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ABSTRACT
Cardiovascular diseases such as chronic limb ischemia, cardiomyopathies and stroke represent the first
cause of death. Moreover, type-II diabetes, chronic
obstructive pulmonary disease and age-related macular degeneration are also progressive pathologies
complicated by a chronic inflammation that might be
able to maintain progressive chronic oxidative stress.
Orthodox medicine has provided excellent drugs
which slow down the progression of these diseases but
minimally reverse the oxidative stress conditions. Administration of antioxidants is unable to balance the
oxidant excess. Today, all the biochemical and molecular mechanisms of ozone therapy have been clarified and it has been demonstrated that ozone therapy
can reactivate the fundamental Nrf2 system and be
able to restore the innate antioxidant defense mechanisms composed of several highly protective enzymes.
This paper proposes to integrate the orthodox treatment with ozone therapy for improving clinical results.
Keywords: Chronic Oxidative Stress; Ozone-Therapy;
Nrf2-Keap1; Antioxidant Response; Integrative
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1. INTRODUCTION
Cardiovascular diseases, though preferentially affect
either the heart, or the brain, or/and the leg arterial vessels, are due to a systemic pathological alterations of the
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vascular system. The pathogenetic mechanism of the
endothelial dysfunction is further aggravated by a chronic
oxidative stress [1]. While the problem of hyperglycemia
and related effects can be corrected by effective antidiabetic drugs, the problem of oxidative stress remains unsolved because administration of antioxidants is minimally effective. The restorative integration of ozonetherapy offers the unique possibility of normalizing the
redox system because one of the ozone messengers is
able to activate the innate defence system, thus providing
the crucial antioxidants.
The final purpose of the medical therapy is to achieve
a real “cure” of the patient’s illness. This is not always
possible especially when the pathology is complex and
due to multiple causes. Cardiovascular diseases such as
myocardial infarction, stroke and peripheral obstructive
arterial disease (POAD) are the first cause of death and
represent a paradigmatic example as they are due to micro- and macro-endothelial dysfunction [2], atherosclerosis, hypertension [3,4], alteration of haemorheological
factors, impaired NO availability and increased release
of thromboxane A2 and endothelins [5,6]. Moreover,
chronic smoking and a concomitant obesity and type 2
diabetes with the release of advanced glycation end products (AGEs) and deleterious adipokines (resistin, II-1,
II-6, and TNF-alpha) will further aggravate the pathology
[7]. An analysis of oxidative markers has clearly established the progress of a chronic oxidative stress due to an
excessive generation of reactive oxygen and nitrogen species (ROS, RNS) from mitochondria, neutrophil NADPH
oxidase and from the five NOX isoforms active in vascular tissues [8-10]. Cells become unable to counteract
them with appropriate antioxidants.
Orthodox medicine has provided a number of effective
drugs such as statins, angiotensin II receptors blockers,
thiazide diuretics, beta-blockers, anticoagulants, prosta-
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cyclin analogues, some of which possess ancillary antioxidant properties. Administrations of antioxidants (vitamins C and E, β-carotene) have failed to demonstrate a
beneficial effect on cardiovascular morbility and mortality most likely because it is a passive modality and the
real problem is inside the cell [1,11,12]. During the last
decade it has become evident that dietary interventions,
caloric restriction and a modest physical exercise may be
useful but insufficient and it is indispensable to integrate
the effective drug medication with a procedure able to
selectively enhance the somewhat inhibited innate defensive system.

2. MATERIALS AND METHODS
The Chronic Oxidative Stress Can Be Corrected
by Using Ozone-Therapy
Among the numerous complementary methods, only one
is specifically able to correct the chronic oxidative stress.
Preclinical [13] and clinical [14-16] studies performed
with ozone-therapy have been performed in many countries and in Germany more than one million sessions are
successfully held every year without any side effects.
Ozone, like other gases as NO, CO, H2S and H2, although intrinsically toxic, when properly used in well
determined small concentrations, has become important
medical gases [17-19]. Usually 100 - 150 ml of blood of
the patient, anticoagulated with Na citrate, are collected
in a sterile glass ozone-resistant bottle and an equal
volume of a gas mixture (96% O2-4% O3) is added at a
precisely determined ozone concentration within 0.21 0.84 mM per ml of blood [20]. The ozonated blood is
then infused into the donor patients within 2 - 3 min. The
initial dose is the minimal and, for avoiding any side
effects, is slowly upgraded up to 0.84 mM throughout the
necessary 30 - 40 sessions, twice weekly. The axiom:
“start low, go slow” proves to be ideal and under these
conditions, ozone behaves as an acceptable stressor [20].
Indeed ozone-therapy induces a series of graduated small
oxidative stresses acting on all organs and able to reactivate the potent defence system, which counteracts the
deleterious chronic oxidative stress induced by chronic
inflammatory diseases.
The high reactivity and solubility of ozone in the water
of plasma allows its exhaustion in one min while it generates two crucial messengers such as H2O2 and 4-hydroxynonenal (4-HNE), finally responsible for eliciting
the well defined biochemical [16] and molecular reactions responsible for the biological activities. 4-HNE
readily forms an adduct with the Cys34 of albumin or
with glutathione and this compound is consequently be
able to reach most of cells of the body and to reactivate
the antioxidant defences.
Copyright © 2013 SciRes.
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3. DISCUSSION
3.1. The Real Molecular Mechanisms of
Antioxidant Activation
Alkenal adducts are able to react with the Kelch-like
ECH-associated protein 1 (Keap1)-NF-E2-related factor
2 (Nrf2) system that is present in the cell cytosol with the
role of antagonizing oxidative and electrophilic insults
[20-25]. In detail, Keap 1 is a protein molecule with
many -SH groups that are important for the repression of
Nrf2 activity [26]. Normally, the complex Nrf2-Keap1
has a half life of about 20 min because Keap1 is readily
ubiquitinated and digested in the proteasome. However,
the alkenal interaction with both Cys 272 and 288 of
Keap-1 allows the release of Nrf2, which escapes proteasomal degradation and translocates into the nucleus,
heterodimerizes with a small Maf protein and binds to
the Antioxidant Response Element (ARE or EHRE) on
DNA [21,22,25].
On this basis, it is clear that Nrf2 is now correctly
recognized as the key cellular defence system against
oxidative and xenobiotic stresses. Such a crucial event is
able to upregulate the synthesis of relevant enzymes.

3.2. The Reactivation of the Innate Defence
System Leads to the Synthesis of a Number
of Antioxidant Enzymes Able to Counteract
the Chronic Oxidative Stress
a) Activation of the gamma-glutamyl-cysteine ligase
and of GSH synthase allows a marked increase of the
GSH intracellular level. The enhanced GSH/GSSG ratio
allows an important protection against ROS.
b) Activation of the synthesis of antioxidant enzymes
able to detoxify an excess of ROS such as catalase, SOD,
GSH-peroxidases, GSH-reductase, NADPH-quinone oxidoreductase (NQO1), Cytochrome P450 monooxygenase
system and HSP70.
c) The upregulation of Heme-oxygenase-1 (HO-1) is
also very protective and the trace of CO in combination
with NO allows vasodilation of ischemic tissues.
d) The enhancement of the synthesis and levels of
phase II enzymes such as GSH S-transferases, UDP-glucuronosyltransferases, N-acetyltransferases and sulfotransferases.
e) Inhibition of cytokine-mediated inflammation via
the induction of leukotriene B4 reductase.
f) Reducing iron overload and subsequent oxidative
stress induced via elevated ferritin and bilirubin as a lipophilic antioxidant.
g) The repetition of graduated small oxidative stresses
induces a multiform adaptive response. Moreover, during
the ozone-therapy sessions there is an increased release
of adrenocorticotrophic hormone, followed by cortisol
OPEN ACCESS
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from the cortex of the adrenal glands as a consequence of
the liberation of corticotrophin releasing factor from the
hypothalamus [20]. Such a response is responsible for an
improved feeling of well-being reported by the majority
of patients.
The efficacy of the mentioned orthodox drugs associated with the safe and valid support of the ozonated
autohaemotherapy proves that the concept of integrated
medicine is the best combination because it correctly
associates suitable drugs with the critical stimulus of
reactivating the natural defences.

3.3. The Absolute Lack of Toxicity of
Ozone-Therapy
Gaseous ozone can be harmful at even low concentrations of part per million, affecting especially the eyes and
respiratory systems. Administration of ozone by aerosol
is toxic and must be avoided, as well as the intravenous
administration of the oxygen-ozone gas mixture. On the
contrary, very small and precisely determined ozone dosages during ozone-therapy do not procure any acute or
late side effects. In fact, addition of ozone to blood happens ex vivo and the minimal amount of ozone acts as a
pro-drug and within 2 - 3 min is fully exhausted in small
parts by the plasma antioxidants and by generation of
H2O2 and alkenals [27-29]. The performance of ozonetherapy twice weekly for at least five months (about 40
sessions) also allows to improve the vascular system and
to enhance the oxygenation of ischemic tissues. Moreover, such a bio-oxidative procedure, well known as ozonated autohemotherapy, can be continued with a weekly
session for life with an excellent compliance of patients
[30].
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