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Editorial

Decade Review

of Ozone Therapy in China

X.HE

Department of Interventional Therapy, Nanfang Hospital, Southern Medical University; Guangzhou, China

It has been ten years since ozone therapy was
first performed in 2000 in China. In the past dec-
ade, ozone therapy has made major achievements.
It was only used for lumbar disc herniation ini-
tially, but now it is used to treat various pains, oste-
oarthritis, gynecological inflammation, ulcers, viral
hepatitis, cerebral infarction and so on. Currently,
hundreds of hospitals have already undertaken
the program of ozone therapy, and according to
incomplete statistics, hundreds of thousands of
patients receive this therapy each year. Patients
with cervical and lumbar disc herniation number
more than 50,000 each year, with a more than 80%
excellent outcome.

In China, HBV prevalence in the population
is very high, and the efficacy of ozone autohe-
motherapy is equivalent to that of oral antiviral
drugs, thus for patients with drug resistance, ozone
autohemotherapy is the best choice. Currently,
many hospitals use ozone therapy for cerebral inf-
arction in clinical research, and this has undergone
rapid development.

The preliminary study outcomes show that ozone
therapy can reduce cerebral edema and promote
brain tissue repair, which has been the new topic
in the last two years. Ozone therapy for tumors is
still in its infancy, but it has seen some good signs.
In September 2008, with the strong support of
the President of the China Chapter of the World

Medical Association Pain, Prof. JiaXiang Ni, the
China Federation of Ozone Therapy (CFOT) was
established, with Prof. Xiaofeng He as director,
liver specialist Prof. Yabing Guo, orthopedic spe-
cialist Prof. Bin Yu and neurological expert Kairun
Peng as core strengths of the federation.

In February 2009, a book called “The clini-
cal application of ozone therapy” edited by the
Xiaofeng He was officially published. It is the first
professional book on ozone therapy in China, col-
lecting the latest researches in various fields. The
first and second annual conferences have been
successfully held since the establishment of the
Federation, with more than 300 participants at each
session and 288 members. Around 30 hospitals or
medical units have been granted “Demonstration
Unit for Ozone Therapy” or “Standardized Unit
of Ozone Therapy”. Meanwhile, with the financial
support of the German HUMARES Company, the
“NANFANG HOSPITAL-HUMARES clinical
training center of ozone therapy” was established
specializing in the systematic training of physicians
who are fresh to ozone therapy. Training contents
include ozone therapy for disc herniation, liver
disease, cerebrovascular disease, osteoarthritis,
and animal experimental practice.

We believe that in the near future, ozone thera-
py will benefit more and more patients like other
treatments.
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Role of Ozone/Oxygen in Fibroblast Growth
Factor Activation. Discovering the Facts

L. RE*?, G. MARTINEZ-SANCHEZ?, G. PEREZ-DAVISON?, M. SIRITO?

tPharmacology, D.I.S.M.A.R., University of Ancona; Ancona, Italy
2Medinat srl Clinic; Camerano, Italy
3Anti Aging Center, Thermal Institute of Angolo Terme; Angolo Terme, Italy
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SUMMARY - Basic fibroblast growth factor (bFGF) is a pleiotropic mitogen which plays an important
role in cell growth, differentiation, migration and survival in different cells and organ systems. Application
of bFGF has been shown to promote cellular proliferation and collagen synthesis in vivo. FGF is mark-
edly up-regulated following bone or tendon injury and active at multiple stages of the healing stimulation
process, local blood circulation, lipolysis and smooth muscle. Looking at the physical and chemical proper-
ties of the ozone molecule, the present work deals with its possible therapeutic action as an FGF activator.
Incubation (2 h) of platelet-rich plasma with 80 pg/mL O,/O, increases the basal concentration of FGF by
approximately 600%. This fact in combination with previous demonstration of the stimulating action of O,,
releasing other platelet factors may potentially allow autologous treatment in aesthetic and clinical tissues
conditions in which FGF has a leading role. The versatility and broad beneficial effect of ozone has become
evident in orthopedics, cutaneous and mucosal infections as well as in dentistry. The induction of FGF and

other growth factors by ozone can support and potentiate those applications.

Introduction

Application of basic fibroblast growth factor
(bFGF) has been shown to promote cellular pro-
liferation and collagen synthesis in vivo. In vitro
and in vivo studies have shown that bFGF is both
a powerful stimulator of angiogenesis and a regu-
lator of cellular migration and proliferation, and
is markedly up-regulated following tendon injury
and active at multiple stages of the healing proc-
esst. Use of FGF as a therapeutic agent for the
treatment of ischemic cardiovascular disease is
promising and clinical trials are in progress. FGF
has pleiotropic roles in many cell types and tissues:
it is a mitogenic, angiogenic and survival factor
involved in cell migration, cell differentiation and
in a variety of developmental processes. Although
devoid of signal peptide, FGF could be secreted. It
acts mainly through a paracrine/autocrine mecha-
nism involving high affinity transmembrane recep-
tors and heparin sulphate proteoglycan low affinity
receptors, but also through a still unknown intra-
crine process(es) on intracellular targets. FGF has
many biological functions which are probably iso-
form-specific. bFGF may sensitively regulate local
bone resorption and remodeling through direct and
indirect mechanisms that promote angiogenesis
and osteocyte recruitment, formation, differen-

tiation and activated bone pit resorption 2 It has
been demonstrated that ozone (O,) can promote
platelet aggregation particularly when heparin
is used as an anticoagulant. Platelet-rich plasma
(PRP) treated with O, significantly increases the
amount of platelet-derived growth factor (PDGF),
transforming growth factor bl (TGF-b 1) and
interleukin-8 (IL-8). These factors are released
in a dose-dependent manner after ozonation of
heparinised PRP samples. These findings may
partially explain the enhanced healing of topi-
cal ulcers in patients with chronic limb ischemia
treated with O, autohaemoteraphy (O,-AHT) 2.
FGF plays a role in various stages of development
and morphogenesis, as well as in angiogenesis and
wound healing processes. That is why the aim of
this study was to evaluate the efficacy of O, to
induce the release of FGF in PRP.

Materials and Methods

The O,/O, mixture was generated just before
application by an Alnitec Ozo2Futura device
(Italy). Ozone obtained from medical grade oxy-
gen represented about 0.4-0.5% of the gas mixture.
The ozone concentration was measured using a
built-in UV spectrophotometer at 254 nm.
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Reagents

Anticoagulants were either heparin (calcium
salt, 30 IU/mL blood) normally used for thera-
peutic purposes (Clarisco, Teofarma srl, Pavia.
Italy) or ACD (citric acid, sodium citrate, glucose)
(Haemonetics, Braintree, MA, USA).

Preparation of platelet-rich plasma samples

Serum, ACD or heparinised PRP were pre-
pared from the same blood samples (18 mL)
drawn from five fasting (12h) non-smoker vol-
unteers between the ages of 23 and 60 years,
who were considered to be healthy and had
not ingested platelet-active medication for at
least two weeks. This study was approved by an
institutional review board (Scientific and Ethics
Committees of the Institution) in accordance
with the principle of the Declaration of Helsinki
concerning the Ethical Principles for Medical
Research Involving Human Subjects . All vol-
unteers signed an informed consent form before
being enrolled. All patients were given adequate
information (characteristics of the study, benefits
and possible side-effects). Before enrolling, all
participants attended a training programme to
familiarize with the study objectives.

Nine parts blood were mixed with one part of
saline or anticoagulated with either one part ACD
or with one part of saline containing heparin so
the final concentration was 30 IU/mL. Blood was
centrifuged at 200 g for 20 min and platelets were
measured with a Coulter counter. An average plate-
let count of 3 x 108/mL serum / plasma was used.

Treatment of biological samples

A volume of 0.4 mL of PPR was mixed with 25
pL saline, 25 pL of CaCl 10%, 25 pL of saline plus
0.4 mL of O,/O, gas mixture (O, concentration of
80 pg/mL) or 25 pL of saline plus 0.4 mL of O.,.
0O,/O, or O,-treated samples were collected with
a silicone coated disposable syringe and immedi-
ately introduced into a second syringe containing
an equivalent volume of PRP via a 'y’ connector.
Final gas pressure remained at normal atmos-
pheric pressure. The PRP samples were gently but
continuously mixed with the gas for up to 30 s and
afterwards the “y” were dispensed into test tubes
for FGF analysis. After 2h incubation each sample
was immediately centrifuged at 10 000 g for 20 min
at 2°C and the supernatant platelet-free was frozen
at —70°C until determination of FGF.

Immunoassay

Immunoassays of human bFGF were carried out
using immunoassay kits produced by EMELCA
Bioscience (Breda, Netherlands). On the basis of
preliminary tests samples were diluted. A Bio-Rad
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680 microplate reader (Hemel Hempstead, UK.)
at 450 nm was used to read the samples absorb-
ance. Samples were tested at least in duplicate
against the appropriate standards.

Statistical analysis

The Outliers preliminary test for detection of
error values was initially applied. Afterwards, data
were analyzed for normality using the Shapiro-
Wilk W test followed by homogeneity variance
test (Levene). In addition, descriptive statistics
was done. Results are expressed as the mean =+ the
standard deviation of the mean (S.D.). A software
package was used for data collection and statistical
analysis (Statistics for Windows 17.0.2, USA). The
significance of the differences between the means
in each group was analyzed by one-way analysis
of variance (ANOVA). The level of statistical
significance was set at p<0.05 for both inter and
intra-groups analysis.

Results

The concentration of FGF was increased by
approximately 580-700 percent after 2h incubation
of PRP with saline, Ca2+, O, or O,/O, compared
to the basal concentration 1.636%+0.969 pg/mL.
Statistical differences were not detected among the
concentrations of FGF from platelets collected in
ACD, heparin or those obtained from serum. The
intra group analysis (different treatment between
the same samples) showed no significant differenc-
es in FGF concentration in samples of PRP treated
with saline, Ca2+, O, or O,/O, (Table 1).

Discussion

It has been demonstrated that exposure of PRP
to O,/O, stimulates the release of different growth
factors3,5, but the effect of this procedure on the
induction of FGF has not been reported. As dem-
onstrated (Table 1) during O,/O, exposure, PRP
released similar quantities of FGF as when incu-
bated with other substrates. FGF has an essential
role in the differentiation of stem cells®” and is a
potent in vitro mitogen for capillary endothelial
cells, stimulating angiogenesis in vivo, and may
participate in tissue repair 2 In contrast with
other PRP treatments O,/O, exposure releases
significant (p<0.05) quantities of other platelet
growth factors (Figure 1), and this pool of factors
is thought to participate in the regeneration of
tissues.

PRP is a rich source of growth factors and pro-
moted significant changes in monocyte-mediated
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Figure 1 Shows that
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creased the release of
platelet growth factors
compared to the basal
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crement was reached
in the O,/O, treated
group for PDFG,
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proinflammatory cytokine/chemokine release.
LXA4 was increased in PRP, suggesting that PRP
may suppress cytokine release, limit inflammation,
and, thereby, promote tissue regeneration®. Platelet
activation allows access to autologous growth
factors which by definition are neither toxic nor
immunogenic and capable of accelerating the nor-
mal processes of bone regeneration. PRP can thus
be considered a useful instrument for increasing
the quality of regenerated bone®, wound healing *°,
healing of injury-associated soft tissue defects ',
chronic non-healing tendon injuries including lat-
eral epicondylitis and plantar fasciitis and cartilage
degeneration 2,

Ozone therapy has been used for many years
as a method ancillary to basic treatment, espe-

cially in those cases in which traditional treat-
ment methods do not give satisfactory results, e.g.
skin loss in non-healing wounds, ulcers, pressure
sores, and fistulae. Clinical results demonstrate
the efficacy of this procedure in post-surgical and
post-trauma complications , diabetic food #, and
others. Some recent studies also demonstrate that
part of the wound repair mechanisms of ozone
or ozone-derived products are associated with
an increased expression of PDGF, TGF-beta, and
VEGF®.

As demonstrated, ozone does not modify the
increment in the release of FGF from PRP.
However, O,/O, stimulates the release of a number
of growth factors present in PRP, including PDGF,
TGF-bl, IL-8 and TBX2. The ability of ozone to

Table 1 Release of bFGF from human platelets during 2h incubation. The PRP samples in saline, heparin or ACD were not exposed
(control), or exposed to Ca2+, O, or O,/O, (80 pg/mL) for 30 s before incubation.

0,/0,

Sample NaCl 80 pg/mL O, Ca2+
Mean 10.84 1050 10.07 11.21

P'af;“ﬁeco;'r?r‘;ted S.D. 1.49 1.40 1.26 1.89
P % I 662 642 616 685
Mean 11.61 9.83 9.62 10.61

P'as?l“qa ;g'gaed S.D. 3.32 2.37 2.33 2.83
% I 709 601 588 648
Mean 9.86 9.50 9.58 10.96

Serum S.D. 261 1.43 2.41 2.89

% I 602 580 586 670
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stimulate the release of other important growth
factors from platelets, like vascular endothelial
growth factor (VEGF) and insulin-like growth
factor (IGF), should be tested. In the early stag-
es of wound healing, platelets are activated by
thrombin and collagen, and growth factors are
released by these activated platelets to facili-
tate repair and healing. The sequence of events
leading to bone formation and wound healing
(chemotaxis, cell migration, proliferation, and dif-
ferentiation) ** are regulated by growth factors?,
many of which are present in PRP. For example,
the recruitment of mesenchymal stem cells and
progenitor cells to the site of bone regeneration
is mediated by collagen as well as chemotactic
factors such as PDGF and TGF-bl. Moreover,
PDGF and TGF-bl stimulate cell proliferation
8 and TGF-bl also induces the osteogenic differ-
entiation of mesenchymal stem cells *. Osteoblast
differentiation is controlled by IGFs and bone
morphogenetic proteins®, and VEGF is critical in
stimulating the angiogenesis necessary for bone
formation and remodeling.
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SUMMARY - Medical ozone therapy has been widely used all over the world, but there are few funda-
mental studies on whether medical ozone includes bacteria and whether it retains its antibiosis ability in vivo.
This study is a bacterial culture experiment of medical ozone at different concentrations (10 pg/ml, 30 pg/ml,
50 pg/ml, 80 pg/ml, using or not a disposable gas filter needle when medical ozone is obtained) from a genera-
tor 20 cm upper puff towards culture capsules for 20 minutes in a superclean bench. Sixteen Wistar rats were
randomly divided into four groups (n=4). Medical ozone at different concentrations (10 pg/ml, 30 pg/ml, 50
pg/ml, 80 pg/ml) was injected into both knee cavities (0.5ml in each knee cavity) of the rats in the four groups,
respectively. A disposable gas filter needle was used when medical ozone was injected into the right side, while
it was not used for the left sides for control. Twenty-four hours after injection, douche fluid of the joints was
obtained for bacterial culture. All blood agar plates for medical ozone gas directly cultured had no colony. As
for the douche fluid culture of the joints, the control group and the fourth experimental group (80 pg/ml) had
no colony. The other three groups had one blood agar plate with colonies; and the number of colonies fell as
medical ozone concentration increased. Therefore, medical ozone may contain bacteria, and the disinfection
of medical ozone after injection may weaken or even disappear, thus in the application of medical ozone

therapy a disposable gas filter should be used with the medical ozone generator.

Introduction

Medical ozone has a strong oxidizing and bacte-
ricidal action in vitro, but its bactericidal action is
based on a certain concentration and certain time,
because the totally enclosed sterile components of
the ozone generator and connecting passageways
cannot be ensured. Does medical ozone contain
bacteria and still maintain its strong bactericidal
capacity after injection and coactions with the
anti-oxidation system? This study preliminarily
explored these questions.

Materials and Method

An E80 ozone generator (OZONLINE, Italy)
was used with adjustable medical ozone level
range of 1~80 umol/ml; pore size 0.22 um dispos-
able gas filter needle (Dept. of Interventional
Therapy, Nanfang Hospital); 16 Wistar rats
(Southern Medical University Laboratory Animal
Center, weighing 180~ 220g, no limit to the sex); 32
one-time blood agar culture capsules (Zhengzhou
Branch Antu Green Bio-engineering Co., Ltd.);

CO, incubator (Queue, USA); superclean bench
(Laboratory of Orthopedic Trauma, Nanfang
Hospital).

Culture of synovial fluid
after intra-articular injection of medical ozone

Sixteen Wistar rats were randomly divided into
four groups (n = 4), and 0.5 ml medical ozone at
a concentration of 10 ug/ml, 30 pg/ml, 50 pg/ml,
80 pg/ml was injected into double rat knee joint
cavities in the four groups, respectively, with the
right knee as the experimental side without using
a disposable needle filter when obtaining medical
ozone and the left knee joint as control side using
disposable needle filters.

At first, the rates were fixed in a supine position
and intraperitoneal injection of 3% sodium pento-
barbital 30 mg/kg was performed for anesthesia.
Then, 0.5 ml medical ozone was obtained with a
1ml sterile syringe. When puncturing the lateral
knee joint space, the needle may have a clear sense
of frustration. If there is no blood when pumping
back, it means the syringe needle did not puncture
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blood vessels, then medical ozone can be injected
into the knee joint cavity of the rats. Medial and
lateral knee joint spaces were bulging in the injec-
tion process, but there was no swelling in the upper
leg or leg, thus we could confirm that the medical
ozone was injected into the joint cavity rather than
outside the joint. In order to avoiding changes in
medical ozone traits, the whole process must be
completed within 15s.

24 hours later after medical ozone injection, the
bilateral knee joints and the surrounding skin were
shaved, and iodine and alcohol were used for skin
sterilization. When the rat knee joint flexion was
about 80~90°, a slight depression could be seen
outside the skin, which is the surface projection of
the lateral knee joint space. 0.5 ml sterile PBS solu-
tion was injected into the joint cavity for articular
cavity perfusion, and then a sterile EP tube was
used for collecting the perfusion fluid.

Both kinds of perfusion fluid (experimental side
and control side) of the four groups (10 pg/ml, 30
pg/ml, 50 pg/ml, 80 pg/ml) were inoculated onto
blood agar Petri dishes on a superclean bench,
and those dishes were placed in a CO, incubator
(culture conditions as 36.5°C, 0.50% CO, concen-
tration) for culture. 48 hours later, the situation of
each Petri dish colony was observed.

Direct culture in superclean bench
Control group: using a disposable gas filter nee-
dle when medical ozone is obtained a sterile hose

connected to an ozonizer using a disposable gas
filter needle, and openings in the superclean bench,

Table 1 Joint fluid bacteria culture situation*.

Control group
Experimental group + - Total
+ 0 3 3
- 0 13 13
Total 0 16 16
*"+" indicated that there was bacterial growth; "-"* indicated no bac-

terial growth

Table 2 Experimental group the number of subgroup cases colony.

Group Colonies number
Medical ozone 10R 13
Medical ozone 30R 8
Medical ozone 50R 2
Medical ozone 80R 0
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20 cm of two blood agar plates, open ozonizer 5
min when the concentration stability in 10ug/ml,
open the plates. Twenty minutes later placed a
CO, incubator (culture conditions as 36.5°C, CO,
concentration of 0.50%), the same method was
applied for concentrations of 30 pg/ml, 50 pg/ml, 80
pg/ml of medical ozone respectively.

Experimental group: medical ozone was
obtained without using a disposable gas filter
needle. A sterile hose connected to an ozonizer
without using a disposable gas filter needle, and
openings in the superclean bench, 20 cm of two
blood agar plates, open ozonizer 5 min when the
concentration stability is 10 pg/ml, open the plates,
20 min later placed a CO, incubator (culture con-
ditions as 36.5 °C, CO, concentration of 0.50%),
the same method was applied for concentrations
of 30 pg/ml, 50 pg/ml, 80 pg/ml of medical ozone
respectively.

Statistical analysis:

SPSS13.0 software was used to analyze the
results, and the standard of a = 0.05. P <0.05 indi-
cated statistically significant difference.

Results

No colonies appeared in the joint cavity douche
culture of one experimental group (80 pg/ml medi-
cal ozone) and all control groups. Meanwhile, the
other three experimental groups (10 pg/ml, 30 pg/
ml and 50 pg/ml) had blood agar Petri dish colo-
nies with the number as 13, 8 and 2, respectively.

Specific colony growth is summarized in Tables
1 and 2. There were three petri dishes of bacteria
growth in total, all in the experimental groups (10
pg/ml, 30 pg/ml, and 50 pg/ml). The experimental
data are not in line with the matching data chi-
square test, so only the results could be described.
When the medical ozone concentration decreased,
the number of colonies in the experimental groups
increased significantly.

Discussion

In 1906, in the French city of Nice, medical
ozone was used to disinfect water. Then, the steri-
lization effect of medical ozone was used for dis-
infection of municipal water by certain countries
in the world. Since medical ozone is a strong oxi-
dizer, its sterilization is based on oxidization. And
as a broad-spectrum microbicide, its disinfection
is 300~600 times faster than chlorine. However,
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the disinfection ability of medical ozone is mainly
affected by temperature, contact time and medical
0zone concentration™.

Common ozone uses air as a raw material for
preparation, containing many nitrogen oxides, thus
the concentration cannot be precisely controlled.
In this study, the medical ozone was made from
pure oxygen by sophisticated medical regulating
the medical ozone concentration of the ozone
generator, and the medical ozone is a mixture
of medical ozone and oxygen, without any other
compound. It has many biological effects, such as
promotion of glycolysis, regulation of the immune
system, alleviating pain, anti-inflammatory, effects
of blood rheology, anti-bacteria, anti-mycetes, anti-
viruses, and so on. The application of the dosage
and the concentration is very important: the medi-
cal ozone at too low a concentration is not able to
perform its biological effects, and at too high a con-
centration, especially over the capacity of body’s
antioxidant enzymes and glutathione, the gener-
ated superoxide anion and hyperoxide may cause
decomposition of the cell membrane. Prof. Bocci’s
experiments showed that medical ozone at the
concentration of 1~80 pumol/ml had no significant
detrimental effect on red blood cells. Therefore,
the general application of medical ozone concen-
trations should be less than 80 umol / ml, usually
between 20 ~ 50 umol/mi2,

In recent years, the sphere of medical ozone
therapy has gradually widened. In addition to
medical ozone autohaemotherapy and percutane-
ous treatment of disc herniation, medical ozone
has also been widely used in a variety of pain treat-
ments, such as nerve root pain and sciatica, joint
periarthritis and tenosynovitis. Those therapies
have had good effects**. Medical ozone therapy in
the treatment of soft tissue pain, such as around
the neuralgia, fibromyalgia, joint periarthritis,
tenosynovitis and tendon, etc. showed its benefits
of being inexpensive, efficient and convenient®.
Many medical ozone therapists announced the
superiority of medical ozone and believed that
medical ozone itself referred to disinfection, so
the risk of infection was extremely low. However,
components of the ozone generator do not guar-
antee sterility, and also for other aspects related
to the ozone generator, such as pure oxygen, each
port and connecting pipe, pathogens may carry a
risk of infection.

Medical ozone disinfection must rely on the
concentration as well as a certain time*, when
medical ozone’s concentration was below the bac-
tericidal concentration, or the time domain was
shorter than a certain period of time, especially
when the medical ozone was injected into the
body too quickly and coacts with the antioxidant

system in vivo, losing its strong oxidizing charac-
teristics, it may not play a role of sterilization, and
may not even Kill the pathogens emerging when
medical ozone was generated, finally resulting in
infection. Serious infections caused by medical
ozone therapy were also occasionally reported,
for example, Gazzeri et al.’” reported medical
ozone percutaneous treatment of patients with
disc herniation: three days after treatment medi-
cal ozone-related sepsis broke out, and the cause
might be the weak concept of aseptic technique,
but infection caused by medical ozone pollution
could not be ruled out.

The problem is the concern of medical ozone
therapists and patients, having great relation to
patients’ acceptance and confidence in medical
ozone therapy, and certainly being related to the
application and promotion of medical ozone ther-
apy. Therefore, we carried out a preliminary test,
trying to provide the relevant experimental data.

In the first part of the experiment, with or with-
out filter needles, each concentration of medical
ozone exposure of dishes was cultured for 20 min-
utes. After 24-hour culture, there was no bacterial
growth. Two reasons may account for this: O no
concentrations of oxygen-ozone mixture included
bacteria; O a certain period of time later, the bac-
teria was disinfected by the mixture. In the second
part, three experimental groups showed positive
results, with bacterial growth inside the inoculating
loop’s scarification, which meant possible pollution
in the period of culture, indicating bacteria in the
joint fluid. The source of the bacteria might be as
follows: O pollution during operation; OO medical
ozone contains bacteria. Although experiments
were done in SPF-class laboratory or in a super-
clean bench, we still could not guarantee the total
enclosed sterility of all operations. However, there
was no bacterial growth in the groups subjected
to disposable filter needles, which prompted that
the application of filter needle may be a great
factor to reduce pollution. When medical ozone
was polluted by bacteria and other pathogens, or
pathogens within itself, and when the amount was
small, its concentration was restricted, or might not
kill the bacteria it contains, raising the possibility
of infection.

The number of colonies increased as medi-
cal ozone concentration reduced, indicating even
the inhibitory capacity of a high concentration
of medical ozone might still be stronger than a
low one. As the sample was limited, we could not
come to the conclusion that when medical ozone
concentration increases, its ability to disinfect the
body is enhanced and it is also indefinite whether
the concentration is up to 80 umol/ml, the infection
could be avoided.

61



Bacterial Culture Experiments of Medical Ozone

B. Yu

Conclusion

Direct bacteriological testing of medical ozone
failed to detect bacteria, but when medical ozone
was injected into the articular cavity, the results of
joint fluid culture were partially positive, suggest-
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Abstract: After a long initial stage obscured by empirism and misconceptions, oxygen-ozonetherapy has now become a
scientific discipline where the reactions between ozone and human blood are within the realm of orthodox biochemistry,
physiology and pharmacology. Most of the basic mechanisms of action have been clarified and ozone can be considered a
pro-drug, which almost instantaneously reacts with antioxidants and unsaturated fatty acids. These reactions generate the
actual ozone messengers represented by either hydrogen peroxide as a fast acting compound or a variety of lipid oxidation
products as late effectors. While ozone is totally consumed, micromolar amounts of these messengers are able to enhance
the delivery of oxygen via erythrocyte activation, the immune system by a bland leukocyte stimulation and most of the
remaining body cells by up-regulating the antioxidant system. The hazard of ozone toxicity has been dispelled by using
the gas only within a dose range perfectly calibrated against the potent blood antioxidant capability. Ozonetherapy can be
very useful in patients with chronic vascular disorders and ischemic problems and should be extensively used by official
medicine. An extraordinary facet of ozone is its medical application versatility, as represented by several administration

routes, and the minimal cost of this drug.

Key Words: Ozonetherapy, oxidative stress, antioxidants, ozone tolerance, hormesis, vascular diseases.

INTRODUCTION

Ozonetherapy is almost a century old as it was firstly
used as a potent disinfectant for treating gaseous gangrene in
German soldiers during Wold War 1. At about the same time,
Stoker [1] reported the ozone treatment of several medical
cases. It was unfortunate that Christian Friedrich Schénbein,
who discovered ozone in 1840, could not take advantage of
ozone when he contracted and died from a Bacillus anthracis
infection in 1868. A leap forward was made by the physicist
Joachim Hinsler when, in the 70s, invented the first medical
ozone generator thus allowing the possibility of using ozone
in medicine. Hans Wolff [2] deserves the credit for having
developed the methodology of the ozonated autohemother-
apy by exposing human blood in a disposable, ozone-
resistant glass bottle to a volume of gas composed by a mix-
ture of medical oxygen (about 95%) and the extemporane-
ously generated ozone (about 5%). However, only at the end
of the century, modern ozone generators, including a UV
photometer (252.6 nm) measuring in real-time the ozone
concentration, became available and permitted a real pro-
gress. In 1995 the National Institutes of Health (Bethesda
MD, USA) included ozone and hydrogen peroxide therapy
among the pharmacological and biological treatments as
alternative and complementary therapies [3]. In spite of this,
only about fourteen States of the USA permit to practice
ozonetherapy while the Food and Drug Administration con-
tinues to deny permission to use ozone in medicine. The
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FDA is slow in adjourning its decision because ozone has
been badly used in the 90s by directly injecting the gas mix-
ture intravenously into HIV patients, thus procuring deadly
oxygen embolism. However, in the patients’ interest, it is
time that the FDA revises its negative position.

During the last decade a number of scientific studies [4-
6], reviews [7-9] and books [10,11] have allowed to clarify
that ozone dissolves in the water of plasma very rapidly and
switches on a number of chemical reactions, which, on one
hand, lead to its exhaustion, while, on the other hand, gener-
ate new chemical compounds able to trigger a number of
biochemical reactions. Thus now ozone is considered a pro-
drug implying that pharmacological or eventual side effects
are due to its gencrated messengers. At variance with other
complementary approaches, where the mechanisms of action
remain hypothetical or scientifically not verifiable, oxygen-
ozonetherapy, after some initial difficulties due to miscon-
ceptions and empirism, has reached a stage where the reac-
tions elicited by ozone in human blood and other biological
fluids are within the realm of orthodox biochemistry, physi-
ology and pharmacology. This is so true that ozone, in itself
a strong and dangerous oxidant, can be used as a real medi-
cal drug provided that both its precise concentrations (hence
the dose equal to the product of the precise ozone concentra-
tion with the gas volume) and the antioxidant capacity of the
biological substrates are known. The actual understanding of
the various biochemical reactions, the chemical characteris-
tics of the generated messengers, their interaction with
physiological components and their pharmacodynamic allow
to recommend oxygen-ozonetherapy in vascular disorders
characterized by ischemia and chronic oxidative stress where

©2009 Bentham Science Publishers Ltd.
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orthodox medication, although useful, still present limita-
tions [8,11].

The main aim of this review is to critically analyze all the
involved compounds, their biological activities and potential
toxicity for justifying the use of ozone by different admini-
stration routes in some pathologies. It has become obvious
that ozonetherapy cannot be explained by a straightforward
interaction between a molecule and its receptor because of
the number of messengers and of their different fate and life-
time in the organism. This complexity is not a disadvantage
and it seems to result in the synergism of different biological
activities. Therefore ozonetherapy is now considered a modi-
fier of the biological response, that is needed in chronic pa-
thologies usually complicated by a chronic oxidative stress.
Moreover it must be emphasized that ozonetherapy repre-
sents another example of stimulatory responses following a
precise stimulus below the toxicological threshold. The con-
cept of “hormesis”™ has been masterly exemplified by Cala-
brese [12] and, interestingly, the ability of some medical
gases (NO, CO, Hs, H,S, Xe and O;) used at very low con-
centrations to ameliorate oxidative stress has been further
stressed by Nakao et al. [13].

THE DOGMA OF OZONE TOXICITY IS WELL DIS-
PROVED IN THE CASE OF OZONETHERAPY

Ozone is a very reactive gas and it has an oxidation po-
tential of 2.07 Volts. In the stratosphere the ozone layer with
an average concentration of 10 ppm (0.01 pg/ml) is very
useful for avoiding an excessive UV solar radiation on living

Table 1.

Bocci et al.

beings. Chemists, lacking an ample knowledge of the bio-
logical system, are concerned about its medical use and tend
to create a diffused scepticism. Moreover, ozone foxicity for
the pulmonary system during prolonged inhalation of photo-
chemical smog containing 0.2 ppm (0.0002 pg/ml) ozone is
well known. Any possible leakage of ozone must be avoided
and not only children, asthmatics, smokers and elderly peo-
ple but also normal adults can be adversely affected [14,15].
Chronic oxidative stress induced by ozone in the lungs
causes a steady release of a huge amount of peroxidative
products and proinflammatory cytokines which, by easily
overwhelming the antioxidant defences present in the very
thin film of surfactant (about 0.1 pm), layered over as many
as 70 m” of alveoli, not only damage the respiratory surface
but, after entering the circulation, cause chronic inflamma-
tions in several organs [16].

How then ozone can be medically useful? Luckily, after
about 2.5 billion years of terrestrial life in oxygenated air, a
very potent and multiform antioxidant system (Table 1) has
developed in biological fluids and cells and it has become
almost completely protective.

A comparative evaluation of the antioxidant system in
the human lungs and blood has been very instructive [17]:
the enormous respiratory surface is covered with only about
20-40 ml of endothelial lining fluid (ELF) containing a mod-
est amount of hydrophilic antioxidants, and less than 100 mg
of albumin to neutralize the ozone insult. On the other hand,
about 2.8L of plasma and a further 10-12 L of interstitial
fluids contain as many as about 470 g of albumin, which is

The Antioxidant Nonenzymatic and Enzymatic Systems in Biological Fluids

NONENZYMATIC

Hydrosoluble: uric acid, ascorbic acid, glucose, cysteine, cysteamine, taurine, tryptophan, hystidine, methionine, glutathione, plasma proteins

Liposoluble: vitamin E, vitamin A, carotenoids, coenzyme Q, a-lipoic acid, bilirubin, thioredoxin, bioflavonoids, melatonin, lvcopene

Chelating proteins: transferrin, ferritin, caeruloplasmin, lactoferrin, haemopessin, albumin

ENZYMATIC

20,0+ 2°

Superoxide Dismutases (SOD): Cu/ZnSOD, MnSOD, CuSOD

H 202 + ()2

21,0,

Catalase (Cat)
2H 10 + Oz

2GSH +  H,0,
2GSH + ROOH

Glutathione Peroxidases (GSH-Px)

GSSG + H,0
GSSG + H,0 + ROH

GSSG +

Glutathione Reductases (GSH-Rd)
NADPH + H'

e 2GSH

NADP® 4  Glucose 6-Phosphate ——=  NADPH +

+ NADP'
6-Phosphate Gluconic Acid

Heme ———=

Glutathione Transferases (GSH-Tr)
It detoxifies electrophilic xenobiotics, unsaturated aldehydes (e.g. 4-hydroxynonenal, HNE) and hydroperoxides formed as secondary metabolites during
oxidative stress
Heme-oxygenase-1 (HO-I)
Bilirubin + CO + Fe¥
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one of the most protective protein. Similar huge differences
have been calculated [17] for several other antioxidants. On
this basis and using only the minimal, yet sufficient ozone
dosage, it has become clear why we can safely use ozone as
a medical drug and it will be further demonstrated how a
precisely calculated ozone dose can be promptly tamed by
the natural antioxidant system.

WAYS AND ROUTES OF OZONE ADMINISTRA-
TION

After the preliminary clarification of the previous critical
issue, the aim of this paper is to make a critical revision of
the several ways currently used for ozone administration in
patients, to evaluate the pros and cons of:

1) The major and minor ozonated autohemotherapy.

2) The extracorporeal circulation of blood against oxygen-
ozone.

3) The intravenous infusion of ozonated physiological sa-
line.

4) The intravenous infusion of ozonated water.
5) The quasi-total body exposure to oxygen-ozone.

6) The administration of the gaseous oxygen-ozone mixture
via several routes: subcutaneous, intramuscular and in-
tradiscal.

7) The intracavitary and intralesional administration of
ozone.

8) The administration of oxygen-ozone via the colon-rectal
route.

1) The Major and Minor Autohemotherapy (AHT)

These techniques represent the classical, old methods of
blood ozonation. Major and minor AHT are referred only to
a large (100-250 ml of blood) or to a small volume (5 ml) of
blood, respectively. However, also their routes of administra-
tion are different: the former is intravenous and the latter is
intramuscular. Moreover, there are fundamental differences
regarding the preparation, the biochemistry, pharmacokinetic
and the therapeutic aim. Both these procedures represent the
paradigmatic example of ozone administration and they are
also the best model for understanding the chemical reactions
of ozone with blood components. The gas mixture is always
composed of medical oxygen (about 95%) and ozone (about
5% or less). Oxygen is of medical grade and the gas mixture
must be always sterilized by passing through an ozone-
resistant filter (0.2 pm).

Is oxygen therapeutically important? Not in this case,
even though oxygen must be used as the generator of ozone.
As the 250 ml of the gas mixture contain no less than 95%
oxygen, the pO; in the glass bottle containing 250 ml of anti-
coagulated (either with 3.8 % Na citrate or with heparin 10-
20 IU/ml) blood, at a pressure of 700 mmHg allows the
solubility of about 1.5 ml oxygen in the plasma, that is al-
most 7-fold higher than the physiological one, in the pulmo-
nary veins. All haemoglobin is fully saturated with oxygen
and exists as HbsOg only. However the relevance of the high
oxygen tension is irrelevant because the infusion of the

Current Drug Therapy, 2009, Vol, 4, No. 3 161

ozonated blood into the donor takes about 20 min (about
12.5 ml/min) and within this period, it mixes with as many
as 100 litres of venous blood with a pO; of about 40 mmHg.
As a consequence the extra oxygen has a negligible value.

The real drug is ozone which appears to be 10-fold more
soluble than oxygen in water, in relation to the experimental
conditions [18]. The ozone dissolves very rapidly in the
plasmatic water and immediately reacts with both hydro-
soluble antioxidants (ascorbic acid: about 50 uM, uric acid:
about 400 uM, reduced glutathione - GSH: about 6 uM) and
polyunsaturated fatty acids (PUFA), mainly omega-6, bound
to albumin. Normal human plasma contains about 5 mg/ml
lipids but phospholipids and cholesterol in lipoproteins are
not readily accessible to water-dissolved ozone [19]. Moreo-
ver, of the about 70 mg/ml proteins in plasma, about 40 mg
are constituted by albumin (67 KDa) that contains one free
cysteine (Cys34) and 17 pairs of disulfide bridges (S-S link-
ages) in its three homologous domains. During ozonation,
the Cys-SH group of albumin could also allow the formation
of Cys-SOH group, typical of sulfenic acid [20,21]. Thus,
the potent antioxidant capacity of plasma is partly responsi-
ble for taming the strong oxidant properties of ozone. During
its rapid decomposition, electrons donated to ozone by
ascorbic acid transform it to dehydroascorbate, when the
highest ozone concentration of the therapeutic range is used.
Moreover, uric acid cooperates with ascorbic acid, but it is
irreversibly oxidized to allantoin. The reaction with PUFA
[22] occurs at the same time as shown in Fig. (1).

R\ ;R R
{C:C\ + 03 + H,0 —— 2 >:() + Hy0,
H H H

Fig. (1). Simplification of the PUFA ozonation process in aqueous
environment.

This reaction has a fundamental importance because it
generates two types of compounds, the first of which is H,O,
(included among Reactive Oxygen Species, ROS) with a
very brief half-life and the second represented by a variety of
aldehydes, relatively more stable.

Upon the variable characteristics of PUFA, several types
of aldehydes are formed although HNE represents the main
species. The free Cys(34) of albumin can be either readily
oxidized or it can bind HNE. Moreover eleven accessible
nucleophilic residues, constituted by Lys(199) and His(146)
can also readily bind up to eleven HNE molecules. The small
amount of cysteine, but especially free GSH in plasma can
also act as an electron donor either being oxidized to sul-
fonates [23], or they can form an adduct with HNE at a
slower rate constant than the nucleophilic albumin residues.

It is now clear that the ozone dose, calibrated against the
antioxidant capacity of blood, is partly consumed by the
readily available antioxidants and partly is used for generat-
ing the ozone messengers, H,O, and HNE, necessary to elicit
the biochemical reactions leading to therapeutic effects. It
becomes understandable that a too small ozone dose will be
totally quenched by antioxidants, while an excessive dose
may damage blood cells.
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For some time it has been known that the reducing com-
pounds act as “sacrificial” molecules and albumin, besides
being one of the most potent antioxidant [24], acts also as
endogenous detoxifying agent of circulating reactive car-
bonyl species transporting them in the three hydrophobic
pockets [25-27].

Physiological levels of transferrin, ceruloplasmin and
metallothioneins prevent the formation of OH. Both uric
acid and ascorbic acid are valuable scavenger of OH, O,
0-NOO- and lipoperoxides [28-30]. H,O, and peroxinitrite
may also allow the formation of sulfenic acid in albumin
[20,21] or induce its dimerization [31,32]. While allantoin is
excreted, heavily oxidized albumin can be taken up by the
reticulo-endothelial system without any negative effect ow-
ing to the large albumin pool and an intensive hepatic syn-
thesis [33]. On the other hand, dehydroascorbate is reduced
within a few minutes by recycling in the erythrocytes via the
cooperation of thioredoxin, GSH-Rd and the continuous
formation of reducing equivalents by glucose-6-phosphate
dehydrogenase [9,10]. The scheme suggested by Parker (per-
sonal communication to V.B.) is very enlightening (Fig. 2).

During this rapid initial phase, ozone becomes extinct but
it causes the formation of the messengers such as hydrogen
peroxide and HNE as the most substantial aldehyde. The
valid range of ozone dosages has been determined between
0.42 uM or 20 pg/ml and 1.68 pM and 80 pg/ml of gas per
ml of blood) against the antioxidant capacity of blood (be-
tween 1.28 and 1.83 mmol/L plasma) [34]. At the usual
therapeutical doses, ozone is unable to peroxidize phosphol-
ipids of erythrocytic membranes [5] and/or modify metahe-
moglobin levels, to increase hemolysis or cause a leakage of
K" and lactic dehydrogenase from erythrocytes, simply be-
cause the ozone dose is totally consumed in the plasma
[35,36]. The electrophoretic mobility of erythrocytes as well
as their osmotic fragility remain unmodified [36]. Moreover
plasma levels of fibrinogen, cholesterol, triglycerides, HDL
and LDL as well as enzymatic levels of superoxide dismu-
tase, glucose-6-phosphate dehydrogenase, GSH-Px and
GSH-Rd (U/g Hb) in erythrocytes do not vary after ozona-
tion of blood within the therapeutic range [36]. Ozone dos-
ages above 2.1 uM or 100 pg/ml gas per ml of blood can
slowly start to affect all of these parameters. On the other
hand, very extensive alterations have been observed during
ozonation of saline-washed human erythrocytes suspended in
either saline or distilled water and it has been unfortunate
that these artifactual and unphysiological studies have been
performed reaching the wrong conclusion that ozone irre-
versibly damages erythrocytes [37,38]. However, these stud-
Yitamin E

ROOH Ascorbate

Dehydro-
ascorbate

ROO+ Vitamin E

Fig. (2). Pathways of the cellular reduction systems during oxidant insult.
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ies have been useful in proving the great importance of
plasma antioxidants in neutralizing the deleterious ozone
effects.

The next problem was to evaluate the biochemical and
toxicological relevance of the most important ozone messen-
gers: the peroxidative decomposition of the PUFA [39], on
the basis of their varied and complex composition, lead to
the release of a non-radical, reactive oxygen species such as
hydrogen peroxide and a variety of lipid oxidation products
(LOPs) such as lipoperoxides (LOO), alkoxyl radicals (LO),
lipohydroperoxides (LOOH), isoprostanes and a group of 4-
hydroxylated-2,3-trans-alkenals of which the most quantita-
tively important is HNE. This aspect has been extensively
reviewed by Barrera et al. [40] and Poli ef al. [41].

As ozone dissolves into the water of plasma, hydrogen
peroxide is generated within the first few minutes and, while
it is partly quenched by antioxidants, it selects the PUFA as a
preferred substrate. The establishment of a H.O, gradient
between the plasma and the cytoplasmatic water of blood
cells makes this oxidant a very early effector. Its concentra-
tion depends upon the ozone concentration but at a concen-
tration of 1.68 pumol/ml is no higher than 40 pmoles [42].
This concentration is very transitory because firstly, in the
plasma, it is inactivated by antioxidants and secondly, by
quickly passing through the cell membrane, undergoes dilu-
tion and further inactivation in the cytoplasmic water. Its
intracellular concentration (at most 2-4 pmoles) has been
assessed to be about 1/10 of the plasmatic one because it is
quickly reduced to H,O by free GSH, Cat and GSH-Px
[4,6,42-46]. Its half-life is of about 1 sec and yet its intracel-
lular concentration has a critical importance because acti-
vates the pentose cycle in erythrocytes [9,11], a tyrosine
kinase in lymphocytes [9.47], and induces the release of
growth factors from platelets [48]. Although the threshold is
only of a few micromoles, it is physiologically important and
means that an ozone dose below 0.21 pmol/ml of gas per ml
of blood, can be biologically ineffective because the ozone
dose, hence the generated H,O, is totally neutralized by the
plasma antioxidants. In other words, the concept of a thresh-
old helps to understand that a too low ozone dose may be
ineffective (placebo effect), while a dose higher than the
therapeutic one can be toxic. It is interesting that the ozona-
tion process, characterized by the consumption of antioxi-
dants, deeply differs whether it occurs in the plasma alone or
in blood. Within the ozone therapeutic dose, when it occurs
in the plasma, during the following 20 min the antioxidant
capacity is reduced by 52+4 % and it does not recover, while
in blood is reduced by 26+3% within one min, but it rapidly
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return to the initial value after 20 min. The rapid reconstitu-
tion of the antioxidant capacity was well shown to be due to
the recycling process of dehydroascorbate to ascorbic acid,
mainly operated by GSH and thioredoxin reductases [49,50].
Moreover the erythrocytes mass, via glucose-6-phosphate
dehydrogenase activity, can continuously supply NADPH-
reducing equivalents. Notably an increase of this enzyme has
been determined in very young erythrocytes during ozone-
therapy [9].

Given the toxicity of aldehydic LOPs, particularly re-
garding HNE [41], it is important to know their distribution,
metabolism and fate.

HNE is a normally detectable molecule (0,7-1,0 pM) and
on its own, is very unstable and toxic. At first it was surpris-
ing to observe that LOPs’ levels (generated by ozonation of
human plasma samples and measured as thiobarbituric acid
reactive substances, TBARS) incubated in virro at +37°C
and pH 7.3, hardly declined during the next 9 hours indicat-
ing their stability in a acellular medium. On the other hand,
the same samples, infused intravenously in the respective
macular degeneration’s patients, disappeared rapidly from
the circulation with a half-life of 4.2+1.7 min [51,52].

This result can be explained by the following five processes:
a) formation of albumin-HNE adducts

Assuming to ozonate 200 ml of blood with an ozone dose
of 8 mg, the presence of about 5.4 g of albumin, particu-
larly Cys(34) can form an adduct with HNE (see Fig. 3).
Moreover HNE binds easily to the albumin nucleophilic
groups [53].

b) dilution in the plasmatic and extravascular albumin
pool

During the infusion of the ozonated blood into the pa-
tient, the albumin-HNE adducts will firstly dilute within
the intravascular albumin pool represented by about 130 g
albumin and then with the extravascular pool containing
about 340 g albumin. Thus, in a total body pool of about
470 g albumin, the ozonated aliquot is less than 1%.

¢) detoxification

This is operated very rapidly inside billions of cells by
available GSH and at least three enzymes such as alde-
hyde dehydrogenase CYP450, aldose reductase and
GSH-Tr [54,55].

Current Drug Therapy, 2009, Vol. 4, No. 3 163

d) excretion

HNE metabolized as mercapturic acid had been detected
in urine and in bile after hepatic detoxification [56].

e) HNE as a signaling molecule

It is most interesting that traces of HNE or other al-
chenals-albumin adducts and sulfenic acid-albumin, in
submicromolar concentrations, can act on a variety of or-
gans as signaling molecules able to activate a number of
biochemical pathways [53,57,58)].

Processes a), b) and e) can explain that LOPs and particu-
larly HNE, at submicromolar levels produced during cali-
brated blood ozonation will eventually inform cells from the
bone marrow to the hypothalamus, of an acute oxidative
stress. If this interpretation is correct, LOPs will have the
role of late-acting messengers able to induce an upregulation
of antioxidant enzymes and HO-I. Previous clinical data
have shown that patients, if not already overwhelmed by the
chronic oxidative stress, can express this positive response
during prolonged ozonetherapy [9,59].

The major AHT has already proved to be very useful in
vascular disorders complicated by ischemia because of an
improved vasodilation in ischemic areas and an increased
delivery of oxygenated blood. No evidence of side effects
has ever been shown [7,9-11] but it remains impellent to
perform a multicenter trial in thousands of patients for elimi-
nating the persisting prejudice and convince sceptical an-
giologists that this approach is preferable to the intravenous
infusion of prostanoids, which are expensive and often pro-
cure side effects.

By now, several million major AHT have been per-
formed in many Countries, but one practical problem is the
need to collect blood, to ozonize it ex vivo and to reinfuse it
in the donor. Although the cost of the material is negligible
and the whole procedure can be done in less than an hour, it
needs to be performed at a hospital (or in a private clinic)
and, when the patient is not auto-sufficient, a family’s help is
required. There is no legal problem for the physician to col-
lect the patient’s blood in a glass bottle provided that the
blood is reinfused in the donor, who accept the procedure
having signed an informed consent and with a compliance of
almost 100%. The physician specialized in ozonetherapy
cannot in any case infuse the blood in any other patient but
this, to our knowledge, has never been done but it would
infringe the law regulating blood transfusions. Collection of
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Fig. (3). HNE (1) and HNE-Cys-adducts (2a,2b). The lipid aldehyde HNE is an electrophile highly reactive with nucleophils (e.g. Cys, His

and Lys).
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pathology. Regretfully, improvement of our knowledge is
slow because neither funds nor sponsors supporting this re-
scarch have been so far available. Finally we have to de-
nounce the use of common dialysis filters in the place of the
appropriate GED in Asian countries. Although good clinical
results have been claimed, dialysis filters are not ozone-
resistant and can release toxic compounds in the patient’s
blood.

3) The Intravenous Infusion of Ozonated Physiological
Saline

In 1994, it was demonstrated that ozonation of medical
physiological saline (0.9% NaCl) with various ozone con-
centrations (50-70-100 pg/ml ozone) induced at the same
time formation of hydrogen peroxide and chemiluminescent
effects indicating the generation of free radicals [4]. The
production of H,0, is progressive and by using an ozone
concentration of 100 pg/ml reached the value of 20 uM after
60 min ozone insufflation (Fig. 4).

Infusion of 250 ml of this solution in healthy volunteers
caused considerable pain along the venous path of the in-
fused arm after about 24 hours. This indicated that the solu-
tion has irritated the endothelium with the risk of a phlebitis
and we were concerned that, besides H,0-, a transitory for-
mation of HOCI may be the noxious agent. Although chlo-
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ride could be oxidized by ozone to perchlorate [73], the sa-
line solution containing traces of Fe’* may lead to the Fen-
ton’s reactions [74]:

H,0, + Fe?' —« HO + OH + Fe**

H,0, + CI + HO' HCIO + 2H,0

Hypochlorous acid constitutes an inflammatory agent of
the endothelium during an infusion, even at a concentration
of 10 uM. Moreover, it may activate platelets and induce a
microcoagulation. Although it is well known that CIO is
physiologically produced by phagocytic cells and it is an
efficacious bactericidal compound, it remains either confined
in phagosomes or released in plasma near endothelial cells
[75]. However, CIO" is one of the most noxious reactive
oxygen species (ROS) during a chronic inflammation.

It is unfortunate that the practice of using ozonated saline
has become common in Russia and is widely used because it
is inexpensive and less time-consuming than major AHT and
simultaneously applicable to many patients. As it could be
foreseen, physicians have started to use it also in Italy, Spain,
Greece and Turkey. Ikonomidis e al. [76] have reported that
they maintain the saline solution under a constant flow of
ozone during transfusion but they warned that the maximum
amount of ozone daily administered is usually 4-5 mg and
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Fig. (4). Kinetics of the chemiluminescent signals and of the H,O, production after exposing saline to oxygen alone or to three concentration

of ozone (50, 70, 100 pg/ml per ml of solvent).
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pathology. Regretfully, improvement of our knowledge is
slow because neither funds nor sponsors supporting this re-
scarch have been so far available. Finally we have to de-
nounce the use of common dialysis filters in the place of the
appropriate GED in Asian countries. Although good clinical
results have been claimed, dialysis filters are not ozone-
resistant and can release toxic compounds in the patient’s
blood.

3) The Intravenous Infusion of Ozonated Physiological
Saline

In 1994, it was demonstrated that ozonation of medical
physiological saline (0.9% NaCl) with various ozone con-
centrations (50-70-100 pg/ml ozone) induced at the same
time formation of hydrogen peroxide and chemiluminescent
effects indicating the generation of free radicals [4]. The
production of H,0, is progressive and by using an ozone
concentration of 100 pg/ml reached the value of 20 pM after
60 min ozone insufflation (Fig. 4).

Infusion of 250 ml of this solution in healthy volunteers
caused considerable pain along the venous path of the in-
fused arm after about 24 hours. This indicated that the solu-
tion has irritated the endothelium with the risk of a phlebitis
and we were concerned that, besides H,0,, a transitory for-
mation of HOCI may be the noxious agent. Although chlo-
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ride could be oxidized by ozone to perchlorate [73], the sa-
line solution containing traces of Fe’ may lead to the Fen-
ton’s reactions [74]:

H,0, + Fe*' ———« HO + OH + Fe*'

H,0, + CI + HO' HCIO + 2H,0

Hypochlorous acid constitutes an inflammatory agent of
the endothelium during an infusion, even at a concentration
of 10 uM. Moreover, it may activate platelets and induce a
microcoagulation. Although it is well known that ClIO is
physiologically produced by phagocytic cells and it is an
efficacious bactericidal compound, it remains either confined
in phagosomes or released in plasma near endothelial cells
[75]. However, CIO" is one of the most noxious reactive
oxygen species (ROS) during a chronic inflammation.

It is unfortunate that the practice of using ozonated saline
has become common in Russia and is widely used because it
is inexpensive and less time-consuming than major AHT and
simultaneously applicable to many patients. As it could be
foreseen, physicians have started to use it also in Italy, Spain,
Greece and Turkey. Ikonomidis et al. [76] have reported that
they maintain the saline solution under a constant flow of
ozone during transfusion but they warned that the maximum
amount of ozone daily administered is usually 4-5 mg and
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should never exceed 8-10 mg. In their publication they also
stated “if we exceed these rates, the over coagulation syn-
drome starts” and they strongly recommended to perform
coagulation tests before starting therapy. These precautions
reinforce our preliminary objection to this approach. Moreo-
ver, to the best of our knowledge, Russian physicians
ozonize the saline with very low ozone concentrations (2-3
png/ml) and this precaution may reduce toxicity. Clinical ad-
vantages have been claimed but results have never appeared
in peer-reviewed journals; thus there is a serious concern that
the advantage is due to a placebo effect not to be compared
with the therapeutic advantage of properly ozonated blood.
In comparison to the multiform effectors generated by ozone
in blood, the ozonated saline appears as a palliative solution.
Moreover, in contrast to ozonated saline, 0.03% (9 mM)
H-,0, in isotonic glucose solution (5%), which does not con-
tain traces of ClO™ have been safely infused [77]. Obviously,
this solution should not be used in diabetic patients.

4) The Intravenous Infusion of Ozonated Water

Recently, a new technique based on a central vein infu-
sion of ozonated water has been proposed and tested in a few
cancer patients [78]. The definition of either “liquid polya-
tomic oxygen” infusion or “ozone in liquid form” is wrong
because liquid ozone at ordinary pressure conditions exists at
below -111.9°C, and it cannot be infused. Moreover, the term
polyatomic oxygen is an euphemism because the corona-
discharge method, one of the most effective procedures,
practically generates only ozone.

Either ozone polymers (O4) [79,80] or clusters (Og and
superior) [81,82] can be generated. Thus, at this stage, it
seems that the idea of superactive oxygen polymers/clusters
must be further examined as well as if they have any thera-
peutic impact. Minimal details of the procedure have been
reported [78] except the detail of ozonated water infusion via
a Groshong type central venous catheter positioned in the
patient’s subclavian vein. It has been stated to perform a
continuous administration for months of a mixture of “liquid
polyatomic oxygen” useful for boosting the activity of some
cytotoxic drugs. As we have already mentioned both ozone
and oxygen are physically soluble in pure bidistilled water.
When the gas mixture composed of oxygen (95%) and ozone
(5%) is bubbled in pure water, ozone in relation to its rela-
tive pressure, temperature and solubility coefficient will dis-
solve as a gas in the water and will saturate it within 5-10
min up to 26% [83]. However ozone, even if kept in a
tightly-closed ozone-resistant container spontaneously will
decompose to oxygen during the following 11 hours at
+20°C. If the container is worn by a patient at the body tem-
perature, ozone decays rapidly and the half-life is about 2.5
hours; this disadvantage, however, has not been mentioned.
Provided that the gas mixture is dissolved in pure water at
ordinary pressure, it is theoretically possible to infuse water-
dissolved oxygen and ozone very slowly into the blood cir-
culation. To the best of our knowledge, this technique had
been firstly used by Belianin [84] in order to decrease the
resistance of multiresistant mycobacteria in TBC patients.
This is a technique for ozone administration probably less
dangerous than the direct IV administration of gas correctly
prohibited in 1984, owing to serious side effects and the risk
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of oxygen embolism. However, it appears obvious that the
infusion of "liquid polyatomic oxygen" will catastrophically
freeze the blood and this term should be proscribed.

The proposed technique still present several disadvan-
tages: firstly, there is no documented proof that a continuous
deliver of solubilized ozone in pure water into the central
venous system is more effective than the classical, practi-
cally risk-free, infusion of blood ozonated ex vive into a cu-
bital vein. Even in skilled hands, complications such as
pneumotorax and sepsis are low but do happen. Venous
thrombosis is also a risk always well emphasized by expert
anesthesiologists. Noticeably, the patient must be informed
about the implantation procedure, accept the procedure and
sign an informed consent. The system can run smoothly only
if the ozonetherapist procures the daily infusions, checks the
pump programming, trains the patient and assiduously
checks the safety of the system. Another crucial objection is
that so far the usefulness of the solubilized ozone infusion
without the integration of temozolomide (or other antitu-
moral agent) has not been demonstrated.

Although the direct intravenous injection of water-
soluble oxygen and ozone is a very unusual and peculiar
method of ozone administration, it deserves to be theoreti-
cally evaluated [9]. In order to prevent a pathological hemo-
lysis (at the tip of the catheter, local hypotonicity cannot be
lower than 100 mM NaCl) and in consideration that cancer
patients undergo a chronic oxidative stress, we cannot infuse
more than 360 ml (depending upon the body weight) of pure
water during 24 hours. In other words, water can be cau-
tiously infused at a rate of 0.50 ml/min. By using the cur-
rently available ozone generators, 360 ml of water at 20°C
may dissolve no more than 9.1 mg ozone. However, as ozone
decomposes rapidly at about 30°C. it is likely that, at best,
we can deliver a negligible amount of oxygen and no more
than about 6 pg/ml ozone per minute. Thus the daily dose of
ozone is below the average dose of 8.0 mg administered by
ozonating 200 ml of blood ex vive with an equal volume of
gas containing 40 pg /ml ozone. This reasoning questions the
validity and usefulness of the direct infusion of water-soluble
ozone in blood because ozone will immediately react with
plasma components and it will never reach and kill neoplas-
tic cells in vivo.

On the other hand, ozonated water can be rationally used
if applied intratumorally, i.e., by using the Radial Expansible
Retractor (RER) invented by one of us (D.M.) [85]. After
placing the RER in the area of a glioblastoma multiforme
(GBM), if the RER has been equipped with a silicon cham-
ber supplied with an inlet and outlet tubings, it is possible to
establish a constant flow of oxygen/ozone directed against
the neoplasm. The outlet tubing leads to an ozone destructor
to prevent air pollution. A second possibility is that ozonated
water can be delivered very slowly directly into the neoplas-
tic tissue for several days. Ozonation of medically pure, in-
jectable water can be achieved by using the mixture oxygen-
ozone under 2 atm pressure, possibly obtaining a concentra-
tion of 30-50 pg/ml ozone physically dissolved in water. A
third important possibility is the application of sterile
ozonated olive or sesame oils of which we have good experi-
ence and have successfully used in deep necrotic ulcers [86].
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The main characteristic of these preparations is that ozone,
while on itself very unstable, remains fixed and stable as a
trioxolane between two carbons along the aliphatic chain

(Fig. 5).
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Fig. (5). Trioxolane formation by chemical reaction of ozone with
PUFA in absence of water.

When ozonated oil, placed in a neoplastic tissue, comes
in contact with the exudate, it slowly release peroxidic com-
pounds that will easily kill GBM cells uncapable to resist
oxidation. As an example, application of ozonated oil could
be performed during the night or when necessary.

GBMs are known to be the most aggressive and lethal
tumors resistant to orthodox therapies. Whenever possible,
after an initial surgery to remove the bulk of the tumor, the
slowly but continued administration of ozonated water or of
ozonated oil will release of ozone in swollen cells and since
1980 [87] and our experience of cancer cells kept in vitro
under ozone, leaves little doubt of a progressive killing of
glioblastoma cells until we reach normal vascularized tissue
where ozone activity is rapidly neutralized. The use of
ozonated water and oil appears greatly advantageous over
the use of ozone as a gas because not only the atonic water
has a swelling effect but it allows the release of ozone inside
the cells and prevents also the risk of polluting the surround-
ing air. Moreover the successive use of temozolomide and a
vaccine against epidermal growth factor receptor variant II1
(EGFRvIII) [88,89] may lead to a prolonged remission, if not
acure.

The same procedure can be evaluated in patients with
cerebral abscesses, notoriously difficult to be treated owing
to antibiotic resistance and to the local difficulty of achieving
an effective bactericidal activity.

A very much experimented and useful application is the
topical use of pure ozonated water in chronic ulcers (diabetic
foot), decubitus and many other cutaneous and mucosal in-
fections. This is a problem of great socio-economical interest
because millions of patients suffer of chronic cutaneous in-
fections that never heal and cause pain and depression. An
extensive review on the topical use of gaseous ozone and
derivatives as anti-infective agents is being published [86].
Finally, a great progress has been achieved by the topical
application of gaseous ozone, ozonated water and oil deriva-
tives in dentistry [90,91].

5) The Quasi-Total Body Exposure to Oxygen-Ozone

An extensive experience in treating localized chronic
infections or ulcers in the skin has been gained during the
last 25 years by exposing the lesion to oxygen-ozone in a
totally humidified area enclosed in a tightly-closed polyeth-
ylene bag. The so-called “bagging system” depending upon
the availability of an ozone generator with an aspirating
pump can be dynamic in the sense that there is a continuous
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input and a corresponding gas output where ozone is decom-
posed by a suitable destructor. The environmental air must
never be contaminated with ozone. More frequently, the sys-
tem is static with the bag filled with gas for about 20 min, a
period sufficient to disinfect the lesion and enhance healing.
Also in this occurrence, ozone must be aspirated and de-
stroyed. This procedure is valuable for a variety of infected
and necrotic lesions caused by either ischemia, or venous
stasis or diabetes, or trauma, burns and bed sores. In this
cases, ozone concentration can be as high as 70 pg/ml be-
causc that is needed for highly infected lesions and because
ozone at about 30°C quickly decomposes. As soon as the
lesions progressively improve lower ozone concentrations
are used to enhance cell proliferation and healing. As no
damage has been observed on the surrounding normal skin, it
has been obvious to examine the value of ozone in other pa-
thologies with generalized lesions such as atopic dermatitis,
eczema, psoriasis and seriously advanced lipodystrophy.

As a large polyethylene bag is only a temporary solution,
suitable ozone-resistant cabins with an ergonomic seat and
back rest have been built where the body of the patient ex-
cept than the head remains perfectly insulated inside, without
risk of breathing ozone. Moreover, a thermostatic controlled
system allows to regulate the internal temperature (from 36
to 42°C) and saturated water vapor, essential for maximal
ozone activity. The patient can sit inside the chamber for 20-
30 min but before opening the cabin, the internal gas (maxi-
mal ozone concentration is no more than 1 mg/L) is again
aspirated and destroyed. This is indeed an interesting system
not only for treating ample cutanecous lesions, but also for
treating systemic diseases. As usual ozone is not absorbed
through the skin because it immediately reacts with the water
film covering about 1.7 m” of the skin surface. Sweat and
secbum secreted compounds enhance the ozone reactions and
it was of great interest to examine the modification of several
metabolic parameters [92,93]. After 20 min permanence in
the cabin, body weight decreased of almost 1 kg and systolic
pressure also decreased of about 10 mmHg. Pressure of ei-
ther oxygen or PvCO, markedly increased or decreased, re-
spectively, indicating oxygen absorption through the skin.
While ozone was not absorbed, peroxidation compounds
were and doubled in the venous blood. On the basis of
evaluation of several other parameters, the conclusion was
reached that the quasi-total body exposure to oxygen-ozone
mixture involves a reaction of the whole body and it repre-
sents a very promising procedure for modifying the biologi-
cal response in different pathologies. We have experimented
it ourselves and many physicians have volunteered to test the
system and conclusions have been enthusiastic. The treat-
ment is simple, inexpensive to perform and not-invasive (no
venous punctures are required) and does not involve the han-
dling of potentially infected blood, an aspect much appreci-
ated by medical personnel. It requires only to be well-
organized with a small room where to undress and a room
for a comfortable one-hour rest for the patient with a final
shower, if desired. No side effects have been noted and eve-
ryone who has tested the system reports a feeling of well-
being next day. This approach for which an extensive report
was published in 2005 [94], may therefore will compete with
major AHT, EBOO and certainly other administration ways
of gaseous ozone, like the rectal insufflation.
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6) The Administration of the Gaseous Oxygen-Ozone
Mixture Via Several Routes

a) The gaseous mixture oxygen-ozone collected with an
ozone-resistant syringe can be injected into various body
compartments. As an example, the subcutaneous (SC) injec-
tion of several small gas volume (1-2 ml) with an ozone con-
centration between 2-3 pg/ml of gas has been amply used for
the treatment of lipodistrophia (cellulitis). On the whole, no
more than 40 small injections (total volume ~ 80 ml) should
be injected for each treatment. At the end of the session, a
gentle massage for about 10 min should enhance the lipolytic
activity and accelerate the gas reabsorption. The treatment is
effective, atoxic and the risk of a pulmonary embolism due
to oxygen is minimal provided to avoid injection of over 80
ml gas in about 40 SC areas [10,11]. Indeed larger volumes
(up to 250 ml) are dangerous and have caused three deaths in
Ttaly.

b) The intramuscular (IM) injection of ozone as a substi-
tute of major AHT is not performed today because a minimal
4 mg ozone should be injected by using 200 ml gas with an
ozone concentration of 20 pg/ml that would be dangerous
and painful.

On the other hand, the IM injections in the paravertebral
muscle of about 10-20 ml of the gas mixture (with an ozone
concentration ranging from the initial 15 up to 25 pg/ml,
total ozone dose of 300-500 pg) are in wide use. The route of
infiltration of the gas is located in the paravertebral muscle,
about two cm bilaterally to the spinous process, just above
the transiliac line, points useful for identifying the L4
spinous process in case of a hernial disk between L4-L5. The
procedure has been defined as a “chemical acupuncture” or
the indirect approach [95]. This methodology is hardly fif-
teen years old but, by now, many patients have been treated
in Italy, China, India, Spain and Germany during an episode
of low back-ache.

It is an easy approach consisting in one or two injections
of 5-10 ml of gas per site. The ozone concentration normally
must not exceed 20 pg/ml because it is painful except when,
after several injections, the pain threshold has markedly gone
up. At first, it is wise to test the patient’s reactivity with an
injection of sterile saline and then start with 10 pg/ml of
ozone. The injection must be done very slowly into the trig-
ger points corresponding to the metamers of the herniated
disk. The length of the needle varies from gauge 22 to 25,
depending on the patient’s obesity. Usually, two symmetrical
injections (total dose 10-20 ml gas with at most 200-400 pg
ozone) repeated twice per week for about 5-6 weeks (10-12
sessions) are sufficient. If not, the patient is unresponsive to
this approach. This point remains controversial because
some ozonetherapists continuous treatments up to 30 ses-
sions. The pain at first elicited with an ozone concentration
of 20 pg/ml tends to subside because of a progressive eleva-
tion of the pain threshold. In such a case, the ozone concen-
tration can be increased up to 25 pg/ml. It appears that the
stimulation of nociceptors, hence of a tolerable and transitory
pain is an essential requirement for achieving the final thera-
peutic effect. Indeed, the patient must be reminded that “no
pain, no gain”,
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Indeed the injection of oxyge/ozone elicits a fairly sharp
pain lasting a few minutes and the injection must be done
very slowly to avoid any risk of embolism. Serious adverse
effects, such as sudden hypotension, bradycardia, mydriasis,
intense perspiration and cardiac arrest (vasovagal reflex) can
be also avoided by a very slow injection.

An important question is: how does intramuscularly in-
jected ozone work? The gas infiltrates the muscle and after
24 hours some gas bubbles (residual oxygen) move towards
the vertebral canal, as can be radiologically seen. It was pos-
tulated that ozone will reach the site of the herniated material
and will lyse it. This is an untenable idea: ozone is water-
soluble and it dissolves so quickly into the interstitial water
of the muscle that within 20-40 sec will generate a gradient
of ROS and LOPs able to inhibit amyelinic fibres (C-
nociceptors), which are able to elicit the elevation of pain
threshold and an antalgic response via the descending anti-
nociceptive system. The introduction of the needle, rein-
forced by the pressure of the gas, induces a prolonged stun-
ning of nociceptors due to ROS and LOPs. It is known that
an algic skin and muscle stimulation can reduce pain through
the mechanism of diffuse noxious inhibitory control (DNIC)
[96]. That is why the needle, in combination with ROS,
LOPs and oxygen pressure can be translated into a chemical
acupuncture. This mechanism is likely correct because too
low ozone concentration (3-10 pg/ml) or small gas volumes
(1-2 ml) are ineffective, whereas too high concentrations or
excessive gas volumes can cause lipothymia. It is unclear
whether pre-infiltration with an anaesthetic reduces the effect
of ozone but probably it is counterproductive.

In conclusion, the probable mechanisms [95] playing a
role are the following:

i) release of endorphins and endocannabinoids blocks
transmission of the noxious signal to the thalamus and
cortex;

ii) hypostimulation (elevation of the activation threshold)
linked to the oxidative degeneration of C-nociceptors.
ROS and LOPs may act as capsaicin;

iii) activation of the descending antinociceptive system;

iv) simultaneous psychogenic stimulation of the central anal-
gesic system induced by the gas injection (elicitation of a
placebo effect);

v) the localized oxygenation and analgesia are most impor-
tant because they permit muscle relaxation and vasodila-
tion, thus a reactivation of muscle metabolism, by favor-
ing oxidation of lactate, neutralization of acidosis, in-
creased synthesis of ATP, Ca®' reuptake and absorption
of edema.

The reader may be interested to know that after perform-
ing about a dozen IM injections, up to 75% of patients have a
good and long-lasting response. It appears that this approach
is far more valid than either the peridural injections of de-
samethasone or the paravertebral injection of 0.25% buvipi-
caine.

¢) The other relevant breakthrough regarding the frequent
problem of back-ache is the direct injection of the gas mix-
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ture (~ 2-6 ml of gas with an ozone concentration up to 25-
30 pg/ml; ozone total dose 50-180 pg) into the nucleus
pulposus related to the hernial disk site [11]. During life-
time, low-back pain is a very disturbing symptom that can
affect, at least for a while, up to about 80% of the world
population [97,98]. Luckily, in most cases physical therapies
(exercises, manipulation therapy) can solve the problem [99],
but if a hernial disk is present it must be removed with the
least invasive procedure. One of the most obvious mecha-
nism of action is that ozone dissolves in the interstitial water
of the nucleus and immediately reacts, generating a cascade
of ROS among which H,0, and "OH, that is a most reactive
radical. Indeed, this radical is likely to react with carbohy-
drates and amino acids composing proteoglycan, a major
component of the nucleus pulposus, leading to its breakdown
[100-102]. Consequently, reabsorption of hydrolytic prod-
ucts and water appears to lead to progressive shrinkage and
disappearance of the herniated material that is responsible
for radicular pain. Detection of free radicals is difficult be-
cause they are very reactive and short lived. Indeed, the half-
life at 37°C of the "OH radical is extremely short, equivalent
to about 107 sec. Electron Spin Resonance (ESR) is the only
analytical technique currently capable of directly measuring
free radicals. The combined technique of ESR and spin trap-
ping is highly selective and sensitive for the detection of free
radicals. A specific study [103] has shown that during the
exposure of a nucleus pulposus gel material to oxygen-ozone
mixture, the hydroxyl radical is the unique radical species
produced. This radical is so reactive that can start a chain
reaction leading to oxidation and degradation of proteogly-
cans able to explain the rapid disappearance of herniated
material.,

There is no doubt that hydroxyl radicals can cause the
depolymerization of hyaluronic acid, synovial fluid as well
as collagen and that the degradation could be inhibited by
free radical scavengers. Moreover, this is likely to happen
because the natural antioxidant system, composed of hydro-
philic, lipophilic substance and enzymes [104], is hardly
present in the discal material. However, also in this case
there is evidence of the ozone paradox [11]: although hy-
droxyl radicals can degrade the degenerated material and
reduce pressure, they surprisingly exert a rapid “anti-
inflammatory action”, particularly because only a few ml of
gas can be introduced inside the nucleus pulposus and some
of the gas invades the intraforaminal space. This may mean
that ozone rapidly blocks inflammatory reactants and stimu-
lates the “restitutio ad integrum”. What is even more surpris-
ing is that this change remains stable (unlike corticosteroids)
and it does not necessarily coincide with the disappearance
of the herniated material. In fact, CAT or NMR controls 5
months after treatment in 612 patients showed that the hernia
disappeared in 226 (37%), was reduced in 251 (41%) and
was unmodified in 135 (22%). After another 5 months,
CAT/NMR controls were again performed in 200 (of 251)
patients in whom the hernia was reduced: a further reduction
and improvement was noted in 44 patients (22%). In 120
patients (of 135) in whom the hernia was unmodified, there
was an improvement in 11.6% [105]. Thus, the ozone effect
is deployed in successive phases: there is an initial rapid
change, probably with disappearance of edema and im-
provement of circulatory and metabolic conditions, followed
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by a stasis and then a further improvement possibly due to
release of TGFB1 and bFGF [106] favoring the reorganiza-
tion of the residual nucleus pulposus with incipient fibrosis.
Moreover, ozone may inactivate proinflamatory cytokines,
inhibit proteinases and cyclooxygenase-2 thus blocking the
synthesis of prostaglandin E,. All of these surprising aspects
have contributed to formulate the concept of the ozone para-
dox [107].

A few problems have been reported. In young patients, it
is often very difficult to introduce more than 1-2 ml of gas
inside the nucleus pulposus, so that the gas is mostly released
into the intraforaminal space. In these cases, a preliminary
aspiration of the nucleus followed by the gas introduction
might improve the result. Apparently, the intraforaminal
administration of gas yields good results even in the case of
sclerotic hernias [108]. Side effects are very rare: one patient
had a transient lipothymia and one reported by Alexander et
al. [109] presented amaurosis fugax (bilateral blindness
which reversed after about 24 h) after cervical discolysis in a
young athlete.

Dr. Kieran J. Murphy, an interventional neuroradiologist
at the University of Toronto, at the annual meeting of the
Society of Interventional Radiology in San Diego, CA
(March 2009), reported a study performed in more than 8000
patients with herniated disk injected with ozone intradiscally
injected (unpublished data). Results have been so good
(about 80% success rate) to predict that the procedure so
simple, atraumatic, safe, and atoxic will become standard in
the US within the next five years. Surprisingly some patients
have no longer pain 30 min after the injection suggesting the
rapid effect of ozone in releasing the pressure and inflamma-
tion on the nerve root. He acknowledged that the procedure
had been discovered in Italy, where more than 20,000 pa-
tients have been already treated [110], not to count many
thousands in China, India and Spain. Patients treated with
ozone fare much better than those treated with steroids
[111,112].

7) The Intracavitary and Intralesional Administration of
Ozone

Although the intraperitoneal (IP) administration has been
advocated in several pathologies, such as chronic hepatitis B
and C in nephropathic patients under peritoncal dialysis
[10,11], and in ovarian carcinosis with peritoneal involve-
ment, so far it has not been possible to perform a study in
patients. During peritoneal dialysis, when a patient has al-
ready a medical grade silastic catheter, would be simple to
try the concept. However, clinicians are skeptical and are
afraid of a potential ozone toxicity. Schulz er al. [113] have
recently shown that 6 rabbits over 14 implanted with
VXZcarcinoma HNSCC tumor cells can be “cured” after the
IP injection for 5 consecutive days of 12 mg of ozone. The
results are interesting, but also in the past the “cure” had
been observed in experimental mice with IL-2, tissue-
infiltrating lymphoeytes (TIL) and angiogenesis inhibitors,
drugs that in clinical trials have failed to solve the cancer
problem. Indeed, in a letter the question posed was: “Does
ozone really cure cancer?” [114]. In fact, after performing
prolonged cycles of major AHT in preterminal metastatic
cancer patients, results have been disappointing [115]. How-
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ever, peritoneal carcinosis and mesothelioma, besides being
almost refractory to chemo-radiotherapy remains to be
evaluated, by using ozonated water and oil as well as gas
well retained in the peritoneal and pleural cavities. In pre-
liminary experiments in rabbits, an intraperitoneal injection
of 250 ml of gas, with an ozone concentration of 20 pg/ml
has not procured any noxious effect. Also a localized mela-
noma could be destroyed by direct administration of ozone
but unfortunately ozone, intended as a direct cytotoxic agent,
can never reach metastatic cancer cells. The cytotoxic effect
of ozone in GBM remains to be ascertained.

8) The Administration of Oxygen-Ozone Via the Colon-
Rectal Route

This problem has been extensively discussed [116] be-
cause it is an easy and rapid way of administering ozone. It
has the additional advantage that the patient could self-
administer ozone at home under the physician’s advice.
There are however several caveats to bear in mind. Firstly,
while oxygen is partly absorbed, it has a negligible value.
Ozone cannot be absorbed by the colon-rectal mucosa be-
cause it immediately reacts with the heterogeneous luminal
content (e.g. feces, mucoproteins, immunoglobulins). A vari-
ety of peroxidation compounds detected in portal blood were
absorbed as it was shown in rabbits after preventing the loss
of the administered gas [117]. This route is widely used at
Cuba and in Russia: clinical data have been published [118-
121], but results need to be confirmed by other institutions.
The insufflated dose of 6-12 mg ozone (200-400 ml of gas
with an ozone concentration below 30 pg/ml) is known but it
always uncertain the quantity of ozone effectively acting in
the gut. Ozone concentration higher than 30 pg/ml can be
mutagenic on the mucosal cells especially if the patient has
made a clysma before the treatment. Thus the rectal route
remains unreliable and it was found less effective than major
AHT [119].

CONCLUSION AND PERSPECTIVES

The evaluation of the mechanism of action of ozone in
biological fluids has allowed to precisely clarify how ozone
works and why it is not toxic when used within the therapeu-
tic range. The versatility of ozone applications is impressive
and today ozonetherapy can be performed using several dif-
ferent modalities. Besides the old but still quite valid meth-
ods of major and minor autohemotherapy, other options such
as the quasi-total body exposure to oxygen-ozone and the
EBOO have been developed and evaluated. In non-diabetic
patients with precarious venous access, as a blood substitute,
the glucose-peroxide solution, which represents a form of
biooxidative therapy with a clear rationale and the advantage
of being inexpensive and potentially useful to millions of
people without medical assistance can be profitably used.
Although all of these procedures must be controlled and su-
pervised by physicians expert in ozonetherapy, a few of them
are amenable to be used at home by the patient. Ozone must
never be breathed but, if the dose is adapted to the potent
antioxidant capacity of body fluids, the above described
methods offer flexible and useful therapeutic advantages.
Whenever necessary, it is possible to combine these different
approaches. The central aim of ozonetherapy is to give a
precise, atoxic shock to an organism which for various rea-
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sons has gone astray. In agreement with the *hormesis” con-
cept, repeated, small shocks will readjust several biological
functions by means of many messengers (ROS, LOPs and
autacoids generated by ozone) delivered by circulating blood
to the whole body. The term “therapeutic shock™ has been
coined to symbolize the possibility of reactivating the natural
positive capabilities to restore health or, in better words, to
stimulate the “vis medicatrix naturae”.

The simultaneous induction of an acute and precisely
calculated oxidative stress on different areas such as blood,
the skin and gut mucosal system can result in a more com-
prehensive and perhaps synergistic response of the body de-
fense system. Indeed, chronic diseases must be attacked from
different angles and we have evidence that the stimulation of
several biochemical pathways in different organs can be
therapeutically beneficial.

Some Nations in the world still do not allow the practice
of ozonetherapy either for negligence, prejudice or because it
is dangerously performed by incompetent quacks without
medical qualifications. As a consequence it is necessary to
establish precise regulations, the first of which is that only
physicians, after an appropriate university qualification, can
perform it. A further significant step forward will be done by
performing randomized clinical trials definitively proving
the advantage of ozonetherapy over orthodox medications in
vascular disorders. Much remains to explore in other pa-
thologies where ozonetherapy today can only used as a sup-
porting therapy. An obvious remark is that, against the
minimal cost of ozone, the expenses of medical assistance
and drug development increases every day and normally a
decade is necessary before a drug becomes of practical use.
The review aims to clarify to inexpert clinicians not only the
specific medical advantages of this approach but also the
possibility of extending its use in poor countries. It remains
deplorable that Health Authorities do not sponsor further
studies and an application of this approach in every hospital.
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In 1997, Bulmer et al. [1] proposed a new procedure consisting
in placing 10 mL of anticoagulated (+2 mL sodium citrate) of the
patient’s venous blood in a VC7000A system (Celacade™, Vasogen
Inc., Mississauga, ON, Canada) where it was exposed to an oxy-
gen/ozone gas mixture (0zone concentration 15.35 g/m?) delivered
into the blood at a flow of 240 mL/min and UV light (253.7 nm) at a
temperature of 42.5 °C for about 20 min. The treated blood sample
was removed from the system and immediately administered by
intragluteal injection to the donor patient. Two treatments were
given on consecutive days, followed by a third on day 14. Subse-
quent treatments were given at 4-week (28 days) intervals for at
least 22 weeks, for a total of 8 injections.

The procedure uses an expensive device able to deliver an enor-
mously toxic dose of ozone (107.5mg per mL of blood) plus an
undetermined UV irradiation at 42.5°C. The final ozone dose is
about 15,000-fold higher than the average ozone dose used dur-
ing the classical ozonated autohemotherapy [2] and the extremely
high oxidation of blood causes a complete denaturation of blood
components [3]. This procedure was invented aiming to estab-
lish a non-specific immunomodulation therapy (IMT) in the hope
of reducing the inflammatory process and the chronic oxidative
stress present in vascular disease. It has proved to be useless in
an AIDS trial [4] and in a multicenter, randomized, double-blind,
placebo-controlled study in 533 patients with symptomatic periph-
eral arterial disease (PAD), called the SIMPADICO trial [5]. It is
most important noting that this trial had to be stopped 3 months
early because it did not show any improvement in PAD and caused
a significantly higher rate of malignancies in the IMT group [6].
Although in a pilot study [7] of 73 patients with heart failure the
IMT seemed to result in a reduction of mortality, a subsequent
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multicenter study in 2426 patients [8], called the ACCLAIM trial,
in chronic heart failure resulted in a “disappointing” results. In
this trial no particular cancer predominated “although an imbal-
ance was seen in reports of colorectal cancer (nine patients in
the IMT group and three in the placebo group). The proponents
of IMT [1,9] support the concept that after the IM administra-
tion of heavily denatured blood, an immune modulation ensues
with an up-regulation in the production of the anti-inflammatory
cytokines such as IL-10 and TGF-$3 and inhibition of proinflam-
matory cytokines, such as TNF-q, IL-1 and IL-6. As chronic heart
failure and limb ischemia are affections linked to inflammation
and chronic oxidative stress, in theory the reduction of proinflam-
matory cytokines may down-regulate chronic inflammation and
delay the progress of the disease. However, the previous failure
of the SIMPADICO trial not only was a premonition of poor result
in chronic heart failure but also suggested that a strong immune
suppression may favour neoplastic growth. Sliwa and Ansari [10]
pointed out several potential problems but did not comment the
wrong oxidative technology. An intermediate position of wait and
see has been concurrently adopted by Sporter et al. [11]. On the
other hand, one of us [12,13] made specific criticism regarding
the irrational technology and deeply dissented with Vasogen’s
(since October 2009 merged in IntelliPharmaceutics International
Inc.) hypothesis. After two decades of studying the mechanisms
of action in blood, reviewed in [2], the therapeutic range of ozone
as a medical drug (0.21-1.68 mmol/mL of ozone per mL of anti-
coagulated blood) has been defined. Ozone is a most reactive gas
and inherently toxic but, if judiciously used, it is very useful in
vasculopathies because it enhances vasodilation, it increases the
delivery of both oxygen and growth factors in ischemic tissues and
it does up-regulate several antioxidant enzymes and above all of
heme-oxygenase-I [14]. Inmunomodulation may be only a small
additional factor. The misinterpretation of the real mechanisms of
action and the obstinate use of a wrong approach can explain the
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“disappointing” results and the previous failure in treating chronic
limb ischemia in the SIMPADICO trial [5,6]. Moreover a randomized
clinical trial has proved the validity and safety of ozone therapy in
severe chronic limb ischemia [15]. For these reasons, believing that
the procedure had been definitively entombed, we were surprised
to read a recent paper by Marfella et al. [16] claiming that IMT may
improve wound healing and limb salvage in patients with chronic
limb ischemia. Although the same technology had been used, they
obtained positive results absent in the SIMPADICO trial that was
not cited in their paper. They also used a masked saline placebo
in the control group where it would have been more appropriate
to re-inject the untreated autologous blood. The reason of these
controversial results remains unknown, unless there is a different
reactivity between American and Neapolitan patients. One reason-
able hypothesis may regard a benevolent and unknown deficiency
of the VC7000A system to deliver the excess of ozone. Moreover
the authors, likely unaware that this immunosuppressive therapy
may enhance tumorigenesis, have not checked this critical part and
it should be suggested the need of exploring this aspect in their
patients.

The reason of our concern is that the planned commercialization
of such a device ought to be prohibited because practitioners may
use this method in vascular patients unaware of the poor medical
benefit and the risk of enhancing neoplastic growth.
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Abstract: A study aimed to compare the efficiency of the
ozone transfer of four hydrophilic dialysis filters, and
one hydrophobic gas-exchange device (GED) has been
performed. Obviously, the former should be specifically
used only for dialysis. Unfortunately, some clinicians incau-
tiously use them as GEDs. It has been shown that: (i) dialy-
sis filters present a wide range of gas-exchange vield (from
0 up to 70% ), often related 1o variability according to the
treatment time; (il) by scanning microscopy, it has been
noticed that hollow fibers are somewhat altered by ozone;
and (iii} because their constitutive materials may not be
ozone-resistant, they may release toxic compounds harmful
for the patients. On the contrary, the appropriate GED
is ozone-transfer cfficient, is ozone-resistant, and is suit-
able for blood autotransfusion and ozonation. Key
Words: Ozone—Extracorporeal circulation—Hollow
fibers—Gas-exchange device.

To the best of our knowledge, the first approach
aiming to simultaneously oxygenate and ozonate
human blood was proposed by Wainwright (1). In
such a case, blood withdrawn from a patient runs
inside a tilted glass tube against a gas mixture com-
posed of oxygen-ozone flowing n a countercurrent
direction. The procedure appeared to be effective,
but it presented a risk of viral infections even though
the system had to be sterilized for each treatment. A
similar stainless steel system recently proposed by
Latino and Keyser (2) has the same drawbacks, Since
1992, in cooperation with the Nephrology Unit of
the Polyclinic of Siena (ltaly), a dialysis-like system,
where the dialysate was substituted with 00,
gaseous mixture similarly directed in a countercur-
rent fashion for ozonating blood, was investigated.
The dialysis filter is referred to as an artificial kidney.
Blood withdrawn from the patient runs inside hollow
fibers of different hydrophilic composition while the
dialysate runs outside in countercurrent fashion.
Dialysis membranes not only need to be efficient at
clearing wastes, but must also be biocompatible with
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human blood. Filter permeability is influenced by
pore size, number of pores, and thickness of the
membrane. The surface area of the membrane deter-
mines the available area for diffusion and ultrafiltra-
tion (3). After a few years of research, it was realized
that the system was unsuitable because the dialysis
filters: (i) were poorly effective for gas exchange; (ii)
may have reacted with ozone, possibly releasing toxic
materials into the blood; and (iii) caused a loss of
solutes and water. Moreover, they allowed some
platelet adhesion, leukocyte activation, and produced
some immune responses (4,5). The conclusion that
dialysis filters were unsuitable for blood ozonation,
chiefly for the hydrophilic nature of the hollow fibers
and the possible release of toxic compounds, has
been reached. For this reason, the examination of
single-use and ozone-resistant hydrophobic mem-
branes, made of polypropylene, hence impermeable
to water but freely permeable to O--Os, was started.
At first, the gas-exchange devices (GEDs), even using
heparin, were minimally biocompatible (6) until 2
years ago, when a suitable phosphorylcholine-coated
one was used (7). In the latest GED, denominated
D100, in comparison to dialysis filters, blood runs
outside the fibers against the gas mixture inside. This
GED has proved to be quite effective and atoxic
when used for blood ozonation (8,9). Common dialy-
sis filters are usually sterilized with gamma radiation,
even if both ethylene oxide and steam could be used
(10). However, ozone is also occasionally used for the
same purpose (11-16), as well as for polymer grafting
(17-19) or, unfortunately, for performing recircula-
tory hemoperfusion against O»-Os, implying a risk
for the patients (20).

The aim of this report is to show that, during these
unorthodox practices using dialysis filters, their in
vitro gas-exchange efficiency is often minimal and,
even if such is not the case, they might potentially
be hazardous for the patient because they are not
specifically tested and/or approved for such
purposes.

MATERIALS AND METHODS

Hollow fiber modules
The following four dialysis filters have been used
and codified as follows:

1 Heparinized cuprophan, Cobe Centrysystem 550,
Secon GmbH, Germany;

2 Cellulose triacetate high efficiency hollow fiber,
CT150G, Baxter S.A., France;

3 Polysulfone Rexbrane, Rexeed-18L, Asahi, Japan;
and

4 Polymethylmethacrylate, Filtryzer B3-2.0A, Toray,
Japan.

In contraposition, a new and suitable GED, namely
D100, made of phosphorylcholine-coated polypropy-
lene (Sorin, Mirandola, Italy) was used as reference
standard. All the devices and ancillary materials were
sterile and used only once.

Schematic diagram of the circuit and
operative conditions

Figure 1 describes in detail the various operative
conditions and embodiments.

The dialysis filters, the GED, and lines were rou-
tinely rinsed with 2-L saline before starting the per-
fusion simulated by saline phosphate buffer (pH 7.4),
in the presence of KI (0.12 M). The various ozone
concentrations used throughout the experiments
(between 0.5 and 2.5 ug/mL) were generated by
Ozonline ECO; (Torino, Italy) using only pure,
medical-grade oxygen representing at least 95% of
the gas mixture at a feed flow of 15 L/h. Ozone
concentration was continuously monitored by a
photometer, periodically checked by iodometric
titration. The overall time of ozone treatment was
60 min.

Transfer and total yield of ozone were evaluated
both during the early phase of treatment and after
60 min of ozone flowing, simulating the time of a
therapeutic session.

When ozone, flowing in a countercurrent fashion
outside the hollow fibers, permeated these same, it
immediately reacted with the KI solution, generating
I,, which was titrated with Na>S>Os (0.0001-0.1 N)
(21) (see Scheme 1).

Scheme 1. Iodine titration

4 ﬁ N
o
|—
)
ol | )
36

FIG. 1. Schematic diagram of the experimental device: 1 saline
solution or buffer; 2 oxygen supply; 3 ozone generator with pho-
tometer; 4 peristaltic pump; 5 dialysis filter or GED; 6 sample
collector; 7 silica gel trap; 8 ozone destructor. The peristaltic
pump was always kept in “ON" position throughout the
experiments.
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ozone treatment, or after phosphate buffered saline
(pH 7.4) with and without I (0,1 N} perfusion, was
investigated by SEM studics. Both the external and
internal hollow fiber surfaces were examined. The
material was mounted on aluminum stubs by carbon
conductive glue and coated with 20 nm gold in a Balz-
er's MED 010 sputtering device. The samples were
finally observed with a Philips X120 scanning electron
microscope operating at an accelerating voltage of
3-20 kV, according to the material sensitivity.

Statistical analysis

Results were expressed as the mean of at least
three independent measurements (CV% < 2). One-
way analyses of variance performing the Bonferroni
postiest (Instat software, version 3.0 GraphPAD
Software, Inc., San Diego, CA) were used for the
statistical analysis of the results. Significance was
defined as a P value less than 0.05 (*P < 0,05; **P <
0.00; *** P < (L0071 ).

RESULTS AND DISCUSSION

Efficiency evaluation

Owing to the fact that ozone is a strong oxidant Lo
be used with great concern and with proper devices, a
precise knowledge of the ozone effects on the devices
during the overall treatment is essential. When ozone,
flowing in a countercurrent fashion outside the
hollow fibers of the dialysis filters, interacts with the
KI solution flowing inside the fibers, it immediately
generates jodine, and in such a way, the device
acquires an amber color, Transfer and total vield of
ozone were evaluated during the early phase of
treatment. The same evaluation was also repeated
after 60} min of a continuous ozone flowing, simulat-
ing the time of a therapeutic session. Figure 2 shows
the amount of ozone transferred of the four dialysis
filters at the beginning (top) and at the end {bottom)
of the experiment, respectively.

Arnif Chvgans, Vol 34, Na 2, 2000
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FIG. 2. Ozone transfer (mg/min) at the start (top) and at the end
{bottom) of the ozone treatment. Numbers 1-4 refer to dialysis
filters as described in “Materials and Methods.”

Apart from filter 4, the ozone transfer increased in
a4 linear fashion with respect to the ozone dose.
Device 1 appears to be rather efficient and reproduc-
ible with time, followed by an almost analogous
behavior of both devices 2 and 3, at least as far as the
initial treatment is concerned. In fact, the presence of
ozone inside the system 3 for about 60 min led o a
significant variation in the ozone cfficiency, especially
for the doses up to (L4 mg/min. On the contrary,
device 4 seemed gas-transfer inefficient, even il a
diffuse browning of the hollow fibers in proximity of
the gas inlet and outlet was observed. Table 1 shows
the ozone vield % at the beginning and at the end of
the perfusion in relation to the ozone concentrations.
In details it can be noted that while filter 4 is ineffi-
cient, filter 1 has vielded more constant and higher
values. Moreover, filters 2 and 3 show a variable yicld
during the ozone treaiment.

The efficiency and ozone yield achieved using the
GED D100, where the KI solution flows outside the
fibers, are shown in Fig. 3, in relation to the data at
the start of the evaluation. The ozone transfer is
almost guantitative and significantly higher than in
dialysis filters (P < 0.001}). No differences of values at
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TABLE 1. Ozone yield of the four dialysis filters both at the start and at the end of experiments in relation to different
ozone concentrations

Ozone yield | %]

0.5 pg/mL 1.0 pg/mL 1.5 pg/mL 2.0 pg/mL 2.5 ug/mL
Hollow fiber modules Start End Start End Start End Start End Start End
1 61 fHO%* 62 69%* 65 T1%* 69 70 n.s. 65 68%
2 11 10 n.s, 19 24#= 27 4250k 32 44mus 34 A5%an
3 0 f)FE 19 (i 25 Sqmes 30 40w 31 4O
4 0 0 ns. 0 GrEE 0 T 0 10k 8 10*

* P <0.05;** P<0.01: *** P <0.001.

the end of the ozone treatment were observed,
meaning a constant gas exchange (data not shown).

Owing to the fact that the gas mixture is composed
of al least 95% medical oxygen, it must be pointed
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FIG. 3. Ozone transfer (C]) and ozone yield (M) for the GED.

9 e,

out that no appreciable oxidation of KI occurred
during control experiments using only oxygen.

The morphology and structure of hollow fibers
become the focus of the concern of the fiber integrity
and how ozone significantly affects their stability
during treatment.

SEM characterization

In order to examine whether ozone may damage
the fiber membrane of the various filters, the hollow
fiber surfaces were examined by SEM.

Hollow fiber specimens from filters 1,2, and 4 were
very sensitive to high-energy electrons and they were
preferentially observed at 5 kV. Both the outer and
the inner surface of the fibers above these three
filters are smooth and continuous. Fibers from filters
1 and 4 are instead morphologically unaffected by the
ozone flow (data not shown). In fibers from filter 2,
the outer (Fig. 4A) and inner sides are unaltered by
the ozone flow with respect to control (saline and KI
solution), even though several little dips are always

FIG. 4. Outer surface of the fibers from the devices after ozone treatment. (A) Filter 2. (B) Filter 3. (C) GED. Bar = 10 um.
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FIG. 5. Inner surface of the fibers from the devices after ozone treatment. (A) Filter 2. (B) Filter 3. (C) GED. Bar =10 pm.

present in the inner side of the same fibers (Fig. SA),
and for this reason, no further ozone treatment evalu-
ation is possible.

Specimens from filter 3 and from GED were
observed at 10-20 kV. The outer surface of the filter 3
fibers (Fig. 4B) appears discontinuous as being made
up of several stacked layers of a holey film. The inner
side of this fiber, instead, has a barely wrinkled but
continuous surface (Fig. 5B). In this side of the fibers
and for the whole filter length, several structural alter-
ations are observable as little dark spots, presumably
due to the ozone flow (Fig. 6). This phenomenon sug-
gests the reactivity of the fiber materials at the experi-
mental conditions adopted. Both the outer (Fig. 4C)

FIG. 6. Inner surface of fibers from filter 3. Many little dark spots
are observable after ozone treatment. Bar =5 um.

Artif Organs, Vol. 34, Ne. 2, 2010

and the inner (Fig. 5C) surface of the fibers from GED
show the same morphological appearance, and they
seem similar to each other. SEM observation at higher
magnification of GED fibers reveals a very close
reticular structure (Fig. 7), with longitudinal thread
crossed with irregular and circularly arranged matter.
The fibers from this filter appear morphologically
unaltered by ozone treatment.

CONCLUSIONS

Dialysis filters, to a different extent, allow a non-
constant transfer with time of the gas mixture O-O;
into the saline—KI solution, variable in a proportional

FIG. 7. The inner surface of the fibers from GED filter shows a
very close reticular structure. Bar = 2 um.
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manner to the ozone amount for filters 2-4, Filter 1
allows an ozone exchange ranging from 61 to 69% at
the initial stage of the experiment, until a 71% ozone
exchange at the end is reached. Clearly, these filters
are suitable for dialysis but cannot be used as gas
exchangers, even if a quantitative passage of ozone is
reached. In fact, dialysis filters are made of hydro-
philic materials that are not ozone-resistant and
therefore they may react with ozone, and they may
release unwanted chemicals potentially harmful for
the patient. Moreover, the GED is made of hydro-
phobic, ozone-resistant polypropylene-based fibers.
On the basis of the present findings, it is hoped that
anyone incautiously using dialysis filters for blood
extravascular ozonation should correctly use the
appropriate device. Eventually, considering the
strong reactivity of ozone, its occasional use for ster-
ilizing dialysis filters could be carefully evaluated
because it may impair their function.
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ABSTRACT - The authors show the results obtained in the treatment of degenerative lumbar disc
pathology using paravertebral infiltrations of an oxygen-ozone mixture, in conjunction with autologous
stem cell treatment, the latter isolated from bone marrow taken from the iliac crest of the same patient and
cultured in the laboratory. The results, evaluated clinically and with MRI, before and after treatment, show

an improvement in the trophism of the disc.

Introduction

The treatment of disc herniation, or degen-
erative disc disease with paravertebral infiltra-
tion of oxygen-ozone mixture has already shown
its advantages, as highlighted by other authors
(Alexander).

Surgery and other methods have shown over
time to lead to recurrent disc herniations and
problems with adherence such as periradicular scar
tissue formation. These additional disc diseases,
especially the more destabilizing and debilitating,
subsequently require new surgical interventions
which are more invasive and debilitating and have
led to serious problems of instability of the spine.

Until recently it had not been considered that it
could be possible to improve the trophism of the
disc and reduce the volume of the hernia in the
lumbar canal using ozone. The ozone treatment
affects the blood perfusion of the nerve roots, the
epidural inflammation, the metabolism of nerve
tissues and the metabolism of the matrix.

The action of ozone in these diseases, now con-
firmed by both the clinical literature and by our
own practice, consists of:

- Anti-inflammatory action;

- Breaking the chain of prostaglandins, the cause
of pain;

- Neoangiogenesis in the perineural arterial cir-
culation (Brina).

Therefore, the infiltration at paraverterbral
intramuscular level produces analgaesia and mus-
cle relaxation as well as having anti-inflammatory,
hyperoxygenating effects.
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Our study showed that the combination of oxy-
gen-ozone with stem cells has not only had the
effects mentioned above, but - as demonstrated by
MRI scans performed at the end of the treatment-
also resulted in a reduction in the mass of the
hernia, and improvement in the state of the disc, as
shown by an increase in its height and trophism of
the annulus.

At “Biostem”, the Donetsk Center for Biotec-
hnology, directed by Prof. Andriy G. Popandopulo,
the implantation of autologous stem cells has long
been used in the treatment of in-ternistic diseases,
cardiac diseases, in plastic and cosmetic surgery, in
the treatment of severe burns with loss of substance,
in stroke rehabilitation and in orthopaedics.

Particularly in orthopaedics stem cells have
been taken from the patients own bone marrow
and cultured in the laboratory, for the treatment of
osteochondritis and osteonecrosis.

The purpose of our experiments, performed in
co-operation between the orthopaedic department
San Paolo di Bari Hospital and Biostem, was to
study the effect of using a combined treatment of
ozone-oxygen infiltration and autologous stem cell
implantation to determine the regenerative capac-
ity of the intervertebral discs.

Our study highlights the benefits of ozone treat-
ments on degenerative disc diseases, but also takes
this technique further and combines it with stem
cell implantation.

It is crucial in this context to define the anatomy
of the lumbar intervertebral disc, and its relation-
ship with the vertebral body consisting of the corti-
cal spongy-bone and cartilaginous plates.
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Scheme evidencing improvement of muscular contracture and
lumbago.

Disc:

a) annulus fibrosus(fibrous-elastic in the periph-
eral region, cartilage on the inside);

b) annulus consisting of concentric lamellae of
fibrous tissue.

The vascularity of the disc is provided by blood
vessels that enter and exit the disc through per-
forations in the central cartilaginous plate. These
supplying arteries gradually atrophy in the first
three decades of life, and subsequently nourish-
ment is supplied solely by the lymphatic canals and
by the circulation of extracellular fluid.

The Anatomy of the Diseased Disc

< difficultiesinidentifying the boundary between
nucleus pulposus and inner part of the annulus
fibrosus

e progressive loss of elasticity in the annulus
fibrosus

= concentric injuries to the circumference of the
periphery of annulus

Institute.

= before O after
Chart showing improvement of sciatica symptomatology.

= increase in size and extension of injury radi-
ating both out towards the periphery of the disc,
and inwards to the centre of the annulus(like the
domino effect), opposite the posterior region (the
area of the intervertebral disc placed under great-
est strain by the load)

e atrophy of the blood vessels supplying the
discs.

Ozone action in general:

e neoangiogenesis
 anti-inflammatory action
e relaxant action.

Action of ozone on intervertebral disc:

e angiogenesis

e neoformation of proteins and fibrocytes in
annulus
Techniques:

« intradiscal
e paravertebral
» small and large autohaemotransfusion
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Biostem center, doctors at work. Another particular of doctors at work.

Cellular sampling from the hiliac crest.

Different phase of cellular sampling from the Hiliac crest. Image electron microscopy.
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Materials and methods

20 patients were treated: 17 males and 3 females,
aged between 34 and 63. The average patient age
was 42

The diseases treated, as shown in Table 1, were:
a) osteochondritis of the disc
b) disc protrusion
¢) bulging disc
d) intraforaminal hernias.
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Different case MRI after treatment.

Investigations performed prior to treatment were:

e Spinal MRI

X ray of lumbosacral spine in the upright (2
projections) + dynamic radiographs in maximal
flexion and extension.

Paravertebral infiltration technique used

2 doses of 10 ml to the side to be treated, with
27G syringe and needle

Dosage 12-14 microgrammes/ ml of ozone.
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Different case MRI after treatment.

Infiltration Technique:

Infiltration, including form the opposite side, if
necessary;

Interval of between one week and 10 days
between each session

12-14 sessions in total

4-5 cm from the line of the spinous apophysis

- Needle in latero-medial orientation

- Gradual release of the gaseous mixture (due to
pain from expansion of the gasses).

90
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Laboratory samples.

The oxygen-ozone mixture was introduced into
the paravertebral region at the height affected by
the disc disease. The parts of the disc to be treated
were identified through the normal anatomical
methods, in some cases ultrasound was used in
this process (Brina). Having identified the area of
the disc to be treated, the area is thoroughly disin-
fected and the infiltration with the oxygen-ozone
mixture performed under aseptic conditions, using
the methods and dosages described above.
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Insertion of stem cells.

These infiltrations were performed in the Do-
netsk Centre under the direction of Prof. A.G.
Popandopulo.

After the last session of ozone treatment, bone
marrow was harvested from the patient’s iliac crest
(photos 2-3-4).

80-100 ml of bone marrow was harvested under
aseptic conditions from the iliac crest, with the
addition of 625 units/ ml of heparin (Darnytsa,
Ukraine).The sample material was brought to the
gradient HISTOPAQUE-1077, density 1.077 g / ml
(Sigma, USA) and centrifuged for 30 minutes at
1500 rpm. The mononuclear cells obtained were
then collected with a pipette and washed 3-4 times
in Hanks’ solution (Biolot, Russia) using centrifu-
gation at 1000 rpm. for 14 minutes. In this way, a
suspension of mononuclear bone marrow cells was
obtained, and this was sown in culture dishes, each
with a surface area of 75 cm? (Corning-Costar,
USA) at a concentration of 2-5x106 cells per dish.

Patient Scheme

Age Diagnosis
54 Chronic disk syndrome L4-5: L5-S1
on the right
a1 Chronic diskogenic lumbar ischialgia

on the right

48 Chronic disk syndrome L5-S1 on the right

49 Chronic disk syndrome L5-S1 on the left

Chronic diskogenic myeloradiculopathyl5-S1

34 on the left

Chronic dorsal.

63 Vertebragenous double lumboischialgia

34 Chronic disk syndrome L5-S1 on the right

The MSK cells were cultured in a DMEM/F12
mixture, 1:1 (Sigma, USA) with the addition of
10% embryonic bovine serum (Biolot, Russia),
0.75 mg / ml glutamine (Institute of Poliomyelitis
and Viral Encephalopathy, Russia), 2 ng / ml of
fibroblast based growth factor (Sigma, USA) and
100 U / ml penicillin and streptomycin (Darnytsa,
Ukraine), in an incubator (Jouan, France) at 37° C,
5% CO, and 95% atmospheric humidity. The cul-
ture medium was renewed every 3-4 days.

As a result of this process, a multiplication of
MSK cells was obtained in the culture. A monol-
ayer was obtained containing the following typi-
cal cells: CD105 + / CD73 + / CD90 (> 95%) and
CD45-/CD34-/CD14- (<2% positive)

Thirty days after the oxygen-ozone infiltrations,
an infiltration of 10 million autologous stem cells
(MSK) was carried out on the same part of the
same disc.

Results

Patients with chronic pain have benefited of the
disappearance of the Lasegue. The only patient
with paralysis of the EPA presented a significant
improvement in dorsiflexion of the big toe.

At the end of treatment we could identify two
groups of patients:

» Patients with chronic pain who have presented
a complete remission of symptomatology after two
weeks.

e Patients with acute pain who have had an
immediate improvement, but who have had mild
recurrence of symptomatology several days after
the treatment, in contrast to the patients with
chronic pain who, as mentioned above, tested
completely negative on the Laségue Test; and the
only patient with paralysis of the EPA who showed
considerable improvement in the strength of dorsi-
flexion of the big toe.

It should be noted that although implanting
stem cells into the spinal canal, was a possibility,
in this first experiment we preferred to investigate
paravertebral infiltration.

The results are demonstrated by the following
graphs.

Graph (a) shows improvement in sciatica symp-
tomatology

Graph (b) shows the degree of muscular contrac-
tion and the resulting level of lower back pain.

All patients underwent spinal lumbar MRI
scans, and as well as highlighting a reduction in
the volume of hernia material, these also showed
an improvement in the height of the intervertebral
disc as well as an improvement in the trophism of
the disc itself.
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Conclusions

The paravertebral use of ozone in the treatment
of disc disease is already well established, and the
positive experiences of the orthopaedic surgeons
and neurosurgeons who have been using the tech-
nique for years and achieving excellent results
have been well documented in the literature.

The use of autologous stem cells in orthopaedic
disorders is now a reality. However, the combination
of the two techniques to increase the thickness and
improve the quality of the disc has only received
very limited exposure in the literature. In fact, there
are no reported studies on the combined use of oxy-
gen-ozone infiltrations and stem cell implantation
in treating diseases affecting annulus fibrosus.

The investigations and studies carried out under
the direction of Prof. Popandopulo of Donetsk
have shown that when the two techniques are
used in conjunction on the same patient, there is
improved trophism of the diseased disc. MRI scans
did not show a significant increase in the height
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The increase in lumbar disease (discopathy,
herniated discs and resultant back pain, sciatica-
cruralgia) in recent decades has led to an expo-
nential increase in health spending due to absence
from work, cost of medication, physiotherapy and
increased hospital bed occupancy. Time in hospital
is required to reduce the duration of acute symp-
tomatology and perform diagnostic tests. With
the remission of symptoms and the completion
of the diagnostic phase, decisions need to be
taken to decide the best way to treat the disease:
surgically, with an orthopaedic brace, physiother-
apy, medication or a combination of the above.
Pharmacotherapy has shown the usefulness of the
alpha lipoic acid molecule in reducing symptoms
of root inflammation. However, surgery may be
required urgently when neurological deficits have
occurred in the last 24 hours. There is a clear need
to reduce the length of hospital stays and find an
alternative to expensive new drugs that are being
used more and more frequently (Tramadol).

Against this panorama, the use of paravertebral
ozone infiltrations, with its ability,even after just
one infiltration, to produce an immediate reduc-
tion in pain, and negative or improved Lasegue
and Wasseramann tests, which reveal the degree of
root compression becomes an interesting option.
Ozone also relaxes the muscles enough to allow a
rapid return to a standing position, permitting an
earlier return to work for the patient.

Paravertebral infiltration with oxygen-ozone
mixture requires a thorough prior investigation
using MRI scans and radiography (x-rays of the
lumbar spine in the upright position and in dynam-
ic projections in maximum flexion and extension
of the spine). Careful clinical evaluation of the
patient is required to identify the height at which
the spine requires treatment. Above all, a precise
methodology must be followed for the microsurgi-
cal process, observing strict infiltration protocols.

It should be emphasised that CT and fat satura-
tion MRI scans show post-surgical fibrosis. . The
fibrosis is responsible for all the symptoms of
back pain associated with post-discectomy insta-
bility, so there is a clear need to find a less
invasive, more studied technique, that will not
limit the mechanics of the vertebra-disc segment.
The benefits of treating disc herniation or degen-
erative disc disease with paravertebral infiltra-
tion of oxygen-ozone mixture have already been
highlighted by other authors (Alexander). Using
surgery and other methods, over time, recurrent
disc herniation can occur, as well as adhesion phe-
nomena, post-surgical scarring and fibrosis, that
then require, as already mentioned, new surgical
interventions which can in turn produce acute
symptomatology of spinal instability.

Ozone acts as:

* neoangiogenesis of the peridural vessels

e anti-inflammatory (breaking the chain of pros-
taglandins that cause pain)

« relaxant action of ozone on intervertebral disc

Neoformation of proteins and fibrocytes in the
annulus.

Recently, Popandopulo and Brina have shown
that using a combination of ozone and stem cells
increases the tropism of the disc. It is essential at
this point to define the anatomy of the interver-
tebral lumbar disc and its relationship with the
vertebra itself (cortical spongey-bone and cartilag-
inous plates); disc: fibrocartilaginous ring (fibrous-
elastic in the peripheral region); cartilage on the
inside; the anulus consists of concentric lamellae
of fibrous tissue. Vascularisation of the disc, also of
extreme importance, is provided by blood vessels
that enter and exit the disc through perforations
in the central area of the cartilaginous plate. These
blood vessels gradually atrophy over the first three
decades of life, and subsequently vascularisation is
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provided by the lymphatic canals and the circula-
tion of extracellular fluid.

The anatomy of the diseased disc is character-
ized by:
e reduced definition of the boundary between
the outer part of the nucleo polposo and the inner
annulus.
e progressive loss of elasticity of the annulus
fibrosus
e concentric circumferential injury beginning
from the periphery of the annulus
e increase in size, extension and progression
(like the domino effect) of damage radiating
both towards the periphery and in towards centre
of the annulus (corresponding to the posterior
region of the disc)
e atrophy of the blood vessels of the disc’s cen-
tral plates

Techniques:

— Intradiscal
— Paravertebral
— Small and large autohaemotrasnfusion

The technique of paravertebral infiltration of the
disc that we use is as follows (including ultra-
sound guidance).

e 2 doses of 10 ml, in the side to be treated with
a syringe and 27G needle
e Dosage: 12-14 micrograms / ml ozone

Infiltration technique:

« infiltration from the opposite side if necessary
e interval of one week to 10 days between the
individual sessions

e 12-14 sessions in total.

Infiltration technique:

4-5 cm from the line of the spinous apophysis

— Needle in latero-medial orientation

— Gradual release of the gaseous mixture (due to
pain from expansion of the gasses).

Materials and methods

From 2001 to 2009, we treated about 500
patients at our centre, suffering from diseases of
the spine including sciatica, cruralgie, back pain
or with symptoms of symptoms of canal stenosis.
In this last case, patients were informed of the
possibility that the symptoms may not subside, or
that any reduction in pain may only be slight. In
other cases, however, patients recovered to the
point of being able to walk unaided, and in two
cases there was complete regression of paresis of
the PRS.

Most of our patients were between 35 and

60, but we also treated older patients with seri-
ous degenerative diseases of the spine. Our best
results have been achieved with patients who
have come to us in the acute phase, with a positive
Laségue Test at 30 degrees.

These patients showed immediate remission of
symptomatology after paravertebral infiltration.
With all these patients we implemented a phar-
maceutical wash-out, whereby they were discour-
aged from using pain Killers during the treatment
period.

All patients underwent lumbar spinal MRI
scans after treatment. It was important for us to
check carefully patients’ medical records for any
signs of cardiovascular or circulatory diseases
that could advise against treatment. Each patient
was given an ECG before starting the paraverte-
bral ozone injections.

Routine blood and coagulation tests are also
important in my opinion to avoid haematoma for-
mation in the area where the infiltration is to be
carried out. Patients are required to sign a clear,
careful, precise and informative consent form
before receiving treatment.

Case studies of two young patients

Patient 1, 35 years old with the big herniated
L5-S1

MRI scans before and after treatment show
disappearance of the hernia.

Patient 2 Herniated L4-L5 coronal MRI imag-
es. Reduction of the hernia in this case too.

Conclusions

The use of paravertebral ozone infiltrations
in the treatment of disc disease is already well
known, as are the peculiarities of the results.
Orthopaedic surgeons and neurosurgeons have
used the technique for years with excellent results.
Recently, the method has been combined with the
use of stem cells.

The two techniques have been used in conjunc-
tion with the aim of increasing the thickness and
quality of the disc, but there is still only limited
coverage of this research in the literature. Studies
of oxygen-ozone infiltrations combined with stem
cells in treating disease of the annulus fibrosus
are not reported in the literature.

Studies and experimentation conducted by
Prof. Popandopulo in Donetsk, Ukraine, have
shown that the use of the two techniques together
in a patient improves trophism of the diseased
disc. We have no MRI evidence of a significant
increase in the height of the disc, although some
MRI images do show that the discs of our patients
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May Oxygen-Ozone Therapy Improves Cardiovascular Disorders?
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Abstract: In an aging population vascular disorders well exemplified by the chronic limb ischemia, chronic heart failure,
cerebral ischemia and age-related macular degeneration represent a serious medical and socio-economical problem. While
there is always a not easily identifiable first pathogenic noxa, all of these diseases are characterized by ischemia, chronic
inflammation and tissue degeneration. Orthodox medicine has provided several optimal drugs targeting various pathologi-
cal situations but, even with their concomitant applications, it is not possible to reduce the chronic oxidative stress. Here it
is proposed to associate the approach of ozonated autohemotherapy as a modifier of the biological response capable to

block the pathological progress.

Key Words: Chronic limb ischemia, chronic heart failure, ictus, age-related macular degeneration, chronic oxidative stress,

ozone therapy.

INTRODUCTION

Cardiovascular diseases including chronic limb ischemia
(CLI), chronic heart failure (CHF) and cerebrovascular
ischemia (CVI) not only compromise a productive life but
markedly increase health-care costs and eventually represent
the first cause of death. In affluent Countries, an excessive
and incorrect diet, sedentary lifestyle, stressful working con-
ditions and genetic factors are the main causes responsible
for enhancing atherosclerosis, obesity and diabetes, premoni-
tory of vascular progressive disorders. The complexity of the
metabolic disorders has been aptly summarized by the con-
cept of the “metabolic syndrome” [1,2]. The atrophic form of
age-related macular degeneration (A-RMD) with the initial
ischemia of the choroidal vessels, the progressive degenera-
tion of the retinal pigment epithelium (RPE) and the retinal
photoreceptors death can also be included, because increas-
ing the oxygenation of the retina, which has a very high oxy-
gen consumption, has a decisive relevance [3].

Orthodox medicine has provided a series of antidiabetics,
antihypertensive agents, antiplatelet and antithrombotic drugs,
statins possibly associated with etizimide or/and fibrates. All
ofthese drugs, by normalizing the glycemia, arterial pressure,
hypercoagulability, cholesterol and low-density lipoproteins
levels are able to delay ischemic episodes, particularly when
these drugs are associated to a moderate diet and physical
activity.

Although the life-span of cardiovascular patients has
been markedly prolonged, the pathological process remains
active because of the ensuing chronic inflammation at vascu-
lar level, which provokes a chronic oxidative stress due to an
imbalance between either an excess of oxidant molecules
or/and the progressive weakening of the natural antioxidant
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capacity [4]. Among the formers there are the reactive oxy-
gen species (ROS) represented by anion superoxide (O,"),
hydrogen peroxide (H,0,), possibly hydroxyl radicals (OH’),
peroxynitrite (ONOOQO"), and hypochlorous acid (HCIO).
Moreover, the peroxidation process, the complement activa-
tion, the release of coagulation, metalloproteinases and growth
factors, thromboxane A and leukotrienes, cytokines such as
tumor necrosis factor a (TNFa), interferon y and interleukins
(IL-1, IL-2, IL-6) perpetuate the inflammatory process.

The progressive release of toxic compounds and of ab-
normal concentrations of pro-inflammatory cytokines is re-
sponsible for cell death or degeneration or a proliferative
dysregulation leading to a steady unbalance of the redox
state owing to the cell inability to efficiently neutralize the
excess of oxidants and toxic compounds. Thus the chronic
inflammation worsens with time, possibly becoming irre-
versible unless we can dampen the process and restore a
normal redox state. A vicious imbalance between oxidants
and antioxidants is now firmly established in atherosclerosis,
diabetes, ischemia, nephropaties, hyperhomocysteinemia,
neurodegeneration, infections, autoimmune diseases, asthma,
chronic obstructive pulmonary disease and cancer, just to
name the most common pathologies. Unless we can interrupt
this imbalance a more or less rapid progression is unavoid-
able. Numerous strategies potentially capable to reduce or
contain the oxidative stress in these diseases have been de-
vised as follows:

THE STATE OF THE ART

1).  Administration of corticosteroids is one of the most
frequently used procedures for reducing inflamma-
tion. Corticosteroids have been and are being used in
a wide variety of pathologies ranging from dermatitis
to brain tumors. Unfortunately the anti-inflammatory
effect is temporary and serious adverse effects (diabe-
tes, osteonecrosis, osteoporosis, Cushing’s syndrome,
glaucoma) can ensue with broad immunosuppression

© 2009 Bentham Science Publishers Ltd.
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4).

5).

6).

7).
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[5]. Moreover glucocorticoid resistance may result
from a sustained reduction of histone deacetylase-2.

Non-steroidal anti-inflammatory drugs (NSAID) are
also widely used mostly to overcome prostaglandin-
related pain states. Different types of drugs can block
either or both COX-1 and COX-2 isoforms and, they
are effective analgesics, but, a prolonged use may
cause gastric ulcerations and undesirable cardiovascu-
lar events [6,7].

Administration of allopurinol improves endothelial
dysfunction in CHF [8]. A randomized, double-blind
crossover study on 11 patients with NYHA class II-111
chronic heart failure received 300 mg allopurinol daily
versus placebo. Allopurinol appeared to have inhib-
ited xanthine oxidase thus reducing oxidative stress, a
finding also supported by the significant reduction of
plasma malondialdehyde.

Inhibition of NADPH oxidase present in the plasma
membrane of phagocytes [9], by limiting the produc-
tion of superoxide, may reduce oxidative stress, but a
direct action remains a difficult pharmacological
problem with the further risk of increased bacterial in-
fections.

There is good evidence that inhibition of the renin-
angiotensin system can reduce cardiovascular events
[10]. Angiotensin-converting enzyme (ACE) inhibi-
tors and Ang-II receptor antagonists associated with
diuretics are broadly used drugs for effectively reduc-
ing blood pressure and partly inhibiting NADPH oxi-
dase. Interestingly, several other antihypertensive
drugs do not improve the antioxidant status in patients

[11].

The inhibition of the 3-hydroxy-3-methylglutaryl co-
enzyme A (HMG-CoA) reductase (or statins), the key
enzyme of cholesterol biosynthesis may be beneficial
[12]. Surprisingly statins, not only are able to lower
serum cholesterol levels and increase the number of
hepatic LDL receptors, but they are able to modulate
pathophysiologic processes in patients with acute
coronary syndromes [13]. By blocking the synthesis
of critical isoprenoid intermediates [14], they express
other effects such as a limited inhibition of NADPH
oxidase, the increased expression of endothelial NO
synthase and of tissue-type plasminogen activator,
while they inhibit the expression of plasminogen acti-
vator inhibitor and endothelin-1. Indeed this “miracle
drug” [15] seems to reduce inflammation, inhibits
lymphomas progression [16] and the inflammatory
components of multiple sclerosis [17]. Although
rarely, statins may provoke rabdomyolysis [18].

It has been claimed that an excessive production of
superoxide could be inhibited by long-term admini-
stration of L-arginine, which is the substrate for NO
synthesis [19,20].This approach and autohemotherapy
may also reduce the many complications observed in
sickle-cell anemia patients [21].

8).

9).

10).

).

12).

13).

14).

15).
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An excessive production of superoxide could be also
quenched by the administration of superoxide-
dismutase (SOD) or, better, of enzyme mimetics able
to enter into the cells [22,23]. This is an interesting
possibility because exogenous enzymes are antigenic
and unable to enter into the cell. For some of these
mimetics, the pharmacology and toxicity remain to be
defined. Nonetheless, in order to investigate the
therapeutic potential of these drugs, extensive clinical
trials are warranted.

The potential of inducing a therapeutic advantage
through gene transfer of antioxidant enzymes has
been taken into consideration in rabbits [24] but some
relevant issues have to be solved prior to clinical ap-
plication, including the understanding of the most
suitable vectors, the feasibility and stability of gene
delivery to different tissues or/and organs affected by
the oxidant stress. Studies on longevity have shown
some correlation with increased resistance to oxida-
tive stress and an intriguing relationship among intra-
cellular oxidants, p66shc, forkhead protein and p53.
This aspect may become important but again we are
not yet able to practically manipulate the p66shc gene
[25,26].

Whenever the case, the increase of homocysteine lev-
els in the plasma must be inhibited because the auto-
oxidation of its sulfhydryl group generates superoxide
and hydrogen peroxide that are cytotoxic for the en-
dothelium. Hyperhomocysteinemia can be kept under
control by the daily administration of folic acid and
vitamins B6 and B12 [27] that may allow a normali-
zation of adenosine plasma levels [28].

It is well known that an abnormal platelet aggregation
has dire consequences and can be inhibited with a va-
riety of antithrombotic agents from the old aspirin to
the recent clopidrogrel [29].

Moreover the synthesis of pro-inflammatory auta-
coids and platelet aggregability can be inhibited by
the administration (2-3 g daily) of n-3 PUFAs present
in fish oil. These particular unsaturated fatty acids en-
hance the generation of 3-series prostaglandins and 5-
series leukotrienes, which are anti-inflammatory
[30,31].

It is well known that oxidative stress due to formation
of OH is enhanced by free transition metals (Fe®',
Cu’). For some time chelation therapy with EDTA,
deferoxamine and defasirox have been popular, but
there is now a broad consensus to abandon this ap-
proach [32,33].

A hybrid of Kup channel opener and nicotinamide
nitrate (Nicorandil) was found to improve cardiac
function in acute myocardial infarction by probably
reducing ROS formation [34].

The famous glycation reaction due to hyperglycemia
leads to the formation of advanced glycation end
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16).
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products (AGEs). The AGEs which are irreversible
toxic compounds, deposited in the arterial wall can
induce oxidative stress leading to diffused damages
and accelerating the progression of diabetes type I,
atherosclerosis, renal and retinal damage. Thus hy-
perglycemia and obesity must be avoided by regulat-
ing caloric intake, possibly adopting the norm of ca-
loric restriction [35] with adequate nutrition and by
adopting a correct life style without smoking or drink-
ing alcohol and finding time for a daily physical exer-
cise.

An excessive paracrine secretion of proinflammatory
cytokines such as TNF-a. IL-1, IL-6, IL-8 at the sites
of chronic inflammation has been demonstrated in
rheumatoid arthritis, Crohn’s disease, multiple sclero-
sis as well as in solid cancer, chronic viral diseases
and in chronic pulmonary obstructive disease (COPD)
to name a few pathologies. In about 2/3 of rheumatoid
arthritis patients, a variety of TNF-a antagonists has
significantly improved the clinical outcome by reduc-
ing inflammation [36], while antibodies to the other
cytokines are far less efficacious. However, TNF-a
inhibitors are hardly effective in other diseases with
the further caveat that TNF-a antagonists cannot de-
finitively block the disease progression and, with pro-
longed use, may increase the susceptibility to oppor-
tunistic infections [37]. It was postulated that CHF
may be due to a continuous release of proinflamma-
tory cytokines, but several clinical trials, aimed to
neutralize TNFa in patients with fairly advanced
CHF, have resulted in worsening the outcome. It was
concluded that neutralization of TNFu alone was in-
adequate because IL-1B and IL-6 may contribute to
the inflammation [38-42]. It was then hypothesized
that a new immunomodulation therapy based on treat-
ing patients with their own heavily oxidized blood
may stop the progression of heart failure [43-46], but
a more recent and ample evaluation, further discussed
in detail, has yielded disappointing results [47]. At
least in theory, immune suppression of the autoim-
mune reactions may be achieved by the administra-
tion of IL-10 and TGF-B1 but to date this remains a
possibility to be tested. CD25+ regulatory T cells (T-
regs) may be able to control excessive immune re-
sponses but, as yet, potentially valid approaches are
still in an experimental phase.

The discovery of “the cholinergic anti-inflammatory
pathway” [48] has clarified that the nervous system
can modulate immune responses in real time. The ef-
ferent vagus nerve can control the inflammatory re-
sponse by inhibiting the a7 subunit of the nicotinic
acetylcholine receptors expressed on macrophages.
Practical therapeutic modalities are being explored
[49] for their possible application in the treatment of
endotoxemia, myocardial depression and cancer.

For a long time, Dr. Richard Spears has pioneered the
direct intravascular application of a high oxygen ten-

19).
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sion in ischemic tissues especially after coronary oc-
clusion. He has proposed to use an extremely high
concentration of oxygen dissolved in a saline solution
as a more effective alternative to the hyperbaric oxy-
gen chamber [50]. Anoxic myocardium needs oxygen,
but the result depends upon a precise time interval as
otherwise oxygen may aggravate the damage. Indeed,
so far the reperfusion appeared safe, but a modest ef-
fect was observed only when reperfusion was per-
formed < 6h from symptom onset. Similar to what
may happen during a treatment with the hyperbaric
oxygen chamber, an excessive oxygen concentration
may well represent a double-edged sword [51].

The use of small interfering RNA (siRNA) is promis-
ing but, owing to the fact that the chronic oxidative
stress is due to a multitude of factors, it will be neces-
sary to first evaluate the most important target(s) and
then assess the difficult problem of a suitable delivery
system of the selected dsRNAs [52].

As the chronic oxidative stress is due to an imbalance
between an excess of ROS and LOPs and a deficit of
antioxidants, it has become obvious that a supplemen-
tary administration of antioxidants may eliminate the
stress [4]. This idea has become a fashionable theme,
amply discussed by vitaminologists with the risk of
intoxicating patients with megadoses of Vitamin A, C
and E plus selenium and zinc. A fair conclusion is
that the recommended dietary allowance (RDA) of
micronutrients, supplemented by a rich dietary intake
of fresh fruit and vegetables, while it is important dur-
ing growth or denutrition or cachexia, it may not have
a crucial relevance in oxidative stress-related condi-
tions. Indeed the evidence that it can be a real remedy
remains controversial [53-67]. On the other hand,
megadoses may be either toxic or counterproductive
in the sense that, at the very least, they may inhibit the
synthesis of heme-oxygenase-I (HO-I) as described
by Peng et al. |68]. The following factors can explain
why an excessive oral supplementation can be of
scarce value:

the uncertainty of intestinal absorption. Usually the
higher the vitamin dose, the lower is the percentage
of absorption.

the difficulty of maintaining a steady plasma level,

the individual variability of metabolism and excre-
tion,

of utmost importance is the variable and limited up-
take of antioxidants tightly regulated by either the
cell membrane active- or facilitative-transport. The
fashionable idea that intravenous injection of me-
gadoses of vitamin C and reduced glutathione do
miracles ought to be firstly well documented by
pharmacological and clinical data. It is well known
that cellular uptake of GSH is inefficient and that it
is preferable to administer orally three times daily
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600 mg of N-acetylcysteine (NAC) [69]. Moreover
the lysine salt of NAC, N-acystelyn (NAL), by
forming a neutral pH when in solution, is more ef-
fective than NAC [70].

v. the possibility that some antioxidant vitamins may
exert oxidant activity.

vi. the inability of vitamins to stimulate the synthesis of
cellular antioxidant enzymes which represent the
crucial defence. Thus the approach of an antioxidant
supplementation must be well weighed and, al-
though seems useful to administer an equilibrated
amount, it remains doubtful if it can correct the
chronic oxidative stress, unless the patient’s organ-
ism has become unable to efficiently recycle dehy-
droascorbate and GSH disulphide to ascorbic acid
and GSH. The problem with the chronic oxidative
stress is not necessarily the lack of vitamins as
much as the constant and elevated intracellular lev-
els of oxidants accompanied by a chronic deficiency
of reduced glutathione and thioredoxin due to the
inability of producing sufficient reductive power.
As beautifully exposed by Mendiratta et al. [71],
Dickinson and Forman [72], and Wilson [73], low
molecular weight thiol compounds and ascorbic
acid play an essential role in many reactions “due to
the ease with each they are oxidized, and the rapid-
ity with which they can be regenerated.” During a
chronic inflammation, besides a reduced generation
of ATP, the main problem is linked to the defective
supply of the major electron donor, NADPH and of
antioxidant enzymes such as GSH peroxidases
(GSH-px), GSH reductases (GSH-rd) and GSH S-
transferases (GST), the latter performing conjuga-
tion reactions able to neutralize toxic aldehydes.
Obviously a concomitant deficit of SOD and of glu-
cose 6-phosphate dehydrogenase (G6PD) is impor-
tant while we have rarely observed a deficit of cata-
lase. The crucial advance will come if it will be pos-
sible to reverse the chronic oxidative stress by ac-
tively inducing the upregulation of intracellular an-
tioxidant enzymes

THE POSSIBILITY OF CORRECTING THE
CHRONIC OXIDATIVE STRESS

This problem has been investigated during the last two
decades and it has been clearly shown that a small oxidative
stress due to hyperoxia as well as ROS [74-78] and, more
recently, therapeutic doses of ozone [79-85] can upregulate
the synthesis of antioxidant enzymes and of HO-I, which is
now one of the most interesting enzymes because it has anti-
oxidant and multiform protective activity [86-89]. It has be-
come clear that any change of the external environment dis-
turbs cell homeostasis, but if the stress (hyperthermia, hy-
peroxia, radiation, ischemia, xenobiotics and so on) is toler-
able, or graduated in intensity, the cell can adapt to it and
survive, On the other hand, if the stress exceeds the cell ca-
pabilities, the cell programmes its own death. This behaviour
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is universally present from bacteria to fungi to plants to
mammals and the concept of ischemic and oxidative precon-
ditioning has been extensively discussed elsewhere [90].
Goldman [91] and Calabrese [92-2005] have presented ex-
amples of stimulatory responses following stimuli below the
toxicological threshold and have coined the term “hormesis.”
As we have used small, precisely calculated and repeated
ozone stresses [79,81,83], we have selected to use the term
of induced adaptation to a calibrated oxidative stress.

There are several modalities but the most precise, where
ozone and blood antioxidants can really stoichiometrically
react is ozone therapy, under the form of a major autohe-
motherapy. The procedure consists in 2-3 weekly intrave-
nous reinfusion of 200-250 ml of the patient’s blood mixed
with an equal volume of a gas mixture composed of medical-
grade oxygen (~96%) and ozone (equivalent to progressively
increasing ozone doses just five minutes after gently mixing
the gas mixture with blood). We have adopted the strategy of
slowly increasing the ozone dose from 4-5 mg up to 16-20
mg (200-250 ml of blood, respectively) to gradually improve
the adaptation to the ozone stress. Thus, ozone induces a
calibrated acute oxidative stress during which a number of
well defined messengers (H-O,, 4-hydroxynonenal) interact
with blood and parenchymal cells and induce the up-
regulation of antioxidant enzymes and HO-1.

The practice of autohemotherapy is some 40 years old
and it has been performed in many Countries showing to be
effective, atoxic and well-tolerated [93,94], especially in A-
RMD [3] and chronic limb ischemia [95] which are the most
frequently treated disorders.

On the basis of the mechanism of action, ozone therapy
can induce the following biological responses: a) it improves
blood circulation and oxygen delivery to ischemic tissue
owing to the concerted effect of NO and CO and an increase
of intraerythrocytic 2,3-DPG level; b) by improving oxygen
delivery, it enhances the general metabolism; ¢) it upregu-
lates the cellular antioxidant enzymes and induces HO-1 and
HSP-70; d) it induces a mild activation of the immune sys-
tem and enhances the release of growth factors; ¢) it does not
procure acute or late side effects; and, finally, it procures a
surprising wellness in most of the patients, probably by
stimulating the neuro-endocrine system. It does seem that
ozone therapy acts as a biological response modifier on
many targets gone astray because of a chronic inflammation.
All of these biological modifications have been extensively
discussed elsewhere [82,90,95] but it remains still uncertain
whether some messengers present in the ozonated blood are
able to stimulate the release of staminal cells in the patient’s
bone marrow. The mobilization of these cells would repre-
sent a crucial advantage in both CLI and CHF.

Nonetheless, this simple and inexpensive procedure has
already yielded therapeutic results in CLI (grade 2-4 of Fon-
taine-Leriche’s classification) superior to those achieved by
orthodox medicine using the gold standard infusion of vari-
ous prostanoids [96-106]. It appears likely that the excep-
tional versatility of the procedure makes it amenable to be



www.centauro.it

International Journal of Ozone Therapy 9: 97-104, 2010

A Comprehensive Approach for Vascular Disorders

evaluated in CHF and ictus. In such a case, by simultane-
ously using a fibrinolytic agent (tissue plasminogen activa-
tor) with mild ozone therapy appears important to rapidly
reduce hypoxia of the penumbral zone, thus minimizing fur-
ther complications [107].

Why our very mild ozonetherapeutic modality should be
effective when the Celacade™ system, thought to be an im-
mune-modulation procedure based on the intragluteal injec-
tion of 10 ml of the CHF’s patient blood (grade 11 and III of
the New York Heart Association, functional classification)
after its treatment with as much as 75 mg of ozone, plus
UVA irradiation and heat stress at 42.5 °C has failed to im-
prove the prognosis? This extremely harsh procedure pro-
posed in 1997 [43] and supported by commercial interest
was wrongly believed to reverse in vivo the prevalence of the
T-helper type 1 (Th1)/T-helper type 2 (Th2) equilibrium and
inhibit the vascular flogosis. Already in 1996 the “SIM-
PADICO” trial programmed for improving the chronic limb
ischemia was aborted [108] owing to the lack of a clinical
result. However, it has been the final “ACCLAIM” trial pub-
lished in 2008 [47] that has shown no real clinical improve-
ment in 1213 CHF’s patients treated for about 6 months with
some 25 i.m. injections of their heavily oxidized blood. Al-
though four critical comments [109-112] on the rationale of
this approach have explained this failure, the improper use of
an ozone dose at least 92-fold higher than the real therapeu-
tic dose (from 20 pg/ml or 0.42 pmol/ml up to 80 pg/ml or
1.68 pmol/ml gas per ml of blood) as we have determined
over the years [82-84] has compromised the future of ozone
therapy. The misinterpretation of the real mechanisms of
action such as vasodilatation, increased delivery of oxygen in
ischemic tissue and upregulation of antioxidant enzymes and
HO-1 has completely subverted the proposal of the physio-
logical use of ozone as a valid medical drug.

In spite of this serious pitfall, it is believed that the
ozonetherapeutic approach simultaneously applied with the
broad range of orthodox drugs, may represent a promising
approach for correcting the chronic oxidative stress and im-
proving the uncertain prognosis of many patients. Clinical
protocols had been prepared for the four mentioned vascular
disorders and will be evaluated during the next two years.
Any interested clinicians in this endeavour would receive our
best assistance.

CONCLUDING REMARKS AND A PERSPECTIVE

There is a general consensus that vascular disorders such
as CLI, CHF, ictus, and A-RMD are progressive diseases
where the common denominators are the ischemia and an
irreversible chronic inflammation. Owing to a number of
concomitant negative factors, it is unlikely that the separate
use of the available therapeutic strategies for reducing the
chronic oxidative stress may succeed in improving the prog-
nosis. The problem is complex because among obesity, dia-
betes, hypertension, and the likes there are substantial patho-
logic differences so that the clinician has the difficult task to
select the best medicinal combination for achieving a benefit.
Moreover, several of current drugs are too narrowly focused
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and not all patients are able to be compliant. The basic aim is
to decrease oxidative stress and it is felt that a judicious and
simultaneous application of ozone therapy able to radically
enliven the biological response is an approach that must be
explored for the sake of many patients.

Just to mention a few modern approaches such as gene
therapy, autologous transplantation of bone-marrow cells and
administration of angiogenic factors, how ozonetherapy
compares today with them? Ozone acts as a pro-drug: it dis-
solves almost instantly in the plasma, switches on a number
of biochemical reactions and disappears after generating a
number of messengers that, by reacting with a great variety
of cells, allow the revival of important biological activities
went astray during the preceding chronic oxidative stress.
Thus, ozone acts as a natural drug which has a minimal cost,
no side effects and procures useful clinical benefits that can
be maintained with a bimonthly administration. Indeed this
review has intended to inform clinicians of the existence of
this neglected procedure.
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Introduction

Oxygen ozone therapy (OOT) has been used
successfully in many countries throughout the
world for many years. It has been recently gaining
interest in the medical community in the wake
of an increasing number of scientific and clinical
papers published in international peer reviewed
medical journals. Many of the basic mechanisms
of the action of ozone both ex vivo and in vivo
are now well understood. The method by which
ozone has affected the modulation of interleukin
production and additional biological pathways has
been adequately explained by multiple research-
erst2 This research has resulted in the rationale for
the use of ozone in many pathological conditions
related to pain, inflammation, oxidative stress, can-
cer, atherosclerosis, diabetes, acute infections and
chronic infections:.

Conventional dentistry in the United States has
been very slow to embrace OOT in part because
it had not been included in the didactic or clini-
cal curriculum in any School of Dentistry in the
United States. However, in December of 2008 the
first presentation on “Ozone in Dental Medicine”
was delivered at Tufts School of Dentistry by Dr.
Philip Mollica. Prior to this presentation, the insti-
tutions had not been receptive to investigating the
possible research opportunities that would verify
the previous favorable findings from institutions in
Germany, Great Britain, Italy, Spain, Brazil, Cuba,
Russia, etc.

The recent movement to use OOT in the United
States was initiated by a small group of den-
tists. They attended a demonstration and par-
ticipation class using OOT at Capital University
of Integrative Medicine (a post doctoral program

in integrative health) in 1998. Soon after that pres-
entation, a group of eight dentists from that class
decided to pursue further research into the pos-
sible benefits of OOT.

The group obtained the corona discharge type of
medical ozone units that utilize medical oxygen as
the oxygen source and began limited clinical trials
in April 2000.

After successful clinical trail results, an IRB
approved study was granted by Capital University
of Integrative Medicine to further research and
define the uses of OOT. The primary researchers,
Dr. Philip Mollica and Dr. Robert Harris, decid-
ed to utilize the evidence-based research model
and establish sub-investigators in a practice-based
research network. This model was successful and
was repeated by the current research institution,
The American College of Integrative Medicine
and Dentistry. To satisfy the requests of practicing
dentists, Dr. Mollica and Dr. Harris, then began
offering a seminar series to teach dentists the
theory and clinical applications for infection con-
trol utilizing OOT. To date, they have taught OOT
to over 2,000 dentists through their seminars and
presentations at major meetings, both nationally
and internationally.

Clinical research is currently being conduct-
ed and monitored from multiple practice-based
research network clinical centers throughout the
United States*. As a result of the research findings,
foundational protocols have been developed to
address common oral infections such as periodon-
tal disease, endodontic infections, dental caries,
osteomyelitis, biphosphonate induced osteonecro-
sis, stomatitis and herpetic lesions. Additional ther-
apeutic protocols have been developed for tooth
related sinus infections, neuralgia, pulpal hyper-
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sensitivity, extractions, and temporomandibular
joint (TMJ) symptomology.

The International Academy of Oral Medicine
and Toxicology has endorsed OOT in dentistry as
scientifically valid and is has published a brochure
to explain the value of the therapy to dentists and
patients.

Therapeutic Modalities

Therapeutic methods of administration of
intraoral Oxygen-Ozone (OO) include: injection
of gas, irrigation with ozonated water, insufflation
of periodontal pockets with gas, and topical appli-
cation of ozonated oil. Injection protocols include
intraosseous injection of the OO gas mixture,
locally into the alveolus, subgingivally, intramus-
cularly, inferior alveolar nerve area, and into the
pterygoid space area. These injection protocols
are for treatment of all types of oral infections.
Irrigation with ozonated water is also utilized
for oral infections including stomatitis, herpetic
lesions and periodontal infections (subgingival).
Insufflation techniques with OO gas are gener-
ally utilized for caries, periodontal infections and
endodontic treatment. In addition, a technique
utilizing silicone full arch trays has been developed
for treatment of periodontal disease, caries and
biphosphonate osteonecrosis. Extraoral therapeu-
tic protocols include nasal and ear insufflation,
temporomandibular joint injections, trigger point
injections and craniofacial lymphatic injections.
These modalities are used for both primary and
secondary supportive treatment techniques.

OO Treatment Goals in Dentistry

The therapeutic goals that support established
standard of care procedures are as follows:
< Elimination of pathogens
Restoration of proper oxygen metabolism
Induction of friendly ecologic environment
 Increased circulation
e Immune modulation
e Stimulation of the humoral anti-oxidant system

Treatment of Dental Caries and Operative
Dentistry

More than 30 studiess have been presented
showing that low concentrations of OO gas causes
inhibition of pit and fissure caries, root surface car-
ies and interproximal carious lesions. These same
studies have also shown that reversal of decay in
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carious lesions occurs with exposure to OO in as
little as ten seconds. The protocols developed by
the American College of Integrative Medicine
and Dentistry encompass utilization of OO for
procedures including: pit and fissure sealants, car-
ies removal with subsequent restoration, dentinal
hypersensitivity, crown and bridge preparation,
carious exposures, etc. The procedure is to isolate
the tooth or preparation and flow the gas slowly
into the area the area to be treated for 45-60 sec-
onds. This procedure will locally kill the microor-
ganisms which are present in the tooth structure.
The use of proper evacuation technique is essential
to avoid inhalation of the gas. If inhaled, the oxi-
dant nature of the ozone can cause an irritation to
the eyes and the mucosal lining of the respiratory
tract because these tissues have very limited anti-
oxidant capacity.

Treatment of Root Canals

Endodontic (root canal) treatment of infected
teeth has long been a treatment of choice and the
standard of care in dentistry for an infected tooth.
Endodontic treatment involves cleaning out the
main canal(s) of a tooth with instrumentation,
irrigation and chemicals (sodium hypochlorite-
bleach). These canal(s) are then filled with a mate-
rial called gutta percha before the tooth is finally
restored with a crown. This procedure is intended
to sterilize the tooth from all the invading bacteria
that caused the tooth and the surrounding bone to
become infected.

The classical endodontic community feels that
this procedure prevents any bacteria from living
within the tooth or ever invading the tooth again
from the alveolar bone, thus saving the tooth. This
is a contested theory that has been disputed by
the allopathic and the integrative medical/dental
communities. Studies have shown that following
endodontic therapy, some bacteria, fungi and
viruses remain in the multitude of the very small
lateral canals and dentinal tubules that transverse
the tooth root and communicate with the peri-
odontal tissue. These studies have shown that the
obligate anaerobes (which can include bacteria,
virus and fungi) can remain within these canals
and are even found all the way to the cementoe-
namel junction.

A Japanese study published in 2004 ¢ demon-
strated that the use of ozonated water had the
same antimicrobial activity as 2.5 percent sodium
hypochlorite without the tissue toxicity. The study
also showed that following ozone therapy there
was high metabolic activity of the associated
fibroblasts indicating an increase in the healing
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process. A Brazilian study, performed on dogs,
found that the use of ozonated oil was actually
slightly more effective than calcium hydroxide as
an intracanal medicament for the treatment of
enterococcus faecalis infections. The anaerobic bac-
teria create an infection that results in an area that
is acidic with positively charged suppurative fluids.
OO gas is the third strongest oxidant. It carries a
negative charge and is electrochemically attracted
to the positive charge of the infected environment.
This results in the death of the pathogens and dis-
infection of the area.

Standard of care endodontic procedures are
employed during diagnostics and treatment. Then
OOT is used for disinfection of the root canals and
dentinal tubules. The following steps should be
added before the final fill of the canal(s):

e The files are coated with ozonated olive oil for
lubrication and disinfection.

e The canals are prepared and then irrigated with
ozonated water and dried.

» Before placing the root canal filling, the canals
are provided with a slow insufflation of gas (45-
60 seconds) with an ozone concentration of 45-50
mcg/ml.

The insufflation process allows the OO mixture
to travel electrochemically into the lateral canals
and tubules Killing the positively charged microbes
by oxidizing their cell membranes.

Treatment of Periodontal Disease

Periodontal disease is a multifactorial disease
process in the mouth. It has been linked sys-
temically to other diseases such as atherosclerosis,
bronchitis, diabetes, preterm and low weight births,
pancreatic cancer and others.

Traditional treatment has been either conserva-
tive treatment by root planing and scaling, surgical
intervention with a scalpel or LASER therapy
(for example the LANAP procedure with the
Periolase, an Nd: YAG LASER).

In cases where treatment is by root planing and
scaling, the sulci and pockets are initially irrigated
with ozonated water by use of a syringe and a max-
iprobe type canula. This process will reduce the
initial pathogenic load on the patient, both locally
and systemically prior to the root planing and
scaling procedures. After treatment of a quadrant
or half the mouth, each pocket and sulcus is insuf-
flated with OO gas. The gas goes directly into the
crevicular fluid and the tissues and sterilizes the
area, thus eliminating the pathogenic organisms.

For patients undergoing LASER therapy with
the Periolase, it is recommended that ozonated
water be used during ultrasonic debridement.

For certain cases, the silicone tray isolation
technique may be utilized. This involves fabrica-
tion of appliances made of silicone that fits snugly
onto each arch. Each appliance has an inlet and an
outlet valve. A low/medium concentration of OO
gas flows continuously through the appliance satu-
rating the teeth and periodontium with OO gas.
Ozone gas is introduced into the tray through the
in port of the tray. The small suction evacuator is
attached to the outlet valve allowing the excess gas
to be vacuumed away to prevent inhalation of the
gas. This treatment requires multiple visits. Routine
recall treatment for minor cases, such as gingivitis,
utilizes pretreatment rinsing with ozonated water,
irrigation of the periodontium and insufflation of
any periodontal pockets. In all cases, the patient is
given a jar of ozonated olive oil to take home with
them and apply topically to the soft tissue. This will
insure a continuous dose of OO in the form of 0zo-
nide, to the tissues. It also continues to eliminate
the microbes that create the biofilm that causes
reinfection of the surrounding tissues.

Adjunct Therapy for Extractions, Other Surgical
Procedures and Biphosphonate Osteonecrosis

OO is so versatile that it can be used for almost
any type of dental procedure. After a tooth is
extracted or any basic surgical procedure it is
recommended post-surgically to irrigate and insuf-
flate the area. This reduces the positive electric
potential of the wound and potential scarring with
the negatively charged gas or water. Healing of the
wound is generally much faster, with little or no
complications. Biphosphonate necrosis has been
extremely difficult to treat medically and surgical-
ly. There has been some success with OO utilizing
the foundational protocols along with intraosseous
injections and intraoral silicone tray treatment of
the osteonecrotic lesion. The patient is always sent
home with a jar of ozonated olive oil as a postop-
erative dressing for the wound.

Extraoral Techniques

Part of the foundational protocol involves ear
insufflation and nasal insufflation with low con-
centrations of OO. Ear insufflation is a technique
to deliver the OO into the external, middle and
inner ear. The tympanic membrane is vascular-
ized and some ozone can enter the bloodstream
by this route. Ozone being a potent oxidant easily
perfuses into the blood and reacts immediately
with a number of molecules present in the fluids
such as antioxidants, proteins, carbohydrates, and
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polyunsaturated fatty acids3. OO, when adminis-
tered nasally has to be bubbled through olive oil.
This produces triozonides of triolein, which are
not oxidants. But when the ozonides are inhaled
they have therapeutic effects similar to ozone. The
foundational protocols of the American College
of Integrative Medicine and Dentistry for ozone
therapy also include extraoral injections of small
concentrations of OO. These small amounts, usual-
ly 1.0 ml per site, are infiltrated either subdermally
or subcutaneously along the path of the external
jugular chain of lymph nodes, the cervical lymph
node system, the thyroid lymph nodes, the right
thoracic duct and the left thoracic duct.
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Conclusion

Ozone is the perfect substance for use in dental
procedures.

It disinfects the tissues treated and leaves no
toxic residues like chlorinated products.

It performs this task by oxidizing the cell mem-
branes of pathogenic organisms and killing them.

The oxidizing effect of ozone is as follows: it
requires one molecule of ozone to Kill the same
number of bacteria that would require 3,000-
10,000 molecules of chlorine for the same effect
and ozone performs this kill 3500 times faster than
chlorine*.
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ABSTRACT - Although orthodox medicine has provided a variety of topical anti-infective agents,
some of them have become scarcely effective owing to antibiotic- and chemotherapeutic-resistant pathogens.
For more than a century, ozone has been known to be an excellent disinfectant that nevertheless had to be
used with caution for its oxidizing properties. Only during the last decade it has been learned how to tame
its great reactivity by precisely dosing its concentration and permanently incorporating the gas into triglyc-
erides where gaseous ozone chemically reacts with unsaturated substrates leading to therapeutically active
ozonated derivatives. Today the stability and efficacy of the ozonated oils have been already demonstrated,
but owing to a plethora of commercial products, the present paper aims to analyze these derivatives suggest-

ing the strategy to obtain products with the best characteristics.

1. Introduction

The increase of ageing, obesity, and diabetes in
conjunction with inappropriate healthcare pro-
grams have emphasized the problem of having
to treat almost 1.5 billion people affected by skin
and mucosal infections due to bacteria, viruses,
protozoa, and dysmetabolism. Pathologies range
from the diabetic foot (ulcer with necrosis), bed
sores, ulcers after a trauma or burns, chronic viral
infections due to either herpes virus | and II,
or human papylloma viruses, vaginal infections
now frequent also in young girls due to Candida,
Trichomonas, and Chlamidia, rectal mucosa infec-
tions such as anal ragadis, abscesses with fistula
to end with mouth aphthous ulcers. These infec-
tions are rarely deadly but are considerably dis-
tressing because many patients often suffer of
diabetes or vascular diseases with tissue hypoxia,
other patients are immunosuppressed drugad-
dicts, or with concomitant HIV infection. Official
medicine provides a variety of drugs that are
expensive and often poorly efficacious because

infections in hypoxic tissue contain methicillin-
resistant Staphylococcus aureus and Pseudomonas
aeruginosa. Patients are suffering not only because
they become uncompliant to frequent medications
but they are discouraged by observing a lack of
healing t. Wound healing is a multiphase process
involving blood clotting, inflammation, tissue pro-
liferation, and remodelling ?, but both innate and
adoptive immune systems are too often hindered
by the chronic infection naturally difficult to over-
come. This is also the reason explaining the failure
of growth factors in heavily contaminated ulcers3+.

The judicious use of ozone (O,) appears provi-
dential because first of all eliminates the patho-
gens and then, by releasing oxygen (O,), activates
the proliferation of fibroblasts, hence the building
of intercellular matrix with consequent prolifera-
tion of keratinoblasts and successive healing.

In Section 2, we propose to briefly review the
physical chemistry of oil ozonation and all the
basic analyses necessary for demonstrating the
quality of the obtained products. In Section 3, it
appears useful to inform readers that both skin
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and mucosae are sensitive to excessive amounts of
gaseous O, as there are clear demonstrations of a
variety of alterations linked to a prolonged expo-
sure. In Section 4, we will then clarify the various
procedures devised to enhance the disinfectant
and healing-promoting properties of O,. Finally,
after an extensive analysis of a cornucopia of
proposals, we will try to suggest guidelines for the
future medical application of topical ozone and its
derivatives (Section 5).

2. Physical Chemistry of Oil Ozonation
with a Description of the Analytical Methods
for Characterizing the Process

Unsaturated lipid substrates react with insuf-
flated gaseous O,/O, mixture leading to therapeu-
tically active ozonated derivatives (Figure 1).

Palmitsse
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Figure 1 Representative chemical structures of ozonated de-
rivatives which are formed by chemical reaction of ozone with
unsaturated triglycerides. The primary ozonides are transient,
unstable species which rearrange in the normal, secondary ozo-
nides also known as Criegee ozonides.

Briefly, the postulated mechanism known as
Criegee reaction provides that ozone combines
with an unsaturated bond to form an initial, unsta-
ble primary ozonide which readily decomposes
to form a zwitterions and a carbonyl fragment. In
anhydrous environment these substrates combine
to give the typical cyclic trioxolane derivative.

However, the word “ozonated” is itself without
scientific meaning if it is not associated with “how
much” peroxides are present in the oil. In fact, from
a therapeutic point of view, the ozonide composi-
tions have the capacity to deliver active O, and/or
other useful species deep within the lesion without
causing primary skin irritation. The few studies
concerned with the therapeutic effects of ozonated
oils on acute cutaneous wound healing in ani-
mal models do not investigate the dose/behaviour
response, expressed as the amount of peroxides
existing in the ozonated derivative used®. Recently,
a quantitative evaluation of the therapeutic effect
of topically applied ozonated sesame oil on acute
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cutaneous wound healing in mice as animal model
has been developed®. The results indicate that both
low (<1000) and high doses (>3000), as expressed
in terms of peroxide value (see the corresponding
section in this paper), delay cutaneous wound heal-
ing. Such an evidence is reinforced by a number
of results between groups where the “middle”
concentration (about 1500) has the most beneficial
effect in accelerating the wound closure ratio.
From an industrial applicative viewpoint, the
overall quality of ozonated derivatives depends
upon several parameters, such as: (i) the type and
the quality of ozone generators; (ii) the ozonation
conditions, in terms of reactors and time, material
type and amount, presence of water and/or catalyz-
ers; (iii) the efficacy of the ozonizer, in terms of O,
concentration output, gas flow, gas carrier. As for
the latter, the use of medical grade O, instead of
air is an important point to be considered; in fact,
air feedstock (containing about 78% of nitrogen)
used for the ozonation of unsaturated substrates
could lead to the production of potentially toxic
nitrated by-products’, and to a significant decrease
of the ozonation efficiency ®. Another important
feature is that ozonated oil has to be unequivocally
characterized in terms of the species contents as
well as the reaction Kinetics. For these purposes,
the knowledge of the physicochemical proper-
ties of ozonated vegetable oils during production
has a great importance for their characterization
and identification. For determining the quality of
ozonated products, spectroscopic techniques, as
Fourier-Transformed Infrared (FT-IR) and 'H and
BC-NMR ¢, together with analytical methods as
peroxide, acidity, and iodine values as well as visco-
metric determination are usually carried out™®.

2.1. FT-IR Spectroscopy

FT-IR spectroscopy is used to highlight dif-
ferences in the functional groups during the oil
ozonation, in particular the decrease of the bands
corresponding to both C=C and =C-H stretching
(e.g., sesame oil at 1654 cm and 3009 cm™, respe),
and the increase of the band corresponding to ozo-
nide CO stretching (e.g., sesame oil at 1105 cm™).

Ozonated samples can be analyzed using two
different methods.

(1) An adequate aliquot (usually about 2 ul)
of sample is deposited between two disks of KBr,
avoiding air bubble formation, then the percent-
age transmittance or other suitable parameters are
measured in the range 4000-800 cm. Spectra are
obtained setting the appropriate scan summations
and minimal resolution (generally, 16 at 4 cm, resp.).

(2)An adequate aliquot (usually about 2 uL) of
sample is dissolved in a suitable solvent (prefera-
bly chloroform) and then the solution is settled in
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the sample holder avoiding air bubble formation,
then the transmittance (expressed as a percent-
age) or other suitable parameters are measured
in the range 4000-800 cm-. Spectra are obtained
setting the appropriate scan summations and
minimal resolution (generally, 16 at 4 cm, resp.).

2.2. NMR Spectroscopy

'H and ®*C NMR spectroscopies are performed
to obtain more information about the variation of
the functional groups involved in the reaction of
ozonation. Both the disappearance of the signals
relative to protons and carbons on the double
bond (e.g., in sesame oil 5.29 ppm, and various sig-
nals in the range 127.8-130.0 ppm, resp.) and the
parallel appearance of a signal on the proton and
carbon of 1,2,4-trioxolane (e.g., in sesame oil in the
5.11-5.08 ppm range, and 103.4-104.3 ppm range,
resp.) are evidenced. Quantitative analysis can be
performed by spectra normalized with respect to
the integral areas of the OCH, protons (glycerol)
that remain constant during the whole process.

Spectra will be obtained using suitable instru-
ments by solubilizing the ozonated sample in a
proper solvent (preferably CDCI,). Particularly, an
adequate aliquot (usually about 100 uL) of sample
is solubilised with 750 uL. of CDCI, in a 5 mm
NMR tube, then the analysis will be performed. To
obtain quantitative data, it is sufficient to perform
a '‘H-NMR, while *C-NMR essentially provides
qualitative informations®.

2.3. lodine Value

The iodine value (IV) represents the quan-
tity of iodine (in grams) that will react with
the double bonds in 100 grams of sample. 1V
is determined according to the Pharmacopoeia
monographs. The 1V is calculated by means of the
following equation:

_ 1.269:(n,-n,)
V= = D

where n, is the volume in mL of thiosulphate solu-
tion (0.1M) used for carry out a blank test, n, is
the volume in mL of thiosulphate solution (0.1 M)
used for the titration and m the quantity, in grams,
of substance. It is, therefore, a measure of the total
number of double bonds present in the sample and
for such a reason it is a chemical analysis useful for
evaluating the decrease of double bonds during
the oil ozonation process, giving information about
the 1,2,4-trioxolane formation.

2.4. Acid Value

The acid value (AV) is an index that express-
es, in mg, the quantity of potassium hydroxide
required to neutralise the free acids presents in 1g
of the substance.

The AV is calculated by means of the following
equation:

_ 5.610n

AV= o 2)

where n is the volume in mL of titrant and m the
guantity, in grams, of substance.

It is representative of the acidity level of the
product and it represents an index of the degrada-
tion by-products that could be formed during the
ozonation process.

2.5. Peroxide Value

Peroxide value, (PV), is usually used as an
indicator of the advancement and/or the control
of the ozonation process because of its simplicity,
rapidity, and low cost. Moreover, the PV may be
adequate for the stability evaluation of vegetable
oil ozonides and it appears to be very important
for commercial distribution as well as for the
determination of the better storage modalities.
However, it had been necessary to standardize the
methodology for a validated PV.

In the present paper, a detailed analysis of PV
assessments of ozonated lipid derivatives based
on both literature data and our laboratory experi-
ments will be presented together with their pos-
sible correlations with other techniques. Such a
report allows an in-depth acquaintance of the
ozonation process of vegetable oils as well as of the
related products obtained, allowing to define the
quality parameters useful for industrial purposes.
Specifically, the peroxide value (PV) represents the
guantity of peroxide expressing in milliequivalents
of active O, contained in 1000g of the sample.

For the PV evaluation, three different methods
were adopted.

(a) First official monograph described in
Pharmacopoeia (e.g., European Pharmacopoeia,
British Pharmacopoeia, United States Pharma-
copoeia), which provides the solubilization of
sample in 30mL of chloroform/glacial acetic acid
(2:3), the addition of saturated potassium iodide
solution (0.5mL) and the titration after 1 minute
with a solution of sodium thiosulphate.

(b) Second method described by Martinez Tellez
et al.t, which always provides the solubilization
of sample in 30mL of chloroform/glacial acetic
acid (2:3) and the addition of saturated potassium
iodide solution (0.5mL), but the titration is done
after 24hours.

(c) Third method recently proposed . Briefly,
2g of SO were weighed in a 250mL conical flask
and 30mL of chloroform/glacial acetic acid (2:3)
were added. Then, 3.0mL of saturated potassium
iodide solution were added. The flask was stirred
at reflux temperature (60°C) for various times
(5-180 minutes). After this time, the solution was
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cooled and 25mL of water were added. Solutions
of sodium thiosulphate at the appropriate concen-
tration (0.0001-0.1 M) were used for the titration.

In all determinations the PV was calculated by
means of the following equation:

py/= 1000-(¥1-v0)-c | @)

where V, is the volume in mL of thiosulphate solu-
tion used for the titration, V, is the volume in mL
of thiosulphate solution used for carry out a blank,
¢ the thiosulphate concentration and m the sample
quantity (grams).

The ozonation efficiency (expressed as a per-
centage) represents ratio of the amount of peroxi-
dation due to ozonation process, as estimated by
PV value, to the O, total amount applied to the
system. It was calculated by means of the following
equation:

_ (PV-PV,) 24
OF= "0 * oAb
where PV, is the ozonated sample PV, PV, is the

PV of untreated sample, and OAD stands for the
applied dose (mg/q).

x 100, (4)

2.6. Viscosity Measurement

Viscosity evaluation is a useful technique because
it is fast and it could be online, giving an estima-
tion of the double bonds present in the sample. In
fact, the greater the ozonation time the higher the
product viscosity because of the disappearance of
the double bonds. Moreover, its typical trend can
be a useful tool in providing a rapid quality control
assessment during the entire ozonation process, as
well as to decide on the process time for obtaining
the desired ozonation level of the sample®.

3. Cutaneous Responses
to Environmental Ozone Exposure

The skin, along with the respiratory tract, is
directly exposed to environmental pollutants
including O,, an important constituent of photo-
chemical smog. Although numerous studies have
documented effects of O, on the respiratory tract
in animals and humans #%, only recently some
studies characterizing its effect on cutaneous tissue
have been published 2,

The skin consists of two main layers, the inner
dermis, mainly composed of fibroblasts and con-
nective tissue matrix, and the outer epidermis,
which contains keratinocytes that, by progressive-
ly differentiating to form enucleate corneocytes,
become imbedded in a lipid matrix and together
comprise the outermost part of the epidermis, the
stratum corneum (SC) 2,
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Previous studies have shown that exposure to O,
results in the depletion of both water soluble and
lipophilic antioxidants such as uric acid, ascorbic
acid, and tocopherol, and this was accompanied by
increase in parameters of both lipid peroxidation
and protein modification, primarily in the outer-
most skin layers 172,

In further studies, we were also able to show
that the exposure of hairless mice to O, will not
only deplete the antioxidant levels and increase
oxidative markers but these molecules are able to
induce active cell responses.

These effects can be briefly summarized as fol-
lows.

(1) Induction of Redox Sensitive Transcription
Factors

Ozone, like many others environmental chal-
lenges, is able to activate transcriptional fac-
tors redox sensitive such as Nuclear Factor k B
(NFKB). This transcriptional factor acts as an acti-
vator for a multitude of proinflammatory genes
(IL-8, TNFa, TGFpB) and adhesion molecules
(ICAM and VCAM). It has been assessed that O,
is able to activate NFkB using both in vitro and in
vivo systems. Thiele et al.*, using an immortalized
human keratinocytes (HaCaT cells), were able
to show that O, induced the activation of NFkB
by electrophoretic mobility shift assay (EMSA).
Ozone induced a dose dependent activation of the
transcription factor.

This effect was likely to be mediated by ROS,
particularly H,0,, because it was inhibited by the
incubation of the cells with lipid soluble antioxi-
dants (tocopherol).

(2) Induction of Heat Shock Protein (HSP) and
Inflammatory Markers

As a consequence of the induction of tran-
scription factors, O, exposure (6 days to 0.8 ug/
mL for 6hours/day) induced the expression of
proinflammatory markers in skin homogenates
such as cyclooxygenase-2 (COX-2). This induc-
tion was accompanied by an increase level of
heat shock protein (HSP) 32, also known as heme
oxygenase-1 (HO-1). In this paper, we were the
first to demonstrate the upregulation of HSPs 27,
32 and 70 in homogenized murine skin upon O,
exposure. HSP27 showed the earliest (2 hours)
and highest (20-fold) response to O, compared
with the delayed induction (12 hours) of HSP70
and HO-1. HSP27 is expressed predominantly in
the suprabasal epidermis in human skin, whereas
HSP70 predominates in the dermis compared with
the epidermis.

These differences in location between HSP27
and HSP70 might explain the different time course
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of induction of these stress proteins upon O, expo-
sure. It is therefore possible that the generated
bioactive compounds may be responsible for the
induction of HSPs as was also shown after UV
irradiation.

(3) Induction of Matrix Metalloproteinases
(MMPs)

Among the multiple systems altered in the skin
by environmental pollutants, MMPs are among
the major targets. Indeed, O, exposure is able to
affect their synthesis and/or activity with logical
consequences on tissue remodeling and wound
healing 2. Within the MMP family, MMP-2 and
MMP-9 are the only members able to degrade
type-1V collagen of the basal membranes®. MMP-
2 is involved in pathological processes such as pho-
toageing and precancerous/cancerous skin lesions
after UV exposure; moreover, MMP-2 is capable
of cleaving other substrates, in addition to type-1V
collagen, including other MMPs and therefore can
(indirectly) control extracellular matrix degrada-
tion and remodelling.

MMP-9, like MMP-2, plays a role in human skin
ageing® tumor development?, as well as in other
cutaneous lesions such as psoriasis and derma-
titis 2%, In a recent study, we were able to dem-
onstrate that O,, was able to affect MMP activity.
Most likely the generation of bioactive molecules
can be the cause of such activation. It has been
also demonstrated that O, is able to induce NO
production via the activation of iINOS in cutane-
ous tissues ®. When produced in excess, NO, may
combine with superoxide to form peroxinitrite
(derived from other sources) that can activated
MMPs especially MMP-9. Thus, the increase of oxi-
dative stress after exposure, plus the interaction
between O, and nitrogen active molecules might
be the main mechanism that leads to the enhanced
MMPs activities in skin tissues. This can be also a
result from an imbalance between MMPs and their
endogenous inhibitors, the tissue inhibitors of met-
alloproteinases (TIMPs) %,

In fact, the activities of MMPs are regulated by
TIMPs, which can be produced by a multitude of
cell types present in the cutaneous tissue. While
MMP activity is altered by the O,, neither TIMP-1
nor TIMP-2 level expression is affected. The lack
of changes in TIMP-1 and 2 levels, combined with
the increased activity of MMPs suggest that O, can
cause a net increase in matrix degradation. On the
other hand, in a comparative study where normal
skin has been exposed for two hours to environ-
mentally realistic levels of ozone, only a moderate
state of oxidative stress at level of the stratum
corneum has been induced, without producing a
visible clinical response?.

4. Skin Age-Related Responses
to Ozone Exposure: Wound Healing

Wound healing is a critical process in the skin
and it has known to be affected by oxidative stress
and also to decline with increasing age 2. Although
the exact sequence of wound healing is complex,
cutaneous wound healing begins with wounding
induced signaling factor-based transformation of
stationary keratinocytes into cells capable of both
replication and migration. Upon transformation,
these cells express a host of molecules that pro-
mote the invasion of the injured epithelial matrix
and reepithelialisation of the wound surface ®.
Delayed wound healing in the elderly has been
well described *.

As mentioned above, O, exposure is also associ-
ated with activation of transcription factor NFkB,
which is important to regulate inflammatory
responses and eventually entire wound healing. O,
exposure increased levels of Transforming Growth
Factor (TGFp) that is a critical factor in tissue
remodeling 2. We can summarize that while O, as
an oxidant, might stimulate wound healing, it would
be detrimental in an *“aging environment” due to
the increased concentration-dependent oxidative
stress. Therefore, these aspects have biological as
well as practical implications and needed further
investigations. In a recent study, we demonstrated
the detrimental effects of O, on cutaneous wound
healing in the aged animals. In fact, when hairless
young (8-week-old) and aged mice (18-months-old)
with after full thickness excisional wounds were
exposed to 05 ug/mL O, for 6 hours per day the rate
of wound closure was significantly delayed in the
old group. We also showed induction of protein and
lipid oxidation assessed as changes in protein oxida-
tion (carbonyls) and lipid peroxidation (4-hydrox-
ynonenal, HNE adducts) in the old mice compared
to the young mice during the later stage of cuta-
neous wound healing. O, exposure has different
effects depending on the age of the mice. In fact,
it significantly delayed wound closure in old mice,
while in young mice, it led to accelerated trend dur-
ing the first few days of the exposure. This might be
attributed to the antibacterial properties of O,, as it
has been shown that application of “hydropressive”
ozonation provides fast cleansing of wound surface
from pyonecrotic masses, promotes elimination of
infection and thus substantially reduces the period
of treatment of the patients ¥.Recently, clinical
treatments using hyperbaric oxygen therapy dem-
onstrated that increased O, tension at the wound
site increases the formation of granulation tissue,
enhances accelerated wound closure and amelio-
rates impaired dermal wound healing *; therefore,
accelerated trend of wound closure shown in young
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population may be due to decreased bacterial infec-
tion and/or increased O, tension by O, exposure in
wound area.

One of the possible driving processes of the
effect of O, on wound healing can be also in this
case the modulation of the transcription factor
NFkB. Interestingly, the dose—effect relationship
between level of oxidative stress and NFkB exhib-
its a biphasic profile: while moderate levels of oxi-
dative stress activate NFkB through an IkB kinase
independent mechanism, extremely high levels of
oxidative stress have been shown to inhibit NFkB
activation by blocking 1kBa phosphorylation .
One potential explanation for the differential
effect in the older animals is that the level of oxi-
dative stress generated by O, exposure combined
with aging causes levels of oxidative stress that
inhibits IkBa phosphorylation, thereby resulting
in a decline in NFKB activation. This finding is
consistent with what mentioned previously that O,
exposure induced skin antioxidants depletion.

This interpretation is also bolstered by data on
TGFp a crucial modulator of tissue remodeling
and is linked to both NFkB status as well as to lev-
els of oxidative stress during entire wound healing
process®. The reduced TGFf levels in both air and
O, exposed old mice as well as the lower induction
of TGFpB by O, exposure in the old animals sug-
gests that the noted delays in wound closure might
be related to defects in oxidative stress-dependent
NFKkB status as well as levels of oxidative stress
and TGFgsignaling in aged mice during later stage
of wound healing.

5. Topical Application of Ozone in Medicine

To the best of our knowledge, the first applica-
tion of gaseous O, was performed during World
War | for treating German soldiers affected by
gaseous gangrene due to Clostridium anaerobic
infections very sensitive to O,“%, In 1936, Dr P.
Aubourg, by using a metal cannula, was the first
to propose the insufflations of gaseous O,/O, in
the rectum to treat chronic colitis, anal ragadis
and fistulae. This approach is very empirical and
unprecise and today it is mostly used by Cuban
physicians. In 1937, a Swiss dentist, E. A. Fisch
(1899-1966) had the idea to use it in his practice
and, by a twist of fate, he treated Dr. E. Payr (1871-
1946) a surgeon who had a painful gangrenous pul-
pit. Payr was so enthusiastic of the O, effect to use
it in his surgical practice with great advantage *.
Later on, Werkmeister “ mastered the use of gase-
ous O, in several skin ulcers due to atherosclerosis,
diabetes and radiotherapy by either enclosing a leg
in a polythene-bag (the so-called bagging system)
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or using an ozone-resistant plastic cup applied
in other areas. In the former application the gas
was introduced to just inflate the bag containing
some distilled water. The system was static but
after 20-25 minutes the gas was aspirated and
destroyed. The O, concentrations varied between
a high 80 ug/mL in very purulent ulcers and pro-
gressively lower concentrations down to 10ug/mL
as the ulcers improved because excessive O, would
be deleterious for healing. As the cup system had
an inlet and an outlet, Werkmeister could realize
a continuous gas flow with a modest depression
that enhanced the vasodilation of the ulcer’s area.
With both systems he treated many extensive and
otherwise incurable lesions within 50-200 days.
It is noteworthy that gaseous O, works well only
in a water vapour-saturated bag because it must
dissolve into superficial water or in the exudate to
react proficiently. The normal skin does not under-
go any damage during the treatment. Today these
procedures are still in use but they are somewhat
cumbersome and great care must be exercised to
prevent air contamination.

How ozonated oils act remains an open question.
Probably, when the stable triozonide comes into
contact with the warm exudate of the wound, it
slowly decomposes into different peroxides, which
readily dissolves in water, probably generating
hydrogen peroxide that can explain the prolonged
disinfectant and stimulatory activity. If it is correct,
this reasoning implies that we should have titrated
preparations with high, medium, or low ozonide
concentrations to be used during the inflammatory
septic phase I, regenerating phase Il or remodel-
ling phase 111, respectively 2. These phases have
been related to the rapidly changing cell types and
to the release of cytokines and growth factors that
modulate the complex healing process.

An alternative method for treating diabetic foot
ulcers is the use of hyperbaric oxygen therapy
(HOT) but in such a case one disadvantage is
the use of only hyperbaric O, and another is the
need to close the patient in the chamber for two
hours. Therapeutic results are far more modest
than topical O, application, particularly when it is
contained in a close cabinet with thermostatically-
controlled temperature. However this procedure
requires considerable idle times and, if an aspirat-
ing pump is unavailable, it may contaminate the
operating room. For these reason today for cleaning
and disinfecting cutaneous and mucosal infections
and lesions due to many causes (like, e.g., trauma,
ischemia, burns), it appears preferable to use at
once freshly ozonated water and then ozonated oil,
particularly during the night or at rest conditions.

The process of water ozonation needs of double
distilled water and O, concentrations ranging from
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20 up to 100 ug/mL of gas to have a final yield of 5 up
to 25 ug/mL, respectively. O, is directly bubbled into
the water and the gas in excess is passed through a
dehydrating device and finally through a destructor.
Depending upon the water volume and the gas flow,
a period of ozonation between 5-20 minutes is suffi-
cient to saturate the water with gaseous O,. In fact, if
the water is ultrapure, O, physically dissolves in the
absence of chemical reactions and if kept in a glass
bottle closed with a Teflon cap, the concentration
halves only after 300 hours at 0°C. However, at 20°C
the half-life is about 10 hours*. It must be noted
that monodistilled water allows a much faster O,
decomposition and it is not practical. It is adviced to
maintain the bottle at 4°C and to quickly close the
bottle at any time, or better to have a valve system
to prevent gas losses. It would be useful to device
a procedure for maintaining the O, concentration
for longer times and we are investigating a possible
procedure. On the other hand, ozonation of either
olive or sunflower oils requires a much longer time
and the procedure needs to be well-standardized in
terms of gas-flow, O, concentration, oil volume, and
temperature. As recently reviewed, at least twenty
different vegetable oils have been patented but so
far it remains impossible to define their relative
cost/benefit“. At this stage, after evaluating several
physicochemical criteria, stability, efficacy, and cost,
it seems that sesame oil has several advantages in
comparison to other oils.

How and when ozonated water and oils are
used? Chronic wounds range from diabetic foot
to putrid and deep ulcers due to limb athero-
sclerosis, or trauma and burns. Moreover, both
immunosuppressive chemotherapy and/or malnu-
trition cause abscesses, anal fissures and fistulae,
bed sores, furunculosis, and osteomyelitis which
are difficult to treat and often fail after prolonged
treatments. About 7 million patients in the United
States are affected with a cost over US$ 25 billion
annually. Various types of disinfectants, antibiotics,
antifungal, antiprotozoal, and growth factors are
scarcely effective because the deranged metabo-
lism and local hypoxia are not modified. Several
other approaches such as vacuum therapy “*,
maggot therapy “ and devices for providing topi-
cal oxygen therapy in a clinical setting have been
proposed and variably used. This last approach has
a rationale in the sense that enhanced oxygena-
tion is useful for activating the metabolism and
cell proliferation of ischemic tissues *%. However,
it has also considerable limitations because it is
a cumbersome therapy, with minimal disinfect-
ant activity and modifications of the fundamental
pathogenetic mechanisms.

Another topic of critical interest is the patholo-
gies of the vaginal mucosa. Although rarely deadly

(as the toxic shock syndrome due to a forgotten
absorbent tampon), a majority of women physi-
cally and psychologically frequently suffer from a
number of infections due to several pathogens such
as Neisseria gonorrhoeae, Trichomonas vaginalis,
Candida albicans, Chlamidia trachomatis, Herpes
virus type-1l (HV-11), human papilloma viruses
(HPV), human immunodeficiency virus (HIV),
often due to unprotected sexual intercourses, stress,
change in sexual partners and also physiological
hormonal changes during menopausa. About 20
million Americans are affected by the distressing
HV-11 and as many 40 million have the genital HPV
with warts and the impending risk of cervix cancer.
Moreover, the further implantation of opportun-
istic infections complicates the treatment. It is
unfortunate that orthodox medications are expen-
sive and not so useful because of drug-resistant
pathogens and side effects limiting the compliance.
So far official medicine has not yet entertained the
topical use of O, and derivatives in therapy because
they are not profitable and no extensive clinical tri-
als have been published in peer-reviewed journals:
the therapy has remained in practitioners’ hands
and the results remain anecdotal. Moreover, the
parenteral use of ozone, also known as ozone ther-
apy, is very useful as adjuvant: it is reasonably ease
to perform in terms of classical ozonated major and
minor autohemotherapy ®. The latter modality has
been successfully used for eliminating recurrences
of HV-I and Il infections. However, topical therapy
is essential and it is carried out by using vaginal
irrigation of fresh ozonated water and application
of vaginal ozonated oil pessaries for the night.
During prolonged treatment the ozonated com-
pounds allows the elimination of any pathogens.
So far no resistance to O, has been demonstrated.
Creams containing ozonated oils can be used 3-4
times daily for external genital areas and also for
several anorectal affections.

As for the oral infections (aphthae, HV-I, oppor-
tunistic superinfections, or acne) the earliest as
possible application of ozonated ointments, by
minimizing pathogen diffusion and enhancing
microcirculation, reduces the swelling, destroys
the pathogen, and allows a rapid healing.

Last but not least, clinical trials in tinea pedis as
well as onychomycosis** have been recently pub-
lished and have shown the usefulness of ozonated
sunflower oil.

6. Conclusions
At the present, especially in young people,

venereal infections are increasingly frequent and
therefore a suitable, effective medication with
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ozonated compounds will be a huge economical
and social value. Also, elderly people are burdened
with a variety of wounds and ulcers, some of which
never heal, making life miserable. It is hoped that
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Dear Colleagues,

The 3rd World Congress of the Ozone
Therapy Federation which follows
those held in Beljing and Madrid wants
to offer a further-scientific value in
a sector where ~approximation and
vague knowledge lead - let me say - to
a mere justification of a much: easier
indifference.

This is not acceptable and this congress
Is another important meeting occasion
to give validating = certainties to
physicians operating in this discipline.
Recent clinical results of national and
international case history show a.need
for a bigger effort in the -research of
rationality in the "way -this matter is
dealt with. This 3rd World Congress
then gives itself ambitious targets.
It wants to fight deception and re-
establish incontestable truth which is
only possible with concrete knowledge.
It wants to give credit to all those
around-the world who have been able
to give certainty-to this therapy.

It wants to give the opportunity-of a
correct approach and give an occasion
of deep analysis.

For all this | feel honoured to organize
the WFOOT 3rd World Congress - of
Ozone Therapy for the first time in‘italy:
A big opportunity for all those ‘who
want to collaborate, compare;-give the
results of their own. knowledge: and
experience, but-above all for those who
are humble enough to ask themselves
“why?”

Thank you all

Matteo Bonetti

The Francesco Riccardo Monti prize for life time
achievements is a recognition for scientific work done
to spread Oxygen-Ozone Therapy practice in Italy and
around the-world,

The great artist Francesco:Riccardo Monti, who is now
represented by his heirs, was-a sculptor and an architect
from-Cremona and he created many monumental works
of art. At the end of 1928 after winning a commission
and being prevented from completing it he had an
argument - with a fascist party official and left Italy.
He moved first to France and then to Manila in the
Philippines where within a short time he became-the
most important sculptor and architect in the country.
There he carried out great works of art merging. the
style ofthe European school with the local tradition. He
came back to Italy only for short periods between 1930
and 1932 to finish some uncompleted works.

His style is-full of poetic symbolism and leads to works
of art rich in grace and imagination. His devotion is the
same- of those physicians who have always believed in
the effectiveness of Oxygen-Ozone Therapy and have
made possible for this
very successful
therapy to
develop all - over %
the world.
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Thursday 14 april

15.30-16.00
16.00-16.30

Registration of participants
Opening Ceremony

Welcome of local Authorities

V. Kumar

Ozone Therapy-Today

Francesco Riccardo Monti
Awards Ceremony

G. Pellicano

History of Rock

19.00 - 19.30 Visit of “Mille Miglia” Museum

16.30-17.30
17.30-18.00

18.00-19.00

Friday 15

| Session - Ozone Therapy

08.30-09.15 V. Bocci
State of the Art
09.15-09.35 Fahmy
New Frontiers of Pain Therapy

Oral Communications

Il Session - Ozone Therapy in the
Musculo-Skeletal Pathology

PART |- Spine
Moderators: C. Andreula, O.A-Pepa

09.35-09.55 M. Leonardi

State of the Art

Y. Bergeron

The Future of Minimally Invasive Treatment of the
Spine: Role Of Ozone Therapy

J. Baeza Noci

Therapeutical Approaches
Coffee Break

M. Gallucci

Other Ozone Therapeutical Approaches:
Facet Joints and Posterior Arch

G. Pellicano
Review of International Literature
Discussion

09.55-10.15

10.15-10.35

10.35-10.50
10.50-11.10

11.10-11.30

11.30-11.50
Oral Communications

PART Il - Articular
Moderators: M. Bas, H. Konrad

11.50-12.10 X. He

The Research on Degenerative Knee Cartilage in Rats
12.10- 12.30 M. Muto

The Research: Modifications Induced by Ozone In the Disk
12.30-12.50 E: Genovese

Mininvasives Treatments of Small and

Big Articulations Compared to Ozone
12.50-13.10 A. Scarchilli

The Experience in Shoulder and Knee Treatment

Oral Communications
13.10 - 14.30 Lunch

Il Session - Randomized Clinical Studies
Moderators: F.D. Ungureanu, J. Vyletelka

14.30-14.50 M. Gallucci
Ozone Versus Steroid in the Treatment of Lumbar Pain
A. Zambello
Epidural Infiltrations Versus Ozone Treatment
F.J. Galvan
Ozone Therapy Versus Microsurgery in the Treatment
of Slipped Disk
15.30- 15.50 L. Re
Clinical Evaluation of the Pain in the Elderly Patient,
Ozone Versus Traditional Pharmacological Treatment

14.50-15.10

15.10-15.30

Oral Communications

15.50-16.10 Coffee Break

IV Session - World Experiences
Moderetors: J. Baeza Noci, A. Alexandre

16.10-16.30 W. Kos - Oceania
16.30-16.50
16.50-17.10
17.10-17.30 R. Alvarado - America
17.30-17.50 Nabil Massouf - Africa

Other Applications

V.S. Kumar - Asia
C. Andreula - Europe

Moderetors: F. Hernandez-L.Re

17.50-18.10  S. Schulz
Tumours
18.10-18.30  A. Schwarzt Tapia
Ozone Theraphy in Recurrent Vulvovaginal Candida
Albicans Infections
18.30-18.50  S. Menéndez
Diabetes

Oral Communications

Saturday 16

Session - Veterinary Medicine
Moderators: G. Penocchio, A. Corradi

09.00-09.30 H. Giuliano - (Small Animals)

09.30 -10.00 P. Scrollavezza

Cow Mastitis Treatment

E. Ballardini

The Big Hemotransfusion in Horses

E. Smadelli

Practical Applications and Clinical Cases (Small Animals)
Coffee Break

C. Dimauro

Practical Applications and Clinical Cases (Small Animals)
M. Ablondi

Practical Applications and Clinical Cases (Cows)

10.00-10.30
10.30-11.00

11.00-11.20
11.20-12.20

12.20-13.00

Oral Communications
13.00-13.30
End of works at 13:00 p.m.

Discussion of Posters



HOW T0 REAGH THE MUSEUM

FTFL Y

@

LOCATION OF THE MUSEUM

The Museum is situated inside the Monastery of Saint Eufemia, founded in years 1008.

Saint Eufemia is a district lying on the east side of Brescia, on the 45Bis “Gardesana Occidentale”
Main Road:Viale della Rimembranza that is between Via Indipendenza-and Via della Parrocchia.

GPS NAVIGATOR:

TomTom Navigator and similar:

Lat=45.52411 N - Lon=-10.26783 E - Garmin, eTrex e simili:
Lat=45°31".446 N - Lon="10° 16".0698 E

How to reach us:

By car:

A4 and A21 Highway “Brescia Centro” exit
Follow direction to S. Eufemia, Proceed along Via Maggia, Via Mensi, Via Fiorentini, Via Gatti,
Via Zammarchi, Viale S. Eufemia.

A4 Highway: “Brescia Est” exit
Follow direction to Brescia along the South ring road S. Eufemia exit. Follow direction to S.Eufemia.
Proceed along Via Serenissima, Viale Sant'Eufemia

From the city centre of Brescia:
Piazzale Arnaldo, Viale Venezia della Mille Miglia, Viale della Bornata, S. Eufemia

By bus: From the city: n. 3 Urban line (Rezzato direction) and n. 11 from Garda Lake bus stop
“Eufemia” Others extra urban lines: station bus stop of Brescia and then urban lines.

By train: Brescia Station, Bus line n. 3 (Rezzato direction) and n. 11, Taxi

By plane: G. D'Annunzio di Montichiari Airport, Shuttle bus from/to Bus Station, Line bus n. 3
(Rezzato direction) and n. 11



GENERAL INFORMATION

CONFERENCE DATE AND LOCATION
The conference will take place in S. Eufemia (BS) at the Mille Miglia Museum Viale della Rimembranza, 3
on 14th, 15th and 16th April 2011.

ABSTRACTS

Submitted abstracts related to the topics of the conference will be selected for presentation as poster or
oral communications.

Abstracts will be published on the International Journal Of Ozone Therapy.

All abstracts must be in English and must mention authors and their affiliations. They must contain title,
goals, materials and methods, results and conclusions.

Maximum length allowed for each abstract is 3000 characters including spaces.

Please send your abstracts to info@koineeventi.com

Deadline for abstracts submission is February 1st 2011

REGISTRATION FEE

Before February 1st After February 1st
Regular fee: 250 € 350 €
F1.O. Members: 1100 € 3200 €
W.E0.0.T Members: 1100 € 1200€

Registration fee includes:
congress kit

coffee break

lunch

HOW TO PAY FOR REGISTRATIONS

It is possible to pay by cheque or bank transferin favour of Koine"eventi (see attached registration form).
Koine eventi will send the invoice to the participant or to the paying company/institution.

Note: in case of reservation paid by public or private institution you are kindly requested to provide us
with an authorization written on the institution letterhead with all invoicing details (name, address, VAT
No.).

Please send the authorization along with the reservation form

HOTEL RESERVATIONS

(Prices are available in the reservation form).

Koine eventi has reserved a certain number of rooms at the Villa Fenaroli Palace Hotel especially for-the
conference. To make a reservation please fill in the attached form and send it to Koine eventi to allow
them to reserve the room/rooms depending on availability and according to your-request. After the re-
servation has been made successfully Koiné will send you a voucher with the full address of the hotel.

English will be the official language of the conference



Il WORLD GONGRESS OF 0XYGEN — OZONE THERAPHY
V GONGRESS0 NAZIONALE EL.0.

Title Name Surname

Date of birth Place of birth

Home address

Zip code Town Province Country
Phone Fax e-mail
WORK ADDRESS:

Service/Division/Institute

Company/University

Address
Zip code Town Province _ Country
Phone Fax e-mail
PAYMENT:
Before February 1st After February 1st
Regular fee: 250 € 350 €
F1.O0. Members: 1100 € 1200 €
W.FO.O.T Members: 1100 € 1200 €

THE PAYMENT HAS BEEN MADE BY:

[ Bank cheque number

of Bank in favour of Koiné eventi snc

The cheque must be sent, possibly by registered mail, to the organizing Secretariat Koiné eventi snc
Via Fontane, 24 - 25133 Brescia, together with the registration form.

[ Bank to bank transfer in favour of Koiné eventi snc
UBI - Banco di Brescia Fle n. 27 - Via Ambaraga n. 126 (BS) ¢/c 19000 - CIN: R- ABI 3500 - CAB 11290
IBAN: IT40R0350011290000000019000 1 BIC/SWIFT : BCAIT21090

INVOICE DATA:
Name

Address

Fiscal Code (ltalian)

VAT

Please return to: Koiné eventi snc, via fontane, 24 - 25133 Brescia - Italy
Fax: +39 030.2096783 - e-mail: info@koineeventi.com



Il WORLD GONGRESS OF OXYGEN — OZONE THERAPHY
V GONGRESS0 NAZIONALEEL0.

HOTEL RESERVATION FORM

Name

Surname

Home Address

ZIP City Province Country
Telephone Fax

E-mail Mobile

| would like to make a reservation as follows:

Room: [ n. 1single double use (A n.1 double

Arrival date Departure date No. Of nights
Double single use J€ 84,00

Double d€ 104,00

To guarantee my reservation | agree to give my credit card details to Koiné eventi who will forward them to the hotel.

Card type:

VISA MASTERCARD AMERICAN EXPRESS 1 DINERS (4
Card n. Card holder
Expiry date Card holder signature

The agency will reserve the room/rooms depending on availability and according to participant’s requirement.
Reservation forms must be sent to Koine eventi within March 15th. Requests of reservation sent after that date
can't be guaranteed. Each request will be forwarded to the hotel.

The contract is made between the customer and the hotel. Koiné will send a voucher showing all details about
the reservation.

Payment will be made directly to the hotel that will issue the related invoice at departure.

Approved by (card holder signature):

Note: in case of reservation paid by public or private institution you are kindly requested to provi-
de us with an authorization written on the institution letterhead with all invoicing details (name,
address, VAT No.).

Please send the authorization along with the reservation form.

Date Signature

Please return to: Koiné eventi snc, via fontane, 24 - 25133 Brescia - Italy
Fax: +39 030.2096783 - e-mail: info@koineeventi.com



www.centauro.it International Journal of Ozone Therapy 9: 127, 2010

Errata-Corrige

International Journal of Ozone Therapy 9: 30-32, 2010 www.centauro.it

Non-Invasive Approaches to Back Pain in Patients with
Somatization

A.BARISELLI

Clinical Psychologist, Intensive Short Term Dynamic Psychotherapy

Key words: back pain, psychosomatic, somatization, 1.S.T.D.P,, S.C.L.90

Results

The first test administration yielded the following results:
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Additional scales:

General neuroticism 1.11

Sleep disorders 3.33

Distress 1.41

Difficulty in cognitive performance 1.38

In the second administration we obtained these indexes:
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Additional scales:
General neuroticism 0.82
Sleep disorders 1.23
Distress 0.81
Difficulty in cognitive performance 0.64
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Spine Radiology

Walter Bartynsl(i; '.B.aéa.‘.e.].:i.ll Georgy, Mario Muto,
Greg Petermann, Majda Thurnher, Johan Van Goethem

* Alex Rovita

Advanced Imaging Techniques, Pediatric Spine, Degenerative
Disease, Tumors, Infection and Inflammation,
Vertebroplasty and Kyphoplasty, Spine Interventions,
Spinal Trauma, Pain Management
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World Federation Oxygen - Ozone Therapy

World Federation of Oxygen - Ozone Therapy

PRESIDENT

Dr. Vijam Sheel Kumar

Kumar Pain Management

& Speciality Centre

D.1/28 Vasant Vihar

110057 New Delhi

Tel.: 91 11 26142282 - 26154106
mail: spineconf@kpmsc.com

VICE-PRESIDENT

Dr. Cosma Andreula
Anthea Hospital

Via C.Rosalba, 35-37
70124 Bari (BA)

Tel.: 080/550411

Fax: 080/5042487

mail: cosmaandreula@tin.it Membership fees may be paid as follows:

SEGRETARY GENERAL by bank transfer free of charge credited to the FI.O.- W.EO.T.
Dr. Matteo Bonetti account

Istituto Clinico Citta di Brescia BANCA CARIGE - Agenzia 2 - BRESCIA - ITALIA - € 125,00

Via Gualla, 15

25123 Brescia (BS) IBAN: IT 35 KO61 7511 2020 0000 0624 780 - BIC: CRGEITGG542

Tel.: 030/3710311

Fax: 030/3710370 Please do not forget to indicate your name on the bank transfer.

mail: matbon@numerica.it
Sincerely yours,

TREAUSER Dr. A. Fontana

Dr. Alessandro Fontana, W.FEO.O.T. (World Federation of Oxygen - Ozone Therapy)
Istituto Clinico Citta di Brescia

Via Gualla, 15

25123 Brescia (BS)
Tel.: 030/3710311
Fax: 030/3710370
mail: saratas@tin.it

CENTRAL OFFICE

X Ray Service s.r.l.

Via Oberdan, 140
25128 Brescia (BS)

Tel.: 030/3701312

Fax: 030/3387728

mail: info@xrayservice.it

129



World Federation Oxygen - Ozone Therapy

World Federation of Oxygen - Ozone Therapy
Firstname. ......... ... .. ... ... . . ... Familyname. .. ... ... ... .. ... ... . ... ... ...,
INStEULION . . . o
DEPAMMENT . ..ottt et e
Streetand NUMDbEr . ... ... ...

Post-code and tOWN . . . . . . e

Signature . ... ...

Membership fees for 2010: € 125,00 for Full Members

Membership fees may be paid as follows:

by bank transfer free of charge credited to the F1.O. W.EO.O.T,, account
BANCA CARIGE - Agenzia 2 - BRESCIA - ITALIA

IBAN IT35 K061 7511 2020 0000 0624 780 - BIC CRGEITGG542

Please do not forget to indicate your name on the bank transfer.

Dr. Matteo Bonetti
W.FO.O.T. (World Federation of Oxygen - Ozone Therapy)

Please type or write in capital letters.
Please return this form to:

CENTRAL OFFICE

X Ray Service s.r.l.

Via Oberdan, 140
25128 Brescia (BS)

Tel.: 030/3701312

Fax: 030/3387728

mail: info@xrayservice.it
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INTERNATIONAL JOURNAL
OF OZONE THERAPY

The Official Journal of the WFOT - World Federation of Oxygen-Ozone Therapy;,
FIO - Italian Federation of Ozone Therapy, ACEOOQOT - Spanish Association of Ozone Therapy,
Hellenic, Indian, Slovach and Chinese National Societies

Please enter my subscription to International Journal of Ozone Therapy
www.centauro.it

(] 1year Italy: Euro 50,00
[ ] 1year European Countries: Euro 55,00

[ ] 1year non-European Countries (air mail): Euro 60,00

L] I enclose a cheque/money order payable to Centauro s.r.l.

[J Swift transfer Centauro s.r.l.,Unicredit Banca - Swift code: UNCRITB1BAZ2 -

IBAN code: IT 74 D 02008 02435 000002933096

[ Please charge my Credit Card:

[ ]Visa (] Diners (] Master Card [ ] Carta Si (] Amex
No.l [ [ | L @ | [ L I [ | | 1 | | EXxpirydate

Name (please print) . . . .. ..

AArESS . o oo

Please return this form to:

CENTAURO SRL
Via del Pratello, 8
1-40122 Bologna - Italy
Tel. 051.227634 - Fax 051.220099

Dear subscribers — In relation to the provisions of DLgs 196/03, we assure you that your personal information (name, surname,
qualification, profession and address) currently stored in our database shall be used solely for the purpose of sending business
letters and notices from publiusher to subscriber. In according with clause 7 of DLgs 196/03, you are entitled to refuse to author-
ise any use of the information in our possession for purposes other than those prescribed by law.
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Ossigeno-Ozonoterapia

www.webfio.it

;&‘ Federazione Italiana di
\ c )

Al Presidente della FIO

I SOMOSCIIttO/A . . . . . . e,

Codice Fiscale . ... ... .

Residente iN VIa . . . ... ...

Chiede di essere iscritto alla FIO - Federazione Italiana di Ossigeno-Ozonoterapia.
Allega un breve curriculum vitae (una pagina)

Mi impegno al versamento della quota sociale annua di 125,00 €.

Di cui 85,00 € come iscrizione alla FIO e 40,00 € come abbonamento alla Rivista “International Journal of
Ozone Therapy”, organo ufficiale della FIO, Banca Carige agenzia 2 di Brescia,

IBAN: IT 35K0617511202000000624780, oppure inviare con bollettino postale

C/C nr. 43650316, intestato a FI.O. (Federazione Italiana di Ossigeno-Ozonoterapia).

Dr Matteo Bonetti
Segretario FIO

Presso: X-Ray Service Srl
Sede amministrativa: Via Leonardo da Vinci, 20 - 25122 Brescia

Sede operativa: Via Oberdan, 140 - 25128 Brescia

Tel.: 030.3701312/030.3387729 - Fax: 030.3387728
e-mail: segreteriafio@webfio.it

Comunicazione all’Abbonato - In relazione a quanto disposto dall'art. 10 della L. n. 675/1996, Le assicuriamo che i Suoi dati
(nome, cognome, titolo di studio, attivita svolta e indirizzo), presenti nel nostro archivio informatico, verranno utilizzati
esclusivamente per I'invio di lettere commerciali e avvisi promozionali inerenti al rapporto editore-abbonato. Ai sensi

dell’art. 13 della L. n. 675/1996, Lei potra opporsi all'utilizzo dei dati in nostro possesso se trattati in maniera difforme a
guanto disposto dalla legge

Via Oberdan, 140 - 25128 Brescia = C.F: 98109470173 = Tel. 030 3701312 = Fax 030 3387728
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FEDERAZIONE ITALIANA
DIl OSSIGENO-OZONOTERAPIA

Re: association membership fee

Dear Colleague,

This is a reminder that the Association membership fee for 2010 is € 125,00,

inclusive of a subscription to the International Journal of Ozone Therapy,

payment by bank draft to Banca Carige - agenzia 2 - Brescia, Italia

IBAN: IT 35 K 06175 11202 000000624780 SWIFT Code: CRGEITGG542, or by credit card

Thank you in advance for your payment.

Yours sincerely,

Dr Matteo Bonetti
F1O Secretary

Objeto: cuota de asociacion

Estimado Colega,

queria recordarte que la cuota de asociacion por el afio 2010 es de € 125,00, la que incluye la
subscripcion a International Journal of Ozone Therapy,

con un pago en la Banca Carige - agencia 2 - Brescia, Italia

IBAN: IT 35 K 06175 11202 000000624780 Codigo SWIFT: CRGEITGG542, o0 con la tarjeta
de crédito.

Te agradezco desde ahora por el pago de la cuota.

Cordialmente

Dr Matteo Bonetti
Segreteria FIO

Oggetto: quota associativa

Caro Collega,

desidero ricordarti che la quota sociale della FIO e per il 2010 di € 125,00,

comprensiva dell’abbonamento alla rivista International Journal of Ozone Therapy, con un
bonifico alla Banca Carige - agenzia 2 - Brescia, Italia

IBAN: IT 35 K 06175 11202 000000624780 o con carta di credito.

oppure inviare con bollettino postale: c/c nr. 43650316, intestato a F.1.0.

(Federazione Italiana di Ossigeno-Ozonoterapia)

Ti ringrazio fin da ora per il pagamento.

Cordialmente

Dr Matteo Bonetti
Segreteria FIO
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