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ABSTRACT

BACKGROUND: In this study, we aimed to examine the therapeutic effects of ozone on the acute phase of intestinal ischemia-reper-
fusion (I/R) injury in rats to resemble clinical practice.

METHODS: Eighteen Wistar albino rats were assigned to control (CG, n=6), sham (SG, n=6) and ozone groups (OG, n=6). A midline
laparotomy was performed and a superior mesenteric artery (SMA) in the SG and OG was occluded with a 0/0 catgut suture, but
in the CG, the incision was closed without any intervention. Tissue oxygenation was monitored with a tissue oxygenation monitor
to achieve the same grade during intestinal ischemia. The incision was closed and, in the OG, ozone/oxygen mixture (0.7 mg/kg) was
injected intraperitoneally, 20 minutes before reperfusion. Surgical incision was reopened and reperfusion was achieved after 60 min-
utes of ischemia in the SG and OG. After 60 minutes of reperfusion, 2 cm small intestine segment was sampled for histopathological
assessment of the intestinal mucosal damage (Chiu score) and biochemical assessment of oxidative stress markers (nitric oxide: NO,
malondialdehyde: MDA, superoxide dismutase: SOD) in all groups.

RESULTS: The Chiu scores of the SG and OG were statistically increased than that of the CG (p=0.002; and p=0.002, respectively).
Chiu score in the OG was higher compared to that in the SG, but not statistically significant (p=0.175). MDA levels were statistically high-
er in the SG and OG than that of the CG (p=0.004; and p=0.010, respectively). However, the difference between the SG and OG was not
statistically significant (p=0.522). SOD and NO levels were not significantly different between groups (p=0.451 and p=0.056, respectively).

CONCLUSION: Contrary to the literature, single-dose ozone therapy did not reduce the oxidative stress or improve the ischemic
damage in intestinal I/R injury in rats. Further evaluation with different doses in different time periods is needed for potential clinical use.
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INTRODUCTION

Intestinal I/R injury is an urgent and severe condition with
high morbidity and mortality rates because it results in mul-
tiple organ failure, intestinal atrophy, sepsis and vascular pro-
tein and fluid leakage.l"” The common clinical causes of intes-
tinal I/R injury include necrotizing enterocolitis in newborns,
malrotation and volvulus, intussusception, septic shock, in-
carcerated inguinal hernia, trauma, mesenteric artery embo-

lism, and severe burns in children.B?- It has been shown that
the end products of anaerobic metabolism and accumulation
of toxic products due to the inadequate distribution of blood
flow and oxygen lead to primary ischemic damage.l'?%! Fur-
thermore, the reactive oxygen free radicals cause damage
to the tissue directly or the cellular antioxidant systems in
reperfusion injury.l'**! Although most of the recent studies
on the treatment of I/R injury are intended to prevent the
tissues from the destructive effects of this reperfusion injury,
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no effective therapeutic regimen has yet been described in
the medical literature.[24¢8l

Ozone (O3) is a colorless gas having a characteristic odor at
room temperature, consisting of three oxygen atoms. Ozone
has adverse effects on the human body, such as damage to
cells and tissues, because of its strong oxidation activity, es-
pecially at high concentrations.”'"l However, ozone can act
as an antioxidant agent at low doses, decreasing tissue oxi-
dative stress parameters, such as lipid peroxidation, protein
oxidation, and nitrite/nitrate, and increasing the activity of
enzymes, which are cellular antioxidants, such as catalase and
glutathione peroxidase. Furthermore, it may also affect the
production and release of proinflammatory cytokines from
inflammatory cells and activate the immune and neuroendo-
crine systems by increasing the blood circulation and oxy-
gen delivery at low doses.*¢%!2-1° Dye to these antioxidant
and anti-ischemic effects, clinical studies have suggested that
ozone therapy is useful to treat many diseases, including peri-
tonitis, wound infections, burns, skin ulcers, and gangrene.l®”!
However, there are few experimental studies regarding the
effects of ozone on intestinal I/R injury and also there is a lack
of standardization among them.

We conducted this study to experimentally investigate the
effects of ozone in the acute stage of an intestinal I/R injury
model in rats by trying to simulate the clinical scenario.

MATERIALS AND METHODS

This experimental study was carried out according to the
guides of the laboratory animals in the studies determined by
the Local Ethical Committee (Approval Number: 4613-0014).

Eighteen Wistar albino male adult rats were used, which
weighed 250450 g in this study. The rats were fed with tap
water and ad libitum food in a 12 h day/night cycle at 22°C.
The rats were randomly assigned to three groups as follows:

- Control group (CG, n=6): Laparotomy was performed, but
intestinal I/R injury was not developed and no chemical was
administered.

- Sham group (SG, n=6): Laparotomy and intestinal I/R injury
were performed.

- Ozone group (OG, n=6): Laparotomy, intestinal I/R injury,
and intraperitoneal 95% oxygen plus 5% ozone gas mixture
(0.7 mg/kg) (Evozone Basic Plus, Germany) infusion 20 min-
utes before the reperfusion was performed.

Surgical Procedures

The rats were anesthetized with an intraperitoneal injection of
40 mg/kg ketamine hydrochloride (Ketalar®, Pfizer, USA) and 5
mg/kg xylazine hydrochloride (Rompun® 2%, Bayer, Germany).

All animals were fixed in the supine position on the operating
table after applying a sedation anesthesia, and abdominal lapa-

652

rotomy was performed under sterile conditions, following the
interference with a midline incision. Afterwards, the SMA in
the SG and OG was exposed and occluded with a 0/0 catgut
suture as described previously, but in the CG, the incision
was closed without any intervention. In the SG and OG, the
tissue oxygenation monitor (MoorVMS-OXY, Moor Instru-
ments, UK) was used to achieve the same grade of intestinal
ischemia (Fig. I). Tissue oxygenation was monitored during
intestinal ischemia and was expressed as percentages. It was
also observed macroscopically that the pulsation of the SMA
stopped, and the color of the small intestine became purple.
We appropriately closed the surgical incision layers after SMA
occlusion. In the OG, the ozone/oxygen mixture (0.7 mg/kg)!'®!
was injected intraperitoneally, 20 minutes before reperfusion.
Surgical incision was reopened and reperfusion was achieved
by opening the catgut knots on the SMA carefully, after 60 min-
utes of intestinal ischemia in the SG and OG. Then, the incision
was closed again. After 60 minutes of the reperfusion period,
ischemic small intestine segment measuring 2 cm (15 cm closer
to the ileocecal valve) of each rat was sampled for histopatho-
logical examination of the mucosal damage (Chiu score)!'” and
biochemical investigation of markers of oxidative stress (nitric
oxide: NO, malondialdehyde: MDA, superoxide dismutase:
SOD). The half part of the intestine was kept in 10% buffered
formaldehyde at room temperature for histopathological analy-
sis, and the remaining part was kept at -80°C in dry air for bio-
chemical analysis. The rats were sacrificed by exsanguination.

Histopathological Analyses

Routine light microscopic tissue examination was applied
to all the tissue samples. Serial sections (5 pm thick) were
stained with haematoxylin-eosin and analyzed by a light mi-
croscope (Leica® Microsystems, Wetzlar GmbH). The sec-
tions were examined by an experienced pathologist who was
blinded to the groups. For histopathological examination of
the intestinal I/R injury, the grading system according to Chiu
was applied to all samples (Table 1).['"]

Figure 1. The experimental model. (a) The superior mesenteric
artery is prepared for occlusion and. (b) The measurement of bow-
el perfusion using tissue oxygenation monitor. Note that the color
of the small intestine became purple after the SMA was occluded.
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Table I. Histopathologic grades of colonic tissue (Chiu

scoring system!!”)

Grade Histopathologic finding

0 Normal mucosal villi

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

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

]l Massive epithelial lifting down the sides of villi

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

A Digestion and disintegration of the lamina propria,

hemorrhage and ulceration

Biochemical Analyses

All samples were kept in dry air at -80 °C. A homogenate
was prepared for all tissues with saline solution in ice (I mL)
and was then centrifuged at 1500 g for 10 min at 4 °C. After
centrifugation, MDA, NO, and SOD levels were determined
in all the supernatants.

MDA levels, a standard curve of MDA (1,1,3,3-tetraethoxy-
propane) levels were defined using the method of Armstrong
and al-Awadi.l'® and results were given as nmol/mg protein.

NO levels were measured using a spectrophotometric pro-

Table 2. The median values of biochemical results

cedure according to Miranda et al.l'¥) The nitrate content was
quantified by reducing nitrate with vanadium (lll), using the
Griess reaction to reflect the total nitrate and nitrite in the
specimen. Serial dilutions of Na nitrate were made to achieve
standard concentration. The results were given as pumol/g
protein.

SOD levels were quantified using an ELISA (Cayman Chemi-
cal Company, USA). The results were given as U/mg protein.

Statistical Analysis

Kruskal-I Wallis test was used for histopathological grades
and MDA levels that did not show the normal distribution
and inhomogeneous variations between the groups. The
Mann-Whitney U test was used for post hoc evaluation of
differences between the groups.

One-Way ANOVA test was used for NO and SOD levels
that were normally distributed and homogenous among the
groups. Statistical significance was set at p-values lower than
0.05.

RESULTS

Tissue oxygenation in the CG ranged from 94% to 98%, while
during intestinal ischemia, it ranged from 35% and 45% in the
SG and OG measured using the tissue oxygenation monitor.

The results of the biochemical and histopathological examina-
tions are presented in Table 2 and Figure 2. The harvested in-

NO
(nmol/g protein)

MDA soD
(nmol/mg protein)

Chiu Scores
(U/mg protein)

Control group 2.17 (0.35-5.19) 2.49 (1.60-3.33)“F 425 (3.82-4.56) 0 (0-0)*
Sham group 2.71 (0.12-6.93) 6.40 (2.81-19.12) 456 (3.05-6.57) 2 (1-4y
Ozone group 3.78 (1.80-4.82) 6.43 (3.55-13.81)" 3.33 (2.65-3.98) 4 (1-5)°

NO, MDA, SOD and Chiu scores of the groups (interquartile ranges within brackets). The statistically significant differences were indicated with small Greek letters (o,
B, v, 8: p<0.05). NO: Nitric oxide; MDA: Malondialdehyde; SOD: Superoxide dismutase.
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Figure 2. The median values of MDA, NO and SOD between the groups: a and 3 represent the significant difference. NO: Nitric oxide;
MDA: Malondialdehyde; SOD: Superoxide dismutase; CG: Control group, SG: Sham group, OG: Ozone group.
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<

Figure 3. The light microscope fin
and increased mononuclear cell infiltration in the mucosa. Large epithelial lifting from the villi and cellular increase in the lamina propria.
SG: Mucosal edema and capillary congestion with focal epithelial separations on the tips of the villi.

testines were observed macroscopically to be edematous and
discolored. The specimens were graded using the Chiu score
for the histopathological evaluation of intestinal injury (Table
2). The Chiu scores were compatible with the macroscopic
appearance. A significant increase was found in the SG and
OG when the Chiu score was compared to the CG (p=0.002;
and p=0.002, respectively). Although not significant, the Chiu
score in the OG was higher compared to that of the SG
(p=0.175). Representative microscopic views of the groups
are shown in Figure 3.

The median values of the MDA levels were statistically high-
er in the SG and OG than that of the CG (p=0.004; and
p=0.010, respectively). However, the difference between the
SG and OG was not statistically significant (p=0.522). The
median values of NO were numerically higher in the OG
than the other groups, while the median values of SOD were
numerically lower, but this was not statistically significant
(p=0.056; and p=0.451, respectively).

DISCUSSION

It has been demonstrated that cellular necrosis and apoptosis
occurring in the ischemic environment produces proinflam-
matory substances from the polymorphonuclear cells, such
as nitrogen- and oxygen-derived free radicals, prostaglandins,
thromboxanes, prostacyclins, interleukins, tumor necro-
sis factor, and leukotrienes. These superoxide and hydroxyl
radicals enter into the lipid peroxidation reaction that can
destroy the cell membrane and its permeability. This cell
membrane destruction particularly induces the development
of cell death and the release of the free radicals, protease
enzymes, and peroxides. These substances also increase fur-
ther tissue damage.l'**! The published data reveal inconsis-
tencies in the effects of ozone on apoptosis and cell death.
Many studies have suggested that ozone stimulates cell death.
201 The way of cell damage due to ozone has not yet been
fully understood. One study has suggested that ozone stim-
ulates lipid peroxidation, causing oxidative stress and DNA
injury. MDA is indicative of lipid peroxidation in tissues, and
increased levels represent oxidative damage.?'! In the present
study, MDA levels of the ischemic rats (SG and OG) were
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significantly higher than the control rats (CG). However, the
MDA levels of the OG were statistically similar to those of
the SG, suggesting that ozone has no protective effect on lip-
id peroxidation in the cell membrane after intestinal I/R injury
in the rat. Borrego et al.’”2l demonstrated in a study regarding
cisplatin-induced nephrotoxicity in rats that SOD and other
antioxidants may decrease because of the increased H202,
which could be increased by high dose ozone application. Fur-
thermore, it has been shown in in vivo studies that high-dose
ozone applied to the ischemic/hypoxic tissue could lead to
decreased antioxidant enzyme levels.” In the present study,
the SOD levels of the OG were lower than the other groups
numerically, but this was not statistically significant. The ab-
sence of a long-term I/R damage may have caused this result.
Additionally, the degradation of antioxidant enzymes could
increase if the ischemia and reperfusion time increases.['! It
is reported that ozone seriously compromises cell membrane
integrity and short-term repeated doses up-regulate cellular
plasticity by inducing anti-apoptotic pathways.!

In the present study, histopathological examination revealed
that the Chiu scores of the CG were significantly lower than
the SG. Similar to our previous experience, these findings
provide that the intestinal I/R injury model applied in this
study is successful and acceptable.”! Therefore, we can as-
sume that occlusion of the SMA for an hour which provides
intestinal tissue oxygenation of between 35% and 45%, leads
to significant I/R damage in the intestine. Although a signifi-
cant difference was not found, the median value of the Chiu
score in the OG tended to increase compared to the SG. It
can be concluded that a single-dose ozone therapy neither
decreases the oxidative damage nor improves the evidence
of the ischemic damage in intestinal I/R injury in rats, even
though some worsening is observed.

Recently, ozone has been shown to have positive effects on
antioxidant and histopathological parameters in intestinal I/R
injuries with | mg/kg doses per day for five days, when given
prophylactically before an ischemic injury was created in rats.
¥l Given that it is very difficult to make a quick diagnosis
of those patients within minutes, the preconditioning use of
ozone will not be suitable for actual clinical practice, particu-
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larly in emergency cases. Since intestinal ischemia is usually an
emergency condition, our aim was to assess the acute effects
of single dose of the ozone. Thus, we designed our study with
a delayed administration of ozone once the intestinal isch-
emia had occurred. Similarly, Haj et al.”) gave an equal mixture
of ozone and oxygen in 0.7 mg/kg daily doses both intraperi-
toneally and intraluminally (50/50) for 72 hours after intesti-
nal I/R injury in rats. They found successful results, including
significantly increased intestinal villus height, decreased en-
terocyte apoptosis, and enhanced intestinal recovery.”! Isik et
al.”l demonstrated that ozone has protective effects on mes-
enteric artery ischemia in rats if it is given intraperitoneally
in 0.5 mg/kg single dose, |5 minutes after the ischemia. They
stated that they would plan a prospective clinical study and
use ozone therapy during the surgeries of real-time patients.
2 Contrary to these promising studies, our results did not
show any therapeutic benefit of ozone but showed its oxida-
tive effect. This may suggest that the therapeutic dose range
of ozone is narrow.

Intraperitoneal administration of ozone is generally more
efficient than oral administration.? Since ozone is adminis-
tered under ischemic conditions, the high oxygen pressure
gradient will cause ozone to be transfused into the intestinal
wall through passive diffusion. Therefore, ozone is effective
in the entire ischemic intestine.?! In our study, the measured
intestinal tissue oxygenation below 45% and the application
of ozone in the late period of ischemia may cause the oxygen
gradient in the intestine to increase further and more ozone
to be transfused into the intestinal wall by passive diffusion.
Consequently, this high dose ozone may have caused more
damage to the intestinal wall. Given that it is unlikely to diag-
nose these patients at the 15th minute of ischemia in clinical
practice, ozone can worsen bowel damage in the late period
of ischemia, when intestinal tissue perfusion remarkably de-
creases.

Previous studies provide evidence that ozone has protective
effects on intestinal I/R damage.¢”] However, it should be
noted that the amount of injury may vary depending on the
compression pressure applied to the SMA and the duration
of the ischemia. There are not enough data in the literature
about the degree of intestinal ischemia developing after the
SMA occlusion with any methods. It was decided that the
SMA is occluded when the SMA pulsation stopped and the
color of the intestine changed into the purple. Although the
applied force is considered to be the same, the amount of
tissue ischemia created may vary. Unlike the other studies
mentioned above, a tissue oxygenation monitor was used
to achieve similar to SMA compression in all subjects in this
study. Although we could not physically measure the force
applied to the SMA, we obtained the same tissue perfusion in
all intestine using this device. Besides this, our results in con-
tradiction with the literature may be related to the dose of
ozone (in single or repetitive doses), the route of application
and the time of administration. It is obvious that more studies
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are required to determine the appropriate dosage range and
time of administration of ozone therapy to be used in clinical
practice.

This study has some limitations. Since this study aimed to
explore the possible useful effects of single-dose ozone in the
acute stage of intestinal I/R injury, it did not involve the long-
term effects of repeated doses of ozone therapy. Additionally,
lack of ultrastructural changes associated with inflammatory
response and apoptosis in the intestine after I/R and ozone
therapy is a hindrance to have more precise conclusions. In
this study, we used tissue oxygen level measurement only
to standardize the ischemia level and did not compare this
measurement with post-reperfusion. Considering that ozone
therapy was ineffective in the acute stage of intestinal I/R in-
jury, we think that the difference between tissue oxygenation
did not affect the results between the groups. However, we
believe that this study will inspire future research investi-
gating tissue oxygenation changes, studying long-term isch-
emia-reperfusion models with different substances.

Conclusion

In conclusion, single-dose ozone therapy did not increase the
antioxidant enzymes to reduce the oxidative stress and did
not improve the evidence of the ischemic damage in intestinal
I/R injury in rats. Although ozone is reported to be an effec-
tive antioxidant in previous clinical and experimental studies,
further evaluation with different doses in different time peri-
ods, including ischemic and/or reperfusion periods, is needed
to be used for clinical purposes.
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Sicanlarda ozonun bagirsak iskemi-reperfiizyon hasarinin akut evresi iizerine etkisi
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AMAC: Klinik uygulamalara benzer sekilde siganlarda ozonun intestinal iskemi-reperfiizyon (I/R) hasarinin akut fazi lizerindeki terapétik etkilerini
incelemeyi amacgladik.

GEREC VE YONTEM: On sekiz Wistar albino sicani kontrol (CG, n=6), sham (SG, n=6) ve ozon gruplarina (OG, n=6) ayrildi. Laparatomiyi takiben
SG ve OG'de stiperiyor mezenterik arter (SMA) 0/0 katgut dikisle okliide edildi, ancak CG’de herhangi bir girisim yapilmadan insizyon kapatildi. Esit
derecede bagirsak iskemisi elde etmek icin bir doku oksijenasyon monitérii kullanildi. insizyon kapatildi ve OG'de, reperfiizyondan 20 dakika nce
ozon/oksijen karisimi (0.7 mg/kg) intraperitoneal olarak enjekte edildi. SG ve OG'de 60 dakikalik iskemi sonrasi cerrahi insizyon tekrar agildi ve
reperfiizyon saglandi. Atmis dakikalik reperfiizyondan sonra tiim gruplarda bagirsak mukozal hasarinin (Chiu skoru) histopatolojik degerlendirmesi
ve oksidatif stres belirteclerinin (nitrik oksit: NO, malonildialdehit: MDA, stiperoksit dismutaz: SOD) biyokimyasal degerlendirmesi icin 2 cm’lik ince
bagirsak segmenti 6rneklendi.

BULGULAR: Chiu skorlari SG ve OG'de CG’ye gore istatistiksel olarak yiiksekti (sirasiyla, p=0.002 ve p=0.002). Chiu skoru OG’de SG'ye gore
daha yiiksekti, ancak istatistiksel olarak anlamli degildi (p=0.175). MDA diizeyleri SG ve OG'de CG'’ye gore istatistiksel olarak daha ylksekti (sira-
siyla p=0.004 ve p=0.010). Ancak, SG ve OG arasindaki fark istatistiksel olarak anlamli degildi (p=0.522). SOD ve NO diizeyleri agisindan gruplar
arasinda anlamli olarak fark yoktu (sirasiyla, p=0.451 ve p=0.056).

TARTISMA: Literatiiriin aksine, tek doz ozon tedavisi, sicanlarda bagirsak I/R hasarinda oksidatif stresi azaltmadi ve iskemik hasari iyilestirmedi.
Potansiyel bir klinik kullanim igin farkli zaman araliklarinda farkli dozlari igeren daha ileri degerlendirmeler yapilmasi gerekmektedir.

Anahtar sozclikler: Bagirsak; deneysel; iskemi/reperfiizyon hasari; ozon.
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