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ABSTRACT

Background: Acute radiation proctitis is a common complication of pelvic radiation and management of acute radiation proctitis is under evaluation. The
beneficial effects of ozonated olive oil (OzOO) have already been shown in the treatment of chronic wounds. Thus, this study was designed to evaluate
the therapeutic effects of topical OzOO on acute radiation proctitis.

Aims: To evaluate the therapeutic effects of topical OzOO on acute radiation proctitis.
Study Design: Animal experimentation.

Methods: Rats were divided into three groups: control; irradiation+saline (1 mL); and irradiation +OzOO (1 mL). A single fraction of 17.5 Gy was deliv-
ered to each rat. The OzOO was administered rectally each day after irradiation. Each rat was observed daily for signs of proctitis. Irradiated rats were
euthanised on days 5 and 10. The mucosal changes were evaluated macroscopically and pathologically.

Results: According to the clinical findings, five rats in the irradiation+saline group showed Grade 4 symptoms on the 10* day. Macroscopic finding scores
on the 10* day in the irradiation+saline and irradiation+OzOO groups were statistically significantly different. On pathological examination, radiation-
induced mucosal damage was the most prominent 10 days after irradiation in saline-treated rats. On the 10* day, the irradiation+OzOO group showed

mild inflammation and slight crypt change, which corresponded to Grade 1 pathological findings.

Conclusion: OzOO attenuates macroscopic and pathological findings of acute radiation proctitis in rats.
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Introduction

Radiotherapy has paramount importance in the manage-
ment of pelvic organ malignancies. However, pelvic location
of the rectum and its anatomic relationship with other organs
increase the risk of secondary radiation injury with resulting
proctitis. Radiation injury may occur in an acute or chronic
form. Acute radiation proctitis (ARP) is observed in 50-75%
of patients, either during radiotherapy or up to 6 weeks after
completion of radiotherapy, and symptoms of radiation injury
decrease in 2-6 months. Symptoms of ARP are diarrhoea,
intermittent bleeding, nausea, abdominal pain, mucous dis-
charge, constipation, and various urinary symptoms (1). In-
flammation, edema, epithelial degeneration, ulceration, crypt
disintegration, mucosal edema, absent mitosis, and crypt ab-
scesses are the histopathological changes found in ARP (2, 3).

There have been numerous therapies with the aim to pre-
vent or reduce the symptoms of radiation proctitis including
medical therapy, such as corticosteroids (4), sucralphate (5, 6),
metronidazole (7), and formalin (8, 9), endoscopic treatment,
such as various lasers, including argon plasma coagulation
(10), yttrium-aluminium-garnet laser (11), and treatment with
hyperbaric oxygen (12, 13). However, suggested therapies of

radiation proctitis have not proven to be effective, and their
beneficial effects are limited. Therefore, the search for a more
effective therapy continues.

Ozone (O,) is well known as one of the best bactericidal,
antiviral, and antifungal agents and is profitably and practical-
ly employed as Ozonated olive oil (0OzOO) with well-defined
peroxide contents. OzOO has been reported to be used topi-
cally for the treatment of war wounds, anaerobic infections,
herpetic infections (HHV | and Il), trophic ulcers and burns,
cellulitis, abscesses, anal fissures, decubitus ulcers, fistulae,
fungal diseases, furunculosis, gingivitis, and vulvovaginitis
(14). It has been hypothesised that the mechanism of action
of ozonated oil on wound healing may be connected in part
to its antimicrobial effect but also to its ability to promote
the generation of growth factors, activate local antioxidant
mechanisms, and promote tissue repair (15). Therefore, the
topical application of OzOO may produce beneficial effects in
the management of ARP. In this study, we aimed to assess the
efficacy of topical OzOO in the management of ARP.

Material and Methods

The experimental protocols were conducted with the ap-
proval of the Animal Research Committee at Bilent Ecevit Uni-
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versity, Zonguldak. All animals were maintained in accordance
with the recommendations of the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals.

Animals

Thirty-five female Wistar albino rats weighing 200-230 g
at the age of 6 weeks were obtained from the Institute for
Experimental Medicine, Bulent Ecevit University. All animals
were acclimatised for 7 days prior to the experiments in the
laboratory of the mentioned institute. Rats were housed in
cages and were allowed free access to standard rat chow and
water before and after the experiments. The animal rooms
were windowless, with temperature (22+2°C) and lighting
controls. The animals were fasted overnight before the ex-
periments but were given free access to water.

Rats were randomly divided into three groups: 14 animals
in the irradiation (IR)+saline group; 14 animals in the IR+OzO0O
group; and seven animals in the control group. Both the saline
and OzOO groups were irradiated in the pelvic area with 17.5
Gy as a single dose. For the IR+OzOO group, 1 mL OzOO
was administered intrarectally twice a day from the day of IR
until the day of euthanasia. For rats in the IR+saline group,
the same protocol was performed with saline. The rats in the
control group received no saline or OzOO and underwent
sham IR.

Pelvic irradiation

Simulation of the IR was performed by computed tomog-
raphy simulation. Each rat was anaesthetised using 5 mg/kg
xylazine (Rompun, Bayer Tirk, istanbul, Turkey) and 30 mg/
kg ketamine hydrochloride (Ketalar, Pfizer, istanbul, Turkey)
delivered intramuscularly prior to IR. Then, three to four rats
at a time were restrained and taped by the tail and legs on an
acryl plate in a supine position. The rats were covered for a
3 cmx4 cm area of the lower pelvis containing a 2-cm length
of the rectum in the middle of the field. IR was delivered with
6 MV linear accelerator with the SAD technique. The irradi-
ated area was verified by portal imaging. A bolus material was
placed on the irradiated area. A dose of 17.5 Gy in a single
fraction was delivered to each rat. A dose similar to this one
has been shown to be optimal for clinically relevant proctitis
using the same rat radiation model (16).

Treatment with ozonated olive oil

0zOO was generated by an ozone generator, which al-
lowed control of the gas flow rate and ozone concentration
in real time using a built-in ultraviolet (UV) spectrometer and
was kept in a dark bottle at 4°C until used, within 24 h. 0zOO
was produced at a concentration of approximately 14 pg of
ozone/mL of olive oil. The OzOO, which was prepared in a 1
mL volume at body temperature, was given twice a day be-
ginning on the first day after IR until the euthanasia day. The
0zOO0 was applied with a soft feeding tube and then the anus
was temporarily closed with a digital compress for 5 minutes.

Evaluation of rectal damage
Each rat was observed daily for signs of proctitis, such as
diarrhoea and rectal bleeding, after IR. The clinical findings

were scored as follows: 0, no symptoms; 2, diarrhoea; and 4,
gross bleeding. Seven rats were euthanised on each of the 5t
and 10t days after IR for macroscopic and histological evalu-
ation. Euthanasia was performed by cardiac exsanguination
under a surgical plane of 100 mg/kg ketamine hydrochloride
and 20 mg/kg xylazine anaesthesia. A midline laparotomy in-
cision was made. The small bowel was moved aside to re-
veal the distal large bowel. The pelvic symphysis was cut and
elevated to facilitate access to the distal rectum and anus.
The 2 cm of distal rectum adjacent to the anal region was
excised. The rectums were macroscopically evaluated and
scored as follows (17): O=normal mucosa; 1=edema, mild hy-
peraemia, or decreased vascularity; 2=diffuse hyperaemia,
multiple punctuated areas of haemorrhage, or confluent ar-
eas of haemorrhage; 3=presence of erosions or frank haem-
orrhage; and 4=ulcers. For histological evaluation, a portion
of the specimen was excised, fixed in 10% buffered formalin
solution, embedded in paraffin, and cut into 5-ym sections.
The sections were stained with haematoxylin-eosin (HE) and
examined under a light microscope by a blinded pathologist
for histopathological changes. Each specimen was graded as
follows (16): Grade 0, normal or minor alterations that cannot
be correlated to radiation with certainty; Grade 1, slight radia-
tion damage (mild inflammation and/or slight crypt change);
Grade 2, mild damage (more significant inflammation and/or
slight crypt change); Grade 3, moderate damage (must have
prominent loss of epithelium and/or variable degree of in-
flammation); and Grade 4, severe damage (ulcer, necrosis).

Statistical analysis

Statistical analyses were performed with SPSS 18.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Kruskal-Wallis test was
used to determine the differences between groups. Bonferro-
ni-adjusted Mann-Whitney U test was used for post-hoc test
after the Kruskal-Wallis test (p values < 0.005 were considered
statistically significant).

Results

No mortality was observed in the groups. Differences
in the mean body weight among the groups were found to
be statistically significant (p<0.001). The mean body weight
on the 10" day after IR was found to be significantly lower
than that in the control group (223.6+3.5 g); 204+3.1 g and
214.9+4.3 g, control, IR+saline, and IR+OzOO groups, re-
spectively (p=0.001). However, the mean body weight on
the 5% day after IR was 215.4+4.9 g and 216+3.2 g in the
IR+saline and IR+OzOO0 groups, respectively, with no signifi-
cant difference.

The results of the clinical findings are listed in Table 1. Only
two rats from the IR+OzOO group were apparently healthy
on the 5" day, and their clinical finding scores were Grade
0. Grade 2 symptoms were noted in six rats on the 5" day in
the IR+saline group, five rats on the 5% day in the IR+OzOO
group, and five rats on the 10" day in the IR+OzOO group.
On the 10t day, the IR+saline group had a greater frequency
of Grade 4 than did the other groups. Although on the 10t
day the IR+saline group had a higher clinical score than the
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IR+saline group on the 5% day, the difference was not statisti-
cally significant (Table 2).

The scores of gross mucosal change are listed in Table 3.
Macroscopic changes were maximal in the IR+saline group
on the 10" day. The numbers of rats showing Grade 1 and
Grade 2 macroscopic findings were similar on the 5" day in
the IR+saline and IR+OzOO groups. Treatment with OzOO

Table 1. Clinical findings

for 10 days following IR attenuated macroscopic findings in
the IR+OzOO0 group compared with the IR+saline group, 3.71
(+0.48) and 2.57 (+0.78), respectively. However, the difference
between groups did not reach statistical significance (Table 2).

The most significant histopathological changes were ob-
served in the IR+saline group on the 10* day after IR (Table 4).
Severe changes were characterised by the loss of epithe-

5t day 10t day
Characteristic Control Group IR+Saline IR+0z00 IR+Saline IR+0z00
(n=7) Group (n=7) Group (n=7) Group (n=7) Group (n=7)
Grade 0 7 - 2 - -
Grade 2 - 6 5 2 5
Grade 4 - 1 - 5
Data are presented as numbers.
IR: irradiation; OzOO: ozonated olive oil
Table 2. Macroscopic findings
5t day 10t day
Characteristic Control Group IR+Saline IR+Oz00 IR+Saline IR+Oz00
(n=7) Group (n=7) Group (n=7) Group (n=7) Group (n=7)
Grade 0 7 - 3 - -
Grade 1 2 2 - 4
Grade 2 - 3 2 2 2
Grade 3 2 - 5 1
Grade 4 - - - - -
Data are presented as numbers.
IR: irradiation; OzOO: ozonated olive oil
Table 3. Pathological findings
5% day 10t day
Characteristic Control Group IR+Saline IR+0z00 IR+Saline IR+Oz00
(n=7) Group (n=7) Group (n=7) Group (n=7) Group (n=7)
Grade 0 7 - - - -
Grade 1 - - 5 - 4
Grade 2 - 5 2 - 2
Grade 3 - 2 - 5 1
Grade 4 - - - 2 -
Data are presented as numbers.
IR: irradiation; OzOO: ozonated olive oil
Table 4. Comparison of the clinical, macroscopic, and pathological finding scores
Day and Rat Group Clinical finding score Macroscopic finding score Pathological finding score
5t day IR+Saline 2.14 (2-3) 3(2-4) 2.29 (2-3)
5t day IR+OzO0 1.71 (1-2) 2 (1-3) 1.29 (1-2)
10t day IR+Saline 2.71 (2-3) 3.71 (3-4) 3.29 (3-4)
10t day IR+OzO0O 2.29 (2-3) 2.57 (2-4) 1.86 (1-3)*
*p=0.002 versus the IR+saline group on the 10" day.
IR: irradiation; OzOO: ozonated olive oil
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lium through the muscularis mucosa and mucosal ulceration
(Figure 1). Comparing the histological changes in the 5%
and 10% day specimens, the most prominent changes in the
5% day specimens were moderate inflammation and slight
crypt change (Figure 1). Although not found to be statisti-
cally significant, the IR+saline group had milder histopatho-
logical changes on the 5% day than the IR+saline group did
on the 10 day. OzOO attenuated pathological findings of
ARP. Five rats in the IR+OzOO group on the 5" day and four
rats in the IR+OzOO0 group on the10%* day showed Grade
1 histopathological changes (Figure 1). Pathological finding
score was decreased on the 5" day in the IR+OzOO group
(2.29+0.48) compared with that on the 5" day in the IR+saline
group (3.29+0.48, Table 2). However, no significant difference
was found regarding the pathological finding score between
the groups on the 5" day. OzOO treatment for 10 days after
IR significantly reduced inflammation and crypt changes, and
the difference between the IR+saline and IR+OzOO groups
on the 10* day was statistically significant (p=0.002) (Table 2).

Discussion

ARP is characterised by an inflammatory process involving
only the superficial mucosa (18) that develops immediately
after the initiation of therapy or up to 3 months after the on-
set of therapy (19). Symptoms including diarrhoea, nausea,
cramps, tenesmus, urgency, mucus discharge, and minor
bleeding may occur in up to 20% of patients, leading to an
interruption in treatment (20). Much research has been con-

Figure 1. a-e. Normal rectal mucosa (Grade 0) in the control group (H&E, x200) (a). Grade 1 histological change: mild

ducted to define best therapy for prevention or reduction of
symptoms of ARP.

Radiation therapy results in oxidative stress and it has been
demonstrated that free oxygen radicals have a crucial role in
radiation-induced normal tissue toxicity and in inflammation.
The increase in antioxidant enzyme levels may prevent dam-
age of IR to normal tissues and reduce the inflammation (6).
Ozone therapy has beneficial effects in various diseases, such
as caustic oesophageal burn, diabetic foot, and radiation-
induced cystitis (21-23). It can be applied by topical, rectal,
peritoneal (animal studies), or oral (ozonised water or oil)
routes. The term ‘ozone oxidative preconditioning’ refers to
the repeated application of ozone in order to increase antioxi-
dant enzymes and keep the organism alert, as in vaccination.
Ozone oxidative preconditioning provides protection against
the cellular damage caused by free radicals (24). In our previ-
ous study, we also investigated the effects of ozone oxidative
preconditioning in the prevention of acute radiation toxicity
in rat liver and intestine. Ozone was found to be effective for
the prevention of radiation-induced ileal injury (25). However,
data on the use of ozone or ozonated oils in radiation proctitis
are limited. Recently, Clavo et al. (26) reported the beneficial
effects of ozone therapy on refractory haemorrhagic radiation
proctitis. In the study, 17 patients received an ozone gas mix-
ture via rectal insufflations and topical application of ozonised
oil, and were followed up for a median of 40 months (3-56
months). Clavo et al. (26) concluded that ozone treatment im-
proved the clinical symptoms of haemorrhagic radiation proc-

N/ Prd L

inflammation and slight crypt change in ozone-treated groups on the 5* day (H&E, x200) (b). Grade 2 histological chan-
ge: moderate inflammation and slight crypt change in ozone-treated groups on the 10th day (H&E, x200) (c). Grade 3
histological change: prominent loss of epithelium (arrow) and severe inflammation in radiation-treated groups on the 5%
day (H&E, x200) (d). Grade 4 histological change: severe crypt damage (thick arrows), inflammation, and ulceration (thin
arrows) in radiation-treated groups on the 10* day (H&E, x200) (e)
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language literature, and to date, no studies have reported
the effects of OzOO on histopathological findings of ARP in
animals or in humans.

In the present study, the sequential changes following IR
were observed in rats. In the clinical findings, results that were
greater than Grade 2 findings were found in saline-treated
groups on the 10* day following IR, whereas only one rat
showed Grade 4 findings on the 5" day in the IR+saline group.
Although fewer Grade 4 clinical findings, which included di-
arrhoea and melaena, were observed on the 10" day in the
IR+OzOO0 group, no significant differences were found be-
tween the groups on the 10t day in terms of clinical findings.

Grossly, ARP is an inflammatory process of the rectal mu-
cosa that appears oedematous, beefy red, and may have ul-
ceration or sloughing. The present study evaluated mucosal
changes on the 5% and 10 days after IR. Apparent muco-
sal changes were observed on the 10* day in the IR+saline
group. The macroscopic findings were consistent with those
from previous reports. Kang et al. (16) reported that erosion
of the surface epithelium, which started on the 6" day after
IR, progressed to multifocal ulceration with severe inflamma-
tion until the 10* day after IR. Macroscopic finding score on
the 10* day after IR was 3.71, which meant that most speci-
mens revealed Grade 3 findings, and intrarectal application of
0zOO0 for 10 days improved macroscopic mucosal changes of
ARP, but the difference was not significant.

Mucosal damage in the rectum was evaluated pathologi-
cally, and the pathological findings were consistent with those
from previous reports (3, 16, 17). The pathological differences
on the 10% day in the IR+saline group were more obvious,
and mucosal ulceration and crypt damage were the predomi-
nant characteristics of acute radiation toxicity. OzOO-treated
groups had statistically significantly lower scores.

In the present study, the rectum was examined clinically,
macroscopically, and pathologically, and the rats that received
0zOO0 tended to show milder rectal damage than the other
groups for all criteria of the study. However, the differences did
not reach statistical significance in terms of clinical and mac-
roscopic finding scores. On the 10* day, the IR+saline group
had a significantly higher pathological finding score than the
IR+OzO0 group. Moreover, 10-day OzOO treatment ap-
peared to be more effective than 5-day OzOO treatment after
IR in the study. Thus, OzOO was confirmed to have beneficial
effects on ARP. Ozone was chosen for its demonstrated ben-
efits in radiation-induced cystitis (23), refractory haemorrhagic
radiation proctitis (26), and ileal injury (25). Calvo et al. (23) re-
ported that ozonated bi-distilled water could be administered
intravesicularly to prevent haematuria caused by radiation-in-
duced cystitis. More recently, the authors also reported their
experience with ozone therapy in the treatment of refractory
haemorrhagic radiation proctitis. Oxygen radicals in radiation-
induced gastrointestinal disorders have been demonstrated,
and in our previous study, intraperitoneally administered ozone
was shown to protect against radiation-induced mucosal injury
of the small bowel (25). The radioprotection observed with
ozone is attributed to an increase in the endogenous antioxida-
tive defence enzymes and the inhibition of lipid peroxidation.

Some authors have investigated various antioxidant agents in
the prevention of acute radiation toxicity. In a study by Doi et al.
(27), the use of intrarectal polaprezinc significantly attenuated
ARP in rats. Similarly, Yoon et al. (28) found that oral high-dose
triphala treatment improved radiation-induced acute intestinal
mucosal damage in rats. Moreover, it has been generally ac-
cepted that IR damages endothelial cells in the microvessels
and causes hypoxaemia (29). It is possible that the effect of
ozone reduces the presence of phagocytic cells, thereby re-
ducing the oxidative burst, increasing the oxygen tension, and
ameliorating the radiation-induced mucosal damage. In the ex-
periments on full-thickness dermal wound treated with ozon-
ated oils (30, 31), a rise in wound healing rate was reported.
Those reports suggested that increased oxygen tension at the
wound site increased the formation of granulation tissue, ac-
celerated wound closure, and ameliorated impaired dermal
wound healing. Although those reports are not related to ra-
diation protection or mucosa, we can infer that a similar mecha-
nism might be involved from the standpoint of the recovery
or re-epithelialisation of damaged tissue. Further studies are
required to clarify the mechanism underlying the beneficial ef-
fect of OzOO on ARP.

In the literature, the effects of OzOO therapy on radiation
proctitis are based on a limited number of scientific studies,
often involving small numbers of patients with variable pe-
riods of follow-up, and considering only clinical and macro-
scopic findings. Although we used an animal model of radia-
tion proctitis, we were able to evaluate the effects of 0zOO in
terms of clinical, macroscopic, and histopathological findings.
We conclude that in the treatment of ARP, OzOO given rec-
tally for 10 days reduced rectal mucosal damage, as shown by
macroscopic and histopathological findings in rats. However,
more research is needed to confirm the beneficial effects of
0OzOO0 in radiation-induced proctitis. In addition, clinical trials
should be conducted to determine whether OzOO could re-
duce the severity and frequency of early complications of IR.
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