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Iloprost reduces colitis induced oxidative stress:
An experimental study in rats
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Background/aims: Reactive oxygen species have a known potent role in the pathogenesis of ulcerative colitis. Iloprost, a pharma-
ceutical, is a chemically stable derivative of a naturally- occurring human prostacyclin. Several studies have demonstrated protec-
tive effects of iloprost via its antioxidant and its anti-inflammatory activity. The aim of this study is to evaluate the effects of ilop-
rost on oxidant [ antioxidant status, as well as the large bowel histopathology in experimental colitis. Materials and Method: Forty
adult male Wistar-albino rats were randomly divided in to four equal weight-matched groups: sham group (n=10), iloprost admi-
nistered sham group (n=10), colitis group (n=10), iloprost administered colitis group (n=10). Acetic acid (1 ml of 4% solution) was
used to induce colonic inflammation in the rats. Results: Colonic tissue and plasma malondialdehyde levels were significantly lo-
wer in the iloprost administered colitis group than the colitis group (p<0.01). Tissue glutathione levels of the iloprost administered
colitis group were significantly higher than the colitis group (p<0.001). Conclusion: We have demonstrated in this study iloprost
to be an antioxidant, as well as iloprost demonstrating protective activity against colitis induced oxidative stress.
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Iloprost kolit nedeniyle olusan oksidatif hasar1 azaltir: Deneysel calisma

Giris ve Amag: Reaktif oksijen iiriinleri, iilseratif kolit patogenezinde énemli rol oynarlar. Iloprost, dogal olusan prostasiklinin
kimyasal olarak stabil tiirevidir. Iloprostun antioksidan ve antienflamatuvar etkileri ile koruyucu etkileri oldugunu gosteren
calismalar mevcuttur. Bu ¢alismanin amact iloprostun oksidan /antioksidan denge ve kalin bagirsak histopatolojisi iizerine etki-
lerini deneysel kolit modelinde degerlendirmektir. Gere¢ ve Yontem: Kirk adet erkek Wistar-albino cinsi si¢can rastlantisal olarak
dort esit agirlikly gruba dagitildi: sham grubu (n=10), iloprost wygulanan sham grubu (n=10), kolit grubu (n=10), iloprost uygu-
lanan kolit grubu (n=10). Asetik asid (1 ml of %4’ liik soliisyonun 1 mililitresi ile) ile kolon enflamasyonu olusturuldu. Bulgular:
Tloprost uygulanan kolit grubu kolon dokusu ve plazma malondialdehit degerleri kolit grubundan anlamli derecede diisiiktii
(p<0.01). Iloprost uygulanan kolit grubu doku glutatyon degeri kolit grubundan anlamli derecede yiiksekti (p<0.001). Sonug: Kolit
nedeniyle olusan oksidatif hasara kargt iloprostun antioksidan ve koruyucu etkisini gésterdik.

Anahtar kelimeler: iloprost, prostasiklin, kolit, deneysel, oksidatif stres

INTRODUCTION

Reactive oxygen species (ROS) including superoxi-  (1). Malondialdehyde (MDA) is one of the end pro-
de and hydroxyl free radicals, together with  ducts of lipid peroxidation. Tissue concentrations
hydrogen peroxide, show direct toxicity to organs.  of MDA are assayed as an index of membrane oxi-
ROS can initiate free-radical-mediated chain reac- dative damage (2). Antioxidant defense mecha-
tions which can cause additional cellular damage nisms lessen the harmful effects of ROS in normal
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physiological conditions. Glutathione (GSH) and
superoxide dismutase (SOD) are the major known
defenders of cells from oxidative damage. The oxi-
dized form of GSH is a dimer—GSSG, and it is in-
volved in the transport of certain amino acid.
GSSH is a coenzyme for various enzymes and pro-
tects against oxygen radicals as well as other toxic
compounds. SOD catalyzes the dismutation of su-
peroxide to hydrogen peroxide. This causes the
conversion of two O2 molecules into H,O, and O,.
SOD exists in mitochondrial (Mn-SOD) and cytop-
lasmic forms (Cu/Zn-SOD) (3). Increased oxidation
activity is known to take place within the pat-
hophysiology of the ulcerative colitis (UC). It is al-
so known that ROS are involved in the develop-
ment of experimental colitis (4). Local and syste-
mic inflammation depletes the antioxidant res-
ponse in UC (5).

Iloprost is a chemically stable derivative of a natu-
rally- occurring prostacyclin. Prostacyclin, which
is derived from endothelium, is a known vasodila-
tor, and it has antithrombotic effects, inhibits ac-
tivation of neutrophil leukocytes, and activates
fibrinolysis (6). Several studies have demonstra-
ted protective effects of iloprost via its antioxidant
and anti-inflammatory activity (7, 8).

In literature, the data regarding iloprost against
colitis is limited. The aim of this study is to eva-
luate the effects of iloprost on a basis of oxi-
dant/antioxidant status, as well as the large bowel
histopathology in experimental colitis.

MATERIALS and METHODS

This study was performed after approval from the
Ethics Committee of the Animal Care Review Bo-
ard of Istanbul University, Cerrahpasa Medical
Faculty. Forty adult male Wistar-albino rats weig-
hing between 200 grams and 250 grams were ob-
tained from the Experimental Animal Production
and Research Laboratory of Istanbul University
Cerrahpasa Medical Faculty. These rats were ran-
domly divided into four equal weight-matched gro-
ups: sham (S) group (n=10), after sham operation
iloprost administered (IS) group (n=10), colitis (C)
group (n=10), after colitis induction iloprost admi-
nistered (IC) group (n=10). The rats were kept in
standard colony cages (15 cm by 25 cm by 40 cm)
under controlled conditions including temperature
(18 °C), light (12 hours of light and then 12 hours
of darkness), and controlled humidity (50-55%).
The rats were fed with standard rat chow and tap
water ad libitum during the experimental proce-
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dure except during the 24 - hour — period prior to
the colitis induction.

Six centimeters of a soft six French catheter was
inserted in to the anal canal of the rat, under ke-
tamine chloride [40 mg/kg, intraperitoneal (IP)]
anesthesia. Acetic acid (AA) (1 ml of 4% solution)
was used for the induction of colonic inflammati-
on. After AA injection, two ml of air was insuffla-
ted into the colon to spread the AA completely pri-
or to the removal of the catheter. This procedure
was performed for the C and the IC groups. The S
and the IS groups received the same volume of iso-
tonic saline, under the same conditions as descri-
bed for the C groups.

The IS and the IC groups received IP 2 ng/kg/day
iloprost (Ilomedin®: Bayer Schering Pharma; Ba-
yer Turk Kimya San. Ltd. Sti, Umraniye, Istan-
bul) immediately after colitis induction, for five
consecutive days. The same volume of isotonic sa-
line was given intraperitoneally to the S and the C
groups at the same time intervals. The rats were
subsequently killed by cervical dislocation five
days after colitis induction, and the blood and tis-
sue samples were then collected and processed.

Preparation of the tissue samples

The colonic samples were diluted to 20% w/v in 20
mM ice-cold Tris—HCI, at a pH of 7.4, and homoge-
nized with a Bosch Scintilla SA (Switzerland). The
homogenate was then centrifuged at 5000 xg for
10 min, and various analytical determinations we-
re performed in the supernatant fraction.

Assay of malondialdehyde

Lipid peroxidation levels in plasma and colonic
tissue were measured with the thiobarbituric acid
(TBA) reaction (9). This method was used to obta-
in a spectrophotometric measurement of the color
produced during the reaction of TBA with malon-
dialdehyde (MDA) at 535 nm. The coefficients of
intra-assay and inter-assay variations for the
MDA assay were 3.6% and 5.3%, respectively.

Assay of glutathione

The glutathione (GSH) concentrations within the
colonic tissue were estimated according to the Ell-
man method (10). One milliliter of tissue homoge-
nate was de-proteinized, and then subsequently
centrifuged at 600 xg for 20 min. After addition of
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dithiobis-nitrobenzoate and a phosphate buffer
(pH 8.0) into the clear supernatants of the samp-
les, the color this reaction produced was read at
412 nm. The GSH concentrations of the samples
were calculated using 1.36 x 10* M" cm” as the mo-
lar absorption coefficient. The intra-assay and in-
ter-assay coefficients of variation for GSH were
3.5% and 3.7%, respectively.

Assay of Cu-Zn superoxide dismutase activity

The plasma and the colonic tissue Cu-Zn superoxi-
de dismutase (SOD) activity were determined uti-
lizing the method of Sun et al. (11). The assay in-
volves inhibition of nitroblue tetrazolium (NBT)
(Sigma Chemical Co., St Louis, MO, USA) and re-
duction with xanthine—xanthine oxidase (Sigma
Chemical Co.), which is used as a superoxide gene-
rator. One unit of SOD is defined as the amount of
protein that inhibits the rate of NBT reduction by
50%. The coefficients of intra-assay and inter-as-
say variations were 1.8 % and 3.2%, respectively.

Macroscopic evaluation

The large bowel of the rats were taken out in toto
(from ileocecal junction to the anus), and cleaned
with normal saline. Colon weight (g), colon length
(cm), stool, and macroscopic inflammation were
the parameters of the macroscopic evaluation. The
parameters were scored from normal findings of 0
(least severe pathologic change) to 4 (the most se-
vere pathological change) in terms of their ratio-
nal change, according to the normal values. Sepa-
rate index scores for these macroscopic parame-
ters were determined for each rat.

Microscopic evaluation

Four randomly selected tissue sections from the
distal colon were taken from the first to fourth
centimeter of the anus in each rat, and were rin-
sed in saline, fixed in 10% neutral buffered forma-

Table 1. The results of the biochemical parameters.

lin, embedded in paraffin, sectioned, and finally
stained with hematoxylin and eosin (H&E). The
tissues were examined and were then scored, bet-
ween 0 to 3 for epithelial damage, cellular infiltra-
tion, and damage or alteration of smooth muscle
architecture.

Epithelial damage was assessed in terms of blun-
ted mucosa, destruction of crypt architecture,
and/or loss of epithelium. Muscle damage was as-
sessed in terms of sub mucosal edema, hyperplasi-
a, and/or loss of architecture. Normal appearance
was defined as 0 and severe damage (greater than
66% of tissue length) was numbered as 3. Separa-
te index scores for microscopic parameters were
determined for each rat. All of the above procedu-
res were performed in every rat for the experimen-
tal groups. The metric scoring system for macros-
copic and microscopic histopathology has been de-
fined by Kimball et al. (12) previously.

All data are expressed as means, standard deviati-
ons (means+SD), and 95% confidence intervals.
One-way ANOVA and post hoc Tukey’s test was
used for statistical analysis, and p< 0.05 was con-
sidered to be significant for all biochemical para-
meters.

RESULTS

The results of the oxidative stress parameters are
summarized in Table 1. We did not observe any
harmful effects of iloprost on oxidative stress pa-
rameters, macroscopic, or on microscopy of the co-
lonic tissue. The colonic tissue (p<0.01) and plas-
ma (p<0.001) MDA levels of the C group was de-
termined to be significantly higher than the S gro-
up. The colonic tissue and plasma Cu-Zn SOD le-
vels, as well as the colonic tissue GSH levels of the
C group were significantly lower than the S group

Groups Tissue Tissue Tissue Plasma Plasma
MDA SOD GSH MDA SOD

S 1,21+0,32 66,89+7,96 5,50+1,07 2,73+0,78 22,56+2,79

IS* 0,96+0,26 68,20+6,53 5,34+1,10 2,43+0,57 24,70+2,67

C 1,85+0,52 ¢ 53,90+9,56 T 4,02+0,54 4,41+0,52 1 16,90+2,38

IC 1,23+0,33:% 58,90+6,51 5,93+0,46 § 3,46+0,48% 19,70+2,71

S: Sham group; IS; iloprost administered sham group; C: Colitis group; IC: iloprost administered colitis group; MDA: malondialdehyde; SOD:

superoxide dismutase; GSH: glutathione.

(*) There was no difference between the biochemical parameters of the S and the IS groups. (®) Significantly different than S group (p<0.01).
(1) Significantly different than S group (p<0.001). (1) Significantly different than C group (p<0.01). (§) Significantly different than C group

(p<0.001).
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(p<0.001). The colonic tissue as well as plasma
MDA levels were significantly lower in the IC gro-
up than the C group (p<0.01). Tissue GSH levels
of the IC group were noted to be significantly hig-
her than the C group (p<0.001).

Active inflammation was observed in the C group
in macroscopic and microscopic analysis (Figure
1B) compared to the S group (Figure 1A).

There was no significant difference between the
groups for the colon weights (p>0.05). However,
the colon length of the IC group was significantly
shorter than the S and IS groups (p<0.001). In the
macroscopic evaluation, the stool scores of the IC
group were significantly lower than the C group
(p<0.01) (Table 2). In the microscopic evaluation,
the muscular damage score in the IC (Figure 1C)
group was significantly lower than the C group
(p<0.05) (Table 3).

Tl ol
Figure 1. (A) Normal colon tissue;
lin and eosin stain, magnification X 40).

Table 2. Macroscopic scores of the experimental groups.

(B) Active colitis; (C) Regressed colonic inflammation with iloprost administration. (Hematoxy-

Iloprost administration in experimental colitis

DISCUSSION

In this study, we have demonstrated antioxidant
as well as protective activity of iloprost against
oxidative stress induced by experimental colitis.
Recurrent diarrhea and severe destruction of the
colonic mucosa is seen almost always in the clini-
cal presentation of UC. Unfortunately at the cur-
rent time, resection of the colon and rectum is the
only curative treatment option for patients. Howe-
ver, most cases with limited colonic extent coupled
with determination of mild to moderate inflamma-
tory activity are managed by medical treatment,
generally with successful outcomes under endos-
copic surveillance (13).

This reality forces physicians to find alternative
medical treatment strategies for UC, and treat-
ment which generally will continue for life (13,
14). There are various theories that attempt to

g %
.;» \\\\” -

Groups Colon length Colon weight Stools Inflammation
S 0 0 0 0

IS* 0,33+0,52 0,5+0,55 0,5+0,55 1,17+0,41

C 0,83+0,75 1+0,63 2,33+0,32 2,17+0,75%
IC 2,17+0,75% 1+0,63 1,33+0,32 § 1,67+0,82

S: Sham group; IS; iloprost administered sham group; C: Colitis group; IC: iloprost administered colitis group.

(*) There was no difference between the biochemical parameters of the S and the IS groups. (1) Significantly different than S group: p<0.001.
(%) Significantly different than C group (p<0.05). (§) Significantly different than C group (p<0.01).

Table 3. Microscopic scores of the experimental groups.

Groups Epithelial damage Cellular infiltration Muscle damage
S* 0 0 0

IS 0,33+0,52 0,5+0,55 0

C 3,17+0,757 2,83+0,757 2,33+0,52
c 2,83+0,75 2,5+0,84 1,67+0,52 %

S: Sham group; IS; iloprost administered sham group; C: Colitis group; IC: iloprost administered colitis group.

(*) There was no difference between the biochemical parameters of the S and the IS groups. (f) Significantly different than S group: p<0.001.

(#) Significantly different than C group (p<0.05).
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explain the pathophysiology of UC. One of these
theories is the radical induction theory, in which
uncontrolled oxidant production within the colonic
epithelial cells via a pathologic cellular pathway is
blamed for damaging the epithelial barrier in the
theory. This initial occurrence could diminish the
immune mechanisms in luminal surfaces of the
large bowel, and ultimately could cause an inflam-
matory disease on colonic epithelium (14).

ROS have a potent role in the pathogenesis of UC.
Neutrophils and macrophages produce large amo-
unts of ROS by infiltrating the bowel wall in coli-
tis (15). Impaired antioxidant defense in the red
blood cells of UC patients have been reported (16).
A tragic experience showed us the relationship
between oxidants and UC in which H,0, enemas
had been used for the treatment of fecal impaction
at the beginning of 20* century. With this form of
enema, severe rectitis and colitis was reported fol-
lowing H,0, enema application (13,14,16,17).
H,0, is also produced after aerobic and anaerobic
metabolism of the cell, and its overproduction
plays a key factor of many pathological pathways
(3). It has been shown previously that UC causes
DNA damage by increasing oxidative stress (17,
18). Colorectal cancer in UC patients occurs when
there are diseased colonic epithelial cells with da-
maged DNA (19).

Prostacyclin regulates cAMP levels in the cell, and
this controls vascular function, inhibits platelet
aggregation, down-regulates neutrophil adhesion,
and scavenges free radicals (20). Epithelial and
stromal cells produce prostaglandins, which are
important factors for cell to cell interactions in co-
lonic tissue (21). Prostacyclin is one of the most
important defenders of the gastrointestinal muco-
sal surfaces, as well as for the vascular structures
(22). The molecular mechanism of prostacyclin ac-
tivity is currently under investigation. As a stable
prostacyclin analogue, the primary effect of ilop-
rost is vasodilation. Antioxidant and anti-inflam-
matory properties of iloprost have been reported
by presenting different molecular mechanisms on
different types of tissue (6-8). The efficacy of ilop-
rost against active colitis has not been evaluated
up until now however. In our study, iloprost appli-
cation augmented GSH production, which was di-
minished after the induction of colitis in the colo-
nic wall. GSH is one of the body’s scavengers of
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H,0, (22,23). Iloprost may show its antioxidant
properties by initiating GSH production in colonic
cells. Additionally, iloprost administration see-
mingly initiated a conspicuous decrease on the li-
pid peroxidation of the colonic tissue, as well as for
the plasma. Stool formation improved in iloprost
treated rats, however no significant macroscopic
change were observed on the colon tissue. In the
microscopic analysis, the muscular layer of the
iloprost treated group appeared more natural as
well as healthier than the colitis group. The bene-
ficial effects of the same dose and application rou-
te of iloprost that we applied in the study had also
been reported in previous studies investigating co-
lon ischemia and anastomotic healing in Wistar
albino rats (24,25).

While our study was being performed, Karatepe et
al. (24) reported that iloprost ameliorates ischemic
colitis in rats. This study presented an original
idea and beneficial results were well documented
in the study, however the difference of the method
from the ischemia model of colon was not well de-
fined (23, 24). Ischemic colitis is difficult to evalua-
te experimentally, as ischemia is only one part of
the complex pathogenesis of ischemic colitis (25,
26). The parameter for which they evaluated utili-
zing microscopy could have been changed in part
to the actual ischemia, rather than as a result of
colitis. This fact makes this study difficult to diffe-
rentiate from a classical ischemia type presentati-
on, versus a colitis presentation. The AA induced
colitis model resembles UC in humans in terms of
the histopathological appearance, due in part be-
cause of the over production of oxidant radicals
(26,27). Most UC patients have rectal involve-
ment, and UC also tends to occur on the rectal mu-
cosa initially, and subsequently progresses retrog-
rade to the other parts of the colon. These features
of the UC are simulated with the AA induced coli-
tis experimentally by chemical irritation of the
mucosa of the large intestine from the rectum,
which then extends in a retrograde fashion.

Iloprost has antioxidant effects in experimental
colitis and could potentially protect colon tissue
against inflammation, however further studies
containing inflammatory parameters are needed
to better understand the effects of iloprost against
colonic inflammation.
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