
Abstract. Recent literature highlights that ozone therapy
could be considered a viable adjuvant therapy in oncological
patients receiving radio-chemotherapy. The use of ozone
therapy in these patients enhances the action of
chemotherapy and at the same time reduces side-effects, such
as nausea, vomiting, opportunistic infections, buccal ulcers,
hair loss and fatigue. Such positive therapeutic effects of
ozone therapy can cause a larger physical and mental
wellbeing resulting in improved quality of life. This work
reviews the recent acquisition of scientific knowledge
regarding the ozone therapy and highlights the molecular
and cellular pathways involved.

Hypoxia and Cancer

Hypoxia plays critical roles in the pathobiology of heart
diseases, including myocardial ischemia. Hypoxia is also
associated with cancer, stroke, and chronic lung disease,
which are responsible for 60% of deaths in the United States
(1). Humans have evolved complex circulatory, respiratory
and neuroendocrine systems to ensure that oxygen levels are
precisely maintained, since an excess or a deficiency may
result in the death of cells, tissue or the organism (2).
Oxygen homeostasis is at the basis of evolution,
development and physiology of the tumoral disease. Indeed,
all the nucleated cells perceive and respond to hypoxia. In
condition of reduced oxygen availability, hypoxia-inducing
factor 1A (HIF1A) protein regulates the transcription of
genes that mediate the adaptive response (3-4) to hypoxic
stress (3-5). However, in hypoxic conditions, HIF1A
presence may also indirectly decrease mRNA expression by
regulating transcriptional repressors and microRNA genes
(3-5). HIF1A has been identified in human cells as regulator

of erythropoitein, a hormone that controls the production of
red blood cells, vascular endothelium growth factor (VEGF)
that promotes angiogenesis and glycolytic enzymes that
adapt cellular metabolism to hypoxic conditions. 

HIF1A is composed by the β subunit, constitutively
expressed and by the oxygen-regulated subunit (6). In
aerobic conditions, as in well-oxygenated cells, HIF1A is
hydroxylated by the protein prolyl hydroxylase-domain 2
(PHD2), that uses oxygen and α-ketoglutarate as substrates
and contains FeII in its catalytic center (7-8). The addition
of ahydroxyl group on a proline residue (Pro-OH) of HIF1A
facilitates its binding to the Von Hipper-Lindau (VHL)
protein, which recruits the ubiquitin, ligase E3. The
polyubiquitination of HIF1A flags the protein for
degradation by the 26S proteasome. The HIF-1 inhibition
factor (FIH-1) also uses oxygen to add an –OH group on a
residue of asparagine (Asn-OH); HIF1A containing Asn-OH
cannot interact with the co-activator protein p300, thus
preventing HIF1A to transcriptionally activate several of its
downstream genes (9-10). In hypoxic conditions, Pro and
Ans hydroxylations are inhibited and HIF1A rapidly
accumulates, dimerizes with HIF1B, recruits p300 and
activates the transcription of hundred gene targets by RNA
polymerase II (pol II), such as: erythropoietin (EPO), an
hormone that stimulates the production of red blood cells;
VEGF, which is an angiogenic stimulating factor in the
formation of blood vessels; pyruvate dehydrogenase kinase
1 (PDK1), which inhibits the conversion of pyruvate into
acetyl-coenzyme A for the oxidation in the mitochondrion.
Hypoxic responses can also be mediated by endothelial PAS
domain protein 1 (EPAS1), also known with the protein total
name of HIF2, a heterodimer composed by aryl hydrocarbon
receptor nuclear translocator (ARNT), also known as HIF-1β,
and EPAS1 (HIF2) itself (analogue of HIF-1A which is also
regulated by oxygen-dependent hydroxylation) (11). HIF-1A
is present in all the nucleated cells of all metazoica species,
while the expression of EPAS1 is limited to certain cell types
in among the vertebrate species and it plays an important
role in both erythropoiesis and vascularization.
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In cancer development, the presence of a less active form
of superoxide dismutase (SOD) dictates an increase of free
radicals and reactive oxygen species (ROS) in the cytosol,
that causes mithochondrial damage, hyper-fluidity of
membranes (lipoperoxidation of the phospholipids),
inefficiency and loss of the enzyme functions as electron
carriers. The consequences of these mitochondrial damages
are the reduction of oxidative phosphorylation and of cellular
respiration. This results to a hypoxic condition, which in turn
drives the cancer cell towards an anaerobic glycolytic
metabolism. It is an altered carbohydrate metabolism, given
by increased glycolysis not followed by Krebs cycle and by
the oxidative phosphorylation, resulting in low energy
efficiency, and characterized by an excessive use of glucose,
satisfied by increased gluconeogenesis with the depletion of
precursors such as amino acids and fatty acids (12). In this
way, the tumor cells are characterized by accumulation of
acid lactic and cellular acidosis, energy dissipation (two
molecules of ATP from glycolysis versus the thirty-eight
molecules of the physiological glycolytic metabolism
followed by the Krebs cycle) and finally, increased demand
of the glucose precursors (gluconeogenesis) with depletion of
the tissue reserves.The hypoxic condition and lactic acidosis
determine the activation of the Kirsten ras oncogene homolog
KRAS (13) with increased transcription of HIF1A that in
turns, induces transcription of several downstream genes
encoding glycolytic enzymes, such as hexokinase, aldolase,
phosphofructokinase and lactic dehydrogenase (14). In cancer
cells under hypoxic conditions, these HIF1A-induced
glycolytic enzymes drive an acceleration of the glycolytic
flux and rewires glycolysis to lactic fermentation (14).

Regulation of Physiological Cellular 
Metabolism by HIF

Even the simple roundworm Caenorhabditis elegans, which
consists of approximately 1000 cells and contains no
specialized systems for the oxygen delivery, expresses HIF1A,
indicating the primordial function of HIF1A, to mediate the
adaptive responses which allow cells to survive in conditions
of oxygen deprivation (1). One way in which HIF1A may
promote cell survival under hypoxic conditions is by regulating
a signaling switch from oxidative to glycolytic metabolism.
The glycolytic enzymes convert glucose into pyruvate, which
can be converted either into acetyl-coenzyme A (CoA) for the
cycle oxidation in the tricarboxylic acid, or into lactose as a
glycolytic end product. HIF1A activates the expression of
lactate dehydrogenase A and PDK1, thus shifting the balance
from oxidative to glycolytic metabolism (15, 16).

In well-oxygenated cells, pyruvate dehydrogenase (PHD)
converts the pyruvate into acetyl-coenzyme A that oxidizes
in the tricarboxylic acid cycle (TCA), generating electrons
that are transferred through a series of protein complexes

(Electron Transport Chain - ETC) to oxygen and produce
water. The proton gradient determined by the ETC is used to
synthesize ATP. Under hypoxic conditions, PDK1 inactivates
the PDH and the lactate dehydrogenase A (LDHA), and
converts the pyruvate into lactate. The glycolytic enzymes
expression is also driven under hypoxic conditions to
increase the flow during the anaerobic path (1).

As compared with glycolysis, oxidative metabolism yields
18 fold as much ATP per mole of glucose consumed. In aerobic
conditions, the electrons are transferred from NADH and
flavinadeninadinucleotide (FADH2) (generated by oxidation of
acetyl-coenzyme A) to mitochondrial complexI or II and
finally, they react with oxygen forming water. In hypoxic
conditions, the electron release is increased before the transfer
to complex IV, leading to the formation of superoxide, which
is then converted into hydrogen peroxide and other toxic
reactive oxygen species with a loss of redox homeostasis (17). 

HIF1A and Induction of Angiogenesis

Angiogenesis is a critical step in tumor growth. Hypoxic
stress determines the HIF1A activation, which causes the
transcription of several angiogenic factors, thus creating an
imbalance among stimulating angiogenesis factors and
inhibitor factors with abnormal proliferation of endothelial
cells and organization in the neo-formed vessels. In young
and healthy mice, the legature of the femoral artery brings
to the local induction of HIF1A, followed by the
transcriptional activation of genes which encode the pro-
angiogenic factor VEGF and other angiogenic factors within
the angiogenic limb; after several weeks the normal
perfusion is re-established (18). This adaptive vascular
response is altered by aging and diabetes, which constitute
the main risk factors for the coronary and the peripheral
arterial disease (19-23). 

VEGF and other secreted factors activate the vascular
cells to promote angiogenesis (sprouting of new capillaries
from existing vessels) (24). The angiogenic factors can reach
the circulation and stimulate the mobilization of angiogenic
cells derived from bone marrow (BMDAC), which they
partecipate to the angiogenesis (22). 

Co-opted Adaptation to Hypoxia in Cancer

In cancer, co-optation of the physiological cellular responseto
hypoxia plays a major role in the disease progression and
therapeutic efforts are directed toward the inhibition of
HIF1A. Folkman showed the fundamental role of
angiogenesis in the primary tumor growth and their
metastases (25). The tumor vessels are structurally and
functionally abnormal and even highly vascularized cancers
may contain area of severe hypoxia. Malignant tumors are
characterized by regions of low concentration of O2, often
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associated to radio- and chemotherapy resistance. Hypoxia
contributes to the tumor progression through the activation of
an adaptive response, mainly by HIF1A and EPAS1 mediated
regulation of trasncription. In breast cancer, the PO2 average
is 10 mm Hg (compared to >60 mm Hg in normal breast
tissue) and in primary tumors a PO2 lower than 10 mm Hg is
associated with a higher risk of metastasis and death (26). In
primary tumors, the overexpression of HIF1A and EPAS1 is
associated with a more aggressive phenotype and to an
increased mortality (27). HIF1A coordinates the tumor’s
response to hypoxia by activating transcription of genes that
play a fundamental role in angiogenesis (28), genome
instability (29), immune evasion (30), metabolic
reprogramming (glycolysis) (31), invasion and metastasis
(32) and in the radiation-chemotherapy resistance (33).
Indeed, HIF1A is able to regulate hundreds of target genes in
a particular cancer, such as NF-kB, CREB, TP53, SP/1.
HIF1A is implicated in the uncontrolled tumor growth (34),
stimulating oncogenes such as c-MYC and NEMO, blocking
cell death by TP53 inhibition and arresting cell cycle
(inhibiting c-MYC) with the production of undifferentiated
cells (35). HIF1A is involved in the metabolic switch from
oxidative phosphorylation to glycolysis, with consequent
reduction of the cellular respiration and increased production
of lactic acid. Indeed, HIF1A induces the transcription of
genes involved in the glycolytic metabolism, with increased
glucose transporter production, glycolytic enzymes, as well
as pyruvate and lactate dehydrogenase (36), while it represses
genes involved in the mitochondrial respiration (37).
Furthermore, angiogenesis is a crucial step for tumor
progression to ensure a blood supply supplement that allows
aberrant proliferation and tumor expansion. HIF1A has a key
role here as well, especially through the activation of the pro-
angiogenesis genes, like VEGF (38). The tetrathiomolydate
of ammonium, used in the metabolic kidney disorders, can
inhibit HIF1A in cancer cells, especially in ovarian and
endometrial cancer, proving capable of limiting tumor
angiogenesis (39). Angiogenesis is an essential requirement
for the vascular dissemination of tumor.

Several studies show that invasiveness and metastasis are
critical steps in malignant solid tumors andare controlled by
HIF1A-mediated increase of E-cadherin levels through the
up-regulation of transcriptional repressors, such as Snail and
SIP1 and in parallel through the over-production of
chemokines and pro-invasive proteins of the extracellular
matrix (40). Even the resistance to radio- and chemotherapy
seems to be regulated by HIF1A, as a study demontrated that
ovarian cancer cell lines sensitive to cisplatin show a down-
regulation of HIF1A levels (41). 

The intra-tumoral hypoxia is an important mechanism by
which HIF1A is activated in human cancers, but HIF1A is
also activated in consequence of loss of functionality of
tumor suppressor genes or to an increase in oncogenic

functionality (27). Unlike people with Chuvash
polycythemia, homozygous for a sense mutation of VHL that
partially changes its ability to trigger the ubiquitination of
HIF1A, most people with VHL syndrome (type1, 2˚ or 2B)
are heterozygous for a mutation that leads the loss of
functionality (42). The somatic mutation or epigenetic
inactivation of other alleles blocks the ubiquitination and
degradation of HIF1A. These patients are at high risk of
cancers (in particular renal cell carcinoma and the cerebellar
hemangioblastoma), which are highly vascularized because
of high levels of VEGF and others angiogenic factors
regulated by HIF1A (43). A recent study has shown that the
bioengeneered production of the VHL could lead to a drastic
angiogenesis inhibition and to a significant regression of
renal cell carcinoma (44). The METOXIA project (Metastatic
tumours facilitated by hypoxic tumour micro-environments),
financed by the European Union (EU), aims to study the
molecular mechanisms at the basis of tumor hypoxia that
regulate the ability to migrate to other part of the body and
to survive in unfavourable conditions, and that can adversely
affect the outcome of chemotherapy and radiotherapy. The
METOXIA team has demonstrated that oxygenation changes
affect metastasis and the response to therapy; the team is
studying the effectiveness of a growing number of
chemotherapeutic agents that function as inhibitors of HIF1A
through different molecular mechanisms (45). The challenge
is to understand the role of HIF1A in a particular tumor, in
order to determinate whether it can be therapeutically
targeted and if so, how. Drugs, such as topotecan, are
administered intermittently at the maximum tolerated dose
as cytotoxic agents, but if administered daily at lower doses,
they inhibit HIF1A and the downstream pathways, such as
the angiogenesis in tumoral xenograft models (46). Several
drugs which were previously utilized for the treatment of
other diseases different from cancer, including cardiac
glycosides (such as digoxin), have shown to inhibit HIF1A
activity and to arrest tumor growth in mice, but it is still not
known whether this fact will take place over the dose range
tolerated by humans (47). Other blocking agents of HIF1A
which are being studied in clinical trials on cancer treatment
(histone deacetylase inhibitors, heat shock proteins, and
mammalian target of rapamycin (mTOR) inhibit the activity
of many other proteins; the extent to which HIF1A inhibition
contributes to the therapeutic efficacy is unknown, but it can
vary significantly from patient to patient.

Therapeutic Role of Hyperbaric- and 
Ozone-induced Hyperoxia in Tumors

Therapies such as hyperbaric oxygen and ozone therapy, that
are traditionally utilized in diseases that evolved into
ischemia and hypoxia, are being studied as adjuvant
treatment in solid tumors.
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These medical gases determine an hyperoxia state that
should have an inhibitory effect on malignant tumor, whose
critical marker is hypoxia, which is at the bases of cell
proliferation mechanisms, angiogenesis, glycolytic
metabolism and metastasis. The hyperbaric therapy consists
in the administration of 100% of oxygen at a higher pressure
than that atmospheric, thereby leading to an increase of the
dissolved oxygen in the plasma and to the transfer of O2 to
the tissues in a way independent of hemoglobin (48). As in
normal tissues, the pO2 in tumor tissue increases significantly
during exposure to the hyperbaric oxygen (HBO) treatment
(49); indeed, HBO is always used in diseases characterized
by hypoxia and ischemia, since it stimulates angiogenesis, the
fibroblast activation with collagen deposition, and
epithelialization; on the basis of these actions, HBO should
promote the cancers growth.Instead, paradoxically, not only
it does not promote tumor growth but the use of HBO in
cancer patients may have different therapeutic effects.

Therapeutical Effects of HBO

HBO shows several therapeutics effects. Indeed it is able to
induce the apoptosis of cancer cells by activating the pro-
apoptotic mitogen-activated protein kinase (MAPK) oncogene
and the down-regulation of the anti-apoptotic extracellular
signal–regulated kinase (ERK1-2) genes (50). HBO reduces
cell proliferation through inhibition of cell division (37) and
damages cancer cells causing cell death due to the high levels
of ROS, through mechanisms induced by hyperoxia and the
inefficient anti-oxidant mechanisms of cancer (51). Through
an inhibitory action on HIF1A, it shows an anti-angiogenic
effect for, that is the key driver of tumor development and
metastasis (52). In addition, HBO is able to iduce a phenotype
with less invasive and metastatic capacity (53); the metastasis
is a complex process that includes the local invasion of cancer
cells, the entry into the blood and lymph vessels and the
colonization in distant sites. Indeed, angiogenesis is a key
factor for the metastasis (54). The HBO-mediated reduced
resistance to chemotherapy is due by two mechanisms: 1) it
increases tumor perfusion thanks to the development of a
physiological vascular network, that allows the chemotherapy
to reach the hypoxic center of the tumor; 2) it increases cancer
cells sensitivity to chemotherapy (55). Finally, HBO reduces
resistant to radiation theraphy by stimulating cell sensitivity,
as well as the effective doses of radiation and
chemotherapeutic drug and their side effects (56). 

Therapeutic hyperoxia can even be achieved with the
administration of therapeutical ozone (O3). Ozone, compared
to HBO has an easier administration, slow operating costs,
fewer side effects and importantly, greater therapeutic effect,
mainly due to better hemorheological action and the action
on the intestinal mucosa due to rectal insuflation. 

Ozone: Chemistry and its Action 
Mechanisms in Biological Systems

Ozone (O3) is an unstable molecule composed by three
oxygen atoms, in cyclic structure, with a strong oxidizing
power and capable of enhancing the endogenous anti-oxidant
systems. It is ten fold more soluble in water than oxygen. 

The typical medical ozone generator uses a pure oxygen
stream subjected to a different voltage between 5000 and 15000
Volts. This energy causes the breaking of single molecules of
O2 into two unbound oxygen atoms which then recombine with
an O2 molecule giving origin to the O3 molecule. The so
generated ozone is then mixed with O2 to achieve the desired
O2-O3 mixture. Once produced by the generator, the O2-O3
mixture is moved towards a two outputs valve. An output is
accessible to the operator for withdraw the mixture with a
syringe and the other one is directed towards a catalytic
destroyer of O3 (made from palladium, nickel and manganese
oxides), which has the function to destroy the ozone in surplus,
not utilized for the mixture. This is used to prevent that such
gas is released in the environment where it can exerce toxic
effects, being strongly irritating to inhaled with consequences
that can be, at high concentration, even lethal in a few minutes.
For this reason, in the medical mixtures, the O3 must be present
in very limited concentrations, not higher than 40 μg/ml of O2.
Furthermore, it is very important that the oxygen flow entering
into the generator has a purity close to 100%. Indeed, the air we
breath contains nitrogen to 78%. Therefore, in the generator, in
atomic oxygen presence, nitrogen oxides, highly toxic and and
then not available for medical purpose, could be produced. The
obtained gas can not be stored and must be immediatly used
after removal from the generator. The optimum ozone dose, able
to provide an anti-infiammatory and analgesic effect, in absence
of adverse reactions, has been estimated between 20 and 40
μg/ml of gas per ml of blood. The tolerance range is instead
much wider: 10-80 μg/ml. Above 40 μg/ml ozone has an
antimicrobial and antiviral effect, dose-dependent, as evidenced
by several studies. In one of these studies, the activity of
oxygen-ozone mixture was evaluated in vitro, on the growth of
some Pseudomonas Aeruginosa and Staphylococcus aureus
strains. In the second study, the hepatic function in patients with
virus B and C after ozone treatment has been evaluated (57).

Ozone is soluble in the liquid according to Henry’s law,
that is a valid law for the gases that do not react with the
solvent (P=KC, where P is the gas pressure on the solution,
K is a constant related to the gas and temperature, C is the
gas concentration) (58). Considering the water as solvent, the
ozone does not react with the solvent and gives rise to a
stable solution for about 48h, and it is commonly used as
disinfectant. Otherwise, if the ozone is dissolved in
biological liquids, such as plasma, lymph, urine, it reacts
immediately, according to the following scheme:
O3+ biomolecules → O2 + O.
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In biological systems, the oxygen in the atomic state (O) is
highly reactive and reacts with fat polyunsaturated acids
(PUFAs), uric acid, thiols, cysteine-rich proteins, anti-
oxidants such as ascorbic acid, reduced glutathione (GSH),
albumin etc. A small part of ozone dose dissolved in the
plasma is instantly inactivated by free anti-oxidants (such as
uric acid, ascorbic acid and albumin) and the remaining
concentration reacts with PUFAs. All these compounds are
obviously electron donors (reducing agents) and thereafter
undergo oxidation. Particularly, ozone in lipophilic
environment, reacts with compounds containing double
bonds (-C=C- present in unsaturated fat acids), giving rise to
an additional compound called ozonide. In this ozonolysis
reaction, the double bond opens adding the three atoms of
oxygen and like a final reaction it will give rise, besides the
peroxide hydrogen (reactive oxygen species) also to lipid
oxidation products (lipid oxygenated products –LOPs), that
stimulate the production of anti-oxidant enzymes, such as
superoxide dismutase (SOD), glutathione peroxidase(GSH-
Px), catalase (CAT), glucose 6-phoshate dehydrogenase
(G6PDH) and stimulate stress proteins, such as the heme-
oxygenase (HMOX) (59). It has been suggested that LOPs
are able, at the bone marrow level, to activate the
metalloproteinase release. In particular, among these
enzymes, the metalloprotease 9 (MMP9) is able to release
stem cells into the bloodstream and their subsequent
localization in damaged areas, in ischemic and infarcted
tissues, resulting in damage limitation and better chance of
healing (60).

In biological fluids of hydrophilic environment, these
LOPs compounds (derived from the reaction between ozone
and carbon double bonds- containing molecules) are rapidly
converted in stable hydroperoxides. Subsequently, changes
in pH destabilize the hydroperoxides, causing the break of
the molecule, producing compounds of lower length and
releasing hydrogen peroxide (H2O2) and aldehydes (in
particular 4-hydroxynonenal (4-HNE), a reactive aldehyde
produced in relatively large quantities during the lipid
peroxidation). The presence of aldehydes have a protective
action against the toxic components. Aldehydes, conveyed
by the albumin, determinate oxidative stress in all body
tissues: liver, endocrine glands, central nervous system, etc.
It has been demonstrated that 4-HNE, at certain levels (0.1-
0.7 μM), appears to act as a protective agent for itself and
for other toxic components. At picomolar levels, 4-HNE
activates several signal molecules, such as γ-glutamate
cysteine ligase, heat shock protein-70 (HSP-70) and heme-
oxygenase-I, an enzyme involved in glucose control and
prevention of myocardial ischemia (61); in addiction, 4-HNE
activates some anti-oxidant enzymes: superoxide dismutase,
GSH-Px, CAT, G6PDH (62).

It is important to note that in the presence of Fe++ the
decomposition of hydrogen peroxide is catalized with

formation of reactive oxygen radicals, such as the hydroxyl
radical •OH according to the following scheme (63):

Fe++ + H2O2 → Fe+++ + OH• + OH–.
The oxygen-reactive species that are formed have an
extremely low half-life and can result to some relevant cell
damages. Particular attention should be placed to avoid the
formation of an excess of reaction products with ozone as it
is possible the formation of toxic compounds, such as
peroxynitrite (OR=NOO–) and anion hypochlorite (CIO–)
(64). The decomposition of the hydrogen peroxidate produced
by the ozone reaction, through several biochemical
modifications, it seems to indirectly favour a greater intake of
oxygen at the tissue level. In this contest it is considered that
the hydrogen peroxide formed as a result of the ozone reaction
with biochemical molecules, easily spreads from the plasma
to the cells (erythrocytes, leukocytes, platelets, lymphocytes
and endothelial cells), in which cytoplasm, according to the
type of cell, undertake activities to stimulate the various
metabolic pathways, resulting in numerous biochemical effects
(62). It is interesting to consider that the concentration of
H2O2 in plasma is about 10 times higher than intracellularly
and its rapid reduction to water takes place due to the high
concentrations of GSH, CAT and GSH-Px; however, for the
activation of the numerous biochemical pathways it must be
present in concentrations above the threshold value (65).

The red cell mass absorbs most of H2O2: the oxidation of
GSH and the consequent reduction of H2O2 to water triggers
a series of biochemical interactions and the increase of 2,3-
diphosphoglycerate. 

Red cells in a self-regulation process to rebuilt the
NADPH level decreased during the oxidative stress by
ozonation, activate G6PDH and the pentose pathway, which
determine the increase in 2,3 diphosphoglycerate with a
rightward shift of the dissociation curve of the
oxyhemoglobin, resulting in increases oxygen delivery to
ischemic tissues (66).

Peroxidation of erythrocyte membrane determines the
relaxation of phospholipid molecules with greater membrane
fluidity and consequent increase of erythrocyte deformability
and reduction of hemolysis; in addition, this peroxidation
gets to an increase of the negative charge of the membrane
with a less tendency to stacking, reduction of viscosity and
a decrease in the erythrocyte sedimentation rate. 

All these events lead to a clear improvement in rheology.
Hydrogen peroxide, instead, once penetrated into the
cytoplasm of the blood mononuclear cells (lymphocytes and
monocytes), by oxidizing cysteine, activates a tyrosine
kinase, which in turn phosphorylates the transcription
nuclear factor kB (Nf-kB), responsable for other
biochermical events. This cascade of events ends with the
activation, by means of the Nf-kB factor, of several genes
responsable for the synthesis of receptors and cytokines,
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resulting in the production of IFN-γ, TNF-α, IL-2 and IL-6,
which explains the important immunomodulatory action of
ozone (66). In endothelial tissue, the response to ozonized
plasma is represented by the release of NO with vasodilation
and an increased secretion of VEGF with neoformation of
vessels (neo-angiogenesis). Topically on wounds, it exerts its
action with the production of EGF and FGF that determine
the endothelial cell proliferation, (fibroblasts and
keratinocytes), jointly to an increased synthesis of the
components (fibrin, fibronectin, ialuronic acid) of the
interstitial matrix (66).

Pharmacological Action of Oxygen-ozone Mixture

O3-induced hyperoxia shows several therapeutic actions. One
of the most important is the trophic action: by disinfection
(not sterilization) and stimulation of granulation tissue and
by repair processes through neo-angiogenesis, with marked
improvement of local blood microcirculation, greater oxygen
contribution and more rapid elimination of toxic waste
products (67). Ozone, through the production of ROS, acts
as an antimicrobial oxidant in a similar way to what occurs
in activated leukocytes during phagocytosis. It is plausible
to image that this increase is responsable for the anti-
bacterical effect against anaerobic bacteria, assuming the
absence of enzymes, such as superoxide dismutase, capable
of neutralizing the oxidizing action of these free radicals.
The ozone could act directly through its peroxides (OH-) by
attacking enzymes, DNA, bacterial membrane phospholipids,
the capsid of the virus or indirectly stimulating the
production of white blood cells, promoting better
oxygenation, resulting in a prolongation of leukocytic
activity (oxygen killer) and phagocytosis (68). Its antioxidant
property triggers activation of enzymes that block peroxides
and free radicals, increasing the abundance of detoxifying
agents, such as superoxide dismutase, glutathione
peroxidase, and catalase (69). Ozone also shows analgesic
activity: it can be effective for preventing the development
of neuropathic pain, through the modulation of specific pro-
inflammatory or pro-apoptotic caspases in the brain (70). As
metabolic characteristic, ozone accelerates the citric acid
cycle and stimulates mitochondrial activity (71). Its capacity
to increase the production of IFN, IL-2 and TNF-α gives the
immunomodulatory activity (72). Ozone ensures good
oxygenation, good perfusion, good oxygen consumption in
the periphery, increases the platelet deformability, reduces
blood viscosity, prolongs the PT reducing fibrinogen, enables
a laminar flow after induced ischemia (73). Experimental
data in rats show that damages associated with myocardial
ischemia/reperfusion can be counteracted by an acute O3
pretreatment (74). All these events defeat hypoxia and
promote the arrival of antibiotics and chemotherapeutics in
the hypoxic site of a possible infection or tumor (75).

The first response to tissue injury is always represented
by inflammation. Therefore, the preventive ozone
administration may influence the onset and/or the course of
this pathological condition. In precocious O3-treated patients
with sepsis, severe infections and/or critically diseases, it is
possible to achieve a reduction of organ damage. The
mixture O2-O3 has a potent in vitro antibacterical activity
comparable to the powerful activity of NO, controls the
inflammatory processes in vivo and modulates the phagocytic
activity which is the first line of defense against bacteria and
toxins. So that, the O2-O3 mixture increases the
production/release of pro-inflammatory cytokines in different
abdominal organs and it is capable of limiting the occurrence
of severe infection; it neutralizes the action of endogenous
ROS by stimulating the antioxidant enzymes production
(GSH, SOD, CAT) (76).

Antitumoral activity of ozone could be due to hyperoxia.
“Does ozone really cure cancer?” Bocci wonders in an article
published in 2008 on the International Journal of Cancer
(77). In this article, he analyzes the results obtained by
Schulz et al., which have implanted tumor cells in 14 rabbits,
and the intraperitoneal injection for 5 days of 240 ml of O2-
O3 mixture has cured 6 of 14 rabbits (78). The title of this
article is a provocation and the same author explains not fall
into simple optimism about the limits of this study, but at the
same time, he considers that the results are interesting and
he urges the scientific community to explore the underlying
mechanisms of ozone therapeutic action in malignat tumors.
The tumor hypoxia determines a selection of tumor cells
with reduced apoptosis, increases the angiogenic capacity
and the increases tumor aggressiveness. Furthermore, it
determines the increased resistance to radiotherapy and
chemotherapy (79). The return to normoxic state, that is
obtained with a O2-O3 prolonged cycle that corrects the
tumoral hypoxia, reduces tumor growth and making it less
metastatic (80).

Several studies highlight that the O2-O3 antitumor
mechanisms are conducted by determining several key issues.
In a study conduced by the Washington University,
researchers showed that the in vitro growth of human cancer
cells is selectively inhibited in a dose dependent manner by
increasing O3 doses. Its inhibitory action on tumor growth
occurs through different action mechanisms (81). In a study
conduced by Coppola et al. it is proved the increase of O2
peripheral saturation after auto-emotrasfusion treatment (200
ml of ozonated blood reinfused) and the increase continues
with the repeated treatments (82). Moreover, the correction
of the abnormal hemorheological parameters (platelet
aggregation, blood viscosity, erythrocyte deformability) could
be another key factor (83), togheter with the right shift of
hemoglobin saturation curve with an increase of O2 cessation
(73). It has been demonstrated that the use of O2-O3 mixture
in patients with peripheral occlusive arterial disease showed

ANTICANCER RESEARCH 37: 425-436 (2017)

430



benefic effects, such as pain and amputations reduction. It has
been also demonstrated that in 88 patients with advanced
cancers, the auto-emotrasfusion treatment leads to an increase
of tumor pO2. In addition, they showed a significant increase
in the concentration of hemoglobin and the O2 transfer at the
tissue level (79). Hyperoxia O3-mediated inhibits the HIF1A
factor, whose level is increased in many tumor biopsies and
correlated with the invasiveness and metastatic degree (84).
Ozone therapy can improve the anti-tumor immunotherapy
activating the anti-tumor T lymphocytes and natural killer
cells (85). Bocci claims that ozone can induce the synthesis
of various powerful pro-inflammatory cytokines that would
activate macrophages setting off a massive immune reaction
(66). Ozone is able to reduce certain infections caused by the
immunosuppression present in oncological patients (vaginitis,
prostatitis, etc.). In several studies, it has been proven that
radio- and chemo-resistence of tumors is regulated by HIF1A.
Ai and Lu have shown that, in ovarian cancer cells, the over-
expression of HIF1A is associated to the reduction of
apoptosis induced by cisplatin (41). In another recent study,
it was shown that, through a mechanism of autophagic
protection induced by HIF1A, the lung cancer cells were less
susceptible to apoptosis induced by cisplatin (86). Hyperoxia
O3-induced, counteracting the HIF1A factor, should increase
the chemotherapy effect, by reducing the cancer cell
resistance; furthermore, the hemorheological effects should
facilitate the chemotherapy arrival at the level of hypoxic
tumor nucleus; these two actions would lead to a reduction
of effective chemotherapy’s doses, and to a consequent
reduction of its toxicity and side effects. Indirectly, it
counteracts many adverse chemotherapy effects, for example,
it is effective against dilated cardiomyopathy induced by
doxorubicin (87), reduces the rate of infections increasing the
immune system, increases the hemoglobin concentration with
reduced sense of fatigue, reduces the incidence nausea and
vomiting caused by the chemotherapy. 

All these benefic actions make the O3 therapy an
extremely valuable adjuvant treatment in cancer pathology,
because, reducing the side effects of radiotherapy and
chemotherapy, increases the psycophysical wellbeing of
cancer patients and improves their quality of life. 

Ozone Administration Routes

The ozone administration takes place through several routes:
subcutaneous injection, intramuscular injection, intradiscal,
intraarticular, intraforaminal, parental administration
(intraperitoneal, intrapleural, intravenous), inflaction endo-
rectal and endo-vaginal. There is also the use of ozonized
oils and ointments, very effective for the treatment of
infected wounds and ulcer. The subcutaneous and
intramuscolar techniques involve the infusion, in divided
doses of 60 ml of ozone gas, through a syringe after

excluding that the needle is inside the vase. Since the gas
mixture in which ozone is dissolved, it is composed for the
95% by O2, its administration can not be directly
intravenous, for the high risk of embolism. Consequently, the
systemic approach is represented by the auto-emo-
transfusion, in which a venous blood volume is previously
ozonized with a mixture containing O3 at concentration of
30 μg/ml. The process involves the removal of 200 ml of
blood, the immediate reinfusion of 20 ml to prevent blood
clotting in the connecting pipe. The latter leads the blood
from a G19 needle butterfly up to a filter that is connected
to a vacuum flask: a glass container, under vacuum, is
preferred to the plastic bags, since the latter can be subjected
to an erosive action by the ozone. The remaining 180 ml of
blood are re-infused with an equal volume of ozonized gas
(through a further collector tube to which will be applied the
syringe containing the gas), mixed for 3 minutes until
achieving a bright red color. The blood once treated, is then
slowly reinfused. 

Another systemic administration route is the rectal
insufflation, that has several advantages compared to the
auto-emotransfusion: easy execution, low cost, the absence
of any kind of pain, the absence of venous access that is
difficult to find in oncological patients. Moreover, it shows
additional benefits: being absorbed at the hemorrhoidal
plexus level, it determines an oxygenation increase of the
portal vein with a consequent improvement of the action of
hepatic detoxification, especially in reference to the
chemotherapics drugs (88), helps to maintain the
oxygenation stable and the pH of the intestinal mucosa, with
a consequent reduction of gastrointestinal side effects due to
the chemotherapy drugs (89); at the level of the intestinal
mucosa, it blocks the HIF1A factor with an increase of the
epithelial barrier of the microbial response, cytokines
reduction and of caspases expression, involved in cell death
and in the intestinal inflammation (90); to rectal level, it
contrasts prostatitis and rectal bleeding in patients with
prostate cancer treated with radiotherapy (79). Considering
the countless benefits of the rectal insufflation, it could be the
preferential administration route in order to use the ozone as
a adjuvant therapy in cancer patients receiving chemotherapy.
The dosage which may be used is that of 180 ml (three
insufflations of 60 ml) at 90 μg/ml for four times a week.

Use of Ozonated Water in Cancer Patients

In patients treated with fluorine-uracil and cisplatin, with the
occurrence of buccal canker sores, ozonated water could be
used. This special water has proved to be widely effective in
reducing the occurrence and the size of the tumor. In a recent
study conducted on the safety of the ozonated water and of
its anti-tumor effects, using a murine model, the local
administration of ozonated water was not associated with any
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adverse effects in normal tissues. On the other hand, the
local administration of ozonated water directly in the
necrosis induced by the tumor tissue has inhibited the
proliferation of tumor cells in a dose dependent manner.
These results indicate that the ozonated water has not effect
on normal tissue, but it only damages the tumor tissue,
inducing selectively the necrosis. It is possible that it has an
effect through the production of reactive oxygen species.
Moreover, the necrosis induction rather than apoptosis is
very useful on the purposes of the tumoral immunity. On the
basis of these results, the administration of ozonated water
is a safe and potentially simple treatment as adjuvant to
existing anticancer therapies (91).

Conclusion

According to scientific evidence, ozone therapy could be
considered a viable adjuvant therapy in oncological patients
receiving radio-chemotherapy. The use of ozone therapy in
these patients enhances the action of chemotherapy and at
the same time reduces the side-effects, such as nausea,
vomiting, opportunistic infections, buccal ulcers, hair loss
and fatigue. Such positive therapeutic ozone effects can
cause a larger physical and mental wellbeing resulting in
improved quality of life. It is desirable, in the shortest time,
the start of clinical trials on humans to verify the safety and
efficiency of ozone mixture as adjuvant therapy in cancer
patients. 
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