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Introduction

ci

In 1991, Prof. Lettieri (Naples, Federico II University) using
Great Ozonated Blood Auto Infusion (GAE) treated patients having acute myocardium infarct, he had good results concerning pain
and prognosis. Oxygen-ozone therapy is protective for ischemic
cardiopathy. In 1996, oxygen-ozone therapy was used in relapse
myocardium infarct prevention, showing an important factor
against infarct relapse. Ozone has an important anti-inflammatory
and rheological action, even if it is a strong oxidant. Paradoxically
ozone activates cells antioxidant system, activates cells enzymatic
function against free radicals and increases DNA antioxidant
enzyme transcription. Ozone also activates redoxine system,
reduce pro inflammatory cytokines II 1β, TNFX, modulate NFKB system, reduce platelet aggregation and stimulate different

growth factor release. Because of the above skills, oxygen-ozone
therapy helps to prevent ischemic cardiopathy and post infarcted
rehabilitation. A mixture of ozone and oxygen administration has
been evaluated on myocardium damaged tissues after an experimental ischemic event and myocardium reperfusion. Infarct damage can be counteract using pre- treatment with oxygen-ozone
gaseous mixture. All our cardiopath patients treated with GAE
have had an emo dynamic benefit, left ventricle ejection fraction
improvement. Patients also improved aritmologic aspect with atrial fibrillation disappearance, enhance or disappearance of different comorbidity that often cardiopath/ischemic patients suffer.
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Ozone therapy in patients affected by myocardial infarction1-13
has been tested in Italy since the 90s when Prof. Biagio Lettieri
treated by self ozone-infused blood infusion some patients with
myocardial infarction in the acute phase,2 finding favorable results
in terms of pain and prognosis and to prevent recurrence of the
infarct to the myocardium.3 Ozone exerts an important anti-inflammatory and rheological activity, despite being a strong oxidant, due
to paradoxical effect activates the cellular antioxidant system4,7-9
by modulating the endogenous protective enzymatic functions of
cells against the radical forms, increasing the transcription at the
DNA level of antioxidant enzymes. Activates the redoxin system,
reduces pro-inflammatory cytokine II 1β, TN5 modulates the NFKB system,6 reduces platelet aggregation and stimulates the release
of various growth factors.6-9 The effects of the acute administration
of an oxygen-ozone mixture on myocardial tissue damage following an experimental ischemia and myocardial reperfusion event
were assessed10 and it was found that the infarct lesion can be
counteracted by pretreatment with the administration of the
gaseous mixture of oxygen-ozone systemically, because it reduces
the size of the necrotic area and the inflammatory and necrosis
marches. An experimental study has documented that the systemic
treatment with ozone increases eNOS activity and activates the
recruitment of endothelial progenitor cells from the medulla, which
has a reparative action in the infarcted zones.11 Oxygen-ozone therapy can reduce restenosis after implantation of metal stents due to
its antioxidant and anti-inflammatory properties.12 Recurrence of
stenosis, restenosis, or poor re-endothelialization may occur after a
percutaneous trans-luminal coronary angioplasty, even using drugeluting stents for its anti-inflammatory and antioxidant properties.
Oxygen ozone therapy improves the FE of the left ventricle in the
infarcted pediatric patients.1,13
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Ozone is a gas characterized by instability, naturally present in
the body and in the atmosphere. Its administration in the body
determines an initial and transitory stress oxidative that the reducing oxide systems of blood and plasma, cooperating with each
other and contrasting.4,7-9,13 Obviously the therapeutic concentrations of ozone never exceed the antioxidant potential of the blood.
Ozone in contact with plasma reacts instantly with antioxidant systems (especially uric acid, ascorbic acid, GSH, cysteine, albumin)
therefore only a small part of the initial dose reacts with polyunsaturated fatty acids.4,7-9
Therefore the potential energy of the ozone is transferred to
two main messengers, such as H2O2, 4-hydroxynonenal (4HNE)
and trans-4-hydroxyzyxal (HHE) aldehyde molecules. Given the
high reactivity of the ozone these reactions happen in a few seconds, and usually a few minutes are sufficient of contact between
blood and oxygen-ozone mixture because ozone is completely
exhausted e oxygen saturates the hemoglobin system, dissolving in
plasma. Antioxidant systems are mostly reintegrated within 20
minutes after exposure to the gas mixture.4,7-9
Deionized H2O2 quickly enters all blood cells and makes the
following changes. In the erythrocytes it activates glycolysis,
increasing intracellular concentrations of ATP and 2.3 DPG. This
translates into a shift to the right of the hemoglobin dissociation
curve, which therefore more easily releases oxygen to the peripheral tissues.7-9 In the leukocytes the phagocytic activity of neutrophils is increased. In lymphocytes and macrophages, the intracellular patterns of LKB, one of the components of NFkB, are activated. The trimer, degraded in the proteasome in hetero dimer p50p65, can activate the transcription of more than 100 genes.
Interleukins and various acute phase proteins are produced, as well
as IFN and TNFα.4,7-9,15 PDGF AB, TGFB1 and growth factors are
produced in the platelets. Aldehydes, reacting with GSH, carnosine
and, above all, albumin, are transported in various body tissues.
The toxicity of 4HNEe HHE is counteracted by compensation
mechanisms such as detoxification, dilution and excretion; these
compounds, in fact, recognized as oxidizing agents, determine a
response from the body that produces SOD, heme-oxygenase,
G6PDH and other powerful antioxidants. The aldehydes also stimulate the production of endothelial Nos,4,7-9,15 improving peripheral perfusion and tissue oxygenation. Furthermore, in a randomized
clinical trial of 140 patients, 70 of whom underwent ozone therapy
and 70 as a control group, the haematochemical parameters
showed a decrease in Oxygen Reactive Metabolites (300±10.1
UCARR at 12 months compared to an initial value of 380±10.4
UCARR, P<0.05) and an increase in the values of the Biological
Antioxidant Potential of plasma (2100±34.8 micromoles/vitamin
C after 12 months compared to the initial value of 1610±36, 2,
P<0.05) in the treated patients compared to the control group.
These data demonstrate that self ozone-driven blood infusion plays
a role in reducing oxidative stress by stimulating the production of
antioxidant enzymes via the endogenous route.
Oxygen ozone therapy in patients with ischemic heart disease or
those affected by myocardial infarction,1-3,13 has been tested in Italy
since 1991 when Prof. Biagio Lettieri, Ordinary of Anesthesia and
Reanimation of Federico II University, Naples, treated some patients
with acute myocardial infarction by means of self blood ozone injection,2 finding favorable results in terms of pain and prognosis. In
1996 ozone therapy oxygen was used in the prevention of recurrence
of the infarct to the myocardium highlighting a significant protection
against relapse of infarction.3 Subsequently, work on guinea pigs
showed that rats subjected to ischemia and myocardial reperfusion,

pretreated with a gaseous mixture of oxygen and ozone, showed less
ischemic areas and better indices of cardiac function than those not
treated with ozone.10,16 The animals were treated with an oxygenozone mixture of 100, 150 and 300 μg/kg infused intraperitoneally
one hour before ischemic damage. The size of the infarct area, the
necrosis markers and tissue damage were measured, lanitrotyrosine,
CD68, CD8, CD4 and caspase-3. The results showed a smaller size
of the infarct area in pretreated rats with the insufflation of the oxygen-ozone mixture and the parallel decrease of the tissue levels of
nitrotyrosine and the markers of inflammation (CD68) and of the
immune response (CD8 and CD4). These data indicate that the damage associated with myocardial ischemia and reperfusion can be
counteracted by pretreatment by administration of the oxygen-ozone
gaseous mixture by systemic route. Other more recent studies11 have
shown that after a myocardial infarction, the levels of Endothelial
Progenitor Cells are reduced in the myocardium. These cells are
derived from the bone marrow and are aimed at mobilizing, migrating and differentiating into local endothelial cells and forming a cellular reserve capable of repairing endothelial damage. Strategies to
increase to increase endothelial progenitor cells in an ischemic heart
seem to improve the neovascularization of ischemic tissue, and
could improve myocardial blood flow by decreasing the ischemia
damage. An experimental animal study11 has shown that oxygenozone protects the heart from acute myocardial infarction thanks to
the local increase of eNOS activity and the recruitment of endothelial progenitor cells.
It has been recently evaluated that oxygen-ozone therapy can
reduce subsequent restenosis plant of metal stents in pigs thanks to
its antioxidant and anti-inflammatory properties.4,6-8,12 Recurrence
of stenosis, restenosis, or poor re-endothelialization may occur
after percutaneous trans-luminal coronary angioplasty, even using
drug-eluting stents, due to inflammation and oxidative stress at the
endothelium. Twelve pigs Male landraces (51±9 kg) underwent
trans-luminal percutaneous metal stent implants in the circumflex
coronary arteries under heparin infusion and fluoroscopic guidance, using standard techniques. The randomized study12 was performed with 6 pigs submitted to oxygen-ozone therapy and 6 other
pigs receiving placebo treatment. Before applying the stent (24
hours before) and twice a week for 30 days after the stent, the
venous blood was collected, ozonated and re-infused. The same
procedure was performed in the placebo group with the exception
of ozonation. Both groups received anticoagulant treatment.
Histopathology and immunohistochemistry were performed. The
results of the study showed a severe inflammatory reaction and
restenosis with increased immunohistochemical expression of
thioredoxin-1 in the placebo group at 30 days after surgery. In the
opposite way, ozone therapy significantly reduced the inflammatory reaction and restenosis, and showed no increase in the Trx-1
immunohistochemical expression 30 days after surgery. Ozonated
autohemotherapy surprisingly reduced restenosis to 30 days from
PTCA with BMS in pigs.12 Stimulation of the redoxin system,
superoxide dismutase, catalase, carnosine, albumine, heme-oxygenase, G6PDH, due to ozone pretreatment has neutralized oxidative
damage by increasing post-ischemic antioxidant capacity, reducing
the risk of stent restenosis.
The data found by prof. Lettieri and Chiefari in the 1990s2,3
confirmed by all experimentations on experimental animals carried
out subsequently10-12,16 and in vivo recently13 show the possibility
of recovery of myocardial tissue affected by an ischemic event has
a more favorable evolution as it is more timely treatment with
GAE meaning timely treatment in the first eight hours of the
ischemic event.
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The study in question on two groups of patients (group A,
treated with GAE within 8 hours from the ischemic event in addition to traditional therapies – group B, treated only with traditional
therapies) has had different evolutions, better in the group of
patients treated with GAE. This clinical data is supported by: ECG
evaluations, enzymatic values, from the calculation of the FE, done
in the peri-infarct phase because the mechanical event precedes the
electrical one. Treatment with GAE, in the early phase of the
ischemic event - within the first 8 hours - allows a significant
increase in the perfusion of the area surrounding the area of necrosis that is in the acute phase of myocardial infarction in the face of
a double fate: the danger that reactive vasoconstriction and the
presence of toxic substances released from the area of necrosis
accentuate ischemia until it results in the enlargement of the
infarct. It is possible, through the preferential channels of the
microcirculation, activated by the mixture of O2-O3, to bring low
viscosity blood into the ischemic zone by operating the reperfusion
recovery of this at risk zone. The action of the O2-O3 mixture,
which activates the antioxidant systems, determines in the erythrocytes greater plasticity, an activation of glycolysis, an increase in
ATP and 2.3 DPG concentrations with better tissue oxygenation,
an increase in eNOS production and stimulation of substances that
moderate the acute phase reaction. For these elements it is believed
that the timely treatment – within the first 8 hours – of an acute
ischemic event, has in GAE an adjuvant to myocardium infarct
classic therapies.
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Ozone therapy by GAE protects the heart of patients suffering
from ischemic heart disease and is useful in the acute phase of
infarction and in the rehabilitation of patients who have had an
acute myocardial infarction with the application of stents.
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