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ABSTRALCT

BICT’WH: Aoute radiatian proctitis i & common complicition of gelviz iadiation and mansgement of acubs rodiatean proctit @ onder evwaluation Tres
bangticial @ffects of peonated olive il [G000) have alresdy besn shown inthe treatmant of cheonic waunds. Thas, this ituck we desigred to evaluate
thie therapeutic affiects of toplol Oe00 an acubs rmelistien practivie.

Aime: To wvalisate the therapeatc efecis of topical Ce00 an soste redutian proctii
5-l.l.d!||' Dadigph; Aniral saperimaniation,

Muthadi: Rata venrm divicid into thres groups; congral; iradiation=saline (1 mL); and krodiation + 3050 (1 L. A single fraction of 17,5 Gy veas dalk-
ered to each rat The OpCed was adminstensd rectally sach day sfter iradistion. Each rat was obsssed daily for signs of proctitie. Iradiated rats wers
authanived &n dayn 5 e 10, The muccesl changes wem svalusted mamroscopically sed pathalagically.

Results: Accarding 1o the clrcal fincling, five rats in the Fradinton=saline group showed Grade 4 symptoms on the 107 day, Macressapic frding soames
on the 10° day in the iradistion+sakre and imadiation+Ce00 groups were stitistically signeanty differens, On pethological exemination, rackatian-
induced mucaial detiags was the meet praminent 10 days stter iradintion in saline-trested rets. On the 10% diy, the iredistian+ 000 group showsd

mild inflammation snd sight oypt dhange, which coresponded to Grade 1 pathelegical frdings
Conchisian; 000 stienusstes macoscopic and pathalogical findings of acute radiation proctiths in s

Key Werds: Cronated clive cil, radiation proctitic
Rucaivad: NLO52013 Acompted: 22.07. 20113

Introduction

Radictherapy has paramount importance in the manage-
ment of pelvic argan malignancies, However. pelvic location
of the recturn and its anatomi: refationship with other argans
increase the risk of secondary radiation injury with resulting
proctitis. Radiation injury may otour in an acute or chronic
form. Mcute radiation proctitis (ARF) is observed in 50-75%
of patients, either during radiotherapy or up to & weaks after
completion of radiotherapy, and symptoms of radiation injury
decrease in 2-6 months. Symptoms of ARP are diarthosa,
intermittent bleeding, nauses, abdominal pain, mucous dis-
charge, constipation, and warious urinary symptoms (1), In-
flemmation, edema, epithelial degeneration, ulceration, crypt
disintegration, mucosal edema, absent mitosis, and crypt ab-
scesses are the histopatholegical changes found in ARF (2, 3]

There have been numerous therapies with the aim to pre-
wenl of reduce the symptoms of radiation proctitis including
medical theragy, such as corticosteraids {4), sucralphate |5, &),
matronidazole (7}, and formalin (B, 9), endescopic trestmeant,
such s variows lesers, including argon plasme coagulation
(100, yrtrium-abuminium-garmet laser {11}, and weatment with
hyparbaric osygen (12, 13), However, suggested theraples of

radiation proctitis have not proven 1o be effective, and their
baneficial effects are limited. Therefore, the search for a more
effective therapy continues.

Crone (2] 8 well known as one of the best bactericidal,
antiviral, and antifungal agents and is profitably and practical-
Iy employed as Cronated ofive od (O=000 with wall-definad
parotide conterts, 0200 has been reported to be used topi.
cally far the treatment of war wounds, anasrobic infections,
herpetic infectiors (HHY | and II], trophic wleers and burms,
ceffulitis, absceswes anal fissures, decubitus wbcers, fistulas,
furgal diseases, furunculosis, ginghitis, and vulvovaginitis
(14} It has been hypothesised that the mechanism of action
of czonated oil on wound healing may be connected in part
ta im antimicrobial efect but also to its abi.lity 1o promote
the generation of growth factors, activate local antioxidant
fechanisms, and promote tssue repair [15). Tharefare, the
topical application of CeD0 may praduce beneficial effects in
tha managemant of ARP. In this study, we aimed to aseas the
efficacy of topical OzO0 in the mansgermant of ARP

Material and Methods

The experimental protocats were conducted with the ap-
proval of the Animal Research Committes at Bulent Ecevit Uné-
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warsity, Fonguldak, All anirmals were ralntained in secandance
with tha recommendations of the Mational Institutes of Health
Guldalinas for the Care and Usa of Lahoratory Animals.

Animals

Thirty-five female Wistar albing rats weighing 200-230 g
at the age of & weeks weore obtained from the Institute for
Expenmental Medicine, Bilent Ecevit University, All animals
were acclimatised for 7 days prior 1o the expanimeanta in the
labaratory of the mentioned institute. Rats were housed in
cages ancd were allowed free sccass to standard rat chow and
water before and after the experments. The animal rooms
were windowless, with temperature (22£2"C) and lighting
controls. The animals were fasted overmnight before the ax-
periments but were given free access 1o water,

Rats were rendormly divided mto three groupa: 14 animadts
in the iradiation (IR +saline group; 14 animals in the IR+0e00
group; and seven animals in the contrel growp, Both the safine
and D00 groups were iradiated in the pelvic area with 17.5
Gy 83 & singe dose, For the IR+0e00 group, 1 mL O=00
was administered intraractafly twice: a day from the day of IR
until the day of euthanasia. For rats in the [R+saline group,
the sama protoce! was performed with saline, The rats in the
cantral group receivad no saline or 0200 and underwant
sham IR.

Pelvic irradiation

Sinulation of the IR was performed by computed tomog-
raphy simulation, Each rat was anassthetised wsing 5 mogfkg
sylazine (Rompun, Bayar Tiark, Istankbul, 'I'urh:l':,rll and 30 mgq.l'
kg ketamine hydrochloride (Ketalar, Pfizer, |stanbul, Turkey)
deliverad intramuscutary 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 positran. The rats were covered for a
3 cmind cm area of the lower pelvis cantaining & 2-cm length
of the ractum in the middle of the field. IR was delivared with
& WY linear accelerator with the SAD technigue. The irmads-
ated area was verified by portal imaging. A bolus material was
placed on the iradisted area, A dose of 17.5 Gy in a single
Fraction was delivered to esach rat A dose similar to thes one
has bean shown to be optimal for clinically relevant proctitis
using the sarme rat radiation model [14),

Treatment with czonated olive ail

Or00 wes generated by an arons generatod, which sl
lewiad control of the gas flow rate and crone concantration
in real time using 8 built-in uliravialet (UV) spectrameter and
was keptin a dark bottle at 4°C until used, within 24 h, OrOC
was produced at a concentration of approximately 14 pg of
pzone/mL of olive oll. The OO, which was prepared ina 1
ml wolurmie &t body temperature, was given twice a day be-
genrineg o the first day after IR untll the euvthanasia day. The
D700 was apphed 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 cbserved daily for signs of proctitis, such as
charrthopss and rectal bleeding, after 1R, The clinical findings

ware scored as follows: 0, no symptoms; 2, diarrthoea; and 4,
grevas bleeding, Seven rats wers suthanised cn pach of the 5
and 10* days atter IR for macroscopie and histalogical evalu-
ation, Euthanasia was performed by cardiac exsanguination
undaer a surgical plane of 100 mgfkg ketamine hydrochloride
and 20 ma'kg sylaring ansesthesia, A midline laparctomy in-
cision was made. The small bowel was moved aside to re-
veal tha distal large bowsl, The pelvic symphysis was cut and
elevated to facilitate access to the distal rectum and anos.
The 2 om of distal rectum adjacent to the anal region was
excsad, The rectums were macroscopically eveluated and
scared as follows (17); O=noomal mucosa; 1=edema, mild hy-
peraemia, of decreased vascularity; Z=diffuse hyperaamia,
multiple punctuated aregs of haemorrhage, ar confluent ar-
was of hasmaorrhage; 3=presence of erosions or frank haem-
orrhage; and d=ulcers, For histological svafsation, a partion
af the specimen was excised, fized in 10% bufered formalin
solution, embadded in paraffin, and cut inte 5-pm sections,
The sections were stained with hasmatoxylin-ecsin [HE) and
examined under a light microscope by a blinded pathalogist
for histopathological chenges. Each specimen was graded as
follows (14); Grada 0, normal or minor alterations that cannot
be cormelated o radiation with certainty; Grade 1, slight radia-
tion damage (mikd inflammation andlor slight crypt changal;
Grade 2, mild :lamngu {more :igni'ﬁi;.unt inflammation and/or
slight orypt changel; Grade 3, moderate demage (must hava
prominant loss of epithelium andfor variable degree of in-
Rarmmation]; ard Geade 4, severe damaces (ulear, necragis).

Statistical analysis

Stetistical analyses were performed with 5P55 18.0 soft-
wara (SPES Inc,, Chicago, IL, WSA) Kruskal-Walliz test was
used] to determine the differences between groupa. Banferro-
ni-adjusted Mann-¥Whitney U test was used for post-hoc test
afver the Kniskal-Wellis test (p values < 0,005 were considered
statistically significant),

Results

Mo martality was observed in the groups. Differences
in the maan body weight among the groups were found to
be :.‘l:.u'l.':rtil::l"_y ﬂ'gniﬁmnt l{p—d.'ﬂ.ﬂ-ﬂ'lb. The mean hn-:l':,r \.m:gl'rr.
on the 10 dey sfter IR was found to be significantly lower
than that in the cortrol group [ &+3 5 gl-; 204431 q and
214.9+4.3 g, control, IR+sabine, and IR40200 graups, re-
gpactively (p=0.0("1), However, the maan body weight on
the 5% day after IR was 2154249 g and 218=3.2 g in tha
IR#zaling and |B+0z00) groups, respectively, with no signifi-
cant differance.

The results of the clinical findings are listed = Table 1. Only
twao rats from the IR+0e00 group wero apparently healtthy
an the 5 day, and thelr dinical frding scores were Grade
0. Grade 2 symptoms were noted in six rats on the 5% day in
the IR+saline group, five rets on the 5 day in the IR+020:0
growup, and fve rats on the 10% day @ the IB+0200 group.
On the 10" day, the IR+saline group had a greater freguency
of Grade 4 than did the other groups. Although on the 10¢
da]r the IR+saline group had a highﬂr clinical score than tha
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IR+saling group on the 5% day, the difference was not statisti-
cally significant {Tabde 2],

Tha scores of gross mucosal change are listed in Table 3.
Macroscopic changes wara maximal in the |R+saline group
on tha 10" day. The numbers of rats showing Grade 1 and
Grade 2 macroscopic findings ware similar on the 5 day in
the [R+saling and IR+0z00 groups. Treatrnant with Qz00

Table 1. Clinical findings

Gilvakinm al,
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for 10 days following IR attenuated macroscopic findings in
the IR+0220 group compared with the IR+saline group, 3,71
{=0.48) and 2.57 (=0.73), respactivaly. However, the difference
botwean groups did not reach statistical significance {Table 2),

The most sigrificant histopathological changes were ob-
seryad in tha [R+saline group on the 10" day after IR (Table 4],
Levapa chmga! were charscterized I:ry the boss of apitha-

5" day 10" day
Characteristic Cantrel Greup IR+Saline IR+0200 IR+Saline IR+0z00
(nm7] Group (n=T) Group (n=T} Group [n=7) Group (n=7)
Grada 0 F) - 2 - =
Grade 2 - -] b 2 5
{3rade 4 - 1 5 2
Diats werw prasantad s numl
B Irradlation; Sl aeosaned oive ol
Table 2. Macroscopic findings
5* day 10™ day
Characteristic Contral Greup IR+5Saline IR+0z00 IR+5aline IR+ 0200
(n=7) Group (n=T) Group (n=7] Group (n=7) Group (n=7)
Grade 0 ) . 3 = -
Grada 1 2 2 = 4
Girade 2 - 3 i ¥ 2
Grade 3 2 5 1
Grade 4 - -
Drats gre preseried as nombsers,
IR wradiatian; Ce0C: aponated abve ol
Table 3. Pathalogical findings
5* day 10™ day
Characteristic Contral Greup IR+Saling IR+ Oz 0 IR+5aline IR+ 0200
. (n=7} Group (n=T) Group (n=7) Group (n=7) Group (n=7)
Grade 0 T . - - -
Grade 1 - - 3 - 4
Girade 2 - 5 2 - 2
Grade 3 = F i 5 1
Grade 4
Data ars as pambars.
IR rndiatian; OO0 axonated olve ol
Table 4, Comparison of the clinical, macrescoplc, and pathological finding scores
Day and Rat Group Clinical finding score Macroscopic finding score Pathological finding score
5% day IR+5aline 214 (2-3) 324 239 [2-3)
5" day IR+Ce0o 1.7 (-2 2 11=3] 125 (1-2)
10 day IR+5aline 27 (2-3) 3.7 3= 329 (3=
[ 10 day IR+Cz00 2,29 (2-3) 2.57 (2-1] 1,88 (1-3)
*p=0.002 verma the [R+sslre on thee 10 dlay
IR irrackatian; Celilx gronated obve ol
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lium throwgh the musoulars mucosa and mucosal viceration
[Frgure 1). Comparing the histological changes in the 5
sned 107 day specimans, the mast prominent changes in the
5" day specimens were moderate inflammation and slight
crypt changs (Figure 1). Although nat found to be statisti-
cally significant, the |R+zaline group hed milder histopatho-
logical changes an the 5% day than the |R+aline group did
on the 10° day. Q00 attenuated pathological findings of
ARF, Fiva rats in the IR+0z00 group on the 5* day and four
rats-in the IR+0z00 group on the 0™ day showed Grade
1 histopathological changes (Figure 1). Pathological finding
soce was decreased on the 5% day m the IR#0:00 group
[2.29+0.48) comparad with that an the 5% day i the (R+sabine
group (3. 290048, Table 25 However, no significant difference
was found regarding the pathological finding score between
the groups on the 5 day. Oz00 treatment for 10 days after
IR significantly reduced inflammaticn and crypt changes, and
the difference betwean the IR+saline and IR+0200 groups
en the 10% day was statistically significant (p=0.002) (Table 3.

Discussion

ARFP is characterised by an inflammatory process involving
only the superficial mucosa (18] that develops immediately
after the initistion of therapy or up to 3 months after the on-
set of Ifmmp:r 11'9?, 5]!1111:11:-11:. inl;hding diarrhnﬂr AauSEs,
Cramps, tenesmus, urgency, mucus I:Eh‘.*hh.l:'gzl sl ST
bleading may occur in up te 20% of patents, leading to an
interruption in treatment {200 Much research has bean con-

-‘r' L . i

Figura 1. a-e. Mormal rectal mucosa (Grade

0) in the control group (H&E, x200) (a). Grade 1

A3 30: JE5-74

ducted to define best tharapy for prevention or reduction of
symptoms of ARF

Radiation tharapy results in oxtidative stress and it has been
demanstrated that fres cxygen radicals have a crucial rala in
radiation-induced normal tssue toxicty and in inflammation
The increase o antioxidant enzyme levels may prevant dam-
age of IR to normal B2sues and reduce the inflammation (G
Oizane therapy has beneficial effects In vanous dissases, sich
a5 caustic oesophageal bumn, disbetic foot, and radiation-
induced cystitis (21-23), It can be appied by topical, rectal,
poritoneal fanimal studies)l, or oral (ozonised water or oil)
rautes. The term "ozone oxidative preconditioning’ refers to
the repeated application of czone in order to increase antiosi-
dant enzymes and keep the arganism alert, as in veccination,
Chone oxidative preconditioning provides protection agalnst
the cellular damage caused by free radicals (24). In our previ-
ous study, we also investigated the effects of czone cxidative
praconditioning in the prevention of acute radiation toxicity
in rat liver and intesting. Ozona was found to be sffective for
the prevention of radiation-induced ileal injury {23), However,
data on the use of aeone or cronated wils in radiation proctitis
are imited. Recently, Clave et gl (24) reported the beneficial
effects of ozone therapy on refractory heemorhagic radiation
proctitis. inthe study, 17 patients recaived an ozone gas mix-
ture via rectad insufflations and tnpir_ql =||:|-|:||i|:|:|;i:m of ocronised
oil, and were followed up for 8 median of 40 months (3-5&
manths). Clave =t al. (28] concluded that orone trestment im-
proved the clinical symptoms of haemorhagic radiation proc-
titis. Howewer, this is the only study published in the English-

-y, e . Y
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change
inflammation and slight crypt change in czone-treated groups on the 5 day (HEE, x200) (b). Grade 2 histological chan-
ge: moderate inflammation and slight erypt change In orpone-treated groups on the 10th day (H&E, x200) (c). Grade 3
histelogical change: prominent loss of epithellum [arrow) and severe inflammation in groups on the 5#
day (HEE, x200) (d). Grade 4 histological change: severs crypt damage (thick arrows), inflammation, and ulceration (thin
arrows] in radiation-treated groups on the 10% day (H&E, x200] (=)
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language literature, snd to date, no stedies have reported
the effects of D00 oo histopathological findings of ARP in
animals ar 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, wheress enly one rat
showed Grade 4 findings on the 5 day in the IR+saline group,
Although fewer Grade 4 clirical findings, which includad di-
arrhoga and melasna, were obsarved an the 10® d:}.l in tha
IR+ D200 groug, no Ligni'ﬁl:.'ln't differences ware found be-
tween the groups on the 10% day in terre of elinizal findings.

Grossh, ARP s an inflammatory process of the rectal mu-
coss thet sppears cedamatous, beefy red, and may have ul-
ceration or sloughing. The present study evabuated mucosal
changes on the 5™ and 10" days after IR. Apparent muco-
sal changes wera chservad on the 10" day in the IR+saline
group. The macrosoopic findings were consistent with thosa
from previous reparts, Kang et al, (18] reported that enosion
of the surface epithelium, which started on the 6% day after
IR, pregressed to mubtifocsl ulceretion with severe inflamma-
tlon until the 10" day after IR, Macrosceplc finding score on
the 10" day after IR was 3,71, which meant that mest speci-
mans revesled Grade 3 findings, and intrarectal application of
D00 for 10 days improved mecroscopic mecosal changes of
ARP but the difference was not significant.

Mucosal damage in the rectum was evalsated pathclogi-
cally, and the pathological findings were consistent with those
from previous reports (3, 16, 17]. The pathological differences
on the 10* day in the |[R+saline group were more obvious,
and mucosal ulceration and crypt damage were the predormi-
nant characterstics of acute radiation towcity, Oz00-treated
QroupEs hiad stati:til::"r signi‘ﬁ:mﬂy lower scores.

In the present study, the rectum wis axamened clinically,
miscroscapically, and pathologically, and the rets that received
00 tendad to show milder rectal damage than the ather
groups far all criteria of tha study, However, the differances did
not reach statistical significance in terms of elinical and mae-
rescaple finding scores, On the 10" day, the IR+saline group
had a significantly Wgher patholagical finding scorm than the
IR+0z00 group. Moreover, 10-day Oz00 treatment ap-
prarad to be more effectve than S-day OO0 treatment after
IR in the study, Thus, OeD0 was coafirmed to have beneficial
affects on ARF Ozone was chosen for its demonstrated ben-
afits in redistion-induced cystits (23], refractory hasmorrhagic
racliatian proctitis (#8), and fkeal injury (251 Calvo et al. (23] ne-
portied that oronsted bi-distilled water could be sdministered
intrevesicularly to prevent hasmaturia caused by radiaton-in-
duced cystitis. More recently, the authars also mported thair
muperignce with coeane theragy in the trestment of refractory
haemorrhacic radiation proctits. Oxygen racicals In radiathon-
Induced gastrolmmestingl disorders have been demonstrated,
and in our previces study, intraperitoneally administered czone
wims shown to protect against radistion-induced muscsal mjury
al the small bowsal 25 The radiopretection obsarved with
pzone is attributed 1o an increase in the endegencus antioxida-
tive dafance enzymas and the inhibition of oid peroxidation.

Zome suthors have investigated varicus antioxidant agents in
the prevention of acute radiation toxicity. In a study by Dod et al,
{27}, the use of intrarectal polaprezine significantly attenusted
ARF in rats. Similarhy, Yoon et al. (28) found that oral high-dose
triphala treatment improved radiation-induced acute intastinal
mucosal damage in rats. Moreover, it has been generally sc-
cepted that IR damages endothelal eells in the microsessels
and causes hypoxaemia (29). t & posible that the effect of
orone reduces the presence of phagocytic cells, thereby re-
duicing the axidatiee birst, incraasing tha cogpgen tension, and
amaliorating the radiation-induced mucosal damage. In the ex-
periments on full-thickress demmal wound treated with azon-
ated oils (30, 31, a rise in wound healing rate was reported.
Those reports suggested that increased axygen tension #t the
wound site increased the formation of granulation tissue, ac-
calerated wound dosure, 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 rnight be imvalved from the standpeint of the recovery
of re-apithalialisation of damaged tissue. Further studies are
required to darify the rechanism underying the beneficial of-
fact of CeO0 oan ARP.

In the literature, the effects of Oz00 therapy on radiation
proctitis are based on & limited number of scientific studies,
often irvohing small numbers of patients with variable pe-
riods of follew-up, and considering anly clinical and mecro-
scopic findings. Although we used an animal model of radia-
tion proctitis, wa were able to evaluate the effects of 0200 |
terms of clinical, macroscopic, and histopathological findings.
‘Wa conclude that in the treatment of ARF, D200 given rec-
tally fee 10 days reduced rectal muccssl demage, s shavwn by
macrascopic and histopathological findings in rats, Howewer,
mare research 15 needed to confirm the beneficial affects of
OO0 in radistion-induced proctitia. In addition, dinical trials
should be conducted to determine whether OO0 could re-
duce the severity and frequency of early compiications of IR,
Eithics Committee Appravall Ethical approvad was recedved from the
Animal Research Committes of Bilent Ecevit University in May Sth,
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