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INTRODUCTION

Intestinal ischemia and reperfusion (I/R) injury is com‑
monly seen in some clinical situations, such as serious burns, 
hemorrhagic or traumatic shock, acute mesenteric ischemia, 
cardiopulmonary bypass, abdominal aortic aneurysm repair, 
organ transplantations [1]. Intestinal I/R most commonly leads 
to acute vascular deficiency and the multiple organ failure 
which are associated with high rates of morbidity and mor‑
tality  [2]. Intestinal I/R also leads to the severe destruction of 
remote organs like the heart, lungs, liver, and kidneys. Lung 

damage is particularly a frequent complication after intestinal 
I/R [3]. Activation of immune cells within the endothelial cells 
of intestinal microcirculation may initiate a systemic inflamma‑
tory response with secondary injury to remote organs. Leakage 
of bacteria and toxins from intestinal mucosa may induce 
inflammation, causing remote organ dysfunction. Intestinal 
ischemia causes production of inflammatory mediators and 
adhesion molecules. During reperfusion, intestinal injury is 
increased by overproduction of reactive oxygen species (ROS) 
and reduction of endogenous antioxidant defence mechanisms. 
ROS activate neutrophils and activated neutrophils infiltrate 
intestinal epithelium and endothelial cells, leading to mucosal 
damage. Mucosal injury leads to increase in vascular permea‑
bility, causing translocation of enteric bacterial products [4,5].

Ukrain (NSC 631570) is a synthetic thiophosphate 
derivative of alkaloids from the extract of the celandine 
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ABSTRACT

Intestinal ischemia‑reperfusion (I/R) causes severe destruction in remote organs. Lung damage is a frequently seen complication after intestinal 
I/R. Ukrain (NSC 631570) is a synthetic thiophosphate derivative of alkaloids from the extract of the celandine (Chelidonium majus L.) plant. 
We investigated the effect of Ukrain in animals with lung injury induced by intestinal I/R. Adult male Spraque‑Dawley rats were randomly 
divided into four groups: control, Ukrain, I/R, I/R with Ukrain. Before intestinal I/R was induced, Ukrain was administered intraperitoneally 
at a dose of 7.0 mg/body weight. After 1 h ischemia and 2 h reperfusion period, lung tissues were excised. Tissue levels of total oxidative status 
(TOS), total antioxidant status (TAS) were measured and oxidative stress indices (OSI) were calculated. Lung tissues were also examined his‑
topathologically. TOS and OSI levels markedly increased and TAS levels decreased in the I/R group compared to the control group (P < 0.05). 
TOS and OSI levels markedly decreased and TAS levels increased in the I/R with Ukrain group compared with the group subjected to IR only 
(P < 0.05). Severe hemorrhage, alveolar septal thickening, and leukocyte infiltration were observed in the I/R group. In the I/R with Ukrain 
group, morphologic changes occurring as a result of lung damage attenuated and histopathological scores reduced compared to the I/R group 
(P < 0.05). Our results suggest that Ukrain pretreatment could reduce lung injury induced by intestinal I/R induced via anti‑inflammatory and 
antioxidant effects.
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(Chelidonium majus L.) plant [6]. This plant contains vari‑
ous alkaloids, most particularly chelidonine, also known as 
benzophenanthridine alkaloid. Ukrain comprises one mol‑
ecule thiophosphoric acid conjugated to three molecules of 
chelidonine [6,7]. Chelidonine has antispasmodic, analgesic, 
antiviral, antitumour, antibacterial, and anti‑inflammatory 
properties. In animal studies, an extract of celandine increased 
bile flow, stimulated immune system by inducing the produc‑
tion of T‑lymphocytes, and acted as a hepatoprotectant [7]. 
Ukrain has antineoplastic and immunomodulatory effects. 
Ukrain treatment can inhibit or reduce the growth of tumor 
mass, induce apoptosis, and also modulate the function of the 
immune system by increasing T‑cells. The drug can interfere 
with the metabolism of cancer cells by reducing DNA, RNA, 
protein synthesis, and cellular oxygen depletion in malignant 
cells [8]. In addition to its antineoplastic potential, it has been 
reported a radioprotective effect of Ukrain against high‑dose 
radiation exposure [9].

Respiratory failure is a frequent cause of mortality 
and morbidity after intestinal I/R. Thus, it is important to 
develop effective therapeutic strategies, however, specific 
therapeutic strategies are currently undefined. Our previous 
studies have demonstrated that Ukrain prevents intestinal 
tissue damage against intestinal I/R injury by antioxidant 
activity [10]. Therefore, we investigated the effect of Ukrain 
in animals with lung injury induced by intestinal I/R, using 
biochemical and histopathological analyses. To the best of 
our knowledge, the effect of Ukrain has not been previously 
investigated in the lung injury induced by intestinal I/R rat 
model.

MATERIALS AND METHODS

The present study was executed in the Experimental 
Animals Application and Research Center of Dumlupinar 
University. The experimental design of study was confirmed 
by the the Dumlupinar University Local Ethics Committee for 
Animal Experiments (No: 51264181‑604.01.02). Experimental 
studies were executed according to the Guide for the Care 
and Use of Laboratory Animals published by the Institute of 
Laboratory Animal Resources Commission on Life Sciences 
National Research Council [11].

Animals

Male Sprague‑Dawley rats (250‑300  g, 10‑12  weeks, 
N = 32) were used. Rats were purchased from Experimental 
Animals Application and Research Center of Dumlupinar 
University. Rats were sheltered in polycarbonate cages with a 
12‑:12‑h light‑dark cycle in a temperature‑controlled (22 ± 1°C) 
room. All rats were fed with standard rat chow and allowed to 
fresh water ad libitum until the experiment started.

Chemicals

Ukrain ampoules were donated by Nowicky Pharmaceuticals 
(Margaretenstrasse 7, 1040 Vienna, Austria). The ampoules were 
protected from light and stored at 7°C until use.

Experimental study design

Rats were randomly divided into four groups (N = 8). 
Control group was subjected to abdominal median laparot‑
omy and not to I/R conditions. Rats received 1 mL of sterile, 
pyrogen‑free saline by intraperitoneal (i.p.) injection 1 h before 
laparotomy. Ukrain group was exposed to only abdominal 
median laparotomy and not to I/R. Rats received 1  mL of 
7.0 mg/body weight (b.w.) Ukrain via i.p. injection 1 h before 
laparotomy. I/R was induced by 1 h of ischemia followed by 2 h 
of reperfusion. The rats received 1 mL of sterile, pyrogen‑free 
saline via i.p. injection 1 h before laparotomy. I/R with Ukrain 
group was exposed to 1 h of ischemia followed by 2 h of reper‑
fusion and 1  h before laparotomy, the rats received 1  mL of 
7.0 mg/b.w. Ukrain via i.p. injection.

Surgical procedures

All rats were fasted for 12 h before the studies, but were 
allowed free access to water until 30  min before the experi‑
ment. The rats were weighed and anesthetized with ketamine 
(Ketalar, Pfizer, Istanbul, Turkey)‑xylazine (Rompun, Bayer, 
Istanbul, Turkey) (70 and 10 mg/kg, respectively) by i.p. injec‑
tion. Then the abdomen of the rats were shaved, cleaned with 
povidone–iodine 10% antiseptic solution, and opened via a 
midline incision under anesthesia. Intestinal Ischemia was ini‑
tiated via ligation of the the superior mesenteric artery with a 
vascular clamp (Vascu Stop Bulldog Clamp, Istanbul, Turkey) 
for 1 h. Incised abdomen sites were subsequently closed and 
animals were observed. After 1 h of ischemia, the clamps were 
displaced to permit reperfusion for 2 h [12]. At the end of the 
reperfusion period, the animals were euthanized by exsan‑
guination under anesthesia, and the lungs were bilaterally 
removed for biochemical and histopathological analyses. One 
part of lung samples were fixed with 10% formaldehyde and 
the other part of lung samples were put into an Eppendorf 
tube and stored at ‑80ºC.

Biochemical analyses
Preparation of lung tissue homogenates

The lung tissue samples were mixed with cold phos‑
phate‑buffered saline solution and homogenized with a 
mechanic homogenizer (Analytik Jena speedmill plus, Jena, 
Germany). The homogenates were centrifuged at 10000 × g 
for 10  min at 4 ºC and the supernatants were preserved for 
biochemical analysis by storing on ice. Tissue total antioxi‑
dant status (TAS) and total oxidant status (TOS) levels were 
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measured on Beckman Coulter AU680 Chemistry System 
(Beckman Coulter, Miami, FL, USA) using commercial kits 
(Rel Assay Diagnostic, Gaziantep, Turkey). Tissue protein 
concentrations were measured based on the principal of the 
Bradford method on a Beckman Coulter AU680 Chemistry 
System (Beckman Coulter, Miami, FL, USA) [13].

Measurement of total antioxidant status (TAS)
Tissue TAS concentrations were measured with an auto‑

mated assay method developed by Erel [14]. Free radical reac‑
tions were started with the production of hydroxyl radical by 
Fenton reaction and the rate of the reaction was monitored 
by following the absorbance of colored dianisidyl radicals. 
Antioxidants in the sample suppressed the color formation to 
a degree that is proportional to their concentrations [14]. The 
results were stated in term of micromolar Trolox equivalent 
per miligram tissue protein (µmol Trolox Eq/mg protein).

Measurement of total oxidant status (TOS)
Tissue TOS concentrations were measured with an auto‑

mated assay method developed by Erel [15]. The method is 
based on the principal of the oxidation of ferrous ion to ferric 
ion in the presence of various oxidants in the sample and the 
measurement of the ferric ion by xylenol orange. The assay 
was calibrated with hydrogen peroxide [15]. The results were 
stated in term of micromolar hydrogen peroxide equivalent 
per miligram tissue protein (μmol H2O2 Eq/mg protein).

Calculation of oxidative stress index (OSI)
The percent ratio of TOS to TAS was accepted as the OSI, 

an marker of the severity of oxidative stress. OSI was calcu‑
lated as follows: OSI = [(TOS, μmol H2O2 Eq/mg protein)/
(TAS, μmol Trolox Eq/mg protein) × 100] [16].

Histopathologic examinations
The lung samples were fixed in 10 % formaldehyde and 

embedded in paraffin. Thick paraffin sections (4 µm) were cut 
from each specimen. After deparaffinization and rehydration, all 
sections were stained with hematoxylin and eosin (H&E). Slides 
were examined and images were captured using a light micro‑
scope (Olympus BX51, Tokyo, Japan) by a pathologist who was 
blinded to the treatment each animal had received. The patho‑
logic slides were graded according to a scoring system previously 
described by Yamanel et al. (Table 1) [17]. In this scoring system, 
four lung damage indices; edema (score: 0‑4), hemorrhage 
(score: 0‑4), leukocyte infiltration (score: 0‑4), and alveolar septal 
thickening (score: 0‑4) are graded for a total score of 0‑16.

Statistical analysis

Data were stated as means ± standard error of mean 
(SEM). Because of the small size of groups, nonparametric 

statistical tests were used. The differences were analyzed 
with the Kruskal‑Wallis test among the multiple groups. The 
differences were analyzed with the Mann‑Whitney U‑test 
between two groups (GraphPad Prism version 6.05, GraphPad 
Software, Inc., La Jolla, CA, USA). A P value less than 0.05 was 
considered statistically significant.

RESULTS

Tissue TAS, TOS, and OSI levels are represented in 
Figure  1. Significant differences were observed between 
TAS, TOS, and OSI levels in the experimental study groups 
(P < 0.001, P = 0.001, P = 0.003, respectively). TOS and OSI 
levels increased and TAS levels decreased in the intestinal IR 
group (P < 0.05) compared with the control group (P < 0.05). 
TOS and OSI levels decreased and TAS levels increased in the 
I/R with Ukrain group compared with the group subjected to 
IR only (P < 0.05, Figure 1).

Lung damage scores in H&E staining are represented in 
Table 2. In the histopathological examinations, total lung dam‑
age scores were higher in the I/R group compared to the con‑
trol group (P < 0.05, Table 2). Ukrain treatment ameliorated 
morphological changes occurring in lung tissue as a result 
of I/R. Histopathological scores were lower in the I/R with 
Ukrain group compared to the I/R group (P < 0.05, Table 2). 
Severe hemorrhage, alveolar septal thickening, and leukocyte 
infiltration were observed in the I/R group (Figure  2A‑C). 
However, the microscopic views of lung samples were approx‑
imately normal in the I/R with Ukrain group. Slight hemor‑
rhage and leukocyte infiltration were observed in the I/R with 
Ukrain group (Figure 2D).

DISCUSSION

We investigated the effects of Ukrain in rats subjected to 
the experimental lung injury induced by intestinal I/R in this 
study. This is the first report of the effect of Ukrain in a model of 
lung damage induced by intestinal I/R. Our findings revealed 
that 1 h of superior mesenteric obstruction followed by 2 h of 

TABLE  1. Histopathologic lung damage criteria according to 
according to Yamanel et al. [17]

Score Edema Hemorrhage Leukocyte 
infiltration

Alveolar septal 
thickening

0 No edema No hemorrhage <10 cells No thickened 
alveolar walls

1 Edema in one 
quadrant

Hemorrhage in 
one quadrant 10‑25 cells Thickened walls 

in one quadrant

2 Edema in two 
quadrant

Hemorrhage in 
two quadrant 25‑50 cells Thickened walls 

in two quadrant

3 Edema in three 
quadrant

Hemorrhage in 
three quadrant 50‑75 cells Thickened walls 

in three quadrant

4 Edema in four 
quadrant

Hemorrhage in 
four quadrant >75 cells Thickened walls 

in four quadrant
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reperfusion led to serious lung injury. However, Ukrain treat‑
ment showed remarkable protective effects against intestinal 
I/R induced lung damage. This protective effect was evident as 
a decrease in TOS and OSI levels and an increase in TAS lev‑
els in lung tissue. Additionally, the histopathological examina‑
tion of lung tissues supported the protective effects of Ukrain.

Intestinal ischemia generally occurs due to arterial obstruc‑
tion by thrombi or embolisms and also by non‑obstructive 
processes such as cardiac failure, sepsis, the usage of alpha‑ad‑
renergic agents or digitalis. Mesenteric venous occlusion may 
lead to infarction with acute mesenteric ischemia and irrevers‑
ible tissue lesions [18,19]. Intestinal I/R may also cause remote 
organ injury through several mechanisms such as inflamma‑
tory cells, ROS, and cytokines. Increased production of ROS, 
reduced endogenous antioxidative defense mechanisms may 
cause I/R injury. The lung is very prone to ROS induced by 

I/R, which cause oxidative damage to lipids, proteins, and 
DNA, leading to organ failure and cell death [20]. Lung injury 
as a result of I/R induced remote organ injury increases mor‑
tality and morbidity [21].

In this study, intestinal I/R caused increase in pulmo‑
ner tissue TOS and OSI levels consistent with previous 
studies [22,23]. The TOS/TAS ratio, in other words the OSI, is 
a marker of the severity of oxidative stress and demonstrates 
the redox balance between antioxidant and oxidant status [24]. 
TOS level is a sensitive index of oxidative stress [25]. TAS, as 
an antioxidant, can protect tissue from the oxidative damage 
by scavenging ROS. Therefore, the measurement of TAS level 
provides a sensitive index of antioxidant capacity [10]. In addi‑
tion, intestinal I/R caused severe histopathological pulmoner 
damage including edema, hemorrhage, increased thickness of 
the alveolar wall and the number of neutrophils that infiltrated 

TABLE 2. Comparison of scored histopathological values in the experimental study groups (mean±SEM, N=8)

Scored values C U I/R I/R+U Statistical analysis (P values)
Edema 0.38±0.18a 0.25±0.16b 2.75±0.16abc 1.38±0.18abc <0.001
Hemorrhage 0.0±0.0a 0.0±0.0b 2.75±0.16abc 1.38±0.33abc <0.001
Leukocyte infiltration 0.0±0.0a 0.0±0.0b 2.50±0.19abc 1.50±0.27abc <0.001
Alveolar septal thickening 0.0±0.0a 0.0±0.0b 2.62±0.18abc 1.38±0.33abc <0.001
Total damage score 0.38±0.18a 0.25±0.16b 10.63±0.33abc 5.63±0.96abc <0.001

C: Control, U: Ukrain, I/R: Ischemia-reperfusion, SEM: Standard error of mean. Data are stated as the mean±standard error of mean (SEM); N=8. 
P: Demonstrates the differences among the study groups (Kruskal-Wallis test). a,b,cIn each line, the differences between the two groups with same letters 
are significant, P<0.05 (Mann-Whitney-U test). C: Control, U: Ukrain, I/R: Ischemia-reperfusion. The lung tissue samples were graded according to a scor-
ing system previously described by Yamanel et al. [17]

FIGURE 1. Pulmoner tissue TAS, TOS, OSI levels, and histopathological total lung damage scores in the study groups. Data are stated as 
the mean ± standard error of mean (SEM); N = 8. P: Demonstrates the differences among the groups (Kruskal-Wallis test). a,b,c: In each line, 
the differences between the two groups with same letters are significant, P < 0.05 (Mann-Whitney-U test). TAS: Total antioxidant status, 
TOS: Total oxidant status, OSI: Oxidative stress index, C: Control, U: Ukrain, I/R: Ischemia-reperfusion.
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the interstitium and alveoli, consistent with previous stud‑
ies [22,23,26]. Therefore, our findings suggest that intestinal 
ischemia‑reperfusion may induce oxidative stress, leading to 
severe damage in pulmoner tissue.

The Ukrain is a synthetic derivative of thiotepa and the 
chelidonine, a main component of the greater celandine 
(Chelidonium majus L.) plant [27]. It has been reported that 
Ukrain has spesific properties such as a selective cytotoxic 
effect on malignant human tumour cells, but not on normal 
cells in a concentration not cytotoxic in normal cells. Authors 
suggest that this may be explained by the difference in meta‑
bolic activities of drug between normal and malignant cells. 
Normal cells are able to metabolize Ukrain, whereas Ukrain 
is cytotoxic for malignant cells [28]. Hohenwarter et al. [29] 
observed Ukrain in much higher concentration in malignant 
cells than in normal cell cultures. Thus, the authors suggest 
that Ukrain exerts selective cytotoxic effects on tumour cells 
without adverse side effects on normal cells. The cytotoxic 
effect of Ukrain may be due to breakdown in the metabolism 
of cancer cells, the reduction of DNA, RNA, protein synthe‑
sis, and cellular oxygen depletion [8,30,31]. In a previous study, 
it has been shown that Ukrain inhibits the protein synthesis 
by preventing amino acid transport into tumor cells. Ukrain 
not only inhibits protein synthesis, but also inhibits glucone‑
ogenesis and energy production [32]. It has been reported 
that Ukrain induces mitochondrial damage and apoptosis 
in malignant cells by activating caspases [33,34], inhibiting 

proapoptotic Bcl‑2 [35,36], upregulating cyclin‑dependent 
kinase inhibitor p27 [37,38]. In a study by Skivka et al. [39], 
it has been demonstrated that Ukrain restores proinflamma‑
tory functions of macrophages and recovers ROS production. 
Koriem et al. [40] reported that Chelidonium majus leaves 
methanol extract has natriuretic, antidiuretic, and nephro‑
protective effects against cadmium‑induced nephrotoxicity 
in rats. In a previous study, Chelidonium majus exhibited 
anti‑inflammatory activity by inhibiting inducible nitric 
oxide synthase and cyclooxygenase‑2 against lipopolysaccha‑
ride‑induced inflammation in macrophage RAW264.7  cells 
[41]. The findings of this study revealed that Ukrain treat‑
ment decreased the pulmonary inflammation by decreasing 
inflammatory cell infiltration, alveolar septal thickening, and 
alveolar edema. In addition, Ukrain treatment reduced oxida‑
tive stress by decreasing TOS levels and OSI values, increas‑
ing TAS levels, consistent with our previous study [10]. Taken 
together, the findings of this study suggest that treatment with 
Ukrain may protect against remote organ damage induced by 
intestinal I/R via antioxidant and antiinflammatory effects.

CONCLUSION

In conclusion, this is the first study that reports the pro‑
tective effects of Ukrain in lung injury after experimental 
intestinal I/R model in rats. We demonstrated the intestinal 
I/R caused the oxidative stress in lung tissue. The Ukrain 
treatment prevented lung injury via antioxidant and anti‑in‑
flammatory effects. These results suggest that oxidative 
stress plays an important role in the lung injury induced 
by intestinal I/R and Ukrain provides protective action 
against remote organ injury induced by intestinal I/R. It can 
be commented that the protective effect of Ukrain can be 
attributed to its antioxidant and antiinflammatory proper‑
ties. Consequently, Ukrain may be an effective therapeutic 
alternate in protecting lung tissue against I/R induced oxi‑
dative injury.
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