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Abstract

Objective: The effects of urapidil in intestinal ischemia-
reperfusion (IR) model were investigated using histo-
pathological and biochemical methods.

Materials and methods: Forty Wistar albino rats were
subjected to sham operation (Group 1), IR (Group 2),
IR + dimethyl sulfoxide (Group 3), IR+ urapidil 0.5 mg/kg
(Group 4), and IR +urapidil 5 mg/kg (Group 5). Levels of
MDA, TAS, TOS, SOD, MPO, NF-kB, caspase-3, and LC3B
were measured.

Results and discussion: The groups 2 and 3 had signifi-
cantly higher TOS and MPO levels than the sham group
had (p<0.001), whereas the TAS and SOD levels were
significantly lower in Group 2 than in the sham group.
In treatment groups, TAS and SOD levels increased,
whereas TOS, MPO, and MDA levels decreased compared
to Group 2. Caspase-3 and LC3B immunopositivities were
seen at severe levels in Group 2 and 3. However, Group 4
and 5 were found to have lower levels of immunopositivity.
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Immunopositivity was observed in interstitial areas, peri-
bronchial region, and bronchial epithelial cells. A moder-
ate level of NF-xB immunopositivity was seen in Group 2
and 3.

Conclusion: Our results show that urapidil is one of the
antioxidant agents and protects lung tissue from oxidant
effects of intestinal IR injury.

Keywords: Urapidil; Intestinal ischemia; Oxidative stress.

Oz

Amag: Intestinal iskemi-reperfiizyon (IR) modelinde ura-
pidil’in etkileri histopatolojik ve biyokimyasal yontemler
kullanilarak arastirildi.

Gere¢ ve Yontem: Kirk adet Wistar albino sican sham
operasyon (Grup 1), IR (Grup 2), IR+dimetil siilfoksit
(Grup 3), IR +urapidil 0.5 mg/kg (Grup 4) ve IR+ urapidil
5 mg/kg (Grup 5) olarak gruplandi. MDA, TAS, TOS, SOD,
MPO, NF-kB, kaspaz-3 ve LC3B seviyeleri dlciildii.
Bulgular ve tartisma: Grup 2 ve 3’te sham grubuna gore
TOS ve MPO diizeylerinin anlamli derecede yiiksek,
(p<0.001), TAS ve SOD diizeyleri grup 2’de sham gru-
bundan anlamli derecede diisiiktii. Tedavi gruplarinda
TAS ve SOD seviyeleri yiikselirken, TOS, MPO ve MDA
diizeyleri Grup 2’ye gore artt1. Kaspaz-3 ve LC3B immii-
nopozitivitesi Grup 2 ve 3’te yogun seviyelerde goriildii
Interstisyel bolgelerde, peribronsiyal bolgede ve bronsi-
yal epitel hiicrelerinde immiinopozitivite gozlendi. Grup
2 ve 3’te orta diizeyde bir NF-kappa B immiinopozitivitesi
goriildii.

Sonug¢: Sonuclarimiz urapidil’in, antioksidan ajanlardan
biri oldugu ve akciger dokusunu bagirsak IR hasarinin
oksidan etkilerinden korudugunu gostermistir.

Anahtar Sozciikler: Urapidil; intestinal iskemi; oksidatif
stres.
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Introduction

Ischemia that causes cell injury results from the inter-
ruption of blood supply that is leading to lack of oxygen.
Either arterial or venous occlusion or both may be the
causes of the ischemia. Reperfusion following ischemia
maintains the harmful effects of ischemia. This condi-
tion, known as ischemia-reperfusion (IR) injury, is associ-
ated with the return of oxygen and metabolites, reactive
oxygen species (ROS), cellular Ca* overload, activated
polymorphonuclear neutrophils (PMNs), mitochondrial
injury, and proinflammatory cytokines. Superoxide and
hydroxyl radicals are released during the reperfusion con-
tributing to the reperfusion injury [1]. Reperfusion makes
additional paradoxical injury after the restoration of blood
supply. Only ischemia and reperfusion following ischemia
make IR injury, which may trigger an intense inflamma-
tory response.

Generation of ROS leads to oxidative stress, apoptosis,
cell damage, and inflammatory processes because ROS
and their products harm DNA and mitochondrial mem-
brane as well as make lipid peroxidation. The sources of
ROS are not only the mitochondria but also the activated
neutrophils and microglial cells [2, 3]. ROS induce inflam-
mation through some cytokines like TNF-o, IL-1B3, and IL-6
[1]. Systemic ROS activates more leukocytes, increases
the expression of endothelial adhesion molecules, and
result in vascular endothelial damage. The concentration
of those free radicals that oxidize substances in vivo may
be increased by many factors including environmental
toxins, ionizing radiation, infections, smoking, alcohol
consumption, aging, and emotional or psychological
stress. Local IR injury may result in failures of remote
organs such as lung by means of PMNs [4]. The common
reason of the gastrointestinal ischemia is the interrup-
tion of blood supply of superior mesenteric artery or
vein. While the mortality rate of this condition is too high
(70%) the incidence of intestinal IR injury is relatively low
(30,000 cases reported per annum in the USA) [5].

As inflammation does, ROS also induce apoptosis,
which is one of the ways of elimination of the damaged,
oncogenic, and genetically unstable cells in order to
maintain the homeostasis [6]. Among caspases, caspase-3
is known as the most important effector of apoptosis,
which has clues for its existence in histopathological
specimens including DNA fragmentation, apoptotic chro-
matin condensation, apoptotic bodies, and dismantling
of the cell [7, 8].

Fortunately, the harmful effects of free radicals
are prevented by antioxidant mechanisms in the cell
endogenously with scavenging free radicals. The main
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antioxidant enzymes are superoxide dismutase (SOD),
catalase (CAT), and glutathione (GSH) related enzymes
(glutathione peroxidase [GPx], glutathione reductase
[GR], and thioredoxin reductase). In order to maintain
the antioxidant activity, the enzyme called SOD converts
superoxide radicals to hydrogen peroxide [9]. Then,
CAT and GPx convert hydrogen peroxide into water
[9]. Some of the antioxidant substances like SOD, CAT,
GSH-Px, malondialdehyde (MDA), copper, zinc, and iron
are evaluated to make estimations indirectly about the
activity of free radicals due to the short half-lives of free
radicals [10].

The oxidative stress is an impairment of antioxidant
systems buffering toxic oxidants. The oxidative stress is
estimated by TOS (total oxidant status) and TAS (total
antioxidant status). TAS demonstrates the ability of serum
to quench free radicals [11]. Protein degradation is another
necessary process for the life of the cell. Autophagy,
which is one of the protein degradation mechanisms of
all eukaryotic organisms, is required during starvation,
differentiation, and normal growth control [12]. LC3B
performs its useful work through the turnover of cellular
macromolecules and organelles. LC3B, a lipidated form of
microtubule-associated protein 1 light chain 3 (LC3), has
been shown to participate in autophagosome formation in
conditions such as neurodegenerative and neuromuscu-
lar diseases, tumorigenesis, and bacterial and viral infec-
tions in which autophagy occurs [13]. Thus LC3B, which is
localized in pre-autophagosomes and autophagosomes, is
a marker of autophagy [12].

The agent used in the current study, urapidil, is known
as a sympatholytic, antihypertensive, alpha-adrenergic
antagonist, and 5-HT receptor agonist [14-16]. Therefore,
urapidil decreases the peripheral vascular resistance.
Consequently, in the present study, it is aimed to inves-
tigate the effects of urapidil in intestinal IR-induced lung
injury.

Materials and methods

Animals and experimental protocols

According to the 3R principle, the power analysis test was
performed on a 95% confidence interval in determining
the number of subjects. A total of 40 subjects are needed
to reject the null hypothesis when the probability (power)
of the experimental and control survival curves of the
power analysis is equal to 0.85. The probability of Type I
error of the null hypothesis in this test is 0.05. Hence, it
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was calculated that eight rats would be sufficient for each
group.

Forty female Wistar albino rats, each are 12-16 weeks
old and weighing 200-250 g, were obtained from Atatiirk
University Animal Laboratory (Erzurum, Turkey) for the
use of this study. After approval was granted by the Animal
Care and Use Ethical Committee of the Atatiirk University
(No: E.1800040262/22, Date: 25.01.2018), the study was
carried out at the Animal Laboratory of the Atatiirk Uni-
versity in accordance with international guidelines.

The intestinal IR model was applied to the rats. The
rats were fasted overnight but allowed to drink water ad
libitum. Before the surgery, rats were anesthetized with
ketamine/xylazine. The abdomens were shaved and
washed with 10% povidone-iodine, and a 2-cm midline
abdominal incision was performed using sterile tech-
niques. After a median laparotomy, the animals were
laid on the right side so that the mesentery of intestines
removed from the abdomen was on the level of the aorta.
The small bowel was exteriorized gently to the left onto
a moist gauze, then the superior mesenteric artery (SMA)
was carefully isolated and ligated with an atraumatic
microvascular clip. Then, the intestines were returned to
the abdomen, which was closed with two small clamps
afterward, and the animal was kept under anesthesia for
a total of 2 h. The rats were placed on heating pads at 37°C
throughout the experiment. For resuscitation, all animals
received 25 mL/kg of 0.9% saline subcutaneously after the
SMA occlusion. To allow restoration of blood flow to the
intestine and reperfusion was started for 2 h. Between sur-
gical interventions, the midline incision was with 3.0 silk
suture. The rats were sacrificed at the end of reperfusion.
The sham-operated group received laparotomy, and the
group’s intestines were manipulated [17, 18].

Urapidil was commercially obtained and prepared in
a 15% DMSO solution according to the kit protocol (Cat
No: ab142959, Abcam). According to literature, 0.5, 6,
and 10 mg/kg doses were used and positive results were
observed [16, 19-21]. For this reason, different doses were
evaluated in the pre-studies and 0.5 and 5 mg/kg resulted
in the most favorable results and the study was planned
at these doses.

Surgical procedures and treatment group

Group 1 (sham control, n=8): The animals were sub-
jected to 1-2 cm incision from their abdominal regions.
After reaching their peritoneum, they were closed. Three
hours (1-h ischemia/2 h’ reperfusion) later, they were
sacrificed.
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Table 1: Abbreviations of the groups.

Group 1 Group2  Group 3 Group 4 Group 5
(n=8) (n=8) (n=8) (n=8) (n=8)
Sham control IR IR+DMSO  IR+0.5URA IR+5URA

Group 2 (IR, n=8): The peritoneum of the animals
was reached through 1-2 cm incision from their abdominal
regions. They were subjected to 1-h ischemia to superior
mesenteric artery followed by 2 h reperfusion. Then, they
were sacrificed after IR.

Group 3 (IR+15% DMSO, n=8): In addition to the
surgical processes that were performed on the animals in
Group 2, 15% DMSO was administered intraperitoneally
30 min before the reperfusion.

Group 4 (IR+0.5 mg/kg urapidil, n=8): In addition to
the surgical processes that were performed to the animals
in Group 2, 0.5 mg/kg urapidil was administered intraperi-
toneally 30 min before the reperfusion.

Group 5 (IR+5 mg/kg urapidil, n=8): In addition to
the surgical processes that were performed to the animals
in Group 2, 5 mg/kg urapidil was administered intraperito-
neally 30 min before the reperfusion Table 1.

Biochemical assay

Lung tissues were taken out of the deep freeze and weighed
on the day of the analysis. A 10% homogenate was created
by adding phosphate buffer on the tissues and they were
homogenized (IKA, Germany) at 12,000 rpm for 1-2 min
on ice. Homogenate tissue samples were centrifuged at
5000 rpm at +4°C for 30 min to obtain the supernatant.
Obtained supernatants were tested for TAS, TOS, SOD,
MPO, and MDA levels.

The malondialdehyde (MDA) levels in the homoge-
nate were measured using the method described by
Ohkawa et al. [22]. The method entails the measurement
of the supernatant obtained from the n-butanol phase of
the pink colored product of the reaction between the thio-
barbituric acid and the MDA in the homogenate sample at
95°C at 535 nm with a spectrophotometer (PowerWave™
XS, US). Homogenate tissue samples were centrifuged at
5000 rpm at +4°C for 30 min to obtain the supernatant.
Obtained supernatants were tested for TAS, TOS, SOD, and
MPO levels.

The determination of TAS was carried out with the
kit supplied by commercial means (Rel Assay Diagnos-
tics, Ref. No. RL0024). The measurement was based on
the reduction of the dark blue-green colored 2,2"-azino bis
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(3-ethyl benzothiazoline-6-sulfonic acid) (ABTS) radical
of the antioxidants in the sample to the colorless reduced
ABTS form. The change in absorbance at 660 nm is cor-
related with the total antioxidant level. The kit contains
a solution which is an E vitamin analog and classically
referred to as “Trolox equivalent” as a stable antioxidant
standard. The measurement of TOS was carried out using a
commercially supplied kit (Rel Assay Diagnostics, Ref.No.:
RL0005). The oxidants present in the sample promote the
ferrous ion-chelator complex to the ferric ion. The result-
ing ferric ion in the acidic medium produces a complex
colored by chromogen. The spectrophotometrically deter-
mined color intensity is related to the total amount of
oxidant molecules present in the sample. The OSI was cal-
culated as follows: OSI=([TOS, mmol H,0, equivalent/L]/
[TAS, mmol Trolox equivalent/L] x 10) [23]. MPO determi-
nation is based on the kinetic measurement of the absorb-
ance at a wavelength of 460 nm of the yellowish-orange
colored complex form shaped as the result of the oxida-
tion of MPO and the o-dianisidine, in the presence of H,0,.
SOD was calculated after reacting with tetrazolium salt to
form formazan dye by measuring the inhibition degree of
this reaction at the wavelength of 560 nm in the spectro-
photometer in cases where the effect of SOD enzyme was
inadequate in the superoxide formed as the result of enzy-
matic reactions [24].

Histopathological and immunohistochemical
examination

The lung was removed immediately, fixed in 10% neutral
formalin for 24-48 h, and then processed to obtain par-
affin blocks. Paraffin-embedded blocks were routinely
processed; 5-um thick sections were stained with hema-
toxylin-eosin and examined under a microscope (Olympus
BX51, Olympus Corporation, Tokyo, Japan). Sections of
each animal were also examined for the intensity of the
immunopositivity by another veterinary pathologist for
blind scoring.

Paraffin-embedded blocks were routinely processed;
5-um thick sections were stained with immunohistochem-
istry. After deparaffinization, the slides were immersed
in antigen retrieval solution (pH 6.0) and heated in the
microwave for 15 min to unmasked antigens. The sec-
tions were then dipped in 3% H,0, for 10 min to block
endogenous peroxidase. Sections were incubated at room
temperature with the cleaved caspase-3 antibody (cat no.
NB600-1235, dilution 1/200; Novus Biological, USA), NF-xB
(Cat. no: ab7971, dilution 1/200; Abcam), and LC3B (Cat.
No: sc-376404, dilution 1/200; Santa Cruz). The EXPOSE
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mouse and rabbit specific HRP/DAB detection IHC kit was
used as follows: sections were incubated with goat anti-
mouse antibody, then with streptavidin-peroxidase, and
finally with 3,3" diaminobenzidine + chromogen. Slides
were counterstained with hematoxylin. Immunoreactivity
in the sections were graded as O (none), 1 (mild), 2 (moder-
ate), and 3 (severe) [25, 26].

Quantification and statistical analysis

Comparisons between groups were made using one-way
ANOVA and post hoc Tukey test was applied where appro-
priate. For nonparametric values, whether there were
differences between the groups or not was determined
by means of Kruskal-Wallis test. Pairwise comparisons
were made using Mann-Whitney U-test and Bonferroni
correction was used as a post hoc test. Data are shown as
means + SEM unless otherwise noted. Significance was set
at oo=0.05. SPSS software (ver. 18.0; SPSS, Inc., Chicago,
IL, USA) was used to perform statistical analyses.

Results

Biochemical results

Table 2 demonstrates the biochemical parameters of
antioxidant (TAS and SOD) and oxidant (TOS, MPO,
and MDA) parameters in the lung tissue among differ-
ent treatment groups. Group 2 and 3 had significantly
higher TOS and MPO levels than the control group had
(p<0.001), whereas the TAS and SOD levels were signifi-
cantly lower in the ischemia-reperfusion groups (Group
2 and 3) than in the control group. Additionally, MDA
levels were higher in Group 3 when compared with the
sham group. In treatment groups, TAS and SOD levels
were found to be increased, while TOS, MPO, and MDA
levels were decreased compared to Group 2. The treat-
ment groups (Group 4 and 5) when compared with Group
3, in addition to the same changes in IR group levels, the
MDA levels decreased directly as well correlated with the
treatment dose.

In the comparison of the TAS and TOS levels between
the ischemia-reperfusion groups (Group 2 and 3) and
the treatment groups (Group 4 and 5), the higher dose of
urapidil made better results than the lower dose of ura-
pidil according to the p-values. Knowing the fact that
the p-value of the SOD levels between Group 2 and 5
(p=0.031) is bigger than Group 2 and 4 (p=0.002). The
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0.784%0.138
0.710+0.128

10.815+1.220
10.551+£1.023

0.799+£0.077
0.769+0.161
1.133+0.282

Ischemia/reperfusion (2)

409538.568+58899.513 100.314+15.162

110.808+11.615

Ischemia/reperfusion + dimethyl sulfoxide (3)
Ischemia/reperfusion +urapidil 0.5 mg/kg (4)
Ischemia/reperfusion +urapidil 5 mg/kg (5)

p Value (Meaningful intergroup comparisons)

76.783+18.361
72.533+£10.989

298721.625+52009.801

262571.265+£56715.628

146.344+25.488

8.601+£0.930
8.199+0.832

149.757 £48.216

1.184+0.220

0.000 (1-2)

0.000 (1-2) 0.000 (1-2)

0.000 (1-2)

0.000 (1-2)

0.001 (1-3)

0.000 (1-3)

0.046 (1-3) 0.000 (1-3)

0.000 (1-3)

0.001 (1-3)

0.001 (2-4)

0.000 (2-4) 0.002 (2-4)

0.001 (2-4)

0.006 (2-4)

0.000 (2-5)

0.000 (2-5) 0.031 (2-5)

0.000 (2-5)

0.000 (2-5)

0.014 (3-4)

0.001 (3-4)

0.000 (3-4) 0.003 (3-4)

0.001 (3-4)

0.007 (3-4)

0.001 (3-5)

0.000 (3-5)

0.000 (3-5) 0.043 (3-5)

0.000 (3-5)

0.001 (3-5)

TAS, Total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index; SOD, superoxide dismutase; MPO, myeloperoxidase; MDA, malondialdehyde. Data are presented as

mean £ SD.
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results of OSI showed that there is no difference between
the two doses of urapidil according to the p-values meas-
ured. Lastly, the MDA level is found to be significantly
decreased in treatment groups (Group 4 and 5), compared
to Group 3.

Immunohistochemical examination

According to the results of immunohistochemical staining
with caspase-3, LC3B, and NF-kB antibodies, a statistically
significant difference between sham group (Group 1) and
the treatment groups (Group 4 and 5) occurred (p<0.05,
Table 3). Severe levels of caspase-3 and LC3B immuno-
positivity was seen in ischemic groups (Group 2 and 3).
However lower levels of immunopositivity were found on
the treatment groups (Group 4 and 5). Immunopositivity
was observed in interstitial areas, peribronchial region,
and bronchial epithelial cells (Figures 1 and 2). NF-xB
immunopositivity was seen in the ischemic groups (Group
2 and 3) at moderate levels, but at mild levels in the treat-
ment groups (Group 4 and 5). Immunopositivity was pre-
dominantly seen in interstitial areas (Figure 3). According
to these histopathological examinations, we suggest that
urapidil is among the antioxidant drugs because it pro-
tected the lung tissue from oxidant effects after an intes-
tinal IR injury.

Discussion

In the present study, intestinal IR model on rats was used
to investigate the oxidant effects of intestinal IR on lungs
as a remote organ and the effects of urapidil as a drug
to detect whether it has an antioxidant effect or not by
using biochemical and immunohistochemical methods.
There are lots of conditions associated with intestinal IR
like abdominal injuries, surgery, bowel infection, sepsis,
small bowel transplantation, and multiple organ failure
[27]. PMNs are told as key players with their complex
effects on intestinal IR injury [28]. A study suggested that
the resident PMNs are effective at altering mucosal func-
tion during reperfusion [29]. MPO is told to be contrib-
uting to PMNs at tissue damage of IR as well. There are
cytokines associated with intestinal IR such as IL-6, IL-8,
and TNF-o [30].

Among visceral organs, lungs can be suggested as
more resistant to ischemia because the arterial supply
coming from pulmonary and bronchial arteries is not
the only oxygen source of supply for lungs. Apart from
those, alveoli of the lungs contain oxygen as well [31].
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Table 3: Evaluation of immunopositivity in the lung tissue samples of the groups: 0 (none), 1 (light), 2 (moderate), 3 (severe).

Experimental groups Caspase 3 LC3B NF-xB
Sham operation (1) 0.37+0.18 0.50+0.18? 0.12+0.122
Ischemia/reperfusion (2) 2.75+0.16° 2.87+0.12° 2.37+0.18°
Ischemia/reperfusion + dimethyl sulfoxide (3) 2.62+0.18° 2.62+0.18° 2.37+0.18°
Ischemia/reperfusion +urapidil 0.5 mg/kg (4) 1.87+0.12¢ 1.87£0.12¢ 1.37+0.18°
Ischemia/reperfusion +urapidil 5 mg/kg(5) 1.71+£0.18° 1.57+0.20¢ 1.28+0.18¢

All data were presented in mean (+) standard error of means (SEM). >p < 0.05 vs. other group.

Figure 1: Staining of samples with Caspase-3.
(A) Sham group, (B) arrow at interstitial areas of Group 3, (C) arrow at interstitial areas and arrowhead at peribronchial areas with severe

caspase-3 immunopositivity of IR groups (Group 2 and 3), (D) arrow at interstitial areas of Group 4, (E) arrow at interstitial areas with mild
caspase-3 immunopositivity of Group 5. IHC.

Formation of acute lung injury is associated with some
factors including excessive ROS, activated PMNs, and
some inflammatory cytokines (TNF-o, IL-6, IL-10) [32].
Those activated PMNs affect the epithelial cells of the
lungs, leading to acute lung injury by apoptotic mecha-
nisms [33]. TNF-a and IL-6 enroll neutrophils into the
lungs, then induce the production of IL-1B which accu-
mulates neutrophils [34].

Literature tells that acute lung injury following intes-
tinal ischemia is related to pulmonary neutrophil seques-
tration, depletion of lung tissue ATP, alveolar endothelial

cell disruption, and increased microvascular permeability
and the reduction of the effect of intestinal ischemia-rep-
erfusion on the lung by means of anti-TNF antibodies indi-
cates that lung injury after intestinal ischemia is related to
elevated TNF [35]. In the literature, it is emphasized that
ATP depletion in lung tissue occurs after reperfusion even
within 15 min [36]. A study found that microvascular per-
meability increased in lung tissue after intestinal IR and
MPO level, which indicates that neutrophil accumulation
in the lungs increased seven-fold after 120 min of ischemia
and 15 min of reperfusion [37].
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Figure 2: Staining of samples with LC3B.
(A) Sham group, (B) arrow at bronchial epithelium and arrowhead at peribronchial areas of Group 3, (C) arrow at bronchial epithelium and
arrowhead at peribronchial areas with severe LC3B immunopositivity of IR groups (Group 2 and 3), (D) arrow at bronchial epithelium of
Group 4, (E) arrow at bronchial epithelium with mild LC3B immunopositivity of Group 5. IHC.

MPO (myeloperoxidase), Nuclear Factor Kappa-B
(NF-kB), and MDA (malondialdehyde) help us predict
inflammatory status. MPO is excreted by activated neutro-
phils and it reflects the number and infiltration amount of
them [38]. MPO converts hydrogen peroxide into hypochlo-
rite (OCl) and radicalized oxygen species (02-, ONOO™).
Those activated PMNs exaggerate the amount of ROS like
superoxide and H,0, in the lung tissue [39, 40]. NF-xB is
a pro-inflammatory transcription factor that regulates the
expression of the proinflammatory molecules [41]. After the
reperfusion, alveolar macrophages and endothelial cells
increase ROS generation that leads to activation of NF-xB
and some proinflammatory cytokines like IL-8, TNF-c. [31].

As mentioned before TAS and TOS estimate the status
of the oxidative stress. While TAS is negatively correlated
with the number of free radicals of serum, but TOS and
OSI have a positive correlation in that regard. There are
many factors affecting TAS and TOS levels like ischemia
including stress, sun ray, smoking, drugs, aging, radio-
activity, infections, hemorrhage, traumas, and long-term
metabolic diseases [42].

In this study, there was no significant difference
between treatment groups and sham group. TAS levels
are found as increased significantly in Group 4 and 5
compared to those of Group 2, but TOS levels are found
as decreased significantly in Group 4 and 5 compared to
those of Group 2 (Table 2). Those results show that urapi-
dil, in fact, had antioxidant effects on lung tissue. There-
fore, this study showed that urapidil has a protective effect
on lung tissue after IR injury in rats.

The drug used in this study, i.e. urapidil, is known
as a sympatholytic, antihypertensive, alpha-adrenergic
antagonist, and 5-HT receptor agonist. Hence, urapi-
dil decreases the peripheral vascular resistance and
blood pressure as well as increases the cardiac output
[14-16]. Table 2 shows that in one ischemia-reperfusion
group (Group 2) of our study the levels of TAS and SOD
reduced compared to those of the sham group. IR seems
to decrease TAS and SOD from the physiological level it
should be. However, the levels of TOS, OSI, MPO, and
MDA are found as increased according to the sham group.
Those alternations are correlated with the literature [43,
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Figure 3: Staining of samples with NF-xB.
(A) Sham group, (B) arrow at interstitial areas of Group 3, (C) arrow at interstitial areas with moderate NF-xB immunopositivity of IR groups (Group 2
and 3), (D) arrow at interstitial areas of Group 4, (E) arrow at interstitial areas with mild NF-xB immunopositivity (arrowhead) of Group 5. IHC.

44]. On the other hand, the groups treated with urapi-
dil (Group 4 and 5) showed similar levels with the sham
group, which suggests that urapidil prevented those levels
from alternating to pathological levels. Although there is a
limited number of studies on the preventive effects of ura-
pidil, this result may be due to the inhibitory effect of ura-
pidil against activated neutrophils [30, 45]. Besides, there
is a study showing that urapidil treatment decreased MDA
and apoptosis levels and increased SOD levels [16]. Some
studies drew attention on dilating pulmonary vascular
bed feature of urapidil on patients with pulmonary hyper-
tension [46]. So, urapidil may have antioxidant effects on
IR injury because of its vasodilator effect.

The levels of TOS, OSI, MPO, and MDA are similar
between the sham operation group and the groups treated
with urapidil, but lower than IR groups (2 and 3). Moreover,
because the levels of TAS and SOD are resulted similar
between the sham group and the groups treated with urapi-
dil (4 and 5), but higher than IR groups (2 and 3), hence, it
can be suggested that urapidil acted as an antioxidant drug
intrials. Some recent studies had similar results that suggest
urapidil decreases MDA and apoptosis but increases SOD

and GPx [16]. In another study of testicular torsion which
makes IR, urapidil prevented cellular damage in testicular
tissue when it is treated before detorsion [16]. According to
the results of the current study, as seen in Table 2, two doses
of urapidil made no difference on animals because there
was no statistical difference between Group 4 and 5 in any
parameter. The levels of SOD alternate similarly between
ischemia and sepsis. A study showed that sepsis SOD activ-
ity in the lung tissue is significantly lowered, but MPO
activity and MDA level increased [43]. Similarly, the present
study showed a decrease in SOD level and an increment in
MPO and MDA levels in IR. Another study also reported that
SOD levels in the lung tissue decreased in sepsis [44].

IR may also lead to pathological apoptosis in order to
maintain the homeostasis because the damaged cells need
to be eliminated. Among the effectors of apoptosis, the
caspase-3 is known as the most important one and is used
as a marker on pathological specimens to detect apoptotic
clues including DNA fragmentation, apoptotic chromatin
condensation, the formation of apoptotic bodies, and dis-
mantling of the cell [7, 8, 16]. There were many apoptotic
cells in the specimens of pathological samples of this study
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that show intestinal IR caused lung injury with apoptosis.
Nevertheless, in the urapidil treated groups (4 and 5), apop-
totic cell patterns were similar to the sham group. Damaged
organelles, pathogens, and protein aggregates inside cells
may also be eliminated by the autophagy process that uses
double-membrane vesicles called autophagosome for deg-
radation [47]. While apoptosis is detected on histopatho-
logical specimens especially by means of caspase-3 activity,
autophagy is monitored by LC3B activity [47].

Conclusions

Mesenteric intestinal IR injury should be one of the
research areas in medicine to eliminate mortal outcomes
of patients. In parallel with the literature, it was shown
that while the oxidant parameters increased in mesenteric
intestinal IR injury, the antioxidants such as SOD and TAS
decreased. The immunopositivity of NF-xB, LC3B, and
caspase-3 molecules were shown to increase with IR
injury. In the present investigation, it was first presented
from the literature that urapidil reduced the oxidative
damage caused by ischemia-reperfusion injury and the
level of molecules that are evidence of cell lysis. As a drug,
urapidil showed promising beneficial effects on the lung
tissue in this study. As a conclusion, it can be said that
according to the results, urapidil prevented the harmful
effects of IR on the lungs.
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