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inst liver tissue damage induced by total body irradiation in rats. Material and Methods: Thirty-two
male Wistar rats were included in this study and divided into four equal groups: Group 1: received
no treatment (control arm), group 2: only irradiated rats (RT), group 3: received ozone before and
after irradiation (O3RT), group 4: received ozone after irradiation (RTO3). The rat weights were
recorded at the beginning and the end of the experiment in each group. The ozone was administe-
red for 4 days before irradiation and continued for 3 days after irradiation once daily by rectal app-
lication. On the 4 day, rats in group 2, 3 and 4 received a single whole-dose of 8 Gy. At the end of
7% day, blood samples were taken from the rats under ether anesthesia and then the rats were sac-
rificed. Liver tissues samples were taken. Oxidative stress markers, some biochemical parameters,
and peripheral blood cells were measured and analyzed. Results: Decreases in white blood cell, ne-
utrophile, thrombocyte counts and ALP level were detected while significiant increases AST, ALT,
LDH, total bilirubin and direct bilirubin levels in radiotherapy group when compared to control gro-
up (p< 0.05). In addition, RT group was characterized with a significant in tissue and plasma MDA,
and lower tissue CAT activities. In the groups that were administered ozone in association with ir-
radiation, improvement was observed in some oxidative parameters, peripheral blood cells and cer-
tain other biochemical parameters. Biochemical parameters, blood cells and some oxidative
parameters were markedly improved by pre-treatment groups. But pre- and post-treatment with
ozone caused normalization in these parameters when compared with the radiotherapy group.
Conclusion: The results suggest that ozone offer a remarkable protective effect against radiation-in-
duced of liver injury.

Key Words: Radiation injuries, experimental; radiation protection

OZET Amag: Bu ¢alismanin amaci, siganlarda tiim viicut 1ginlamasina bagl olusan akut karaciger
hasarina karg1 ozonun koruyucu rolii olup olmadiginin aragtirilmasidir. Gereg ve Yontemler: Calis-
maya 32 adet Wistar Albino disi sigan alind1. Aragtirmada hayvanlar 4 gruba ayrildi; Grup 1: tedavi
almayan kontrol grubu (K), grup 2: sadece 151n tedavisi verilen (RT); grup 3: 151n tedavisi 6ncesi ve
sonrasi ozon verilen (O3RT); grup 4: 151n tedavisinden sonra ozon verilen grup (RTO3) olarak belir-
lendi. Hayvanlar deney baslangicinda ve sonunda tartildi. Deneyin 4. giiniinde grup 2, 3 ve 4’e 8 Gy
tiim viicut 1g1nlamasi yapildi. Ozon, 151n tedavisinden dért giin 6nce ve {i¢ giin sonra rektal yolla,
giinde bir defa verildi. Deneyin 7. glintinde sicanlar eter anestezisi altinda iken kan numuneleri alin-
diktan sonra sakrifiye edildi. Karaciger doku 6rnekleri alindi. Kanda toplam kan sayimi, bazi biyo-
kimyasal paremetreler; plazma ve karaciger dokusunda ise oksidatif stres parametrelerin analizleri
yapildi. Bulgular: Radyoterapi grubu, kontrol grubu ile kiyaslandiginda trombosit, beyaz kiire, nét-
rofil sayis1 ve ALP diizeylerinde anlaml diisiis olurken; biyokimyasal paremetrelerden AST, ALT,
LDH, total bilirubin ve direkt bilirubin diizeylerinde istatistiksel olarak anlamh artig goriildii (p<
0.05). RT grubunda doku ve plazmadaki MDA seviyesinde arti goriiliirken; karaciger dokusunda
CAT aktivitesinde 6nemli diisme (p< 0.05) gozlendi. Radyoterapi ile birlikte ozon verilen grup, RT
grubu ile kiyaslandiginda bu parametrelerde normalizasyon goriildii (p< 0.05). Radyoterapi 6ncesi ve
sonrasi ozon baglanilmasi, radyoterapi sonrasi verilen ozon tedavisinden daha etkili bulundu. Sonug:
Yaptigimiz ¢aligmada ozonun akut karaciger hasarini engellemede etkili oldugu gorildii.

Anahtar Kelimeler: Radyasyon hasarlari, deneysel; radyasyondan korunma
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adiotherapy is used effectively in a wide va-

riety of cancer. The main aim of radiation

treatment is to apply an effective dose of io-
nizing radiation to eliminate tumor cells in a well-
defined the tumor volume, with the minimum side
effect to surrounding healthy tissue. Acute and de-
layed side effects on the normal tissues in the treat-
ment field is the essential limiting factor for
radiation dose that can be administered the tumor.
Despite advances in modern RT technology, some
acute complications have not been ameliorated in
cancer patients after radiotherapy.!™

Radiation is an oxidative stress for tissues.
When tissue is exposed to ionizing radiation, de-
composition occurs through a variety of reactive
oxygen species (ROS) such as the superoxide radical,
the hydrogen peroxide, and the hydroxil radical are
overproduced and arise from oxidative stress. A bal-
ance between the generation of ROS and inactiva-
tion of ROS is led by the antioxidant system in
organisms. The imbalance between ROS and antio-
xidant defense mechanism is led to injury within
cellular membrane and/or intracellular molecules.
ROS seems to be a major mechanism of tissue in-
jury. One of the indices of the oxidative damage is
the MDA which considered being the most signifi-
cant indicator of membrane lipid peroxidation aris-
ing from the interaction of ROS with cellular
membranes. All cells are equipped with protective
enzymes [such as superoxide dismutase (SOD), ca-
talase (CAT), glutathione peroxidase (GSH-Px) etc.];
increased oxidative stress in cells stemming from io-
nizing radiation may overwhelm the protective sys-
tems, leading to the cell injury.®>

Several drugs and substances may reduce the
side effect of radiation. These are known as radia-
tion protectors or dose-modifying compounds and
administered short time intervals (within 30 min-
utes) before radiotherapy. Therapeutic doses of ra-
dioprotectors often cause side effects in patients
which limit the widespread use of these agents.
Therefore there is an unmet need for better and
more potent compounds, especially to boost antio-
xidant defense.'® One of them may be ozone in
future research. Ozone has an antioxidant and fre-
e radical scavenger. The possibility that ozone co-
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uld induce a useful adaptation to oxidative stress
was described by Bocci.”®

Ozone therapy is not officially allowed in
many countries, but private medical services are
using this therapy worldwide. The main ozone the-
rapy mechanism of action is based on an extremely
transitory and regulated oxidative stress imposed
ex vivo. At the same time, ozone therapy acts as an
efficient oxidative stress regulator stimulating the
antioxidant system of the cell. Evidence that anti-
oxidant enzymes, nitric oxide pathways, and other
subcelluler activities could be modulated by low
ozone doses is now proven and could support the
surprising effects of ozone in many pathological
conditions.”'® Ozone has been reported to have
therapeutic and beneficial effects in several human
diseases such as various neoplastic and inflamma-
tory states, infections, heart ischemia chronic ul-

cers and others.?1¢

Several studies demonstrated that ozone pro-
tected intact tissues against side effect of chemot-
herapy and radiotherapy, without inhibiting
efficacy. These researches have reported that con-
trolled ozone administration may promote an ox-
idative preconditioning or adaptation to oxidative
stress that, in turn, increases antioxidant endoge-
nous systems protecting against tissue da-

I‘nage'll,Mfﬁ

The aims of the present study were to deter-
mine whether the treatment with ozone might re-
duce acute liver side effect induced by irradiation
and if it is so, to elucidate the role of lipid peroxi-
dation and some antioxidant enzyme such as CAT
in the protective effect.

I MATERIAL AND METHODS
ANIMALS AND WEIGHTS OF RATS

This study was conducted at Erciyes University Ex-
perimental and Clinical Research Center and ap-
proved by the Ethics Committee of Erciyes
University. All experimental procedure was con-
ducted in accordance with the Guide to the Care
and Use of Laboratory Animals. Thirty two male
Wistar rats were included. They were 12 weeks-
old and weighed 210-290 grams. Animals were fed
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with a standard commercial diet and water ad libi-
tum. All rats were kept in the same room with stan-
dardized air conditioning (23°C and 50-60%
humidity) in 12 hours light/dark cycle. The rat we-
ights were obtained at the beginning and the end of
the experiment with in each group.

TREATMENT CATEGORIES

Animals were divided into four groups of each in-
cluding eight animals:

Group 1: Received no treatment (control),
Group 2: Only irradiated rats (RT),

Group 3: Received ozone starting from 4 days
before radiation and continued for 3 days after ir-
radiation (O3RT),

Group 4: Received ozone 3 days after irradia-
tion (RTO3).

IRRADIATION

Prior the irradiation, animals were anesthetized by
subcutan injection of 30 mg/kg ketamine hydroch-
loride (Ketalar®; Parke Davis, Istanbul, Turkey)
and 5 mg/kg xylasine (Rompun® Bayer, Istanbul,
Turkey), total irradiation field was 25 x 15 x 5 cm,
firmly fixed in a wooden box and four rats were ir-
radiated simultaneously. Rats were subjected to
whole body gamma-irradiation of a single dose of 8
Gy on the fourth day from the Cobalt—60 telethe-
rapy machine (Theratron 780 C, Canada). The do-
se was calculated as Dmax dose at 2.5 cm given
depth for SSD 80 cm (the dose rate was 3.03
c¢Gy/MU). Control group was subjected to the sa-
me procedure but was not irradiated. Animals we-
re returned to their home cages after irradiation.

APPLICATION OF 0ZONE

Ozone was generated by Ozonosan a-Plus equip-
ment manufactured by Varices & Ozon Clinic in
Kayseri. Ozone was obtained from medical-grade
oxygen by means of a silent electric discharge, rep-
resenting only about 0.3% of the gas mixture (i.e.
0.3% ozone and 0.97% medical oxygen mixture).
The ozone concentration was measured by using a
UV spectrophotometer at 254 nm. The ozone dose
was the product of the ozone concentration expres-
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sed as pug/mL, by the gas mixture volume (L). Gro-
up 3 and 4 received ozone treatments, 2.5-2.6 mL
ozone in concentration 20 pg/mL once per day per-
formed with a suitable polythene cannula connec-
ted to single-use silicon treated polypropylene
syringes (ozone-resistant) by rectal insufflations.
According to the results of the protection studies
such as in the prevention of oxidative stress, ozone
was selected to determine its low dose (ranging
from 10-20 pg/ mL) activity. By knowing the body
weight of the rat, the ozone dose and schedule we-
re proved to be optimal in previous studies.”811:13
Rats were observed daily for the development of
any signs of toxicity throughout the treatment pe-
riod.

COLLECTION OF BLOOD AND LIVER SAMPLES

At the end of experiment period, the animals were
with light ether anaesthesia. Immediately, blood
samples were obtained by intracardiac puncture in-
to heparin-coated and dry tubes (3.5 mL of blood).
Subsequently, the liver tissue was taken for oxida-
tive stress markers studies.

Blood samples were centrifuged at 3000 g for
10 min for the separation of serum and plasma. Se-
rum was used for the analyses of biochemical para-
meters. Plasma was obtained MDA levels. The
other blood samples were collected in heparinized
tubes and evaluated for hemoglobin, white blood
cell, neutrophil, and platelet counts. The liver tis-
sues were washed with ice-cold isotonic saline,
blotted between two filter papers and in ice-cold
0.1 M potassium phosphate buffer, Ph 7.5 isotonic
saline on ice for 10 s in the first speed level. The
homogenate was centrifuged at 10.000 rpm for 60
min at 4°C. These supernatants were used for the
analyses of antioxidant enzymes. The serum, plas-
ma and supernatant were stored at-70°C until bio-
chemical and antioxidants enzymes analysis.

MEASUREMENT OF BIOCHEMICAL
PARAMETERS IN SERUM

The measurement of serum biochemical parame-
ters total bilirubin, direct bilirubin, gamma glu-
tamyl transpeptidase (GGT), lactate dehydrogenase
(LDH), aspartate aminotransferase (AST), alanine
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aminotransferase (ALT), and alkaline phosphatase
(ALP) levels/activities were performed using a Ko-
nelab 60i model auto-analyser and Konelab Ther-
mo Clinical Labsystems, Finland) label kits were
used to assess.

MEASUREMENT OF PERIPHERAL BLOOD CELLS

The other blood samples were collected in hepari-
nized tubes and evaluated for hemoglobin, white
blood cell, neutrophil, and platelet counts were
measured using Johnson & Johnson label kits and
determined spectrophotometrically using an auto-
mated analyzer.

MEASUREMENT OF OXIDATIVE STRESS MARKERS OF
PLASMA AND LIVER TISSUE

MDA plasma levels were measured spectrophoto-
metrically at 532 nm as thiobarbituric acid reac-
tants, according to Yoshiaka et al.’® Calculations
were expressed as nanomole per mililitre (nmol/
mL) of plasma.

Tissue MDA and CAT measurements were
performed using a spectrophotometer. Tissue MDA
was measured at according to Ohkawa.!” MDA ac-
tivity was also expressed as nanomole per miligram
(nmol/mg) protein of liver sediment. CAT acitivity
was measured in tissue as previously described by
Luck.? The principles of this method was based on
the measurement of the decrease in absorbance at
240 nm caused by the decomposition of hydrogen
peroxide, present in an appropriate buffer, by the
enzyme catalese existing in the sample. CAT results
were expressed as unit per miligram (U/mg-prote-
in) of liver sediment.

STATISTICAL ANALYSIS

Statistical analyses were performed with Statistical
Package for Social Sciences 15.0 (SPSS Inc, Chica-
go, IL, USA). All values were expressed as mean+
standard error (SEM). First, the outlier’s prelimi-
nary tests for detection of error values were used.
Afterward, the one-way analysis of variance
(ANOVA) then homogeneity variance test (Tukey
HSD) was applied. In addition, Duncan’s multiple
range test for the comparison of two groups were
done. The level of statistical significance was set at
p< 0.05.
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I RESULTS

WEIGHT CHANGES

Weights of rats are given in Table 1. The weight at
the end of seventh day was compared to the origi-
nal weight within each group. Control animals did
not gain any weight during therapy. There was no
significiant change in the weight of control group
(p> 0.05). However, there was a statistically signi-
ficant weight loss in group 2, 3 and 4 (p< 0.05). In
RT group, radiation caused statistically significant
decreases in the weight compared to starting we-
ights (p< 0.05). The weight changes observed in the
RTO;5 and O3RT group was compared to original
weight and there were also significant differences
(p< 0.05).

BIOCHEMICAL FINDINGS

The effect of irradiation and ozone on serum bioc-
hemical parameters are depicted in Table 2 and 3.
Liver functional parameters of rats were significi-
antly different among groups.

TABLE 1: Weight of the rats characteristics belonging to each
group. The rat weights were obtained at the
beginning of the experiment and the end of the
experiment with in each group (n: 8).

Groups Weight 1 (Mean = SD) Weight 2 (Mean + SD)  P<0.05
Group 1 272.75 + 14.95 271.62 + 13.96 NS
Group 2 266.12 + 11.01 249.50 + 14.41 *
Group 3 271.50 £ 9.94 254.62 + 14.81 *
Group 4 268.00 + 25.30 248.37 £ 21.53 *

Results have been represent as mean+SD (Mean + Standard Deviation); NS, no signi-
ficant; *, Statistically significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT;
Group 4, RTO,.

TABLE 2: Serum AST, ALT, ALP and GGT activities of the
control and trial group.

AST (ULL) ALT (UIL) ALP(UL)  GGT(UL)
Groups (Mean = SD) (Mean +SD)  (Mean + SD) (Mean + SD)
Groups 1 160.87+32.04 3712525 182.87+30.16 1.25+0.88
Groups2  191.12+47.64  52.75+7.06* 150.90+45.61 2.0+0.53
Groups 3 78371251  27.25+1.66* 88.87+23.91* 2.000.00
Groups4  111.87+39.74*  2950+3.16* 87.00+7.92* 1.87 +0.64

Results have been represent as Mean+SD (Mean + Standard Deviation); *, Statistically
significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT; Group 4, RTO,.
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TABLE 3: Serum total bilirubin, direct bilirubin, and LDH levels
of the control and trial groups.

Total Bilirubin Direct Bilirubin LDH
Groups  (mg/dL)(Mean + SD) (mg/dL)(Mean =+ SD) (U/L)(Mean + SD)
Group 1 0.11£0.03 0.0120.01 1568.75 + 189.96
Group 2 0.15+0.01 0.03+£0.01 1828.87 + 92.74*
Group 3 0.11+£0.02 0.01+0.01* 587.37 + 189.69*
Group 4 0.10 £ 0.02* 0.01+0.01 880.25 + 189.51*

Results have been represent as Mean+SD (Mean + Standard Deviation); *, Statistically
significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT; Group 4, RTO;

Serum AST level: The serum AST level of the
group that was administered irradiation alone was
determined to be elevated when compared to the
control group. In comparison to the control group,
values pertaining to the group that received ozone
were determined to be significantly reduced.

Serum ALT level: A statistically significant dif-
ference was determined to exist among the groups.
The serum ALT level of the group that was admi-
nistered irradiation alone was determined to be el-
evated. This increased found to be significant, in
comparison to the control group. Furthermore, a
statistically significant decrease was determined in
the enzyme activity of the group that received ozo-
ne plus irradiation.

Serum ALP level: Statistically significant diffe-
rences were determined in the group 3 and 4, in
comparison to the control group. Compared to the
control, these differences were determined to be in
the form of decrease in the experimental groups.

Serum GGT level: The GGT level of the RT
group and that received O3RT were determined to
be similar. Furthermore, values pertaining to the
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group that was administered ozone in association
with irradiation and irradiation alone group were
determined to be higher than those of the control
group.

Serum LDH level: The serum LDH level of the
group that was irradiated alone was determined to
be elevated when compared to the control group.
This increase was found to be significant, in com-
parison to the control group. On the other hand,
values pertaining to the group that received ozone
in association with irradiation displayed significant
decrease and were determined to fall below the va-
lues of the control groups.

Serum total bilirubin and direct bilirubin: The
serum total bilirubin and direct bilirubin level of
the group that was received irradiation alone was
determined to be increased. When compared
RTO;5 this decrease was determined to be signifi-
cant.

MEASUREMENT OF BLOOD CHEMISTRY

White blood cell, hemoglobin, neutrophil, and
thrombocyte counts are shown in Table 4. After ir-
radiation, a significant drop in white blood cell and
neutrophil was seen in all irradiated animals in
comparison to control groups. A statistically signi-
ficant difference was found when control groups
were compared to all groups. Rats that had been
treated with ozone after irradiation demonstrated
significiantly higher neutrophil and white blood
cell levels when compared with rats subjected to
irradiation alone. No significant changes were no-
ticed in hemoglobin levels counts after irradiation.
Rats subjected to radiation-induced injury showed
decreased thrombocyte counts in serum when

TABLE 4: Hemoglobin, white blood cell, neutrophil, and trombocyte of the control and trial groups.

Hemoglobin White blood cell
Groups (g/dL)(Mean = SD) (10%mm3)(Mean = SD)
Group 1 1503+ 1.88 7.51+£1.78
Group 2 14.88 + 0.93 3.20 £ 0.57*
Group 3 15.47 + 0.96 4.56 + 0.81*
Group 4 156.37+0.75 5.07 +0.98*

Neutropfil Trombocyte
(10%/mm?) (Mean = SD) (10%mm3)( Mean = SD)
114062 515.87 £ 177.42
0.45+0.71* 388.87 + 59.08
0.51+0.26* 573.12 + 132.68*
0.63+0.35 573.12 + 132.68"

Results have been represent as Mean+SD (Mean + Standard Deviation); *, Statistically significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT; Group 4, RTO;.
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compared to control group. That decrease was fo-
und to be significant, in comparison to the control
group. Ozone appeared to have synergistic effect in
increasing thrombocyte counts (p< 0.05).

ANTIOXIDANT FINDINGS

As shown in Table 5, MDA content as an index of
lipid peroxidation was significantly higher in rats
subjected to irradiation induced when compared to
control group. This increase induced by irradiation
was significiantly attenuated by ozone. CAT in li-
ver tissue decreased strongly in rats subjected to ir-
radiation injury compared with control. This
decrease was found to be significant. On the other
hand, values pertaining to the group that received
ozone displayed significant increase. Ozone appe-
ared to have synergistic effect in further inhibiting
the decrease of CAT.

I DISCUSSION

Radiation therapy is widely used to treat and pre-
vent the recurrence in many tumors, but acute and
delayed side effects on the normal tissues limit the
effectiveness of radiotherapy. Tissue toxicity is the
major limiting factor of radiation therapy, arising
mainly from oxidative damage. Ionizing radiation
has several mechanisms that induce cellular dama-
ge. The cellular biomolecules are altered free oxy-
gen radical production. Cell injuries are caused by
free oxygen radicals who contribute to the tissue
damage. As lipid peroxidation is the main pathway
for tissue radical damage, blocking of this pathway
appears to be an attractive strategy to protect the
tissue from reactive oxygen species mediated dam-
age."” Many of the drugs and/or substances are used
to reduce the side effect of radiation. They increa-

EVALUATION OF PROTECTIVE EFFECT OF OZONE AGAINST ACUTE LIVER TISSUE INJURY...

se the efficiency of the therapy without any side
effects on the normal cells."*¢ One of them may be
ozone in future research.

Ozone is normally present as very a reactive
gas. Some people, including a number of doctors
and biochemist, believe ozone remarkable healing
properties. Others have argued that it is nonscien-
tific and has no proven benefits. For many years
ozone medical value or non-value has been the
subject of controversial and emotional debate. Ozo-
ne therapy is a well established alternative and
complementary therapy in most mainland Europe-
an countries where health authorities have tolera-

ted its practice.” '

Clinical studies on the effects of ozone on the
tissues have shown that ozone can be either thera-
peutic or toxic depending upon its concentration
and cumulative dose. Ozone can exert therapeutic
effects without toxicity which have so-called “the-
rapeutic window” that is the range of ozone con-
centrations (expressed as mg/mL of gas per mL of
blood). The range of ozone concentrations is sur-
prisingly wide. It changes in a range of 10-15
mg/mL as a minimum and 80 mg/mL as a maxi-
mum. Most recently published scientific data em-
phasised and focused on the use of low ozone doses,
as a pro-drug, could be modulated antioxidant en-
zymes and other subcellular activities. The thresh-
old level varies in the range between 15 and 20
mg/mL, depending upon the individual antioxidant
capacity. Several techniques of administering ozo-
ne (i.e. including topically by intraarterial, local ir-
rigation, intravenous, intramuscular, subcutaneous,
intraarticular, and rectal) are being promoted as a
treatment for disease.”""”

TABLE 5: Plasma and tissue MDA, tissue CAT of the control and trial groups.

Groups Plasma MDA(nmol/ml)(Mean = SD)
Group 1 7.84 +0.86
Group 2 9.21 £ 0.45
Group 3 7.45 +0.26*
Group 4 8.48 +0.71*

Tissue CAT(U/mg-protein)(Mean = SD)

0.16 £ 0.01 0.15+£0.01
0.11+0.01* 0.25+£0.01*
0.27 +0.01" 0.13 +0.01*
0.22 +0.01* 0.15+0.01

Tissue MDA(nmol/mg protein)(Mean = SD)

Results have been represent as Mean+SD (Mean + Standard Deviation); *, Statistically significant (p< 0.05); Group 1, control; Group 2, RT; Group 3, O3RT; Group 4, RTO,.
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Systemic ozone therapy has been proven to be
effective to modulate immune system by inducing
the production of cytokines from peripheral blood
mononuclear cells and to regulate the oxidative
stress by inducing an increase of cellular antioxi-
dant system. This mechanism has been ascribed to
ozone therapy’s protection against free radical da-
mage of heart, prevention of renal and hepatic dis-

orders.>!?

Small amount of research of ozone in the tre-
atment of cancer has been done. In 1980, Sweet et
al discovered ozone inhibited growth of lung, bre-
ast and uterine cancer cells in a dose dependent
manner while healthy tissues were not damaged by
ozone.'® Recent researchers have shown ozone the-
rapy can improve oxygenation in hypoxic tumors.
In 2005 Oxford University reported of a Spanish
cancer research institutes on human trial of ozone
therapy. Incurable head and neck tumors (invol-
ving 19 patients) received tegafur and radiotherapy,
plus either chemotherapy (12 patients) or ozone
therapy (7 patients). Those received ozone intrave-
nously during radiotherapy where on average 10
years older their tumors significiantly more abun-
dant and progressed than the chemotherapy group.
But on average the ozone group survived slightly
longer than those receiving chemotherapy. They
conclude these results warrant further researcher
of ozone as a treatment of cancer.?

Currently, emerging evidence from a few rese-
arch suggested that ozone as an antioxidant, anti-
inflammatory and a cytoprotective agent could be
useful in treatment the debilitating side effects of ra-
diotherapy and/or chemotherapy.®!%11141>3 Gonza-
lez et al. following the administration of Cisplatin
(i.e. anticancer drug) which is known to cause acu-
te kidney damage, and additionally ozone, have de-
monstrated ozone to exhibit protective effect
extreme toxicity and acute damage in the kidneys of
rats. Ozone may reduce chemotoxicity by inducing
the antioxidant response.!! So that, these researchers
reports that ozone may be useful in treating the de-
bilitating side effects of cancer treatment.

A radiation-induced injury has been success-
fully treated with ozone application.'*?>* Clavo et

Turkiye Klinikleri ] Gastroenterohepatol 2011;18(2)
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al. have reported that involvement of ozone ther-
apy diminished the incidence and degree of radi-
otherapy side effects, improvement of the quality
of life, immunological parameters, and significally
increase the activity of antioxidant defense sys-
tem.”” Hernuss et al have reported that the poten-
tial improvement in the effects of radiotherapy by

ozone therapy in advanced gynecological tumors.*

Bocci has reported that most of the patients
with metastatic cancer resistant to radiotherapy
and chemotherapy report a striking improvement
of the quality of the life with prolonged (twice we-
ekly for months) ozone treatments.'>!” Zanker et al
have reported that ozone has a potential positive
effect during chemo-radiotherapy as being due to
the effects on ischemia-hypoxia.”

Any study involved in the effects of ozone on
irradiation-induced liver damage has not been re-
ported yet. Ozone is a simple and harmless method
that provides a new tool to protect organs from ra-
diation-induced liver injury. However, there is a
limited amount of information in the literature re-
garding liver ozone therapy. In a previous study,
Peralte et al demonstrated that ozone protected rats
against liver injury. In addition, ozone has protec-
tive effects on carbon tetrachloride and hepatic is-
chemia-reperfusion induced liver damage in rats
with a probable mechanism by stimulation of anti-
oxidant endogenous systems.'?

The results of this study clearly show a signifi-
cant reduction in radiation induced liver damage in
rats treated with ozone (20 pg/mL) used as referen-
ce drug. In addition, it has been demonstrated that
this protection is dose and schedule depen-
dent.”®!3 The basis of the schedule dependency-
i.e., the observation that ozone protection is greatest
when ozone is the drug in which peak levels of ozo-
ne increased with repeated administration is given
before irradiation. Our study showed that whole-
body irradiation caused oxidative tissue damage in
the liver of the rats and also caused a marked dec-
rease in the weight. Ozone was able to protect aga-
inst the acute irradiation-induced weight loss.

In our study, ozone protected total body irra-
diated rats against radiation induced myelosup-
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pression. This finding is in agreement with recent
studies demonstrating that overexpression of anti-
oxidant (for example Mn?* superoxid dismutase)
protects haemopoietic cells following irradiation by

inhibition of radiation induced apopitosis.®!>*!

ALT, AST, total bilirubin, direct bilirubin and
GGT were increased in liver damage but ALT was
an enzyme that spesific to liver damage. In the pre-
sent study, when compared to the control group,
the ozone decreased in the serum ALT, AST, total
bilirubin, direct bilirubin and GGT levels of rats ir-
radiated; demonstrates radiation induced liver da-
mage to have developed. LDH activities were
markers of generalized tissue damage. LDH levels
in RT group were different than the control group.
Furthermore, when compared to RT group, the
LDH levels that received ozone were demonstra-
ted to have significiantly decrease than the RT gro-
up. The most relevant articles recently published
on the effects induced by low doses on various bi-
ochemical pathways linked to common and rare

human pathologies.*!»17:26:27

After 7 sessions of treatment (i.e. O3RT gro-
up), blood analysis repeated and compared with the
first one (RTOj5 group), in order to determine the
individual specific changes after ozone treatment.
There was a slight decrease in the prooxidant state,
given by a high level of TBARS and a small incre-
ase CAT. After 7 treatment sessions, ozone increa-
sed significantly in the antioxidant parameters
CAT. The actions of ozone could exert protective

EVALUATION OF PROTECTIVE EFFECT OF OZONE AGAINST ACUTE LIVER TISSUE INJURY...

effects, by upregulation of the antioxidant system
and the reduction in reactive oxygen species. It
might propose that ozone is an activator of antio-
xidant enzymes. Ozone therapy had a protective
effect on liver tissue. As it was reported before, the
ozone therapy effect, with the stimulation of the
antioxidant defense system, protected the tissues
against the oxidative stress shown in ionizing radi-
ation.” 124 The efficacy of ozone was a protector
which has been used with good results. For that re-
ason, controlled ozone administration would pro-
mote an oxidative preconditioning preventing the
tissues damage by free radicals. However, combi-
ned use of precondition and postcondition ozone
plus irradiation interestingly exhibited an additive
radioprotective effect. Thus, we could speculate
that the inability of the postcondition ozone to pro-
vite to protection may indicate that they were suf-
ficiently and effectively available to damaged liver
tissues. In any event, our results indicated that
postcondition ozone may partially protect against
irradiation-induced injury to the liver tissue.

Conclusion: Our results suggest that repeated
administration of ozone at low doses might play a
role in the control of radiation induced liver injury
with no side effects. When ozone was used in the-
rapeutic fashion it may promote an oxidative pre-
conditioning through the increase and preservation
of antioxidant endogenous systems, a novel prop-
erty that is hardly achievable with another thera-
peutic approach.
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