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Abstract

Ozone therapy is an alternative form of treatment based on the administration of ozone gas to the body in the treatment
of diseases and different medical conditions, and ozone applications are recommended in some studies. In this study, it
was aimed to determine the possible anti-cancer activity by enriching extra virgin olive oil and distilled water with ozone
gas and determining its cytotoxic effect on colon cancer and normal colon fibroblast cells. The effect of ozone enriched
extra virgin olive oil and distilled water on cell viability was determined by MTT assay on DLD1 (colon cancer) and
CCD-18Co (healthy colon fibroblast) cell lines. In the DLD-1 cell line, ozonated distilled water and olive oil decreased
in vitro cell viability at all concentrations and this decrease was most pronounced at higher concentrations (5 and 10 ppm).
In the CCD-18Co cell line, ozonized distilled water and ozonized olive oil increased in vitro cell viability at all
concentrations, but this increase was not significant compared to the control. The results of this study are consistent with
the results of other studies in the literature. Therefore, 0zone therapy is thought to be promising in cancer treatment.
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Ozonlanms Zeytinyag ve Ozonlanmis Distile Suyun Saghkl Kolon Fibroblast
Hucreleri ve Kolon Kanseri Hiicreleri Uzerindeki Proliferatif Etkisinin
incelenmesi

Oz

Ozon terapi, hastaliklarin ve farkli tibbi durumlarin tedavisinde ozon gazinin viicuda verilmesine dayanan alternatif bir
tedavi seklidir ve bazi ¢aligmalarda ozon uygulamalar1 6nerilmektedir. Bu ¢alismada, saf zeytinyagi ve distile suyun ozon
gazi ile zenginlestirilerek olasi anti-kanser aktivitesinin belirlenmesi ve kolon kanseri ve normal kolon fibroblast hiicreleri
tizerindeki sitotoksik etkisinin saptanmasi amaglanmistir. Ozonla zenginlestirilmis saf zeytinyagi ve distile suyun hiicre
canlilig tizerindeki etkisi DLD1 (kolon kanseri) ve CCD-18Co (saglikli kolon fibroblasti) hiicre hatlari tizerinde MTT
testi ile belirlenmistir. DLD-1 hiicre hattinda, ozonlanmus distile su ve zeytinyagi tiim konsantrasyonlarda in vitro hiicre
canlih@mi azaltmigtir ve bu azalma en yiiksek konsantrasyonlarda (5 ve 10 ppm) daha belirgindir. CCD-18Co hiicre
hattinda, ozonlanmis distile su ve ozonlanmig zeytinyag: tiim konsantrasyonlarda in vitro hiicre canliligini artirmigtir,
ancak bu artis kontrole kiyasla anlamli degildir. Bu ¢alismanin sonuglar literatiirdeki diger ¢aligmalarin sonuglariyla
uyumludur. Bu nedenle, ozon tedavisinin kanser tedavisinde umut verici oldugu diisiiniilmektedir.

Anahtar Kelimeler: Ozon, MTT testi, Kolon kanseri, DLD1, CCD-18Co
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1. Introduction

Cancer is one of the leading causes of death in the world and is caused by the uncontrolled
proliferation of normal body cells. It can spread to surrounding tissues by clonal spread and
throughout the body via blood or lymph. The most common types of fatal cancer are lung, breast and
colon cancers (Minna et al., 2002; Ozer et al., 2019). With the development of cancer, important
changes occur within the cell. In the initial stage, cancer manifests itself with epigenome,
chromosome and DNA damage that regulates gene expression. The initial phase is followed by a long
process. With inflammation, genomically unstable cells grow. In the progression phase, as the cells
proliferate, they further damage their genome. transforms into a malignant tumor. Due to their fast
metabolism and impaired cellular signaling mechanism, cancer cells have high ROS production. High
levels of ROS are generally harmful to cells and the redox state of cancer cells is different from that
of normal cells (Ciftci, 2017; Chung et al., 2020).

Ozone can directly damage the cell membrane through lipid peroxidation. This reaction leads
to the formation of hydroperoxides, aldehydes, alkenes and lipoperoxides, which are partially reduced
by antioxidant enzymes present in the inner layer of the cell membrane. Molecules that are not
reduced react with cytoplasmic molecules such as NADPH. If there is not enough NADPH, they
cause acute oxidative stress and damage to the cell, as can happen in cancer cells. In non-cancer cells,
these molecules increase the synthesis of antioxidant molecules. Since cancer cells have an
overloaded antioxidant system due to the increased level of ROS, they tend to further increase their
antioxidant production. Therefore, non-cancerous cells can tolerate doses of ozone that are toxic to
the cancer cell. On the other hand, there is a simultaneous increase in membrane permeability, which
causes an apoptosis-inducing reaction in the ion concentration of the cytoplasmic fluid (Reuter et al.,
2010; Lunov et al., 2014; Karabulut and Gllay, 2016; Glass et al., 2019; Chung et al., 2020).

Ozone (O3) is a strong oxidizing agent that has been used for disinfection in water treatment for
many years, especially in Europe. When ozone is added to water, it reacts with bacteria, viruses, and
other organic and inorganic compounds, effectively destroying them, leaving no harmful by-products
behind. This makes it an effective and environmentally friendly alternative to traditional disinfection
methods such as chlorine. Ozone also has a number of other commercial applications. For example,
it is used to disinfect bottled water and to keep swimming pools clean and free of harmful
microorganisms. Ozone is also used in industrial processes to prevent contamination of cooling
towers, which can increase efficiency and reduce maintenance costs. Disinfection By-Products
(DBPs) are formed when chlorine-containing disinfectants react with organic chemical structures in
water. Some DBPs, such as trihalomethanes (THM), have been associated with health-threatening

problems such as an increased risk of cancer. Ozone is an alternative disinfectant that does not create
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harmful by-products and chemical residues. Ozone oxidizes organic chemical structures in water,
breaking them down into simpler, less harmful compounds that are not complex (Rubin, 2001;
Rakness, 2011). Ozone can be created by a variety of processes, including natural and man-made
sources.

Ozone is a thermodynamically unstable compound and can decompose to form oxygen without
an external reaction triggering catalyst. The decomposition of the ozone molecule into the oxygen
atom and molecule that forms it depends on factors such as temperature and pressure. At high
temperatures and lower pressures, ozone molecules tend to decompose into oxygen molecules
(Sonntag and Gunten, 2012). Ozone, also called trioxygen, has the chemical formula Os. The structure
of ozone is often portrayed as a resonant hybrid of two contributing structures: O=0-0 « 0O-0=0.
In this resonance hybrid, the bond order of each oxygen-oxygen bond is 1.5. As a result, ozone gas
dissolves in water. The corona discharge process is a method of producing ozone, using an electrical
discharge to break down the oxygen molecule (O2), then bringing the oxygen molecules together
under high voltage to form ozone (Os) (Stlbinger et al., 2006; Toprak, 2021).

In recent publications, the preclinical hopeful findings of ozone gas on cancer cells was shown
(Baeza-Noci and Pinto-Bonilla, 2021; Li et al., 2021). Therefore, in this study, olive oil and water,
taken continuously into the human body, were enriched with different concentrations of ozone. Then,
to determine their possible anticancer effect, their cytotoxicity in colon cells was examined by 3-(4,5-

dimethylthiazolyl-2)-2,5 diphenyltetrazolium bromide (MTT) assay.

2. Materials and Methods

2.1. Test Compounds

The ozone generator at Amasya University Vocational School of Technical Sciences was used.
To calculate 10 mg/m3 ozone, 1% Os and parts per million (ppm) values of ozone concentration by
weight in the mixture. The formula to find 1% Oz is C1%-03 = O3 concentration (mg/m?) / (1% Oz
concentration (g/m3) x 1000) x 100. Other concentrations to work with (1.25; 2.5; 5; 10 ppm) were

determined by serial dilutions of the 10 ppm master stock concentration.

2.2. Cell Source

DLD-1 cell (ATCC® CCL221TM) and CCD-18Co cell (ATCC® CRL-1459TM) cell lines

from the cell culture collection of Amasya University Central Research Laboratory were used.
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2.3. Cell Culture

For the DLD-1 cell line, RPMI-1640 (Lot No RNBK9939 Sigma—Aldrich) medium containted
with 10% FBS (Cat No 16000044 Gibco) Sodium pyruvate (1%) (Lot No 2051060 Biological
Industries), Penicillin/streptomycin (1%) (Cat No P06-07100 Pan Biotech). EMEM (Cat No L0416
Biowest) medium was used for the CCD-18Co cell line. 250 mL of 1X EMEM medium used in cell
culture studies was prepared with and 10% FBS, Penicillin/streptomycin (1%), and sodium pyruvate
(1%). Cells were produced for 24 hours at 37 °C and 5% CO2 and 95% humidity until MTT analysis.

2.4. MTT Assay

When the cells reached a sufficient number, necessary calculations were made for MTT
analysis. Cells were added to the 96 plate (5x102 cells for each well) and incubated for 24 hours. On
the second day, ozonated distilled water and ozonated pure olive oil (10; 5; 2.5; 1.25 ppm) were added
to the plate at concentrations calculated as triplicate, and negative control and positive control
(Mitomycin-C) concentrations were added to the plate. MTT dye is used to detect cell viability. MTT
(20%) dye was prepared and incubated with cells in 96-well plates for 3 hours. Then MTT was
removed from the wells and DMSO was added to each well. After approximately 10 minutes,
absorbance values were determined spectrophotometrically with a Thermo Multiscan Go at 570 nm
wavelength. One-Way ANOVA (Tukey test) was used to determine the change in absorbance values
compared to the control. Percent cell viability was evaluated using Microsoft Excel and IC50 value

(50% inhibitory concentration) was calculated by logarithmic slope plot.

3. Findings and Discussion

Cell viability was calculated after three different replicates obtained by MTT analysis. Values
are expressed by the 50% inhibition concentration value (ICso) measured by the linear range
regression method. Distilled water and olive oil with ozone used in this study had antiproliferative
effect in DLD-1 cancer cell line and they had no cytotoxic effect in CCD18-Co healthy colon cell
line (Table 1 and 2).
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Table 1. MTT absorbance measurements in ozonated distilled water and ozonated pure olive oil DLD-1 cell
line

DLD-1 Cell line Ozone with distilled water Ozone with olive oil
Mean+SE MeanzSE

Control 1.04 +£0.02 1.07 +0.08
Mitomycin-C 0.44 +0.07 0.61 +0.07

1.25 ppm 0.80 + 0.05* 0.82 +0.06

2.5 ppm 0.79 £ 0.03* 0.88 + 0.05

5 ppm 0.74 £ 0.01* 0.79 £ 0.05*

10 ppm 0.73+0.01* 0.72 £0.02*

* Different from control p < 0.05 One-way ANOVA (Tukey test) SE: Standard Error

Accordingly in DLD-1 cell line ozonated distilled water was reduced on in vitro cell viability
atall concentrations. Ozonated olive oil was also decreased cell viability at two highest concentrations
(5 and 10 ppm). The percentage viability activities of ozonated distilled water in DLD-1 were 60.9%
and 76.5%; percentage vitality activities in ozonated pure olive oil were determined between 66.9%
and 81.7% (Figure 1 and 2). Therefore, ozonated distilled water and ozonated pure olive oil are
thought to have antiproliferative activity in the DLD-1 cell line. When comparing ozonated distilled
water and ozonated pure olive oil, it is seen that they show almost the same effect by looking at the
percentage vitality values. Because both reduced the cancer cell population by half compared to the
control. The 50% inhibitory concentration (ICso) value was determined as 6.75 ppm in ozonated

distilled water and 7.12 ppm in ozonated pure olive oil.

Table 2. MTT absorbance measurements in ozonated distilled water and ozonated pure olive oil CCD18-Co
cell line

CCD18-Co Cell line Ozone with distilled water Ozone with olive oil

Mean+SE Mean+SE
Control 0.93+0.02 1.05 + 0.001
Mitomycin-C 0.41+0.05 0.49 = 0.005
1.25 ppm 1.12 £ 0.04 1.17 £ 0.06
2.5 ppm 1.11+£0.05 1.19+0.07
5 ppm 1.07 +0.03 1.13+0.03
10 ppm 1.06 +0.04 1.18 +0.03

SE: Standard Error
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In CCD-18Co cell line, it was determined that ozonated distilled water and ozonated pure olive
oil showed no activity on in vitro cell viability at all concentrations (Table 2). Therefore, it was
observed that ozonated distilled water and ozonated pure olive oil had no cytotoxic effect in the
CCD18-Co cell line (Figure 1 and 2).
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Figure 1. Percentage viability plot of ozonated distilled water on CCD18-Co and DLD-1 cell lines
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Figure 2. Percentage viability plot of ozonated virgin olive oil on CCD18-Co and DLD-1 cell lines
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Cancer develops through the uncontrolled proliferation of normal body cells and causes
significant changes within the cell as it develops. Chromosome and/or DNA damage present in early-
stage cancer, together with defects in the regulation of gene expression, further damage the genome
as cells proliferate. This damage can be caused by free radicals oxygen and nitrogen (Minna et al.,
2002). Free radicals are generated by endogenous and exogenous sources. As a result of excessive
production of ROS, a condition called "oxidative stress” occurs in cells (Ciftci, 2017). The need to
reduce such exogenous and endogenous increased risk factors in cancer and to investigate new
therapies is evident. Through early diagnosis, it can be understood how the best health technology
and new treatments can affect cancer. While surgery, radiotherapy, chemotherapy or a combination
of both is still the norm for many types of cancer, new complementary and alternative treatments such
as immunotherapy are showing promising results (Halliwell, 2006). Ozone therapy can also be
classified among these new therapies. According to a study conducted in 2017, HT-29 cell line were
incubated with different concentrations of ozone ranging from 10 to 50 pug/ml at alone or in
combination with Cisplatin and 5-Fluorouracil. Anti-inflammatory studies have also been performed
by incubating HT-29 with or without 20, 30, or 50 pg/ml ozone, with MTT method. Ozone alone
appeared to have a time- and concentration-dependent cytotoxicity against HT-29 cell line (1Cso: 30
ug/ml). The combination of ozone with cisplatin and 5-fluorouracil increased the cytotoxicity by 15-
20%. These results showed that ozone may be beneficial in the treatment of HT-29 colon cancer in
with 5-fluorouracil and Cisplatin, with significant inhibition of cytokines. Cytokines have a central
role in colon cancer cell survival and chemoresistance (Simonetti et al., 2017). In another study
designed to evaluate the therapeutic effects of ozonated olive oil (OzOO) on acute radiation proctitis.
The rats were divided into three groups. Control group, radiation irradiation with saline group, and
radiation irradiation with OzOO group. The treatment lasted for ten days and at the end of the period,
a decrease in significant pathological changes induced by radiation was detected in the animals in the
OzOO irradiation group (Gultekin et al., 2013). In different work, the therapeutic effect of
radiotherapy and ozone combination, which has the ability to increase the destruction of cancer cells
by increasing the oxygen level in the body. It was examined on advanced tongue cancer in rats. A
total of 36 female rats were included in this study. At the end of the 20th week, some groups of rats
were sacrificed. Others were waited until oral food intake was stopped. The necessary applications
were made and the survivals were evaluated. In this study, it has been shown that radiotherapy plus
ozone application both provide histopathological improvement and prolong survival in a rat model
with advanced tongue cancer (Dogan et al., 2018).

Both the safeness and possible anti-cancer effect of ozonated water were investigated using

mice with tumors and normal controls. Ozonated water (20.8, 41.6, 104 and 208 mM) was given
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directly to the tumor and was found to inhibit tumor growth by causing necrosis in the tissue. In
addition, ozonated water did not affect normal tissue. These results indicate that ozonated water
selectively induces necrosis only in tumor cells (Kuroda et al., 2015). Ozone, at the right dosage,
appears to maintain normal cellular action without damaging healthy cells because the antioxidant
system in these cells can usually overcome this damage, whereas the antioxidant capacity of cancer
cells is virtually exhausted. Ozone has been reported to have a radiosensitizing effect when used in
vitro with some radiotherapy protocols, rendering radioresistant tumor cells radiosensitive. In
addition, the biochemical pathways used by ROS to induce cell apoptosis in cancer cells have been
described. Accordingly, ozone increases ROS in tumor cells, causing cancer cell damage similar to
that produced by cancer drugs (Mokhtari et al., 2019; Li et al., 2021). When chemotherapy drugs and
ozone are used together, an enhanced or synergistic effect has been reported, similar to that observed
in radiotherapy protocols (Zénker and Kroczek, 1990). However, in another study, this synergistic
effect was investigated again and it was reported that it varied according to the various chemotherapy

drugs used and may have different effects on various cancer cell lines (Cannizzaro et al., 2007).

4. Conclusions and Recommendations

In recent years, articles have been published supporting the in vivo and in vitro role of ozone
(03), which remains popular in scientific studies, in directly inducing cancer cell damage in a
harmless way for non-cancer cells. The in vivo and in vitro studies have positively affected our work
and advanced the ozone view we advocate in cancer treatment. Ozone has a wide variety of medical
applications mainly due to its powerful oxidative properties. On the other hand, a few clinical papers
were published so it is important to remember that ozonated products should be used under the
supervision of a medical or health professional and that there may be potential risks and side effects.

The use of ozone in cancer requires a great deal of in vivo and in vitro research, including testing
of a large number of cancer cell lines with different concentrations of ozone and ozonized products.

Ozone application is thought to be promising in the treatment of cancer.
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