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Abstract: Background: To investigate the antiapoptotic effect of Ukrain on intestinal lesion induced by mesenteric 
ischemia-reperfusion (I/R) injury. Methods: Male Sprague-Dawley rats were divided into three groups: laparotomy 
(L), I/R, and Ukrain and I/R (U + I/R). In the U + I/R group, Ukrain (7 mg/kg) was given by intraperitoneal at the 
beginning of the study. 1 h after ukrain application, ischemia was induced for 30 minutes, and reperfusion was 
subsequently allowed for 120 minutes in the I/R and U + I/R groups. Rats were sacrificed at the end of reperfusion 
and intestinal tissues were collected for biochemical and molecular examination. Intestinal tissues caspase 3 pro-
tein were assayed. Serum Bcl-xL and iNOS were measured. The expression level of caspase-3, Bcl-xL and iNOS in 
intestinal tissue of rats were detected by reverse transcription-polymerase chain reaction (RT-PCR). Results: Levels 
of serum iNOS and mRNA expression were increased in the I/R and decreased in the U + I/R group. In addition, 
levels of the proapoptotic gene caspase-3 protein and mRNA expression were increased in the I/R and decreased 
in the U + I/R group. Levels of the antiapoptotic gene Bcl-xL serum and mRNA expression were increased in the U + 
I/R group. Conclusions: Ukrain can reduce the ischemia-reperfusion injury in the intestinal tissue by inhibiting the 
cell apoptosis. The mechanism may be correlated with increased Bcl-xL mRNA expressions and decreased mRNA 
expressions of Caspase-3 and iNOS.
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Introduction

Mesenteric ischemia-reperfusion (I/R) injury is 
a common pathological process, which can 
occur as a treatment complication in many dis-
eases [1]. Several conditions such as severe 
infection, trauma, shock and severe acute pan-
creatitis, abdominal aortic surgery, and small 
bowel transplantation can cause intestinal 
ischemia, intestinal barrier dysfunction and an 
increase of intestinal mucosal permeability [2]. 
I/R not only results in injury to the intestine but 
may also lead to sepsis, systemic inflammatory 
response syndrome, and even multiple organ 
dysfunction syndrome, owing to damage of the 
mucosal structure and barrier function [3]. I/R 
injury is multifactorial and involves impaired 

blood flow reconstitution, increased expression 
of adhesion molecules, neutrophil activation, 
cytokine/chemokine release by infiltrating leu-
kocytes, oxidative stress, and endothelial cell 
apoptosis [4, 5].

The anticancer drug Ukrain (NSC 631570), a 
semisynthetic compound derived from the 
extract of the plant Chelidonium majus L., has 
been shown to exert selective cytotoxic effects 
towards a variety of malignant cells including 
colon, brain, ovarian, melanoma and lymphoma 
without harmful side effects on healthy human 
cells [6].

Apoptosis, otherwise known as programmed 
cell death, is an essential natural process that 

http://www.ijcem.com


Protective effects of ukrain on intestinal ischemia-reperfusion injury in rats

22159 Int J Clin Exp Med 2015;8(12):22158-22166

eliminates damaged, unneeded or dangerous 
cells from the body [7]. In normal cells, apopto-
sis is caused by developmental cues and ce-
llular stress or injury [8]. However, the effects  
of ukrain on rat I/R-induced intestinal apopto-
sis and apoptotic pathways are not yet com-
pletely understood are not fully known, although 
antiangiogenic and anticarcinogenic action on 
human endothelial cells and a proapoptotic 
action on lymphoma and glioblastoma cells 
have been reported in vitro. Ukrain has not 
been studied on intestinal apoptosis caused  
by ischemia-reperfusion injury in rats before. 
Therefore, the aims of this study were to deter-
mine whether ukrain ameliorates I/R-induced 
intestinal mucosal injury by suppressing cell 
apoptosis.

Methods

Animals

Sprague Dawley, 10-12-wk-old male rats (250-
300 g), were purchased from Dumlupınar Uni- 
versity Experimental Animal Center, Kütahya, 
Turkey. The rats were housed in a specific plas-
tic cage and fed on laboratory chow and water. 
After a minimum of 7-day acclimation, therats 
were randomly allocated into three groups (n = 
8 ineach group): (1) Laparotomy (L) group in 
which the rats were subjected to identical surgi-
cal procedure but no I/R injury), (2) Mesenteric 
ischemia-reperfusion injury (I/R) group, (3) 
Ukrain and I/R (U + I/R) in which therats were 
administered ukrain (Nowicky Pharmaceuticals, 
Margaretenstrasse 7, 1040 Vienna, Austria) 
was given by intraperitoneal (7 mg/kg) 1 h prior 
to I/R [9]. This project was approved by the 
Dumlupınar University Ethics Committee of 
Animal Care and Usage, Kütahya, Turkey.

Mesenteric ischemia-reperfusion (I/R) injury 

The rats were anesthetized with an intraperito-
neal injection of ketamin/xylazine HCl (75 mg/
kg/10 mg/kg) and, throughout the surgery,  
the body temperature was maintained at 
36°C-37°C with a homeothermic blanket. I/R 
injury model was performed as previously 
described [10]. The rats were placed in supine 
position and secured in a dissection tray. The 
abdominal region was shaved and cleaned with 
anti-septic solutions. The intestinal region was 
accessed by means of midline laparotomy. 
Superior mesenteric artery was lifted with care 

and occluded with a microvascular clamp, thus 
intestinal ischemia was created within 30 min. 
Ischemia was determined by the absence of 
pulses or pale color of the intestine. Then the 
abdomen was then closed. Following ischemia, 
the clamp was removed and a 120-min reper-
fusion was conducted. The return of the pulses 
and the pink color were assumed to be taken 
as the signs of intestinal reperfusion. 

Collection of samples

Rats were sacrificed at the immediately after 
reperfusion, and serum and small intestine 
samples were collected. Blood was collected 
from the abdominal artery of rats for the deter-
mination of serum samples for Bcl-xL and iNOS 
analysis. Intestine tissue samples were then 
collected in liquid nitrogen for analysis of 
molecular biologic studies, and stored at -80°C 
until analysis.

Serum Bcl-xL and iNOS analysis

The serum levels of the Bcl-xL and iNOS were 
determined by using specific ELISA kits for rats 
according to the manufacturer’s instructions 
(Cusabio, China) by an ELISA microplate reader 
(Thermo Multiscan GO, 1510, Finland).

Tissue Caspase-3 analysis

Intestinal tissue samples were shred at 9500 
rpm (4 × 10 sec at 4°C) by an homogenizer 
(WiseTis, HG-15A, Korea). Then, the upper clear 
supernatants were removed for tissue Cas-
pase-3 analysis and it was measured using 
Colorimetric Assay Kit (Biovision, USA). The 
ELISA procedures were performed according to 
the manufacturer’s instructions. The results 
are expressed as pg/mg-protein.

Real-time polymerase chain reaction (RT-PCR) 
analysis

Total RNA was isolated from intestinal tissues 
by using GeneJET RNA Purification Kit (Thermo, 
Cat No: # K0732) in accordance with the manu-
facturer’s instructions, and 4 mg of total RNA 
was reversely transcribed into cDNA by using 
the EasyScript™ cDNA Synthesis Kit (abm) by 
following instructions. Real-time PCR amplifica-
tions were carried out by using the LightCycler 
480 Real Time PCR System (Roche Diagnostics, 
Germany. PCR primers (Genscript, Piscataway, 
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USA) for all analyzed genes are shown in Table 
1. PCR was conducted at 95°C for 10 min, fol-
lowed by 35 cycles at 95°C for 10 s, 57°C for 
30 s and 72°C for 1 min. The amount of mRNA 
for each gene was normalized by β-actin, and 
the relative expressionlevels were calculated 
by using the 2-ΔΔCt method.

Immunohistochemical examinations 

Tissue expression levels of Bax and Bcl-2 were 
examined with immunohistochemical method. 
Formaldehyde-fixed sections were embedded 
in paraffin for immunohistochemical stainings. 
Immunohistochemical stainings were perform- 
ed using commercial kits (Abcam, Cambridge, 
MA, USA) according to the manufacturer’s 
instructions and examined under a light micro-
scope (Olympus BX51, Tokyo, Japan). Stained 
cells were scored as semi-quantitative: no posi-
tive cells (score: 0), mild staining, <25% posi-
tive cells (score: 1), moderate staining, 25-50% 
positive cells (score: 2), and severe staining, 
>50% positive cells (score: 3).

Statistical analysis

Statistical analysis was done with SPSS (Sta- 
tistical Package for Social Sciences, Chicago, 
IL, USA) 16.0 pocket program. All results were 
given as means ± standard error (SE). Com- 
parisons among multiple groups were done 
with Kruskal-Wallis test, and between two 

en compared with the L and U + I/R groups 
(P<0.05), whereas the I/R-induced elevation in 
the tissue caspase 3 protein and mRNA expres-
sion was canceled out with administration of 
ukrain (P<0.05; Table 2 and Figure 1).

Levels of serum Bcl-xL and tissue Bcl-xL mRNA

There were statistically significant differences 
in serum Bcl-xL and tissue Bcl-xL mRNA levels 
among the groups of L, I/R and U + I/R (P = 
0.001 and P = 0.002). Serum Bcl-xL and tiss- 
ue Bcl-xL mRNA levels were significantly 
reduced in I/R group compared with L and U + 
I/R groups (P = 0.001 and P = 0.001, respec-
tively, Table 2 and Figure 2). On the other hand, 
the serum Bcl-xL and tissue Bcl-xL mRNA levels 
were significantly elevated in ukrain-treated I/R 
groups (P = 0.001).

Levels of serum iNOS and tissue iNOS mRNA

There were statistically significant differences 
in serum iNOS and tissue iNOS mRNA levels 
among the groups of L, I/R and U + I/R (P = 
0.006 and P = 0.008). The serum iNOS and tis-
sue iNOS mRNA expression levels of I/R group 
was significantly higher than thatmeasured in 
the L and U + I/R groups (P<0.05; Table 2 and 
Figure 3). This elevated serum iNOS and tissue 
iNOS mRNA expression levels were significantly 
reduced by ukrain (P<0.05). 

Table 1. Primers used for real-time PCR analysis
Gene Sense strand sequence Anti-sense strand sequence
Caspase 3 GACTGCGGTATTGAGACAGA CGAGTGAGGATGTGCATGAA
Bcl-xL AGGCTGGCGATGAGTTTGAA TGAAACGCTCCTGGCCTTTC
iNOS TTGGAGCGAGTTGTGGATTGTTGTTC GGTGAGGGCTTGCCTGAGTGAGC
β-actin CTATCGGCAATGAGCGGTTCC TGTGTTGGCATAGAGGTCTTTACG

Table 2. Effect of Ukrain on tissue caspase 3, serum Bcl-xL and iNOS 
concentrations of Laparotomy (L), mesenteric ischemia-reperfusion 
injury (I/R) and ukrain + mesenteric ischemia-reperfusion injury (U + 
I/R) groups
Groups L (n = 8) I/R (n = 8) U + I/R (n = 8) P
Caspase 3 (pg/mg-protein) 0.73±0.08a,b 2.30±0.09a,c 1.21±0.15b,c 0.000
Bcl-xL (pg/ml) 0.43±0.17a,b 0.19±0.01a,c 0.70±0.07b,c 0.001
iNOS (IU/ml) 3.06±0.30a 6.73±0.84a,b 3.55±0.45b 0.006
P: Shows the differences between all groups (Kruskal Wallis test). a,b,cIn each line, the 
difference between the means with same letters are significant, P≤0.05 (Mann-Whitney U 
test).

groups were with Mann-
Whitney U test. Values 
smaller than P≤0.05 we- 
re accepted as statisti-
cally significant.

Results

Levels of tissue Caspase 
3 protein and mRNA

There were statistically 
significant differences in 
tissue caspase 3 protein 
and mRNA levels among 
the groups of L, I/R and 
U + I/R (P = 0.000 and P 
= 0.001). In the I/R gro- 
up, tissue caspase 3 
protein and mRNA ex- 
pression levels were sig-
nificantly increased wh- 
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Immunohistochemical examinations

There were statistically significant differences 
in the scored Bax and Bcl-2 values in intestinal 
tissue samples between assay groupsof L, I/R 
and U + I/R (P≤0.05; Table 3; Figures 4 and 5).

Caspase 3 plays a key role in the execution 
phase of apoptosis and is a common pathway 
associated with apoptosis signal transduction 
[16]. Zhang et al. [17] observed that activation 
of caspase-3, a marker of apoptosis, is usually 
marked in intestinal I/R. A study by Takeshita et 

Figure 1. Expression of caspase 3 mRNA in intestinal tissue of laparotomy 
(L), mesenteric ischemia-reperfusion injury (I/R) and ukrain + mesenteric 
ischemia-reperfusion injury (U + I/R) groups. Data were expressed as mean 
± standard error. *P≤0.05 vs I/R group.

Figure 2. Expression of Bcl-xL mRNA in intestinal tissue of laparotomy (L), 
mesenteric ischemia-reperfusion injury (I/R) and ukrain + mesenteric isch-
emia-reperfusion injury (U + I/R) groups. Data were expressed as mean ± 
standard error. *P≤0.05 vs I/R group.

Discussion

The intestine is probably one 
of the most susceptible or-
gans to I/R injury. I/R injury  
is a common consequence  
of acute mesenteric ischem- 
ia, resuscitation, hemorrhag-
ic, traumatic or septic shock, 
thoracoabdominal aneurysm 
repair, severe burns, or some 
surgical procedures including 
small bowel transplantation 
and abdominal aortic surgery 
[11]. The underlying mecha-
nisms of mesenteric I/R inju- 
ry are complex. Many clinical 
and experimental research 
have demonstrated that oxi-
dative stress, neutrophils, en- 
dothelial factors, cytokines, 
and apoptosis are involved in 
this process [12].

In studies, effect of ukrain on 
apoptosis in mesenteric I/R 
injury rats are yet to be report-
ed. In the present study, we 
demonstrated for the first 
time that intraperitoneal in- 
jection of the protective drug 
ukrain in rats with mesenteric 
I/R injury. Apoptosis is a fun-
damental and complex bio-
logical process that enables 
an organism to kill and remove 
unwanted cells during animal 
development, normal homeo-
stasis and disease [13, 14].

Mesenteric I/R injury is a 
complicated process which 
associated various mecha-
nisms as apoptosis. Apoptosis 
has been implicated in physi-
ological and pathological con-
ditions including mesenteric 
I/R and, plays a vital role in 
the initiation and progression 
of mesenteric I/R injury [15]. 
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al. [18] found an increase in the levels of 
expression of the proapoptotic gene caspase-3 
in the intestinal I/R rats [18]. This study’s 
results are compatible with the aforementioned 
study. In the present study, the results demon-
strated that mesenteric I/R attenuated the 
increase in caspase-3 protein and mRNA 
expression and decreased in the U + I/R group. 
In addition effects of intraperitoneal ukrain 
administration have not been studied on apop-
tosis in the mesenteric I/R rat models before. 
Therefore, there has not been any study in the 
literature between ukrain and apoptosis that 

Bcl-2 family of proteins, and acts as a pro-sur-
vival protein by preventing the release of mito-
chondrial contents such as cytochrome c, 
which would lead to caspase activation [21]. 
Previous studies have shown that expression of 
the antiapoptotic gene Bcl-xL was decreased in 
the intestinal I/R [18, 22]. In this study; mesen-
teric I/R attenuated the decrease in Bcl-xL 
serum and mRNA expression and increased in 
the U + I/R group. Habermehl et al. [20] demon-
strated that over-expression of Bcl-2 or Bcl-xL 
partially reduced ukrain-induced apoptosis 
pointing to Bcl-2 controlled mitochondrial sig-
nalling events. Venkatesh et al. demonsrated 
that ukrain decreases the cell survival of andro-
gen-independent prostate cancer cells and 
induces their apoptosis, increased the pro-
apoptotic mRNA expression of Bad, Baxcas- 
pase, decreased the anti-apoptotic protein 
Bcl-2 [23]. In this study, ukrain might inhibit 
apoptosis caused by mesenteric I/R injury in 
rats, although ukrain is induced apoptosis 
according to studies on human cancer cells.

iNOS produces large quantities of NO upon 
stimulation, such as by proinflammatory cyto-
kines [24]. Induction of the high-output iNOS 
usually occurs in an oxidative environment [25]. 
The pathogenesis of intestinal I/R involves with 

Figure 3. Expression of iNOS mRNA in intestinal tissue of laparotomy (L), 
mesenteric ischemia-reperfusion injury (I/R) and ukrain + mesenteric isch-
emia-reperfusion injury (U + I/R) groups. Data were expressed as mean ± 
standard error. *P≤0.05 vs I/R group.

Table 3. Comparisons of scored Bax and Bcl-2 
values in intestinal tissue samples between 
Laparotomy (L), mesenteric ischemia-reper-
fusion injury (I/R) and ukrain + mesenteric 
ischemia-reperfusion injury (U + I/R) groups 
(mean ± SEM, n = 8) 
Scored 
values L I/R U + I/R P

Bax 0.29±0.3a 2.71±0.2a,b 1.43±0.2a,b <0.001
Bcl-2 1.42±0.2a 0.57±0.2a,b 2.28±0.2a,b <0.001
P: Shows the differences between all groups (Kruskal-Wallis 
test). a,bIn each line, the differences between the means 
with same letters are significant, P≤0.05 (Mann-Whitney U 
test). Abbreviations: SEM: Standart error of mean, Bax: Bcl-
2-associated X protein, Bcl-2: B-cell lymphoma 2.

can be compared with the 
results of this study. Previous 
studies have demonstrated 
that ukrain treatment led to 
the activation of effector cas-
pase 3 expression as detect-
ed by positive Annexin-V stain-
ing in three breast cancer 
models tested in vitro [19]. 
Ukrain is a potent inducer of 
apoptosis and cell death in 
human Jurkat T lymphoma 
cells involving mitochondrial 
damage and caspase-activa-
tion [20]. In this study and 
previous studies on this sub-
ject, the dose and type of 
administration of ukrain differ 
leading to the differences in 
the results.

Bcl-xL is a transmembrane 
molecule in the mitochondria 
and acts as an apoptotic in- 
hibitor. It is a member of the 
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the induction of iNOS. Naito et al. [26] observed 
that inflammation induced by mesenteric re- 
perfusion in rats resulted in oxidative and ni- 
trosative stress, characterized by the high pro-
duction of NO, by the increased expression of 
iNOS and by an excess expression of lipidic per-
oxides [44]. According to Wu et al. [27] iNOS  
is related to increased apoptosis in the sma- 
ll-intestine mucosa of rats after I/R [27]. 

Margaritis et al. [28] reported that the inhibi-
tion of both the iNOS activity and the NO pro-
duction could alleviate the I/R injury [28], sup-
porting the role of iNOS as an important media-
tor of I/R injury in intestine. In this study; mes-
enteric I/R attenuated the increase in iNOS 
serum and mRNA expression compared with 
the L and U + I/R groups. In the study per-
formed by Kiang et al. [29] the authors found 

Figure 4. Examination of Bax expression in intestinal tissues in the assay groups. A. Bax staining (Bax x 200) showed 
that there was no change in control rats. B. Significant increase in the number of Bax positive cells were observed 
in IR group. C. The Ukrain significantly decreased the Bax positive cells. Bax expression was examined using immu-
nohistochemical staining. Stained cells were scored as semiquantitative: no staining (score: 0), mild staining (score: 
1), moderate staining (score: 2), and severe staining (score: 3). Results are expressed as the mean ± standard error 
of mean (SEM); n = 8. P: Shows the differences between all groups (Kruskal-Wallis test). a,b: In each line, the differ-
ences between the means with same letters are significant, P≤0.05 (Mann-Whitney U test).
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that increased caspase-3 protein and activity 
are regulated via iNOS [29]. Thus, our results 
showing that mesenteric I/R injury is associat-
ed with both increased iNOS expression and 
caspase-3 activation. Conversely, iNOS serum 
and mRNA expression levels were decreased in 
the U + I/R group. In addition, in our previous 
study, we were demonstrated that treatment 

with ukrain reduced the degree of intestinal tis-
sue injury on histopathologic examination [9]. 

In conclusion, ukrain markedly inhibited the 
protein and mRNA expression of apoptotic fac-
tor as caspase 3, decreased iNOS serum and 
mRNA levels, and significantly increased Bcl-xL 
serum and mRNAexpression. The ukrain atten-

Figure 5. Examination of Bcl-2 expression in intestinal tissues in the assay groups. A. Bcl-2 staining (Bcl-2 x 100) 
showed that there was no change in L rats. B. Significant decrease in the number of Bcl-2 positive cells were ob-
served in I/R group. C. The Ukrain significantly increased the Bcl-2 positive cells. Bcl-2 expression was examined 
using immunohistochemical staining. Stained cells were scored as semiquantitative: no staining (score: 0), mild 
staining (score: 1), moderate staining (score: 2), and severe staining (score: 3). Results are expressed as the mean 
± standard error of mean (SEM); n = 8. P: Shows the differences between all groups (Kruskal-Wallis test). a,b: In each 
line, the differences between the means with same letters are significant, P≤0.05 (Mann-Whitney U test).
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uates the I/R-induced intestinal injury by regu-
lation of serum cytokine levels, and intestinal 
tissue Bcl-xL, iNOS and caspase-3 expressions. 
The Immunohistochemical examinations find-
ings support the biochemical and moleculer 
findings. These results suggest that ukrain 
might have antiapoptotic effects and use as a 
therapeutic drug for the treatment of the mes-
enteric I/R injury.
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