R + pentoxifylline group
(n=5, 45 min ischemia following intraperitoneal 50 mg/kg pentoxifylline and 120 min reperfusion), and I/R + iloprast group (n=5, 45 min
ischemia followed by intraperitoneal 2 mcg /kg iloprost and 120 min reperfusion). At the end of the experiment, ileum specimens were
stained using hematoxylin-eosin and histopathologically evaluated using the Chiu score. Isometric contraction—relaxation responses
were recorded using organ baths for contraction—relaxation responses.

RESULTS: Pentoxifylline provided a significant improvement in response to histopathological and contraction—relaxation responses.
Although iloprost provided recovery in reperfusion injury, it was not statistically significant.

CONCLUSION: Our findings demonstrate that pentoxifylline may be promising in preventing small bowel ischemia-reperfusion
injury. We concluded that further clinical and experimental studies for iloprost are needed.
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INTRODUCTION

Acute mesenteric ischemia (AMI) is a fatal vascular pathology
with mortality ranging from 50% to 80%.!'1 Small intestinal
ischemia occurs due to intravascular reasons such as arte-
rial thrombosis, embolism, Henoch-Schonlein purpura, dis-
seminated intravascular coagulation or external pressure on
vessels, including volvulus, invagination, incarcerated inguinal

hernia, tumor and fibrotic band.” Delayed diagnosis, comor-
bidities, and ischemia-reperfusion (I/R) are associated with
poor prognosis.B! Long periods of ischemia result in cellular
damage and death. Reperfusion leads to the release of free
oxygen radicals that accelerate tissues deteriotion This is
known as reperfusion injury.l'l Therefore, it is critical reduce
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the duration of ischemia with early diagnosis and appropriate
treatment methods and reduce the damage that occurs dur-
ing the reperfusion period to minimum.**!

Both pentoxifylline (PTX) and iloprost have been used in pe-
ripheral vascular diseases for many years, and the results are
satisfactory.l**!

PTX has varying effects on providing cell membrane fluidity,
immunomodulation, stimulation of fibrinolysis, anticoagula-
tion, and fibroblast physiology.l*¢! Some studies have shown
that PTX therapy reduces cardiac output, improves liver per-
fusion and intestinal blood flow after bleeding and post-re-
suscitation, and has an important effect in improving ischemic
conditions in colon anastomoses.’-"! Additionally, it has been
reported to reduce oxidative stress and inflammatory indices
by suppressing the production of tumor necrosis factor-a. and
interleukins (IL-1, IL-6, and IL-10).l'@

lloprost is frequently used in the treatment of diabetic foot,
pulmonary arterial hypertension and peripheral vascular dis-
ease, such as Burger’s disease.!'! It is a potent vasodilator and
a member of the prostacyclin analog group, which has anti-
platelet, anti-proliferative and anti-inflammatory properties.
It can alter the endothelial prostaglandine 12/ thromboxane
A2 (PGL/TXA,) ratio in favor of prostacyclin.['Z

lloprost is currently being used in patients with peripheral
vascular disease, especially those with chronic ischemic chest
pain. It acts by increasing nitric oxide synthase in the vascular
tissue. It is believed that this pathway may be effective in I/R
injury in the intestine.l'! Therefore, iloprost application was
planned in this study.

In this study, we aimed to evaluate the effects of PTX and
iloprost in an I/R model of the mesenteric artery of rats. We
evaluated the contraction - relaxation responses and patho-
logical specimens in the small intestine segments.

MATERIALS AND METHODS

This experimental study was conducted between Septem-
ber 2016—November 2016 in the Cumhuriyet University
experimental animal laboratory. The study protocol was
approved by the Local Ethics Committee (Date/number:
04,08,2016/050-04-04-78).

A total of 25 Wistar Albino male rats weighing 250-300 g
were used in this study. The rats were kept in wire cages
in a 12 h light/dark cycle at room temperature and fed with
standard rat diet and water. They were allowed to drink only
water for |2 h before surgery. The rats were, then, randomly
divided into five groups as follows: control, sham, I/R, I/R
treated with 50 mg/kg PTX administered intraperitoneally
(Trental®; Sanofi Aventis Pharma, Istanbul, Turkey) (/R +
PXT) and I/R treated with 20 pg/mL iloprost administered in-
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traperitoneally (llomedin®, 20 pg/mL, Bayer Schering Pharma;
Bayer Turk Kimya San. Ltd. Sti, Umraniye, Istanbul, Turkey)
(I/R + ILP). No death was observed during the study.

Rats were anesthetized by subcutaneous injection of ketamine
(90 mg/kg; Ketalar®; Parke-Davis, Istanbul, Turkey) and xylazine
(3 mg/kg Rompun®; Bayer, Istanbul, Turkey). After anesthesia
was induced, laparotomy was performed with an abdominal
midline incision. The intestines were moved to the body sur-
face, and the superior mesenteric artery (SMA) was dissected
after cutting the Treitz ligament. Following laparotomy, ileum
resection was performed in the control group. The rats in the
sham group were monitored until the end of the experiment
after the demonstration of SMA. A 45-min ischemia was es-
tablished with the compression of the SMA from the exit site
of the aorta by an atraumatic microvascular clamp in the I/R
groups. Adequate occlusion was confirmed by the absence of
pulsation in the mesenteric vessels and paleness. The clamp
was removed at the end of 45 min and reperfusion was pro-
vided for 120 min. During the waiting periods, the abdomen
was closed using wet and sterile tampons. lleum resection was
performed for pathological examination and isometric contrac-
tion responses in the test animals. At the end of the study, the
rats were euthanized using a high dose of pentothal sodium.

The tissues of ileum were fixed at 10% buffered formalde-
hyde, and sections with a thickness of 5 um were obtained.
The sections were, then, stained using Hematoxylin & Eosin
and were examined under a light microscope (Olympus BX-
51 Tokyo, Japan). Histopathological evaluations of the intesti-
nal sections were performed according to the scoring system
defined by Chiu et al. and the mucosal lesions were graded
between 0 and 5 (Table I).l'¥

Resected ileum segments were placed into Krebs bicarbon-
ate solution. Then, they were incubated at 4°C for 4 h. This

Table |I. Chiu scoring system!'¥l

Grade Characteristics

0 Mucosa with normal villi

| Development of the sub-epithelial Gruenhagen’s space,
usually at the villus apex, frequently associated with
capillary congestion

2 Extension of the sub-epithelial space with moderate
lifting of the epithelial layer from the lamina propria
Massive epithelial lifting down the sides of the villi

4 Denuded villi with lamina propria and dilated
capillaries exposed
Increased cellularity of lamina propria may be noted

5 Digestion and disintegration of lamina propria;

hemorrhage and ulceration
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Table 2. E__ and pD, values of contraction responses to histamine, carbachol and substance p of tissues
Grups Contraction to histamine Contraction to carbachol Contraction to substance p
Control
E . 120.6248.13 141.57+5.99 84.4416.13
pD, 6.31£0.35 6.36+0.29 6.341£0.33
Sham
E . 117.6716.16 128.69+7.10 77.98+6.02
pD, 6.374£0.27 6.25+0.30 6.31£0.29
Ischemia/Reperfusion
E . 35.65+6.02* 45.75+7.03* 24.22+7.30*
pD, 6.22+0.31 6.41+0.31 6.40£0.29
Pentoxifylline + Ischemia/Reperfusion
E . 81.00+5.93" 91.09+5.98" 56.65+6.01"
pD, 6.25+0.26 6.33+0.28 6.30£0.31
lloprost + Ischemia/Reperfusion
E . 41.98+5.72* 49.87+6.50" 29.1246.03*
pD, 6.41£0.32 6.36+0.29 6.28+0.34

*Significantly lower than control and sham operation groups, significantly higher than ischemia reperfusion and iloprost + ischemia reperfusion groups (p<0.05). *Signifi-

cantly lower than control, sham and PTX + ischemia reperfusion groups (p<0.05).

procedure was done to equilibrate the contractions and
stabilize the subsequent contractile responses to carbachol
and substance p. Thereafter, the ileum segments were placed
into the Krebs bicarbonate solution specific for the ileum,
with a temperature set at 37°C and aerated with 95% O,
and 5% CO,, to determine the spontaneous contraction re-
sponses (amplitude and frequency) for each group (content:
as mmol/L; sodium chloride, 120; potassium chloride, 4.6;
calcium chloride, 2.5; magnesium chloride, 1.2; sodium bicar-
bonate, 22; sodium phosphate monobasic and glucose, | 1.5).
The ileal segments were connected to the transducer (Grass
FT 03, Quincy Mass., USA) and recorded using a polygraph
(Grass 79 E, Quincy Mass., USA) to measure isometric con-
tractions.

Contraction was initially achieved through the administration
of 80 mmol/L KCI, and contraction responses to histamine
(10°=10* mol/ L), carbachol (10°-10* mol/L) and substance
p (10°—10* mol/L) were examined to see receptor-mediated
responses of tissues, and these contraction responses were
expressed as percentages (%) of contractions with KCI. The
maximal contraction responses (E_ ) of the tissues and the
negative logarithm values of half of the maximal contraction
concentration (pD,) were calculated (Table 2).

Statistical Analysis

Statistical analysis was performed using the Statistical Pack-
age for Social Sciences (SPSS), version 16.0, software (SPSS
Inc., Chicago, IL, USA). Descriptive data were expressed as
mean + standard error of the mean. Analysis of variance was
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used for the initial analysis, and the Newman Keuls test was
used as the post-hoc test. A p value of <0.05 was considered
statistically significant.

RESULTS

In the histopathological evaluation, a usual appearance of
the villi was observed in the tunica mucosa layer in the sham
group. The epithelium surrounding the villi was regular and
the lamina propria of the tunica mucosa was appropriately
positioned. In the I/R group, the loss of villi and occasional
dilated capillaries with the disruption of the integrity of lam-
ina propria were observed. In the IL group, in addition to
loss of villi and disruption of integrity of lamina propria, in-
tensive bleeding sites and inflammatory cells were observed.
Compared to the I/R group, although there were more bleed-
ing sites in the lamina propria, the villi were not completely
ruptured and the lamina propria on the base of the villi was
regular. In the PTX group, occasional loss of villi and regular
lamina propria layer were observed. Also, compared to the
iloprost groups, less epithelial loss, more regular lamina pro-
pria and villus structure was observed (Fig. I).

When Chiu scores of the groups were compared; the lowest
score was in the control group and then in the sham, PTX,
iloprost groups, respectively, and the highest in the I/R group.
In the PTX group, the Chiu score was significantly higher than
the control and sham groups (p=0.023 ), and was significantly
lower than the I/R and iloprost groups (p=0.005, p=0.004;
Fig. 2).
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Figure 1. Histopathological images of blopsy samples obtained
from the ileum (x40, hematoxylin-eosin). (a) Sham group (40X): In-
testinal layers with 0 -1 degrees of injury are shown. Normal-look-
ing villus is observed in the tunica mucosa layer. The epithelium
that surrounds the villi was regular and lamina propria of the tunica
mucosa was in an appropriate location. (b) I/R group (40X): The
villi with 2 -5 degrees of injury are shown with great magnification.
Intensive cell loss in epithelial cells of villus, dense blood vessels in
lamina propria are seen. (c) lloprost group (40X): The villi with 2 -3
degrees of injury are shown with great magnification. The loosing
of the villi surrounding the epithelium and the intense dilated blood
vessels in the lamina propria are seen. (d) PTX group (40X): The
intestinal layers with 1 -2 degrees of injury are shown. Loss of villi
and regular lamina propria layer are seen.
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Figure 2. Mean scores of groups according to Chiu scoring. There
is a statistically significant difference of the control and sham
groups among other groups (p<0.005). There is a statistically sig-
nificant difference between PTX + I/R group and I/R and iloprost +
I/R groups (p<0.005). There is no significant difference between
the I/R and iloprost I/R groups (p>0.05).

When responses of the groups were examined: The sponta-
neous contractions in both amplitude and frequency of the
control group were observed to be the highest. Although
spontaneous contraction responses in the sham group were
slightly less than those in the control group, there was no
significant difference between two groups (p>0.05). Spon-
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taneous contractions in both amplitude and frequency in
the I/R group were significantly decreased, compared to the
control and sham groups (p<0.05). Spontaneous contraction
responses were significantly improved in the I/R group, com-
pared to I/R alone (p<0.05; Fig. 3).

There was no significant difference between the groups in
terms of response to 80 mmol/L KCI (p>0.05). The highest
contraction responses in terms of receptor-mediated re-
sponses were in the tissues of the control group. In the tis-
sues of I/R group, the receptor-mediated responses had least
contractions for all three drugs (histamine, carbachol and sub-
stance — p). The contraction responses obtained from the I/R
group treated with iloprost were similar to those of the I/R
alone group (p>0.05). Although the response of tissues treated
with PTX was not satisfactorycompared to the control and
sham groups for all three drugs, it was significantly higher than
the groups treated with iloprost and I/R alone (p<0.05; Fig. 4).
The E__ and pD, values of the contraction responses of the
three drugs in the five groups are shown in Table 2.
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Figure 3. Amplitude and frequencies of spontaneous contractions.
*Significantly lower than the control and sham operation groups
(p<0.05). “Significantly lower than the control and sham operation
groups, and significantly higher than ischemia reperfusion and ilo-
prost + I/R groups (p<0.05). PSignificantly lower than the control
and sham operation groups (p<0.05).
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Figure 4. Contraction responses of tissues to histamine, carbachol
and substance -p (% of KCI contractions). *Significantly lower than
the control and sham operation groups, significantly higher than I/R
and iloprost + I/R groups (p<0.05). *Significantly lower than control,
sham operation and PTX + ischemia reperfusion groups (p<0.05).

DISCUSSION

The first finding of our study was that PTX reduced the
histopathological damage and improved contraction -relax-
ation responses in the ileum segments in the intestinal I/R
injury, but the same effects were not observed with iloprost
treatment.

AMl is a clinical condition that may progress to multi-organ
failure and is associated with high mortality and morbidity
rates following acute vascular insufficiency.!'! An ischemia
lasting less than 20 min in the small intestines does not sig-
nificantly change the mucosa, while an ischemia lasting longer
than 2 h may cause permanent damage and even transmural
necrosis.'” Intestinal ischemia and reperfusion lead to the
formation of inflammatory cytokines and free oxygen radicals.
[l Cytotoxic events cause toxic products to cross the sys-
temic circulation by impairing the barrier function of the gut,
and result in multi-organ failure by affecting the kidneys, liver,
and heart and, the regional tissues and lung particularly.!'8]

PTX inhibits the enzyme phosphodiesterase. It exerts its
therapeutic effects by increasing the blood flow and tissue
oxygenation.!'] Although it leads to an increase in primary
cardiac output and a decrease in the total systemic vascular
resistance with systemic vasodilatation, it does not lead to a
significant change in the systemic arterial pressure. In addi-
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tion, it results in a decrease in the resistance to blood flow
by increasing erythrocyte flexibility which decreases the total
blood viscosity.'"1 Also, it has been reported that PTX in-
hibits the production of pro-inflammatory cytokines and has
anti-inflammatory features and protects the mitochondrial
structures of the cells.? Therefore, it is widely used in the
medical treatment of peripheral arterial diseases.*>!%

Prostaglandins are biologically active mediators released from
endothelial cells, smooth muscles, pericytes, fibroblasts, mast
cells, leukocytes, and platelets. They have vasoactive func-
tions that are thought to be important in an I/R injury. PGI2
is an unstable metabolite that increases cyclic-adenosine
monophosphate concentration in the vascular smooth mus-
cle,® inhibits platelet aggregation, and leads to vasodilata-
tion.” lloprost is a stable PGI2 analog and is widely used in
the treatment of pathologies such as diabetic foot, peripheral
arterial disease, venous ulcers and Raynaud’s phenomenon.
] We aimed to compare the consequences of PTX and ilio-
prost on mesenteric ischemia due to these effects.

Different models were formed to generate experimental
I/R injury. In a study, Mallick et al.?®! generated experimen-
tal models by performing 30 min of ischemia and 120 min
of reperfusion, while Arruda et al.?! determined their injury
model as 45 min of ischemia and 120 min of reperfusion. In
our study, we performed 45 min of ischemia and 120 min of
reperfusion. We achieved an effective existing I/R model.

In our study, 50 mg/kg PTX and | pg/kg iloprost were ad-
ministered intraperitoneally to the experimental groups dur-
ing the period of reperfusion for 120 min after 45 min of is-
chemia, and ileum resection was performed. In a similar study
conducted by Savas et al.,’”® PTX was administered intraperi-
toneally at a dose of 50 mg/kg before |5 min of ischemia in-
duction. They found that the injury was significantly reduced
in the PTX group, compared to the control group. However,
they found that PTX reduced mucosal injury, but did not nor-
malize. In our study, PTX was given during the reperfusion
phase, which is more realistic in practice. Because of patients
with AMI were usually admit with in ischemic phase and dur-
ing the treatment period was provided reperfusion.

Our results demonstrated that PTX treatment reduced I/R
injury. Histopathological results and contraction -relaxation
responses were improved in this treatment. These results
were statistically significant and, consistent with literature.

In literature several iloprost studies have shown that anti-
inflammatory parameters decreased in the I/R injury con-
dition.?*28 In our study, we did not evaluate the measured
anti-inflammatory parameters but histopatological results
and contraction relaxation responses of the intestinal tis-
sues were observed in the iloprost group. Although the re-
sults were better than the I/R group, it was not statistically
significant.
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Limitations

There were some limitations in this study. Evaluation of the
superoxygen radicals and total anti-oxidant capacity which are
effective I/R injury, could give clearer results. These parame-
ters could not be measured because the laboratory conditions
were not suitable. Futures studies in this regard are needed.

Conclusions

Our study is the first study to investigate the effects of
administration of PTX and iloprost on the injury after I/R
by comparing the histology and contraction-relaxation re-
sponses. Elderly patients with widespread atherosclerosis,
diabetes, atrial fibrillation and many other risk factors are at
risk for mesenteric artery embolism or thromboembolism.
In this group of patients, with the establishment of diagnosis,
giving PTX may recover the remaining intestinal tissue with
less injury from reperfusion. The same effects may not be
provided with iloprost. However, there is a need for more
detailed experimental studies on this subject.
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DENEYSEL CALISMA - OZET

Sicanlarda bagirsak iskemi-reperfiizyonunun deneysel modelinde iskemi-reperfiizyon
hasarinin 6nlenmesinde pentoksifilin ve iloprostun rolii

Dr. Ugur Abakay," Dr. Sinan Soylu,' Dr. Sabahattin Goksel,? Dr. Biilent Sarag,® Dr. Zeynep Deniz Sahin inan,*
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AMAC: Intestinal iskemi-reperfiizyon (IIR) hasari coklu organ yetersizligi ve &liime yol agabilir. Bu calismanin amaci, intestinal iskemide reperfiizyon
oncesi uygulanan pentoksifilin ve iloprostun etkilerini aragtirmaktir.

GEREC VE YONTEM: 25-300 gr agirliginda 25 Wistar-Albino cinsi sigan, her bir grupta bes sigan olacak sekilde bes gruba ayrildi: Kontrol grubu
(n=5), sham grubu (n=5 IR yok), IR grubu (n=5, 45 dk iskemi 120 dk reperfiizyon), IR+Ptx grubu (n=5, 45 dk iskemiyi takiben 50 mg/kg intrape-
ritoneal pentoksifilin ve 120 dk reperfiizyon), IR+IL (n=5, 45 dk iskemiyi takiben 2 mcg/kg intraperitoneal iloprost ve |20 dk reperfiizyon). Deney
sonunda ileum 6rnekleri hemotoksilen-eosin ile boyandi ve histopatolojik olarak Chiu skorlamasina gére degerlendirildi. Izometrik kasiima —gevse-
me cevaplari organ banyosu kullanilarak kaydedildi.

BULGULAR: Pentoksifilin histopatoljik ve kasilma —gevseme cevaplari agisindan anlamli diizelme saglad!. iloprost reperfiizyon hasarini diizeltmesine
ragmen bu diizelme istatistiksel olarak anlamli degildi.

TARTISMA: Bulgularimiza gore pentoksifilin incebagirsak iskemi-reperfiizyon hasarindan korumada timit verici olabilir. Ote yandan, iloprost icin
daha ileri klinik ve deneysel galismalara gereksinim duyulmaktadir.

Anahtar sozclikler: Akut mezenterik iskemi; iloprost; iskemi reperfiizyon hasari; pentoksifilin.
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