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1. Introduction
Intussusception (IN) is a clinical scenario described over 
300 years ago, but it still remains incompletely understood. 
Recently, it has become clearly known that IN is the most 
common cause of acute small bowel obstruction in infants 
and preschool children (1,2). IN occurs by invagination 
of one part of the intestine to another. IN causes intense 
local edema, venous compression, congestion, and stasis 
in intussusceptum (1). If this process does not resolve, 
bowel congestion and pressure increases, resulting in 
ischemic changes in the bowel (1,3). The goal of treatment 
is either radiological or operative reduction without bowel 
resection (1,2). Therefore, both ischemic and reperfusion 
injury may occur after IN. Although diagnostic and 
therapeutic modalities of IN have been clearly identified, 
the ways of preventing ischemia and reperfusion (I/R) 
injury of the gut are not defined clearly.    

Ischemia and consecutive perfusion cause oxidative 
stress that is characterized by imbalance between reactive 
oxygen species (ROS) and the antioxidative defense system 
(3). The reperfusion of ischemic tissue causes further 
cellular necrosis (4). The progressive necrosis may lead to 
functional impairment. Early after reperfusion, imbalance 
between the production of ROS and nitric oxide (NO) 
are observed. The inflammatory response due to this 
imbalance plays a crucial role in gut epithelial damage 
(4,5). Although many studies have been performed to 
evaluate intestinal I/R injury, I/R injury after reduction of 
IN was not evaluated previously.  

Many antioxidant treatment modalities including 
hyperbaric oxygen administration were used to overcome 
I/R injury. Ozone was used successfully in ischemia, 
inflammation, and infection management (6,7). Ozone 
was also used in reduction of inflammation and oxidative 

Aim: To compare effects of contrast medium, air, and ozone on ischemia/reperfusion injury due to intussusception. 

Materials and methods: Thirty Wistar rats were allocated into five groups (n = 6). In the control group (CG), 2 cm of colonic segment, 
5 cm distal to ileocecal valve, was removed. Intussusception was performed at 5 cm distal to the ileocecal valve by pushing a proximal 
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markers (malondialdehyde [MDA], nitric oxide [NO], and total sulfhydryl [T-SH] values).

Results: Mucosal injury score was significantly higher in AG then in CG or SG (P < 0.05). There was no difference regarding mucosal 
injury between the other groups (P > 0.05). MDA levels were significantly higher and NO levels were significantly lower in CMG, OG, 
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(P > 0.05).
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stress in experimental colitis models as a mode of 
treatment (7). However, the effect of ozone on intestinal 
I/R injury occurring after reduction of IN has not been 
studied previously. Therefore, an experimental study was 
designed to compare the effects of contrast medium, air, 
and ozone on intestinal I/R injury due to IN. 

2. Materials and methods
The experiments were performed with approval of the 
Ethics Committee of Kırıkkale University. Thirty Wistar 
albino rats, 6 months of age, weighing 300 ± 20 g, and 
of both sexes, were enrolled in the study. The rats were 
randomized into 5 groups. After being fasted overnight, 
the rats were anesthetized with intramuscular ketamine 
hydrochloride (80 mg kg–1, Ketalar, Eczacıbaşı, İstanbul, 
Turkey). The first experimental group served as the control 
group (CG, n = 6) and 2 cm of intestinal segment, 5 cm distal 
to the ileocecal valve, was removed. IN was performed at 
5 cm distal to the ileocecal valve by pushing the proximal 
intestinal segment distally by a stile in experimental 
groups (8,9). We produced the IN by pushing the proximal 
intestinal segment distally by a stile as described by Akman 
et al. (8). One hour later, in the sham-operated group 
(SG), manual reduction was performed. In experimental 
groups, reduction via the rectal route was performed 1 h 
after generating IN. Reduction was performed by contrast 
medium in the contrast medium group (CMG; 1/1 diluted 
omnipaqueR, Opakim, İstanbul, Turkey; infusion rate 2 
mL/min), by air in the air group (AG; Pmax = 60 mmHg), 
and by ozone in the ozone group (OG; 10 µg/mL, 0.5 
mg/kg, Pmax = 60 mmHg). In all experimental groups, 
1 h after reduction, 2 cm of colonic segment of IN was 
removed while the intestines were within the abdomen. 
In this way, all intestinal segments were removed after 
generating IN and the reduction of the related segment 
with 1 h of ischemia and 1 h of reperfusion time. All 
operations were performed while the intestinal segments 
were within the abdomen. Colonic samples were evaluated 
for histopathological grades and oxidative injury markers 
(malondialdehyde [MDA], nitric oxide [NO], and total 
sulfhydryl [T-SH] values).

The data obtained from the experiments were analyzed 
with the Kruskal–Wallis test and Mann–Whitney U test 
(SPSS 15.0). P-values lower than 0.05 were considered as 
significant.
2.1. Histopathological evaluations     
Intestinal samples were inflated and fixed with 10% 
formalin. All segments were then embedded in paraffin. 
Tissues were sectioned into pieces of 4–5 µm and stained 
with routine hematoxylin and eosin stain. All specimens 
were examined under a light microscope (Leica, Germany) 
by the same pathologist, who was blind to the study. 
Histopathologic findings were graded according to the 
Chiu scoring system (10) (Table 1).
2.2. Determination of NO
Total nitrite/nitrate (NO) levels were measured by a 
spectrophotometric method as described by Miranda et 
al. (11). Nitrate was reduced to nitrite with vanadium(III) 
and then the nitrite level was measured by using Griess 
reagents. This reflects the total amount of nitrate and 
nitrite in the sample. Serial dilutions of Na nitrate (Merck, 
Germany) were used as standards. The results were 
expressed in µM/mg protein.

2.3. Determination of T-SH
Tissue T-SH levels were determined by using the method 
of Sedlak and Lindsay (12). The calibration curve was 
prepared with glutathione standards with 5–0.3125 
mmol/L dilutions. The results were calculated as nmol/mg 
protein.
2.4. Determination of MDA
All samples were put in a deep freezer (–80 °C). After 
washing with 0.9% NaCl, the tissue was homogenized 
(Labor Technique, Müllheim, Germany) with 1 mL of 
0.9% NaCl solution in ice. The homogenized tissue was 
centrifuged at 1500 × g for 10 min at 4 °C. Supernatants 
were used for protein and MDA determinations. The 
protein level was measured using the method of Lowry 
et al. (13). MDA levels, indicating lipid peroxidation, 
were measured by the method described by Armstrong 
and Al-Awadi (14), which was modified from the 
Yagi method. The calibration curve was prepared with 

Table 1. Histopathologic grades of colonic tissue (Chiu scoring system (10)).

Grade Histopathologic finding

0 Normal mucosal villi

I Development of a subepithelial space, usually at the tip of the villus, with capillary congestion

II Extension of the subepithelial space with moderate lifting of the epithelial layer

III Massive epithelial lifting down the sides of villi

IV Denuded villi with lamina propria, dilated capillaries exposed, increased cellularity of the lamina propria

V Digestion and disintegration of the lamina propria, hemorrhage, and ulceration
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1,1,3,3-tetraethoxypropane (Sigma, St Louis, MO, USA) 
standards of 1- to 25-nmol/L dilutions.  

3. Results
The histopathologic grades encountered in the groups are 
listed in Table 2. Histopathologic evaluations revealed that 
the mucosal injury score was significantly higher in AG 
when compared to CG and SG (P < 0.05). There was no 
difference regarding mucosal injury between the other 
groups (P > 0.05).

The mean values of NO, T-SH, and MDA in the groups 
are listed in Table 3. Biochemical analysis showed that 
MDA levels were significantly higher in CMG, OG, and 
AG than in CG (P < 0.05). NO levels were significantly 
lower in CMG, OG, and AG than in CG (P < 0.05) 
(Figure). There was no difference between OG and CMG 
in both MDA and NO levels (P > 0.05). There was also 
no difference between OG and AG in both MDA and 
NO levels (P > 0.05). There was no difference between all 
experimental groups in T-SH levels (P > 0.05).

4. Discussion
IN is a well-known entity with well-known diagnostic and 
therapeutic modalities. However, the ways of preventing I/R 
injury of the intestine after IN and reduction of IN are not 
defined clearly. We therefore conducted an experimental 
study to compare the effects of contrast medium, air, and 
ozone on intestinal I/R injury due to IN. We produced the 
IN by pushing the proximal intestinal segment distally by 
a stile as described by Akman et al. (8). One hour later, 
reduction was performed in the experimental groups, and 
after 1 h of reperfusion time colonic samples were taken 
for evaluation of histopathological changes and oxidative 
injury markers. However, we could not detect any 
superiority among the reduction methods in preventing 
I/R injury.

Since previous experimental models of IN were obtained 
by lipopolysaccharide administration, it not possible to 
evaluate the intestinal I/R injury in IN. After Akman et al. 
defined the first surgical model of IN, the effects of several 
antioxidants on intestinal I/R injury became the focus of 
interest for several authors (8). In this experimental study, 
we used ozone as an agent for reduction of IN and compared 
the results of ozone reduction with other methods such as 
contrast medium and air. Histopathologic alterations in 
the colonic mucosa and biochemical markers for oxidative 
stress were evaluated. This is the first study in which ozone 
was proposed as a reducing agent in IN.

Histopathologic evaluations of colonic samples 
revealed various grades of mucosal injury due to IN. AG 
had higher grades of colonic injury when compared to CG 
and SG. However, a similar difference was not detected 
between the other reduction groups (CMG and OG). 
It was shown that the duration of I/R directly affects the 
gastrointestinal injury (5). In the present study, there was no 
time and no pressure difference in reduction of the groups. 
However, AG had higher grades of injury. Therefore, no 

Table 2. Distribution and median of histopathological grades in groups.

Groups Grade 0 Grade I Grade II Grade III Grade IV Grade V Median (IQR*)

CG 2 4 – – – – 0 
(0–1) *

SG 1 4 1 – – – 1 
(0.75–1.25) β

AG – – 1 – 1 4 4 
(3.5–4.25) * β

OG 3 1 1 – 1 – 1 
(0–3.5)

CMG 1 1 1 1 2 – 2.5 
(0.75–4)

IQR: interquartile range, *: P = 0.01, β: P = 0.03.
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Figure. Comparison of groups for MDA, NO, and T-SH levels. *: 
MDA, P < 0.05; β: NO, P < 0.05.
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clear explanation can be attributed to this histopathologic 
finding. The histological alterations detected in OG also 
did not show any significant difference. Therefore, we 
suggest that histopathological changes in colonic tissues 
after IN may be related to the severity of ischemia, and not 
related to the type of reduction.    

The inflammatory response caused by reperfusion of 
ischemic tissues may lead to further cellular necrosis. The 
production of reactive oxygen metabolites is increased and 
the production of NO is decreased early after reperfusion 
(4). Altered balance between NO and ROS results in 
endothelial cell dysfunction of microcirculation (4). 
Significantly decreased levels of NO in CMG, OG, and 
AG in the present study indicate profound I/R injury after 
reduction. The absence of difference between the groups 
in regards to NO levels reveals that I/R injury occurs after 
reduction of IN, regardless of the method used. 

Tissue lipid peroxidation was measured by MDA levels, 
which is an indicator of oxidative damage induced by I/R 
(6). It has been shown that I/R causes a significant increase 
in MDA levels. We found increased levels of MDA in all 
the treatment groups, revealing oxidative damage. Junior 
et al. evaluated the alterations in MDA and NO levels 60 
min after ischemia followed by a reperfusion period of 30 
min (15). In that study, no alteration was detected in MDA 
and NO levels between the groups and this was attributed 
to insufficient reperfusion time (15). On the other hand, 
MDA levels were not different in the sham group and the 
control group. This result can be related to the method of 
the IN model. However, it has been shown that oxidative 
damage occurred after IN was performed with the same 
method before (8). Absence of difference between SG and 
CG regarding MDA levels does not mean that oxidative 
stress has not occurred after IN in the present study. It can 
be explained by the small number of animals that were 
used in this study because of ethical concern.

Although ozone is known as an oxidant agent in 
chemistry, it was used to prevent ischemia, inflammation, 
and infection in several previous studies. The powerful 
oxidant capacity of ozone was thought to be related to its 
efficacy. It has also been shown to attenuate I/R injury, in 
contrast to the idea that ozone is an oxidant (6). Koca et 
al. produced preconditioning with ozone and hyperbaric 
oxygen, by which cellular antioxidant systems involving 
glutathione, superoxide dismutase, catalase, and enzymatic 
reactions were stimulated and prepared the host to face 
pathophysiological conditions mediated by oxidative/
nitrosative stress (6). Koca et al. stated that ozone-induced 
preconditioning had protective effects on I/R injury rather 
than the ozone being an antioxidant (6). Koca et al. (6) 
performed ozone application 72 h before ischemia and 
continued until the ischemia started. They concluded 
that ozone can prepare tissues by reducing nitric oxide 
synthase expression when used as a preconditioning 
agent. However, in the present study we performed ozone 
application just after ischemia occurred. The reason why 
we could not detect the antioxidant effect of ozone might 
be insufficient time to prepare the tissues for ischemic 
injury.  

In addition, ozone has postconditioning effects, as 
well (16). Iglesias et al. applied ozone therapy after I/R 
injury, which is called postconditioning, and concluded 
that ozone postconditioning reduces histopathological 
changes due to I/R injury (16). In contrast, we used ozone 
as a reduction agent; ozone was used after ischemia and 
before reperfusion. Therefore, we could not detect an 
antioxidant effect of ozone in I/R injury after IN. On the 
contrary, we found increased MDA and decreased NO 
levels after reduction with ozone when compared to the 
control group. Therefore, we suggest that ozone therapy 
has an oxidant effect on colonic tissues, rather than 
antioxidant activity. This discrepancy can be explained by 
several methodological differences. First, the antioxidant 

Table 3. Mean values of NO, MDA, and T-SH levels in groups.

MDA
(nmol/mg protein)

NO
(µmol/mg)

T-SH
(nmol/mg)

CG 0.35 
(0.1–2.12) * β γ

0.92 
(0.74–1.19) Ɨ Ɛ Ʊ

0.01 
(0.008–0.018) 

SG 2.98 
(1.4–4.22) 

0.5 
(0.36–0.83)

0.003 
(0.002–0.023)

AG 4.17 
(1.8–5.19) *

0.25 
(0.18–0.58) Ɨ

0.007
(0.006–0.013) 

OG 3.55
(1.51–5.03) β

0.4
(0.34–0.7) Ɛ

0.008
(0.006–0.012)

CMG 3.53
(1.07–4.19) γ

0.59
(0.49–0.75) Ʊ

0.01
(0.007–0.013)

*: P = 0.025, β: P = 0.016, γ: P = 0.014, Ɨ: P = 0.025, Ɛ: P = 0.010, Ʊ: P = 0.014. 
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efficacy of ozone can be detected when it is used before 
ischemia via preconditioning, preconditioning, or 
postconditioning. The other reason for the oxidant effect 
of ozone can be explained by the dose-dependent efficacy. 
If we could prove the antioxidant activity of ozone, we 
would gain further knowledge regarding the mechanism 
of ozone activity. We suggest that these points should be 
the subject of future studies.

Although this is the first study in which ozone was 
proposed as a reducing agent in IN, our study has some 
limitations. In this study, IN was generated surgically and 
did not exactly simulate the IN that occurs in children. 
However, histopathologic findings of intestinal injury 
confirmed that intestinal injury after our experiments 
showed similar histopathologic findings to those 
encountered in children. Different reperfusion periods 
with difference reduction methods should also be 

evaluated in order to have firm conclusions about the 
use of ozone in IN reduction by future studies with larger 
number of samples.

In conclusion, it has been demonstrated that none of 
the reduction methods in IN have superiority over the 
others in preventing I/R injury. The results obtained from 
OG have conversely shown that ozone has an oxidant 
effect rather than an antioxidant activity. This result can be 
explained by the dose-dependent efficacy of ozone therapy, 
administration method of ozone, and/or insufficient 
reperfusion time.
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