Protective effects of rectal ozone administration
on colon anastomoses following radiotherapy
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Abstract

Background. Anastomotic leakage (AL) following rectal surgery is associated with increased mortality and
morbidity. Neoadjuvant radiotherapy disrupts the wound healing process in rectal surgery.

Objectives. To evaluate the effects of intra-rectal ozone application on rectal anastomoses after radiotherapy.

Materials and methods. This study was performed on animals. Thirty-two male Wistar rats were randomly
divided into 4 groups: control group, ozone group, radiotherapy group, and radiotherapy/ozone group. Ozone
was administered intrarectally in the ozone group and water was administered intrarectally in rthe control
group for 5 days. The radiotherapy group received 20 Gy of pelvic radiotherapy. The radiotherapy/ozone group
received 20 Gy of pelvic radiotherapy after the administration of ozone. Afterward, colon resection followed
by an anastomosis were performed under general anesthesia in all groups. Anastomotic segments were
resected to evaluate tissue hydroxyproline (HYP) and myeloperoxidase (MPO) levels, perform a histological
evaluation, and measure bursting pressure.

Results. There were no statistically significant differences between groups regarding tissue MPO levels
(p = 0.55). Tissue HYP levels were significantly decreased in the radiotherapy group (p = 0.04). Bursting
pressure was found to be significantly lower in the radiotherapy group (p < 0.05). No significant differences
were found between adhesion scores in the control and ozone groups. Exudate formation was significantly
lower in the radiotherapy group (p < 0.05). The lowest macrophage scores were found in the radiotherapy
group (p < 0.05). Fibroblast scores were the highest in the control group and the lowest in the radiotherapy
group (p < 0.05).

Conclusions. Intra-rectal ozone application significantly improved the anastomotic healing process after
radiation exposure.
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Background

Anastomoses are vital steps in colorectal cancer surgery
since anastomotic failures can lead to drawbacks such
as increased morbidity, increased mortality and poten-
tially worse oncological outcomes.! Anastomotic leakage
(AL) after colorectal surgery has been reported to occur
at a rate of 3-12% in prospective studies.> Preoperative
radiotherapy is a risk factor for AL.* Poor blood supply and
decreased oxygen delivery lead to hypoxia and have been
blamed for the increased risk of AL.> After radiotherapy,
ischemia leads to oxidative stress and increased production
of free oxygen radicals that are the main destructive factor.®
The overexpression of factors such as tissue growth factor p,
vascular endothelial growth factor, tumor necrosis factor,
and pro-inflammatory cytokines after radiation lead to un-
controlled matrix accumulation.” The uncontrolled matrix
accumulation results in fibrosis, AL or a stricture.” In order
to decrease the deleterious effects of radiotherapy, several
agents such as glutamine, steroid, sucralfate, and N-acetyl-
cysteine have been used.®® The aim of using these agents
is to improve wound healing by decreasing inflammation
and hypoxia. Successful anastomotic healing includes not
only histological healing but also the ability of the previously
injured bowel to withstand tensile forces. If sufficient tissue
strength cannot be restored, the anastomosis may burst
upon a challenge with intraluminal pressure.

Ozone, chemically known as Os, is made up of 3 oxygen
atoms and has several functions such as being antimicro-
bial, antioxidative, regulating the immune response, and
causing epigenetic modifications.® Oxidative precondi-
tioning by ozone shows its protective effects against free
radicals.!! Ozone promotes macrophage activity and ac-
celerates epithelialization in the colon.!! The increased epi-
thelialization after ozone administration has been shown
to be beneficial in trophic ulcers, burns, gingivitis, and
furunculosis.® The main mechanisms of ozone in wound
healing are attributed to its local antioxidant properties
and ability to promote tissue repair. The ozone has been
administered via different routes such as intravenous, in-
tra-arterial, subcutaneous, intramuscular, intra-articular,
and via an enema.!? An ozone enema induces a significant
increase in mucosal prostaglandin E, production during
the early period and increases nitric oxide synthase ac-
tivity during the later period. However, the amount and
concentration of ozone in the enema are very important.

Objectives

This study aimed to show the protective effects of rec-
tal ozone administration on colon anastomoses following
radiotherapy. This study is the first experimental study
evaluating rectal O; administration. The relationship be-
tween ozone therapy and radiotherapy is a new area for
future clinical and experimental studies.

T.U. Yilmaz. Rectal ozone administration after radiotherapy

Materials and methods

The experiment was approved by the Animal Ethics
Committee at The University of Kocaeli, Turkey (approval
No. 10/2-2015). The National Institutes of Health (NIH)
Guidelines for the Care and Use of Laboratory Animals
were followed in handling of all animals.

Ozone

An ozone generator (Bozon N; Econica, Odessa,
Ukraine) was used for producing ozone at a dose of 20 pg/
mL. The injected mixture had a total volume of 2.5 mL.
Five ozone applications performed once daily were used
to achieve oxidative preconditioning. The flow rate of O;
was maintained at 2 L/min. The gas mixture was com-
posed of 96% O, and 4% Os. Intra-rectal ozone applica-
tions were performed using 16 gauge silicone catheters
that were inserted in the anus under sedation (using ether).
The catheters were kept closed for 5 min after injection
and then removed.

Animals and experiment

Thirty-two male Wistar rats weighing 300—450 g were
housed individually in cages and given free access to regu-
lar rat meal and water both before and after the experi-
ment. The animal rooms had no windows and were con-
trolled for temperature (23 +2°C) and light (12 h day and
12 h night). The rats were divided into 4 groups: control
group, ozone group, radiotherapy group, and radiotherapy/
ozone group. They were anesthetized with 100 mg/kg
ketamine (Ketalar; Parke Davis Co. Inc., New Jersey, USA)
and 5 mg/kg xylazine (Rompun; Bayer AG, Leverkusen,
Germany) administrated intraperitoneally. The laparot-
omy procedure was performed through a standard 4-cm
midline incision. A 1-cm resection of the left colon was
performed from 2 to 3 cm above the peritoneal reflection.
The continuity of the bowel was restored with an end-
to-end anastomosis using 8—10 interrupted 6-0 mono-
filament Prolene sutures (Ethicon Ltd., Edinburgh, UK).
Running sutures were used for abdominal and skin closure
of the rats. The rats were euthanized with intracardiac
blood collection.

In the control group, the intra-rectal water administra-
tion was performed for 5 days under ether sedation. After-
ward, colon resection and anastomosis were performed.
Five days after the colon resection and anastomosis,
the rats were anesthetized for in vivo analytic procedures.

In the ozone group, the intra-rectal ozone administra-
tion was performed for 5 days under ether sedation. Five
days after the last administration of ozone, the animals
were anesthetized for colon resection and anastomosis.
Five days after colon resection and anastomosis, the rats
were anesthetized for in vivo analytic procedures. For
in vitro analytic procedures, the animals were euthanized.
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In the radiotherapy group, the animals underwent ether
sedations for 5 days. Five days after the last sedation,
the rats underwent radiotherapy. While under anesthe-
sia, each rat was placed in prone position on a styrofoam
board. For radiotherapy planning, a volumetric computed
tomography (CT) scan was obtained using a CT scanner
(SOMATOM Definition AS; Siemens, Munich, Germany).
The rectum was contoured in its entirety to define the crit-
ical target volume (CTV) with uniform margins of 3 mm
added in each direction in order to define the planning
target volume (PTV). An isocentric technique was used
to deliver a dose of 20 Gy using opposed anterior and pos-
terior portals on a linear accelerator (Oncor; Siemens) with
6 Mv photons. Five days after radiotherapy, the animals
were anesthetized for colon resection and anastomosis.
Five days after colon resection and anastomosis, the rats
were anesthetized for in vivo analytic procedures. For
in vitro analytic methods, the animals were euthanized.

In the radiotherapy/ozone group, the intra-rectal
ozone administration was performed for 5 days under
ether sedation. Five days after the last administration
of ozone, the animals underwent radiotherapy treatments
as described above. Five days after radiotherapy, the ani-
mals were anesthetized for colon resection and anasto-
mosis. Five days after colon resection and anastomosis,
the rats were anesthetized for in vivo analytic procedures.
For in vitro analytic methods, the animals were euthanized.

Analytic procedures

The existence of infection, dehiscence and intra-ab-
dominal adhesions were regarded as complications. For
grading intra-abdominal adhesions, the method described
by Knightly et al. was used.!® A grade of 0 indicated no ad-
hesion; grade 1 — a single, thin, easily separable adhesion;
grade 2 — less extensive but weak adhesions that withstood
traction poorly; and grade 3 — numerous extensive visceral
adhesions that involved the adjacent abdominal wall. Poly-
propylene sutures were used to identify the anastomotic
line. Without removing adhesions, the burst pressure (BP)
was measured in situ. The BP of each anastomosis was mea-
sured with a fluid pump (B. Braun, Frankfurt, Germany)
working at 5 mL/min and a pressure transducer (Abbot
Monitoring Kit Transpac II; Abbott Ireland Ltd., Sligo,
Ireland) to determine the strength of the anastomosis. Co-
lonic segments of at least 2 cm were prepared separately
from the anastomosis. The infusion pump was inserted
in the proximal part of the bowel segment using a 6-Fr
catheter and the distal part was occluded using a 2-0 silk
suture to avoid any air or fluid leak. Fluid was transferred
from the catheter at a speed of 30 mL/h. The pressure was
observed and leakage was viewed using a magnifying lens
and identified by a sudden loss of pressure. After mea-
suring the BP, the rats were euthanized. The anastomosis
segment of the colon was resected. Half of the segment
was fixed in 10% formaldehyde and embedded in paraffin.
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The other half was frozen for a subsequent determination
of collagen content by hydroxyproline (HYP) measure-
ments. Hydroxyproline measurements were performed
using an enzyme-linked immunosorbent assay (ELISA)
kit (Elabscience Biotechnology, Houston, USA) and the re-
sults were provided in ng/mg.}* Myeloperoxidase (MPO)
activity was measured by means of an ELISA kit (Hycult
Biotech, Uden, the Netherlands) and the results were pro-
vided in ng/100 mg.'®

After staining with hematoxylin and eosin (H&E),
the anastomosis was evaluated histologically in a blinded
fashion using the histological scoring described by de Roy
van Zuidewijn et al.!® The apposition of the wound edges
of the mucosa and the muscularis mucosa were graded
as 1 — good, 2 — moderate and 3 — poor to control for
the surgical technique. The epithelialization of the wound
healing procedure and the re-epithelialization of the mu-
cosa were examined using a 7-point scale ranging from
1 — none to 7 — normal glandular mucosa. The regenera-
tion of the muscularis propria was considered positive
or negative (point scale, 1 = +, 2 = —). Other histological
aspects such as necrosis, inflammatory exudate, granula-
tion tissue, and the degree of granulocytes, macrophages
and fibroblasts in the granulation tissue were evaluated.
The histological parameters mentioned above were evalu-
ated on a 4-point scale, as follows: 0 — negative, 1 — low,
2 — moderate, and 3 — high. Adhesion scoring was graded
as 0 — weak adhesion, 1 — easily separable adhesion,
2 — moderate adhesion, and 3 — strong adhesion.

Statistical analyses

The statistical analysis was performed using IBM SPSS
v. 22.0 software (IBM Corp., Armonk, USA). The Shap-
iro—Wilk test was used to determine whether the data
fit a normal distribution. The Levene’s statistic was used
to assess the homogeneity of variance. A value of p > 0.05
was considered homogeneous (Table 1). One-way analysis
of variance (ANOVA) was used to compare data with nor-
mal distribution. The Tukey’s post hoc test was used for
pairwise comparisons of the groups. Continuous variables
showing non-normal distribution were compared using
the Kruskal-Wallis test. A value of p < 0.05 was considered
statistically significant for each test. For group compari-
sons, the Mann—Whitney U test with a Bonferroni correc-
tion was used. After the correction, a value of p < 0.0083
was considered statistically significant.

Results

All of the rats survived the surgery. As seen in Table 2,
Fig. 1 and Fig. 2, the tissue MPO and HYP levels in the ra-
diotherapy group were lower than in the other groups.
Myeloperoxidase and HYP values were compared between
the 4 groups using a one-way ANOVA test. There was
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Table 1. Variance homogeneity of MPO, HYP and burst pressure

T.U. Yilmaz. Rectal ozone administration after radiotherapy

Variables Levene’'s statistic
MPO levels 1.830
HYP levels 2.025
Burst pressure 2.187

3 31 0.167*
3 31 0.135*
3 31 0.112*

*p > 0.05 was considered sufficient for assumption of homogeneity of variance. MPO — myeloperoxidase; HYP — hydroxyproline; df — degrees of freedom.

Table 2. One-way analysis of variance (ANOVA) and post hoc Tukey's test of MPO and HYP values by groups

Dependent
variable

Group (I) ‘ F

control

ozone

MPO 4.686 31

radiotherapy

radiotherapy/ozone

control

ozone

HYP 2.320 31

radiotherapy

radiotherapy/ozone

Average
‘ difference (1)) ‘ p-value
ozone 68.65 0.621
radiotherapy 110.24 0.064
radiotherapy/ozone —33.23 0428
control —68.65 0.624
radiotherapy 41.59 0.107
radiotherapy/ozone —-101.88 0.996
control —110.24 0.064
ozone —41.59 0.103
radiotherapy/ozone —14347 0.153
control 3323 0424
ozone 101.88 0.997
radiotherapy 14347 0.158
ozone 2067 0472
radiotherapy 498.46 0.000
radiotherapy/ozone —88.67 0.771
control —20.67 0479
radiotherapy 477.79 0.000
radiotherapy/ozone —109.34 0.094
control —498.46 0.000
ozone -477.79 0.000
radiotherapy/ozone -587.13 0.000
control 88.67 0.776
ozone 109.34 0.098
radiotherapy 587.13 0.000

MPO - myeloperoxidase; HYP — hydroxyproline; | - group designated for comparison; J — other groups compared; df — degrees of freedom. Values in bold
show statistically significant differences between the groups. The value of p < 0.05 was considered sufficient for statistical significance.

no significant difference between MPO values between
the groups (F (4.686), df = 31, p = 0.554). However, there
was a statistically significant difference between HYP val-
ues (F (2.320), df = 31, p = 0.042). The Tukey’s post hoc test
revealed that there was a significant difference between
the radiotherapy and other groups in comparison to the bi-
nary groups (Table 2). The mean MPO levels + standard
deviation (SD) (ng/mg) in the control, ozone, radiother-
apy, and radiotherapy/ozone groups were 551.52 +104.55,
482.87 £141.07,441.28 +79.24, and 584.75 +374.77, respec-
tively. The mean HYP levels +SD (ng/mg) in the control,
ozone, radiotherapy, and radiotherapy/ozone groups were
1336.06 +169.56, 1315.39 +502.19, 837.60 +258.20, and
1424.73 +438.43, respectively.

Burst pressure values were compared between
the 4 groups using a one-way ANOVA test. There was
a statistically significant difference between BP values
in the 4 groups (F (50.442), df = 31, p = 0.000) (Table 3,
Fig. 3). The Tukey’s post hoc test showed that there was
a significant difference between the radiotherapy group
and other groups (Table 3). The mean burst pressures +SD
(mm Hg) in the control, ozone, radiotherapy, and radio-
therapy/ozone groups were 143.7 +22.43, 162.5 +36.47,
79.7 £13.79, and 123.3 £31.31, respectively.

The adhesion scores were found to be statistically signifi-
cant and lower in the control and ozone groups compared
to the other 2 groups (p < 0.05) (Table 4, Table 5).
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Fig. 1. Tissue myeloperoxidase (MPO) levels

rt — radiotherapy. An outlier was detected in 1 rat in the radiotherapy/
ozone group.
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Fig. 2. Tissue hydroxyproline (HYP) levels

rt — radiotherapy. Outliers were detected in 1 rat in each of the control,
ozone and radiotherapy groups.

Table 3. One-way analysis of variance (ANOVA) and post hoc Tukey's test of burst pressure values by groups

Dependent

Group (I) ‘ F

variable

control

ozone

Burst pressure 50442 31

radiotherapy

radiotherapy/ozone

Gowl | g | e

ozone -18.76 0.059
radiotherapy 63.95 0.000
radiotherapy/ozone 20.40 0.035
control 18.76 0.059
radiotherapy 82.71 0.004
radiotherapy/ozone 39.16 0.007
control —63.95 0.000
ozone -82.71 0.003
radiotherapy/ozone —-43.55 0.001
control —-20.40 0.035
ozone -39.16 0.000
radiotherapy 43.55 0.002

| - group designated for comparison; J — other groups compared; df — degrees of freedom. Values in bold show statistically significant differences between
the groups. The value of p < 0.05 was considered sufficient for statistical significance.

Upon histological evaluation of the groups, no tis-
sue necrosis was observed. The scores of inflammatory
exudate, macrophages, granulocytes, and fibroblasts
in the radiotherapy group were significantly lower than
those in the control group (Table 6, Table 7; p < 0.05). There
were no significant differences among the groups regard-
ing their tissue mucosa and muscularis propria apposition
levels (Table 8, Table 9). The wound healing scores, except
for the macrophage score of the radiotherapy/ozone and
ozone groups were higher than those of the radiotherapy
group but not statistically significant (Table 6). The macro-
phage scores of the radiotherapy/ozone group were signifi-
cantly higher than those in the radiotherapy group (Table 5;
p < 0.05). No statistically significant differences were found
between the regeneration scores and re-epithelialization
of the groups (Table 8, Table 10 and Table 11).

Discussion

Anastomosis is a complex process and one of the pivotal
steps in the success of colorectal surgery.! Anastomotic
wound healing is dynamic and involves multiple vari-
ables. Radiotherapy is a widely used treatment modality
in the treatment of rectal cancer. Despite its widespread
use, radiotherapy has many side effects.* Radiation has
shown a negative effect on anastomotic healing in experi-
mental and clinical studies.®*!” Reducing the side effects
of radiotherapy is one of the areas of interest in modern
medicine. Therefore, the effects of ozone therapy in rats
receiving radiotherapy are being investigated. Ozone ther-
apy is a trending modality due to its hemostatic effects
as well as its accelerating effects on tissue healing.!12
A controlled administration of O3 can reduce the damage
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Fig. 3. Tissue burst pressure levels

rt — radiotherapy.

Table 5. Adhesion score frequencies of the groups

T.U. Yilmaz. Rectal ozone administration after radiotherapy

Table 4. Tissue adhesion scores*

Group | Median and SD | Adhesion
median (Q1-Q3) 1(0.25-0.75)
Control (n = 8)
SD 0.35
median (Q1-Q3) 25(2-3)
Ozone (n=8)
SD 0.54
median (Q1-Q3) 3(3-3)
Radiotherapy (n = 8)
SD 0.62
median (Q1-Q3) 3(3-3)
Radiotherapy/ozone (n = 8)
SD 0.74
X2 overall 24.861
df (total) overall 31
p-value overall 0.013
Q1 - 1** quartile; Q3 - 3" quartile; SD - standard deviation; df - degrees

of freedom. * Kruskal-Wallis test was used and Mann- Whitney U test
with Bonferroni correction was performed as post hoc test. A value
of p < 0.0083 was considered sufficient for statistical significance.

Variable Control
0 2 (25%)
1 4 (50%)
Adhesion
2 2 (25%)
3 0

Radiotherapy Radiotherapy/ozone
0 0 0
0 0 0
4 (50%) 0 0
4 (50%) 8 (100%) 8 (100%)

score 0 — weak adhesion; score 1 - easily separable adhesion; score 2 — moderate adhesion; score 3 - strong adhesion.

produced by reactive oxygen species (ROS) by maintaining
the adaptation to O3 oxidative preconditioning or stress.
Here, the effects of ozone therapy on colonic anastomosis
after radiotherapy were evaluated. For this reason, our
study is an O3 oxidative preconditioning study.

Anastomotic BP is one of the parameters that can show
the safety and durability of an anastomosis. It can also
provide information about the anastomotic collagen levels.
Cronin et al. reported that the anastomotic BP is related
to the collagen content.!® Burst pressure was found to be
significantly lower in the radiotherapy group compared
to the other groups (Table 3, Fig. 3). This finding points
to the negative effects of radiotherapy on anastomoses.
The administration of ozone eliminated the negative ef-
fects of radiotherapy.

Hydroxyproline is the most important amino acid in col-
lagen formation.!” Different effects of radiotherapy on HYP
levels have been reported in the literature. While some stud-
ies have shown that radiotherapy reduces the levels of HYP,
others failed to show any relationship between radiotherapy
and HYP levels.2>2! In our study, the HYP level was lower
in the radiotherapy group, as expected. Significant differ-
ences were found between other groups (Table 2, Fig. 2).
The increased collagen synthesis with increased BP indi-
cates that rectal O; administration improves wound healing.

Radiotherapy has been shown to play an important role
in oxidative stress-related tissue toxicity and inflammation

by increasing free oxygen radicals.?? Under oxidative stress,
it has been shown that MPO is secreted from the lyso-
somes of leukocytes.?® Increased MPO activity causes tis-
sue damage.?*?* A reducing effect of ozone application
on MPO levels was not detected in our study (Table 2,
Fig. 1). Although the main mechanism of O; was thought
to be related to nitric oxide pathways and antioxidative
enzymes, our study did not provide any suggestion about
this mechanism.!! This might be a result of the adminis-
tration route.

On the 5t day, there was no significant difference be-
tween the groups in terms of mucosal re-epithelialization
and muscularis propria regeneration. Likewise, there was
no significant difference between the groups in terms
of their apposition scores (Table 8). These results show that
epithelialization and regeneration are neither positively nor
negatively affected by radiotherapy and ozone (Table 8).
This shows that the dose of radiotherapy was suitable and
the concentration of O3 was not toxic. The most impor-
tant parameter for the healing of mucosa and muscularis
propria layers is the quality of the anastomosis technique.!
In our study, all anastomoses were performed by a sin-
gle investigator. No significant differences in adhesion
scores were found in the control and ozone groups com-
pared to the radiotherapy and radiotherapy/ozone groups
(Table 5). The application of ozone might increase inflam-
mation and accelerate the formation of tissue adhesions.
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Table 6. Comparison of histological scores by groups*

Granulation Inflammatory

Median and SD Necrosis ) ‘ Macrophages Granulocytes Fibroblasts
tissue exudate
median (Q1-Q3) 0 (0-0) 1(1-1) 0.5 (0-1) 2 (2-2.75) 1(1-1.75) 2 (2-2.75)
Control (n=8)
SD 0 0.51 0.53 0.69 0.64 0.69
median (Q1-Q3) 0 (0-0.75) 1(1-2) 1(0.25-2) 2(1.25-2) 2 (2-3) 2(2-2)
Ozone (n=8)
SD 037 0.53 0.75 048 048 037
median (Q1-Q3) 0 (0-0) 2(1-2) 2.5(2-3) 0.5 (0-1) 2 (2-2.75) 1(1-1)
Radiotherapy (n = 8)
SD 035 037 0.54 0.53 037 035
Radiotherapy/ median (Q1-Q3) 0(0-0) 1(1-1.75) 2(1-2) 2(1-2) 2(125-2) 2(1-2)
ozone (n = 8) D 0 046 046 070 046 051
X overall 2214 8402 18.850 16.607 10.044 12.732
df (total) overall 31 31 31 31 31 31
p-value overall 0.574 0.032**a 0.000%**a,b,e 0.000%**a,c,d 0.000**d 0.000**a

Q1 - 1* quartile; Q3 - 3 quartile; SD — standard deviation; df — degrees of freedom; * Kruskal-Wallis test was used and Mann-Whitney U test with
Bonferroni correction was performed as post hoc test; ** p < 0.0083 was considered sufficient for statistical significance. Values in bold show statistically
significant differences between groups. 2 — comparison between control group and radiotherapy group; ® — comparison between control group and
ozone group; ¢ — comparison between radiotherapy and radiotherapy/ozone group; ¢ — comparison between ozone group and radiotherapy group;

¢ — comparison between control group and radiotherapy/ozone group.

Table 7. Histological score frequencies of the groups

Variable Radiotherapy Radiotherapy/ozone

0 8 (100%) 6 (75%) 7 (87.5%) 8 (100%)

1 0 2 (25%) 1(12.5%) 0
Necrosis

2 0 0 0 0

3 0 0 0 0

0 1(12.5%) 0 0 0

1 7 (87.5%) 5(62.5%) 3(37.5%) 6 (75%)
Granulation tissue

2 0 3(37.5%) 3 (37.5%) 2 (25%)

3 0 0 0 0

0 3(37.5%) 2 (25%) 0 0
Inflammatory 1 5(62.5%) 3(37.5%) 0 6 (75%)
exudate 2 0 3 (37.5%) 4 (50%) 2 (25%)

3 0 0 4 (50%) 0

0 0 0 4 (50%) 0

1 1(12.5%) 2 (25%) 4 (50%) 3(37.5%)
Macrophages

2 4 (50%) 6 (75%) 0 4 (50%)

3 3(37.5%) 0 0 1(12.5%)

0 0 0 0 0

1 6 (75%) 0 1(12.5%) 2 (25%)
Granulocytes

2 2 (25%) 5(62.5%) 5 (62.5%) 6 (75%)

3 0 3(37.5%) 2 (25%) 0

0 0 0 0 0

1 2 (25%) 1(12.5%) 7 (87.5%) 3(37.5%)
Fibroblasts

2 4 (50%) 7 (87.5%) 1(12.5%) 5(62.5%)

3 2 (25%) 0 0 0

score 0 — negative; score 1 — low; score 2 — moderate; score 3 - high.

However, as the ozone was administered via the rectal It is known that radiotherapy is an important cause
route, there were no significant changes in the adhesion of anastomosis leakage due to its effects on reducing tis-
scores of the groups. sue blood flow.* Decreased blood flow can cause tissue
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Table 8. Mucosa and muscularis propria apposition levels. Re-epithelization of mucosa and regeneration of muscularis propria levels*

Median and SD Vinss sy pesion Musculans. proprla Re-epithelization Regener.atlon .
apposition of mucosa of muscularis propria
median (Q1-Q3) 2 (2-2.75) 2((2-2) 1(1-3.75) 15(2-2)
Control (n=8)
SD 048 0 1.25 053
median (Q1-Q3) 2(2-2) 2(2-2) 1(1-4.25) 2(1.25-2)
Ozone (n=8)
SD 0.57 0 149 048
median (Q1-Q3) 2(2-2) 2(2-2) 1(1-1) 2(1-2)
Radiotherapy (n = 8)
SD 035 0.35 0 0.51
Radiotherapy/ median (Q1-Q3) 2(2-2) 2(2-2) 1(1-2.75) 101-2)
ozone (n=8) ) 035 0 091 051
X2 overall 4015 3 2460 1301
df (total) overall 31 31 31 31
p-value overall 0.694 0457 0483 0.549

Q1 - 1t quartile; Q3 - 39 quartile; SD - standard deviation; df — degrees of freedom; * Kruskal-Wallis test was used and Mann-Whitney U test with
Bonferroni correction was performed as post hoc test. A value of p < 0.0083 was considered sufficient for statistical significance.

Table 9. Mucosal and muscularis propria apposition frequencies of the groups

Variable Radiotherapy Radiotherapy/ozone
1 0 1(12.5%) 0 0
Mucosa apposition 2 5 (62.5%) 6 (75%) 7 (87.5%) 7 (87.5%)
3 3(37.5%) 1 (12.5%) 1(12.5%) 1(12.5%)
1 0 0 0 0
Muscularis propria 2 8 (100%) 8 (100%) 7 (87.5%) 8 (100%)
apposition
3 0 0 1(12.5%) 0

score 1 —good; score 2 — moderate; score 3 - poor.

Table 10. Mucosal re-epithelialization frequencies of the groups

Variable | Score | Control | Ozone | Radiotherapy | Radiotherapy/ozone
1 5 (62.5%) 5 (62.5%) 8 (100%) 5 (62.5%)
2 0 1(12.5%) 0 1(12.5%)
3 1(12.5%) 0 0 2 (25%)
feemetsten : : :
5 0 2 (25%) 0 0
6 0 0 0 0
7 0 0 0 0

Scores: 1 — none; 2 - little, one-layer, cubic; 3 - large one-layer, cubic; 4 — almost complete, one-layer, cubic; 5 — complete, one-layer, cubic; 6 — one-layer,
glandular; 7 - normal glandular mucosa.

Table 11. Muscularis propria regeneration frequencies of the groups

Variable Control Ozone Radiotherapy Radiotherapy/ozone
Regeneration 1 4 (50%) 2(62.5%) 3 (37.5%) 5 (62.5%)
of muscularis propria 2 4 (50%) 6 (12.5%) 5 (62.5%) 3(12.5%)

score 1 - positive; score 2 — negative.

exudate, ischemia and necrosis.* The absence of necro- and granulocyte cells are a group of cells that take part
sis showed that neither radiotherapy nor O; has toxic in the formation of granulation tissue.!® Fibroblasts are
effects on the colon mucosa. Wound healing is com- the basic cells of connective tissue, taking part in col-
posed of inflammatory exudate, macrophages, granu- lagen synthesis during the later stages of wound healing.

lation tissue, and fibroblast formation. Macrophage In our study, all wound healing parameters decreased
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in the radiotherapy groups. Although O; administration
significantly improved wound healing in macrophages,
granulocytes and fibroblast levels, granulation tissue for-
mation also improved but was not statistically significant.
This is probably due to not enough time for the forma-
tion of granulation tissue to occur. However, early wound
healing parameters significantly improved with ozone ad-
ministration when compared to radiotherapy. The nega-
tive effects of radiotherapy on wound healing have been
shown in previous studies.!>?° There are studies showing
the effect of radiotherapy in preventing the migration
of fibroblasts to the wound site.?® These findings, together
with a decrease in exudate formation and the differences
in groups receiving ozone, support the hypothesis of our
study, namely the positive effects of ozone therapy follow-
ing radiotherapy (Table 6).

Tissue oxygenation is one of the most important fac-
tors for wound healing and, as a result, the prevention
of AL. Tissue microvascular patency is the key factor for
tissue oxygenation. Surgical devascularization, smok-
ing and diabetes are risk factors for impairing tissue
oxygenation. Several diagnostic measurements such
as microfabricated oxygen sensors and near infrared
spectroscopy have emerged.?” Hyperbaric oxygen treat-
ments have been shown to be beneficial in preventing
AL and increasing transport to tissues.?® Our study
tried to determine if rectal ozone administration can
reverse the harmful effects of radiotherapy. Local ad-
ministration of ozone can improve healing disturbances
that occur in the colon mucosa due to radiotherapy.?’
The main difference between our study and previous
studies is the application method.'® The rectal adminis-
tration method can be translated to human studies and
is the main difference between intraperitoneal adminis-
tration. Besides systemic administration, local treatment
can be regarded as an innovative beneficial approach
to preventing AL.

The latest theory on the harmful effects of radiation
resulting from major changes in the gastrointestinal
microflora was put forward by Manichanh et al.3% After
radiotherapy, anaerobes are dominating the microflora
of the colon and increasing the risk of leakage.?! An in-
crease in the amount of oxygen in the colon lumen can
decrease the number of anaerobes.?? Although not proven,
the administration of ozone might reverse the harmful ef-
fects of radiotherapy on the microflora of the colon. The ef-
fect of ozone on the microflora of the colon is a subject
of future investigation.

Limitations

The main limitation of our study is the small number
of rats (n = 32) used. Another limitation is the absence
of different time periods of sampling the rats rather than
the 5t day. Also, a more detailed histological evaluation
of the colon might have been performed.
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Conclusions

As a result of this study, rectal administration of O;
decreased the negative effects of radiotherapy on colon
anastomoses by the O; oxidative preconditioning effect.
This study is the first experimental study evaluating rectal
O; administration and might be a subject of future clinical
studies. The effect of ozone on tumor cells is a separate
issue in the literature that requires more research.
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