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INTRODUCTION 

Recent years have been marked by increasing number of people susceptible to allergic 

diseases and weakened response to antibiotics. In these conditions and regarding the 

constantly growing prices for medicinal preparations the appearance of new non-medication 

methods can be only welcomed and appreciated. 

Among these new methods ozone therapy has been gaining a justified recognition in many 

countries of the world thanks to ozone disinfective effect and its capacity to transport and 

release oxygen into tissues The properties of medical ozone have been used in therapy, 

surgery, obstetrics and gynecology, dermatology, stomatology, in infectious and veneral 

diseases. 

Ozone therapy has found its way into medical practice in Germany, where it is successfully 

used. Germany was the first country to start manufacturing medical ozonators and to use 

ozone-oxygen mixtures in vascular surgery, stomatology and geriatrics. Italian ozone-

therapists have focused their activity on medical cosmetology. Specialized ozone therapeutic 

clinics operate in Switzerland and other countries of West Europe. Cuba is well-known for its 

Ozone Research Center. Interesting and promising results with the help of medical ozone 

have been received in some clinics of the USA, Mexico, Brazil and Japan. 

Ozone therapy was found to be efficient, easy to use, ensuring good tolerance and no side-

effects. 

According to the chosen therapeutic concentration ozone can produce its immune-modulating, 

anti-inflammatory, bactericidal, virucidal, fungicidal, analgesic and other effects. 

Medical ozone proves to be of great therapeutic potential for in numerous cases it exceeds the 

resources of medication-based methods. The procedures of its application are simple, 

economically preferable and beneficial. However, medical communities and practical health 

service still prefer not to notice the available convincing facts and evidences that might bring 

it into wide practice.  By now, there have been accumulated quite enough experimental and 

clinical findings that make it possible to present the routs of ozone therapy application for 

effective and safe management of patients with various pathologies. 
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FUNDAMENTALS OF OZONE THERAPY 

OZONE AS IT IS 

Ozone is known to be one of the most important gases in the stratosphere. It acts as a screen 

for ultraviolet radiation of short wavelength of 260-280 nm, thus protecting the living 

organisms on earth and absorbing infra-red radiation coming from the earth and, hence, 

preventing its cooling.   

Protective ozone layer with its maximal width not exceeding 2-3 mm and ozone concentration 

of 1mg/m
3
 is found about 20-30km above the surface of the earth. Diminution of ozone 

concentration in ozonosphere results in its depletion and developing of ozone holes. At the 

same time in the lower atmosphere under the influence of ultraviolet rays and in the presence 

of atmospheric oxygen ozone is generated from different components of the smog. Ozone 

concentration is used to estimate the intensity of industrious smog and air pollution. In 

contrast to ozone, generated from medical oxygen, ozone in the polluted air together with 

toxic nitrogen oxides produces harmful effect on the epithelium of the respiratory track. 

Ozone is highly reactive chemical element. It is constantly formed as a colourless gas at about 

20-50 km above the surface of the earth under the influence of vacuum ultraviolet (UV) light 

from atmospheric oxygen:  

3O2 2O3 

And on the contrary, a molecule of ozone can absorb a particle of UV so producing diatomic 

oxygen again. Ozone molecules dissociate into their constituent atoms These atoms combine 

with oxygen molecules to form ozone and as a result of this process ozone layer – 

ozonosphere is formed, which acts as a shield from the sun’s ultraviolet radiation, maintaining 

the biological balance in biosphere. Insignificant amount of ozone due to turbulent flows 

reaches the lower layers of atmosphere so that it can be traced by a characteristic smell after a 

thunderstorm. 

Ozone - O3 is a reactive allotrope of oxygen. Oxygen can be present in one of its forms: 

1. Monatomic oxygen – highly reactive and unstable form, for it has two free 

covalent bonds – (O). 

2. Diatomic oxygen – the most abundant and stable form, for it has not no free 

bonds (O-O) 

3. Ozone – a molecule formed from three atoms of oxygen, having a free bond 

resulting in its high reactivity. 

Ozone appears to be a more powerful oxidant compared with oxygen for it can oxidize 

practically all organic and non-organic compounds. 

Regarding bioorganic compounds, ozone was found to have a selective reactivity with double 

bonds compounds: amino acids, peptides, proteins, nucleic acids, and primarily, unsaturated 

fatty acids, making up the basis for lipid bio layer of cellular membranes and lipoprotein 

complexes of blood plasma. In biological media ozone reactions with unsaturated fatty acids 

are dominating and are accompanied by formation of various products, including ozonides 

(compounds, containing various number of oxygen atoms in a molecule). 
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DISCOVERY OF OZONE AND OZONE PROPERTIES 

Ozone as a chemical element was discovered at the end of XVIII century. In 1785 Martinus 

Van Marum, a Dutch physicist, subjecting oxygen to electrical discharges noted some specific 

“odor of electrical matter”. In 1848 C.Schonbein, a German physicist, having repeated the 

experiments, named the smelling gas Ozone (from the Greek “ozone”-odorant) and described 

some of its properties. He thought it to belong to the same class of bromine and chlorine and 

to have negative electric charge. Mariniak and Delarive showed that it is an allotropic form of 

oxygen and Mulliken and Dewar clarified its molecular structure) A century later, in 1953 

Andrews reported on ozone being an allotropic form of oxygen. In 1957 Warner created tubes 

for magnetic induction, capable to produce ozone in large quantities and that launched an   

extensive research of ozone properties. 

The use of ozone is based on its oxidative, disinfective and bactericidal properties. Ozone 

inactivates bacteria and fungi in a much less time compared with chlorine. It is also very 

effective in destroying viruses and carcinogenic agents, which in most cases are not killed by 

usual chemicals used for water purification. Being able to destruct smell-creating substances, 

ozone came to be used as deodorant agent. 

For water purification ozone has been used for about 80 years. In Paris they use ozone-treated 

water. With its high oxidative potential ozone is used in textile and cellulose industry as a 

bleaching means. Ozone bactericidal properties are successfully used in breeding oysters and 

mollusks as well as in mineral water industry. 

The history of medical ozone starts in the XX century. The pioneers to apply ozone in clinical 

practice were E. Payer, A. Fish and H. Wolf. Ozone as an antiseptic means had been known 

and used from the beginning of the XX century, however, extensive and systemic research in 

the field of ozone therapy, and primarily in Germany, started in mid 70s, when ozone-

resistant polymer materials and convenient ozone generating equipment came into every day 

clinical practice. 

The interest to ozone therapy was growing with the growing number of reports coming from 

different clinics the world over on biological ozone effect and its successful use in the 

treatment of various diseases. 

At present time the International Ozone Association(I.O.A.), incorporated in the United States 

of America, holds its World Congresses every second year in various parts of the world. 

Within the (I.O.A.) framework physicians from different countries and of different specialities 

share their results and achievements through conferences, workshops, symposia proceedings 

and other public information media. 

In Europe different companies manufacture different ozone generators meeting the needs of 

practical doctors. 

Profound research work is carried on in Russia under supervision of two main schools of 

ozone therapy with their Research Centers and Clinics in Moscow and Nizhny Novgorod.  

CLINICAL EFFECTS OF OZONE THERAPY 

Ozone can produce different effect according to the chosen concentration and the way of its 

administration. In medical practice the most important are the following ones. 

1. Bactericidal, fungicidal and virucidal 

When applied externally in a form of gaseous mixture or in ozonated solution it is 

recommended to use high ozone concentrations which produce direct oxidative effect on the 
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microorganism membrane. Ozone can destroy practically all kinds of bacteria, viruses, fungi 

and protozoa. Gram-positive bacteria and capsular viruses having a lipid bio-layer are 

particularly sensitive to oxidation. 

The use of therapeutic ozone concentrations provides bactericidal effect which indirectly 

activates the non-specific defense system (phagocytosis activation, enhanced synthesis of 

cytokines-interferons, interleukin tumor necrotic factor) as well as components of cellular and 

humoral immunity. 

There have been reported evidences of partial oxidation of virus receptors that makes them 

incapable to virus binding. 

Besides there was revealed inhibition of reverse trascriptase enzyme which promotes AIDS 

virus destruction. 

2. Anti-inflammatory effect is revealed in ozone capacity to oxidize the compounds 

containing double bonds, the arachidonic acid (20:4) and its derivatives - prostaglandins, in 

particular. These biologically active substances participate in the development and sustaining 

the inflammatory process. Besides, ozone regulates metabolic reactions in tissues at the place 

of inflammation and resolves pH.  

Ozone therapy efficiency in bronchial asthma can be partially explained by oxidation of 

double bonds in such pathological compounds as leukotriens also derived from arachidonic 

acid. 

3. Ozone analgesic effect is provided by oxidation of the products of albuminolysis, the so-

called algopeptides. They act on the nerve endings in the damaged tissue and determine the 

intensity of pain response. To add to that, 

 analgesic effect is also caused by normalization of antioxidant system and accordingly, by 

the decrease in the amount of toxic molecular products of lipid peroxidation on cellular 

membranes, that modify the function of membrane-inbuilt enzymes, which participate in ATP 

synthesis and in maintaining the vital activity of organs and tissues  

4. Detoxication effect of ozone is revealed in correction and activation of metabolic processes 

in the hepatic and renal tissues, thus ensuring their main function of neutralization and 

evacuation of the toxic compounds from the organs. 

5. Activation of oxygen-dependent processes. Ozone doses, however low they are, cause the 

increase in the content of free and dissolved  blood oxygen with rapid intensification of 

enzymes that catalyze aerobic oxidation of carbohydrates, lipids and proteins with formation 

of ATP energy substrate. Of great importance is the mitochondrion activation of Н-АТP-ase, 

responsible for conjugation of respiratory processes and oxidative phosphorylation, resulting 

in ATP synthesis. 

6. Optimization of pro- and anti-oxidant systems is regarded as one of the main effects of 

systemic ozone therapy which is realized through its influence on cellular membranes and 

brining to balance the levels of lipid peroxidation products and of antioxidant defense system. 

In response to ozone there occurs the compensatory increase in the activity of antioxidant 

enzymes -superoxidismutase (SOD), catalase and glutatioperoxidase. Due to restored aerobic 

metabolic reactions there is the accumulation of NADH2 and NADPH2 which function as 

proton donors to restore the oxidized components of non-enzymic antioxidant system 

(glutathione, vitamin E, ascorbic acid, etc.). The use of exogenic antioxidants with 

preliminary calculated dose is obligatory when high ozone concentrations are used. 
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7. Ozone haemostatic effect depends on the dose. High concentrations administered for 

external use cause evident hyper coagulation effect, while parenteral administration of low 

concentrations is characterized by the decrease in thrombocytic and coagulative levels of 

hemostasis and increase in fibrinilytic activity. 

8. Ozone immune-modulating effect is based on its interaction with lipid structures of cellular 

membranes and depends on the chosen dose. Low ozone concentrations promote the 

accumulation of ozonides on the membranes of phagocytic cells –monocytes and 

macrophages. Due to ozonides these cells stimulate the cytokines synthesis of different 

classes. Cytokines being biologically active peptides, contribute to the further activation of 

non-specific defense system (elevation of body temperature, generation of acute-phase 

peptides in the liver) and, apart from it, they activate cellular and humoral immunity. All 

together they facilitate the treatment of secondary immune-deficiency. 

Ozone high concentrations produce aggravating effect on the processes of lipid peroxidation 

in cellular membrane of the same phagocytic cells with the accumulation of the toxic and hard 

products of lipid peroxidation (malon dealdehyde and Shiff bases), which inhibit cytokines 

synthesis and thus eliminate the activation of T-helpers lymphocytes, aimed at regulation of 

immune globulin generation by B-lymphocytes. This effect is used in the management of 

patients with auto-immune pathology (rheumatoid disease, disseminated sclerosis, 

sclerodermia) without the administration of drug treatment. 

METHODS OF OZONE THERAPEUTIC EFFECT 

 
Topical ozone therapy is the very fist method of applying ozone in the history of medical 

practice. It should be noted that high concentrations are used for disinfection, while low 

concentrations promote epithelialization and healing 

External administration includes 

 The use of ozonated antiseptic salines  

 Application of ozonated ointments and ozonated vegetable oil 

 Ozone aerated  plastic bags under lowered pressure(Gas bags) 

 Balneotherapy 

Parenteral methods include: 

 Major and Minor autohemotherapy with ozonized blood 

 extracorporal plasma and lymph treatment 

 subcutaneous ozone injections into biologically active points 

 paravertebral intramuscular injections 

 intravenous infusions of ozonated physiological solution 

The method of intravenous infusions of ozonated physiological solution  is the priority of the 

Nizhny Novgorod School of Ozone therapy. It was developed and clinically tested in the 

Central Research Laboratory of the Medical Academy of Nizhny Novgorod by Sergey 

P.Peretyagin and Claudia N. Kontorschikova. The method was recognized as safe and easy to 

use. 

In 1997 Professor Sergey D. Razumovsky, a well-known chemist, completed the investigation 

of ozone effect on standard isotonic physiologic solution. 
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It was found that with the use of ozone neither chemical reactions take place in the solution, 

nor new compounds (type of chlorine active derivatives) are accumulated. 

Enteral method of ozone oxygen mixture is recommended in gastro-intestinal pathology. It 

includes 

 intake of ozonated distillated water per os; 

 intestinal irrigation with ozonated distilled water  

 rectal insufflations with ozone oxygen mixtures 

In numerous experimental studies in vitro and in vivo we defined the optimal tachometric 

blood-gaseous ozone ratio, where powerful ozone oxidative effect is reduced to its minimum, 

while its metabolic effects are significant. (5 to 40mcg of Ozone per 1 liter of blood). The 

suggested dosage does not exceed the summary antioxidant potential of the body and its use 

does not cause any negative reactions (Patent№ 2020945 of 1986. Authors: Claudia N. 

Kontorschikova, Sergey P. Peretyagin, Gennady A. Boyarinov) 
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GENERAL QUESTIONS 

FORMS AND METHODS TO USE OZONATED MATERIALS 

Ozone therapy is used in a form of parenteral and enteral administration of ozone/oxygen 

mixtures, aeration in closed volumes (gas bags) and applications with ozonated materials. 

Clinical trials reported very few cases of side effects or complications when the procedures 

were done properly. Of primary importance is the dose of the administered ozone, which must 

not exceed the potential of antioxidant enzymes. This requirement is to be observed to prevent 

the surplus of active forms of oxygen. 

This book presents the schemes of treatment with the doses selected for the pathologies 

treated at the Medical Center of the Department for New Medical Technologies at the 

Medical Academy of Nizhny Novgorod. The doses were chosen on the basis of experimental 

and clinical trials done at the Academy and regarding the available published reports. 

Ozonated Distilled Water 

Water barbotage with ozone/oxygen mixture is done in glass bottles with the concentration of 

5mg/l (O3/O2), duration depending on the volume of water to be ozonized( 3 liters – 30 min., 

5 liters – 46 min., 10 liters –60 min.). Ozonated water is widely used in surgery and 

gynecology for irrigations and lavage. In gastroenterology it is administered per os as a 

drinking water in esophagitis, gastritis and ulcers. In colitis it is used for clyster procedures. In 

stomatological practice ozonated water is administered in a form of gargarism (mouthwash) 

as a disinfection of oral cavity in paradontosis, stomatitis, contaminated wounds and 

suppuration of dental canals. In otolaryngology ozonated water is used for inhalations. 

On being barbotaged ozonated water should be used within 30 minutes. 

Ozonated Vegetable Oil 

Ozone disinfectant properties are well revealed in the use of ozonated vegetable oil. Ozonated 

oil was found to have antiseptic activity several hundreds higher compared with ozonated 

saline. It is used for oral administration and in a form of ozonated applications. 

For ozonation we use refined vegetable oil (sunflower, olive, maize etc.).The barbotage is 

done with different concentrations and duration: 

- For oral administration 100ml of oil is ozonized for 10 min with ozone concentration 

of 20mg/l (O3/O2), 5 min –ozone concentration 40mg/l (O3/O2). 

- For external use 100ml of oil is ozonized for 15 min with ozone concentration of 

20mg/l (O3/O2), 30 min –ozone concentration 10mg/l (O3/O2). 

- For external administration in mycosis 100ml of oil is ozonated for 15 min with ozone 

concentration of 24mg/l (O3/O2), 8 min –ozone concentration 50mg/l (O3/O2). 

Ozonated oil should be kept in a dark glass bottle. According to the latest data it can preserve 

its properties for 4 month when kept in room temperature, when kept in refrigerator it can be 

used for 2 years. 

When administered for oral use, it should be started with one teaspoonful 20-30min before 

meals 2-4 times a day, gradually increasing the dose to one tablespoonful 2-4 times a day. 
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Ozonated Saline for Intravenous Infusions 

Ozonated saline is administered to solve different clinical tasks by using different 

concentrations ranging from 400 to 100000mcg/l of ozone/oxygen mixtures at the outlet of 

ozone generator. 

To achieve general stimulating metabolic effect we use the method of simultaneous saturation 

and intravenous infusion of physiological saline. Ozone concentration is calculated by of 

40mcg per kg of body weight, e.g. patient’s weight is 80 kg, so ozone concentration is 

40x80=3200mcg at the outlet of ozone generator.  

Physiologic saline saturation can be achieved in the following way. Ozone/oxygen mixture is 

passed through a 200 ml flask for 10 minutes and then the saline is intravenously infused by 

drops for 15-30 minutes. 

Introduction of Ozone/Oxygen Mixture In Gaseous Phase 

This method provides analgetic, anti-inflammatory and stimulating effect. 

Subcutaneous and intracutaneous injections are done into painful and acupuncture points, 

1ml per each; for microinjections of focal lesions we use 5-10ml with ozone concentration -

10mg/l. In peri-articular microinjections we use 1-3ml with the concentration-10-15mg/l 

Intramuscular injections are done with 10-20ml, concentration being 10-15 mg/l. 

Intra-articular injections are done with the concentration- 15mg/l and the volume of 

- 1-1,5ml for minor joints   

- 5-7ml for middle joints 

- 20ml for major joints 

Rectal Insufflations With Ozone/Oxygen Mixture. 

The procedures are done with Janet syringe or with a help of special poly-chlor-vinil tube 

with a patient lying on the left side with knees bent. Purgative enema is to be done two hours 

before the procedure. Rectal insufflations are done with ozone concentration in ozone/oxygen 

mixture of 10-60mg/l, the volume ranges from 150ml to 1000ml, depending on the pathology, 

its course and stage. For newborns the volume is 20-50ml, for children –50-100ml (H. 

Dorstewitz, 1990). 

Intestinal insufflations can be administered, first of all, as anti-inflammatory and disinfectant 

remedy to restore the bacterial flora misbalanced by pathogenic microorganisms. Secondly, it 

can be administered as an alternative to major autohemotherapy, because ozone/oxygen 

mixture on being instantly absorbed produces general metabolic effect. This procedure can be 

turned to in those cases when intravenous injections are difficult to handle 

The usual therapeutic dose to produce metabolic effect is 75mcg per 1kg of patient’s weight, 

e.g. for a patient of 80kg the ozone dose is to be 75 x 80= 6000mcg. The course of treatment 

is to be started with a half-dose and minimal volume of ozone/oxygen mixture (150-200ml) 

which is gradually increased to the required one. 

Vaginal Insufflations with Ozone/Oxygen Mixtures 

Vaginal insufflations are done with ozone concentration 0f 2-2,5mg/l in ozone/oxygen 

mixtures with the gas rate – 0, 5-1l/min for 5-10 minutes. The procedures are done with 
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special nozzles put on the vaginal speculum. Vacuum suction is obligatory to prevent ozone 

inhalation effect on the patient and the doctor. (Гречканев Г.О. с соавт. 2000). 

Minor Autohemotherapy with Ozone/Oxygen Mixtures  

MAHT is used to produce a stimulating effect in conditions with immune deficiency. The 

procedure is simple and easy to perform. Venous blood (5-10ml) on being taken into a 20ml 

syringe with 10-15 ml of ozone/oxygen mixture, ozone concentration –10-40mg/l, and 

carefully mixed, is then injected intramuscularly. 

Major Autohemotherapy with Ozone/Oxygen Mixtures  

For Major Autohemotherapy we use a flask or a special plastic bag with anticoagulant and fill 

it with 50-150ml of venous blood taken from the patient. The blood upon being mixed with 

ozone/oxygen mixture, ozone concentration should not exceed 40mg/l (according to V.Bocci, 

higher ozone concentrations can lead to hemolysis) is returned to the patient via intravenous 

injection. 

According to S.Rilling and R.Vieban instructions (1987), ozone in the doses of 6-10 mg 

produce immune-suppressive effect and it should be administered in cases of active 

rheumatism and rheumatic arthritis. In atherosclerotic diseases of cardio-vascular system, in 

contaminated surgery and in chronic diseases that require immune stimulating treatment the4 

recommended ozone dose is 1-3mg, in rare cases 4mg (R.D.Rentschke, 1986). 

Ozone doses of 8-9mg are administered in acute stage of infectious hepatitis, which are 

gradually reduced to2,0-0,8 mg with remittance of the exacerbation (H.Wolf, 1986).The same 

doses are used in herpetic infection. 

Ozone Aerated Plastic Bag 

The method has proved to be highly efficient in the treatment of trophic ulcers, purulent 

sluggish wounds, bed sores, painful cicartices, burns and defects caused by sequestrations of 

irradiated surficial and subcutaneous tumors 

Before the procedure the affected leg is damped with water or saline and then a plastic bag is 

put on and hermetically sealed. The bag is filled with gas mixture until the excessive pressure 

is reached. Then a destructor is switched on. The aerating is done for 15-20 minutes. 

In patients with vascular diseases when the skin surface is not affected ozone concentration is 

6-8ml/l of ozone/oxygen mixture. 

In cases of trophic ulcers or purulent wounds the affected area should be covered with a 

dressing soaked in saline or distilled water. The initial ozone concentration is 5-6mg/l until 

ulcer becomes detersive. At the stage of granulations the concentration is diminished to 1-

1,2mg/l. 

CONTRAINDICATIONS TO OZONE THERAPY 

 
1. All cases with Blood Coagulation Failure 

2. Bleeding Organs 

3. Thrombocytopenia 

4. Ozone Allergy 
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5. Hemorrhagic or Apoplectic Stroke 

6. Ozone Intolerance 

 
Note. Ozone in low concentrations is known to produce a moderate hypo-coagulation effect, 

so all the drugs decreasing blood coagulation (anticoagulants, aspirin, etc.) are to be 

discontinued during the course of ozone therapy. In women the treatment course is to be 

broken up for menstrual periods. 
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OZONE THERAPY IN DIFFERENT PATHOLOGIES 

OZONE THERAPY IN SURGERY 

Contaminated surgery was one of the first to recognize ozone therapy and it is contaminated 

surgery where it has been widely used. 

General Peritonitis 

Diffuse Peritonitis 

In the treatment of general peritonitis, including the cases complicated by “intestinal 

insufficiency” ozone has been used for its powerful bactericidal properties concerning aerobic 

and anaerobic microorganisms. It was found to be effective in reduction of lipid peroxidation 

(LP) processes and of antioxidant defense system (AOS), in reparation and immune system 

stimulation, in intoxication control. 

Medical ozone displays its best therapeutic capacities when used in combination with 

conventional treatment and included into a complex management of a patient 

Routes 

 Ozone therapy during the operation 

Intra-operational sanitation of abdominal cavity with ozonated physiological saline 

 Ozone therapy in postoperative period 

Peritoneal lavage with ozonated physiological saline or programmed laparostomy 

Intravenous infusions of ozonated physiological saline 

Major autohemotherapy 

Management 

  Ozone therapy during the operation 

Intraoperational sanitation of abdominal cavity with ozonated physiological saline(volume not 

less than 5-7 liters, ozone concentration  4-5mg/l) is to be done for 20 minutes on having  

eliminated  the source of peritonitis and small intestine decompression. Laparotomy is to be 

completed with drainage of the abdominal cavity and adjustment of silicone tubes for lavage 

to follow. 

 Ozone therapy in postoperative period 

In postoperative period lavage procedures of the abdominal cavity are recommended. The first 

procedure is done 4-6 hours after the operation for 25-30 minutes with the use of ozonated 

saline via the tubes adjusted in the upper part of the abdominal cavity. The saline being 

continuously ozonated is introduced via intravenous infusion drip. The procedure is repeated 

twice – 4-6 and 8-12 hours later. On the average postoperative lavage is done within the 

period of 72 hours following the operation. 

Programmed laparotomy proved to be an effective method in the treatment of peritonitis. On 

having the surgical intervention performed, the source of peritonitis eliminated, the sanitation 

of the abdominal cavity done and small intestine being decompressed (naso-intestinal tube), 

the abdominal cavity is not to be closed completely with the edges brought together over the 
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cellophane drape covering the intestines. During the first 24 hours after the operation 

peritoneal lavage is done every 8 hours with ozonated saline, ozone concentration being 5-

6mg/l, the volume - not less then 5liters. The lavage is done till the flushing waters become 

clean.  Prior to bracing of the abdominal wall, the abdominal cavity is filled with 0,5l of 

ozonated saline. Drainage is done via small pelvis. On the second postoperative day the 

procedure is done every 12 hours. On the third day the procedure is done only once followed 

by laparorhaphy. 

Intravenous infusions are done with 200ml of ozonated saline once a day during the first two 

postoperative days, and then every second day. Major autohemotherapy   is done within the 

first 12 hours after the operation and then every second day. The course consists of 2-3 

procedures. 

Such a course of complex schemes of treatment resulted in earlier control of endotoxicosis 

events, normalization of biochemical and immunological parameters and less cases of early 

postoperative complications (from 33% to 14%) with 15% decrease in lethal outcome 

(Векслер Н.Ю. с соавт. 2000,Семенов С.В. с соавт.,2000, Снигоренко с соавт. 2000) 

Warning: Never use ozone/oxygen mixture in gaseous form to treat abdominal cavity, for it 

can lead to the development of peritoneal adhesions 

The use of ozone does not exclude the whole complex of medical procedures to correct 

homeostasis disorders. 

Localized Peritonitis 

 

Routes 

- Intra-operational sanitation of the abscess cavity with ozonated physiological saline 

- Intravenous infusions of ozonated saline 

- Minor autohemotherapy 

- Major autohemotherapy 

Management  

Intra-operation sanitation of the abdominal cavity is done with 0,5-0,8liter of ozonated saline. 

The lavage is done only in the area of inflammatory process, followed by carefull suction of 

flushing waters. Biluminal drainage tube is brought to the peritonitis focus and taken out 

through a special micro-incision. Laparorrhaphy is done up to aponeurosis with retension 

sutures upon the skin. During the first post-operative day the lavage procedure is done 3 times 

with 30-50ml of ozonated saline, ozone concentration - 5-6mg/l. After a period of 15-20 

minutes the remnants of the saline are either sucked out with a syringe or removed by the 

natural way. 

Intravenous infusions of 200ml of ozonated saline are done one procedure for the first two 

days and then every second day. The course consists of 4-5 procedures. Two procedures of 

minor autohemotherapy  are done every second day and major autohemotherapy  – 1-2 

procedures a week. In cases when peritonitis is progressing relaparotomy is performed, 

followed by sanitation and one of the recommended techniques of  intra-operation and post-

operation abdominal sanitation 
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Contaminated Wounds of Soft Tissues 

Optimal results can be achieved in a complex treatment of contaminated wounds when 

alongside with major autohemotherapy or intravenous infusions of ozonated saline and minor 

autohemotherapy, the wound is ozonized with wet tampon and then the limb is put into a 

plastic bag (Родоман Г.В. с соавт., 2000). 

Routes 

- Major autohemotherapy 

- Intravenous infusions with ozonated saline( or rectal insufflations with ozone/oxygen 

gaseous mixtures) 

- Minor autohemotherapy 

- Wound aeration with ozone/oxygen mixture in a plastic bag under high or low 

pressure 

- Wound treatment with a stream of ozone/oxygen mixture under the sphere 

- Stimulation of biological active points in wounds of low extremities 

- Sterile dressings with ozonated oil 

Management 

In the course of treatment the phase of wound process should be taken into consideration. The 

treatment should be a complex one and include all forms of ozone therapy. 

Wound aeration with ozone/oxygen mixture 

The procedure starts with mechanical (sparing) wound cleansing from detritus, then a drape 

soaked in ozonated saline or distilled water is put into the wound. Aeration is performed 

either in a plastic bag or under a sphere for 20-30 minutes, ozone concentration 5-6 mg/l. 

Wound aeration is to be done 2-3 times a day until the wound is cleansed from pyonecrotic 

discharge.On development of granulation tissue and epithelization the procedures are done 

every second day with ozone concentration of 2-2,5mg/l.When marginal epithelization 

appears, the concentration is diminished to 0,8-1,2mg/l 

Major Autohemotherapy 

The course consists of 5-6 procedures. The first 3 procedures are done every second day, the 

rest – every third day. 

Intravenous infusions or rectal insufflations with ozonated saline 

The procedures can be done as an alternative to major autohemotherapy. The course consists 

of 8-10 procedures, the first three are to be done daily, the rest – every second day. 

Minor Autohemotherapy 

The course consists of 3-5 procedures done every second day in combination with intravenous 

infusions or rectal insufflations with ozonated saline. 

Dressings with Ozonated Oil 

The dressings are to be applied as soon as  wound epithelialization appears. 

Stimulation of Biological Active Points 



17 

 

The procedures are recommended when wounds are on lower limbs by making subcutaneous 

injections of ozone/oxygen mixtures, volume-0,5-1,0ml., ozone concentration –10mg/l. The 

shin points are – BL-40, BL-57; foot points are- Liv-1, St-45, GB-44. 

Osteomyelitis Of Long Tubular Bones 

Ozone therapy proved to be effective in the treatment of osteomyelitis and purulent arthritis 

(Зайцев А.Б. 1998, 2000) 

Routes 

- Ozonated saline to soak the dressings (Ozonated dressings). 

- Aeration with ozone/oxygen mixture in a plastic bag 

- Intravenous infusions with ozonated saline 

- Minor Autohemotherapy 

- Major Autohemotherapy  

- Intra-osseous infusions with ozonated saline 

Management 

The treatment includes all the routes of ozone therapy enlisted above. 

Regarding the stage of the purulent process, ozonated dressings are to be changed once or 

twice every day. Plastic bags are to be put on for 20-30 minutes, ozone concentration-5-

6mg/l. The procedures are done until the fistulas are closed and pyorrhea disappears. 

Intravenous infusions with ozonated saline are to be done daily within the first three days and 

then - every second day (up to 10-12 procedures)  

Minor Autohemotherapy is to be done every second day (up to 4-5 procedures). 

Intra-osseous injections of ozonated saline are to be done daily within the first three days and 

then - every second day (up to 10-15 procedures). 

Intravenous infusions with ozonated saline and minor autohemotherapy can be substituted by 

6-8 procedures of major autohemotherapy done every second day. 

Arthroempyesis 

Routes 

- Abarthrosis puncture washing with ozonated saline.  

- Abarthrosis flushing drainage with ozonated saline.   

- Intravenous infusions with ozonated saline 

- Minor autohemotherapy 

- Intra- and peri-articular injections of ozone/oxygen mixtures 

- Major autohemotherapy 

Management 

Arthrocentesis is done with the evacuation of purulent materials and abarthrosis washing with 

ozonated saline is done till the washing waters become clean. 



18 

 

In cases when puncture washing appears to be ineffective, it is necessary to prepare the 

flushing drainage system to wash articular cavity. To do it micro-incisions are to be done 

along the lateral articular surface and micro-drainages are put into the articular cavity and 

anchored to the skin.  One of the drainages is used for the continuous instillation of ozonated 

saline. The saline ozonation is done by a non-stop barbotage, with ozone concentration in the 

saline being 4-5mg/l. 

Puncture washing and flushing drainage are to be done at least for two days, till the beginning 

of the inflammatory regress. Then the drainage system is removed, followed by intra- and 

peri-articular injections of ozone/oxygen mixtures (up to 4-5 procedures).  

Alongside with the topical treatment, intravenous infusions with ozonated saline are done 

daily till the regress of the inflammation and then – every second day. The course of treatment 

consists of 10-12 procedures of intravenous infusions and 4-5procedure of minor 

autohemotherapy.  

Intravenous infusions with ozonated saline and minor autohemotherapy can be substituted by 

6-8 procedures of major autohemotherapy done every second day. 

Note. Artificial ankylosis is obligatory until the pyo-inflammatory process subsides.  

Trophic Ulcers. Decubitus Ulcers 

Applications with ozonated oil are successfully used in the treatment of trophic ulcers of 

different etiology (Кузнецов Н.А. с соавт. 2000, Газин И.К. 2000, Горбунов С.Н. 2000). 

Routes 

- Intravenous infusions with ozonated saline or rectal insufflations with ozone/oxygen 

mixture 

- Minor Autohemotherapy 

- Major Autohemotherapy 

- Aeration with ozone/oxygen mixture in a plastic bag under high or low gas pressure 

- Ulcer treatment with the stream of ozone/oxygen gas mixture under the sphere 

- Stimulation of biologically active points, when wound is located in the lower 

extremity. 

- Microinjections with ozone/oxygen mixture along the ulcer ends 

Management  

The course of treatment should include all kinds of enlisted route procedures. The obligatory 

condition is to clean the ulcer surface completely from the incrustation. 

Ulcer Aeration with Ozone/Oxygen Mixture 

The procedure is to be done daily in a plastic bag or under the sphere for 20 minutes with 

ozone concentration of 6-7mg/l until the ulcer gets cleared off the purulent coat. With the 

development of granulation tissue and epithelization the procedures are done every second 

day with ozone concentration of 2-2,5mg/l, with development of marginal epithelization the 

concentration is diminished to 0,8-1,2mg/l. 

The skin of the treated surface is to be damp. That is why it is to be either covered with wet 

napkin or wiped with a damp cloth. The ulcer surface is to be filled with gauze dressing 

soaked with ozonated saline. 
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Dressings with Ozonated Oil 

The dressings are to be applied with the beginning of ulcer epithelization 

Intravenous infusions with ozonated saline, minor autohemotherapy, major autohemotherapy 

- Along with topical treatment intravenous infusions are done daily till the abatement of the 

inflammatory process and then every second day up to 12-15 procedures. Minor 

autohemotherapy are done up to 6-8 procedures. Intravenous infusions and minor 

autohemotherapy  procedures can be substituted by 10-12 procedures of major 

autohemotherapy, the first four procedures are to be done every second day, the rest - two 

times a week. 

Microinjections with ozone/oxygen mixture 

Microinjections are done daily until the ulcer detersion. 

Stimulation of biological active points 

The procedures are done when ulcers are localized on lower limbs  by subcutaneous injections 

of ozone/oxygen mixtures with volume of 0,5-1,0ml, and ozone concentration –10mg/l. The 

shin points are – BL-40, BL-57; foot points are- Liv-1, St-45, GB-44. 

Osteoarthrosis 

Intra-articular injections of ozone/oxygen mixtures proved to be very efficient in the treatment 

of osteoarthrosis. 

Routes 

- Intra-articular(intrasynovial) injections of ozone/oxygen mixtures 

- Peri-articular injections of ozone/oxygen mixtures 

- Intravenous infusions with ozonated saline or rectal insufflations with ozone/oxygen 

mixture 

- Minor autohemotherapy 

Management 

- The course of treatment should combine all the above listed routes Intra-articular 

injections of ozone/oxygen mixtures are to be done every second day and alternated with 

intravenous infusions with ozonated saline (or rectal insufflations with ozone/oxygen 

mixture) and peri-articular injections. Minor autohemotherapy  is to be done once a 

week. The early stages of osteoartrosis require a 2-3 week treatment course, while the 

late ones – 4 or 5 weeks. 

Atherosclerosis Obliterans Of Peripheral Vessels  

In instituting the course of ozone therapy we regarded the stages of chronic arterial 

insufficiency (CAI), which are used for differential treatment and regular medical check-up 

(В.Ф. Болгов с соавт.,2000): 

CAI-1 stage – 1 and 2a stages of ischemia; 

CAI-2 stage – 2b and 3a stages of ischemia; 

CAI-3 stage   -   3b and 4 stages of ischemia. 

Routes 
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- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

- Minor Autohemotherapy 

- Stimulation of biological active points in the lower extremities with ozone/oxygen 

injections 

- Aeration with ozone/oxygen mixture in a plastic bag under excessive gas pressure 

 

Management    

The management depends on the stage of chronic arterial insufficiency.  

Patients with the CAI-1 stage undergo through 10 procedures of Intravenous infusions with 

ozonated saline or rectal insufflations with ozone/oxygen mixture done every second day and 

2-3 minor autohemotherapy  procedures done every third day. This scheme can be substituted 

by 6-8 major autohemotherapy  procedures. These patients are also administered 2 procedures 

of stimulation of biological active points 

Patients with the CAI-2 stage undergo through 10 procedures of Intravenous infusions with 

ozonated saline or rectal insufflations with ozone/oxygen mixture done every second day and 

3-4 minor autohemotherapy   procedures done every second day. This scheme can be 

substituted by 6-8 major autohemotherapy   procedures. The patients receive 4-5 procedures 

for stimulation of biological active points done every second day. The treatment is 

complemented with aeration with ozone/oxygen mixture in a plastic bag under excessive gas 

pressure. Each procedure (10 for the course) lasts for 20 minutes, ozone concentration being 

5-6mg/l, and is done every second day. 

Patients with the CAI-3 stage undergo through 10-12 procedures of intravenous infusions 

with ozonated saline or rectal insufflations with ozone/oxygen mixture done every second 

day, 4 - 5 minor autohemotherapy    procedures done every third day. This scheme can be 

substituted by 8 -10 major autohemotherapy    procedures. The stimulation of biological 

active points includes 4 –5 procedures. Aeration with ozone/oxygen mixture in a plastic bag 

under excessive gas pressure is obligatory. The procedures are administered every second day 

to patients without any trophic skin changes in the foot and the shin. Daily procedures are 

administered in cases with trophic changes. The number of the procedures – from 10 to 20, 

ozone concentration being 5-6mg/l; duration – 20-30 minutes 

The results received in 147 patients that underwent the course of treatment in our clinic are 

presented in the following table (Болгов В.Ф. с соавт.,2000). 

Results of Ozone Therapy done in Patients with  Obliterating Atherosclerosis in Lower 

Extremeties 

The stage of Chronic 

Artherial Insufficiency 

Number of 

patients 

Results 

Positive Satisfactory Unacceptable 

 CAI-1 stage 6 6 - - 

 CAI-2 stage 109 106 2 1 

 CAI-3 stage    32 30 2 - 

Results of Treatment  

( %) 
 96% 3% 1% 
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OZONE THERAPY IN INTERNAL DISEASES 

Atherosclerosis And Ischemic Heart Disease (IHD) 

Ozone has been found to produce hypolipidemic effect. According to different authors 

(Камышева Е.П. с соавт., 1998, Густов А.В. с соавт., 1999, Быков с соавт., 2000), after 

the course of ozone therapy patients with atherosclerosis had evident decrease in the levels of 

total cholesterin (6,4-18,4%), of lipoproteins of low density(7 - 28,7%), of triglycerides (10,5 

- 17,2%) and increase of lipoproteins of high density(3,7 – 6,8%) levels. 

The development of atherosclerosis is known to be caused not only by hypercholesterolaemia 

but also by disorders in regulation of free radical processes. Lipoproteins of low density 

undergo the process of oxidative modification in the liver and become more atherogenic. On 

being secreted into the blood, they start intensively accumulate, due to macrophages, in the 

endothelial cells in the damaged area and then get transformed into foam cells, which make 

the basis for atherosclerotic plaque. 

Ozone therapy when using small doses of ozone increases LP processes and, what is more 

important,  it activates antioxidant defense system, thus eliminating lipoprotein toxicity, 

decreasing their capacity to penetrate the vessel wall, making it more resistant. Hence, ozone 

therapy can be regarded as an antisclerotic method of treatment. 

Ozone therapy proved to be effective in all IHD patients (stenocardia, cardiosclerosis, 

arrhythmias) at various stages of the disease from mild forms to severe ones). Its efficiency 

was found to be more pronounced in severe forms for it helps to control hypoxia in tissues 

which develops with the advance of heart insufficiency. In tissues with insufficient blood 

circulation the oxygen uptake by cells is done in much greater volume under ozone influence, 

This effect  cannot be achieved with the help of medication orders. This statement seems to be 

extremely important for it explains the positive effect of the method. 

 Routes 

- Intravenous infusions with 200ml of ozonated saline with ozone concentration of 

20µg/kg of patient’s weight (ozone concentration at the output from the generator) 

- Rectal insufflations with ozone/oxygen mixture, ozone dose being 75µg/kg of 

patient’s weight 

- Major Autohemotherapy, ozone dose being 1-3 mg. 

Management  

In the course of treatment we use one of these routes The management is done according to 

the patient’s condition, which is evaluated on the basis of the accepted functional classes 

(FC): 

- 6-8 procedures for  FC-I patients; 

- 8-10 procedures for FC-II patients; 

- 8-10 procedures for  FC-III and FC-IV patients. 
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The first 2 procedures of intravenous infusions or rectal insufflations are to be done every 

day, the rest – every second day. The  procedures (6-8) of major autohemotherapy are to be 

done  twice a week. 

Note. In cases when patients are on conventional treatment and start ozone therapy, 

coronaroactive preparations are not discontinued immediately. The dose  is gradually 

diminished with the improvement of patient’s condition. 

The following table presents the results we received on having used ozone therapy for 142 

patients with different FC of IHD. 

The Results of Ozone Therapy in 142 Patients with IHD 

Severity of the 

Disease 

Number of 

Patients 

Results of Treatment 

Positive satisfactory unacceptable 

I  3 3 - - 

II  82 74 6 2 

III  50 45 4 1 

IV 7 7 - - 

Results of 

Treatment (%) 
 91 % 7 % 2% 

 

The improvement in the condition of patients with stenocardia was defined by the less 

episodes of heart strokes and nitroglycerinum intake. Angina attacks were completely 

regulated in 50% of patients; in 41% of patients the number of attacks was double decreased. 

Hypertensive  Disease 

Ozone therapy is a pathogenic method for hypertension treatment. It corrects the decreased 

energy of cells, the main component of pathogenesis. No other available hypotensive 

preparations are known to have such properties. In the management of Hypertensive disease 

ozone therapy can be used as a monotherapy and in combination with other medications. As a 

monotherapy  it is efficient in patients at the initial stage of the disease, in mild, labile 

hypertension. Positive results were received in 70% of patients. 

Patients with steady hypertension are to combine ozone therapy with hypotensive 

preparations. According to our findings, conventional hypotensive preparations can be 

administered in lower doses when combined with ozone therapy. In combined treatment 

clinical manifestations of hypertensive disease, such as headaches, dizziness, heart pains – 

either disappeared within a shorter time period or abated. 

Routes 

- Intravenous infusions with 200ml of ozonated saline with ozone concentration of 

20µg/kg of patient’s weight (ozone concentration at the output from the generator) 

- Rectal insufflations with ozone/oxygen mixture, ozone dose being 75µg/kg of 

patient’s weight 

- Major Autohemotherapy, ozone dose being 1-3 mg. 

Management  

In the course of treatment we use one of these routes. The treatment with intravenous 

infusions or rectal insufflations starts with 2-3 daily procedures, the rest 3-4 procedures are 

done every second day. With the decrease of arterial pressure the number of procedures is 
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diminished to two procedures a week, and then one procedure a week. The total number of 

procedures is 8-10. Major autohemotherapy is done twice week with a total number of 

procedures up to 6-8.  

Diabetes Mellitus 

Ozone therapy appears to be an effective method for DM treatment. The reason is in ozone 

mechanisms when it can perform a number of processes, which provide its positive effect. 

First, ozone  improves the penetration of cellular membranes for glucose. It is achieved by 

stimulating pentose-phosphate pathway and aerobic glycolisis  that in case of DM are 

inhibited. It promotes  hyperglycemia decrease due to better transport of glucose  into  tissues. 

We observed a group of 70 patients with insulin-dependent  and non-insulin-dependent 

diabetes. After the course of ozone therapy the average level of hyperglycemia had a 26% 

decrease. 

Ozone activates glucose metabolism that results in increasing content   of 2,3 

diphosphoglycerate in erythrocytes which provides better oxygen supply into the tissues. 

Patients with diabetes mellitus have the so called glycosylated hemoglobin forming very 

strong bonds with oxygen, thus, inducing   hypoxia and determining the severity of the 

disease. That is why hypoxia control with the help of ozone therapy is of the key importance 

in the course of treatment. 

After the course of ozone therapy the patients had significant decrease in the levels of urine, 

cholesterol and fibrinogen.  

Routes  

- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

- Minor Autohemotherapy 

- Subcutaneous microinjections with ozone/oxygen mixture 

- Stimulation of biological active points with ozone/oxygen injections 

Management  

The basic treatment includes intravenous infusions of ozonated saline or rectal insufflations 

with ozone/oxygen mixtures which are done every second day (8-10 procedures). These 

procedures can be substituted with major autohemotherapy which is done twice a day up to 6-

8 procedures for the course of treatment. Other procedures are administered according to the 

type of diabetes mellitus and the presence of complications. 

In DM, Type-2 the treatment course also includes stimulation of biological active points with 

ozone/oxygen injections using the conventional schemes. 

In signs of secondary immune deficiency (pustular inflammatory diseases) in addition to the 

basic course of treatment subcutaneous microinjections with ozone/oxygen mixture are done 

in the area of purulent foci. Minor autohemotherapy is done every second day up to 6-8 

procedures for the course. 

Note. Due to the fact that ozone has hypoglycemic effect the dose of glucose decreasing 

preparations must be corrected and glucose level in the blood must be under constant control 

through out the course of treatment. 
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Positive effect was received in 92% of insulin-dependent cases and 89% of non-insulin-

dependent cases. It was expressed in decrease of hyperglycemia, thirst reduction, 

disappearance of polyuria, pruritus, weakness etc.(Масленников О.В. с соавт., 2001). 

One of the main signs for successful treatment of diabetes mellitus is the achievement of 

compensation of the patients condition. After the course of ozone therapy the number of 

compensated patients increased (by 4 times) and decompensated patients decreased(by 5 

times). 

Patients who underwent the course of ozone therapy could take a 20-25% reduced dose of 

glucose-reducing preparations for the period of 3-6 months. 

 Ozone therapy proved to be effective in the treatment of complicated forms of diabetes 

mellitus.  In patients with diabetic foot syndrome ozone therapy, combined with topical 

treatment of purulent necrotic focus and with total metabolic effect, allowed to half-shorten 

the period for wound detersion from pyo-necrotic mass and development of regenerative 

processes, to lessen the number of limb amputations and of fatal outcomes, to decrease 

invalidism (Мошуров И.П., Глянцев В.П., 1998, Беляев А.Н. с соавт. 2000, Газин 

И.К.,2000). 

Clinical observations in the course of lung tuberculosis in patients with diabetes mellitus, who 

were on ozone therapy, showed ozone therapy to produce glucose-reducing effect and to 

influence on the course of specific process. The most impressive was elimination of 

adiaphoria to antituberculosis preparations. (Белянин И.И. 1997)  

Chronic Bronchitis. Bronchial Asthma 

Ozone immune modulating properties are of primary importance in the treatment of chronic 

bronchitis. Ozone therapy provides anti-infection immune response to viral-bacterial infection 

invading the human body. It is revealed in intensifying local and general immunity which is 

suppressed in chronic bronchitis. 

The principles in the treatment of bronchial asthma are known to be the following: activation 

of immune system and elimination of the following factors - viral and bacterial infection, 

bronchoconstriction, allergic reactions, hypoxia. 

Ozone therapy efficiency is explained by its ability to influence various aspects of 

pathological process. First of all, it is its capacity to cope with bronchospasm as a result of 

dilatation effect on the smooth muscle of NO-radical which is formed in the endothelial cells 

due to ozone. 

Ozone capacity to cope with tissue hypoxia is also of great significance. Patients with 

bronchial asthma are known to suffer from hypoxia resulting from pulmonary insufficiency 

caused by bronchospasmus. Ozone provides blood saturation with oxygen by-passing the 

lungs and delivering it  to tissues via erythrocytes, thus improving  blood rheology and 

eliminating hypoxia. 

Immune modulating ozone effect can be revealed in activation of cytokines (interferon, tumor 

necrosis factor, interleukins) production by lymphocytes and monocytes.  

Stimulation of immune system helps to suppress the inflammatory process, decreasing the 

activity of effector cells and diminishing their release of biological active substances 

responsible for bronchospastic reactions. 

Routes  

- Intravenous infusions with ozonated saline  
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- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

- Stimulation of biological active points with ozone/oxygen injections 

- Inhalations with ozonated distilled water 

Management  

The treatment is a complex one, including all the above enumerated routes. The course starts 

with 2 intravenous infusions of ozonated saline or rectal insufflations done daily. On 

improving the condition the next 5-7 procedures are done every second day and then once or 

twice a week (up to 7-10 procedures for the whole course) 

Acupuncture with ozone/oxygen mixture is done according to conventional accepted 

methods. 

Inhalations with ozonated distilled water are done once or twice a day daily for a period of 

10-15 days. 

Major autohemotherapy is administered in cases when positive effect is not received after 

7-10 days of treatment and it is done instead of intravenous infusions or rectal 

insufflations. Procedures are done every second day up to 4-8 for the course of treatment. 

The results of ozone therapy in chronic bronchitis in our practice are the following: the 

condition improved in 79% of patients, 29% having  significant improvement( complete 

elimination of such symptoms as cough, breathlessness, weakness, rales) and 21% having 

satisfactory improvement. 

Ozone therapy in 42 patients with bronchial asthma followed in our clinic gave the following 

results. The majority of patients (83%) had a moderate course of the disease. All the patients 

were on broncholytic preparations, some of them taking steroid hormones. After the course of 

ozone therapy the valid improvement in the condition was noted in 86% of patients who had 

half fewer episodes of suffocation and could reduce he dose of conventional preparations. In 

7% of patients we achieved a complete control of asthmatic attacks and discontinue the intake 

of medications. In the rest 7% of cases we could not achieve improvement in their condition. 

Chronic Pyelonephritis 

Routes 

- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

- Minor Autohemotherapy 

Management  

The treatment combines minor autohemotherapy  (6-8 injections) with intravenous infusions 

of ozonated saline or with rectal insufflations with ozone/oxygen mixture (8 - 10 procedures). 

During the first three days the procedures are to be done daily and then every second day. 

Major autohemotherapy (6-8 procedures) is to be done twice a week and can be used as an 

alternate method, substituting the first three. 
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Chronic Gastritis. Type “B” 

Ozone therapy proved to be an effective remedy in the treatment of chronic gastritis. Ozone 

due to its properties produces therapeutic effect on all the main pathogenic mechanisms 

responsible for the development of the disease. It produces bactericidal effect on Helicobacter 

Pylori (up to 93,7% ) 

Its anti-inflammatory effect is achieved  due to oxidation of arachidonic acid, known as a 

precursor for prostaglandin E that starts the inflammatory process. To add to that, ozone 

produces its immune-modulating, anti-aggregation and analgetic effect (Андосов С.В. с 

соавт., 2000).   

Ozonated oil and ozonated water produce bactericidal effect and deliver active oxygen to 

tissue, shortening the healing processes. 

Ozone has been found to produce changes in the local immunity, increasing the release of 

secretory IgA  by lymphocytes and plasmatic cells, responsible for the immune defense of the 

surface cells of the stomach. 

Routes  

- Ozonated water. 

- Ozonated oil  

- Minor Autohemotherapy 

- Stimulation of biological active points with ozone/oxygen injections 

Management  

The treatment consists of daily intake of ozonated water (100-150ml) 30-40 minutes before 

meals  1-3 times a day. Ozonated oil is to be taken 3 times a day 15 minutes following the 

intake of ozonated water, starting with 1 teaspoonful, gradually increasing the dose to 

tablespoonful, if patients tolerate it well. The water and oil are to be taken for 2 – 3 weeks. 

Minor autohemotherapy is to be done according to the following scheme. The first 3 

procedures are to be done daily, the next 3 – every second day, and the remaining procedures 

– twice a week. The course consists of 8-10 procedures. 

Acupunctures with ozone/oxygen mixture are done according to the conventional methods. 

Ozone therapy was instituted to 101 patients. The received results were assessed as 

“significant improvement” in 57%, “improvement” – in 40% and satisfactory in 3% of cases. 

Clinical results were confirmed by endoscopic findings that revealed significant decrease or 

disappearance of inflammation, signs of hyperaemia and mucous edema. 

Ulcer 

Multifunctional ozone effect in the treatment of peptic ulcer is revealed first of all in its anti-

inflammatory and anti-helicobacterial action. It results in accelerating the epithelization 

processes, infiltrate elimination  in mucous membrane within a shorter period, compared with 

the traditional therapy. V.Maximov (1998) considering different schemes of ulcer treatment 

comes to the conclusion, that ozone therapy can substitute antibiotics and metronidasol 

preparations, providing better results regarding the ulcer healing and the degree of HP 

eradication. 

 

Ozone therapy was found to produce positive effect on general and local immunity. 
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Ulcer Of The Stomach 

 Routes 

- Ozonated water. 

- Ozonated oil  

- Rectal insufflations with ozone/oxygen mixture 

- Minor Autohemotherapy 

- Intravenous infusions with ozonated saline  

- Major Autohemotherapy 

- Stimulation of biological active points with ozone/oxygen injections 

Management  

Ozonated water and ozonated oil are to be taken following the scheme of the chronic gastritis. 

The treatment begins with rectal insufflations with ozone/oxygen mixture done every second 

day up to 5-6 procedures. Starting from the second week the treatment is complemented with 

Minor autohemotherapy  alternately with rectal insufflations. During the 3-d and the 4-th 

weeks the same procedures are done every second or third day. In cases when rectal 

insufflations are unacceptable, they are substituted by intravenous infusions with ozonated 

saline up to 12-15 procedures done every second day or by major autohemotherapy done 

twice a week with 6-8 procedures for the course. 

Microinjections into paravertebral points with ozone/oxygen mixture are to be done every 

second day on the Th 6 - Th 9  level ( up to 5-8 procedures for the course) 

Ozone acupuncture is done according to the conventional methods. 

Ulcer Of The Duodenum 

Routes  

- Ozonated water. 

- Ozonated oil  

- Minor Autohemotherapy 

- Major Autohemotherapy 

- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Stimulation of biological active points with ozone/oxygen injections  

Management  

Ozonated water and ozonated oil are to be taken following the scheme of the chronic gastritis. 

The course begins with minor autohemotherapy   procedures. The first 3 procedures are to be 

done daily, then 2 or 3 procedures are to be done every second day, the remaining ones are to 

be done twice a week. The course includes 8-10 procedures. 

Starting with the second week the treatment is complemented with intravenous infusions with 

ozonated saline or rectal insufflations with ozone/oxygen mixture up to 3-4 procedures that 

are alternated with minor Autohemotherapy.    
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Intravenous infusions of ozonated saline and minor autohemotherapy    can be substituted by 

major autohemotherapy (8-10 procedures), the first two procedures are to be done every 

second day and afterwards – twice a week. 

Ozone acupuncture is done according to the conventional methods. 

The treatment course lasts 3-4 weeks. After  cicatrization, ozonated oil  is kept on to be taken 

1 spoonful before going to bed at night for a period of 1-1,5 month. 

In our practice we used ozone therapy as a mono therapy in 69 patients at the stage of 

exacerbation, 10 suffering from ulcer of the stomach, 59 from duodenal ulcer. 

The results of treatment were regarded as “significant improvement” in 8 patients with 

complete healing of the ulcerative defect and disappearance of all the symptoms. In 2 cases 

the results were assessed as “improvement of the condition”, for the healing was not 

complete, though the symptoms disappeared completely. 

The condition of patients treated for duodenal ulcer was regarded as “significant 

improvement” in 56% of cases, “improvement of the condition” – in 39%. “Partial 

improvement” was assessed in 5% of patients that had incomplete healing of the ulcer defect 

and some of the remaining symptoms. 

Note. Ozone therapy can be used both as a mono therapy and in combination with medicinal 

forms. Follow-up results of ozone therapy in 290 patients with duodenal ulcer were analyzed 

by S.Karatayev et al.(1998). Within the period of 4 years the cases of the recurrence of the 

disease were noted 5 times less in the group of patients that were on combined treatment 

compared with those that underwent the conventional therapy.  

Chronic Nonulcerative Colitis 

Ozone therapy in the management of patients with chronic non-ulcerative colitis takes a 

special place regarding the following reasons. 

First, the use of rectal insufflations with ozone /oxygen mixture produces both topical anti-

inflammatory effect and general multi-faceted including anti-hypoxic, immune-modulating, 

etc due to ozone capacity to be quickly absorbed by blood. 

Second, chronic colitis is often concomitant with dysbacteriosis. Ozone advantages become 

evident, for if does not produce any harmful effect on flora of the intestine, compared with 

antibacterial preparations such as antibiotics and sulfanilamides  

When rectal insufflations are used ozone gets stuck to mucous membrane and  interferes with 

the infectious process penetrating the microbial cells thus preventing their further 

reproduction Besides, ozone enforces phagocytosis, improving blood circulation and humoral 

immunity. It leads to refection of homeostasis, with the normalization of microbial balance 

and subsiding inflammatory signs. 

Contrary to various antiseptics still causing some damaging effect in   tissues, ozone does not 

produce any harmful or ulcerative effect and, more than that, it does not induce any resistance 

to ozone therapy. 

Routes  

- Rectal insufflations with ozone/oxygen mixture 

- Minor Autohemotherapy 

- Stimulation of biological active points in the lower extremities with ozone/oxygen 

injections 
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Management  

During the exacerbation period ozone insufflations of gaseous mixture are done every second 

day with the dose of 100µg per kg of patient’s weight for the first two weeks, then 2 times a 

week with the dose of 75µg/kg. The whole course consists of 10-15 procedures. 

Minor autohemotherapy     is done 1-2 times a week up to 4-6 injections for the course. 

Microinjections with ozone/oxygen mixture into the paravertebral points at Th 10 - L5 level 

are to be done daily or every second day up to 5-7 procedures for the course. Acupuncture 

procedures with ozone/oxygen mixture are done according to the conventional methods. 

In colitis of various etiology some authors (В.А.Максимов с совт. -1998) recommend the use 

of intra-intestinal gaseous ozone up to 200-500ml with the concentration 60 mg/l. 

In the Russian Centre of Restorative Medicine and  Spa-resort Treatment they recommend 

rectal insufflations with concentration in the range of 10-40µg/ml   and volume of 50-300ml 

for patients with inflammatory intestinal diseases. In atonic intestine they recommend low 

concentrations, in spastic conditions - higher concentrations. 

Chronic Hepatitis 

Ozone therapy can be used as a mono-therapy in the management of patients with chronic 

hepatitis. 

In the treatment of infectious hepatitis the major effect is achieved due to ozone antiviral 

property. Inactivation of viruses results from peroxide oxidative activity when virus cell 

receptors get destroyed and cannot penetrate the host cell. The failure in virus multiplication 

process is also caused by RNA virus breakdown due to ozone. According to A.Zmyzgova 

(А.В.Змызговой с соавт.-1998) 2-months ozone therapy courses reveals no viraemia signs  

in 66% of cases with chronic viral  B-hepatitis, and in 60% of cases with chronic C-hepatitis. 

Peroxides activate endogenous cellular metabolism in Kupffer’s cells, responsible for 

phagocytosis. Ozone therapy activates both, cellular and humoral immunity. Ozone induces 

lymphocytes and monocytes to release cytokines and, primarily, interferon which is regarded 

as one of the most important endogenous defense factors, protecting the body from the viral 

infection. 

Ozone effect in alcoholic hepatitis is explained by the fact that newly-formed peroxides act as 

a trigger for antioxidant mechanism to detoxicate the glutathione system, which prevents 

hepatic cell membrane from being damaged due to LP activation processes. 

Routes 

- Rectal insufflations with ozone/oxygen mixture 

- Minor Autohemotherapy 

- Intravenous infusions with ozonated saline  

- Major Autohemotherapy 

Management  

Apart from the exacerbation period the most common procedures in chronic hepatitis are 

rectal insufflations with the dose of ozone of 75µg/kg done alternately with minor 

autohemotherapy. For the first two weeks rectal insufflations are done every second day and 

then twice a week up to 20-30 procedures for the course. Minor autohemotherapy is done 2 

times a week. 
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The preference for rectal insufflations can be explained by findings published by H.G.Knoch 

(1987,1988). Ozone/oxygen mixture infused via the rectum is of particular significance in the 

treatment of different forms of hepatitis. Rapid gas absorption causes immediate rise in the 

partial oxygen pressure in portal vein, thus providing “the shortcut” for the oxygen to the liver 

and contributing to the efficiency of the treatment. 

Rectal insufflations can be substituted with intravenous infusions of ozonated saline (the same 

number of procedures) or with major autohemotherapy. 

- In cases with the exacerbation of the disease the preference is given to major 

autohemotherapy and intravenous infusions of ozonated saline. During the 

exacerbation period major mutohemotherapy is done daily with a high dose of 6-8mg 

up to 5-8 procedures and then 2-3 times a week till the exacerbation subsides. Then 

the doses is decreased to 1-1,5mg 

 Intravenous infusions of ozonated saline (ozone concentration produced by ozone generator 

is 2mg/l) are done daily during the period of 10-12 days, and then every second day until the 

exacerbation subsides. After that – 2 times a week. 

During the exacerbation period rectal insufflations with ozone dose of 100µg/kg of patient’s 

weight are done daily. When exacerbation subsides the procedures are carried according to 

the conventional protocol. 

 In the course of treatment the major autohemotherapy procedures can be alternated with 

intravenous infusions of ozonated saline and rectal insufflations with ozone/oxygen mixtures. 

The course of treatment lasts from 3 to 6 months. 

Hepatic cells affected by the virus are less resistant to peroxide action compared with healthy 

cells. These weakened cells on being exposed to high peroxide concentration get destroyed 

alongside with viruses and eliminated. This phenomenon is described by A. Bolcany (1989), 

who revealed the elevation of transaminase level after the very first procedures of ozone 

therapy and explained it by the destruction of hepatic cells due to viral invasion. 

OZONE THERAPY IN GYNECOLOGY AND OBSTETRICS 

GYNECOLOGY 

Inflammatory Diseases Of The Organs In The True Pelvis 
(Adnexitis, Endometritis, Parametritis, Pelvioperitonitis) 

Routes  

- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy, ozone dose being 1-3 mg. 

- Intrauterine irrigations with ozonated distilled water 

Management  

The treatment consists of intravenous infusions with ozonated saline or rectal insufflations 

with ozone/oxygen mixture. Both can be substituted with major autohemotherapy. 

Daily infusions with 200- 400 ml of ozonated saline, ozone concentration in ozone/oxygen 

mixture at the output from ozone generator being 1200μg/l are to be done for 5 - 7 days. 
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Rectal insufflations with ozone/oxygen mixture are done according to the accepted method 

reckoned on the basis of 75μg/kg of patient’s weight. The gas volume is from 300 to 600ml 

with ozone concentration of 10-40 mg/l. 

Major autohemotherapy is done twice week with a total number of procedures up to 4-6.  

 

 

Intrauterine irrigations with ozonated distilled water (400ml) with ozone concentration of 4-5 

mg/l are done to provide entire contact with the site of inflammation and to exclude any 

damage to the mucous membrane in different forms of endometritis. On being ozonated the 

water via the biluminal catheter is introduced into the uterine cavity and then evacuated via 

the same catheter . The procedure can be repeated 3 times during one session, which is done 

once a day (Гречканев Г.О., Качалина Т.С., Качалина О.В., 2000). 

 In combination with basic anti-inflammatory therapy the described sanitation of the uterine 

cavity prevents the generalization of the inflammatory process, shortens the course of 

treatment and makes it possible to discontinue any other dialysis preparations. 

Note. The use of ozone therapy allows to decrease the dose of medications with detoxicating, 

rheologic, antioxidant, immune-correcting, analgetic and sedative effect. 

Profuse bleedings are regarded as the main contra-indication for  ozone therapy. Smeared 

bloody discharge and predisposition to hemorrhage require more careful and accurate control. 

In cases of surgical intervention ozone therapy can be used in aftercare course. 

Inflammatory Diseases Of Genital Tracts 

Colpitis, Bacterial Vaginosis 

Routes 

- Vaginal irrigations with ozonated saline 

- Applications with ozonated oil 

- Vaginal insufflations with ozone/oxygen mixture 

Management  

Vaginal irrigations with ozonated saline with the volume up to 1liter and ozone concentration 

of 6-10mg/l are to be done daily(8-10 procedures per course) and are to be complemented 

with applications with ozonated oil (1-2times a day). 

These procedures can be substituted by vaginal insufflations with ozone/oxygen mixtures, that 

are to be done daily within 5-8 days. Using special nozzle to vaginal speculum ozone/oxygen 

mixture, ozone concentration being 1,5-2,5mg/l, is  introduced into the vagina. Before the 

insufflation procedure the vagina is to be washed with distilled water for 5-10 minutes at the 

rate of 0,5-1l/min. 

This method resulted in a steady improvement in all 50 patients with nonspecific colpitis, 

elimination of pathogenic and opportunistic microorganisms in bacteroscopy and restored the 

immunity balance in vaginal secretion. The use of the method made it possible to discontinue 

the medicinal therapy. (Качалина Т.С. с соавт.1998, Гречканев с соавт.,2000).  
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Kraurosis Vulvae 

Routes  

- Applications with ozonated oil  

Management  

Applications with ozonated oil are to be applied daily on the damaged surface within the 

period of 8-10 days 

Note. The oil (100ml) is to be barbotaged with ozone/oxygen mixture for 20 minutes, ozone 

concentration-10mg/l. 

OBSTETRICS 

The use of ozone therapy produces positive effect on the clinical course in such conditions as 

the risk of miscarriage, gestosis, anaemia of pregnancy,  intrauterine growth retardation and 

risk of complications in obesity. It is linked with the immune-correcting and antioxidant 

ozone effect. The improvement in oxygen supply, rheology and microcirculation contributes 

to hormone-producing function (Кулаков В.И. с совт.,2001, Миненков А.А. с соавт.,2001).   

Miscarriage. Early Toxicosis     

Routes 

- Intravenous infusions with ozonated saline or 

- Major Autohemotherapy, ozone dose being 0,4-0,5 mg. 

Management  

Daily instillation infusions of 400 ml of ozonated saline, ozone concentration in 

ozone/oxygen mixture being 400μg/l, are to be done for 5 days. Ozone therapy proves to be 

most effective in the end of the first and the beginning of the second trimesters of pregnancy. 

Major autohemotherapy is done twice week with a total number of procedures up to 4-6.  

 

Note. Ozone therapy is contraindicated in genital tract bleedings of different intensity and can 

be instituted only after its entire termination. The immune-correcting and antioxidant 

preparations, including vitamins, as well as sex hormones can be discontinued for the time of 

ozone therapy. 

Gestational Toxicosis. Anaemia Of Pregnancy 

Routes 

- Intravenous infusions with ozonated saline or 

- Major Autohemotherapy, ozone dose being 0,4-0,5 mg. 

Management  

Daily instillated infusions of 200 ml of ozonated saline, ozone concentration in ozone/oxygen 

mixture being 400μg/l, are to be done for 5 days. Ozone therapy proves to be most effective in 

mild and moderate gestosis. 

Major autohemotherapy is done twice week with a total number of procedures up to 4-6. 
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Note. Ozone therapy is contraindicated in genital tract bleedings of different intensity and can 

be instituted only after its entire termination. The preparations with anti-oxidant, immune-

correcting, sedative, rheologic and detoxicating effect can be discontinued for the time of 

ozone therapy. 

Intrauterine Infection 

The prevention and treatment of pregnant women that are in the risk group for  fetal infection 

are to be done during the second trimester of pregnancy. 

Routes  

- Intravenous infusions of ozonated saline or 

- Major Autohemotherapy, ozone dose being 0,4-0,5 mg. 

 

Management  

Daily instillation infusions of 200 ml of ozonated saline, ozone concentration in 

ozone/oxygen mixture being 800μg/l are to be done for 3 – 5 every second day. -6 procedures. 

.Major autohemotherapy is done twice week with a total number of procedures up to 4-6. 

 

Note. Antioxidants and immune-correcting preparations can be cancelled during the course of 

ozone therapy. 

OZONE THERAPY IN DERMATOLOGY 

The use of ozone therapy in the management of patients with various inflammatory skin 

diseases makes it possible to delimit the inflammation and to improve trophical processes. 

Out of 495 patients that were on ozone therapy a complete disappearance of clinical picture or 

significant improvement were observed in a patients with dermatosis  and herpes(100%);   

pyodermia( 95%); - eczema(75%); neurodermaitis(66%) and psoriasis(60%) (Криваткин 

С.Л, Криваткина Е.В., 1998). 

Neurodermititis. Eczema 

Ozone therapy is used in the treatment of some limited forms of neurodermititis 

Routes 

- Intravenous infusions of ozonized physiological saline or rectal insufflations with 

ozone/oxygen mixtures or major autohemotherapy 

- Ozonized vegetable oil 

- Aeration with ozone/oxygen mixture in a plastic bag 

Management  

The course consists of 10-12 procedures of intravenous infusions with ozonized saline or 

rectal insufflations with ozone/oxygen mixtures done every second day. Major 

autohemotherapy  is done twice a week up to 5-6 procedures. 

Ozonized vegetable oil is applied on the injured surface twice a day for 20 minutes until the 

eruption disappears. 
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The aeration course consists of 5-8 procedures, done every second day for 20 minutes with 

ozone concentration being 5-20mg/l  

Positive result in the treatment of patients with eczema was noted in 86,8% of 

cases (complete clinical cure was achieved in 29,4% and significant 

improvement( 70% eruption regress) –in 57,4% (Кошелева И.В., Иванов О.Л, 

2000). 

Acneiform Eruption 

Routes 

- Minor autohemotherapy 

- Major autohemotherapy 

- Ozonated vegetable oil 

Management  

In mild cases (isolated eruption) Minor Autohemotherapy is administered up to 8-10 

procedures done every second day. 

In severe cases (massive eruption) Major Autohemotherapy is indicated up to 8-10 procedures 

done twice a week. 

Ozonized vegetable oil is to be applied on the injured surface twice a day for 20 minutes. 

Applications are to be done until the eruption disappears. 

Furunculosis. Pyodermia 

Routes 

- Major Autohemotherapy  

- Minor Autohemotherapy  

- Intravenous infusions with ozonated saline 

- Subcutaneous microinjections with ozone/oxygen mixture around the focus of 

inflammation 

Management  

The course of treatment begins with Major Autohemotherapy up to 5 procedures done every 

second day, followed by intravenous infusions with ozonized saline which are alternated with 

Minor Autohemotherapy (6-8 procedures). Microinjections around the focus of inflammation 

are to be done every day till the rupture of the furuncle. The ruptured furuncle is to be 

irrigated with ozonized saline 

 

Herpes 

Routes 

- Major Autohemotherapy  

- Minor Autohemotherapy  

- Ozonated vegetable oil 
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Management  

The course of treatment includes10-15 procedures of Minor Autohemotherapy done every 

second day and 4 procedures of Major Autohemotherapy done once a week. Ozonized oil is to 

be applied two times a day on the dry elements till the rupture of the papules. 

Note. In some cases there can be the exacerbation of the process at the very beginning of 

treatment. The exacerbation is less pronounced and is soon eliminated. 

Psoriasis 

Routes  

- Intravenous infusions of ozonated physiological saline or rectal insufflations  with 

ozone/oxygen mixtures  

- Major Autohemotherapy  

- Minor Autohemotherapy  

- Ozonized vegetable oil 

Management  

Intravenous infusions with ozonated saline or rectal insufflations with ozone/oxygen mixtures 

are done every second day up to 10 procedures. Minor autohemotherapy  includes 6 

procedures done twice a week. 

Instead of intravenous infusions with ozonized saline, rectal insufflations with ozone/oxygen 

mixtures and minor autohemotherapy   and a course of major autohemotherapy can be done. 

In includes 8-10 procedures, the first two procedures are to be done every second day, the 

remaining procedures are done twice a week. 

Ozonated vegetable oil is to be applied on the injured surface twice a day for 20 minutes 

within a month to follow. 

Mycosis 

Routes 

- Ozonated vegetable oil 

- Minor Autohemotherapy 

Management  

The treatment consists of ozonated tampons applied on the nail plates twice a day for 30-40 

minutes for a period of 3-6 months for fingernails and of 6-9months for toe-nails (until the 

new nail plate grows) 

A course of major autohemotherapy of 3-6 procedures is done every three months, the 

procedures are done every second day. 

OZONE THERAPY IN NEUROLOGY 

Chronical Forms Of Cerebrovascular Insufficiency (Discirculatory 
Encephalopathy) 

Routes 

- Intravenous infusions of ozonated saline. 
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- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

Management  

The course consists either of intravenous infusions of ozonated saline (the procedures can be 

substituted by rectal insufflations) or major autohemotherapy  procedures. 

Intravenous instillated infusions are to be done daily up to 8 –10 procedures. 

Major Autohemotherapy procedures are to be done every second day up to 6 –8 

procedures. 

Rectal insufflations with ozone/oxygen mixture are to be done according to the scheme. The 

initial dose is 200ml, which is to be increased by adding 100ml more each day until the 

required dose (see Forms and Methods to Use Ozonated Materials). 

The received results, that can testify to the efficiency of ozone therapy in this category of 

patients, are presented in the Table “The Results of Ozone Therapy in Patients with 

Discirculatory Encephalopathy” 

The Results of Ozone Therapy in Patients with Discirculatory Encephalopathy 

Severity of the 

Disease 

Number of 

Patients 

Results of Treatment 

Positive satisfactory unacceptable 

I  30 26 2 2 

II  26 16 5 5 

III  5 5 --- --- 

Results of 

Treatment (%) 
 78 % 11 % 11% 

 

Neurologic Manifestations of Spinal Osteochondrosis 

Ozone analgetic effect has been successfully used in treating patients with vertebrogenic pain 

syndrome due to algopeptides direct oxidation, suppression of ischemia radices and blocking 

prostaglandin synthesis. Subcutaneous injections with ozone/oxygen mixtures into trigger 

points in combination with minor autohemotherapy and intravenous infusions of ozonated 

saline provide positive result in the majority of patients with osteochondrosis of cervical, 

thoracic or lumbar spine. 

Routes 

- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Minor Autohemotherapy 

- Para vertebral injections of ozone/oxygen mixtures 

- Subcutaneous injections of ozone/oxygen mixtures into trigger points and biological 

active points 

Management  

The course consists of two alternated schemes of treatment 

1) Intravenous infusions with ozonated saline or rectal insufflations are to be 

complemented the same day with subcutaneous injections along the nuchal bones line 
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and with para-vertebral injections. Paravertebral injections are in the points of 

palpatory tenderness into the depth of 5 – 6 cm with the volume of 5 –10ml. 

1. Minor Autohemotherapy  procedures are done the same day with the subcutaneous 

injections of ozone/oxygen mixtures into biologically active points (V19 -V28, V40, 

V57, V60, VB30, VG4, E32, E44, RP9, F9). Subcutaneous injections into biologically 

active points are done into the depth of 1 –1,5cm with the volume of 1-2ml. The 

course consists of 8 -10 procedures. 

Inflammmatory Brain Diseases (Menigitis, Encephalitis) 

Routes 

- Intravenous infusions with ozonated saline  

- Minor Autohemotherapy 

- Major Autohemotherapy -ozone dose –1000-1200μg/100ml of blood 

Management  

The treatment includes all the above listed procedures. Major Autohemotherapy  is done 

every second day alternated with intravenous infusions of ozonated saline or minor 

autohemotherapy , upon the whole, 12-15 procedures. 

Note: Ozone therapy is performed complementary to anti-inflammatory treatment. 

Migraine, Cephalgia 

Routes  

- Intravenous infusions with ozonated saline, ozone concentration being 1200μg/l 

- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

- Minor Autohemotherapy 

- Subcutaneous injections with ozone/oxygen triggers and biologically active points  

Management  

The treatment consists of the above listed procedures. 

Intravenous infusions with ozonated saline or rectal insufflations with ozone/oxygen mixture 

are to be done daily or every second day up to 8-10 procedures.Minor autohemotherapy  is 

done twice a week, up to 3 – 4 procedures. 

Intravenous infusions with ozonated saline, rectal insufflations with ozone/oxygen mixture 

and minor autohemotherapy can be substituted with major autohemotherapy up to 8 – 10 

procedures, the first two done daily and then 2 –3 times a week. 

Subcutaneous injections with ozone/oxygen triggers and biologically active points of neck 

and collar zone are to be done daily though out the course of treatment. 

The use of ozone therapy in 132 patients with various cephalgias resulted in significant 

improvement in the patient’s self-assessed condition, revealed in the headaches with less 

intensity and of different character, as well as prolonged  painless periods in 83% of patients 

with migraines, in 73% of patients with  stress headaches and in 69% of cases with  

vertebrogenic  cervicocranialgias (Мочалов А.Д., Котов С.А., 2000).   
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Mono- And Poly-Neuropathias Of Ischemic And Compression 
Type 

Ozone therapy, though it does not eliminate the causes of compression of the nerve trunk, it 

stimulates the regeneration of the damaged nerve by improving the hemorheology and 

microcirculation, decreasing hypoxia and activating oxygen metabolism in the ischemic 

nervous tissue with aerobic processes. 

Routes  

- Intravenous infusions with ozonated saline  

- Rectal insufflations with ozone/oxygen mixture 

- Major Autohemotherapy 

Management  

The course consists of any of the above listed routes up to 8 –10 procedures. Intravenous 

infusions with ozonated saline are done daily or alternately. Rectal insufflations with 

ozone/oxygen mixture are done accordingly, starting with 200ml, which is to be increased by 

adding 100ml more each day until the required dose (see Forms and Methods to Use 

Ozonated Materials). 

Major Autohemotherapy is to be done every second day. 

Positive clinical results due to ozone therapy have been obtained in 95% of cases with 

significant decrease of paresthesias improved sensitivity in enervation zone of the damaged 

nerve (Потехина Ю.П.,1997). 

Cerebral Circulatory Embarrassment. Ischemic Insults 

Energy metabolic imbalance and significant decrease in the contents of macro-energetic 

compounds are considered to be the primary cause responsible for the changes taking place in 

neurons in ischemic stroke. The use of ozone therapy in patients with brain infarction appears 

to be highly recommended due to ozone optimizing effect on oxygen-transport blood 

function, increased oxygen utilization by brain calls due to activation of glycolysis, Krebs’ 

cycle, -oxidation of fatty acids (Густов А.В. с соавт.,1999).  

Routes 

- Intravenous infusions with ozonated saline  

- Major Autohemotherapy -ozone dose-1mg/100ml of blood. 

Management  

In the course of treatment one of the routes is to be chosen. 

The first 3 – 4 intravenous infusions with ozonated saline are to be done daily, then every 

second day( 3 –4 procedures)  with the rest done twice a week. The course includes 10 – 12 

procedures. 

The first 2 major autohemotherapy  procedures are done daily, the next 3 – every second day, 

the rest – twice a week, up to 8 –9 procedures for the course. 

The patients with ischemic stroke showed positive changes in oxygen-transport blood system 

(43% increase in PO2 following the ozonated saline infusion and 26% increase after the 

course of ozone therapy), in blood coagulation system (10-15% decrease thrombocyte 

aggregation  capacity  with 8-10% fibrinolysis activation), the improvement in  lipid spectrum 



39 

 

(10-12% decrease in the total cholesterol. 7-10% in β-lipoproteins, 12-15% decrease in 

atherogenic coefficient). These changes brought positive results in the acute stage of the 

disease in 79% of cases and in 69% of cases in recovery phase (Густов А.В. с соавт., 1999). 

Note. Ozone therapy is contraindicated in hemorrhagic strokes and in combined ischemic and 

hemorrhagic insults. Ozone therapy should not be administered in cases of ischemic strokes 

with unconfirmed diagnosis 
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I. INTRODUCTION

Ozone in Medicine: The Low-Dose Ozone
Concept—Guidelines and Treatment Strategies

Renate Viebahn-Hänsler,1 Olga Sonia León Fernández,2 and Ziad Fahmy1
1Medical Society for the Use of Ozone in Prevention and Therapy, Iffezheim/Baden-Baden, D-76473, Germany
2Pharmacy and Food Institute, University of Havana, Havana 10 400, Cuba

The low-dose ozone concept with its moderate oxidative
stress represents an ideal hormesis strategy. Dose-response
and concentration-effect relationships in the context with
specific applications allow one to fix concentration ranges
with therapeutical benefit. Based on the well-known reaction
mechanisms of ozone, its biochemical and pharmacological
effects, international guidelines have to be defined concern-
ing physiological and ozone resistant materials, indications,
applications and the effective concentration and dosage range
in dependence on the specific indications. Following the inter-
national regulations of ozone concentrations outdoors and
indoors, as working site concentrations by WHO (World
Health Organization) and in conformance with the Medical
Device Directives (MDD) for quality assurance and control,
some European Medical Societies for the Use of Ozone have
set up a draft for the essential requirements for the treat-
ment procedures, including: (a) production of Medical Ozone;
reactivity of O3 and ozone-resistant materials; (b) ozone-free
surroundings (WHO regulations) by the integration of effec-
tive catalytic systems; (c) ozone-resistant and physiologically
indifferent materials used in disposables for MAH, intra-ar-
ticular, intramuscular and other topical injections (for rectal
insufflation, topical treatment as transcutanous gas bath
and/or disinfection); (d) medical device directives for safety
of the patient; (e) ozone measurement as requirement for con-
centrations and dosages; and, (f) concentration, dosages, and
treatment frequency are listed in dependence on the indication
and disease as well as on the underlying mechanism of action.
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INTRODUCTION

When used in specific diseases and conditions, medical
ozone produces the same or similar therapy results world-
wide. Improper application in the form of erratic methods and
doses is the most frequent cause of ineffectiveness and adverse
effects—and is always the cause of violent controversies.

For this reason, the medical societies for ozone applica-
tion have set up treatment protocols as basis for standards
and guidelines, revised and published as a result of the most
recent research and 30 years of experience (Beck et al. 1998;
Knoch et al. 2009). They have been used in the standardiza-
tion of applications, indications, concentrations, doses, and
frequency of treatment as based on the mechanism of action
and the pharmacology of ozone.

1. In its pharmacological effect, medical ozone follows
the principle of hormesis: low concentrations (or doses)
show a high efficacy, which decreases with increas-
ing concentration, finally reversing into a question-
able and even toxic effect (Figure 1). The effect/
concentration relationship for the systemic application
of ozone—in the form of a standardized major ozone
autohemotherapy and rectal ozone gas insufflation
results in the following concentration ranges: concen-
trations of 10–40 µg ozone/ml ozone/oxygen mixture
represent those levels that are physiologically effective
and recommended for systemic application. In the high
concentration range of 60–100 µg/ml the antibiotic
effect of ozone has a wide range of applications in the
treatment of infected wounds, diabetic foot, decubitus
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FIGURE 1. Dose-response relationship: hormetic substance vs. antibiotic (schematic): High efficacy at low doses and/or concentrations (e.g.,
ozone). The higher the dose, the more the efficacy decreases, thus becoming less effective in the middle-dose range and finally causing adverse
or even toxic effects in the high-dose range. The efficacy of substances such as antibiotics is low at low doses and higher when the doses are
increased.

ulcers and burns, but completely restricted to the topical
forms of application.

2. Principally, ozone is applied complementary to a cor-
responding basic therapy. Diabetes, Type 2 diabetes,
chronic inflammatory diseases such as inflammatory
vascular disease, in particular diabetic angiopathia,
chronic hepatitis forms, and chronic intestinal con-
ditions belong to the classic indications within the
low-dose ozone concept.

Chronic oxidative stress (pathologically increased values
for malone dialdehyde MDA; hydrogen peroxide, H2O2; total
hydroperoxide, TH, etc.) and an anti-oxidant deficit (disbal-
anced superoxide dismutase and subgroups of SOD as well
as catalase CAT and others) are phenomena common to all
the diseases listed. Here, in particular, low-dose ozone, as a
hormetic substance, shows a regulatory effect on pathological
processes.

OZONE PEROXIDE, THE PHARMACOLOGICALLY
ACTIVE SUBSTANCE, AND ITS UNDERLYING
MECHANISMS OF ACTION

Oxidative Stress and Ozone?
Does ozone treatment make sense at all if there is already

an insufficiency of the cellular antioxidant system? Doesn’t
this increase H2O2, MDA, and TH (total hydroperoxides)
as oxidative stressors? Thus reducing and/or destroying the
antioxidant system which is already working beyond its
capacity in these indications?

In a pharmacological context, we have been able to find
clear answers to this and other questions, particularly from
research over the last 10 years: in fact, we exert a regulatory
influence on a disturbed oxidant/anti-oxidant balance
(Figure 5a-b). Oxidative stress decreases in measurable form

is shown by reduction of H2O2 (Figure 6), and a correspond-
ing regulation of the antioxidants, as shown by SOD, GSH
and G-6PDH (Figures 6 and 7). The oxidative stress markers
MDA (Figures 8 and 9) and TH (Figures 10 and 11) decrease
simultaneously.

“Ozone peroxides” assume the role of physiologically
active ozone metabolites: Due to the selective reaction

FIGURE 2. Ozone reaction with isolated double bonds, i.e.,
ozonolysis according to Crigée (1953, 1975). The hydroxyhy-
droperoxides, here “ozoneperoxides,” are understood as the
pharmacologically active substances.
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FIGURE 3. (a–b): Malone dialdehyde (MDA) formation by oxygen radicals + polyunsaturated fatty acids (PUFA).

behavior of ozone, the 1,3-dipolar (electrophilic) addition
to the isolated C=C double bonds of essential fatty acids,
according to classical ozonolysis as described by Criegée
(1953, 1975), is the dominant reaction under physiological
conditions with pH values ≤7,4.

Ozonolysis only takes fractions of a second, preferably
forming short-chain hydroxy-hydroperoxides in an aque-
ous medium (Figure 2) here simply designated as “ozone
peroxides,” which are obviously responsible for the pharma-
cological effect in systemic ozone treatment.

Aldehydes, as secondary products, are only demonstra-
ble in slight quantities, which means that malone dialdehyde
MDA as measure for oxidative stress during extracorporeal
blood treatment with ozone is negligible and stays within a
physiological range (here see also: Bocci et al. 2005).

A short-term slight increase is possibly the result of oxygen
(ozone/oxygen gas mixture) reacting with polyunsaturated
fatty acids (PUFAs) in the form of autoxidation (Figure 3).
These kinds of oxidations with free radicals such as OH,
superoxide, peroxidic radicals, or oxygen itself, characterize
also basic biological reactions for oxidative stress, which can
be measured as an increase of the corresponding parameters
in the blood (MDA, TH, H2O2 . . . ). Note that this is not to be
confused with ozonolysis: although ozone reacts in a highly

selective way with isolated double bonds, this is not, or is far
less, the case with polyunsaturated fatty acids, i.e., especially
conjugated double bonds.

“Ozone Peroxides” as Second Messenger
Molecules

As reactive oxygen compounds, membrane-associated
“ozone peroxides,” could act as second messengers via
cysteine residues and/or reduction through glutathione GSH
in a less aggressive way than the superoxide radicals ·O-O−
and H2O2, and take over regulation of the anti-oxidants, i.e.,
without SOD and catalase demand as in the oxidative stress
processes of relevant pathological conditions (Figures 4a–c).

Short-chain hydroxy-hydroperoxide with its low tendency
to radical reactions could initiate the regulation of anti-oxidant
protective mechanisms as redox signal e.g., via the nuclear
factors NFkB in stress and inflammation processes via Nrf2
(Gough 2009; León et al. 1998; Viebahn-Hänsler 2006).
Figures 5a–b present a schematic survey.

H2O2 formed from ozone peroxides, as proposed by other
authors (e.g., Bocci et al. 2011), will probably not fulfill
this function, as the H2O2 content is, as a rule, pathologi-
cally increased in the patients concerned; the corresponding
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(c)

FIGURE 4. (a) The biological anti-oxidant system controlling the reactive oxygen species ROS, i.e., the oxidative stress situation. The “ozone
peroxides” are controlled by the glutathione system (not by catalase); (b) Reaction of “ozone peroxides” with cysteine (residues); and, (c)
glutathione.

signal transduction is insufficient, and there is a deficit in
anti-oxidant enzymes.

THE LOW-DOSE OZONE CONCEPT

The effects of medical ozone as a hormetic substance
can be assigned to those defined by hormesis (Rattan 2008).
In living organisms, single or repetitive administration of

otherwise potentially dangerous or toxic substances in small
doses increases their homeodynamics (homeodynamic space),
i.e., their self-regulatory capacity. Or, alternatively, moderate
oxidative stress stimulates the protective mechanisms of cells
and organs and is biologically useful.

Long-term ozone inhalation (e.g., for 8 h and using
ozone concentrations up to 1 ppm in animal studies) pro-
duces oxidative distress, with a corresponding increase in
the formation of reactive oxygen compounds, lipoperoxides,
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FIGURE 5. (a) Pharmacological effects of medical ozone via ozone-produced peroxides. The three effects: (1) improved oxygen release by the
red blood cells (RBCs); (2) Immunomodulation through activation of the white blood cells (WBCs); and, (3) Regulation of cellular anti-oxidants.
(b) “Ozone peroxide” and its second messenger function by signal transduction. Cysteine residue and glutathione oxidation processes induce
the cytokine- or anti-oxidant regulation via Nrf2 or, NFkB, respectively.

FIGURE 6. Protective effect of ozone on injury associated with
hepatic ischemia reperfusion in an animal model. Pro-oxidant
H2O2 and anti-oxidants SOD and GSH are regulated by pretreat-
ment with ozone in the form of 10 daily rectal insufflations followed
by 90 min of ischemia and 90 min of reperfusion (Peralta et al.
1999).

cytokines, increasing infiltration of neutrophils and activated
macrophages inducing and maintaining inflammatory pro-
cesses. Biological response in the form of superoxide and OH
radicals finally ends in a chronic inflammatory process with
disfunction and downregulation of the cellular anti-oxidants.

Therapeutic usefulness is obtained via specific and well
experienced forms of application, whereby airways are a
taboo in ozone therapy. Single doses at low concentrations
produce positive oxidative stress, i.e., equivalent to a single

FIGURE 7. Protection against hepatocellular damage by free
radicals induced by CCl4. Preventive ozone application (15 daily
rectal insufflations; animal model) before administering CCl4. Liver
seems to be completely protected in the ozone group: SOD, GSH
and G-6PDH show physiological values, whereas the CCl4- group
as suppressed anti-oxidants (as well as the O2-group; León et al.
1998).

dose of “ozone peroxides,” which result in a short-term
effect on red and white blood cells involving induction of
cell metabolism and bioregulation of enzymatic anti-oxidants.
Table 1 shows the hormetic principle of ozone: toxicity versus
therapeutical benefit in a shortened version.

Over the last 20 years, the low-dose ozone concept has
developed into an established treatment method with a sound
scientific basis. Its biochemical action and pharmacological
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FIGURE 8. Protective effect of ozone in an ischemia/reperfusion
animal model by pretreatment with ozone in the form of
15 daily rectal insufflations. Malondialdehyde MDA (as measure
for oxidative stress) levels show a similar protection as ischemia
preconditioning (Ajamieh et al. 2003).

FIGURE 9. Malondialdehyde as plasma marker for oxidative
stress in patients with disc hernia (acute) and after 20 days of par-
avertebral ozone injections (daily). Ozone reduces the oxidative
stress, statistically high significance (León Fernández et al. 2012).

FIGURE 10. Total hydroperoxides TH as plasma marker for
oxidative stress in patients with disc hernia (acute) and after
20 days of paravertebral ozone injections (daily). Ozone reduces
the oxidative stress, statistically high significant (León Fernández
et al. 2012).

FIGURE 11. Total hydroperoxides as measure for oxidative
stress in a diabetic study with 160 patients (60 healthy as control,
49 in the antibiotic group and 51 in the ozone group) decreasing
significantly in the ozone group (Martinez et al. 2005).

properties have been well investigated, documented, and pub-
lished in internationally recognized journals in the context
of its classical indications. In the meantime, applied on a
worldwide basis, ozone therapy continues to provide good and
reproducible results, particularly in diabetic angiopathia, dia-
betic foot, chronic hepatitis, and chronic intestinal disorders.

However, application techniques and doses still vary to
a certain extent; these now require recognized international
standardization to establish the optimum forms of ozone
application and the most effective concentration range in the
relevant indications. This has been one of the major subjects
dealt with by the “Medical Society for the Use of Ozone
in Prevention and Therapy,” in Germany, as one of 9 mem-
bers (2011) of the European Cooperation of Medical Ozone
Societies, over the last decade. These are based on scientific
results and more than 30 years of experience (Beck et al. 1998;
Knoch et al. 2009, Viebahn-Hänsler 2009).

Definition, Concentration Range, and Preparation
Medical ozone, an ozone/oxygen mixture consisting of

purest O2 and purest O3, is produced from medical oxy-
gen (in accordance with pharmaceutical legislation) using
a medical ozone generator (Medical Devices Directives:
93/42EC or equivalent directives in non-European coun-
tries) in a concentration range between 1 and 100 µg/ml
(mg/l). Therapeutically, and specific to each application, the
concentration and dose ranges are listed in Table 2.

Data on the toxicity of ozone (mitotic index, cell aberra-
tions, chromatic breaks) determined in (intraperitoneal) ani-
mal studies using mice show cytotoxicity at 2300 µg/kg,
and a slight clastogenic activity at 1400 µg/kg mouse at
70 µg/ml. When administered intraperitoneally on 15 subse-
quent days, low concentrations of 4, 11, 20, and 35 µg O3/ml,
showed no toxicity, even at volumes of 80 ml/mouse (approx.
30 g body weight) (Fernández et al. 1989). This means that
whether ozone is therapeutically useful or toxic is determined
by both concentration and dose.
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TABLE 1. Ozone and Hormesis: Toxicity Versus Therapeutical Benefit

Toxicity of Ozone in the Respiratory System via
Inhalation

Therapeutic Effect in the Specific
Forms of Medical Ozone Application

Long-Term Exposure (8 h, etc.) with ozone
concentrations up to 1 ppm∗ (in animals)

Single Dose
Low concentration
Low dose → Positive stress

→ Oxidative EU-Stress
→ Oxidative DYS-Stress
→ ROS (reactive oxygen species), LOP (lipid

oxidation products) cytokines
→ Increasing infiltration of neutrophils,

activation of macrophages

→ Chronic inflammation
→→→ Superoxide and OH-radicals. . . . .

→ Induction of cell metabolism

→ Disfunction of Anti-oxidants

→ Downregulation of anti-oxidants → Regulation of anti-oxidants
∗ 1 ppm ≈ 2 mg/m3

TABLE 2. Application-Relevant Concentration and Dosage Ranges in Ozone Therapy

Application
Ozone Concentration

Range
Ozone
Volume

Dosage/Ozone Amount
Per Treatment

Systemic Treatment
Major autohemotherapy
(MAH)

10–30 µg/ml (max. 40
µg/ml)

50 ml 500–1,500 µg (max. 2000)

Rectal insufflation 10–25 µg/ml max. 300 ml 3,000–7,500 µg
Minor autohemotherapy 10–20 µg/ml 10 ml 100–200 µg

Topical Treatment
Wound cleansing 80–100 µg/ml
Wound healing 10–25 µg/ml
Injections in pain Syndrome 1–10 µg/ml 1 ml–20 ml 1–200 µg
In combination with local
anesthetic

10–20 µg/ml 1 ml–20 ml 10–400 µg

Compared with this, in humans, the doses of 21.4
µg ozone/kg body weight applied (70 kg) in major
autohemotherapy and 107 µg ozone/kg body weight in rectal
insufflation are low, and can be administered over an extended
period of time without any adverse effects. To make full use
of the bioregulative function of ozone, low concentrations
and small doses are required in the standardized applica-
tions (Figure 12). Figure 13 gives a concentration/effect
relationship for systemic ozone applications.

Preparation and Measurement of Medical Ozone
Contrary to technical and smog ozone, the O3 used in

medicine is produced from pure medical oxygen via silent
electrical discharge; it is not acceptable to use oxygen con-
centrators or oxygen/air mixtures due to their nitrogen com-
ponent and the consequent possibility of nitrogen oxides being
formed in the discharge tube.

As with other pharmaceuticals, medical ozone is a clearly
defined molecule with a clearly defined range of action. With
a half-life of 55 min in a 50 ml disposable injection syringe
(completely siliconized and ozone resistant), medical ozone
must be prepared on-site and made especially available for
the type of application required.

As the concentration and decomposition rate of ozone is
extremely dependent on different parameters such as tem-
perature, pressure, volume flow rate, etc., medical ozone
generators have to be equipped with a measurement device
to ensure continuous concentration control.

Ozone produced in excess, either as part of the genera-
tor gas or after local application, must always be completely
reduced back to oxygen to avoid odor and inconvenience
to the respiratory tract; correspondingly, the system must be
equipped with high-power catalysts (active carbon must not
be used due to temperature and combustion hazard). The max-
imum workplace concentration is 120 µg/m3 (or 180–240,
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FIGURE 12. Major autohemotherapy. Standardized system acc.
to the “Medical Device Directives” 93/42 EC. (1) Ozone syringe
(Polypropylene); (2) Bacterial filter (0.2 µm); (3) Vacuum bottle
(glass); (4) Transfusion set (polyethylene) (color figure available
online).

respectively) (European Communities 2008); the maximum
immission concentration is: 100 µg/m3 (WHO 2006).

Measuring Ozone
Due to a powerful absorption band in the ultraviolet range

(Hartley Band) with a maximum absorption at 253.7 nm, a
photometric procedure is a method of choice at this wave-
length for continuous ozone concentration measurement, and
has become an international standard on which other mea-
suring methods base their values and correspondingly apply
for calibrating, as summarized by the International Ozone
Association (Masschelein et al. 1998).

Quality Assurance
From a quality assurance and quality control point of view,

the high reactivity of ozone with organic substances requires
a careful selection of materials needed for the different types
of medical equipment:

• Only special materials can be used in ozone gen-
erators, such as Teflon (PTFE), specially anodized
aluminum, V4A quality stainless steel (in long-
term use, V2A quality is subject to surface
changes), glass, and ceramics.

• For application systems only “ozone-resistant”
materials such as glass, polyethylene (PE),
polypropylene (PP), and PTFE may be considered.

• Other plastics, especially for syringe pistons, must
be silicone-coated.

• Medical plasma flasks as used for reinfusion
should be made of glass only. Plasma bags
or blood bags made of non-ozone-resistant,
soft polyvinylchloride (PVC) must not be used.
Reactions between ozone and these materials can
occur producing xenobiotic and/or toxic sub-
stances, especially during O3 blood treatment
requiring up to 5 min to obtain the proper effect.
The substances arising from a decomposition of
the softening agents in the plastic, such as hydro-
gen peroxide or phthalic acid esters are not only
able to distort the desired effects of ozone, but also
damage the patient’s health.

• For preparing and storing ozone-treated water,
containers made exclusively of glass are to be
used. These must have as small a volume (e.g.,
250 ml) as possible; they should be completely
filled and well sealed with O3-resistant material.

• Use sterile, siliconized, 50-ml disposable syringes
(measured ozone half-life: 55 min) to trans-
port ozone/oxygen mixtures for use during home
visits.

Ozone generators as well as all the disposables used
for treatment have to fulfill the MDD (Medical Device
Directives) in Europe (93/42 EC) and are labeled with
a “CE” sign, including the number of the supervising
authorities. Manufacturers must possess detailed and valid
certificates.

THERAPEUTIC APPLICATIONS
AND INDICATIONS

Major Autohemotherapy (MAH) with Ozone as
Systemic Application

Writing guidelines for quality assurance and MAH pro-
cedures is only useful if, right from the beginning, incorrect
applications are recognized as quality detraction factors that
must be avoided at all cost. These are:

1. Application of intravenous injections and transfusions
under pressure - (hazard of embolism!)

2. Application of O3 gas with inadequate or unsuitable
materials; e.g., use of non-ozone-resistant blood bags
– this may result in the formation of xenobiotic sub-
stances

3. Withdrawal of an O3/O2 gas mixture via a direct and
solid tube connection between the outlet valve of the
ozone generator and the flask – (retrograde contamina-
tion with blood!), or

4. Repeated reuse of syringes without disinfecting, cleans-
ing and sterilizing them as required – (infection
hazard!).
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FIGURE 13. Efficacy concentration relationship of systemically administered medical ozone.

MAH Indications and Application Methods
MAH is reserved as a complementary medical concept for

special indications. These are:

Arterial circulatory disturbances

• Peripheral arterial circulatory disturbance
• Cerebral circulatory disturbance (poststroke)
• Ocular circulatory disturbances (retinopathies)
• Inner ear circulatory disturbances (acute hearing

loss (AHL), tinnitus)

Angiopathia

• Diabetic angiopathia in particular

Virus-caused diseases

• Hepatitis B and C
• Herpes simplex, herpes zoster

General immune deficiency

• As complementary therapy in general asthenia,
geriatric and environmental medicine

Complementary concept in oncology
Chronic inflammatory processes in orthopedics and

rheumatology

Contraindications
• Glucose-6-phosphate dehydrogenase deficiency

(favism, acute hemolytic anemia)
• Hyperthyroidism if not controlled
• The first 3 months of pregnancy
• MAH is not indicated in leukemia

Procedure
In MAH, under strict aseptic conditions, 50–100 ml venous

blood are withdrawn from the patient into a vacuum flask

with sodium citrate as anticoagulant, where the medical
ozone/oxygen gas mixture is added to it—extracorporeally
in a closed, sterile system—before being re-infused via drip
infusion (pressure-free).

The ozone/oxygen mixture must pass through the patient’s
blood evenly, preferably using what is called the microbubble
system to produce a reaction surface as large as possible in the
short reaction time (less than 1 s). Thus contact with ozone can
take place with nearly all RBCs and nearly all WBCs making
the ozone reaction as effective as possible, while the oxygen
bubbles through, forming a layer of O2 gas above the liquid
level in the flask, see Figure 12 and Tables 3a–b.

Following contact with the blood outside the body, not one
single ozone molecule nor one single oxygen molecule, enters
the patient’s vascular system. Only the products of a reaction
between the ozone and the cellular components of the blood,
i.e., activated RBCs and activated WBCs, are infused. In the
presence of organic substances such as membrane lipids, the
life of a highly reactive ozone molecule is extremely short
(<1 sec), i.e., it is reduced prior to re-infusion.

Ozone Concentrations and Dosage in MAH
Based on the results of fundamental research over the last

18 years, the ozone concentrations and required total amounts
determined in practice can be given in concrete terms. The
concentrations used below are cited in the standard measuring
unit of µg/ml (1 µg/ml = 1 mg/l = 1 g/m3) under ambi-
ent conditions on-site /around the patient. Here, care must be
taken whether we are discussing:

• µg ozone per ml ozone/oxygen mixture which is
delivered by the ozone generator,

• µg ozone per ml blood, or
• the total quantity of ozone in µg per total quantity

of blood, or the total quantity of ozone in µg per
treatment.
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TABLE 3a. Preparation and Performance of Major Autohemotherapy (MAH) Disposables

• Hand disinfectants on an alcohol basis
• Skin disinfectants on an alcohol basis or sterile alcohol
• swabs vacuum-packed in plastic foil
• Sterile cotton wool or gauze swabs
• Hypoallergic injection plaster
• Sterilized covering cloth
• 250 ml sterile vacuum gas flask with microbubble system, with sterile, pyrogen-free

sodium citrate, without preserving agents
• Sterile, pyrogen-free transfusion unit with gravity drip chamber and tube clamp
• Sterile, pyrogen-free butterfly (cannula) set
• Sterile, pyrogen-free transfusion set with bacterial filter and tube clamp, for

O3 administration in the 250 ml sterile vacuum gas flask
• Sterile, silicone-coated 50 ml disposable syringe, with preconnected bacterial filter
• Mobile (! Independent of patient) ozone supply unit (generator) equipped with a

photometer for concentration measurement.

TABLE 3b. Performing MAH, Including Aseptic Procedures

• Disinfect both hands properly using 3–5 ml of a special hand disinfectant, observing the prescribed time to take effect of at
least 30 s; in cases of possible contamination with stable viruses (HBV, HCV, HIV), this period should be 5 min. It is the aim
of these elaborate precautions to encourage the wearing of protective (surgical) gloves, a preferable measure in all cases.

• Remove the protective cap of the 250-ml vacuum flask; the preferable method is to use both thumbs, pushing up and away
from below. Disinfect the stopper with a skin disinfectant by spraying on, allow to dry (requires >1 min to take effect).

• Close clamps and introduce the cannula of the “germ stop” system through the cross marked on the stopper (microbubble
system).

• Close clamp of the transfusion set; introduce it through the large circle marked on the stopper by piercing through.
• From the Teflon adapter on the generator, withdraw the O3/O2 mixture with a sterile, silicone-coated 50 ml disposable

syringe with a preconnected bacterial filter (after previous loosening the piston of the syringe to overcome possible
adhesion). The syringe is filled by the inherent pressure in the unit. Flush out the syringe as required with the gas once more.
The remaining ozone is converted back to pure oxygen by the catalyst. In this way, neither the generator nor the syringe
comes directly into contact with the patient. Always remember that dry ozone is not able to act as a microbiocide, inactivate
viruses, or disinfect; so bacterial filter and syringe can only be used once.

• Connect the syringe filled with 50 ml gas mixture to the cone of the bacterial filter of the “germ stop” system
• Disinfect the patient’s skin properly in the area around the infusion site (arm vein) via spraying on a skin disinfectant and

distributing it with a sterilized cotton swab or gauze (in vacuum pack); allow to take effect for at least 1 min. From the
butterfly cannula, withdraw approx. 50 ml patient’s blood via the infusion system into the vacuum flask and fix butterfly with
strip of plaster.

• Withdraw the O3/O2 mixture under vacuum from the disposable syringe via the bacterial filter of the “germ stop” system to
ensure a smooth passage through the blood in the form of minute bubbles producing the desired immediate reaction between
the ozone and blood cells. After passing through the blood, the remaining oxygen accumulates in the flask above the surface
of the liquid.

• Carefully turn over the vacuum flask, remove the gas syringe for de-aeration and pressure-free re-transfusion of the
ozone-treated blood, open and regulate the clamp in the transfusion set (60–90 drips/min).

• Remove the intravenous butterfly cannula, dab over the infusion point using a sterile cotton or gauze swab before covering it
with a pressure dressing (hypoallergic injection plaster).

Ozone dosage covers a range between 500 µg and maxi-
mum 4000 µg ozone per treatment, using a quantity of blood
between 50 and 100 ml. The sometimes recommended blood
quantity of 200–300 ml is to be rejected, as this can present a
risk from a hemodynamic viewpoint, especially in elderly or
decompensated patients.

For blood treatment, concentrations of 80 µg ozone per ml
whole blood and above are also to be rejected, on account of
the increasing risk of hemolysis (up to 10% at 100 µg ozone
per ml whole blood), a decrease in 2,3-diphosphoglycerate
(2,3-DPG) and in anti-oxidants. Empirically, in major
autohemotherapy (MAH), concentrations between 10 and
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TABLE 4a. Major Autohemotherapy—Standard Procedure

Standard Procedure: 50ml of Blood + 50 ml Ozone Oxygene Mixture (or 100 ml of Ozone per 100 ml of
Blood)

Ozone concentration per ml of gas 10–20 µg/ml gas 30 µg/ml gas Maximum 40 µg/ml gas
per ml blood = biologically relevant

concentration
10–20 µg/ml

blood
30 µg/ml blood 40 µg/ml blood

Total ozone amount per 50 (100) ml
blood

500 –1,000 µg per
treatment

1,500 µg per
treatment

2,000 µg per treatment

40 µg ozone per ml blood have demonstrably shown them-
selves to activate cellular metabolism and have immunomodu-
latory effects as well as a regulatory effect on the intracellular
anti-oxidants. The standard procedure for MAH is shown
in Table 4a and the treatment protocols for the different
indications in Table 4b.

Rectal Ozone/Oxygen Insufflation
This is one of the earliest forms of application in ozone

therapy (Aubourg 1936). Based on animal investigations and
a comprehensive proctologic study (Knoch et al. 1987), rectal
insufflation with an O3/O2 gas mixture is increasingly being
used as a systemic therapeutic form, and is already being
viewed as an alternative to MAH; it is the method of choice in
pediatrics.

Indications
Local

• Ulcerous colitis
• Proctitis, stages I and II
• Anal fistulae and fissures

Systemic

• Indications cited for MAH
• Hepatitis B and C
• For immunomodulation (complementary method in

oncology)

Method
A rectal insufflation set consists of: An ozone supply con-

tainer with lock valve, dosing bag with nonreturn valves,
connecting tube with luer/luer lock or 50 ml silicone-coated
disposable syringe, and rectal catheter.

Dosage
• Systemic: 10–25 µg ozone/ml oxygen gas mix-

ture, volume 150–300 ml; for children: 10–20
µg/ml, volume 10–30 ml

• Local: in ulcerous colitis, high O3/O2 concen-
trations (70–80–100 µg/ml) and small volumes

(50 ml) are applied; on cessation of hemorrhage,
this is reduced to 30–20 µg/ml, followed by sys-
temic efficacy: 10–20 µg/ml, 150–300 ml volume.

Rectal ozone application is simple, low-cost and practi-
cally free of adverse reactions when dosages are adhered to
exactly.

As an adjuvant therapy in proctitis and proctocolitis, rectal
insufflation is scientifically founded and to be recommended.
Rectal O3 insufflation is being increasingly used in pediatrics,
sports medicine, geriatrics, and as a complementary method
in oncology (Table 5).

Minor Autohemotherapy with Ozone
As a non-specific, immune stimulant therapy, comparable

“autovaccination,” not only ozone-specific.

Indications
• Acne vulgaris
• Allergies
• As an adjuvant in cancer therapy
• Immunoactivation

In minor autohemotherapy (MinAH), under aseptic condi-
tions, 2–5 ml blood is removed intravenously and drawn into
a sterile, pyrogen-free 30 ml disposable syringe (already con-
taining the ozone-oxygen mixture), where it is mixed with
10 ml of an O3/O2 gas mixture, intensively shaken and slowly
reinjected intramuscularly in the ventrogluteal region. Ozone
concentration: 10–20 µg/ml, Table 6. (Caution: Never fill a
syringe containing blood at the ozone generator!)

Topical Ozone Applications
In the local application of an O3/O2 gas mixture exter-

nally to skin or wounds—already practiced during the First
World War—it was the disinfectant and deodorizing effect
of ozone that stood in the foreground. It is now known that,
with the topical application of O3/O2 gas mixtures, from
ozone-treated water or ozone cream (ozonides) and beyond,
a wound-healing effect is produced, which is being used to an
increasingly successful extent.
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TABLE 4b. Major Autohemotherapy MAH—Treatment Concept

Indication
Ozone

Concentration
Ozone
Volume Ozone Amount Treatment Frequency Number of Treatments

Arterial Circulatory Disorders
Cerebral and peripheral

stage II
15–20 µg/ml 50 ml 750–1,000 µg 2x per week Series of 10 treatments,

2–3× per year
Stages III and IV 20–30 µg/ml 50 ml

100 ml
1,000–1,500 µg
2,000–3,000 µg
per 100 ml of blood

Daily at first, later
2× per week

Immune Regulation, Oxidative Stress Regulation
Revitalization, general

immune deficiency,
infection prevention

20–25 µg/ml 50 ml 1,000–1,250 µg 2x per week Series of 10 treatments,
2–3× per year

Geriatrics
AMD

15–20 µg/ml 50 ml 750–1,000 µg 2x per week Series of 10 treatments,
2× per year

Virus-Caused Diseases
Hepatitis acute stage 30 (max. 40)

µg/ml
50 ml
100 ml

1,500 (2.000) µg
3.000 (4,000) µg

Daily in the
beginning, then 1×
per week, 2× per
month

As per control

Chronic form (B/C) 10–20 µg/ml 50 ml
100 ml

500–1,000 µg
1,000–2.000 µg

2× per week, then
1×per week, then
2× per month
daily

6–12 months

Herpes zoster Acute 40 µg/ml 50 ml 2,000 µg As per control
Postacute 20–30 µg/ml 50 ml 1,000–1,500 µg 2× per week As per control

Complementary Oncology
Prevention of side

effects of
chemotherapy and/or
radiation

10–15 µg/ml 50 ml 500–750 µg 2–3× per week If possible
10 treatments before
starting chemo- or
radiation therapy

During chemotherapy 10–15 µg/ml 50 ml
Or as complement to a

biological concept
10–15 µg/ml 50 m 500–750 µg 2× per week As per control and in

compliance with the
patient

Inflammatory Processes
Rheumatoid arthritis

acute stage
30–35 µg/ml 50 ml

(100 ml)
1.500–1.750 µg per

50 ml blood
(3.000–3.500 µg
per 100 ml of
blood)

Daily As per control

non acute stage 20–25 µg/ml 50 ml 1.000–1.250 µg 1x per week, then
every 2nd week

In compliance with the
patient

Angiopathia, diabetic
angiopathia

20–25 µg/ml 50 ml 1.000–1.250 µg 2x per week, later 2x
per month

In compliance with the
patient

Indications
• External ulcers (ulcus cruris, decubitus ulcers)
• Burns, superinfected
• Skin lesions (wounds)
• Local infections (smear infections, herpes sim-

plex, herpes zoster, mycosis)
• Eye injuries and infections.

Application forms
• Ozonized water (acute treatment: e.g., injuries,

burns, ulcers, as intraoperative rinsing)
• Pressure-free application in ozone-resistant plastic

bags, in the form of transcutaneous O3 gas bath
(e.g., ulcus cruris, immune vasculitis)
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TABLE 5. Rectal Ozone Application—Treatment Concept

Indication
Ozone

Concentration
Ozone
Volume Ozone Amount

Treatment
Frequency No. of Treatments

Local Effect
Ulcerate colitis 70–100 µg/ml 50 ml 3,500–5,000 µg daily at first, later

1–2× per week
3–5, then like

proctitis
Proctitis, particularly

stage I
10–25 µg/ml 300 ml

(150 ml)
3.000–7.500 µg
(1.500–3.750 µg)

2–3× per week 4 weeks as percontrol

Anal fistulae 10–40 µg/ml 10–50 ml Insufflation into the
fistular passage

Daily at first, later
2×per week

As per control

Systemic Effect (Rectal Insufflation as Alternative to MAH)
General immune

activation, infection
prevention, elderly

15–20 µg/ml 300 ml 4,500–6,000 µg 2× per week Series of 10
treatments, 2–3×
per year

Arterial circulatory
disorders (stage II)

20 µg/ml 300 ml 6,000 µg 2× per week Series of 10
treatments, 2× per
year

Diabetic angiopathia 20–25 µg/ml 300 ml 6,000–7,500 µg 2× per week In compliance with
the patient

Complementary
oncology

Before chemo-/
radiation therapy

15 µg/ml 300 ml
(150 ml)

4,500 µg
2,250 µg

daily 6–10 treatments

During and after
chemotherapy or
radiation

15 µg/ml 300 ml
(150 ml)

4,500 µg
2,250 µg

2× per week In compliance with
the patient

Without chemotherapy
or radiation

15 µg/ml 300 ml 4,500 µg 2× per week In compliance with
the patient

Virus-Caused Diseases and Inflammations
Hepatitis, esp. chronic

form (B/C)
25 µg/ml 300 ml 7,500 µg Daily in the

beginning, then
2× per week,
2× per month

As per control but
mostly
6–12 months

Herpes zoster 25 µg/ml 300 ml 7,500 µg 2× per week As per control
Rheumatoid arthritis 20–25 µg/ml 300 ml 6,000–7,500 µg 2× per week In compliance with

the patient

TABLE 6. Minor Autohemotherapy

Indication
Ozone

Concentration Ozone Volume
Ozone

Amount
Treatment
Frequency

Acne, furunculosis 10–20 µg/ml 10 ml 100–200 µg 1× per week
(max 2× per week

Allergies 20 µg/ml 10 ml 200 µg 1× per week
Additional Cancer

therapy
10–20 µg/ml 10 ml 100–200 µg 1× per week
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• Subatmospheric ozone gas application under
an ozone-resistant suction cup according to
Werkmeister (1995) (e.g., decubitus)

• O3 gas application in the low-pressure plastic boot
(“Rokitansky boot”) (e.g., diabetic gangrene)

• Ozone cream (ozonides) for long-term treatment:
e.g., lesions, burns

Ozonized Water
In topical applications, the use of ozonized water is now

gaining in importance. Ozone is present in water in molecular
form, i.e., as O3, presenting a physical solution. When using
bidistilled water (aqua bidestillata) and a high-quality ozone
generator, a maximum saturation of approx. 20 µg ozone per
ml of water at room temperature can be obtained. It reacts
immediately on skin contact, contrary to ozonides (such as
ozone cream), which have a long-term effect.

Indications
• Local infections
• Ulcus cruris
• Decubitus ulcers
• Mycosis, mycotic infections
• Herpes simplex and herpes zoster (also including

subcutaneous ozone injections where required)
• Burns, also superinfected burns
• Intraoperative rinsing
• Eye injuries and infections
• Surgical scars (healing: primary or secondary)
• Edemas of traumatic or bacterial origin

Methods and dosage
For 5–15 min, allow an ozone/oxygen gas mixture at an

O3 concentration > 100 (10 min) or 60–80 µg/ml (15 min) to

pass in the form of small bubbles through 1-l aqua bidestillata
with a water column of approx. 40 cm. In bidistilled water, the
half-life of ozone is approximately 10 h at room temperature,
the concentration remaining approximately 18–24 µg/ml at
20 ◦C (68 ◦F). In the refrigerator, ozonized bidistilled water
can be kept for several days.

Over dosage is not possible, as the dose is limited by the
solubility of ozone in water, approximately 24 µg/ml for aqua
bidestillata. Ozonized water is basically applied on account of
its pain-relieving, disinfectant and anti-inflammatory effects,
as well as its tissue-activating properties in acute and chronic
injuries with and without infection. In these indications, it is
being applied with increasing success. Here, especially, the
elimination of perifocal edema is in the foreground. Ozonized
water is also being used intraoperatively for rinsing (disinfec-
tion), as in hand surgery, in dental medicine and particularly in
oral surgery. The healing time for primary scars is shortened
and irritation-free. In a number of cases, long-term treatment
can be continued using peroxidic oils (Table 7).

Ozone Cream (Ozonides and Peroxides)
As reaction products of O3 and unsaturated fatty acids,

ozone peroxides and ozonides also stimulate wound healing.
This could be clearly demonstrated for burns and mechanical
injuries in an animal study. Peroxidic oils are used in the long-
term treatment of injuries, burns and local infections such as
skin and nail mycosis, as well as in the follow-up treatment of
ulcus cruris and decubitus ulcers.

Topical Treatment as Transcutanous Gas
Immersion or “Bath” (Bagging)

Transcutaneous “ozone gas immersion” is a method of
choice in extensive, deep topical infections. Here, after moist-
ening the extremity to be treated or the area over the organ
concerned, direct O3 gas immersion is applied inside a sealed,

TABLE 7. Topical Applications

Indication
Ozone

Concentration Form Of Application
Treatment

Time Treatment Frequency

Decubitus ulcers 80–100 µg/ml in
the beginning

Low pressure suction cup 2–10 min Daily first, then 1–2×
per week

After wound cleansing 20–30 µg/ml
Diabetic gangrene 80–100 µg/ml in

the beginning
Low pressure boot (or

plastic bag)
10–20 min Daily first, then 1–2×

per week
After wound cleansing 20–30 µg/ml
Ulcus cruris
Wound cleansing

80–100 µg/ml in
the beginning

Plastic bag (not low
pressure!)

10–20 min Daily first, then 1–2×
per week

Wound healing 20–30 µg/ml compresses + rinsing with
ozone water

1–5 min several times daily

Burns stage 1 and 2 20–30 µg/ml Plastic bag, compresses +
rinsing with ozone water

10–20 min
1–5 min

First 1–2× per day,
several times per day
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ozone-resistant plastic bag, or in a slight vacuum using a
special, low-pressure “boot” or under a low-pressure cup.

Indications
• Skin lesions, burns, superinfected wounds (surgi-

cal scars), diabetic foot, phlegmons (erysipela)
• Large-surface, open and deep chronic ulcers, pos-

sibly infected, and decubitus ulcers.

In transcutaneous ozone gas immersions or low-pressure
applications used in the treatment of infected ulcers, the
O3/O2 mixture is initially applied at higher concentrations
(70–100 µg/ml) after moistening of the area to be treated.
Its microbicidal and virostatic effect already takes place at
lower concentrations (< 40 µg/ml). Once wound healing has
actually started, the concentration can again be reduced (< 20
µg/ml), thus making full use of the metabolically stimulant
and immunomodulatory effect of ozone as the healing process
continues.

Low-pressure ozone treatment is not a monotherapy, as
the other forms of wound treatment must be continued at
the same time, according to the condition of the wound and
in conformity with current rules. The considerable local
hyperemic effect due to the mildly subatmospheric conditions
plus the properties of ozone contributes to the healing process
(Table 7).

Intra-articular ozone injections
Intra-articular ozone injections in acute and chronic,

painful joint conditions represents a complementary treat-
ment method providing rapid pain relief, decongestion, a
reduction in inflammation, and an improvement in motility.
It involves mainly knee and shoulder joints presenting chronic
pathological symptoms.

Indications
• Symptoms of the rheumatic and degenerative

type, diseases and injuries of the joints (arthrosis,
arthropathias)

• Active gonarthrosis, acute diseases of the shoul-
der joints involving partially restricted functional
movement (shoulder stiffness)

• Chronic shoulder joint conditions with calcifica-
tion and painfully restricted movements in the final
stage.

Intra-articular ozone injection is being applied with
increasing success, particularly in orthopedic clinics, where
inflammatory and degenerative diseases of the bones and
joints as well as posttraumatic conditions (i.e., following sport
injuries) and surgery of the large joints are involved, cases
in which additional MAH has a supportive and stabilizing
function.

Performance
Prior to ozone application, the standard injection points

can be infiltrated with a slow-acting local anesthetic. For
intra-articular ozone injections, a volume of approx. 20 ml
for shoulder and knee is used, with ozone concentrations of
10–20 µg/ml and 2–11 µg/ml for peri-articular and
subcutaneous infiltrations (Table 8).

Intra-articular injection of an ozone/oxygen gas mixture
must be considered as being an intervention in a sterile sys-
tem (joint), to be carried out under especially strict aseptic
precautionary measures (Table 9). In addition, the ozone unit
must be cleaned every day after use as hygiene requires (see
manufacturer’s instructions), and additionally disinfected by
wet wiping with corresponding agents (surface disinfectants)
when contamination with blood has occurred.

Regular maintenance of the unit must also be counted as
hygienic safety. The aseptic steps recommended agree, for
the most part, with those issued by the “German Orthopedics
and Traumatology Association,” the Orthopedic Physicians’
Professional Association, and the “Guidelines on Intra-
articular Injection Procedures” published by the Hospital
Hygiene Work Group. These guidelines continue to be the
officially recognized standard for medical experts and law
courts, and should carefully be adhered to.

Subcutaneous and Intracutaneous Application
Indications

• Pain management
• Trigger points, acupuncture points
• Herpes zoster

TABLE 8. Intra-articular Injections—Treatment Concept

Indication
Form Of

Application
Ozone

Concentration
Ozone
Volume

Ozone
Amount

Treatment
Frequency

Arthrosis Intra-articular
Peri-articular

7–20 µg/ml
2–11 µg/ml

1–20 ml
2–5 ml

7–400 µg
4–55 µg

1–2× per week

Knee joints Intra-articular 10–20 µg/ml 5–20 ml 50–400 µg 1–2× per week
Shoulder joints Intra-articular 10–20 µg/ml 5–20 ml 50–400 µg 1–2× per week
Finger joints Intra-articular 10–20 µg/ml 1–2 ml 10–40 µg 1–2× per week
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TABLE 9. Aseptic Procedure for Intra-articular Ozone Injections (Beck et al. 1998)

For intra-articular injections, special aseptic precautionary measures are necessary to prevent infection! [see e.g., “German
Orthopaedics and Traumatology Association” (Deutsche Gesellschaft für Orthopädie und Traumatologie) Guidelines] Caution:
To avoid general or local infections and skin lesions at injection site and surrounding area:

• Hygienic hand disinfection using an RKI/DGHM listed (or equivalent) alcohol-based detergent. Always allow > 30 s for it to
take effect. In cases of suspected HBV or HCV, etc., virus carriers, allow for 5 min before treating or, even better: use (sterile)
disposable surgical gloves!

• Alternatively: after surgical hand disinfection, put on sterile surgical gloves, sterile protective clothing, and use sterile cloth
covers around the injection site (e.g., when in contact with the patient’s skin over the area under treatment).

• Disinfection of skin at treatment site using an RKI/DGHM listed (or equivalent) alcohol-based disinfectant: spray liberally
over site and gently rub in with a sterile gauze swab. Allow > 1 min to take effect.

• From the Teflon valve of the supply unit, remove the prescribed quantity of medical ozone/oxygen gas using a sterile,
silicone-coated 50 ml disposable syringe with a preconnected bacterial filter.

• Using a long, thin, sterile disposable cannula, e.g., 0.8 × 40 mm (size 2 metric) or 0.6 × 60 mm, inject the ozone/oxygen gas
mixture.

• Immediately cover the injection site with a (sterile) quick-action wound dressing.

• Trigger points in combination with local anesthet-
ics (neural therapy)

• Tonanalgetic systems

Ozone concentrations: 2–5 without local anesthetic, 10–15
µg/ml with local anesthesia.

Intradiscal injections
Intradiscal injections in herniated discs may only be

performed when monitored by imaging systems as found in
hospital departments where these are available (Alexandre
et al. 2012, this issue).

FINAL COMMENTS

These guidelines for the use of medical ozone have been set
up and evaluated on the basis of nearly 40 years experience
and on relevant scientific literature as published in national
and international journals and handbooks.

• The German “Medical Society for the Use of
Ozone in Prevention and Therapy” was founded
in 1971 as a nonprofit organization.

• Together with the sister societies in Switzerland,
Austria and Italy the “European Cooperation
of Medical Ozone Societies” EUROCOOP was
founded in 2002.

• The 9 medical societies in 2011 consisted of
the following countries: Switzerland, Austria,
Germany, Spain, Romania, Egypt, Turkey, Japan,
and Indonesia. Its aim has been to standard-
ize ozone therapy to the greatest possible extent.
In the same way, the member societies will aim
at providing mutually valid training and develop-
ment guidelines, making provisions to the fullest

possible extent for all indications and application
methods of ozone therapy. In the long run, a
European Standard Qualification could become a
uniform objective.

• Every 2nd year an International Ozone Congress is
held, organized by one of the member societies.
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Original: Spanish 

MADRID DECLARATION ON OZONE THERAPY  

 
Approved at the "International Meeting of Ozone Therapy Schools" held at the Royal 

Academy of Medicine in Madrid on the 3rd and 4th of June, 2010, under the auspices of 
the Spanish Association of Medical Professionals in Ozone Therapy (AEPROMO) 

 
Taking into account that since the discovery of ozone by the German chemist Christian 
Friedrich Schönbein in 1840, its medical use has increased in different parts of the 
world; there is more interest from health professionals to know how it works and what 
are its benefits; the number of ozone therapists keeps growing all around the world; and 
an increasing number of patients are benefiting from it. However its consolidation has 
not been easy, resistance it still found within the medical community and its recognition 
in the legal field will require more and coordinated efforts.  
 
Recalling that pre-clinical research and clinical trials on the use of ozone therapy have 
been carried out in Cuba, Germany, Italy, Russia and other countries, with considerable 
scientific rigor, obtaining results that support its practice using different medical 
protocols.  
 
Bearing in mind that the preclinical studies, genotoxics, toxicology and clinical studies 
carried out, endorse the application and the innocuous character of this medical therapy 
using a fairly wide range of doses.  
 
Emphasizing that research and clinical experience with medical ozone are making 
progress, despite the various obstacles they face, becoming a permanent challenge for 
researchers and for ozone therapy associations, mainly due to the lack of access to 
financial resources which they need in order to be able to continue with the scientific 
research that is required.     
 
Stating that it is absolutely necessary to work with specific objectives, planning 
globally those necessary actions, so that ozone therapists working together will be 
forwarding with great precision and securely the practice of ozone therapy.  
 
Recognizing that there is variance that the medical community wishes to standardize, 
and that progress already has been made, that it should be taken into account; it is 
necessary to continue with the development of medical definitions of procedures and 
protocols determining the best applications where it is necessary, as well as a code of 
good practice, in order to overcome more efficiently the possibility of malpractice.  
 
Welcoming with great satisfaction that ozone therapy practice was regularized in 
Russia in 2007 by the Federal Service Public Health Control and Social Development, 
the first country in the world to do so; in Cuba in 2009, by the Ministry of Public 
Health; in Spain, by the Balearic Islands, and the Canary Islands (2007), Madrid (2009) 
and Galicia, Castilla-La Mancha, and Castilla y León (2010) Autonomous 
Communities; that in Italy significant advances have been done towards ozone therapy 
by the Regions of Lombardy (2003), Emilia-Romagna (2007) and Marche (2009), and 
favorable court decisions have been taken by the Administrative Court of Lazio (1996 



and 2003).  
 

The speakers at the "International Meeting of Ozone Therapy Schools" as well as the 
associations of ozone therapy present at the same have adopted the following  

 

CONCLUSIONS  

 
First. To approve the "Therapeutic Ranges for the Use of Ozone” detailed within the 
“Recommendations" section of this Declaration.  
 
Second. To increase the exchange of knowledge, research, and experiences, both 
positive and negative that occur in the field of ozone therapy, in furtherance of 
increasing the knowledge of the huge benefits that this therapy has. To stimulate the 
publications of research results in specialized medicine journals. 
 
Third. To encourage health researchers to increase their creative efforts, so that, ozone 
therapy continues to demonstrate its therapeutic benefits with safety and effectiveness 
under the development of controlled clinic trials.  
 
Fourth. To stimulate the creation of Standardized Operative Procedures, according to 
good clinical practices for each procedure, taking into account knew developments, with 
the view to increase the quality and make homogeneous diverse treatments. 
 
Fifth.  To make systematic efforts to ensure that each scientific congress/meeting to be 
organized adopts conclusions that reflect the progress made and set achievable and 
realistic targets, sharing the findings and aims to encourage and promote research  to 
deepen the understanding of ozone therapy. To work towards the harmonization and 
unification of criteria at the international level among different scientific societies. 
 
Sixth. To encourage the different associations to work in their own countries where the 
ozone therapy has not yet been regularized to get it properly regularized and therefore to 
enjoy a legal status.  
 
Seventh. To encourage the preparation of text books, the organization of theoretical 
courses and practical training on ozone therapy, so that those who practice it do so 
based on sound knowledge; this will necessarily be reflected on a more efficient 
medical health care which will benefit the patients.  
 

The speakers at the "International Meeting of Ozone Therapy Schools" as well as the 
participants associations at the same have adopted the following  

 

RECOMMENDATION  

 
That the "Therapeutic Ranges for the Use of Ozone” as detailed in the annex to this  
“Madrid Declaration” and an integral part thereof, serve as a reference to ozone 
therapists in order for them to implement them carefully and systematically.  
 
These "Therapeutic Ranges for the Use of Ozone” are the summary of scientific 
research in different countries and are the result of many years of experiential and 



clinical practice.  
 

The speakers at the "International Meeting of Ozone Therapy Schools" as well as the 
participants associations at the same 

 
We express our most sincere recognition to Dr. Velio Bocci, Emeritus Professor of 
Physiology at the University of Siena, for the significant and important contributions he 
has made in favor of ozone therapy in the fields or research, teaching, information and 
patient care, to the point that within the ozone therapy history he must be considered as 
one of its most important pioneers.  
 
Finally we express our gratitude to the Spanish Association of Medical Professionals 
in Ozone Therapy (AEPROMO) for its initiative and implementation of this 
"International Meeting of Ozone Therapy Schools" warmly housed in the centenarian 
walls of the Royal National Academy of Medicine in Madrid.  
 
Madrid, June 4, 2010  
 

ANNEX TO THE MADRID DECLARATION ON OZONE 

THERAPY WHICH IS INTEGRAL PART THEREOF  

 
Recommendation approved at the "International Meeting of Ozone Therapy Schools" 

held at the Royal Academy of Medicine in Madrid on the 3rd and 4th of June, 2010, 
under the auspices of the Spanish Association of Medical Professionals in Ozone 

Therapy (AEPROMO)  
 

THERAPEUTIC RANGES FOR THE USE OF OZONE  

 

1. THERAPEUTIC BASIS  
Ozone therapeutic indications are based on the knowledge that low physiological 
concentrations of ozone may play important roles within the cell. At molecular level, 
different mechanisms of action have been shown that support the clinical evidence for 
this therapy. 
 
There are therapeutic, non effective, and toxic concentrations, of ozone. It has been 
proved that concentrations of 10 or 5 µg/ml and even smaller, have therapeutic effects 
with a wide security margin, so it is now accepted that the therapeutic concentrations 
range from 5 to 60 µg/ml.  This range applies to local and systemic application 
techniques.  
 
It should be emphasized that each route of application has a minimum and a maximum 
dosage as well as concentration and volume to manage.  
 
All the therapeutic dosages are divided into three types, according to their mechanism of 
action:  

a) Low doses: These doses have an immunomodulatory effect and are used in 
those diseases where there is suspicion that the immune system is compromised. 



b) Medium doses: They are immunomodulatories and stimulate the antioxidant 
enzyme Defence System. They are most useful in chronic degenerative diseases 
such as diabetes, atherosclerosis, COPD, Parkinson syndrome, alzheimer, and 
senile dementia.  
c) High doses: They are employed especially in ulcers or infected injuries.  Also 
they are used to ozonize oil and water.  The ozonization of oils never can be 
produced with a medical generator because it cannot be avoided that oil steam 
diffuse in the high-voltage pipes.  ¡The result is the production of several very 
toxic substances!  Except in the generators with valve that cuts the exit of ozone. 

 
2. OZONE THERAPY BASIC PRINCIPLES  
The three basic principles that must be taken into account before any ozone treatment 
process is implemented are the following:  

a) Primum non nocere: Before anything else, not to do any harm. 
b) Stagger the dose: Start always with low doses, and increase them gradually. 
The exception will be in infected ulcers or injuries, where the reverse will be 
applied (start with a high concentration, and diminish it according to the 
improvement in the patient’s condition). 
c) Apply the necessary concentration: Higher ozone concentrations are not 
necessarily better, in the same way that it occurs with all the medicines.  

 
Should the redox balance not be known (antioxidants/pro-oxidants) and the patient is in 
an oxidative stress, an initial medium or high dose, may damage cellular antioxidant 
mechanisms and aggravate the clinical picture. It is therefore preferable to start with low 
doses and to phase in the increase according to patient response. 
 

3. MAIN ROUTES OF APPLICATION 
Medical ozone can be applied locally or parenterally. The various routes of application 
of ozone can be used alone or combined, in order to attain a synergistic effect. 
 
3.1 RECOMMENDED ROUTES OF APPLICATION 
The routes of application described below are safe and proven because they are the 
result of many years of experience and research. 
 
We welcome the therapeutic range indicated by the guidelines of the Russian Ozone 
Therapy Association, published in its "Handbook of Ozone Therapy" (2008); the  
"Guidelines for the Use of Medical Ozone" published by the German Medical Society 
for the Use of Ozone in Prevention (2009); the guidelines published by the Ozone 
Research Centre, scientific unit of the Cuban National Centre for Scientific Research, in 
its book "Ozone Basics Aspects and Clinical Applications" (2008); and the significant 
contribution from Dr. Velio Bocci in "Has Oxygen-Ozone Therapy a Future in 
Medicine? (Rev. 2010) and sent by the author to this "International Meeting."  
 
 
 
 
 
 
 



Routes of 
application  

LOW  LOW  LOW  

 Conc. µg/ml Vol. ml. Doses µg 
RI* 10 

20 
100 1000 

2000 
MAHT** 10 

20 
50 
100 

500 
2000 

MiAHT*** 5 
10 

5 
 

25 
50 

 
 
Application 
Routes  

MEDIUM MEDIUM  MEDIUM  

 Conc. µg/ml Vol. ml. Doses µg 
RI* 20 

30 
100 
150 

2000 
4500 

MAHT** 20 
30 

50 
100 

1000 
3000 

MiAHT*** 10 
20 

5 50 
100 

 
 
Application 
Routes  

HIGH HIGH  HIGH  

 Conc. µg/ml Vol. ml. Doses µg 
RI* 30 

60*a 
150 
30-50 
 

4500 
18000-3000 

MAHT** 35 
60**b 

50 
100 

1500 
6000 

MiAHT*** 10 
20 

5 50 
100 

 
* RI: Rectal insufflation.  
Bear in mind that major concentrations of 40 µg/ml can hurt the enterocite. 
*a Exceptionally, in case of acute bleeding, begin with a high concentration (60 µg/ml / ml and 50 ml 
Vol.) Once the bleeding diminishes, reduce concentration.  
** MAHY: Major Autohemotherapy 
*** MiAHT: Minor Autohemotherapy 

** b Although in general is preferred to employ concentrations around 40 µg/ml, in some cases it 
could be assessed the employment of until 60 µg/ml which has proved to be safe and with greater 
capacity of induction of citoquines.  

 
3.1.1 Major Autohemotherapy (MAHT)  
The rank of volumes to use varies between 50 ml and 100 ml.  Blood volumes greater 
than 200 ml must be avoided to prevent any risk of hemodynamic disturbances, 
especially in elderly or unbalanced patients. The perfusion set to be used must be 
certified and never should be made of PVC or other materials that react to ozone.  
 



Ozone concentrations of 80 µg/ml and above, should also be avoided because of the 
increased risk of haemolysis, reduction of 2, 3 DPG and a consequent inability of 
activating immunocompetent cells. 
 
The number of treatment sessions and the ozone dosage administered will depend on the 
patient's general condition, age and main disease. As a general rule, every five sessions 
the dose of ozone is increased and it is given in cycles that vary between 15 and 20 
sessions. From the clinical point of view the patient's improvement occurs between the 
fifth and tenth session, and it is considered that after the twelfth session the antioxidant 
defense mechanisms are already activated. The treatment is given in a cycle that is 
administered daily, from Monday to Friday and also could be administered two to three 
times a week.  
                
3.1.2 Intramuscular, paravertebral and intrarticular inje ction 
3.1.2.1 Paravertebral  
The infiltration is made 2 cm lateral from the spine/column. The distribution of the 
needles is always bilateral, lateral or 2 cm. above and 2 cm below the hernia.  
 
A depth from 2 to 4 cm should be considered when taking into account the patient’s 
constitution and/or the area to be treated (smaller in thin patients and in dorsal region 
and  greater in obese patients and lumbar region).   
 
The treatment is done twice a week for the first two weeks and once clinical 
improvement is achieved, the treatments are spaced to once a week for four to six weeks 
and then one session every 15 days until one cycle of 20 sessions is completed, these 
can be shortened once the symptoms have disappeared. The recommended needle sizes 
for this procedure is 25 to 30 G x 1½”. In some cases and with expert hands, longer 
needles may be used.  
 
It is important that the physician examines adequately the muscles within the lumbo 
sacra region and the sacro iliac articulations to detect inflammation at this level or 
“trigger points" in that zone, above all in patients with discartrosis that do not respond 
adequately to the paravertebral infiltrations. If these points are detected they must be 
infiltrated.  
 
Concentration [µg/ml] 10-20  
Volume / ml 5-10  
Dose / µg 50-400  
 
3.1.2.2 Hernias  
Cervical hernias  
Concentration of 10 and 20 µg/ml, a volume of 5 ml is given. 
Dorsal Hernias  
Concentration of 10-20 µg/ml, a volume of 5 ml is given.  
Lumbar   Hernias 
Concentration of 10-20 µg/ml, a volume of 5-10 ml is given.  
 
3.1.2.3 Intraarticular treatment  
Concentration: 5-10-20 µg/ml 
Volume in function of the articulation size:  



Fingers: 1-2 ml 
Rest: 5 - 20 ml 
 
3.1.2.4 Intradiscal Treatment  
In general only one intradiscal infiltration should be  performed, although it could be 
repeated within 2 - 4 weeks, under mobile radiologic arch or fluoroscopic control or CT. 
The patient has to be under sedation (no general anaesthesia) and with an antibiotic 
prophylactic therapy the same day of the procedure.   
 
For lumbar discolisis a 5-10 ug/ml mixture of oxygen - ozone  at a concentration of 25-
30 ug/ml is used.  For cervical discolosis 5 ml with the same concentration.  The 
discolisis with ozone, although is effective after only one treatment, it requires specific 
infrastructure (for radiological control), anaesthetist and experienced personnel in the 
execution of the technique.  Despite the fact that the paravertreval  technique requires 
more sessions, it is equally effective and has a minimum level of risk. 
 
3.1.2.5 Peridural treatment (translaminal)  
An infiltration is performed in the peridural space, twice weekly previous identification 
of the peridural space. It uses a mixture of oxygen-ozone in a volume of 5 ml at a 
concentration of 20 ug/ml.  
 
The translaminal peridural method or through the sacred hiatus route is an alternative to 
consider in the treatment of hernial disc with ozone therapy, despite being an indirect 
method in relation to the intradiscal method because:  

• With this method, neither the operator is exposed to the risk of undergoing 
radiation nor the patient. 

• Upon deposit of the gas in the peridural space at the level of the conflict zone 
disco-radicular, the same acts over both the disk and the damaged root.  

• It is easy to perform, causing no neurological damage and incorporating the 
patient to his/her normal life soon.  

• It requires few material resources and equipment which makes it a less 
expensive and effective method.  

• It requires fewer sessions compared to the paravertebral method as an indirect 
method.  

• It is very useful in the presence of multiple disc hernias.  
• The success rate frequency is above 70%.  
• It requires a minimum time to recover.  
• It can be performed in patients with major associated diseases.  

 
In any case, the three commented techniques require of strict asepsis and sterility 
measures and of an inform written consent.   
 
3.1.3 Ozone Bag  
Concentrations of 60 - 40 - 30 - 20 µg/ml, are used for periods of 20 to 30 minutes, 
depending on the stage and evolution of the lesion. It can use 60-70 µg/ml only in 
purulent infections. Once the infection is controlled and the healthy granulation tissue 
appears, the procedure is to reduce the concentration and to space the sessions in order 
to support the healing.  
 



3.1.4 Subcutaneous application  
The concentration of ozone used is 5 to 10 µg/ml in very small volumes of gas (1-2 ml) 
with a 30 G needle.  
 
It is also efficient in the treatment of neuropathic pain. Can also be used for cosmetic 
purposes in cellulite, never using a volume larger than 100 ml per session.  
 
3.1.5 Ozone Bell or Ventosa  
Using concentrations ranging from 15 to 60 µg/ml, with a variation in the duration of 
the treatment between 15 to 20 minutes.  
 
3.1.6 Insufflation in fistulas   
Always the practitioner must be sure first that not communication with the respiratory 
tract exists.  It is important to keep in mind the possible gas build-up in a closed cavity, 
blocked or cystic to avoid dangerous or painful increases in pressure, for example in 
cutaneous, perianales and surgical fistulas.   
 
3.1.7 Ophthalmologic  
In ophthalmological cases (queratitis, corneal ulcers, conjunctivitis and ocular burns), a 
special glass attachment adapted to the contour of the eye is used. Anesthetic eye drops 
are applied previously and a concentration of ozone between 20 and 30 µg/ml during 5 
mn. Two to three applications per week can be made combined with subconjunctival 
application of ozone, at a concentration of 35 µg/ml with a volume of 1-2 ml.  
 
3.1.8 Vaginal Insufflation   
Ozone concentrations of 20-40 µg/ml and a volume between 1000-2000 ml at a 
continuous flow rate of 0,1 to 0,2 l/min for 10 min. are used. A vaginal wash with 
ozonized water must be carried out previously. For this application an ozone destructor 
device is required.  
 
3.1.9 Insufflation vesicourethral  
Insufflate between 50 and 100 ml of ozone into the bladder or urethra, according to the 
case to be treated. The recommended concentrations are from 10-15-20 and 25 µg/ml 
(increasing them progressively). The treatment could be combined with a pre-irrigation 
procedure with ozonized water.  
 
3.1.10 Otic route 
The external ear is moistened and then it is insufflated using a syringe or a special 
headset with an ozone destructor device. Check that the eardrum is intact. 
Concentrations between 20-30 µg/ml during 5 mn are used.  
 
3.1.11 Intratonsilar route   
It is a secure route in patients older than 12 years old, with the condition that they can 
actively cooperate when they are asked to hold their breath (apnea) meanwhile the 
medical ozone injection is applied. Concentrations of 15-20 µg/ml with a volume of 2.5 
ml per point to infiltrate at the anterior and rear pillar of both tonsils are used. Four to 
five sessions are required.  
 
3.1.12 Ozone micro doses in trigger points and acupuncture  
As a general rule the trigger points are located in the muscles and often deeply, so the 



application has to be intramuscular and the volume can be between 5-10 ml depending 
on the anatomical place, and, the concentration between 10 and 20 mcg/ml. 
 
For acupuncture points or reflexology areas the application is intradermal and fluctuates 
between 0.1 to 0.3 ml and up to 1 ml (maximum) of the gas mixture of O2-O3 with 
concentrations below 30 µg/ml. 
 
3.1.13 Topical application of water, oil and ozonized creams 
It is applied on wounds, ulcers and several infected lesions at different concentrations:  
high, medium, and low, depending on what it is intended to achieve (to disinfect, to 
regenerate) and of the type of tissue where it will be applied.   
 
3.1.14 Ozonized Saline Solution 
The rank of concentrations of ozone used in the phase of gas (from the ozone 
equipment) is of 500 mcg/l to 5000 mcg/l.  
 
The ozonization is carried out with very low ozone concentrations which are calculated 
according to the weight of the patient. The formula used is 25 mcg by 1 kg of patient’s 
weight.  For example: if the patient weighs 80 kg, it is multiplied as follows: 80 x 25 = 
2000 mcg (2 mcg/ml or 2 mg/l). 
 
This figure corresponds to the concentration generated by the equipment, which is very 
low and it does not reach the 2,0 mcg/ml.  Under this method concentrations generated 
by the ozone equipment above 3,000 mcg/l are never used. 
 
The procedure consists of:   

• To bubble 200 ml of saline solution at 0,9% during 10 mn, time necessary to 
obtain an adequate saturation of the solution that goes from 20 µg/ml until 200 
µg/ml of concentration.   

• To initiate then the transfusion of the solution by drip to the patient during 25-30 
mn, keeping a constant bubbling of ozone in the bottle, to maintain its 
concentration in the solution.   

• To cut the bubbling and the transfusion at the 150 ml, leaving in the bottle 50 ml 
of solution as safety margin.   

• Nowadays, an ozone equipment that maintains the ozone concentration in the 
solution without needing to maintain the bubbling during the transfusion is 
available.   

 
3.1.15 Pediatrics dosages through rectal insufflation 
Systemic application via, only by via rectal.   

• The concentrations to be used depend on the grade of the oxidative stress of the 
patient and the pathology to be treated. 

• The volume to be administered depends on the age of the patient. 
• To perform the rectal insufflation a catheter is introduced 1-2 cm inside the anal 

sphincter. 
 
 
 
 
 



3.1.15.1 Dosages for patients with an initial value of oxidative stress graded “0” or 
“1” (Light one) 
 

Weeks of 
treatment 

Concentration O3 

(µg/ml) 

First 20 

Second 25 

Third 30 

Fourth 35 

 
3.1.15.2 Dosages for patients with an initial value of oxidative stress graded “2” or 
“3” (Moderated)  
 

Weeks of 
treatment 

Concentration O3 

(µg/ml) 

First 15 

Second 20 

Third 25 

Fourth 30 

 
3.1.15.3 Dosages for patients with an initial value of oxidative stress graded “4” 
(Severe) 
 

Weeks of 
treatment 

Concentration O3 

(µg/ml) 

First 10 

Second 15 

Third 20 

Fourth 25 

 
3.1.15.4 Volumes to be administered according to patient’s age 
 
Age of the patient Volumes to be 

administered 
28 days-11 months 15-20 cc 
1 -3 years 20-35 cc 
3-10 years 40-75 cc 
11-15 years 75-120 cc 

 



The dosage changes every five sessions. Cycles of 15-20 sessions are indicated every 
three months during the first year. Later the patient will be evaluated to determine 
frequency of the cycles for the second year. 
 
3.1.16 Ranges of diseases for rectal insufflation and major autohemotherapy 
applications  
 
3.1.16.1 LOW RANGE  

• Biological regeneration  
• Gout 
• Fibromyalgia 

 
3.1.16.2 LOW-MIDDLE RANGE  

• Chronic kidney failure  
• Cancer  
• Nephropathies 

 
3.1.16.3 MIDDLE RANGE 

• Neurovegetatives illnesses: Alzheimer, parkinson, dementia syndromes.   
• Pulmonary illnesses: Emphysema, COPED, acute respiratory distress syndrome.  
• Ophthalmological illnesses: Retinosis pigmentarias, cataract, glaucoma, macular 

degeneration related to age. 
• Hematology illnesses:   Thalassaemia B, scklemia.  • Vascular Illnesses: HTN, 

venous insufficiency, peripheral arterial illness, CVA, cardiacs ischemia, veined 
stasis.   

 
3.1.16.4 MIDDLE-HIGH RANGE 

• Viral Illnesses:  Herpes simple, herpes zoster, AIDS, hepatitis A, B, C, 
papilloma human virus. 

• Diabetes 
• Cerebral palsy   
• Dermatological illnesses   
• Orthopedic illnesses   
• Giardiasis   
• Candidiasis and cryptosporidiosis.   
• Allergic illnesses   
• Chronic fatigue syndrome  
• Lupus Erythematosus Systemic 
• Rheumatoid arthritis   
• Crohn’s illness  
• Intestine inflammatory illnesses   
• HIV/AIDS   
• Multiple sclerosis   

 
3.2 APPLICATION ROUTES NOT RECOMMENDED FOR NOT 
BEING SAFE  
3.2.1 Direct intravenous injection of ozone  
Its application is strongly discouraged due to the risk of air embolism which can occur 



even in the case of using an slow infusion pump and volumes of 20 ml. The 
complications of stroke range from a simple axillary bubbling sensation, then cough, a 
feeling of retrosternal weight, dizziness, to changes in vision (ambioplia), hypotensive 
crisis, with signs of cerebral ischemia (paresis of the members) and death.  
   
Furthermore, there is no justification to put the patient and the therapy at risk when 
there are methods that are safe, have been tested and are effective such as the major 
autohemotherapy, minor autohemotherapy and rectal insufflation.  
 
3.2.2 Vitamins and ozone  
During the treatment with ozone is necessary to suspend all the antioxidant supplements 
that contain vitamin C and vitamin E.  The presence of these compounds in high 
concentrations in the blood, interferes with the ozone’s action as an oxidant agent and 
therefore the good course of the therapy.  It is important to communicate to the patient 
that s/he must not consume excessive quantities of foods very rich in these vitamins.  In 
consequence, the vitamins or antioxidants should be given before or after the ozone 
therapy but never during the treatment.  
 
3.3 APPLICATION ROUTE ON ANIMAL EXPERIMENTATION 
PHASE  
Intraperitoneal   
This route is still in the scientific experimental phase in animals, to which various tumor 
cell lines have been implanted, having found that ozone is more cytotoxic to tumor cells 
than many of the cytostatics used, without causing the adverse effects of the 
chemotherapy. The research into this matter is being undertaken by the Veterinary 
Services and Laboratory Animal Medicine of the Philipps-University of Marburg 
(Germany) by Medical Veterinarian Professor Siegfried Schulz.  
 
It is exhorted that investigations in animals continue to be carried out.    
 
Experimental studies for the treatment of cancer in human beings have not yielded 
convincing data so far.   
 
In human beings has been used  for peritonitis´ treatment applying a peritoneal wash 
with ozonized water using 200 to 300 ml in volume with a concentration between 10 
and 20 µg/ml, through a silicone catheter fixed into the cavity. 
 
3.4 APPLICATION ROUTE PROHIBITTED  
Inhalation route 
The inhalatory route is absolutely prohibited because of being highly toxic.  The 
anatomical and biochemical characteristics of the lung make it extremely sensitive to 
oxidative damage by ozone. 
 

3.5  APPLICATION ROUTE THAT HAS NOT RECEIVED TOTAL 
CONSENSUS  
Ozonized Saline Solution  
The Ukrainian and Russian schools utilize it as another form of systemic application of 
the ozone and its practice is well extended in those two countries.  Its efficiency is 



testified by the results of the scientific research submitted at the eight Practical 
Scientific Conferences that have taken place in Russia from 1992 to 2009.   
 
Nevertheless this methodology still has not found the consensus between some schools 
and it is left to the criteria of the doctors whether or not to use this method. 
 

3.6 ESSENTIAL REQUIREMENTS  
The described   routes of application require of technically qualified personnel to carry 
out any procedure, as well as a written informed consent, followed by strict measures of 
asepsis and sterility.   
 
As with any another medical practice, all the material used in ozone therapy that be in 
contact with patient’s tissue or fluids must be either disposable after only one use, or be 
sterilized (ex. surgical equipment), and before the administration of the ozone must pass 
an antimicrobial sterile filter <of 20 µm.   

 

4. PATHOLOGIES MORE APPROPRIATE TO BE TREATED WITH 

OZONE THERAPY  
The diseases sensible to the ozone treatment may be classified into three categories, 
based on the therapeutic success grade proved and obtained.  
 
4.1 Diseases in the first category  
These include among others:  
a) Osteomyelitis, pleural emphysema, abscesses with fistula, infected wounds, bed 
sores, chronic ulcers, diabetic foot and burns.  
b) Advanced ischemic diseases.  
c) Related to age, macular degeneration (atrophic form) because the orthodox 
ophthalmology gives no significant treatment.  
d) Orthopedic diseases and localized osteoarthritis.  
e) Chronic fatigue syndrome and fibromyalgia.  
f) Dental injury-related to primary cariogenic lesions, particularly in children.  
g) Estomatology for chronic and recurrent infections in the oral cavity.  
h) Acute and chronic infectious diseases, particularly those caused by bacteria resistant 
to antibiotics or to chemical treatments, viruses, fungi (hepatitis, HIV-AIDS, herpes and 
herpes zoster infection, papillomavirus infections, onichomicosis and candidiasis, 
giardiasis and cryptosporidiosis). Bartolinitis and vaginal candidiasis. 
 
Although the ozone therapy represents a useful support for the treatment of these 
diseases, it is worth to underline that neither the ozone nor its metabolites, among them 
the H2O2, reach a germicide tisular concentration, because the free pathogens are 
protected by plasma antioxidants and intracellular viruses are unattainable.  
 
For these pathologies the ozone therapy either used only as exclusive form or as a 
support for a specific treatment, according to the cases, becomes a medicine/treatment 
with a high therapeutic success.  
 
4.2 Diseases in the second category  
These include:  
a) Cancer-related fatigue. The ozone therapy associated with orthodox treatments, may 



accelerate and improve results. However, ozone therapy has so far not been able to 
show a therapeutic effect on cancer. For all these pathologies ozone treatment should be 
integrated with the conventional treatment, there is evidence of its utility, but more 
precise studies are required 
b) Asthma. 
 
4.3 Diseases in the third category   
Among others include:  
a) Autoimmune diseases (multiple sclerosis, rheumatoid arthritis, Cohn’s disease)  
b) Senile dementia  
c) Lungs diseases: emphysema, chronic obstructive pulmonary disease, idiopathic 
pulmonary fibrosis and acute respiratory distress syndrome.  
d) Skin diseases: Psoriasis and atopic dermatitis.  
 e) Cancer metastasis  
f) Severe sepsis and multiple organ dysfunction.  
 
In these cases the combination of orthodox treatments and ozone therapy, at least on 
theoretical grounds, show that it may be useful but there is no real clinical evidence. 
The anecdotal evidence suggests the existence of therapeutic effectiveness but, in many 
cases the efficacy has been achieved by using various types of therapy, therefore the 
results are not reliable. In some studies the combination of ozone therapy with another 
treatment has been evaluated, concluding that ozone therapy acts as complement.  
 
5. GENERAL BASIS FOR TREATMENT   
Not all patients respond equally to the small, controlled oxidative stress that is produced 
by the ozone therapy. Therefore, the ozone treatment should always be applied in a 
gradual and progressive manner, starting with low doses and increasing it gradually to 
avoid unnecessary risks, until a clinic diagnostic method for the oxidative stress is 
available, which allows to adjust the dose.  
 
It is advisable to measure and classify the state of oxidative stress on the patient, using 
markers such as malon-aldehyde, catalase, superoxide dismutase, glutathione 
peroxidase and indicators of the total antioxidant activity in the medical cabinet.  
 
If it is not possible to measure the oxidative stress degree of the patient by either of the 
established methods, it is very important that the physician value according to the 
clinical state of the same, if he is eligible or not to receive the treatment with ozone at 
that moment, or if it is necessary to improve his/her nutritious state first.   
 
As with any medical treatment, patients may be divided into three types:  
Normo-responders, hyper-responders and hypo-responders.  
 
There are factors which can not be controlled, that depend of the patient’s idiosyncrasy 
and the characteristics how the disease manifests itself. 
 
Ozone therapy is a “medical act” and should be practiced by medical personnel and 
implemented with a scientific rigor, it can produce with a low frequency a minimum of 
adverse cases. Is for this reason that we consider that the regularization of the ozone 
therapy carried out by the authorities should include the following requirements, and in 
those cases where this has not been done the ozone therapists should apply them, 



 
The medical centers where the ozone therapy is practiced should have the mandatory 
sanitary authorization for its functioning and should abide by the following 
requirements: 
5.1  To have a qualified doctor with training and recognized experience in ozone 
therapy, this will be the persona responsible for the management of the treatment. 
5.2 To use the appropriate equipment to generate and apply the ozone therapy, these 
should have also the required authorizations from the appropriate sanitary authorities. In 
the case of the European Community, should be marked with the CE. The equipment to 
generate ozone must be calibrated or revised periodically, according to the 
recommendation of the manufacturer, to avoid incorrect applications or concentrations.   
5.3 To use medical oxygen provided by an authorized company. 
5.4 To implement the various and appropriate protocols, according to the administration 
route chosen, in order to guarantee the quality in the treatment. The protocols should be 
appropriately validated and recognized by the scientific ozone therapy associations. 
5.5 To establish an informed written consent, this should be signed by the patient and 
the medical doctor responsible for the implementation of the ozone therapy, leaving a 
copy in the clinical history of the patient. 
5.6 To have an appropriate airing and ventilation system. 
5.7 To have life saving drugs, ventilation support equipment or an Ambu balloon. 
5.8 To take into account that the inter disk application of ozone should be done in a 
surgical room within a hospital centre or in an ambulatory unit for major surgery.  
5.9 The key to the therapeutic success depends on diverse controllable factors that 
include the scientific preparation and technique of the ozonoterapist, the method that is 
employed, the quality of the ozone, the general application of the good clinical 
practices. The non controllable factors depend on the patient idiosyncrasy and in what is 
current state of the illness.  
Madrid, June 4, 2010 
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(Signed) Dr. Ana Elizabeth Rieck (MD). 
President, Inter American Society of 
Oxygen Ozone Therapy. 
 

 

CUBA  
(Signed) Professor Mirta Copello (MD). 
Retinitis Pigmentosa National Reference 
Centre. “Dr. Salvador Allende” Hospital. 
Havana. 
 

(Signed) Professor Luisa Batilde Lima 
Hernández (Biochemistry and 
Nutritionist). National Center for Natural 
and Traditional Medicine, Havana. 
 

(Signed) Dr. Vivian Borroto Rodríguez 
(MD). National Center for Natural and 
Traditional Medicine, Havana.  
 

(Signed) Dr. Agne Esther Diaz Riverol 
(MD). Paediatric Hospital, Sancti Spíritus. 
 

EGYPT  
(Signed) Professor Nabil Mawsouf 
(MD). Director of the Unit of Pain, 
University of Cairo. 
 

 



GERMANY  
(Signed) Dr. Renate Viebahn-Haensler, 
(Bio-Chemistry, Pharmacology). General 
Secretary of the German Medical Society 
for the Use of Ozone in Prevention and 
Therapy and the European Cooperation of 
the Medical Ozone Societies. 
 

(Signed) Dr. med. vet. Siegfried Schulz.  
(Veterinary Surgeon). Veterinary Services 
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(Signed) Dr. Anna María Procopio 
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(Signed) Professor Gregorio Martínez 
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MEXICO  
(Signed) B.S. Carla Núñez Lima 
(Biochemistry). Culiacán, México 
 

(Signed) Dr. Froylán Alvarado Güémez, 
MD. President of the Mexican Association 
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(Signed) Dr. Jaime Rebeill Félix (MD). 
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RUSSIA  
(Signed) Professor Sergey Peretyagin 
(PhD). Head of the Department of 
Experimental Medicine, Research Institute 
of Traumatology and Orthopedics, Nizhny 
Novgorod; President of the Russian 
Association of Ozone Therapy. 
 

(Signed) Professor Claudia N. 
Kontorschikova (PhD) Head of 
Department of the Clinical Diagnostic 
Laboratory, Medical Academy, Nizhny 
Novgorod. 
 

SPAIN  
(Signed) Dr. Adriana Schwartz (MD). 
Director, Clínica Fiorela, Madrid. 
President of Spanish Association of 
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(AEPROMO); President of the 
International Federation of Oxygen Ozone 
Therapy (FIOOT); Vice-President of the 
Asian-European Union Ozone Therapists. 
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UKRAINE  
(Signed) Dr. Sci. Eugeni I. Nazarov.  
President of the Ukrainian Association 
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the Asian-European Union Ozone 
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UNITED STATES  
(Signed) Dr. Frank A. Shallenberger 
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Madrid, June 4, 2010 
 
Translated from Spanish into English by Sara Esther Russy King (Nutritionist and Dietician ), Roberto 
Quintero (Lawyer) and Fabricio Quintero Schwartz (English teacher). 
 

Associations and Federations of Ozone Therapy that signed the 

“Madrid Declaration on Ozone Therapy” on June 4, 2010 
 
Asian-European Union Ozone Therapists. Executive President: Dr. Sci. Eugeni I. 
Nazarov.   
European Cooperation of the Medical Ozone Societies. General Secretary: Dr. 
Renate Viebahn-Haensler. 
Inter American Society of Oxygen Ozone Therapy. President: Dr. Ana Elizabeth 
Rieck.  
International Federation of Oxygen – Ozone Therapy (FIOOT).  President: Dr. 
Adriana Schwartz.  
German Medical Society for the Use of Ozone in Prevention and Therapy. General 
Secretary: Dr. Renate Viebahn-Haensler. 
Mexican Association of Ozone Therapy. President: Dr. Froylán Alvarado Güémez.  
Russian Association of Ozone Therapy. President: Professor Sergey Peretyagin.  
Scientific Romanian Association  of Ozone Therapy. President: Dr. Tiron Stefan.  
Spanish Association of Medical Professionals in Ozone Therapy (AEPROMO). 
President: Dr. Adriana Schwartz. 
Ukrainian Association Ozone Therapists. President:  Dr. Sci. Eugeni I. Nazarov.   
 
 

Associations and Federations of Ozone Therapy that signed the 

“Madrid Declaration on Ozone Therapy” after June 4, 2010 
 
Ecuadorian Society of Ozone Therapy. President: Dr. Danilo Ruiz Reyes. 
Japanese Society of Oxidative Medicine. President: Dr. Takeo Watarai. 
 
Madrid, July 30, 2010 



A review
I have tried to highlight and draw into tighter focus those things that are particularly applicable to
medical personnel whose exposure to ozone has been limited.    T Lowe Tom@drsubi.com

Ozone Therapy and Its Scientific Foundations
November 18, 2012

Dr. Adriana Schwartz M.D. Secretary, International Scientific Committee of
Ozonetherapy (ISCO3).

Dr. Gregorio Matínez Sánchez PhD. Pharmacy Doctor. Member, International
Scientific Committee of Ozonetherapy (ISCO3).

For the full 44 page paper: click here

History:  I leave it to those who have a desire to investigate this within the body of the paper
Enough to say, 80 years of effective, safe history both in Europe and the US.

The directors of the most important hospitals in the U.S.A. published the book Ozone and Its
Therapeutic Action in 1929, which lists 114 diseases and their treatment through the application
of ozone.

Why is it not accepted in Western Medicine as an effective therapeutic agent? In 1933 the
American Medical Association (AMA), run at that time by Dr. Simmons, urged the United States
Government to prohibit all therapies that were not medically authorized and duly registered,
which caused the use of ozone to drop in that country. In this way, an exclusive benefit was
granted to the monopoly of pharmaceutical companies.

The main trouble for the wide-scale acceptance of ozone therapy is associated to a great extent
with the obstacles that the large drug industry imposes, running media campaigns against its
acceptance, to the point of reaching pure scientific ignorance. Unjustly and without scientific
basis, it has been stated that ozone is toxic regardless of its use, forgetting that the effects of
medical ozone, as for nearly all substances, depends on the dose; and that despite these false
statements, ozone is considered one of the best disinfectants of drinking water, capable of
avoiding infection outbreaks.

Current Situation: At present there are more than 40 national and international associations
that bring together the professionals that practice this therapy, indexed specialized journals,
continuing training courses and congresses on the subject. In the US it is AAOT.us  American
Academy Ozone Therapy

Despite the empiricism that preceded the practice of ozone therapy and the scarcity of funds
available for research in this field, in recent years a growing number of books have been
appearing (Annex I - 19 in the last 10 years) and research papers (Annex II - 91 in the last 3
years) that constitute scientific support for this therapeutic procedure.

Action mechanisms. General aspects
 Improves the metabolism of oxygen
 Immunological Modulator
 Broad Spectrum Germicide
 Regulates oxidative Stress
 Intervenes in the release of Autocoids
 Metabolic regulator



... hydrogen peroxide and other mediators have diffused it to the interior of the cells, activating
different metabolic routes in erythrocytes, leucocytes and platelets, leading to numerous
biological effects.13 The hydrogen peroxide then acts as a signaling molecule in the intracellular
medium,14 a messenger that the therapeutic dose of ozone has been discharged.

Pg 12 D.1 Effect of ozone on the metabolism of oxygen
...explained from its promoting action of: 1) Changes in the rheological properties of the blood.
2) Increase in the speed of glycolysis of the erythrocyte.3, 10

Pg 14 D.2 Ozone as a modulator agent of the immune response
The immunological actions of ozone ....regulation is given because the ozone acts as an enhancer
of the immunological system by activating the neutrophils and stimulating the synthesis of some
cytokines.20, 21

Pg 16 D.3 Bactericide effect of ozone
The bactericide effect of ozone in the gram-positive flora of festering wounds and of trophic
ulcers is made more effective when a high resistance of the microbes to the usual antibiotics is
increasingly evident.

Pg 17 D.4 General actions
The general effects of ozone are:
1) disinfectant and direct trophic effects, when it is applied locally.
2) Antibacterial and systemic antiviral effect due to a discrete formation of peroxides.
3) It increases the deformity of the red blood cells with relative improvement of blood circulation.
4) It improves the delivery of oxygen to the tissues.
5) It improves the red blood cell metabolism, making the metabolism of glucose more efficient. 6) It
improves the metabolism of the fatty acids for the activation of antioxidant enzymes in charge of
eliminating peroxides and free radicals.

Pg 18 D.6 Action mechanism of ozone therapy on pain
...ozone has a dual action mechanism: analgesic and anti-inflammatory. These effects seem to be
due to its way of acting on diverse targets:
 1) Decrease the production of mediators of the inflammation.
 2) The oxidation (inactivation) of metabolic mediators of pain.
3) It clearly improves local blood microcirculation,

Table 1. Principal therapeutic indications of ozone by specialization
Specialization Pathology
Dermatology Herpes Zoster and simplex, acne, eczema,

lipodystrophy (cellulite), mycosis, psoriasis,
atopic dermatitis, burns degrees with different
areas, infective and prolonged wounds, post
traumatic, postoperative, firearms osteomyelitis.

Internal Medicine Hepatitis, diabetes, atherosclerosis, arterial
hypertension, osteoarthritis, asthma, chronic
bronchitis, gastritis, gastric ulcer, Crohn's disease,
chronic constipation, hypothyroidism.

Nephrology / Dialysis Adjuvant in the treatment of ischemic-metabolic
pathologies.



Neurology Migraines, depression, vasomotor cephalea,
neuro-vascular disorders.

Dentistry Treatment of cavities, disinfection of cavities
during surgery and post-operatory period.
Periodontitis, aphthas.

Orthopedic
Rheumatology

Disc-radicular conflicts, disc herniation, articular
rheumatism, lumbago, osteoarthritis, arthropathy,
periarthritis, rheumatoid arthritis.

Angiology Venous insufficiency, diabetic ulcer, arthropathy,
coronaropathy, gangrene, postphlebitic ulcer,
peripheral vasculopathy.

Gynecology Bacterial infections by protozoa or mycosis,
Bartholin's cyst, vaginitis, menopause, chronic
pelvic inflammation, infertility.

Immunology Immuno-modulator, autoimmune disorders,
adjuvant in treatments with radiation and in
immunodeficiency.

E.1 Adverse reactions
Ozone therapy, if it is applied respecting simple rules, does not have side effects (e.g. lung
toxicity) and has very few contraindications.  In Germany in 1988 more than a million
autohemotransfusions with ozone were performed without the Department of Control of Adverse
Effects Caused by Drugs registering a single adverse event.

3 pages of discussion regarding country by country statistics on its safety are available.

F. Contraindications for the use of ozone therapy
1) Patients that suffer a significant deficit of glucose 6 phosphate dehydrogenase (favism).
2) (imbalance) in patients with hyperthyroidism and thrombocytopenia.
3) Severe cardiovascular instability (recent myocardial infarction).
4) Convulsive states.
5) Hemorrhagic conditions (external or internal bleedings),5 significant hypo-coagulation
syndrome, blood diseases, haemophylia, thrombocytopenia, hemorrhagic vasculitis, acute,
hemorrhagic insult,
6) pancreatitis, ... a few others are listed

H. Conclusion
There is much scientific evidence on the clinical use of ozone.... For the full 44 page paper:
click here

Official medicine does not take into account the effectiveness of ozone therapy, principally
because: 1) It is excessively centered on the molecular mechanisms of drug-receptor interaction
and ignores the capacity of ozone as a pro-drug. 2) Most clinics are not aware that ozone can
dramatically change the course of several diseases by means of the activation of multiple
pathways. 3) The pharmaceutical industry has a good reason for ignoring ozone, since it costs
almost nothing, is not patentable and does not produce wealth.
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In recent years, ozone therapy as an effective therapeutic method has 

become more developed and well known. Russia and Cuba have 

recognized it in their legislation; it is regulated in more than 76% of the 

Autonomous Regions of Spain; and in Italy four Regions have specified 

the criteria for practicing it, in addition to two favorable court 

decisions. Ozone therapy is characterized by the simplicity of its 

application, its great effectiveness, good tolerance, and by the virtual 

absence of side effects. This document, based on the latest books and 

scientific articles on the subject, updates the recent findings that justify, 

from the scientific point of view, the medical use of ozone. For many 

years the application of ozone in medical practice was not well 

accepted due to unfounded ideas about its toxicity in relation to the 

high concentrations used in industry. As with any healing technique, 

ozone therapy is dependent on the dosage. It is important to understand 

that in clinical practice the concentrations of ozone are lower than the 

toxic levels by several orders of magnitude. In this concentration range, 

the ozone acts as a therapeutic substance and presents 

immunomodulating, anti-inflammatory, bactericide, antiviral, fungicide, 

analgesic properties and others. There are an increasing number of 

scientific societies and clinical papers, including meta-analysis studies. 

At the same time efforts are being reinforced to regularize this medical 

practice. 
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A. Introduction. Historic background 
 

Ozone therapy has been used for therapeutic purposes from the end of the 19
th 

century, 

in different ways and with unexpected therapeutic results for some pathologies. 

Nevertheless there is still great prejudice in the general medical community to the use of 

this therapy. The objective of this paper is to analyze the background and principal 

findings that support the medical use of ozone from the scientific viewpoint. 

 
The search for and locating of information included a review of books and scientific 

articles in the MEDLINE database (PubMed) and in the ISCO3 database (Zotero), 

between the years 2000 and 2012, for which the following descriptors were essentially 

used: ozone, ozone therapy, ozonetherapy, oxygen-ozone therapy and treatment with 

ozone. The sources of primary information (original articles) were located. The 

bibliographic search included scientific articles of reviews and of experimental results. 

 
In the scientific literature, the first mention of ozone was made by the Dutch physicist 

Martin van Marum in 1785. During experiments with a powerful electrification 

installation he discovered that by passing an electric spark through the air a gaseous 

substance with a characteristic odor appeared, that has strong oxidizing properties. In 

1840 the professor of the University of Basel, Christian Friedrich Schönbein, linked the 

information on the changes of the properties of oxygen with the formation of a 

particular gas that he called ozone (from the Greek word ozein, "to smell"). Schönbein 

detected for the first time the capacity of the ozone to bind with biological substrates in 

the double-bond positions.
1 

The German chemist Christian Friedrich Schönbein is also 

known for the discovery of nitrocellulose. 

 
In 1857 with the help of the "modern magnetic induction pipe" created by Werner von 
Siemens, the first technical ozonization device was constructed, which was used in a 
plant for the purification of drinking water. Since then, ozonization has allowed for the 
industrial production of hygienically pure drinking water suitable for human 
consumption. One hundred years later, Dr. Joachim Hansler constructed the first ozone 

generator that made possible the precise dosing of the ozone-oxygen mixture.
1 

In 
Russia, the first studies on the biological effects of ozone (Ph.D. dissertation) have been 

implemented in the second half of the 19
th 

century by Dr. Chemezov V.V. In 1876 he has 

published scientific work "On the action of ozone on animals". In 19
th 

century Dr. 
Razenberg has used in Crimea ozone as chemical element in allergy treatment 
especially in respiratory diseases. He took out the patients in the open sea immediately 
after the storm, and they were breathing air full of ozone. 
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In 1885 the Florida Medical Association (United States of America) published the book 

Ozone, written by Dr. Charles J. Kenworth, where details were given on the use of 

ozone for therapeutic purposes. In October 1893, the first ozone water treatment system 

was installed in the Netherlands (Ousbaden), and there are currently more than 3,000 

ozone water treatment plants. In September 1896 an O3 generating system was patented 

by Nikola Tesla. In 1900 the Tesla Ozone Company was formed which began to sell 

ozone generating machines and ozonated olive oil for medical use. 

 
In 1898 the Institute for Oxygen Therapy Healing was founded in Berlin by Thauerkauf 

and Luth. From that year, they began to experiment administering ozone through 

injections. In 1902 A Dictionary of Practical Materia Medica, compiled by J. H. Clarke, 

describes the successful use of ozonated water called Oxygenium in the treatment of 

anemia, cancer, diabetes, influenza, morphine poisoning, aphthas and whooping cough. 

That same year an article by Dr. Charles Linder appeared in a local Washington 

newspaper that described the use of O3 injections in his usual practice. 

 
In 1904 the book The Medical Uses of Hydrozone (ozonated water) and Glycozone 

(ozonated olive oil) by Charles March was published. March was a chemist from New 

York. On the book, that is preserved in the Library of Congress of the USA, a seal can 

be seen from the General Surgeons Association of that country, giving its approval. In 

1911 A Working Manual of High Frequency Currents by Dr. Noble Eberhart of the 

Department of Physiology and Therapy of Loyola University in Chicago was published. 

In its Chapter 9, the use of ozone in the treatment of tuberculosis, anemia, chlorosis, 

whooping cough, tetanus, asthma, bronchitis, high fever, insomnia, pneumonia, 

diabetes, gout and syphilis was detailed. In 1913 the first German association of ozone 

therapy was created under the leadership of Dr. Eugene Blass and it was called Eastern 

Association for Oxygen Therapy.
2

 

 
During the First World War (1914 – 1918), Dr. Albert Wolff of Berlin fostered the use of 

ozone for the treatment of wounds, trench foot (also known as immersion foot), 

gangrene and to mitigate the effects of poison gas. Ozone was also used for colon 

cancer, cervical cancer and pressure ulcers. At that time the use of rubber bags made the 

success of the treatment difficult. 

 
In 1926, Dr. Otto Warburg of the Kaiser Institute of Berlin published that the cause of 
cancer is the lack of oxygen at the cellular level. This researcher received the Nobel 
Prize for Medicine in 1931. The directors of the most important hospitals in the U.S.A. 
published the book Ozone and Its Therapeutic Action in 1929, which lists 114 diseases 

and their treatment through the application of ozone.
3
 



ISCO3 

Avenida Juan Andrés 60 

Local 1 – Bajo Izquierdo 

28035, Madrid (Spain) 

Tel/Fax (+34) 913515175 

Cell Phone (+34) 669685429 

info@isco3.org 

www.isco3.org 

6 

 

 

The  Swiss  dentist  E.  A.  Fish  (1899-1966)  was  the  first  to  sense  the  enormous 

advantages of O3 in local treatment. He started working with ozone and ozonated water 
before 1932 when he successfully treated gangrenous pulpitis with an injection of the 
gas. The patient he treated was Dr. Edwin Payr (1871-1946), who immediately 
understood the usefulness of ozone and was enthusiastic about its application in general 
surgery. In 1935 he published a 290-page article titled Ozone Treatment in Surgery, 

presenting it to the 59
th 

Congress of the German Surgical Association. Between 1934 
and 1938 Drs. Aubourg and Lacoste in France used ozone by rectal insufflation to treat 

problems of fistulas. In 1938 Paul Aubourg published an article on the successes 

achieved in the hospital of Beaujon (Cliché, Ile de France). 

 
In 1933 the American Medical Association (AMA), run at that time by Dr. Simmons, 

urged the United States Government to prohibit all therapies that were not medically 

authorized and duly registered, which caused the use of ozone to drop in that country. In 

this way, an exclusive benefit was granted to the monopoly of pharmaceutical 

companies. The decision by Simmons produced unfavorable reactions in the heart of the 

AMA. Dr. Emanuel Josephson of New York wrote: The methods which Simmons and 

his crew used in their battle for a monopoly of medical publications and of 

advertisements to the profession were often crude and illegitimate (.…) The AMA has 

openly threatened firms advertising in media other than their own journals with the 

withdrawal of 'acceptance' of their products. Dr. Josephson also described the behavior 

of Dr. Simmons inside the AMA as a conspiracy in restraint of trade, and extortion, 

adding that "almost every branch of the Federal Government active in the field of 

medicine was completely dominated by the Association.
2
 

 
In 1951, Dr. William Turska wrote "Oxidation" which is a recommended reading even 

today. He was a pioneer in the injection of ozone in the portal vein to better reach the 

liver. His results were excellent. In 1950 Dr. W. Zable used it for the treatment of cancer 

and Drs. P. G. Seeger, A. Varro and H. Werkmeister followed his example. In 1952, the 

National Cancer Institute verified the findings of Dr. Otto Warburg with respect to 

which the cause of cancer could originate in the lack of tissue-level oxygen. 

 
In 1953, Dr. Hans Wolff (1924-1980) created the first ozone therapy school, training 

many physicians; and in 1961 he introduced the techniques of major and minor 

autohemotherapy. In 1972 along with Dr. Joachim Haensler he created the German 

Ozonotherapy Association. In 1979 he published his book Das Medizinische Ozon 

[Ozone in Medicine] (Heidelberg, VFM Publications, 1979). 

 
In 1957, Dr. Joachim Haensler (1908-1981) patented his ozone generator that has been 

the basis for the expansion of ozone therapy in Germany. Today more than 11,000 

German healthcare professionals use ozone in their daily work.  In Addition in 1957 at 
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the IV Congress of Physiotherapists Dr. I.A. Vetohin (Member of the Academy of 
Medical Sciences of Belarus) has demonstrated an experience of successful use of 

inhaled ozone therapy in otolaryngology, acute and chronic bronchitis, hypertension and 

allergic diseases. 

 
In 1977, Dr. Renate Viebahn provided a technical description of the action of ozone in 

the body. Ten years later, in 1987, along with Dr. Siegfried Rilling, they published "The 

Use of Ozone in Medicine", which has become one of the leading books. 

 
In 1979, Dr. George Freibott began to treat his first AIDS patient with ozone with 

hopeful results, followed by Dr. Horst Kieff who in 1980 reported on their results. The 

journal Science published the article: Selective Inhibition of the Growth of Human 

Cancer Cells by Ozone.
4
 

 
At the end of 1978 scientific research conducted by Peretyagin S.P., Boyarinov G.A., 

Monachov A.N. from Russia, at experimental and clinical level was focus to validate 

the use of ozone therapy. This research was developed at the CSRL (Central Medical 

Research Laboratory) of Nizhny Novgorod State Medical Academy. Exploratory 

development demonstrated the benefits of myocardial protection using ozonized 

cardioplegic solutions. In April 1979 was assayed by first the ozonized cardioplegic 

solution into the coronary patient during surgery of congenital heart disease. In 

November of 1986, the first trial using ozonized extracorporeal circulation in patients 

during mitral valve replacement was conducted. Since then, CSRL became a world 

leader in this kind of ozone application. 

 
The first Ozone Research Center in the world was founded in Cuba. In 1990 the 
successes in the treatment of Retinosis Pigmentaria, Glaucoma, Retinopathies and 
Conjunctivitis were published there by a group of researchers led by Dr. Silvia 

Menéndez, Dr. Frank Hernández, Dr. Orfilio Peláez and others.
5 

In 1992, a group of 
Russian  researchers  reported  their  experiences  treating  large  burns  with  baths  of 

physiological saline at saturation limit first treated with bubbling ozone. Their results 

were amazing. 
 

The first uses of ozone were based on its bactericide properties
6-8

. In 1993 Carpendale 
and Freeberg found important applications of O3 in patients with HIV/AIDS, a study 
following the observations made in 1991 on dose-dependent viral inactivation (HIV-1 

virus).
9 

In 2002, the book “Oxygen-Ozone Therapy. A Critical Evaluation” appeared 
written by the professor from the University of Siena (Italy), Velio Bocci. The same 
author in 2005 published the book "Ozone, a New Medical Drug", which is a reference 

book for the practice of ozone therapy
10

, followed by several others by the same author. 
The year 2008 was rich in publications of books of ozone therapy, among which are 
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found that of the Russian Oleg Maslennikov et al. "Ozone Therapy in Practice: Health 
Manual. Ministry of Health Service of the Russian Federation", that of the Cuban Silvia 

Menéndez et al. "Ozono Aspectos Básicos y Aplicaciones Clínicas" [Ozone, Basic 

Aspects and Clinical Applications]; and that of the German Z. Fahmy, "The Application 

of Ozone Therapy in Pain Management, Rheumatic and Orthopaedic Diseases."The 

most complete work written in Spanish was published in 2011, the book "Guía para el 

uso médico del ozono: fundamentos terapéuticos and indicaciones" [Guide for the 

medical use of ozone: therapeutic basics and instructions] by Adriana Schwartz et al. 

published  by  the Asociación  Española  de  Profesionales  Medicos  en  Ozonoterapia, 

AEPROMO [Spanish Association of Medical Professionals in Ozone Therapy].
3

 
 

 
 

B. Current situation of ozone therapy in the medical field 
 

 

At present there are more than 40 national and international associations that bring 

together the professionals that practice this therapy, indexed specialized journals, 

continuing training courses and congresses on the subject. However, the generalized 

application of ozone therapy and its regularization by the authorities is a critical subject 

at present. Ozone therapy faces its introduction being blocked by the powerful 

pharmaceutical industry that would see the sale of its drugs diminished. In addition, 

accidents in its application could be generated by the sale of generator machines and 

devices for the therapy through the marketing of the products among healthcare 

professionals without complying with the established standards and/or without 

possessing adequate theoretical and practical preparation, which would damage the 

image of this therapy. Furthermore, their use by professionals not duly trained could 

lead to medical malpractice problems. 

 
One of the most successful and recent attempts to unify the criteria regarding methods 
and standard procedures to follow was presented in the Madrid Declaration on Ozone 

Therapy,
11 

signed in Madrid, Spain (June 4, 2010) during the International Meeting of 
Schools of Ozone Therapy, organized by AEPROMO – the Spanish Association of 
Medical Professionals in Ozone Therapy, in the Royal National Academy of Medicine. 

The Declaration has been signed by 26 national and international ozone therapy 

organizations and has been translated into ten languages. At present, the Declaration is 

the only truly global document existing on ozone therapy and its recommendations are 

broadly applied in different parts of the world. However, ozone therapy continues to 

face difficulties in obtaining wide acceptance in the medical world and its formal 

incorporation in the regulations of countries. Medical professionals and researchers 

continue in the battle for the application of this therapeutic method, seeking the benefit 

of the patients in the simplest and safest way. 
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It must be clear that for the practice of ozone therapy to be safe, one must: 1) Use an 
accurate generator. Within the European Union the generator must have the CE 

marking. 2) Handle precise and well defined doses, volumes and concentrations. The 

total dosage is calculated by multiplying the concentration by the volume. When the 

optimal dosage is known, a therapeutic effect is achieved without any toxicity. 3) 

Ensure that the doctor has good training in the therapy by recognized and competent 

entities. 4) Have from the health authorities the regulations that permit both the patient 

and the therapist to receive and work under safety rules. 5) Funds must be available for 

continued research.
3

 

 
An analysis of the scientific works generated around the subject of the impact of ozone 

on human health showed how many of them are focused basically on the description of 

its toxic effects and its environmental impact (Fig. 1). To explain these effects, studies 

in great depth on its action mechanisms on the biological level have also increased. A 

rapid growth in the number of studies, whether basic or applied, related to the medical 

use of ozone can also be observed. Studies that include the explanation of the 

biochemical and pharmacological mechanisms by means of which the ozone exercises 

its effects.
2

 

 
 
 
 
 
 

Others 

Toxicity 

Contaminant 

 
 
 
 
 
 

 
Figure 1. Number of scientific papers referring to ozone studies. Data from the PubMed 2009 database.12

 

 
The main trouble for the wide-scale acceptance of ozone therapy is associated to a great 

extent with the obstacles that the large drug industry imposes, running media campaigns 

against its acceptance, to the point of reaching pure scientific ignorance. Unjustly and 

without scientific basis, it has been stated that ozone is toxic regardless of its use, 

forgetting that the effects of medical ozone, as for nearly all substances, depends on the 

dose; and that despite these false statements, ozone is considered one of the best 

disinfectants of drinking water, capable of avoiding infection outbreaks. Used in 

appropriate concentrations, ozone can activate antioxidant mechanisms that protect the 
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organism from the effect of the free radicals, involved in aging and in a large number of 
pathologies. 

 
Despite the empiricism that preceded the practice of ozone therapy and the scarcity of 

funds available for research in this field, in recent years a growing number of books has 

been appearing (Annex I) and research papers (Annex II) that constitute scientific 

support for this therapeutic procedure. According to the Web of Science database 

reviewed in 2009, the number of papers on the use of ozone in the medical field has 

increased notably. While in the 1974-1979 period only two articles appeared, between 

2005 and 2008 this number had increased to 140 (Figure 2).
12

 

 

 
 

Figure 2. Number of papers on the use of ozone in medicine (Web of Science). 
2
 

 

 
 

C. Physico-chemical properties and action mechanism of 
the ozone 

 

 
Ozone is the most important gas of the stratosphere, reaching its maximum 

concentration (above 1000 g/m
3
) at an altitude of 20-30 km. It is a gas of an unstable 

nature, sky blue in color, perceptible at concentrations between 98.16 g/m
3  

- 19.63 

g/m
3
. It is composed of three oxygen atoms (it is an allotropic form of oxygen). It has 

a high speed of decomposition that varies on the order of 10
5
-10

6 
mol/s. Ozone is 1.6 

times denser and 10 times more soluble in water (49.0 mL in 100 mL of water at 0ºC) 

than oxygen and, although ozone is not a radical molecule, it is the third strongest 
oxidant following fluoride and persulfate. Ozone is produced from three basic sources 
of energy: Chemical electrolysis, electrical discharges and UV light radiation. Ozone is 
an unstable gas that cannot be packaged or stored; hence it must be used immediately 

since it has a half-life of 40 min at 20 ºC. 
3
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D. Action mechanisms. General aspects 
 

The research conducted in the 19
th 

century on ozone properties showed that it is capable 

of reacting with the majority of organic and inorganic substances up to its full oxidation, 

that is, until the formation of water, carbon oxides and higher oxides. In relation to its 

reactivity towards biological substances, the selective influence of ozone was 

established which has double and triple bonds. Among these are listed proteins, amino 

acids and unsaturated fatty acids, which form part of the composition of the lipoprotein 

complexes of plasma and of the double layers of the cellular membranes. 

 
The reactions with these compounds are based on the biological effects of  ozone 

therapy and they have significance in the pathogenesis of different diseases. Its action 
mechanisms are closely linked to the production of four fundamental species, by 

reacting with the membrane phospholipids: ozonides, aldehydes, peroxides, and 

hydrogen peroxide (H2O2). Their interaction will mostly be with substances with double 

bonds present in cells, fluids or tissues. They also interact with DNA molecules and 

cysteine residues of proteins. In adequate and controlled quantities, these derivatives of 

the reaction of the O3 with the cellular double bonds carry out different biological and 

therapeutic functions; acting as second messengers, they activate enzymes, such as 

chemical and immune-response mediators, among others (Fig. 3).
3
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Figure 3. Biological and therapeutic effects of ozone. 
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When the ozone enters in contact with the biological fluids (blood, plasma, lymph, 

physiological saline serum, urine, etc.) it dissolves in the water present in these fluids 

and reacts in seconds. The hydrophilic and lipophilic antioxidants present in those 

organic liquids exhausts a considerable quantity of the ozone dose, but if the 

concentration applied is correct, it permits the formation of appropriate amounts of 

reactive oxygen species (ROS) and product of the lipoperoxidation (LPO). The 

formation of ROS in the plasma is extremely rapid (less than one minute) and is 

accompanied by a small transitory decrease, depending on the ozone, of the antioxidant 

capacity (which goes from 5% to 25%). This antioxidant capacity recovers its normal 

level at 15-20 min. But the hydrogen peroxide and other mediators have diffused it to 

the interior of the cells, activating different metabolic routes in erythrocytes, leucocytes 

and platelets, leading to numerous biological effects.
13 

The hydrogen peroxide then acts 

as a signaling molecule in the intracellular medium,
14 

a messenger that the therapeutic 

dose of ozone has been discharged. 
 

 
 

D.1 Effect of ozone on the metabolism of oxygen 
 

 

The effects of ozone on the metabolism of oxygen can be explained from its promoting 

action of: 1) Changes in the rheological properties of the blood. 2) Increase in the speed 

of glycolysis of the erythrocyte.
3, 10

 

 
The rheological changes can be explained by its effects on a) the reversal of the 

erythrocytic aggregation of occlusive arterial diseases (it improves the transmembrane 

electrical charges and the values of tissue ATP). b) It increments the erythrocytic 

flexibility and plasticity. c) It favors tissue oxygen transport and delivery. 

 
The effects on the deformation of the erythrocytes and on the metabolism of the 

erythrocyte are relevant in the actions of the ozone on the circulatory system. As a result 

it produces a net increase in the improvement of the transport of oxygen to the tissues. 

The most probable is that this effect takes place after one treatment cycle and acts 

through a mechanism not mediated by receptors. The net effect is similar to that which 

is achieved with physical training for which reason it is not appropriate to consider it as 

a doping practice. 

 
The increase in the speed of the glycolysis of the erythrocyte is evidenced after one 
cycle of ozone therapy, by noting an increase in the Partial Oxygen Pressure (PO2) in 
arterial blood and at the same time a decrease in the PO2 in the venous blood. This 
occurs due to a slight decrease of the intracellular pH (Bohr effect) or an increase of the 
concentrations of 2.3-diphosphoglycerate. 
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By the ozone reacting immediately with the lipid bilayer, it generates short-chain 

peroxides, which penetrate to the erythrocyte and impact directly on its metabolism, 

deriving a functional sequence of small and controlled oxidative stress, which will 

finally determine the increase of the antioxidant systems. 

 
The LPO during this period act as stress factors on the bone marrow, and these frequent 

stimulations produce adaptation of erythrogenesis to the ozone stress, with upwards 

regulation of antioxidant enzymes. The newly generated erythrocytes possess a G-6PD 

activity greater than that of the old ones, for which reason they have been referred to as 

super-gifted erythrocytes.
10 

Consequently, a patient with chronic ischemia in a limb that 

is subjected to ozone therapy can improve thanks to the formation of cohorts of 

erythrocytes increasingly more capable of carrying oxygen to the ischemic tissues. 

 
In the same way, 2.3 diphosphoglycerol (2.3 DPG), derived from the increase of the 

glycolytic process, is a direct inhibitor of the hemoglobin affinity for oxygen, 

facilitating the detachment of oxyhemoglobin from the latter: 

 
HbO2 + 2.3 DPG Hb + O2 

 
The repairing action of ozone has demonstrated being capable of recovering the internal 

wall of the small blood vessels, and evidence of this reality is the excellent results of a 

randomized clinical trial, published in the European Journal of Pharmacology (2005), 

where the recoveries of ulcers in diabetic patients are highly significant.
15 

The 

beneficial effect of this gas on another element, nitric oxide, has also been shown; this 

element is crucial in maintaining optimal levels of vasodilation, and therefore, the blood 

flow throughout the entire body.
16

 

 
Today we can ensure that with this therapy, of very low risk, the cellular damage due to 

the lack of oxygenation decreases substantially, regardless of the underlying disease. In 

addition, the products of the ozone decomposition behave like biological activators, 

which improves the level of energy and the capacity of our defense system, in benefit of 

diseases of allergic-autoimmune types such as psoriasis, asthma and rheumatoid 

arthritis.
17, 18

 

 
It has been scientifically demonstrated that the controlled applications of medical ozone 
improve the cellular antioxidant machinery by having measured in the interior of the 
cells higher quantities of antioxidant agents, such as reduced glutathione or the 

superoxide dismutase.
19 

As a direct consequence, the ozone acts as a real cellular trash 
collector, cleaning up the free radicals. In keeping with this concept, ozone therapy 

would  have  an  anti-ageing  effect  on  the  cells.  Aware  that  a  greater  quantity  of 
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publications  and  research  is  necessary,  papers  of  excellent  rigor  and  quality  can 
currently be consulted in journals as prestigious as Nature, Transplant International, 

Shock, Free Radicals, Mediators of Inflammation, International Journal of 

Pharmacological Research, Liver International, and the Revista Española del Dolor 

[Spanish Journal of Pain], among others (See Annex I and II), which scientifically 

endorse this therapy sufficiently. 
 

 
 

D.2 Ozone as a modulator agent of the immune response 
 

 

We know how complex the human immune system is, characterized by cellular or 

humoral responses, depending on what is required and on the pathology in question. All 

of them can be regulated by ozone. The questions would be: in what way? 

 
Different research studies have demonstrated that ozone therapy has an immune- 

modulating action, through the synthesis or release of immune-stimulating or immune- 

suppressing cytokines. All of them are self-regulated with each other, for which reason 

the production of cytokines will not surpass values beyond what is necessary, once the 

counter-regulating elements are activated. Satisfactory results have been reported from 

applying ozone therapy to patients with conditions characterized by an exaggerated 

immunological response (the case of auto-immune diseases), as well as others with 

deficiency in their immunological functions. 

 
The immunological actions of ozone on the blood is directed, fundamentally, to the 

monocytes and to the T lymphocytes, which once induced, release small quantities of 

practically all the cytokines, thus the release will occur in an endogenous and controlled 

manner. This regulation is given because the ozone acts as an enhancer of the 

immunological system by activating the neutrophils and stimulating the synthesis of 

some cytokines.
20, 21

 

 
Certain transcription factors intervene in the regulation (i.e., NFK-β) which, as their 

name indicates, favor the transcription and transducing processes at the DNA level, 

acting as a promoter of this site (or series of nitrogenous bases) where the transcription 

of DNA to RNA occurs directly, in order to lead to the increase or suppression in the 

synthesis of a particular cytokine, either pro-inflammatory or anti-inflammatory (Fig. 

4).
22
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Figure 4. Action mechanism of the ozone as regulator of the cytokine synthesis. 

 
Ozone acts through different action mechanisms. The optimization of the oxidant and 

antioxidant systems of the organism is one of the basic biological effects of the systemic 

interaction of ozone therapy, which is realized through the influence of the cellular 

membranes and consists of the normalization of the balance of the product levels of the 

peroxidation of the lipids and the antioxidant defense system. The hypothesis that an 

oxidant agent such as ozone can induce an antioxidant effect constitutes a great 

challenge for the researchers on the subject.  In 1998 the first experimental papers 

appeared that elucidated the so-called oxidative pre-conditioning.
23

 

 
The following year the effects of O3 on neuromodulation were evaluated, finding that 

this gas is capable of inhibiting the release of neuromediators by an effect probably 

related to the modulation of the cytosolic calcium concentrations at the pre-synaptic 

level.
24 

The clinical use of ozone was extended to different pathologies as its action 

mechanisms were elucidated, in particular their possibilities of activating endogenous 

antioxidant defense mechanisms. Its use in different pathologies linked to oxidative 

stress, of inflammatory and degenerative origin (autoimmune syndromes, rheumatoid 

arthritis,  trauma,  neuronal  apoptosis,  ageing,  among  others)  became  increasingly 

generalized. This pre-conditioning effect that ozone exercises is similar to that taking 

place with ischemic pre-conditioning.
25
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The fact that ozone at controlled doses can have antioxidant effects represents a 

therapeutic resource of great value in the treatment of multiple diseases that are 

manifested with a weakening of the endogenous antioxidant system. As a response to 

the introduction of the ozone in tissues and organs the compensatory increase occurs 

especially of the activity of the antioxidant enzymes such as: superoxide dismutase 

(SOD), catalase and glutathione peroxidase, which are broadly represented in the 

cardiac muscle, liver, erythrocytes and other tissues. 
 

D.3 Bactericide effect of ozone 
 

 

According to microbiological research data, the ozone is capable of killing all the 

known types of gram-positive and gram-negative bacteria, including the Pseudomona 

aeruginosa and Eschericea coli, both bacteria are tremendously resistant to antibiotics. 

 
The local disinfectant, antiviral and antibacterial effects of ozone, therefore, are due to 
its germicide capacity, basically to its high oxidant capacity on the bacterial walls. This 
fact makes it a general broad spectrum germicide on which the classic mechanisms of 
microbial resistance do not act. Although at first it was thought that physiologically the 

generation of H2O2 was responsible for eliminating the microorganisms, new 

hypotheses have been presented based on which the concentrations of H2O2 are very 
low for achieving this effect. Such hypotheses indicate that H2O2 is only an 

intermediary in the formation of agents with greater oxidant power such as O3. 

 
The bactericide effect of ozone in the gram-positive flora of festering wounds and of 

trophic ulcers is made more effective when a high resistance of the microbes to the 

usual antibiotics is increasingly evident. This makes it a treatment of choice in these 

pathologies. 

 
It is interesting to highlight that in 2003 it was discovered that ozone can be generated 

in vivo in activated neutrophils.
26 

This discovery has a striking impact since it shows 

that this substance has a physiological role, not only as a bactericide agent but rather 

one that could form part of the physiological amplifying mechanisms of the 

inflammation and the activation of associated genes. Ozone in vivo is formed from 

singlet oxygen (
1
O2*), a reaction that is probably catalyzed by antibodies. The 

possibility is not ruled out of the existence of an endogenous enzyme (ozonase) that is 

capable of detoxifying the ozone. These subjects are at this moment being studied, the 

short half-life of ozone and the absorption of UV light at 260 nm (near to where they 

absorb proteins, nucleic acids and other oxidants such as H2O2  and HOCI) make this 

type of research difficult (Fig. 5).
27
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Figure 5 
Schematic representation of the processes that lead in vivo to the formation of O3 by activated neutrophils. 
O2*-, superoxide anion radical; 

1
O2*, singlet oxygen; MPO, myeloperoxidase; HOCL, hypochlorous acid; 

HO*, hydroxyl radical; NADPHox, NADPH oxidase; IgG, immunoglobulin G; H2O2, hydrogen peroxide; 
H2O3,dihydrogen trioxide.

2
 

 

D.4 General actions 
 

 

The general effects of ozone are: 1) disinfectant and direct trophic effects, when it is 

applied locally. 2) Antibacterial and systemic antiviral effect due to a discrete formation 

of peroxides. 3) It increases the deformity of the red blood cells with relative 

improvement of blood circulation. 4) It improves the delivery of oxygen to the tissues. 

5) It improves the red blood cell metabolism, making the metabolism of glucose more 

efficient. 6) It improves the metabolism of the fatty acids for the activation of 

antioxidant enzymes in charge of eliminating peroxides and free radicals. 
 

 
 

D.5 Effects of ozone on metabolism 
 

 

The principal metabolic effects attributed to ozone are: 1) Increment of the use of 

glucose at the cellular level. 2) It improves the protein metabolism. 3) Direct effects on 

the unsaturated lipids, it oxidizes them and induces at the same time the repair 

mechanisms. 
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D.6 Action mechanism of ozone therapy on pain 
 

 

Different data coming from the scientific research recognizes that ozone has a dual 

action mechanism: analgesic and anti-inflammatory. These effects seem to be due to its 

way of acting on diverse targets: 1) Decrease the production of mediators of the 

inflammation. 2) The oxidation (inactivation) of metabolic mediators of pain. 3) It 

clearly improves local blood microcirculation, with an improvement in the oxygen 

delivery to the tissues, essential for the regeneration of anatomic structures; the 

elimination of toxins and in general to the resolution of the physiological disturbance 

that generated the pain. 

 
Figure 6 shows an interesting clinical observation: the application of ozone in an area 

where pain is experienced turns it red. The ozone has a revealing effect of the painful 

area. The possible explanation of this phenomenon could be the oxidation of specific 

mediators of the pain that the ozone could cause, but it is a subject that needs to be 

studied in greater depth. The anti-inflammatory effect of ozone is based on its capacity 

to oxidize compounds that contain double bonds, among them the arachidonic acid, and 

derived prostaglandins that participate in large concentrations in the development and in 

the maintenance of the inflammatory process.
28

 

 
 

 
 

Figure 6 
Photo of a patient with sub-scapular pain 1 min. after the injection (injection points marked with an X) with 
O2/O3 8 μg/mL, 2-3 mL. Note that in the area in which pain is reported (central and right of the photo) there 
is a rosy coloring (erythema) while in the area where there is no pain (left of the photo) the erythema does 
not appear.

28
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There is an additional mechanism with which the analgesic effects of ozone have been 

attempted to be explained. It is the reflex mechanism, already invoked for other 

techniques such as acupuncture. It is a mechanism by which a stimulus (in this case the 

puncture with the gas or the products formed by the ozone-pain mediator interaction) 

could activate endogenous analgesic mechanisms with the consequent increase in the 

concentration of endogenous endorphins (structures similar to morphine produced by 

our body) that has an analgesic effect. The treatment with ozone produces a short- and 

long-term effect (Fig. 7). 
 
 
 
 

 
12 

 

 

10 
 

 

8 
 

 

6 
Backache n=528 

 

4 Cervical pain n=90 

 

 

2 
 

 

0 

Start   2 weeks 1 

 

 
6 1 year  2 years 

month months 
 
 
 
 
 
 
 
 
 
 

 
Figure 7.Evolution of patients with back pain and cervical pain treated with ozone with the i.m. paravertebral 

technique in time. The scale of 1-10 indicates the perception of pain by the patient (0 means intense pain, 8-10 

minimum pain).12
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Disc herniation. The pulposus nucleus of the herniated disc contains very high values of 

phospholipase A2 which can initiate the inflammatory cascade and other inflammatory 

mediators such as prostaglandins, leukotrienes, bradykinin and histamine. When an 

annular crack is produced in the disk, which is the first phase of disc degeneration, these 

substances are released by the nucleus and may cause radiculitis, although there is no 

radicular compression. 

 
The use of ozone therapy in the treatment of pain that disc herniation generates has been 

shown for more than 30 years of research on the subject. Thus, for example in some 

regions of Italy, such as Lombardy and Sicily the treatment has been included in the 

group of medical procedures that is covered by the Health Service. 

 
Why does ozone work in disc herniation? A water-resistant effect is produced in 

herniated discs. The nucleus pulposus of the hernias contain a large part of water and 

mucopolysaccharides. The O3 causes lysis or dispersion of the water and oxidation of 

the mucopolysaccharides that make up the nucleus, and upon being released, entails a 

desiccation of the disc, eliminating the pressure on the root, and therefore, the pain. In 

addition it promotes the healing of this nucleus since it does not have edematous (water 

retention) characteristics. With this, the hernia decreases in size and can even disappear. 

In addition, ozone therapy acts in this case eliminating the inflammatory factor because 

it fosters the elimination of the mediator substances of the pain and in particular several 

mediators that in this specific case amplify the painful sensation. In the case of 

intradiscal  injection,  there  is  reliable  proof  that  the  ozone  reacts  with  complex 

macromolecular components, such as the proteoglycans and the glycosaminoglycans.
29,

 
30 

 
 

The reaction entails the oxidation of these substrates and the degradation of intra- and 

intermolecular chains, which leads to the disintegration of the tridimensional structure. 

The collapse releases the trapped water, which, after being reabsorbed, permits reducing 

the intradiscal pressure and the consequent disappearance of the pain, by decreasing the 

compression on the nerve root. Since the ozone is also released along the route of the 

injection (intraforaminal), the final therapeutic effect is due to the combination of 

vascular and biochemical effects (improved oxygenation, correction of the local 

acidosis, and the disappearance of the venous and lymphatic stasis). 

 
Thus, the application of intradiscal and paravertebral ozone works on different levels: 

 
a. Inhibition of prostaglandin E2 and phospholipase A2 (similar to steroids) and 

other cytokines pro-inflamamtories (IL 1, 2, 8. 12, 15, interferon α). 
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b. Increase in the release of immunosuppressive cytokines (IL10, factor B1): 

analgesic and anti-inflammatory. 

 
c. Increase of local microcirculation, reduces venous stasis: analgesic effect, 

because the nerve root is very sensitive to hypoxia. 

 
d. Presentation of a direct effect on the mucopolysaccharides and proteoglycans 

from the pulposus nucleus, which is called ozonolysis, producing a chemical 

discolysis with water loss and dehydration. 

 
e. Subsequently, there is a matrix degeneration, which is replaced by collagen 

fibers in approximately five weeks, and by the formation of new blood cells: 

reducing the volume of the disc. 

 
In summary, there is a dual ozone action mechanism in the Radicular Compression 

Syndrome: on the one hand, the dehydration of the material disc that would reduce the 

compressive mechanical factors on the root and the other, interrupting the inflammatory 

process with immediate installation of an analgesic effect. 

 
Two recent meta-analysis about ozone treatments for herniated lumbar discs have been 

published in journals with high impact factors. They have demonstrated that ozone 

therapy is more efficient than control group with low index of adverse events and also 

enormous advantages in regards to cost. 
31, 32

 

 
For paravertebral ozone therapy level of evidence was II-1 and the grading of 

recommendation was I-B. For intradiscal ozone therapy level of evidence was II-3 and 

the grading of recommendation was I-C
32

. 

 
We may conclude that the paravertebral infiltration or percutaneous discolysis with 

ozone has been demonstrated effective and safe in the treatment of lumbar pain. Pain 

and function outcomes are similar to the outcomes for lumbar discs treated with surgical 

discectomy
31

, but with a much lower index of adverse events. 
 

 
 

E. Clinical indications of ozone and adverse reactions 
 

 
The principal clinical indications of ozone are shown in Table 1. A broader explanation 
of the dosage and the general procedures is found in the Madrid Declaration on Ozone 

Therapy.
11
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Table 1. Principal therapeutic indications of ozone by specialization 

 
Specialization Pathology 

Dermatology Herpes  Zoster  and  simplex,  acne,  eczema,  lipodystrophy 
(cellulite), mycosis, psoriasis, atopic dermatitis, burns degrees 

with different areas, infective and prolonged wounds, post 

traumatic, postoperative, firearms osteomyelitis. 

Internal Medicine Hepatitis,   diabetes,   atherosclerosis,   arterial   hypertension, 

osteoarthritis,  asthma,  chronic  bronchitis,  gastritis,  gastric 

ulcer, Crohn's disease, chronic constipation, hypothyroidism. 

Nephrology / Dialysis Adjuvant in the treatment of ischemic-metabolic pathologies. 

Neurology Migraines,  depression,  vasomotor  cephalea,  neuro-vascular 
disorders. 

Dentistry Treatment of cavities, disinfection of cavities during surgery 
and post-operatory period. Periodontitis, aphthas. 

Orthopedic 
Rheumatology 

Disc-radicular conflicts, disc herniation, articular rheumatism, 
lumbago, osteoarthritis, arthropathy, periarthritis, rheumatoid 

arthritis. 

Angiology Venous insufficiency, diabetic ulcer, arthropathy, 
coronaropathy, gangrene, postphlebitic ulcer, peripheral 

vasculopathy. 

Gynecology Bacterial infections by protozoa or mycosis, Bartholin's cyst, 
vaginitis, menopause, chronic pelvic inflammation, infertility. 

Immunology Immuno-modulator, autoimmune disorders, adjuvant in 
treatments with radiation and in immunodeficiency. 

 

 

E.1 Adverse reactions 
 

 

Ozone therapy, if it is applied respecting simple rules, does not have side effects (e.g. 

lung toxicity) and has very few contraindications. Numerous clinical experiments 

indicate that the adverse reactions to the treatments with the ozone/oxygen mixture are 

rare and in the majority of the cases they are related to errors in the administering 

technique. In Germany in 1988 more than a million autohemotransfusions with ozone 

were performed without the Department of Control of Adverse Effects Caused by Drugs 

registering a single adverse event. In this analysis it is necessary to distinguish between 

the effects that can originate from the application of an incorrect technique and those 

that can be caused by ozone per se. 
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Adverse effects produced by ozone therapy: Ozone is not a drug and as such it does not 
cause side effects, does not cause allergic reactions and in general no interactions with 

other drugs have been described. The administering of the ozone in general is well 

tolerated by the patients; only when excessive doses are used may the patient feel a 

sensation of heaviness. This discomfort occurs in few patients; it is of short duration and 

is resolved spontaneously. Only in exceptional cases the painful stimulus induced by the 

needle puncture or the perception by the patient of his own blood can induce in the 

patient a vagal crisis (bradycardia, low pressure and sweating) which in general is 

transitory and does not need pharmacological treatment. Despite this, in every clinic 

where ozone therapy is practiced there must be a first aid kit and every provision made 

to act in these cases, although they are of rare occurrence. 

 
The use of plastic bags that are not resistant to ozone can also lead to discomfort such as 

headaches. If the proper material is not used, the ozone reacts with the plastic material 

and introduces toxic compounds in the blood that are responsible for the adverse effects 

described.
33 

In summary, the side effects are related to high doses of ozone, 

inappropriate use of materials, incorrect insertion of the needle, or to subjective factors 

of each patient. All can be minimized by the therapist if he knows the origin of these 

secondary effects. 

 
It is important to clarify that ozone as well as oxygen do not cause embolism, due to the 

fact that the blood is thirsty for them and dissolves them very quickly. The few cases of 

embolism and death during the practice of ozone therapy have been due to various 

factors. The direct inoculation of the gas in the blood stream by a physical effect; the 

coagulation mechanisms are activated by introducing a great volume of gas. In other 

cases, embolism has been produced when equipment is used that generates medical 

ozone from the atmospheric air or when the ozone was injected in cavities or within the 

bone marrow. In all cases, the accidents were produced by iatrogenesis, that is, caused 

by the irresponsibility of the healthcare personnel that used inappropriate methods or 

low-quality ozone for the therapy. 

 
When the application of ozone requires using large volume of gas, for example in 

lipodystrophy, it is important to make sure by different techniques, such as 

echocardiography, of the absence of aneurisms in the interatrial septum that are 

frequently associated with PFO (Patent foramen ovale) which, in turn, is the cause of 

embolism. 

 
Complications related to the technique: are basically due to the trauma that is caused by 

the introduction of the needle into the anatomical structures during the penetration. The 

complications can be: hematomas (due to puncture of a blood vessel or extravasation of 

blood), pain or paresthesias with radicular distribution to the lower arch (due to contact 
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of the needle with the nerve root) and discitis (inflammation of the inter-vertebral disk) 
in the case of the intradiscal technique. 

 
In all the cases, the complications can be minimized and their origin is in the use of an 

incorrect technique. Therefore, an expert ozone therapist has less probabilities of 

incurring in this type of error. Isolated cases of expulsion of the disc from the vertebral 

canal have been described in the scientific literature, when the CT-guided intra-discal 

ozone therapy technique has been performed. Even in these cases an excessive dose of 

ozone must have been used and the clinical protocols that are in effect for this method 

must not have been respected. 

 
It is worthwhile to compare the safety of ozone therapy with that which is originated by 

other factors. For example, by comparing the data from the Center of Disease Control of 

Atlanta, Georgia (USA.) and the reports of adverse reactions described for ozone 

therapy of Germany, where it is estimated that around 10 million treatments have been 

performed in the last 40 years, we can appreciate how low the risk of the use of ozone 

is. 

 
The studies that best show the complications of ozone therapy are found in the thesis by 

Jacobs (1986): Typical Complications in Ozone-Oxygen Therapy. The reasons for the 

research were the demands being brought by the community of German ozone therapists 

coming from the physicians that received data from the non-professional press on cases 

of complications with this new therapeutic method. Starting with this situation, the 

community of ozone therapists conducted in 1980 (at its own initiative) the analysis of 

the frequency and the qualitative composition of the complications, in comparison with 

the results of ozone therapy.
3

 

 
In German-speaking territories 2,819 surveys were distributed to all the ozone 

therapists, of which 644 responses were received. In them, 159 physicians documented 

336 cases of complications in 384,775 patients that received this treatment, to which 

5,578,238 sessions of ozone therapy were applied. Considering all the cases of 

complications, they were produced in 6 out of every 100,000 sessions, which meant one 

complication for each 16,667 cases of ozone application. The cases were analyzed to 

determine in which the cause of the complication had been the ozone itself; as well as 

the cases related to its incorrect usage, when the supposed interrelation between the 

complication and the influence of the ozone had been completely excluded. It was 

observed that, of the 336 cases of complications, in only 40 of them (16%) the 

presumed cause had been the ozone, dealing with allergic reactions, phenomena of 

hypoglycemia and skin conditions in the area of administration. In the remaining 84% 

of the cases, the complications were not related to the actions of the ozone, but rather 

they were the result of incorrect anticoagulant treatments; or of other types of improper 
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treatment, such as the use of medication, wrong techniques of administering the ozone 
and non-sterile handling. 

 
Starting with the 40 cases mentioned above, the calculation of the so-called pure 

complications coefficient was 0.7 cases in 100,000 sessions of ozone therapy. The 

author concluded that in comparison with the secondary effects of other types of 

treatments, this is an insignificant quantity. He cited the data of the representative of the 

company Sandoz, which shows that of the total number of patients hospitalized in the 

entire world, intolerance to the medicinal preparations varies between 6.4% and 25%. 

 
If we make a comparative analysis regarding the safety of this therapeutic method, we 

must necessarily refer to the world plan coordinated by the World Health Organization 

(WHO) to take on the possible and different causes that may generate the deficiency 

existing on the subject of hospital safety. This plan indicates that in the industrialized 

countries, the nosocomial infections complicate between 5% and 10% of the admissions 

in intensive care of the hospitals. In the developed countries, the intrahospital operations 

produce greater complications, disability and prolonged hospitalization in 3% to 16%. 

Each  year  at  least  seven  million  incapacitating  complications  are produced,  which 

include a million deaths.
34 

Furthermore, the WHO indicates that out of every ten 

patients, approximately one is injured while receiving hospital care.
34

 

 
In Spain, of 5,624 hospitalized patients analyzed in the National Adverse Effects Study, 

adverse effects were detected in 1,063 (18.9%). The health care was responsible in 9.3% 

of the cases, while the hospital care was responsible in 8.4%. Medication was the cause 

of adverse effects in 37.4% of the cases, nosocomial infections of any type in 25.3% and 

25.0% were related to technical problems during a procedure.
35 

Approximately 15% of 

the patients on whom a central venous catheterization was performed suffered 

complications, which put in danger the safety of the patient and increases the stays and 

the costs linked to the hospitalization, indicates a study fostered by the Spanish Society 

of Intensive Medicine. Critical and Coronary Units (SEMICYUC).
36, 37

 

 
Despite the efforts that the hospitals are making to reinforce hospital safety, the figures 

continue being important. The health care infection rate, which was 6.5% in the years 

2003 and 2004 in Spain, increased in 2007 to 7.0%.
38 

The French newspaper Le Monde 

indicated that on average "900 medical accidents occur each day in the French hospitals 

and clinics, of which 400 would be avoidable", citing a study of the French Health 

Ministry.
39 

The most delicate issue is rooted in the fact that the study recognizes that the 

comparative results of 2009 with respect to the previous survey of 2004 were similar 

and, therefore, the improvements were minimal.
40

 

 
In the Spanish intensive care units, the most frequent adverse effects produced directly 
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or that are associated with greater morbidity and mortality among the critical patients 

are: 1) pneumonia related to mechanical ventilation (N-VM), 2) urinary infections 

related to urethral catheterization (IU-SU), 3) primary bacteremias and those related 

with vascular catheters (BP-C), 4) secondary bacteremias (BS).
36

 

 
The described situation entails a serious economic hemorrhage. Hospital errors – 

indicates the WHO- have cost some countries between 6 billion to 29 billion U.S. 

dollars for additional hospital costs, infections acquired in the hospitals, economic loss 

to the patients, and court processes. The WHO warns that the safety of the patient is 

today a global problem that affects all the countries, regardless of their economic 

development.
34 

The terrifying level of the cited figures which are devastating in 

themselves in terms of diseases and human lives, along with the economic drain that it 

involves, has led the WHO to say that up to 50% of the complications and the deaths 

could be avoided if the basic required care is observed.
34

 

 
It is worthwhile to add what was stated by the Nobel Laureate in Medicine, Richard J. 

Roberts, when he affirmed that the drug companies often are not as interested in healing 

you as in getting your money, so that investigation, suddenly, is diverted to the discovery 

of drugs that do not heal completely, but chronify the disease and make you experience 

an improvement that disappears when you stop taking the drug (…) It is usual that 

pharmaceutical companies are interested in research that doesn’t cure but only make 

illnesses chronic with more profitable drugs that the ones that would completely cure 

once and forever.
41

 

 
The above is confirmed when in Spain the adverse effects could have been avoided in 

42.8% of the cases.
35 

The promotion of the campaign of the practice of clean hands in 
the hospital centers as a hygienic measure to prevent nosocomial infections, something 

that, although of common sense, only is complied with in 50% of the centres.
42 

In view 
of the situation of the safety of the medical treatments that we have indicated, we can 
conclude that the use of intra-hospital ozone would effectively help to reduce the 
nosocomial infections, thanks to their potent bactericide properties. 

 
On the other hand, around 55 thousand people in the United States and an undetermined 

number of Europeans may have died for taking VIOXX, one of the selective inhibitors 

of COX-2.
42 

On the contrary, how many deaths from ozone have been recorded? None 

and the accidents recorded were exclusively of malpractice, and not for the effects of 

the ozone itself. We ask: Why require from ozone therapy safety measures over and 

above the existing ones described previously? Provided its dosage is correct, the ozone 

can produce a multitude of useful biological reactions, and possibly invert the chronic 

oxidative stress of age, chronic infections, diabetes, atherosclerosis, ischemic, 

degenerative and inflammatory processes. The therapeutic ozone act is interpreted as a 
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non-toxic but real shock therapy, capable of restoring homeostasis.
44, 45 

Therefore, 

provided its dosage is correct, ozone will be beneficial. 

 
It is clear to the international medical ozone community that ozone must be used in a 

controlled manner, like any other medication, and there must be good academic training 

in the application of the therapy. During recent decades, great efforts have been made 

and continue to be made to examine ozone therapy in a more scientific manner. We have 

at our disposal textbooks and the Revista Española de Ozonoterapia, ISSN 2174-3215, 

indexed in Lantidex and Dialnet. This journal is governed under the international 

publication standards. Each year international congresses are organized and in the case 

of Spain, AEPROMO has achieved that all its congresses have been recognized as 

events of health interest. 
 

 
 

F. Contraindications for the use of ozone therapy 
 

 

The contraindications for the use of ozone are basically those due to ethical or specific 

deontological situations: 1) Patients that suffer a significant deficit of glucose 6 

phosphate dehydrogenase (favism). These persons should not receive this treatment, 

since an oxidation of the red blood cells could occur, causing hemolysis, due to their not 

having the protective systems against oxidation. 2) In some abnormal situations 

(imbalance) in patients with hyperthyroidism and thrombocytopenia. 3) Severe 

cardiovascular instability (recent myocardial infarction). 4) Convulsive states. 5) 

Hemorrhagic conditions (external or internal bleedings),
5 

significant hypo-coagulation 

syndrome, blood diseases, haemophylia, thrombocytopenia, hemorrhagic vasculitis, 

acute myocardium infarctus, hemorrhagic insult, 6) pancreatitis, 7) tyreotoxicosis, 8) 

individual ozone intolerance, 9) Acute alcohol intoxication, 10) Convulsions in 

anamnesis. 

 
Ozone therapy is not a panacea; it has precise indications in which great therapeutic 

success is attained, others in which its success is medium and others in which it is not 

useful. 
 

G. Who can perform ozone therapy? 
 

 

Ozone therapy must be performed by a physician or by a dentist; or by a veterinarian in 

the case of animals. The basic reason is that this type of treatment, if used improperly, 

exposes the patient to serious risks. For example, if the injections are performed at an 

improper site or with improper technic (e.g. directly in the veins), with non-sterile 

needles, at an excessive dosage, among others, they can lead to serious adverse effects 
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such as the risk of infections  or collapse due to excessive vasodilatation.  Directly 

application of O3 in the veins was performed in the 1970’ but is currently banned by the 
most ozone-therapist associations. The effect of the mayor authohemotherapy is more 
effective with practically no side effects. In contrast, direct application of O3 in veins 
can induce emboli, tachycardia, anxiety and sweating that can persist up to 48 h. In fact, 
today application of O3 can be considered a mala praxis. 

 
Due to the scarcity of controls on this therapy and the non-existence of clear rules in 

this regard in the majority of the countries where it is practiced, upon occasion ozone 

therapy has been practiced by personnel that do not know with precision the correct 

protocols to follow and therefore they have exceeded the dose, the number of injections, 

and the frequency with which the treatment is repeated. They have used machines not 

suitable for generating quality medical ozone, failed to obtain satisfactory results or 

even worse, they have caused damage to the patients. This is the reason why the 

international medical ozone community is acting to advocate for the establishment of 

controls and regulation of the therapy through the corresponding health institutions, 

duly advised by the existing scientific associations of ozone therapy or even better, by 

the International Scientific Committee of Ozone Therapy (ISCO3) directly. The ISCO3 

is a committee formed by 21 prominent worldwide experts in ozone therapy, who in this 

position do not represent any association or any commercial company. 
 

 
 

H. Conclusion 
 

 

There is much scientific evidence on the clinical use of ozone. The physiological 

formation of a mediator similar to ozone during inflammation is an indicator of its 

potential as a new biomolecule. This discovery implies additional efforts to clarify the 

hypotheses about its action mechanism and to advance towards the execution of more 

in-depth randomized and standardized clinical studies. Furthermore, the action 

mechanisms for the ozone on the biomolecules of the blood, with the consequent 

generation of various messengers responsible for its biological effects, have been clear 

since 2002. Official medicine does not take into account the effectiveness of ozone 

therapy, principally because: 1) It is excessively centered on the molecular mechanisms 

of drug-receptor interaction and ignores the capacity of ozone as a pro-drug. 2) Most 

clinics are not aware that ozone can dramatically change the course of several diseases 

by means of the activation of multiple pathways. 3) The pharmaceutical industry has a 

good reason for ignoring ozone, since it costs almost nothing, is not patentable and does 

not produce wealth. The lack of sponsors is also a constant obstacle since it makes it 

impossible to find grants for controlled, multi-center and randomized studies 

comparable to those that the pharmaceutical companies finance. The clinical trials, the 

number of books and articles on basic and applied subject relating to ozone therapy 
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grow daily. The professionals who practice ozone therapy must know all the steps to 
carry out the clinical trials to make this discipline stronger and more credible and to 

support it with scientific rigor from the clinical point of view. The battle for the 

regularization of this medical practice in the different countries where it is being 

practiced must also continue. 
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the subject of ozone therapy 
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Ozone acting on human blood yields a hormetic
dose-response relationship
Velio A Bocci1*, Iacopo Zanardi2 and Valter Travagli2*

Abstract

The aim of this paper is to analyze why ozone can be medically useful when it dissolves in blood or in other
biological fluids. In reviewing a number of clinical studies performed in Peripheral Arterial Diseases (PAD) during
the last decades, it has been possible to confirm the long-held view that the inverted U-shaped curve, typical of
the hormesis concept, is suitable to represent the therapeutic activity exerted by the so-called ozonated
autohemotherapy. The quantitative and qualitative aspects of human blood ozonation have been also critically
reviewed in regard to the biological, therapeutic and safety of ozone. It is hoped that this gas, although toxic for
the pulmonary system during prolonged inhalation, will be soon recognized as a useful agent in oxidative-stress
related diseases, joining other medical gases recently thought to be of therapeutic importance. Finally, the
elucidation of the mechanisms of action of ozone as well as the obtained results in PAD may encourage clinical
scientists to evaluate ozone therapy in vascular diseases in comparison to the current therapies.

Introduction
Ozone is a double-faceted gas. It has a crucial protective
relevance in partially blocking mutagenic and carcino-
genic UV radiations emitted by the sun (wavelengths of
100-280 nm) in the stratosphere [1], while its increasing
concentration in the troposphere causes severe pulmon-
ary damage and increased mortality [2,3]. In spite of this
drawback, there are growing experimental and clinical
evidences about the medical use of ozone [4-11]. Since
XVI Century, Paracelsus had ingeniously guessed that
“all things are poison and nothing is without poison and
only the right dose differentiates a poison from a
remedy”. In 2005, Timbrell reiterated the concept in his
book: “The poison paradox; chemicals as friends and
foes” [12]. During the Earth evolution, harnessing oxy-
gen by metazoans has allowed a fantastic biodiversity
and growth but it has also created a slow acting “poi-
son”. It is reasonable to believe that the antioxidant sys-
tem slowly evolved and specialized during the last two
billion years for counteracting the daily formation (3-5 g
in humans) of anion superoxide in the mitochondria

and the release of H2O2 by ubiquitous NADPH oxi-
dases. However, there is a general consensus that the
physiological production of H2O2 is essential for life.
Olivieri et al. [13] and Wolff [14] were the first to
describe the effect of either low concentrations of radio-
active thymidine or of a very low dose of radiation indu-
cing an adaptive response in human cells in comparison
to a high dose. Goldman [15] introduced the term
“hormesis” to mean “the beneficial effect of a low level
exposure to an agent that is harmful at high levels”. It
goes to the merit of Calabrese [16-19] to have experi-
mentally controlled this concept and to have presented
a number of examples of stimulatory responses follow-
ing stimuli below the toxicological threshold. Until 2002
ozone therapy was pharmacologically conceived as a
therapy where low ozone doses were stimulatory, while
high doses were inhibitory. This conception, reflecting
the classical idea that a low antigen dose is stimulatory,
where an antigen overdose is inhibitory, was vague and
unsuitable because ozone acts in a complex way and a
high dose can still be effective but accompanied by side-
effects. Indeed, one of us in 2002 amply delineated the
sequence of biochemical reactions elicited ex vivo after
the addition of a certain volume of O2-O3 gas mixture
to an equal volume of human blood [20]. First of all,
mixing blood with an oxidant implies a calculated and
precise oxidative stress, i.e. a homeostatic change with
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production of highly reactive messengers. The oxidative
stress, like many others, induces a biological response
leading to an adaptive phenomenon. The teleological
significance of this response is universal, from bacteria
to plants and Mammals, and small repetitive stresses
induce an extremely useful adaption response repre-
sented by the revival of critical defense mechanisms
[20-22]. At the same time, Calabrese and Baldwin
described the “overcompensation stimulation hormesis”
(OCSH) as the result of a compensatory biological pro-
cess following an initial disruption in homeostasis [17].
After a reviewer’s information also Re later on had
expressed this possibility [23]. Ozone presents some
subtle differences that will be explained by clarifying the
biochemical reactions occurring between the organic
compounds of plasma and this gas.

Ozone is a Strong Oxidant Gas
The three oxygen atoms in gas-phase ozone form an
isosceles triangle with a distance among the equal sides
of 1.26 Å, and exist in several mesomeric states in
dynamic equilibrium [24]. In terms of oxidation poten-
tial (E°), ozone (2.07 V) is the third after fluorine (3.06
V) and hydroxyl radical (2.80 V). Other pertinent oxi-
dants are: hydrogen peroxide (1.77 V), hypochlorous
acid (1.49 V) and chlorine (1.36 V). Ozone has a paired
number of electrons in the external orbit and, although
it is not a radical molecule, it is far more reactive than
oxygen and readily generates some of the ROS produced
by oxygen. Ozone is very unstable and at 20 °C, with a
half-life of about 40 min, it decomposes according to
the exothermic reaction:

3O2 + 68, 400 � 2O3

Such an aspect has generated the idea that ozone will
donate its energy to the organism by reacting with specific
body compartments [20]. However, after having ascer-
tained the complexity of the mechanism of action, the
conclusion is that ozone dissolved in the water of plasma
acts as a pro-drug, generating chemical messengers which
will accelerate transfer of electrons and the overall meta-
bolism. It goes to the merit of Hans Wolff (1927-1980), a
German physician, to have developed the O3-AHT by
insufflating ex vivo a gas mixture composed of medical
oxygen (95%) and ozone (5%) into the blood contained in
a dispensable ozone-resistant and sterile glass bottle [25].

Which are the Blood Components Reacting with
Ozone?
For almost three decades ozone therapy was used only
in Germany by practitioners who, by using empirical
procedures, elicited skepticism and prejudice in aca-
demic clinical scientists. Only during the last fifteen
years, by using modern ozone generators able to

photometrically (253.7 nm) measure the ozone concen-
tration in a specified gas volume, in real time, and in a
precise manner (hence the precise ozone dose per ml of
blood), it has been possible to accurately study the reac-
tions of ozone with human blood. It has been clarified
that ozone toxicity depends upon its dose and, more
important, that judicious ozone dosages can be neutra-
lized by biological defenses [4,20-22,26]. Blood contains
some 55% of plasma and about 45% of cells, the bulk of
which is represented by erythrocytes. The composition
of plasma is complex but, simply said, it contains: about
92% of water; dissolved ions such as HCO3

- and PO4
3-

regulate the pH within the range of 7.3-7.4; both hydro-
philic (glucose, uric acid, ascorbic acid, cysteine and
other amino acids) and lipophilic (bilirubin, vitamin E,
carotenoids, lycopene) molecules; about 5 mg lipids (tri-
glycerides, cholesterol, phospholipids and lipoproteins);
proteins, among which albumin (4.5 g/dl), fibrinogen as
well as globulins, among which either transferrin or cer-
uloplasmin binds either Fe2+ or Cu+, respectively, coagu-
lation factors and hormones. Among the plasma main
functions, one is the antioxidant activity performed by a
variety of molecules such as uric acid (4.0-7.0 mg/dl,
400 μM), ascorbic acid (Aa) (0.4 - 1.5 mg/dl, 22,7-85 µ;
M), GSH (0.5-1.0 μM), the mentioned lipophilic com-
pounds as well as albumin. In detail, erythrocytes have a
great reservoir of GSH (about 1 mmol/l), thioredoxin
with two available cysteine, and potent antioxidant
enzymes (catalase, GSH-Rd, GSH-Px, GSH-Tr, and
SOD). They can quickly wipe out great amounts of oxi-
dants such as ·OH, H2O2, OCl-, ONOO- and, at the
same time, recycle protons back to oxidised compounds
by using protons donated by NADPH continuously
regenerated by the activity of G6PD via the pentose
phosphate pathway. It must be noted that most of these
antioxidants work in concert accelerating the reduction
of noxious oxidants (Figure 1). Albumin on its own is
the most important because it holds nucleophilic resi-
dues, such as one free Cys34 as well as multiple Lys199
and His146 [27,28].

The Biochemical Reactions of Ozone with Blood
During the most precise and safe methodological ex vivo
O3-AHT approach, oxygen-ozone mixture dissolves into
the water of plasma. Oxygen has a low solubility, but
the pO2 slowly raises up to about 400 mmHg [29].
Hemoglobin become fully oxygenated (Hb4O8) but this
is hardly relevant because, during the infusion period, it
mixes with venous blood which has a pO2 of about 40
mmHg. On the other hand, ozone behaves quite differ-
ently because, by immediately reacting with ions and
biomolecules, it does not follow the classical Henry’s
law in terms of linear solubility variation with pressure.
First of all ozone is about tenfold more soluble than
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oxygen and, as ozone dissolves in the plasmatic water, it
instantaneously reacts with hydrophilic antioxidants: by
using an ozone concentration of 40 μg/ml, correspond-
ing to 0.84 µ;mol/ml per ml of blood, within five min an
average of 78% of Aa has been oxidized to dehydroas-
corbate and about 20% of uric acid has been oxidized to
allantoin [30]. Only about 10% of alpha tocopherol has
formed an alpha tocopheryl radical. At the same time the
remaining ozone performs the peroxidation of available
unsaturated fatty acids, which represent an elective sub-
strate and are mostly albumin-bound. Peroxidation of n-
6 PUFA leads to the formation of H2O2 and 4-hydroxy-
2E-nonenal (4-HNE) [31], while n-3 PUFA leads to the
formation of 4-hydroxy-2E-hexenal (4-HHE) [32,33]:

- R - CH = CH − R + H2O + O3 � 2RHCO + H2O2

As all of these reactions happen in a few seconds,
ozone, until present in the gas phase, continues to dis-
solve in the plasmatic water and instantly reacts. Within
the canonical 5 min, ozone is fully extinct with both a
rather small depletion of hydrosoluble antioxidants and
the simultaneous plasmatic increase of ROS and LOP.
The ozonated blood is then infused into the donor
patient.

What is the Significance and Fate of These Ozone
Messengers?
First of all the brief life-span of H2O2 will be discussed.
During the 5 min of mixing blood with the gas ex vivo,
H2O2 will dynamically increase its concentration: rapid
at first and progressively slowing down as ozone is
being depleted. With the therapeutically high ozone
concentration of 80 μg/ml per ml blood, the H2O2 con-
centration measured in plasma after 2.5 min is at most
40 μM because the rate of synthesis is equilibrated by
multiple degradation routes. Some H2O2 is reduced by
free soluble antioxidants including traces of catalase and
GSH-Px. As the hemolysis is negligible (<0.5%), free Fe2
+ or Cu+ are not present and it is unlikely that hydroxyl
ions are ever formed by either the Fenton-Jackson or

the Haber-Weiss reactions. As H2O2 is unionized, it
freely diffuse into all blood cells although the bulk is
mopped up by erythrocytes. The establishment of a
dynamic, yet transitory, H2O2 gradient between the
plasma and the cytoplasmatic water of blood cells
makes this oxidant a very early effector. Its final intra-
cellular concentration may be not higher than 10%,
hence 3-4 μmoles, as it has been demonstrated in other
studies [34-39]. The smartness of this system is that the
H2O2 concentration, though small, is enough to trigger
several crucial biochemical reactions without toxicity
because the internal cell environment contains a wealth
of GSH, thioredoxin, catalase and GSH-Px, which do
not allow a dangerous increase. In spite of a threshold
of only a few micromoles, it has a critical relevance and
means that an ozone amount below 0.42 μmol for each
ml volume of the gas mixture (medical grade O2 ≥95%
and O3 ≤5%) reacting in a 1:1 ratio with autologous
blood may be ineffective, resulting in a therapeutic fail-
ure of O3-AHT. It is also necessary to remind that the
ozonation process greatly differs whether it occurs either
in plasma or in blood. In plasma, TAS levels was, as
expected, ozone-dose dependent and decreased between
46 and 63% in relation to ozone concentrations of either
0.84 μmol/ml or 1.68 μmol/ml per ml of plasma, respec-
tively. On the other hand, in blood taken from the same
donors, after being treated with the same ozone concen-
trations, TAS only decreased from 11 to 33% in the first
minute after ozonation, respectively. Moreover, it was
surprising to determine that they both recovered and
returned to the original value within 20 min, indicating
the capacity of blood cells to quickly regenerate dehy-
droascorbate and GSH disulfide [34]. It has been also
brilliantly demonstrated that, thanks to erythrocytes,
dehydroascorbate was recycled back to Aa within 3 min
[40]. On the same way, only about 20% of the intraery-
throcytic GSH had been oxidized to GSSG within one
min after ozonation and promptly reduced to normal
after 20 min [41]. Aa, alpha-tocopherol, GSH and lipoic
acid undergo an orderly reduction by a cooperative

Figure 1 Cellular responses to oxidant exposure. ROOH and ROO• indicate lipohydroperoxide and its oxygen centered organic radicals
formed by radical reactions with cellular components, respectively. GSH and GSSG represent the sulfhydryl/disulfide pair of glutathione species.
Nicotinamide adenine dinucleotide phosphate, NADP(H), is the primary electron source, regenerated by the cellular reduction systems.
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sequence of electron donation continuously supplied by
NADPH-reducing equivalents to GSH-Rd and thiore-
doxin reductase [42] (Figure 1). These data, by showing
that the therapeutic ozonation only temporarily and
reversibly modifies the cellular redox homeostasis were
reassuring regarding the safety of ozone as a medical
drug. In summary, the initial disruption of homeostasis
due to ozone oxidation is followed by the rapid reestab-
lishment of homeostasis with two main advantages: the
first being the value of triggering several biochemical
reactions in blood cells and the second mediated by
LOP compounds, the induction of an adaptive process
due to the up-regulation of the antioxidant enzymes.
This is in line with the temporal sequence of the OCSH
dose-response relationship.

What is the Action of Ozone in the Blood Cells?
- Erythrocytes
Probably the activation of phosphofructokinase acceler-
ates glycolysis with a demonstrated increase of ATP and
2,3-DPG [4,20]. Functionally, the oxyhemoglobin sigmoid
curve shifts to the right owing to the Bohr effect, i.e. a
small pH reduction (about 7.25) and a slight increase of
2,3-DPG. This metabolite increases only in patients who
have a very low level but it remains to be clarified how
the phosphoglyceromutase is activated. The shift to the
right is advantageous for improving tissue oxygenation as
the chemical bonding of oxygen to hemoglobin is attenu-
ated, facilitating oxygen extraction from ischemic tissues.
Rokitansky et al., had previously shown that the pO2 was
lowered to 20-25 mm Hg in the femoral vein of PAD’s
patient throughout O3-AHT sessions [43]. It seems
obvious that erythrocytes ozonated ex vivo may be modi-
fied only for a brief period. Only repeated therapeutic
sessions may allow to LOP compounds to reach the
bone-marrow and activate a subtle development at the
erythropoietic level, favouring the formation of new ery-
throcytes with improved biochemical characteristics,
which provisionally were named “supergifted erythro-
cytes” [20]. If this hypothesis is correct, every day, during
prolonged ozonetherapy, the bone marrow may release a
cohort (about 0.9% of the pool) of new erythrocytes with
improved biochemical characteristics. In fact, the thera-
peutic advantage does not abruptly stop with the cessa-
tion of the therapy but rather persists for 2-3 months,
probably in relation to the life-span of the circulating
supergifted erythrocytes [26]. It is interesting that during
prolonged ozonetherapy, by isolating through a sedimen-
tation gradient the small portion of very young erythro-
cytes, it has been demonstrated that they have a
significant higher content of G6PD [44]. Such a result
strengthens the postulation that only a cycle of more
than 15 treatments (not less than 3 liters of ozonated
blood) could improve an ischemic pathology.

- Leukocytes
Human neutrophils are able to generate an ozone-like
molecule [45] and volatile compounds [46] as a part of
their phagocyte activity. Neutrophil phagocytic activity
has been found enhanced during ozonetherapy [47].
Moreover, H2O2 activates a tyrosin-kinase with subse-
quent phosphorylation of IkB, one of the trimeric com-
ponents at rest of the ubiquitous transcription factor
denominated NF-kB [48,49]. The phosphorylated IkB
detaches from the trimer and it is broken down in the
proteasome. The remaining eterodimer p50-p65 is trans-
ferred into the nucleus, where it can activate about 100
genes up-regulating the synthesis of acute-phase pro-
teins, several proinflammatory cytokines (IFN-g, TNF-a,
IL-8) and even HIV proteins [50]. There is no doubt
that H2O2 is the trigger as the activation is related to a
cysteine oxidation that can be prevented by an excess of
thiol. Although ozone is a very modest inducer of some
cytokines [50], the consequent immunomodulatory
effect may be useful in immune-depressed patients after
chemotherapy, or in chronic infectious diseases. It must
be clear that ozone in itself cannot exist in the circula-
tion and moreover, due to the potent antioxidant capa-
city of plasma, it is unable to kill any pathogens in vivo
whereas an activated immune system may be helpful
[51].

- Platelets
During O3-AHT, the detection of PDGF-B, TGF-b1, IL-
8 and EGF released in heparinized plasma in ozone-
dose dependent quantities was not surprising because
platelets are exquisitely sensitive to a progressive acute
oxidative stress [20,52]. The increased level of these
growth factors in the circulation may have the beneficial
effect of enhancing the healing of foot-related problems
from diabetes or PAD.

The pleiotropic LOP activities
As shown in Figure 2, LOP production follows peroxida-
tion of PUFA present in the plasma: they are heteroge-
neous and can be classified as lipoperoxide radicals,
alkoxyl radicals, lipohydroperoxides, F2-isoprostanes, as
well as aldehydes like acrolein, MDA and terminal
hydroxyl alkenals, among which 4-HNE and 4-HHE. As
free radicals and aldehydes are intrinsically deleterious,
only precise and appropriate ozone doses must be used
in order to generate them in very low concentrations.
Among the aldehydes, 4-HNE is quantitatively the most
important. It is an amphipathic molecule and it has a
brief-half-life in saline solution. On the other hand it
reacts with a variety of compounds such as albumin,
enzymes, GSH, carnosine, and phospholipids [31,53].
There is no receptor for 4-HNE but it has been reported
that, in concentration above 1 μM in vitro, after binding
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to more than 70 biochemical targets, it exerts some
deleterious activity [31]. On the other hand, during the
rapid reaction of ozone with blood, the generated
hydroxy-alkenals, will form adducts both with GSH or
with the abundant albumin molecules. This possibility is
supported by findings which have shown that human
albumin, rich in accessible nucleophilic residues, can
quench up to nine 4-HNE molecules, the first being
Cys34, followed by Lys199 and His146 [27,28]. Interest-
ingly, when samples of ozonated human plasma were
incubated at 37 °C for 9 hours, 4-HNE, most likely
bound to albumin, remained stable [54]. These data
clarify why a judicious ex vivo ozonation of blood does
not harm the vascular system during the infusion into
the donor. Aerobic organisms, in order to tolerate the
continuous generation of aldehydic compounds have
developed detoxifying systems as follows: the first is the
dilution of these products in both the plasma and the
extracellular fluid involving a volume of about 11 L in
humans. The second is the detoxification operated by
aldehyde dehydrogenase, aldose reductase and GSH-Tr
[55,56] and the third is the excretion via bile and urine
excretion [57-59]. The relevance of these catabolic path-
ways was appreciated when the half-life of infused alke-
nals present in ozonated blood in a patient was less
than 5 min [60]. The interesting aspect is that albumin

can transport 4-HNE in all body tissues, from liver to
endocrine glands and the CNS. 4-HNE-Cys adducts,
released at many sites, inform a variety of cells of a tran-
sient, acute oxidative stress and represent an important
biochemical trigger. At submicromolar or picomolar
levels, 4-HNE can act as a signaling molecule capable of
activating the synthesis of g-glutamate cysteine ligase, g
-glutamyl transferase, g -glutamyl transpeptidase, HSP-
70, HO-1, and antioxidant enzymes such as SOD, GSH-
Px, catalase and last but not least, G6PDH, a critical
electron-donor enzyme during erythropoiesis in the
bone marrow. There is a wide consensus on the rele-
vance of the induction of protective molecules during
small but repeated oxidative stress [20,61-65]. In other
words, the concept that a precisely controlled oxidative
stress can strengthen the antioxidant defenses is well
accepted today. Once again, the low level of stress by
enhancing the fitness of the defense system, is consistent
with the hormetic concept. Moreover at the time of
ozonated blood infusion, 4-HNE-Cys adduct can also
act on the vast expanse of endothelial cells and enhance
the production of NO [35]. Such a crucial mediator on
its own or as a nitrosothiol, with a trace of CO released
with bilirubin via HO-1 activity, allows vasodilation,
thus improving tissue oxygenation in ischemic tissues
[66]. H2S is another potentially toxic molecule that,

Figure 2 Generic scheme of polyunsaturated fatty acids peroxidation. Arachidonic acid reactions have been detailed, but similar pathways
are applicable to other polyenoic fatty acids. MDA: malondialdehyde. HHE: 4-hydroxy-2E-hexenal. HNE: 4-hydroxy-2E-nonenal.
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when released in trace amounts, it becomes an impor-
tant physiological vasodilator like NO and CO [67,68].
Moreover, as it happens for the mentioned physiological
traces of other gases, the small amount of ozone neces-
sary to trigger useful biological effects is in line with the
concept of the hormesis theory [69].
Another interesting aspect observed in about 2/3 of

patients is a sense of wellness and physical energy
throughout the ozonetherapy [70]. It is not yet known
whether these feelings are due to the power of the gen-
erated ozone messengers which can modify or improve
the hormonal secretion. On the other hand, the feeling
of euphoria may be due to improved oxygenation or/
and enhanced secretion of growth hormone, ACTH-cor-
tisol and dehydroepiandrosterone [26,71]. Furthermore,
when LOP reach the hypothalamic area they may
improve the release of serotonin and endorphins, as it
was observed after intense dynamic exercise [72].
Experience acquired after thousands O3-AHT has clari-
fied that there is neither objective nor subjective toxi-
city, or to use Calabrese’s acronyms, there is no
observable adverse effects (NOAEL). Moreover, neither
structural nor enzymatic damages have been observed in
blood components after ozonation of blood within the
therapeutic window [73,74]. On the other hand, patients
with more advanced disease during the initial session
especially if performed with a high ozone dosage, fre-
quently report to feel very tired and sleepy. This is the
lowest observed adverse effect level (LOAEL) that has
been observed in about 10% of PAD’s patients with
stage III and IV of the Leriche-Fontaine’s classification.
Such a knowledge compels to begin always with low

ozone dosage and carefully observe the patient’s
response.

Which is the Most Suitable Term for Describing
the Dose-Response Relationship Between Ozone
and Blood?
Ozone is a toxic gas and it cannot be compared to
either any usual immunological stimulus or to stable
chemical compounds: firstly, nobody has ever described
a cell receptor for ozone, and secondly the biochemical
reactions with blood components generate various mes-
sengers with quite different half-lives, finalities and fate.
Moreover, not only biological but also clinical responses
have to be taken into account when using ozonetherapy
in quite different pathologies such as cardiovascular, or
autoimmune or orthopedic diseases. The hormetic dose
response appears to be useful for describing the dual
pharmacological response elicited by ozone, basically
acting as a pro-drug. The most common form of the
hormetic dose response curve, depicting low dose stimu-
latory and high dose inhibitory and toxic responses is
the ß- or inverted U-shaped curve shown in Figure 3,
panel a. However, the graphic illustration of the hor-
metic dose-response relationship between ozone and
blood needs an explanation because it slightly differs
from graphs presented on the effect of other stressors
(Figure 3, panel b) [26,75-78]. It has been found that an
ozone dose of only 10 µ;g/ml (0.21 μmol/ml) per ml of
blood is fully neutralized by both uric acid and Aa, espe-
cially when the TAS of individual blood is between 1.5-
1.9 mM [79]. It follows that the minimal reaction, if
any, with PUFA will not generate enough messengers as

Figure 3 The hypothetical inverted U-shaped curve describing an ideal dose-response relationship (panel A). The inverted U-shaped
curve drawn on the basis of the therapeutic effect in PAD’s patients by using an ozone concentration range between 15 and 80 μg/ml of gas
per ml of blood. During a course of 15-20 sessions, the initial ozone concentration of 10 μg/ml has been slowly upgraded to the concentration
of 80 μg/ml (panel B). The end-points that have been considered to determine the therapeutic effects are: claudication; ankle-brachial index;
disappearance of pain; healing of skin ulcers.
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ROS and LOP to trigger biological effects. In this case
the small ozone dose is totally consumed by available
free antioxidants and the ozonated blood will not dis-
play therapeutic activity. Gaseous ozone doses between
20 and 80 µ;g/ml (0.42-1.68 μmol/ml) per ml of blood
are well calibrated against blood’s TAS and both biologi-
cal and therapeutic effects will ensue. A recent metabo-
nomic study has shown that the blood antioxidant
capacity is almost exhausted when the ozone dose has
been raised to 160 µ;g/ml per ml of blood [74]. In sim-
ple words, too little ozone, unable to modify the homeo-
static equilibrium, is unable to elicit the hormetic
response. On the basis of the last observation, it would
be most interesting to analyze the response in normal
volunteers.

Ozone Therapy in Oxidative-Stress Related
Diseases
The metabolic syndrome is recognized as one of the
most serious disease in Western countries caused by a
number of metabolic alterations such as type-2 diabetes,
hypercholesterolaemia, atherosclerosis and renal dys-
function with the common denominator represented by
a chronic oxidative stress. Diabetic patients, particularly
those with foot ulcers, are critical and today they still
have a gloomy prognosis. This is because they need a
multiform therapy aiming to eliminate the peripheral
ischemia, the neuropathy and the infected skin lesions.
The range of ozone concentrations between 15 and 35-
50 µ;g/ml is safe also in individuals with a low TAS
level and it appears to be particularly effective in PAD
[43,80-85]. Several clinical studies performed in different
hospitals seem to establish the validity of the inverted
U-shaped curve in this frequent pathology (Figure 3,
panel B). In line with “the concept of a beneficial effect
within the context of a dose-response study is difficult
to determine due to considerable biological complexity
and the fact that beneficial effects are often seen with
reference to a specific and relative setting” [17], a word
of caution is necessary. This is especially true when
ozone therapy is performed in different patients within
the variety of three PAD’s II, III and IV stages, accord-
ing to the Leriche-Fontaine classification [86]. First of
all it is necessary to trust the precision of ozone’s
dosages used by different clinicians and secondly, ozone
activity cannot be compared with that expressed by a
single compound (see, eg, Arsenic [76], and homocys-
teine [77]) in cultured cells. As it has been clarified, the
real ozone messengers are H2O2 as a ROS and a variety
of alkenals as LOP. These messengers act on different
cells, have a quite different lifetime and alkenals are
intrinsically toxic. Furthermore, each patient has his
own medical history and his own psycho-physical reac-
tivity. Consequently, ozone dosages between 0.42-0.84 µ;

mol/ml generate less alkenals than dosages in the range
0.84-1.68 µ;mol/ml, and therefore patients with a low
antioxidant capacity become more susceptible to a side
effect like deep fatigue after the therapy session. Atten-
tion must be also paid to the type of pharmacological
response achieved in different pathologies as either mus-
cular-orthopedic or autoimmune diseases. So far, in the
latter it remains unknown the ozone dosage, if any, able
to increase the T-cell regulatory levels and activity. Con-
sequently, at this stage the U-shaped curve remains
meaningful only for PAD and only future trials will be
able to define the ozone behavior in either stroke or
chronic heart disease. Martinez-Sanchez et al. have also
reported that the theoretical U-shaped curve fits the
ozone therapy results [87]. Blood ozonation, even if per-
formed within the therapeutic range and for a few min-
utes, represents always a calibrated acute oxidative
stress. In order to never harm the patient, the strategy:
“start low-go slow” is a golden rule to induce a valid
adaptation to the far more dangerous chronic oxidative
stress, typical of inflammatory and degenerative diseases
[88]. Such an aspect implies that the final therapeutic
effect is due to an average of progressively increasing
ozone dosages.
The gas mixture medical grade oxygen-ozone can be

proficiently used for the ozonation of blood because this
incomparable liquid tissue contains an imposing array of
antioxidants, which are able to tame not only its oxidant
power but also its messengers (ROS and LOP) generated
by the reactions with blood components. Therefore, if
ozone is judiciously used within the established thera-
peutic window (0.42-1.68 μmol/ml per ml of autologous
blood) in PAD, it can exert better therapeutic effects
than the current therapy by prostacyclin analogue.
Moreover, regarding the accompanying foot-related pro-
blems, both some ozone derivatives like ozonated water
and different gradation of standardized ozonated vegeta-
ble oils will be used until complete healing [89,90]. As
stroke, heart infarction and PAD are cumulatively the
first cause of death and disability, if it will become pos-
sible to use ozone therapy in the public hospitals of the
developed Countries, it may be possible to enter a phase
where ozone will become an extensive remedy. More-
over, there is no doubt that either infective or autoim-
mune glomerulo-nephritis as well as end stages of renal
failure associated with hemodialysis are characterized, to
a different extent, by an imbalance between pro- and
antioxidative mechanisms [91]. Moreover the kidney
does not have the regenerative ability of liver and this is
one of the reasons for explaining why too often
“nephropaties lack a specific treatment and progress
relentlessly to end-stage renal disease” [92]. Another
important reason is that till today a valid strategy to
reduce oxidative stress in renal diseases is not available.
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Ozone therapy, not only may correct a chronic oxidative
stress, but it may also stimulate untapped resources able
to afford some improvement [9,93]. It appears therefore
reasonable to suggest the combination of conventional
treatments with mild O3-AHT in any initial nephropa-
thy for preventing the risk of progression towards a
chronic disease.
In several Countries, among others Cuba, Russia, and

Ukraine, treatments by ozone are already a reality,
although different administration modalities, such as the
infusion of ozonated saline and of the rectal insufflations
of ozone, are in current use because inexpensive and
applicable to thousands of patients every day [94].
Nevertheless, it is hoped that adequate ozone-based
therapeutic treatments for patients affected by oxidative-
stress related diseases could be implemented in every
public hospital.

Conclusions
During the last two decades the paradoxical behaviour
of ozone has been clarified: when it is chronically
inhaled, it is highly toxic for the pulmonary system
because the enormous alveolar surface, unprotected by
sufficient antioxidants, is exposed to the cumulative
ozone dose, which causes a chronic inflammation. This
is not surprising because even for oxygen [95], as well
as for glucose and uric acid levels a modification of the
physiological concentrations is deleterious.
On the basis of the mechanisms of action, ozone ther-

apy appears to be a safe, economical, effective treatment
for patients with cardiovascular disorders based on the
following biological responses [26]:
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 gen-

eral metabolism;
c) it upregulates the cellular antioxidant enzymes and

induces HO-1 and HSP-70;
d) it induces a mild activation of the immune system

and enhances the release of growth factors from
platelets;
e) it procures a surprising wellness in most of the

patients, probably by stimulating the neuro-endocrine
system. However, ozone dosages must be calibrated
against the antioxidant capacity of the patient’s plasma,
or otherwise the “start low-go slow” strategy must be
used evaluating the subjective feeling of the patient after
each session.
It remains to be clarified whether some messengers

present in the ozonated blood are able to stimulate the
release of staminal cells in the patient’s bone marrow.
The evaluation of results obtained in several clinical

trials performed in PAD has allowed to establish that

the dose-response relationship in PAD can be depicted
as an inverted U-shaped hormetic model with a brief,
initial lack of effect due to the potency of blood anti-
oxidants. A mild acute oxidative stress induced by
ozone in blood ex vivo, as several other mild stresses
due to either heat or cold exposure, a transient ische-
mia, other chemicals and physical exercise are able to
induce a sort of “preconditioning response” often lead-
ing to both a repair and an increased defense capacity
well within the “overcompensation stimulation horm-
esis”. This new achievement, added to an increasing
wide consensus in carefully using gases as NO, CO,
H2S, N2O and H2 as real medical drugs [68], suggests
that also ozone may be soon included into this cate-
gory. One of the basic functions of ozone, after dissol-
ving in the water of plasma is to accelerate the
exchange of protons and electrons or, in simple
words, to reactivate the metabolism all over the body.
In this way, crucial biological functions gone astray
can recover indicating that ozone operated as both a
biological response modifier and an antioxidant
inducer.
It is hoped that this paper will elicit the interest of

clinical scientists in evaluating ozone therapy in vascu-
lar, renal and diabetic diseases, thus translating the
laboratory results to the patient’s bed.
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Abstract: After five decades characterized by empiricism and several pitfalls, some of the basic me-

chanisms of action of ozone in pulmonary toxicology and in medicine have been clarified. The present

knowledge allows to understand the prolonged inhalation of ozone can be very deleterious first for the

lungs and successively for the whole organism. On the other hand, a small ozone dose well calibrated

against the potent antioxidant capacity of blood can trigger several useful biochemical mechanisms and

reactivate the antioxidant system. In detail, firstly ex vivo and second during the infusion of ozonated

blood into the donor, the ozone therapy approach involves blood cells and the endothelium, which by

transferring the ozone messengers to billions of cells will generate a therapeutic effect. Thus, in spite of a

common prejudice, single ozone doses can be therapeutically used in selected human diseases without

any toxicity or side effects. Moreover, the versatility and amplitude of beneficial effect of ozone ap-

plications have become evident in orthopedics, cutaneous, and mucosal infections as well as in dentistry.

& 2009 Wiley Periodicals, Inc. Med Res Rev, 29, No. 4, 646–682, 2009
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1. INTRODUCTION

A. A Brief Historical Review

Christian Friedrich Schönbein, in 1839, noticed the emergence of a pungent gas with an
‘‘electric smell.’’ According to the Greek language, he called it ‘‘ozone’’ and presented a
lecture entitled ‘‘On the smell at the positive electrode during electrolysis of water’’ at the
Basel Natural Science Society.1,2 In nature ozone is continuously produced in the strato-
sphere (at 25–30 km from the Earth surface) by UV radiation (o183 nm) by splitting an
atmospheric oxygen molecules into two highly reactive oxygen atoms, in agreement with the
Chapman theory. By an endothermic reaction, each of these atoms combines to intact oxygen
to form the triatomic ozone.
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It is also produced during the electric discharge of lightning, which catalyzes the for-
mation of ozone from atmospheric oxygen. Ozone has a molecular weight of 48 and it is a
bluish gas with a pungent odor and a solubility in water, about ten-fold higher than oxygen
(49mL in 100mL, 0.02M, at 01C), even though an ample variability is present in the lit-
erature.3 While it rapidly dissolves in pure water and obeys Henry’s law, in biological water
ozone instantly reacts with inorganic and organic molecules dissolved in water generating a
variety of free radicals. Ozone as a gas spontaneously decomposes with a half-life of 40min,
at 201C. This means that ozone is a metastable gas with a temperature-dependent half-life,
but it can be stored in liquid form at a temperature below �111.91C with a specific weight of
1.571 g/mL. Methods for generating ozone are based on UV radiation, corona discharge, and
an electrochemical process. Industrial ozone is produced from air but medical ozone must be
generated ex tempore only by using medical oxygen because otherwise the simultaneous
generation of nitric dioxide (NO2) will be very toxic.4 The most recent medical ozone gen-
erator can control the electric voltage from 5 kV up to about 14 kV, the space between the
electrodes able to modulate a gradual increase in ozone concentration and the flow of pure
oxygen usually regulated between 1 and 10L/min. The final ozone concentration is inversely
proportional to the oxygen flow, hence, per unit time, the higher the oxygen flow, the lower
the ozone concentration. In the final oxygen–ozone mixture, the maximum ozone con-
centration can be only 5%.

2. BEHAVIOR OF OZONE

A. Ozone as an Oxidant

Ozone has a cyclical structure assessed by the absorption at 253.7 nm with a distance among
oxygen atoms of 1.26 Å and exists in several mesomeric states in dynamic equilibrium5

(Fig. 1). Among oxidant agents, it is the third strongest (E15 12.076V), after fluorine and
persulphate. Molecular oxygen, by containing two unpaired electrons, is a diradical but it has
not the reactivity of ozone and, by a stepwise reduction with four electrons, forms water. On
the other hand, ozone having a paired number of electrons in the external orbit is not a
radical molecule, but it is far more reactive than oxygen and generates some of the radical
oxygen species (ROS) produced by oxygen during mitochondrial respiration. Phagocytes
reacting with pathogens6–8 produce anion superoxide (O�2 ), H2O2, and hypochlorous
acid (HClO) catalyzed by mieloperoxidase. Wentworth et al.9,10 have postulated that in
atherosclerotic patients human endothelium cells may produce ozone, but their findings
remain still doubtful.11 Moreover, H2O2 is produced by almost all cells by the nicotinamide
adenine dinucleotide phosphate (NADPH)-oxydase isoenzymes, indicating the relevance of
ROS in the normal organism. Interestingly, ozone, in the presence of inorganic and/or
organic compounds immediately reacts and generates a great variety of oxidized molecules,
disappearing in a matter of seconds.12

Figure 1. Structure andmesomeric states ofozone.
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B. Ozone as UV screen

In the stratospheric layer, ozone has an average concentration of 10 parts per million (ppm)
and it has the important role to absorb most of the UV radiations, particularly bands B (from
280 to 320 nm) and C (from 100 to 280 nm), which are mutagenic and can enhance skin
carcinogenesis.13 Unfortunately, during the last decades, short-sighted human activities, by
releasing chlorofluorocarbons in the atmosphere, have led to a decreased ozone concentra-
tion, particularly in the Antarctic, which will take several decades to be restored.

C. Ozone as an Air Pollutant

On the other hand, the tropospheric amount of ozone ought to be about 1 mg/m3 (0.001 ppm),
ten times lower than our odor perception threshold for ozone about 20 mg/m3 (0.02 ppm).
However during the last decades, in large cities, ozone levels in summer time can increase up
to dangerous levels ranging from 200 to 900 mg/m3. Moreover, additional anthropogenic
emissions of NO, NO2, methane, CO, sulphuric compound, and fine particulates have
enhanced the toxicity not only for the respiratory tract but also for the eyes and the skin.

The US Clean Air Act has set an ozone level of 120mg/m3 as an 8hr mean concentration to
protect the health of workers.14 Evaluation of recent studies15–18 allows establishing an average
environmental ozone concentration of 90710mg/m3. However, ozone concentration in urban air
can exceed 0.8ppm in high pollution conditions.19,20 For 8hr at rest (a tidal volume of about 10L/
min and a retention of inspired ozone of no less than 80%), the ozone dose amounts to
0.70–0.77mg daily. This is likely the minimal ozone intake because physical activity increases the
volume of inhaled air, and, at peak time, the ozone levels can easily augment to 500–900mg/m3,
reducing pulmonary functions and markedly enhancing the risk of cardiovascular deaths.15,17,18

Ozone levels of 500mg/m3 may not seem too high but one must consider that any single air
inhalation implies an ozone dose that immediately reacts with the airway surface fluid and
immediately at the epithelial lining fluid (ELF) generates the ROS and lipid oxidation products
(LOP) minimally quenched by the scarce antioxidant present in a liquid film of about 0.1mm.21

As a consequence, the whole respiratory tract against the continuous inhalation of ozone-
contaminated air opposes only the ELF’s volume of about 20–40mL,22 which is negligible when
compared to a plasma volume of about 2700mL. Thus, throughout the day we must consider,
neither simply the ozone concentration nor a single respiratory act, but the ozone cumulative
dose that can easily sum up to 1–2 g ozone in 5 months. While ozone vanishes within the ELF,23

the generated ROS, LOP, and nitrating species24–28 damage the epithelial lining. The phos-
phorylation of a protein kinase, by activating the nuclear factor-kB (NF-kB), allows the
synthesis and release of a number of cytokines such as TNFa, IL-1, IL-8, IFNg, and TGFb1.
Moreover, this situation starts a vicious circle because the increased inflow of neutrophils and
activated macrophages into the alveolar space worsens and perpetuates the production of more
ROS including HClO,8,26 tachykinins, proteases, alkenals, and F2-isoprostanes

25,29 able to self-
maintain a chronic inflammation. ROS have a very brief half-life and damage mostly the
pulmonary microenvironment while alkenals and proinflamatory cytokines are absorbed by the
human large expanse (about 70m2) of the bronchial–alveolar space. Recent studies25,30,31 have
detected 4-hydroxynonenal (4-HNE), isoprostanes, H2O2, and malondialdehyde (MDA) in the
bronchoalveolar lavage fluid. The interesting study by Last et al.32 has clearly shown that mice
exposed to 1ppm for 8hr during three consecutive nights lose about 14% of their original body
weight, decrease their food consumption by 42%, and enter into a cachectic state. Another
important aspect of the pulmonary ozone toxicity is its reverberation on the whole organism,
especially on the vascular system, heart, liver, brain, and kidneys. The pharmaco-toxicological
behavior of both LOP compounds, ceramide signaling, and proinflammatory cytokines is
characterized by a continuous absorption from the pulmonary area into the blood and, even
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though the half-life of these compounds is brief,28,33–37 the constant endogenous synthesis
insures a constant toxicity explaining the increased morbidity and mortality of population
inhaling polluted air for several months of the year.

D. Ozone as a Biological Cytotoxic Agent

Either normal or neoplastic cells in culture are very sensitive to a constant exposure of ozone
even if the gas has a very low concentration.38–40 This observation is correct but it has led to the
misleading conclusion that ozone is always cytotoxic. Indeed, we know too well that cells culture
studies are mostly performed with air–CO2 at pH 7.3 but with a pO2 of 160mmHg, i.e. more
than double of cells in vivo. Even more important is the fact that culture media have a sig-
nificantly lower level of antioxidants than plasma, particularly of albumin.41–45 Indeed, the
usual fetal calf serum is added at a 5–10% concentration that is equivalent to hardly 50% of the
albumin present in the extracellular fluid. Among antioxidants, albumin with its available –SH
reducing group is one of the most protective compounds.46 Moreover, antioxidant components
are not dinamically replenished in vitro while cells remain exposed to a constant ozone con-
centration. Obviously ozone dissolves in the fluid every second, exhausts the scarce antioxidants,
and generates toxic compounds that cannot undergo either dilution with extracellular fluid or
excretion. This unfavorable situation has been demonstrated when thiobarbituric acid reactive
substances (TBARS), incubated in vitro at 371C and pH 7.3 in human ozonated plasma remain
at a constant level for 9 hr.47 On the other hand TBARS present in ozonated blood declined
very rapidly with a half-life of 4.271.7min48,49 after intravenous infusion in patients with age-
related macular degeneration (ARMD) demonstrating the relevance of critical pharmacological
properties to be extensively discussed in Section 4A. Moreover, the damaging effect of ozone on
saline washed erythrocytes, totally deprived of the plasma protection, has noticeably con-
tributed to consider ozone as a deleterious gas.

3. MAY OZONE BE USED AS A MEDICAL DRUG?

At first sight, the strong oxidizing properties of ozone discard the possibility that this gas may
display some therapeutic effects. However, even today some ozonetherapists advance the
whimsical idea that ozone, by decomposing in the blood, gifts the body its intrinsic energy
accumulated during its synthesis, as shown

3O2 þ 68; 400 cal! 2O3

On the 19th century, ozone had been already identified as a potent bactericidal gas and it was
used during World War I for treating German soldiers affected by gaseous gangrene due to
Clostridium anaerobic infections. In two pioneristic studies, Stoker50,51 reported the first 21
medical cases successfully treated with ozone at the Queen Alexandria Military Hospital. It
remains uncertain how a Swiss dentist, E.A. Fisch (1899–1966)52 had the first idea to
use ozone as either a gas or ozonated water in his practice. By a twist of fate, a surgeon,
Dr. E Payr (1871–1946) had to be treated for a gangrenous pulpite and remained astonished
by the result achieved with local ozone treatment. He enthusiastically extended its application
to general surgery and at the 59th Congress of the German Surgical Society (Berlin, 1935)
reported ‘‘which other disinfectant would be tolerated better than ozone? The positive results
in 75% of patients, the simplicity, the hygienic conditions and the safety of the method are
some of the many advantages’’.53 In 1936, a French physician, Dr. P. Aubourg successfully
treated chronic colitis and rectal fistulae by the direct insufflation of oxygen–ozone mixture
into the rectum. It seems that Dr. Payr was the first to inject a small volume of the O2–O3 gas
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mixture directly into the human cubital vein, giving rise to a procedure that in the 90s,
adopted by charlatans, became so dangerous to be prohibited. After the invention of the first
medical ozone generator by the physicist Joachim Hansler (1908–1981), the physician Hans
Wolff (1927–1980) deserves the credit for having developed the ozonated autohemotherapy
(O3-AHT) by insufflating ex vivo the gas into the blood contained in a dispensable ozone-
resistant glass bottle. For almost three decades ozone therapy was used in Germany but the
lack of scientific and clinical studies arose scepticism and prejudice still common today.
Lacking the knowledge of the complexity of biological mechanisms, a distinguished chemist
wrote that ‘‘ozone is toxic, no matter how you deal with it and should not be used in
medicine’’ (personal communication to V.B.).54 This negative concept may only be changed
by valid scientific and clinical data. It is worthwhile to mention what Timbrell55 wrote in his
book ‘‘The poison paradox; chemicals as friends and foes.’’ The essential facts are that first it is
the dose that makes a chemical toxic, and second and more important, toxicity results from
the interaction between chemical and biological defenses. Indeed the subtlety and complexity
of biological systems may defy the concept that ozone is always toxic. Interestingly,
Paracelsus (1495–1541) did not know biochemistry but guessed that ‘‘all things are poison
and nothing is without poison, only the dose permits something not to be poisonous.’’56

4. BIOLOGICAL MECHANISMS ELICITED BY OZONE IN HUMAN BLOOD

As it was mentioned, ozone as a gas equilibrates in 5min in pure water and, in a closed glass
bottles, its concentration (about 25% of the ozone concentration in the gas mixture) remains
fairly stable for many hours. However, in a physiological environment, it immediately reacts
with antioxidants, polyunsaturated fatty acids (PUFA), proteins, carbohydrates and, if in
excess, with DNA and RNA.57,58 Thus, ozone leads to the formation of ROS, LOP, and a
variable percentage of oxidized antioxidants.59,60

A. Reactions with Plasma Components

Blood is an ideal tissue because it is composed of about 55% plasma and cells, especially
erythrocytes, able to cooperate for taming the oxidant properties of ozone. The plasma has a
wealth of hydrophilic reductants, such as ascorbic acid (�50 mM), uric acid (�400 mM), and a
little amount of reduced glutathione (GSH). These compounds have been measured before
and after ozonation.61–63 Plasma contains albumin (�45mg/mL) that by virtue of a wealth of
–SH groups, is one of the most important antioxidants also because the plasma pool contains
about 112 g of albumin.46 Moreover, the presence of proteins such as transferrin and cer-
uloplasmin quenches oxidizing reactions by chelating transition metals (mainly Fe21 and
Cu1). Presence of traces of these metals must be avoided because either in the presence of
hydrogen peroxide, via the Fenton’s reaction, or in the presence of anion superoxide (O�2 ) via
the Haber–Weiss reaction, they will catalyze the formation of the most reactive hydroxyl
radical �OH.

Fe2þ þH2O2ÐFe3þ�OHþOH�

O�2� þH2O2Ð
�OHþOH� þO2

Although �OH has a half-life of 1� 10�9 sec, it reacts with any other molecule and
produces another radical. Blood cells contain not only the bulk of GSH (1–5mM) but also
thioredoxin and several lipophilic compounds such as a-tocopherol, retinol, lycopene,
ubiquinol, and a-lipoic acid, which are able to cooperatively reduce oxidized compounds,
thus restoring the initial antioxidant status. Moreover, blood cells contain a variety of en-
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zymes (SOD, catalase, GSPase, GSH-redox system), which cooperate either simultaneously
or in a sequential way to restore the redox system. The work performed during the last 18
years in our lab has clarified the most important compounds generated ex vivo during the
initial reaction of ozone with some plasma components and how these compounds activate
some biochemical pathways in cells revealed by therapeutic effects after the transfusion of
ozonated blood in the donor.

The biochemical effects displayed by ozone when it comes in contact with blood com-
ponents will be briefly reviewed.47,63 After having performed thousands of treatments, the
standard procedure is to add 200mL of a gas mixture composed of medical oxygen (495%)
with ozone (o5%) to 180mL of blood after the previous addition of 20mL of 3.8% sodium
citrate at room temperature. The blood–gas volumes are gently mixed in a sterile glass bottle
by rotation, avoiding gas bubbling. Within 5min, about 1.5mL of O2 and 2.4mL of O3

dissolve in the blood water but their fate is quite different. Oxygen physically diffuses into
erythrocytes and fully saturates hemoglobin (Hb4O8) but in spite of the pO2 as high as
450mmHg, the therapeutic value of oxygenation is irrelevant because the successive infusion
of oxygenated–ozonated blood (about 15mL/min) hardly modify the pO2 (�40mmHg) of
about 5 L/min of the simultaneous venous blood inflow to the heart. On the contrary, ozone
dissolves more readily in plasma water than oxygen, and instantaneously reacts with
hydrosoluble antioxidants and with readily available PUFA bound to albumin.

Several years ago, by using a reliable ozone generator able to deliver precise
ozone concentrations, the first aim was to define if indeed ozone was always deleterious
or if a range of ozone therapeutic concentrations could be determined. The range was
determined between 10 mg/mL gas (0.21 mmol/mL) and 80 mg/mL gas (1.68 mmol/mL)
per mL of anticoagulated blood, corresponding to total ozone doses comprises between
1 and 8mg for 100mL blood, respectively. It was crucial to precisely calibrate the ozone
dose (gas volume� ozone concentration) against the individual variable antioxidant
capacity of the patient’s blood, thereby on one hand avoiding ozone toxicity and, on
the other hand, allowing the activation of several biochemical pathways on blood cells.
It was proven that during the slow mixing of the blood with the gas phase, all the ozone is
consumed in less than 5min. Several studies47,51,59,63–65 have clarified that some albumin
and uric acid behave as sacrificial molecules whereas several antioxidants after oxidation
are rapidly reduced by an efficient recycling system.66,67 Some ozone reacts with PUFA as
follows

leading to the simultaneous formation of 1mol of H2O2 (included among ROS) and 2mol of
LOP.23,68,69

The fundamental ROS molecule is H2O2, which is not ionized but is an oxidant able to
act as an ozone messenger responsible for eliciting several biological and therapeutic
effects.70–75

As it was mentioned, the old concept that H2O2 is always harmful has been widely
revised because, in physiological amounts, it acts as a regulator of signal transduction and
represents a crucial mediator of host defense and immune responses.74,76–80 While exposure
to oxygen is ineffective, ozone causes the generation of H2O2 and of the chemiluminescent
reaction in both physiological saline and plasma.47,81 However, while in saline there is a
consistent and prolonged increase in H2O2, in the ozonated plasma both chemiluminescence
and H2O2 increase immediately but decay very rapidly with a half-life of less than 2min
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suggesting that both antioxidants and traces of enzymes rapidly reduce H2O2 to water.47 In
ozonated blood the reduction of H2O2 is so fast that it has been experimentally impossible to
measure it. H2O2 is able to easily pass through the cell membrane, but the intracellular
concentration increases only 1/10 of the extracellular one.72,74,78 Its relative stability allows
measuring it in plasma; in normotensive subjects its concentration is of 2.5 mM.70,71 In this
case the intracellular concentration of H2O2 will be at the most of 0.25 mM, while the
maximal intracellular concentration that can be generated for signaling purposes during the
ozonation process may reach 0.5–0.7 mM.47 It appears ubiquitous as it has been detected in
urine and in exhaled air.71 Depending upon its local concentration and cell-type, H2O2 can
either induce proliferation or cell death.78,80,82,83 It can regulate vascular tone by causing
constrictions of vascular beds or vasodilatation although it remains uncertain if it acts as an
endothelium-derived hyperpolarizing factor.84

A very enlightening finding was achieved by evaluating the variation of the total anti-
oxidant status (TAS) as measured by the Rice-Evans and Miller’s method85 in plasma after
ozonation and 1min rapid mixing of the liquid–gas phases of either fresh blood or the
respective plasma withdrawn from the same ten donor.

Figure 2 shows that, after ozonation of plasma with either a medium or a high ozone
concentration (0.84 mmol/mL or 1.68 mmol/mL of gas per mL of plasma, respectively), TAS

Figure 2. Kinetics of TAS levels in plasma (top) and in blood (bottom) samples fromdonors (n510; mean1SD; unpublished

results). Plasma and blood samples were exposed for 1min either O2 (control, ) or O2--O3 with ozone concentrations of 40 (& )

and 80 (K) mg/mL.
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level progressively decreases at first and then remain stable after 20min.47 The decrease was
ozone-dose dependent and varied between 46 and 63%, respectively. Conversely, TAS levels
in blood treated with the same ozone concentrations only decreased from 11 to 33%,
respectively, in the first minute after ozonation. Then they recovered and returned to the
original value within 20min, irrespective of the two ozone concentrations, indicating the
great capacity of blood to regenerate oxidized antioxidants, namely, dehydroascorbate and
GSH disulfide (GSSG). Indeed, Mendiratta et al.66,67 have found that dehydroascorbate can
be recycled back to ascorbic acid within 3min. Similarly, only about 20% of the in-
traerythrocytic GSH has been found oxidized to GSSG within 1min after ozonation, but
promptly reduced to normal after 20min.86 These data were enlightening and showed that
the therapeutic ozonation modifies only temporarily and reversibly the cellular redox
homeostasis. There is now full agreement that ascorbic acid, a-tocopherol, GSH, and lipoic
acid, after oxidation, undergo an orderly reduction by a well-coordinated sequence of elec-
tron donations.87

LOP production follows peroxidation of PUFA present in the plasma: they are
heterogeneous and can be classified as lipoperoxides (LOO), alkoxyl radicals (LO),
lipohydroperoxides (LOOH), F2-isoprostanes, and alkenals, among which 4-hydroxynonenal
(4-HNE), acrolein and MDA. As free radicals and aldehydes are intrinsically deleterious,
only precise and appropriate ozone doses must be used in order to generate them in
very low concentrations. Figure 3 comparatively shows the modifications of plasma
levels of TBARS, hemolysis, TAS, and protein thiols in a typical experiment when 13 human
blood samples were exposed to air, O2, or either 40 or 80 mg/mL ozone concentrations.
Plasma TBARS in vitro are far more stable than ROS,47 but, upon blood reinfusion,
they have a brief half-life owing to a marked dilution in body fluids, excretion (via urine and
bile), metabolism by glutathione-S-transferases (GST) and aldehyde dehydrogenase
(ALDH).

Among the aldehydes, 4-HNE is quantitatively the most important. It is an amphipathic
molecule and reacts with a variety of compounds such as albumin, enzymes, GSH, carnosine,
and phospholipids.88,89 There is no receptor for 4-HNE but Poli et al.89 have reported that,
after binding to more than 70 biochemical targets, it exerts some deleterious activity. Luckily,
intracellular concentrations of GSH are high enough to frequently prevent or remove 4-HNE
from adducts with enzymes. Owing to the unexpected stability of 4-HNE when samples of
ozonated human plasma were incubated at 371C for 9 hr, it was postulated that ozone, for its
high solubility in the plasmatic water, steric reasons, and the abundance of albumin mole-
cules prefers to target their bound PUFA. The scheme presented in Figure 4 envisages the
events occurring in the plasma phase. It appears reasonable that during the rapid reaction of
ozone with albumin PUFA in water, the suddenly generated aldehydes, mainly 4-HNE, will
immediately form adducts with contiguous albumin molecules. This hypothesis is now well
supported by recent findings,90–92 which have shown that human albumin, rich in accessible
nucleophilic residues, can quench up to 11 different 4-HNE molecules, the first being with
Cys34, followed by Lys199 and His146. These important data clarify why ex vivo ozonation
of blood does not harm the vascular system during the infusion of ozonated blood. The
albumin-4-HNE adducts, not only are rapidly diluted in the blood pool but, being trans-
ferred into the extravascular pool, represent only a small aliquot of the whole albumin pool,
containing as much as about 310 g protein. On this basis, it would be worthwhile exploring
whether either the 4-HNE-modified albumin has an abnormal fate or how the aldehyde is
released into other cell compartments, thus becoming able to trigger biochemical mechan-
isms. 4-HNE is the major product of peroxidation of n-6-PUFA, its concentration in normal
plasma varies from 0.07 to 0.15 mM and increases with aging.93,94 Needless to say that a
constant increase in peroxidation as it happens after ischemia-reperfusion, CCl4 intoxication,
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Figure 3. Thirteenhumanblood samples were exposed toair (control), or O2, or O2--O3 with ozone concentrations of 40 and

80mg/mL for1min.WhileTBARS,TAS, andPTGlevels vary significantly (po0.01) afterozone exposure, there is anegligible increase

in hemolysis. (Bocci V. How does ozone act? Oxygen--ozone therapy. A critical evaluation, chap.13. Figure 40. Kluwer Academic
Publishers; 2002. p114.With kind permission from Springer Science1Business Media, formerly Kluwer Academic Publishers.)
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ADP-iron overload, and chronic inflammation typical of some infections disease, diabetes,
atherosclerosis, cancer, and degenerative pathologies causes a marked increase in 4-HNE
levels, especially in the affected tissues. However, aerobic organisms, for accommodating the
toxicity of aldehydic compounds, have simultaneously developed detoxifying systems37,95–99

and their evaluation is relevant because the infusion of the ozonated blood into the donor
patient implies an amount of an albumin-4-HNE adduct.

The following three processes schematically indicated in Figure 5 clarifies why 4-HNE is
not a risk:

(1) Dilution: The highest concentration of 4-HNE measured after exposing 180mL of
human blood to the highest ozone amount (16mg) is less than 1mM in the plasma.
During the 20min intravenous infusion, the aldehyde will be promptly diluted in a
total plasma-extracellular fluid volume of about 11L, causing a transitory increase in
the plasma level up to about 0.1 mM.

(2) Detoxification: Metabolism of 4-HNE is extremely fast either because small amounts
of aldehydes interact with billions of cells endowed with several detoxifying enzymes
such as ALDH, aldose reductase, and GST or the formation of an adduct with
GSH.36,37,98–100 Several authors96,101,102 have determined a metabolic rate so high to
conclude that ‘‘even with very high lipid peroxidation rates, 4-HNE cannot accumulate
in an unlimited way’’.89 These data are in agreement with our results in six patients
when we could assess a half-life of infused TBARS of 4.271.7min.48,49 On the
contrary when the same preparation in ozonated plasma was incubated (at 1371C, pH
7.3) in acellular medium, TBARS levels hardly declined during the next 9 hr.47

Figure 4. The scheme helps to imagine the multiplicity of substrate reacting with ozone dissolved in plasmatic water. Small

circles, triangles, and squares symbolyze hydrosoluble antioxidants present in 100mL of human blood (uric acid 4.5mg/dL,

ascorbic acid1.5mg/dL, glucose 80mg/dL, etcy). Large albuminmolecules (4,000mg/dL) exposing --SH groups form a cloud

over the cellmembraneandprotect it.Molecules suchas transferrinandceruloplasminbind Fe
31

andCu
1
andprevent formation

of OH
�
.The exogenous additionof 4--8mgofozone to100mLof blood is transitoryand controlled byantioxidants. In contrast, the

endogenous production of ROS is continuous andbarely quenched by intracellularantioxidants.
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(3) Excretion: Partially metabolized LOP are eliminated into both bile after hepatic
detoxification and urine after renal excretion. In the rat, 4-HNE was detected in the
urine as mercapturic acid conjugates.35,98,103,104

In normal conditions, owing to the efficiency of these processes, only submicromolar
concentrations of LOP can reach organs such as bone marrow, endocrine glands, and even
hypothalamic areas deprived of the blood–brain barrier where, via a variety of kinases and
even a possible receptor for F2-isoprostanes, may act as a signaling event of an ongoing acute
oxidative stress105–110 (Fig. 5). As a first conclusion it is clear that the ozonation process
either happening in blood ex vivo or in an intramuscular site represents an acute, albeit small,
oxidative stress. However, this process is acceptable only if the ozone is precisely calibrated
against the antioxidant capacity of either blood or the injected tissue. Moreover, the ozone
dose must never lower the antioxidant capacity more than 30% with a process lasting only a
few minutes during which ozone reacts and disappears after leaving its messengers. Thus, the
process of blood ozonation ex vivo has been characterized by the formation of ROS and LOP
mainly acting in two phases. Among ROS, H2O2 is the earliest messenger rising and
disappearing within 1min in the plasma, while LOP during drug infusion in the donor reach
the vascular systems, act on endothelial cells, and eventually reach parenchymal cells. Their
pharmacodynamics minimize their potential toxicity thus making LOP as late and effective
messengers.

B. The Effect of Ozone Messengers Onto Blood Cells

There are two questions to be clarified: first, does ozone directly activate the cells? Our
methodological approach and experimental results exclude this possibility because when
blood is gently mixed ex vivo with O2–O3, ozone dissolves rapidly in the water of plasma and
there it immediately reacts with antioxidants and PUFA. Blood cell membrane phospholipids
surrounded by a cloud of albumin molecules do not come in contact with ozone molecules
because the calculated ozone dose is rapidly exausted (Fig. 4). This dangerous interference
has been excluded by either a negligible hemolysis, or a change of the hematocrit value, or
leakage of K1 and lactate dehydrogenase, or a change of osmotic fragility, or of electro-
phoretic mobility, or increased methemoglobin.47,54,65,111,112 Levels (mg/dL) of fibrinogen,
cholesterol, triglycerids, HDL, and LDL in plasma are not modified even using the excessive

Figure 5. The multivariate biological response of the organism to ozonated blood can be envisaged by considering that

ozonatedblood cells and the generated LOP interact withanumberoforgans.Someof these represent real targets (liver in chronic

hepatitis, vascular system for vasculopathies), while other organs are probably involved in restoring normal homeostasis. Gastro-

intestinal tract (GIT); mucosal associated lymphoid tissue (MALT).
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ozone concentration of 160 mg/mL per mL of blood.112 Equally important is the stability of
enzymes such as SOD, GSH-Pase, GSH-RD, and G6PDH in the erythrocytes.112 Moreover,
Shinriki et al.65 after isolating the erythrocytic membranes after blood ozonation within the
therapeutic range did neither detect a decrease in aa-tocopherol nor an increase in MDA.

It is unfortunate that in the past other authors57,68,113–117 have reported that erythrocytes
isolated from plasma, after three washings with saline and suspension in protein-free saline,
undergo structural changes and intense hemolysis when exposed to ozone. These misleading
and unphysiological data have greatly contributed to emphasize the ozone cytotoxicity,
which obviously was enhanced by removing plasma antioxidants.116 Moreover, the critical
protective effect of plasma antioxidants has been emphasized in two recent studies.118,119

These results were particularly evident on saline-washed blood mononuclear cells (BMC)
with a marked decrease in mitochondrial functions.118 Our thinking is well supported by
other data47,120,121 as well as recent results (Fig. 6) obtained after excessive ozonation of
samples of normal human blood either collected in heparin or in sodium citrate. Interest-
ingly, heparinized samples were far more susceptible to ozone most likely because of the
remaining physiological Ca21 level: in fact, a further addition of 2.5–5mM Ca21 enhanced
the hemolysis up to 40%.

Second, how ozone messengers activate blood cells? Initially, the sudden formation of an
H2O2 gradient between the ozonated plasma and the intracellular fluid causes the rapid
passage of about 10% H2O2 into the blood cell cytoplasms and represents the triggering
stimulus: depending upon the cell type, different biochemical pathways can be concurrently
activated in erythrocytes, leukocytes, and platelets resulting in numerous biological effects.
The rapid reduction of H2O2 to water is operated by the high concentration of intracellular
GSH, CAT, and GSPase but, nonetheless, H2O2 must be above the threshold concentration
for activating several biochemical pathways as follows.

The mass of erythrocytes mops up the bulk of H2O2: GSH is promptly oxidized to GSSG
and the cell, extremely sensitive to the reduction of the GSH/GSSG ratio, immediately
corrects the unbalance by either extruding GSSG, or reducing it with GSH-Rd at the
expenses of ascorbate or of the reduced NADPH, which serves as a crucial electron donor.
Next, the oxidized NADP is promptly reduced after the activation of the pentose phosphate

Figure 6. Kinetics of hemolysis in relation to ozone concentration (mg/mL per mLof blood). Blood of five donors was treated

with CPD () or with 30U/mL heparin (K) (mean1SD). (Bocci V.What happens in the intracellular environment after blood ozo-

nation? Oxygen--ozone therapy. A critical evaluation, chap. 14. Figure 43. Kluwer Academic Publishers; 2002. p 123. With kind

permission from Springer Science1Business Media, formerly Kluwer Academic Publishers).

THEOZONEPARADOX K 657

Medicinal Research Reviews DOI 10.1002/med



pathway, of which glucose-6-phosphate dehydrogenase (G6PDH) is the key enzyme. In
patients with ARMD, after 13 O3-AHT, a small increase in ATP formation has been de-
termined but whether this is due to the activation of the pentose cycle or to an increase in
phosphofructokinase activity or to both remains to be clarified. The reinfused erythrocytes,
for a brief period, enhance the delivery of oxygen into ischemic tissues because of a shift to
the right of the oxygen–hemoglobin dissociation curve, due either to a slight decrease in
intracellular pH (Bohr effect) or/and an increase in 2,3-diphosphoglycerate (2,3-DPG) levels
as shown in Figure 7 (unpublished data). Obviously, an increase in this metabolite has a great
significance because it enhances a shift to the right of the oxygenated hemoglobin, hence an
increase oxygen delivery to hypoxic tissues. However, Figure 7 shows that the increase has
been noted only in three patients where the initial levels were rather low. Thus, this
observation needs to be explored in a large number of patients and it will be also necessary to
clarify the activation of 2,3-bisphosphoglycerate mutase. Needless to say that one auto-
hemotherapeutic treatment has a minimal effect and we need to ozonate at least 3–4L of
blood within a period of 30–60 days.

In another small group of five ARMD’s patients after 15–17 O3-AHT, an increase in
some antioxidant enzymes has been determined (Fig. 8). This result has been reported also by
other authors122,123 and it is likely that LOP act as repeated stimuli on the endothelium and
bone marrow and cause the adaptation to the ozone stress during erythrogenesis. Whether
the enzymatic levels remain sustained for several months during the maintenance therapy
need to be evaluated.

Another relevant finding was that in four patients with ARMD, after a cycle of 13 O3-AHT
treatments (in which ca. 3.8L of blood were ozonated within 7 weeks), isopycnic centrifugation of
blood separated old (heavy) and young (light) erythrocytes (RBC), which showed a marked
increase in G6PDH in the young erythrocytic fraction generated during the course of ozone
therapy (Table I). Whether the enzymatic levels remain sustained with time need to be evaluated.
G6PDH activity, expressed as nmol/hr/mg hemoglobin, in total red blood cells was either 357791
or 406740, before and after the ozone therapy, respectively. While the enzymatic increase in the

Figure 7. 2,3-DPGlevel variations in four patientsperformedbefore treatment (Basal), after 6--7 treatments (Intermediate), and

at the end of treatments (Final). Insert shows the statistical dispersion (mean7SD) of the data (unpublished results).
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whole erythrocyte population was understandably small, it was found markedly enhanced from
5507157 to 7487182 in very young (light) erythrocytes before and after ozone therapy, respec-
tively. In the so-called old erythrocytes, which practically include the bulk of cells (20–120 days
old), G6PDH obviously increased only from 3107127 up to 435787nmol/hr/mgHb. It is ne-
cessary to mention that the percentage of either young or old erythrocytes remained practically
constant throughout the treatments (unpublished data). As a consequence, a patient with chronic
limb ischemia (Phase II) undergoing ozone therapy shows a clinical improvement due to the
formation of successive cohorts of erythrocytes progressively more capable of delivering oxygen to
his ischemic tissues.

Although ozone is one of the most potent disinfectants, it has been shown124,125 that
ozone cannot inactivate bacteria, viruses, and fungi in vivo because, paradoxically, the pa-
thogens are well protected, particularly inside the cells, by the powerful antioxidant system.
Thus, the favorable effect of ozone therapy in some infectious diseases has been interpreted
as due to ozone acting as a mild enhancer of the immune system, by activating neutrophils
and stimulating the synthesis of some cytokines.64,76,77,79,86,126,127 Once again the crucial
messenger is H2O2 that after entering into the cytoplasm of BMC, by oxidizing selected
cysteines, activates a tyrosine kinase, able to phosphorylate the transcription factor NF-kB.
The release of an heterodimer, via effector genes, causes the synthesis of several proteins,
among which, the acute-phase reactants, adhesion molecules, and numerous pro-in-
flammatory cytokines. This process, checked by a phosphatase or inhibited by cytoplasmic
antioxidants, is very transitory. The release of several cytokines from ozonated blood upon in

Figure 8. Increase inantioxidantenzymes in ARMDpatientsafter 20--24O3-AHTsperformedduring 7--8weeks (n510,mean

1SD; unpublished results).

Table I. Evaluation of G6PDH Activity in Total, Young and Old Red Blood Cells (RBC) in Blood

Samples from Four Patients With Age-Related Macular Degeneration Before and After an Ozone

Therapy Cycle of 13 Treatments (Unpublished Results)

G6PDH activitya

Total RBC Young RBC Old RBC

Before treatment (n5 4) 356.8790.7 550.37157.5 310.77127.3

After treatment (n5 4) 406.2740.4 784.27181.9 438.8786.7

a
G6PDH activity expressed as nmol/hr/mg hemoglobin in whole erythrocyte population and in young and old

fractions before andafter13 O2/O3 treatments. Results represent mean value7SD.
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vitro incubation has been measured since 1990.128 Once the ozonated leukocytes return into
the circulation, they home in lymphoid microenvironments and successively release cytokines
acting in a paracrine fashion on neighboring cells with a possible reactivation of a depressed
immune system. This process, described as the physiological cytokine response,129 is a part of
the innate immune system and helps us to survive in a hostile environment. One of our most
interesting result has consisted in observing the variable individual production of IL-8 by
blood donors in 13 blood ozonated samples.130 Figure 9 shows that the different release of
IL-8 by medium and high ozone concentrations indicates the presence of high, medium, and
no responders. The result was interpreted as due to both genetic factors and variable levels of
plasma antioxidants.

During ozonation of blood, particularly if it is anticoagulated with heparin, an ozone-
dose-dependent increase in activation of platelets has been noted131,132 with a consequent
release of typical growth factors, which will enhance the healing of chronic ulcers in ischemic
patients (Fig. 10). Whenever possible, albeit with caution, the use of heparin as an antic-
oagulant is preferable to sodium citrate because, by not chelating plasmatic Ca21, reinforces
biochemical and electric events.

Finally, during the reinfusion of the ozonated blood into the donor, the vast expanse of
the endothelial cells is activated by albumin-LOP resulting in an increased production of NO,
plasma S-nitrosothiols, and S-nitrosohemoglobin.133–136 Figure 11 shows the in vitro pro-
duction of nitrite by human vascular endothelial cells after addition of human ozonated
serum. Production of NO � was markedly enhanced by the addition of L-arginine (20 mM)
and was potentiated by O3, while it was inhibited in the presence of the NO � inhibitor N-o-
nitro-L-arginine-methyl ester (L-NAME). While NO has a half-life of less than 1 sec, protein-

Figure 9. Effect of 1min exposure of either O2 or O3 (40 and 80mg/mL) on the production of IL-8 after 8 hr incubation of 13

blood samples. Average values are reported in the lower panel after subtraction of control values.
�
Significant difference (po0.01)

compared with samples treated with O2. The variable production of IL-8 among donors is noteworthy, particularly the lack of

productionof donors no. 3 and12 likely due to ahighTAS level. (Bocci V.What happens in the intracellularenvironment after blood

ozonation?Oxygen--ozone therapy. A critical evaluation, chap.14. Figure 53. Kluwer Academic Publishers; 2002. p134.With kind

permission from Springer Science1Business Media, formerly Kluwer Academic Publishers).
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Figure 10. Release of factors fromhumanplatelets during1, 2, and 4hr incubation.The same PRPsamples collected either in

heparin or ACD were not exposed (control), or exposed to O2 alone or to O2--O3 at concentrations of 20, 40, and 80mg/mL for

30 secbefore incubation.Statistical significance is indicatedby (
�
) for intergroupanalysis and (1) for intragroupanalysis. (Bocci V.

Whathappens inthe intracellularenvironmentafter bloodozonation?Oxygen--ozone therapy.Acritical evaluation, chap.14.Figure
65. Kluwer Academic Publishers; 2002. p 158. With kind permission from Springer Science1Business Media, formerly Kluwer

Academic Publishers).

Figure 11. Production of nitrite by HUVECs, measured after 24hr incubation, after addition of normal human serum either

oxygenatedorozonated (at 40and 80mg/mL).Effectsofadditionof L-arginineand L-NAME.Thedataarepresentedas themean1

SD of six different experiments. (Bocci V. What happens in the intracellular environment after blood ozonation? Oxygen--ozone
therapy. A critical evaluation, chap.14. Figure 68. Kluwer Academic Publishers; 2002. p 165.With kind permission from Springer

Science1Business Media, formerly Kluwer Academic Publishers).
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bound NO can exert vasodilatation also at distant ischemic vascular sites with relevant
therapeutic effect. There is little doubt that the therapeutic advantage observed in many
patients with peripheral obstructive arterial disease (POAD) is due to multiple factors such as
an increased release of oxygen due to vasodilation by trace amounts of NO and CO, and an
increased availability of growth factors from platelets.

All of these data emphasize that submicromolar LOP levels can be stimulatory and ben-
eficial,137 while it is well established that micromolar levels can be toxic.89 This conclusion
reinforces the concept that optimal ozone concentrations are critical for achieving a therapeutic
result: too low concentrations are practically useless (at best elicit a placebo effect), too high
may elicit a negative effect (malaise, fatigue), so that they must be just above the threshold level
to yield an acute, absolutely transitory oxidative stress capable of triggering biological effects
without toxicity. There is no doubt that the process of blood ozonation must be precisely
controlled with a calculated ozone dosage: at this condition it is not deleterious and actually
capable of eliciting a multitude of useful biological responses and, possibly, reversing a chronic
oxidative stress due to ageing, chronic infections, and the several diseases grouped within the
metabolic syndrome. Indeed the ozonotherapeutic act has been interpreted as a safe ‘‘ther-
apeutic shock’’ able to restore homeostasis.138 These aspects are critical and imply two draw-
backs: first, if the ozone generator is not well calibrated or periodically checked, it may release
erroneous and dangerous ozone amounts and, second, if the ozonetherapist does not fully
understand the ozonation process, he may do some mistakes and jeopardize the approach.
Other aspects regarding the future of ozone therapy will be evaluated in Section 9.

5. IS OZONE ABLE TO INDUCE AN ADAPTATION TO CHRONIC OXIDATIVE
STRESS?

That ozone, one of the most potent oxidizer, may induce an antioxidant response capable of
reversing a chronic oxidative stress at first sight seems a paradoxical concept. However, this
concept has become common in the animal and vegetal kingdoms.147–150 Any change of the
external or internal environment disturbs cell homeostasis, but if the stress is tolerable, or
carefully calibrated in intensity, the cell or the organism can adapt to it and survive. If it is
excessive or the cell is already damaged, the cell programmes its own death. Stresses include
hyperthermia, hyperoxia, ischemia, hypoglycemia, pH modifications, radiation, very likely
mental and hormonal derangement, and chronic infections, which imply an excessive ROS
and LOP production. Obviously, ozone has to be included and the phenomenon of ozone
tolerance is now well known. The concept of ‘‘ischemic preconditioning’’ for the heart, which
after undergoing a brief, nonlethal period of ischemia can become resistant to infarction from
a subsequent ischemic insult was pioneered by Murry et al.151 ‘‘Oxidative preconditioning’’
has been also well demonstrated.152–157 Therefore, it is of interest that small amounts of ROS
and LOP can elicit the upregulation of antioxidant enzymes on the basis of the phenomenon
described under the term of ‘‘hormesis.’’158–162 On the basis of this phenomenon that says
‘‘the exposure of an organism to a low level of an agent, harmful at high levels, induces an
adaptive and beneficial response,’’159,160,163 it has been postulated that LOP, by acting as
long-distance messengers, can transmit to all organs the information of an acute oxidative
stress.54 The bone marrow is particularly relevant because it can upregulate antioxidant
enzymes during erythrogenesis and may allow the release of staminal cells for possibly
regenerating infarcted organs.

The oxidative preconditioning or, as we prefer, the adaptation to the chronic oxidative
stress has been now demonstrated experimentally.40,45,48 The increased synthesis of enzymes
such as SOD, GSPase, GSH-Rd, and CAT has been repeatedly determined in experimental

662 K BOCCI ETAL.

Medicinal Research Reviews DOI 10.1002/med



animals and in patients (reviewed in 57). Iles and Liu164 have demonstrated the 4-HNE, by
inducing the expression of g-glutamate cysteine ligase, causes an intracellular increase in
GSH, which plays a key role in antioxidant defence. Furthermore LOP induce oxidative
stress proteins, one of which is heme-oxygenase I (HO-1 or HSP-32) that, after breaking
down the heme molecule, delivers very useful compounds such as CO and bilirubin.165–171

Bilirubin is a significant lipophilic antioxidant and a trace of CO cooperates with
NO in regulating vasodilation by activating cyclic GMP. Fe21 is promptly chelated by the
upregulated synthesis of ferritin.172 The induction of HO-1 after an oxidative stress
has been described in thousands of papers as one of the most important antioxidant
defence and protective enzyme. Both mild ozone inhalation and ozonated plasma
induce HSP-70.170,173 When ozone is judiciously used in small doses, can become a
useful drug able to correct an otherwise irreversible state of oxidative stress. There are
serious pathologies such as chronic infections, neurodegenerative, and autoimmune
diseases in which a vicious imbalance between overproduced oxidants and depleted
antioxidant defenses become established and lead to death. How modern medicine correct
this imbalance? Several therapeutic approaches among which administration of antioxidants
with addition of N-acetylcysteine have been often reported174–176 but they are only partly
successful.

The ozone treatment is now envisaged as a transitory and miniaturized oxidative stress
resulting in a sort of therapeutic ‘‘shock’’ for the ailing organism. Ozone acting as a prodrug,
realizes this shock because generates a number of messengers able to reach all cells in the
organism (Fig. 5).

Submicromolar levels of LOP act as key mediators and in still responsive cells may
activate a sequence of biochemical mechanisms able to reactivate gene expression leading to a
renewed synthesis of HSP and antioxidant enzymes. If the disease has gone too far, cells
become anergic and are unable to respond to the treatment. Indeed, we have observed that
after intensive chemotherapy, preterminal cancer patients do not improve with ozone ther-
apy. That is also the reason why we always start using low ozone concentrations just above
the threshold level to better achieve the ozone tolerance and in-line with the old concept
‘‘start low, go slow.’’ Moreover, the stimulation of the endocrine and central nervous systems
may help to understand why most of the reactive patients during prolonged ozone therapy
report a feeling of euphoria and wellness probably due to an improved metabolism as well as
to an enhanced hormonal or neurotransmitters release.

6. WHICH ARE THE ROUTES OF OZONE ADMINISTRATION?

Table II shows that ozone can be administered with great flexibility but it should never be
injected intravenously as a gas because of the risk of provoking oxygen embolism, given the
fact that the gas mixture contains always no less than 95% oxygen. So far the most advanced
and reliable approach has been the O3-AHT because, on the basis of the patient’s body
weight, a predetermined volume of blood (200–250mL) to which has been added either
sodium citrate 3.8% (119mL blood) or heparin (20 IU/mL of blood) can be exposed to an
equal volume of gas (O2–O3) in a stoichiometric fashion, with the ozone concentration pre-
cisely determined by using an ozone-resistant, disposable 500mL glass bottle under vacuum.

This simple, inexpensive (all the necessary disposable material costs about 12 US$)
procedure has already yielded therapeutic results in vascular diseases superior to those
achieved by conventional medicine (discussed in Section 7A). Moreover, the therapeutic
modalities, until now restricted to major AHT and to the empirical and imprecise rectal
insufflation of gas,139,177,178 have been extended: they include the quasi-total body exposure
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to O2–O3
140,179 and the extracorporeal blood circulation against O2–O3.

141 The latter
procedure is rather invasive because blood collected from a vein circulates through an
ozone-resistant gas exchanger180,181 and, with the help of a peristaltic pump, returns to the
circulation via a contralateral vein. On the other hand, the partial cutaneous exposure to
oxygen–ozone does not need any venous puncture and, owing to the vast expanse of the skin,
allows a generalized and beneficial effect. Clearly, today we can select the most suitable
method for different pathologies, their stage, and the patient’s condition. A discussion on its
own is needed for the minor AHT, which basically consists of withdrawing 5mL of blood to
be immediately and vigorously mixed for 1min with an equal volume of O2–O3 at an ozone
concentration ranging between 80 and 100 mg/mL of gas per mL of blood already extensively
described.142 The slightly oxidized blood, including the foam, is promptly injected into the
gluteus muscle without the need of any anesthetic. As an unspecific immunomodulatory
approach, it has been widely used during the last two decades for successfully treating
herpetic infections.143

The slight hemolysis (�2%) is purposefully required because the heme released in the
gluteal muscle will stimulate the synthesis of HO-1.165,171

7. WHICH DISEASES ARE SUITABLY TREATED WITH OZONE THERAPY

On the basis of the mechanisms 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 in intraerythrocytic 2,3-DPG level; (b) by
improving oxygen delivery, it enhances the general metabolism; (c) it upregulates the cellular
antioxidant enzymes and induces HO-1 and HSP-70; (d) it induces a mild activation of the
immune system and enhances the release of growth factors; (e) it has an excellent disinfectant
activity when topically used, while this is negligible in the circulation owing to blood anti-
oxidant capacity; (f) it does not procure acute or late side effects;182 (g) it procures a sur-
prising wellness probably by stimulating the neuro-endocrine system. It does seem that
ozone, by acting on many targets, can indirectly help in recovering functional activities gone
astray because of a chronic disease and, if this interpretation is correct, ozone therapy acts as
a biological response modifier. Although ozone therapy is now used in many countries, it is

Table II. Routes of Ozone Administration

Parenteral Topical or locoregional

Intra-arterial (IA)a

Intramuscular (IM) Nasalb

Subcutaneous (SC) Tubalb

Intraperitoneal (Ipe) Auricular

Intrapleural (IPL) Oralb

Intra-articular (IPL) Vaginal

(a) Periarticular Urethral and intrabladder

(b) Myofascial Rectal

Intradiscal (ID) Cutaneous

Intraforaminal (IF) Dental

Intralesional (Iles)c

a
No longer used for limb ischemia.Hepatic metastasis could be embolized via the hepatic artery.

b
To be performed during 30--40 sec apnea.
c
Intratumoral or via a fistula.
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mostly used by private physicians and the performance of large clinical trials has been
severely hampered by lack of sponsors, disinterest of pharmaceutical as well as health
authorities, and prejudice by clinical scientists. However, a number of studies have been
performed with the following results:

A. Peripheral Obstructive Arterial Diseases

Even a modest obstruction of limb arteries due to atherosclerosis, diabetes, or Buerger’s
disease (thromboangiitis obliterans) leads to a progressive reduction of blood flow to the feet.
Tissue ischemia and any minor trauma facilitate the formation of an ulcer, which will not
heal because oxygen, nutrients, and growth factors indispensable for the repair process are
lacking. This pathology is the best suited to be treated with O3-AHT. According to Fontaine-
Leriche classification, patient at either stage II (intermittent claudication and transitory
pain), or stage III (continuous pain, cyanosis, and possibly initial ulcers) achieve the best
results. Stage IV includes incipient necrosis of toes and unbearable pain leads to surgical
amputation that can be avoided with O3-AHT in about 50% of cases.183–185 In comparison
to pentoxyfilline and prostanoids (the gold standard of orthodox treatment), O3-AHT has
proved more effective and without side effects in ischemic vascular disease. In a small trial, 28
patients were randomized to either receive their own ozonated blood or an IV infusion of
prostacyclin.186 All patients continued conventional treatment with statins, antihypertensive,
and antiplatelet aggregation drugs. Ozone therapy proved more effective than prostacyclin in
terms of pain reduction and improvement in the quality of life, but no significant difference
was seen in vascularization of the lower limbs in either group, most likely due to the short
duration of treatment (14 treatments in 7 weeks). More prolonged treatments lead to a
satisfactory healing of ulcers.187 Previous studies122,188–194 have shown the validity of
O3-AHT in this complex pathology, but it is a mistake to stop therapy too early in these
patients because O3-AHT, as with other conventional drugs, must be continued, albeit less
frequently, for life. An improved schedule on a trial in progress consists of two O3-AHT
(225 mL blood plus 25mL 3.8% sodium citrate solution), given weekly for at least 4 months.
Topical therapy performed with ozonated olive oil is extremely useful when initial dry
gangrene or ulcers are present. The frequency of O3-AHT depends upon the stage of the
disease and regarding the III and IV stages it can be done every day in the attempt to prevent
amputation. How well O3-AHT works it appears evident by the fact that the nocturnal
excruciating pain disappears after the first two to three treatments, indicating the improve-
ment of blood flow in the ischemic tissue and the lack of ‘‘stealing’’ blood away from
underperfused muscle.

On January 2008, the Lancet published a double-blind, placebo controlled study
(ACCLAIM trial) in 2,426 patients with New York Heart Association (NYHA) functional
classes II–IV chronic heart failure (CHF).195 Beside standard medication, the experimental
group during a period of some 24 weeks, underwent about 25 intragluteal injections each
patient receiving 10mL of its own blood heavily oxidized with ozone associated with UV
irradiation and heating at 42.51C. It is unbelivable that 10mL of blood were oxidized with as
many as 75mg of ozone, a dose that kills all cells and denature plasma proteins. This
procedure, which is a sort of minor O3-AHT,196 had been invented with the aim to produce
immunosuppressive compounds able to counteract the pathophysiological mechanisms
responsible for the progression of CHF. Results have been disappointing because no dif-
ference in the composite endpoint of death for cardiovascular reasons between the control
and the experimental group were noted. A few researchers197–200 have criticized the approach
that had been also a failure in the previous Simpadico trial in patients with chronic limb
ischemia.201 Actually this trial was stopped because of the risk of inducing neoplasia. This
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approach has been discussed here because, being based on an irrational concept, may
undermine the progress of the real O3-AHT that utilizes the minimal amount of ozone just
sufficient for triggering useful biological activities.

Millions of people suffer from chronic limb, brain, and heart ischemia, which represent
the major cause of death worldwide. This has a huge socio-economic impact, particularly in
the developing world. If only orthodox medicine will accept O3-AHT as an adjunct to
standard medication, a great leap forward will be noted.

B. Age-Related Macular Degeneration

In the UK alone, some 200,000 patients affected by the ‘‘dry’’ (atrophic) form of ARMD are
suitable for treatment with O3-AHT,202 but all over the world there are about 30 million
people searching for a therapy. Nonetheless, ophthalmologists can only prescribe anti-
oxidants and zinc, which are minimally effective.203,204 Since 1995, almost 1,000 patients with
the dry form of ARMD have been treated with O3-AHT at our polyclinic and three-quarters
have shown an improvement of one to two lines on the visual acuity chart.144,205

Usually 15–18 treatments, at an initial ozone concentration of 20 mg/mL of gas per mL
blood, slowly upgraded to 60 mg/mL (twice weekly), followed by two monthly session as a
maintenance therapy, allows to maintain the improvement. Although uncontrolled, this
study emphasizes that O3-AHT is the only treatment able to dramatically improve the pa-
tient’s quality of life. In this disease there is progressive degeneration and death of the fovea
centralis photoreceptors and of the pigmented retinal epithelium (PRE) as a consequence of
several factors, one of which is chronic hypoxia. Although O3-AHT induces a pleiotropic
response, the main advantage is due to an increased delivery of oxygen to the retina, which is
the bodily tissue with the highest oxygen consumption. It is worth noting that O3-AHT is
useless, even harmful, in the exudative form of ARMD and in multigenic and progressive
disorders (e.g., retinitis pigmentosa and recessive Stargardt’s disease).206 The exudative form,
characterized by an aberrant choroidal vascular growth and a vascular hyperpermeability
beneath the retina and the PRE, is caused by worsened ischemia, which negatively stimulates
the release of the vascular endothelial growth factor. It must be emphasized that O3-AHT (in
the dry form) not only improves visual activity but at least, in part, renders the patient
capable of autonomous life.

C. Chronic Infectious Diseases

Ozone is regarded as the best topical disinfectant because bacteria, viruses, fungi, and pro-
tozoa, when free in water, are readily oxidized.207,208 Disappointingly, destruction of free
pathogens in plasma by ozone either ex vivo or in vivo is greatly hampered by soluble
antioxidants such as albumin, ascorbic acid, and uric acid and they are virtually unassailable
when there are intracellular located.124,125 However, ozone therapy still deserves attention
because, by improving metabolism and operating as a mild cytokine inducer,64 it can have a
beneficial influence on infectious diseases. Thus, there remains a place for the application of
O3-AHT as an adjuvant in chronic viral infections (e.g., HIV, HCV, HSV), in combination
with highly active anti-retroviral therapy (HAART), pegylated interferon-a plus either
lamivudine or ribavirin and the acyclovir.

On the other hand, bacterial septicaemia must be treated with the most suitable anti-
biotics to prevent toxaemia and multisystem organ dysfunction. Particularly important is the
topical application of either (i) ozone as a gas mixture (about 4% ozone and 96%
oxygen);209,210 or (ii) as ozonated water; or (iii) ozonated oils (where ozone is firmly stabilized
as a triozonide)208,211–214 for the treatment of bacterial, viral, and fungal infections, aphthous
ulcers, burns, abscesses, and osteomyelitis. Topical therapy is most effective when combined

666 K BOCCI ETAL.

Medicinal Research Reviews DOI 10.1002/med



with O3-AHT owing to the improved oxygenation of hypoxic tissues. Radiodermatitis215 and
wound healing have been enhanced because ozonated solutions display a cleansing effect, act
as a disinfectant, and stimulate tissue reconstruction. A recent review reports that the high
rates of diabetes in many parts of the world make foot ulcers a major and increasing public-
health problem. Foot ulcers cause substantial morbidity, impair quality of life, engender high
treatment costs (about US$17,500–27,987) and are the most important risk factor for lower-
extremity amputation.216 Although the constant use of rectal–colon insufflation of O2–O3 is
not the optimal approach, it seems to improve the prognosis of diabetes by combining topical
therapy with ozonated oil and O3-AHT.217 This study needs to be confirmed. Ozonated olive
oil is an amazing preparation because combines antibacterial activity with healing properties
due to the slow release of oxygen in hypoxic tissues and the stimulation of fibroblasts
proliferation.212,213 Chronic ulcers and/or putrid wounds are one of the most distressing and
difficult medical problems with which to deal and are caused by ischemia, diabetes,
immunosuppression, and malnutrition. During the past decade the use of ozone derivatives
in such cases has proved very beneficial,143 but so far official medicine has not yet discovered
this excellent preparation far more effective than ointments containing often ineffective an-
tibiotics and corticosteroids, which delays healing. With the current increase in health-care
costs, O3-AHT and ozonated oils deserve attention because they reduce hospital assistance
and are inexpensive.

D. Pulmonary Diseases

Lung diseases, such as chronic obstructive pulmonary disease (COPD), will soon become the
fourth most common cause of death, which, with emphysema and asthma, make significant
incapacity. Using corticosteroids, long-acting b2-agonists, and antibiotics, orthodox medicine
has certainly proved helpful,218 but it cannot change the course of COPD. However, in a
series of elderly patients affected by macular degeneration and either emphysema or COPD,
a remarkable improvement has been observed by combining ozone therapy219 (using the
schedule adopted for vasculopathies) with the best conventional treatments. It is unfortunate
that so far a randomized study evaluating orthodox therapy with or without O3-AHT has not
been performed.

E. The versatility of Ozone Application in Orthopaedics and Dentistry

The application of ozone in low back pain has proved very effective. It can be administered
directly (intradiscal),220–224 or indirectly, via intramuscular administration into the para-
vertebral muscles. This latter type of administration has been assimilated to a ‘‘chemical
acupuncture.’’145 During the last 6 years, more than 30,000 patients with hernial disc have
been treated in Italy with a success rate varying from 62 to 80%. The value of this approach,
minimally invasive and without risk, has been already recognized in several countries, from
China to Spain and South America. As shown also in another study on pain-related disorders
due to sport injury (232 subjects) and inflammatory disorders (770 subjects)225 it appears that
ozone exerts a multiplicity of effects, such as the activation of the anti-nociceptive system,
and it has anti-inflammatory action due to lipid peroxidation products, with the consequent
inhibition of cyclooxygenase-2 (COX-2).226,227

Finally, ozone has proved very useful in dentistry for eliminating infections and blocking
primary root carious lesions.228,229 The interested reader will appreciate the notable book
‘‘Ozone: the revolution in dentistry.’’230 After almost 80 years the intuition of Dr. Fisch could
not receive a more enthusiastic appreciation by Prof. Lynch.
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8. IS OZONE THERAPY A BAD COPY OF HYPERBARIC OXYGEN THERAPY?

It is often thought that ozone therapy tries to simulate the advantages of the much better
known hyperbaric oxygen therapy (HOT)231–233 and therefore it seems useful to clarify that
these two approaches are both theoretically and practically different.

In the former, the drug is represented by ozone and, while we have described its
initial reaction and the cascade of active messengers, it has also been pointed out that
oxygenation of blood is not its primary intent. Conversely, by breathing almost pure
oxygen at 2.6 bar into the hyperbaric chamber, the volume of dissolved oxygen in the
plasma increases up to about 5mL/dL, that is enough to satisfy ischemic tissues even
if the absence of fully oxygenated hemoglobin. HOT is only transitorily effective because
after 2 hr of therapy, hypoxia resumes in ischemic tissues and therefore the therapeutic
effect is temporary. However, HOT has an exclusive role in CO-poisoning, air embolism,
decompression sickness, and perhaps clostridial myonecrosis while ozone therapy is
far more effective and practical to perform in POAD, heart ischemia, ARMD, diabetic
foot, chronic ulcers, and bedsores. Thus, both approaches are relevant but each one
has its selected field of application and the difference should be understood for the sake of the
patient.146

9. CONCLUSIONS

The history of medicine remind us that in the past the application of several important
approaches has been delayed owing to prejudice, lack of knowledge, or of sponsors and often
by commercial competition. Ozone is inexpensive and therefore ozone therapy does
not make an exception in spite of the fact that all chemical, biochemical, physiological, and
pharmacological mechanisms elicited by ozone as primum movens are in the realm of or-
thodox medicine. One wonders if now with the advent of molecular medicine and gene
therapy, ozone therapy is obsolete or worthwhile being pursued. Our many treated
patients answer for us by saying that it is very beneficial. The compliance is excellent and the
patients, as soon as the therapeutic effect declines, ask for a new cycle, showing the
benefit and lack of side effects. It has been unfortunate that, in the past, the direct
intravenous injection of the gas, now prohibited, the use of primordial ozone generators
and misuse of ozone by incompetent quacks has generated serious doubts about its
validity. Moreover, pulmonary toxicity due to prolonged inhalation of polluted air and
many nonphysiological studies, performed in saline washed erythrocytes unprotected by the
potent plasma antioxidants, have generated the dogma that ozone is always toxic and should
not be used in medicine. This concept cannot be generalized because it does not take
into account the profound difference between the endogenous chronic oxidative stress,
due to aging or to a chronic disease, and the calculated, extremely brief, and well-calibrated
oxidative stress induced on blood by using a precise and small ozone dose. When the ap-
propriate ozone dose reacts with biomolecules it yields a number of compounds that in spite
of their intrinsic toxicity, thanks for their pharmacodynamic, stimulate important bio-
chemical pathways. Indeed, the medical effect depends upon a critical balance between an
appropriate small dose of ozone and an almost infinite reacting variables such as the mul-
tiplicity of antioxidants, the life-time of ROS and LOP, their in vivo pharmacokinetic, and
most important the variability of the biological response depending upon on enzyme re-
activity and the stage of the disease.

Since the discovery of NO as a physiological messenger, other gaseous molecules such as
CO, H2S, and H2,

234–236 in spite of being known as potentially toxic molecules, if used
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judiciously are now considered as possible therapeutic agents. Any drug, depending upon its
dosage can be either therapeutic or toxic. A striking example is represented by a vital
compound such as glucose, its normal concentration in the plasma ranges between 0.7 and
1.0mg/mL. However, when this concentration falls below 0.4mg/mL, the consequent hy-
poglycemic coma can be deadly. On the other hand, if the glucose concentration remains
constantly above 1.3mg/mL, it induces the metabolic syndrome, which is well exemplified by
the current diabetic epidemic. Finally, oxygen at 21% concentration in air (and an arterial
pO2 of about 99mmHg) allows us to live for almost 80 years but it is deadly if we breathe
pure oxygen for a few days. Thus, while a further discussion regarding ozone toxicity in
medicine appears futile, it is important to examine if, indeed ozone therapy will be able to
acquire a right place among the medical armamentarium. In the last decade, ozone therapy
has attracted great attention in less-developed countries, while it remains partly prohibited in
USA and poorly regarded in other developed countries. What can be done to change this
severe outlook? Today we have a comprehensive framework for understanding the bio-
chemical mechanisms and the biological effects of ozone and we have at least in part the
capability of recommending ozone therapy in selected diseases either as a first choice or even
better in combination with orthodox therapy. Thus, first, we must continue to organize
specialized courses for physicians for avoiding conceptual or technical pitfalls. Second, while
it is important to continue specific biologic studies, it is imperative to perform controlled and
extensive clinical trials to prove beyond any doubt the value of ozone therapy at least in
vascular diseases. Unless this is done, there is no future for ozone therapy within official
medicine. The stumbling block is represented by lack of sponsors, disinterest of the phar-
maceutical industry, and negligence of health authorities. As ozone therapy is a very cheap
treatment, especially if it will be performed in all hospitals on a daily basis, it will markedly
reduce both medical cost and invalidity. Almost needless to say that ozone therapy, like
orthodox medicine, cannot ‘‘cure’’ several human diseases such as ARMD, atherosclerosis,
and metabolic diseases. However, the maintenance therapy associated with conventional
medication could improve the life of many patients. By considering the huge cost of reliable
controlled and randomized clinical trials, unless health authorities give a financial support,
ozone therapy will remain in limbo and in the hands of private physicians who can only
report anecdotal and yet useless data. Only scientifically well-demonstrated therapeutic
advantages will be able to dissipate prejudice and allow oxygen–ozone therapy to become a
world wide useful medicinal treatment.

10. ABBREVIATIONS

4-HNE 4-hydroxynonenal
ALDH aldehyde dehydrogenase
ARMD age-related macular degeneration
ASF airway surface fluid
ATP adenosine triphosphate
BMC blood mononuclear cells
CAT catalase
CCl4 carbon tetrachloride
CGMP cyclic guanosine monophosphate
CHF chronic heart failure
CNS central nervous system
CO carbon monoxide
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COPD chronic obstructive pulmonary disease
COX-2 cyclooxygenase-2
DPG 2,3-diphosphoglycerate
ELF epithelial lining fluid
G6PHD glucose-6-phosphate dehydrogenase
GSH glutathione
GSH-Rd glutathione reductase
GSPase glutathione peroxidase
GSSG oxidized gluthathione
GST glutathione-S-transferases
HAART highly active anti-retroviral therapy
HClO hypochloric acid
HCV hepatitis C virus
HIV human immunodeficiency virus
HO-1 heme oxygenase-1
HOT hyperbaric oxygen therapy
H2O2 hydrogen peroxide
HSP heat stress proteins
HSV herpes simplex viruses
HUVEC human vascular endothelial cells
IFNg interferon gamma
IL-1 interleukin-1
IL-8 interleukin-8
LDH lactate dehydrogenase
L-NAME n-omega-nitro-L-arginine methyl ester
LOP lipid oxidation products
MA mercapturic acid
MDA malondialdehyde
NADPH nicotinamide adenine dinucleotide phosphate
NF-kB nuclear factor-kB
NO nitric oxide
N2O nitric dioxide
O��2 anion superoxide
�OH hydroxyl radical
O3-AHT ozonated autohemotherapy
PDGF platelet-derived growth factor
POAD peripheral obstructive arterial disease
ppm parts per million
PUFA polyunsaturated fatty acids
RBC red blood cells
ROS reactive oxygen species
PRE pigmented retinal epithelium
SOD superoxide dismutase
TAS total antioxidant status
TBARS thiobarbituric acid reactive substances
TGFb1 transforming growth factor b1
TNFa tumor necrosis factor alpha
Trx thioredoxin
UV ultraviolet radiation
VEGF vascular endothelial growth factor
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¶�¯$·[µ ²,Ä¬µ Ã$¶�¯#·º¼�¯$Ë�Æ'³½¼	¾Ì¶	¯mÃØ·�»Ï¼Ýµ ¯mÃH¿m°�·[µ ²H¯Ó²#Ç!»m¼	³½¼'Û]²,ÄFÆFÊ0¼	¯m¶	¾'¼'Û]ÞÒ³½¶	ÆÝÂ+¼FÃ,¿Ï°�¼Ò·]»m¼Ý°�»#Â'²,¯mµN°º²,Ä¬µ Ã$¶�·[µ Î0¼Ò¾�·]Â+¼	¾3¾
¾+µ ³B¿#À ·[¶�¯m¼F²,¿#¾3À Æß°�¶�¿#¾+¼FÃB´#Æàµ ¯mÇ�¼F°]·[µ ²,¯mÛ]µ ¯mÇ À6¶�³B³½¶�·[µ ²,¯mÛ ·[µ ¾3¾3¿m¼Ò¯m¼'°�Â+²,¾'µ ¾¹¶	¯mÃ½Ã,Æ'¾�³ª¼	·[¶�´m²,À6µ ¾�³ª<[ÕÖ¼Ò¾3¿#Ê'Ê¬¼�¾3·@¾'²,³ª¼
Ê'¿mµ Ã#¼�À6µ ¯m¼�¾@¸ºµ ·�»á·�»m¼�Å#Â+²,Î0µ ¾+²Ý²#Ç$´m¼'µ ¯�Ê½Ç Àv¼�Ä¬µ ´#À6¼BÇ�²,Âº¼'¶'°]»â°]À6µ ¯mµ °[¶�À@°[¶�¾+¼H<6M!»�¼B¶'µ ³ãµ ¾�¯�²,·Ï·[²Ý¶'°�»�µ ¼�Î0¼B¶=¾+°[µ ¼�¯#·[µ Ç]µ °
Â+¼�¾3¿#À ·q´#¿#·q·�²R¾+¶�Î0¼Ð»�¿#³½¶�¯BÀ6µ Î0¼�¾[<

ä3å�æ]ç3è#é�ê#ë�æ�ì è#å

;Bµ ¾+µ ·�µ ¯#Êí¶�¯î²�Â+Ã#µ ¯m¶�Â3Æíµ ¯#·�¼	¯�¾+µ Î0¼ï°[¶	Â+¼à¿#¯mµ ·�EL²�¯m¼
°[¶�¯í²,´�¾+¼	Â3Î0¼ð¶ñ»�¼�·[¼�Â+²,Ê0¼�¯m¼'²,¿�¾áÊ'Â+²,¿#Åò²#Ç=Åm¶�·�µ ¼�¯#·]¾�E
¶�À À�¶�·ÍÂ+µ ¾+óª²#Ç0Àv²,¾+µ ¯#Ê¹·�»m¼'µ Â=À6µ Î0¼�¾Ø²,¸Áµ ¯#Ê¹·�²Á·]Â+¶�¿#³ª¶�·[µ °
¼�Î0¼�¯#·�¾[E6¾+¼�Î0¼�Â+¼}´#¿�Â3¯#¾[E6¾3·�Â+²#ó#¼,E6Ê0¶�¯#Ê'Â+¼�¯m¼L²�Ç�·�»m¼}À6µ ³B´#¾�E
¶�´mÃ�²,³½µ ¯m¶�ÀB²,ÂØÅ�¿#À ³ª²,¯m¶�Â3Æôµ ¯mÇ�¼'°�·�µ ²,¯�¾Ø¸ºµ ·]»ðÎ¬¶�Â+µ ²�¿#¾
Ã�¼	Ê'Â+¼'¼�¾º²#Ç�¾+¼�Å�·[µ °}¾3»m²#°[ó#<3ÕÖ¼R»�¶	Î0¼B²#Ç ·[¼�¯á¸Á²,¯mÃ�¼�Â+¼'Ã
µ Ç}¶�¯ðµ ¯#·�¼�¯#¾+µ Î0¼Ø¶�Å#Å�À6µ °�¶�·�µ ²,¯ð²�ÇÐ²�Ë�²,¯�¼I·�»m¼�Â+¶�Å#Æ§°[²,³½Û
´�µ ¯m¼'Ã§¸Áµ ·]»Ó·]»�¼Ý´m¼�¾3·ª°[²,¯#Î0¼�¯#·�µ ²,¯�¶�ÀI·]»�¼�Â+¶	Å�µ ¼�¾Ì³½¶�Æ
µ ³ºÅ#Â+²,Î0¼¹·�»m¼¹Å#Â+²,Ê'¯m²�¾+µ ¾�õ <mÑB²�¸º¼�Î0¼�ÂHEm¶�·áJ�µ ¼�¯m¶¹»m²,¾+Û
Å�µ ·[¶�Àm·�»m¼Ì°]»mµ ¼'Ç@Ã�²#°�·�²,ÂI»�¶	¾I´�¼'¼	¯Ö¶�À ¸º¶�Æ'¾¹°[²,¯m°[¼�Â3¯m¼'Ã
¶�´m²�¿#·m·�»m¼�À6¼�Ê0¶�ÀÐ¶	¾3Å�¼'°�·�¾@´m¼'°[¶�¿#¾+¼ºµ Ç#·�»m¼@Åm¶�·[µ ¼�¯�·RÃ#µ ¼�¾
»�¼�¸Áµ À À0´�¼Á¶'°�°�¿�¾+¼'ÃÌ²#Ç�»m¶�Î0µ ¯#ÊÁ¿#¾+¼'Ã¹¶@¯m²,¯mÛ Î0¶�À6µ Ã#¶�·�¼'Ã
·�»m¼�Â+¶�Å#Æ'<$M!»�¼Öö!·�»mµ °[¶�ÀáA�²�³B³ªµ ·�·[¼'¼Ö¶�À ¾+²ßÂ+¼'Ç ¿#¾+¼�¾ñ·�²
Ê0µ Î0¼ÐÅm¼�Â3³ªµ ¾3¾+µ ²,¯§Ç�²,ÂL¶Ð·]Â+µ ¶	À$´�¼'°�¶�¿#¾+¼Ð·�»m¼�Â+¼Òµ ¾}¯m²,·qÆ0¼	·
¶�¯#ÆIÅ#Â+²,¾3Å�¼F°]·¬·�»m¶�·Í²,ËU²,¯m¼Ï·]»m¼�Â+¶�Å�ÆÌ°�²�¿#À6Ã�Â+¼�Å#Â+¼�¾+¼�¯#·Í¶
Î0¶�À6µ Ã�¾3¿#Å�Åm²,Â3·�<
KL¼'°�¼�¯�·]À Æ'E,÷�ÂH<,>qÂ+µ ·�²@¿#Â3Ê0¼�¯#·]À ÆIÂ+¼'ø,¿m¼�¾3·�¼'ÃÁ¶Ï¾+°�»�¼�³½¼

¶�¯mÃ}¾+°]»m¼'Ã,¿#À6¼@Ç]²�Âq·�Â+¼'¶	·�µ ¯#ÊÁ¶�°]Â+µ ·[µ °[¶�À À Æºµ À ÀFÅ�¶	·�µ ¼�¯#·#¸Áµ ·�»
²�Ë�²,¯�¼á·]»�¼	ÂH¶	Å�ÆF<UM!»m¼ÝÅm¶�·[µ ¼�¯�·º¸º¶�¾ß¶â>qÂ+¶�Ë�µ À6µ ¶�¯ò°[²,À6Û
À6¼'¶�Ê'¿m¼Ï¸@»m²@Å#Â+¼�¾+¼�¯#·�¼'Ãº¶Ï³º¿#À ·�µ Å#Àv¼I°�Â+µ ·�µ °[¶	À!Ã#µ ¾3¾+¼'°]·[µ ²�¯
²�Ç0·�»m¼Ø¶'²�Â3·[¶'<�ù$¿�°�ó#µ À Æ§¶�¯ð¼�Ä'Åm¼�Â+µ ¼�¯�°�¼'ÃÁ¾3¿�Â3Ê0¼'²,¯ñ¸Á¶�¾
¶�´#Àv¼m·�²È°�²,Â3Â+¼'°]·}µ ·$´#ÆRÅ�À6¶'°�µ ¯�ÊØ¶�¯á¶'²,Â3·�µ °0Å#Â+²�¾3·]»�¼�¾+µ ¾[E[¶	¯
¶'²,Â3·�µ °LÎ0¶�À Î0¼BÅ#Â+²�¾3·]»�¼�¾+µ ¾ª¶�¯mÃÝ¾3¿mµ ·�¶�´#À6¼º¾3·[¼�¯#·�¾ªµ ¯â·�»m¼
¶'²,Â3·�µ °ÁÃ�¼�¾+°�¼�¯mÃ#¼�¯�·È¶�¯mÃº·�»m²,Â+¶'°[µ °Á¶'²,Â3·�¶'<	M!»m¼IÅm¶�·�µ ¼�¯#·
¸Á¶�¾}¿#¯mÃ�¼	ÂL¼�Ä'·�Â+¶'°�²�Â3Åm²,Â+¼'¶�ÀÏ°�µ Â+°�¿#Àv¶	·�µ ²,¯½Ç]²�ÂL¶	´�²,¿#·q¾+µ Ä

ú _[b aUSUTNSUQ V�b a!o[Q�o]b�l]T�W Q]oÏW ZmW _UQ+X=Q XRZ]V�`@Z]\+PmV]x ûÏo�b a	Z]YRo[Q$k$Q a�TNVUüHb c b S[S[b eHW _UQHXRZ]a�W�Q ý3SUQ V�b�Q Y�l�Q�omZ]wHZ]YUQ$W _UQ V�T�S�b a	W]b YÏu#V	TNw3b c�x

»m²�¿#Â3¾Í¶�¯mÃL¶�À ·�»m²�¿#Ê'»L»m¼q¸Á¶�¾Í¶'µ Ã#¼'Ã}´�Æ�³º¿#À ·�µ Å#À6¼q´�À6²#²#Ã
·�Â+¶�¯#¾+Ç ¿#¾+µ ²,¯�¾LþNÜFÿ0¿�¯mµ ·�¾���»m¼ÐÃ#¼�Î0¼�À6²,Åm¼'ÃR¶Ð°]Â+µ ·�µ °�¶�ÀH¾+µ ·�¿m¶'Û
·�µ ²,¯Á¸Áµ ·�»ÁÀ ¿#¯#ÊR¾3»#¿�¯#·�EvÅ�¯m¼�¿#³½²�¯mµ ¶'E�Ç]¼�Î0¼�Â=¶�¯mÃ@¾+¼�Â+µ ²,¿�¾
Â+¼�¾3Åmµ Â+¶	·�²,Â3ÆÖÃ#µ Ç�Ç�µ °�¿�À ·[µ ¼�¾ñÃ#²�°�¿#³ª¼�¯#·�¼'ÃÝ´#ÆªÎ0¼	Â3ÆªÅm²�²,Â
Â+¼�¾3Åmµ Â+¶	·�²,Â3ÆÝÅm¶�Â+¶�³½¼�·�¼�Â3¾Ý¶�¯mÃ§¶ÒÊ'Â+¶�³ ¯m¼�Ê0¶�·[µ Î0¼Ò´m¶'°�Û
·�¼�Â+µ ¿#³ ²,¯ï´#Â+²�¯m°�»�²,¾+°�²�Å#Æ ¶�¾3Åmµ Â+¶�·[µ ²�¯m<��#²�Â3·]¿#¯�¶�·[¼�À Æ'E
÷�ÂH<�>qÂ+µ ·�²Ø¸Á¶	¾¹¶áÃ�¼'¶�ÂÌÇ Â+µ ¼�¯�Ã§²#Çq·]»�¼ÒÅm¶�·[µ ¼�¯#·[E�¶�¯mÃ½¶
Ã#µ ¾+°�µ Å�À6¼¹²�ÇÐ²,ËU²,¯m¼R·�»m¼�Â+¶�Å#ÆF<�Ñº¶�Î¬µ ¯#ÊØÂ+¼F¶'ÃÁ¾+¼'°]·[µ ²,¯ðÞ��
µ ¯Ý³ºÆºÀ6¶�·[¼�¾3·m´m²#²�ó#Þº°�²,¯�°�¼�Â3¯m¼'ÃÒ¸Áµ ·�»ß²,Ë�²�¯m¼�·]»�¼�Â+¶	Å�Æ
µ ¯ ¼�³½¼�Â3Ê0¼�¯m°�Æ °[²,¯mÃ�µ ·[µ ²�¯#¾[E#»m¼àÃ#¼'°[µ Ã#¼'Ãª·]»m¶�·áµ ·È¸Á¶�¾
¸Á²,Â3·�»#¸@»mµ À6¼#·�²Í°�²,³º´mµ ¯�µ ¯#Êm·�»m¼m²�Â3·]»�²#Ã#²,Ä�·]»�¼�Â+¶	Å�Æm¸Áµ ·]»
²,ËU²,¯m¼}·�»m¼�Â+¶�Å#ÆF<��½Ç ·�¼�ÂL²,´�·[¶'µ ¯�µ ¯#ÊLÅ#Â+²,³ºÅ#·qÅm¼�Â3³ªµ ¾3¾+µ ²,¯
Ç Â+²,³ ·]»�¼LÃ#µ Â+¼'°�·�²,ÂI²�ÇF·]»m¼Lµ ¯#·[¼�¯�¾+µ Î0¼L°�¶�Â+¼}¿#¯�µ ·[EH²,¯º·�»m¼
´m¶�¾+µ ¾È²#Ç$·�»m¼ºÇ�¶�³½µ À Æ0Ù ¾@Â+¼'ø,¿m¼�¾3·�E�¶�¯ßµ ¯mÇ�²,Â3³ª¼'ÃÝ°�²�¯#¾+¼�¯#·
Ç�²,Â3³ ¾+µ Ê'¯�¼FÃÈ´�ÆØ·�»m¼BÇ]¶�³ªµ À ÆB³½¼�³º´m¼�Â3¾B¶�¯�Ãá¶R¾3Åm¼'°[µ ¶�À
¶�¿#·�»m²�Â+µ Ë�¶�·�µ ²,¯ÖÇ Â+²�³	�½µ ¯mµ ¾3·�Â3Æà²#ÇÍÑº¼'¶�À ·]»ªÂ+¼�Ê'¿#À6¶�·�²,Â3Æ
¶�Ê0¼�¯m°�Æ ²,¯ ³½¼'Ã#µ °[¶�ÀºÅ#Â+¶'°]·[µ °[¼,E�»m¼§Åm¼�Â+Ç�²,Â3³½¼'Ã Ç]²,¿�Â
³ª¶ É ²,Â�²,Ë�²�¯m¶�·[¼'ÃÈ¶�¿#·�²,»�¼	³ª²,·�»m¼�Â+¶�Å#Æ½þN?BÛ�Ñ
�IM��!·�Â+¼'¶	·�Û
³ª¼�¯#·]¾ñÃ#¶'µ À ÆÖÇ]²�Âº·�»#Â+¼'¼ª°�²,¯�¾+¼F°]¿#·�µ Î0¼½Ã�¶	Æ'¾ðþN?B°]·[²�´m¼�Â
Ü'Û��'E�'ÿ'ÿ����+E�¿�¾+µ ¯#Êð¶º´�À6²#²#ÃÌÎ0²,À ¿#³½¼ñ²#Ç
'ÿFÿÁ³BÀÒ¼'¶'°]»
·�µ ³½¼È¶�¯mÃ¹¶�¯à²�Ë�²�¯m¼Á°[²,¯m°[¼�¯#·]Â+¶�·�µ ²,¯±²#Ç!ÜFÿÍ³½°]Ê�� ³BÀ}²,¯
·�»m¼ÒÇ�µ Â3¾3·@Ã#¶�ÆÝ¶�¯mÃ���Ð³ª°�Ê�� ³ºÀÏ²,¯B·]»m¼��� �0¶�¯�ÃØÚ�� �0Ã#¶�Æ'¾�<
�B¾Á·�»m¼ºÅm¶�·�µ ¼�¯#·Ø°�²,¯�Ã#µ ·�µ ²,¯#¾Á¾3·�¶�Â3·[¼'ÃÌ·[²àµ ³BÅ#Â+²�Î0¼HE�»�¼
Â+¼'Ã,¿�°�¼'ÃB·�»m¼L¯#¿#³º´m¼�Â¹²#Ç¬·]Â+¼'¶�·�³½¼�¯#·�¾I·[²B·�¸Á²½²,¯½·�»m¼
Ç�²,¿#Â3·�»áÃ�¶�ÆB¶�¯mÃÍ·�²È²�¯m¼=Ã#¶'µ À ÆºÇ]²,Âq·]»m¼�Ç]²,À À6²,¸Áµ ¯#Ê=¸Á¼'¼'ó#<
Mq»m¼ÍÅm¶�·�µ ¼�¯#·!»m¶'Ã¹¶ÍÂ+¼�³½¶�Â+ó�¶	´�À6¼Èµ ³BÅ�Â+²,Î0¼�³½¼�¯#·�E'°�»�¶�Â[Û
¶'°]·[¼�Â+µ ËU¼'Ã½´#Æà¯�²,Â3³½¶�À6µ ËU¶�·[µ ²,¯ ²�Ç@´�²#Ã,Æà·�¼�³BÅm¼�Â+¶�·�¿#Â+¼



�

������� � !#" � $&%('*),+ �.-�$/+/0 +/12%(3546%�0 +�� � 0 728:9;%�0 +���� %(3��<��=>0 " � !#" � $&%/'?)�%/� @<4A$&��' ��7&�2@CB�D�+�@#� 3 + � � 7 E�8:FC�#1�1 +

�

G�HJILK MONQP�R#S6T�MUT�HQVWR XYP�T�Z�N[K P�G�V?R5P�\]N[G�P�G�MUT�V?T�P�Z*^�_OT
` G�Z�V�a[T�HbMUR5S6T�IbX P�R#McV�a[TOK HQV?T&H Z�K S6TOd#G�P�T
e H[K V�V?RfG
P�T�g�e hiG�P�P�RQR5Mkj6K HlX�G�K P�h \fg6RQR Ima[T�G�h V�a[j ` G�hinQK H g<j6T�G�V*o
K HQg<j6G�H[ImZ�V*G�P�V?K HQg ` R#P�nQK HQgpR5Hqa[K Z�hiG�NQV?R5N>^>r�H[d#TfG�h h
K HQVsP�G�S6T�H[R#eQZ�d#G�V�a[T�V?T&P�Z ` T�P�TtP�T&MkR5S6T�Ivu[T�d*G�eQZ�TtVsa[T�\
` T�P�T�H[RWhiR5H g6T�P�HJTwd*T�Z�Z�G�P�\wjJG�eQV?R5a[T�MkR5VsaJT�P�G&N \ ` G�Z
Z�V?R5N N[T�IQ^kxyR#P�T�R5S6T�P�j5u[T�d*G�eQZ�TmRQX6VsaJTvP�T�d#T�HQV�T�z�V*T�H[o
Z�K S>TYZ�eQP�g6T�P�\wjwK V ` G&Z{IQT�d*K IQT�I.V*R.Z�V?R5N|a[T�N[G�P�K H[K }AG�V*K R5H
V?RUG&S6R K I�uQh2TwT�I K HQg~G�VYZ�eQP�g6T�P�\bZ�K V?T�Z*^?�,a[K ZvMUG�\ba[G�S6T
uJT�T&H�G�HWeQH V*K MkT�h \qI T�d#K Z�K R#HkuJT�d#G�eQZ�T�a[T�a[G�IWGvZ�e[I o
I T�H�Z�V�P�RQnQT ` K Vsapa[K g�a�K HQV�P�GwdsP�G�H[K G�h�N P�T&Z�Z�e P�T�NQP�R5uJo
G�u h \Od*G�eQZ�T�I;uQ\�G�HbT&M�u[R5h eQZYX P�R#M�VsaJTJa[T�G�P�V[R5PYGwR#P�V*G�^� HQ\fX eQP�V�a[T�P�G�V�V?T&M�NQV,V?R�Z�G�S6Tta[K M ` G�Z;e HQZ�e[d*d#T�Z�Z�X eQh
I#e[TJV*R{T�z�V?T�HQZ�K S6TJuQP�G�K H{Z ` T&h hiK HQgOG�H[I{d#T�P�T�u P�G&h�I TwG�V�a[^� H[X�R5P�V�eQH[G�V?T�h \]V�a[K ZyR5eQV?d#R#MUTqK ZqX�G�K P�h \�X P�T��5e[T�H VfK H
NJG�V*K T�H VsZ ` K V�a�Z�T&S6T�P�T�S>G�Z�dseQhiG�PvI K Z�T�G�Z�T�^� aJG�V|d*R5eQh2Ifu[T�Vsa[T�P�R5hiTURQXvR5}AR5HJTOVsaJT&P�G�N \LG�H[I
` G�Z|K VYP�TwG�Z�R#H[G�uQhiT�V?R�eQH[I T�P�V*G�nQTbK V��~�
P|��^ ��^<��P�K V*Rwj
` a[RpdshiR5Z�T�h \LX�R5h hiR ` T�IfV�a[TON[G�V*K T�HQV|G�H[IfNJT�P�XsR#P�MUT�I
V�a[TWR5} R#H[T�V�a[T�P�G�NQ\�I#eQP�K HQgkV�a[TWXsK P�Z�V�N a[G�Z�T�j>K ZWd*R5H[o
S6K HJd#T�I�Vsa[G�V{R5}AR5H[T.V�a[T�P�G�NQ\]d*R5P�P�T�d�V?T�IUG|I G�HQg6T�P�R5eQZ
NJR5Z�V?osR#N[T�P�G�V*K S6Tfd#R5e P�Z�T5^>�.T�T�I5hiT�Z�Z�V?R|Z�G�\�jwV�a[TfK H[K V?K G�h
Z�e P�g6T�P�\�G�HJI�d#R#HQS6T�HQV?K R5H[G�h
V�P�T�G�VsMkT�HQV�Z ` T�P�TqG�uQZ�R o
h eQV*T�h \|K H[IQK Z�N[T�HQZ�G�uQhiT5^� X>d�hiK HJK d#G�h[d*R5H[IQK V*K R#HQZ�V*T�H[I�V*ROX eQP�V�a[T�PvIQT�V?T&P�K R5P�G�V*T5j
uJT�XsR#P�TvM�eQh V?K R5P�g6G�HpXsG�K h e P�T�IQT�S6T&h2R5NQZ*jAGvN P�R5M�NQV.G&HJI
G�N NQP�R5NQP�K G&V?TWe Z�T�RQXOR#} R#H[TWV�a[T�P�G�NQ\�MkG�\�K M�NQP�R5S6T
V�a[TLZ�K Vse[G�V*K R5H�T�S>T�H�V�a[R5eQg�a�K V�Z�K HQVsP�K HQZ�K d]S>G�hiK IQK Vs\
P�T�MkG�K HQZ�G�MUG�V�V*T�P�R X�R5N[K H[K R5H[^A�.R#H[T�VsaJT&h2T&ZiZ*jAK HbZ�e[dsa
d*G�Z�T�Z*jiVsaJT;Z�d*K T�HQV*K XsK d,P�K g>R#P.K Z�hiT�Z�ZvK MONJR5P�V*G�H V�VsaJG�H�V�a[T
NJG�V*K T�H V*� ZQhiK X�T5^ � d#d*R5P�IQK H g�V?R��>G�P�G�g�P�G�NQa����[RQX�_OT�h Z�K HJnQK
��T�d�hiG�P�G�V?K R5HOV�a[T�G�Z�Z�eQM�NQV?K R5HUK Z�� � HOV�a[T;V�P�T�G�VsMkT�HQVYRQX
GbNJG&V?K T�HQV?j ` aJT�P�TfN P�R5S6T�H�NQP�R#NQaQ\�hiG�d�V?K d?jCIQK G�g�H[R#Z�V*K d
G�HJItV�a[T�P�G�N[T�eQV?K d<MUT�V�a[RQI#Z�IQR;H[R5V�T�z6K Z�V�R5P�a[G�S6TJu[T�T�H
K H[T�XsX�T�d�V?K S6T5jQV�a[TmN aQ\�Z�K d#K G�HJj ` K Vsa�K H[X�R5P�MkT�I�d*R5HQZ�T�HQV
X P�R5M�Vsa[TmN[G�V?K T�HQV?j�M�eQZ�V{uJT]X P�T�T|V?RkeQZ�TmeQHQN P�R5S6T�H
R#PkHJT ` NQP�R#NQaQ\�hiG�dsV*K d?jYIQK G�g�H[R#Z�V*K dqG&HJI~VsaJT&P�G�NJT�eQV*K d
MkT�G�Z�eQP�T�Z*j>K X
K H]V�a[T�NQaQ\�Z�K d*K G�H[� Zt�ieJI5g�MUT�H V�K VORQXsX�T�P�Z
aJR5N[T|RQX>Z�G�S6K HQg|hiK X�T�j�P�T�o�T�Z�V*G�u hiK Z�a[K H gbaJTwG�h V�aLR#P|G�h h2Two
S6K G�V?K HQgfZ�e[X�XsT�P�K HQg�^ � a[T�P�T�N[R#Z�Z�K uQhiT5jwV�a[T�Z�T{MUT�G�Z�eQP�T�Z
Z�aJR5eQhiItu[TJMUG�IQTJVsaJT�R5u5�5T�d�VCRQX�P�T�Z�T�G�P�dsa[j#IQT�Z�K g�H[T�ItV?R
T�S6G�h eJG&V?TtV�a[T�K P;Z�G�X�T&V�\fG�H[I�T�XsX�K d#G�d�\�^ � HqG�h hCd*G�Z�T�Z*j�H[T `
K H[XsR#P�MUG�V?K R5H{Z�a[R5e hiItu[T[P�T�d*R5P�IQT�I{G�H[IQj ` a[T�P�T
G&N NQP�RQo
N P�K G�V*T5j&NQeQu hiK Z�a[T�IQ^2��a[T�R#Vsa[T�PtP�T�hiT�S6G&H V[g�e[K IQT�hiK H[T�Z�R X
V�a[K Z��OT�dshiG�P�G�V*K R#HOZ�aJR5eQhiI�u[TvXsR5h hiR ` TwI ^

��PL�v^ ��^
�,P�K V*R�XsT�h V|VsaJG�V ` TyZ�a[R5e hiI�NQP�R#N[R5Z�T�G
g�eJK IQT�hiK H[T~V?G�nQK H g�K HQV*R�G�d#d*R5eQHQVWV�a[T�I5\�Z�MUT�V?G�u[R5h2K d
G�HJI
MUR5Z�VtX P�Tw�#e[T�HQV>Z�T&N V*K dYd#R#H[IQK V?K R5H Z.R X�dsP�K V*K d*G�h h \|K h h
NJG�V*K T�H VsZ?^
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r ` K H gYV?R�V�a[TtT�zwV�P�T�MUT>S6G�P�K G�u[K hiK Vs\{RQX*VsaJTYG�T�V?K R5hiR5g�\
G�HJI�NJG&V�a[R#g6T&HJT�Z�K ZORQX�Vsa[TOG�u[R5S6T�K H[IQK d*G�V*T�I{N[G�V�a[R5hiR o
g6K T�Z?j5K VCK Z[P�T�G�Z�R5HJG&u hiT�V?R�G�Z�n�K X�VsaJT&\�Z�a[G�P�TvG�d#R#MOMkR5H
I T�H[R5MkK H[G�V?R5P ` a[K dsa]MkG�\��ieQZ�V?K X \WV�a[T�eQZ�TfRQX
R5}AR5H[T

V�a[T�P�G�NQ\�^ � ZvK VYK H[X h2G&M�MUG�V?K R5HJj�R#PCV?K Z�Z�e[T.IQT�g6T�H[T�P�G�V*K R5H[j
R#P�K H[X�T�d�V?K R5HQ� � T{X�T�T�h<VsaJG&V,V�a[TtMUR#Z�V
K M�N[R5P�V?G�HQV�G�H[I
d*R5M�MUR5H�NQP�R5u hiT�McK Z,V�a[TJNQP�T�Z�T�H[d*T
RQX�d�a P�R5H[K dCR5z6K IQG�o
V?K S6T,Z�V�P�T�Z�Z�°:±YrO�#² ` a[K dsabK ZtG,N[T�P�Z�K ZiV*T�HQV[G�H[ICNQP�R#g�P�T�Z�o
Z�K S>TLK M�u[G�hiG�H[d*TUu[T�V ` T�T�H�IQT�dsP�TwG�Z�K H g�G&H V*K R#z6K IQG�HQV�Z
G�HJI�NQP�T�S6G�K hiK H gyR5z6K IQG�H VsZ?j G�uQhiT�V?RfK H[I5eJd#T�G�g6T�H[T�P�G�hio
K } T�I�d#T�h h eQhiG�PUG&NJR5NQV?R5Z�K ZUG�H[I�I TwG�V�a�RQXCVsaJTmN[G�V?K T�HQV?^
��eQP�K H g�G�HmK H[X�TwdsV?K R5HmG�H[I5³iR#PtGYdsaQP�R#H[K d[K H[X hiG�MOMkG�V*K R5H[j
h2T&eJnQRQd�\�V?T�ZLG�H[IpMkG�d�P�R5N a[G�g6T&Zkg6T�H[T�P�G�V?T�T�z6d#T�Z�Z�K S6T
G�MkR5eQH VsZ�RQXAP�T�G�d�V?K S6T{R5z�\�g6T&H�Z�N[T�d#K T�Zb°:´vr���j�Z�e[dsaqG�Z
G�HJK R5H�Z�eQN[T�P�R#z>K IQT5jQaQ\6I#P�R5g6T�H�N[T�P�R5z6K IQT5j aQ\�N[RQdshiR5P�K d
G�d*K I5²�V�a[G�V�eQHQZ�T�hiT�dsV*K S6T�h \UI T�Z�VsP�R5\ONJG�Vsa[R#g6T�HQZ�G�Z ` T&h h
G�Z6H[R5P�MkG&h<d#T�h h Z*^&r�} R#H[T�V�a[T�P�G�NQ\�K Z;d�eQP�P�T�HQV�h \YV�a[TYR#HQh \
N P�RQd#T�I#eQP�T�G�uQhiT�V*R.uQhiRQd*nbG�H[I�P�T�S6T�P�Z�T�VsaJK ZYH[T�g6G�V*K S6T
N P�RQd#T�Z�Z[u[T�d#G�e Z�T.K Vtd#G�HJ�µ ².¶,H a[G�H[d#T;V�a[TtV�P�G�HQZ�N[R#P�V�G�H[I�P�T�hiT�G�Z�T{R X,R5z�\�g6T�H
K H]K Z�dsa[T�MkK d�G�P�T�G&Z?^wr�H[TtMUG�\�V�a[K HJn.V�a[G�VJP�T�NJT&P�X eQZ�K R#H
MkG�\·X eQP�V�a[T�PLI G�MUG�g6Tya \wNJR5z6K dbV?K Z�Z�e[T�Z*j,uQeQVqK X.V�a[T
I T�g>T�HJT&P�G�V?K R5HLa[G�Z|H[R5V�g6R5H[TbV?RQR�X�G�P�j<V�a[TbMUT�Z�Z�T�H[o
g6T�P�Z.g6T�H[T�P�G�V?T�I�uQ\]R5} R#H[T5j�H[G�MkT&h \bVsaJT�hiK N[K IUR5z6K IQG�o
V?K R5H�NQP�RQI#e[d�V�Z�°:¸�r��wZ�²�j;d#G�H[jCGwX V?T�Pbu[K H[I K HQgpV?Rld*T�h h
P�T�d*T�NQV?R5P�Z*j>Z�V?K MOe hiG�V*TWV�a[TWZ�\�HQV�a[T�Z�K ZpRQXOG�HQV?K R5z6K IQG�HQV
T�H }#\�MUT�Z�Z�e[dsabG�Z�Z�eQNJT&P�R#z6K IQT�IQK Z�M�eQV?G�Z�TO°:� rO��²�j*d*G�V*o
G�hiG�Z�TW°:±YG�V�²�j&g�h eQV?G�Vsa[K R5H[TYNJT&P�R#z6K IQG�Z�T5j&P�T�I5e[dsV*G�Z�T�G�HJI
V�P�G�HQZ�X�T�P�G�Z�Tl°:���Q_Oo��wz6j[´.T�IQ^JG�H[I��QP5^ ²t¹ º » ^[xUR5P�T�R5S6T�P
G�HJI.MkR5Z�V
K M�N[R5P�V?G�HQVsh \wj&Z�MkG�h h;d*G�hid�e hiG�V*T�ImG�H[I.V�P�G�HQZ�K o
V?R5P�\�G�d�e V*T�R5z6K I G�V*K S6T,Z�V�P�T�Z�ZYK ZYR5H[T�RQX5VsaJT,u[T�Z�V�Z�V?K M�eQhiK
X�R5PqK H[I5eJd#K H g~V�a[TbZ�\�HQV�a[T�Z�K ZqRQXYZ�R#MUT~G�dseQV?T~R5z6K I G�o
V?K S6T{Z�VsP�T�Z�Z�NQP�R5V?T�K HQZ?j>R X ` a[K d�aqV�a[T{MUR#Z�V
NQP�R#V*T�d�V?K S6T
K Z{V�a[TWK H[I5e[d*K uQhiT{a[T�MkTwo�R5z�\�g6T�H[G�Z�T�o µ °:_Or�o µ ²t¼ ^#�,aJK Z
T�H }#\�MUTf° rO�Q�>o����&².G�h hiR ` Z;V�a[T{IQT�g�P�G�IQG�V?K R5HqR XAa[T�MUT
X P�R5M½R#S6T&P?o�G&u eQH[IQG�H V�a[T�MkR5NQP�R5V?T�K HQZvG�H[I
a[T�MkR5g�hiR5u[o
K HWG�H[ItP�T&Z�e h VsZ�K H�V�a[T�X�R5P�MUG�V?K R5HfRQX�u[K hiK S6T�P�IQK H�° a[T�H[d*T
uJK hiK P�eQuJK HkV�a[G�V{K Z�GvS6G�h e[G�uQh2T.hiK N[R5NQaJK hiK d�G�H V*K R#z>K IQG�HQV�²
G�H[I¾d#G�P�u[R5H�MUR�H[R5z>K IQT¿°(±Yr
²�^C�,a[T·d#R5H[d#R�MUK V*G&HQV
d*RQo�K H[I5eJd�V?K R5HqRQX,XsT�P�P�K V?K H[j�I5e[TtV*RvV�a[TtP�T&h2TwG�Z�T{RQXJK P�R#H[j
G�h h2R ` Z�V�a[TCu[T�H[T�XsK d#K G�hQZ�T��5e[T�Z�V�P�G�V*K R5HURQXÀP�T�IQR#z6osG�dsV*K S6T
K P�R5H[j,V�aQeQZ�G�S6RQK IQK HQg�XsR5P�MkG�V*K R5H�RQXvaQ\6I5P�R5z�\�h�P�G�IQK o
d*G�h�°:rO_�Á ²�uQ\�V�a[TOÂ<T�H V*R5HfP�T�G�dsV*K R#H[^ � K H[d*T µ�Ã�Ä � j#V�a[T
N P�R5N[T�P�V?K T�Z�G�HJI.NQP�R5V?T�d�V?K S6T�T�X�XsT�dsVsZ{RQXJ_Or�o µ R5S6T�P�T�z>o
N P�T�Z�Z�K R5H�a[G�S6T,u[T�T�HbIQT�Z�d�P�K uJT�I�K HbR5S6T�PY�wÅ�Æ�Æ,NQeQu hiK d#G�o
V?K R5H Z�Ç � VCK Z
K MONJR5Z�Z�K uQh2T�V?R�T�HQe MUT�P�G�V*T�G�h h,R X�V�a[T�X e H[d#o
V?K R5H Z�RQXAVsaJK Z�_�T&P�dseQhiT�G�HqT�H }#\�MkT{G&u hiTtV*R�NQP�T�S6T�HQV�R5P
K MONQP�R#S>TvIQK X�XsT�P�T�HQV>NJG&V�a[R#hiR5g6K d#G�hJd#R#H[IQK V?K R5H Z*^
��²b�
eQP�K H g�K HJX eQZ�K R5HlRQXJV�a[TWR#} R5HJG�V*T�ImuQhiR RQIqK HQV?R

V�a[T|IQR#H[R5P5j�¸�rO�wZmT�HQV?T�P|K HQV?RUd#R5H V*G�dsV ` K V�aUV�a[T.S6G&Z�V
T�zwN[G�HQZ�T·RQXmVsa[T�T�H�IQR5V�a[T&hiK eQMÈG�H[I�Z�V*K MOeQhiG&V*T�G�H
K H[d�P�T�G�Z�T�IOZ�\wH VsaJT&Z�K Z|RQX�H[K VsP�K d�R5z6K I T~°:�.r
²vS6K Gb�.rOo
Z�\�H Vsa[G�Z�TbG&HJIqG�P�g6K H[K H[T;É ^6�.rÊ°:G�H[Iy�.rOo VsaJK R5h Z�²bG�HJI
±YrËG�P�T]VsaJT�d�P�eJd#K G�hONQaQ\�Z�K R5hiR#g6K d#G�hOg>G�Z�T�ZlG�u hiT]V*R
G�dsV*K S>G�V?TOg�e[G�HQ\�hiG�V?TUds\6dshiG�Z�T5jAZ�RfV�a[G�VvVsa[TOP�T�hiT�G�Z�TURQX
d�\6dshiK dY��xy�|T�HQa[G�H[d*T�Z[VsaJTCS6G�Z�RQI K hiG�V*K R#H[^/��a[Tvd#R5M�u[K o
HJG�V*K R#HyR XÀV�a[T�Z�T;NQP�R d#T�Z�Z�T�Zvd#G�H[j�K HOH[R5V�V?RQROG�I5S6G�H[d*T�I
I K Z�T�G�Z�T&Z?jQP�T�I5e[d*TqK H[X�T�d�V?K R5HJj[K H[X hiG�MOMkG&V?K R5H�G�H[I�d*T�h h
I T�g>T�HJT&P�G�V?K R5HJ^
��²|r�} R#H[G�V*K R#H�R X�uQhiRQRQIUT�zbS6K S6RÀj�uQ\bV�a[Tbd*R5HQV�P�R5hio

h2TwI�P�T�hiT�G�Z�T�RQX{Z�MkG�h hyG�MUR#eQHQV�ZlR X�V�a[T]g6T�HJT&P�G�V?T�I



Ì

Í<Í<ÍÀÎ Ï�Ð&Ñ#Ò Ó�Ô#Õ/Ö&Î × Ò Ø<Ù/Ú(Ù Û&Ü ÝJÞ/Ü Ý/ß Ù�Ý(à Ý,á�ÙQâ�Û/Û/Ù ã�ä à å#æ â�ç�å�à å5Ü ä è�Ý/é#Ù/Ý6ê�ë�ì�íiî�î(ï�ð&ñ�ñ�ò

Ì

ó ô>õ#ö�÷5ø6ù�ú�û[ù�ö�÷5ü6ý õQù5þvÿ�� �i÷����lÿ��Uý �iõ�ÿ	��
?ý �6ÿ
*ý ÷#ú ÷��
úJù���
sö�÷#ûQó[ý � �Uÿ�ú[õ�
só[ùyý ú[õ�����
?ý ÷5ú�÷���
�ó[ùmûQö�÷ õ�����
*ý ÷#ú
÷�����÷��Uù���ô	
?÷��Qý ú[ù��� � � � �� !� 
*ù�öCö�ù#"�ý ú�� ����ý ÷#úq÷��$
�ó[ù{÷�%A÷�"
úJÿ�
?ù�õ�&��i÷Q÷ õQþ�
�ó[ùqÿ	��
*ý �6ÿ
?ù�õ�÷#ö�ûQö�ý �Uù�õ��iù���Q÷��sô	
?ù�
�ký ø�ö�ÿ
*ù�ÿ� �;÷��>ù�ö'
�ó[ù�&[÷ õ5ôWÿ�ú[õ(�*ÿ�ú(�)�i÷���� ôWý ��ûQö�÷��6ù

só[ùLö�ù���û[÷5ú*��ù�÷��(
só[ù�ÿwõQÿ�û�
*ý �>ù�ý �+�+�Qú[ù,��ô#�)
*ù�!�
-.&��6ý ÷����)� ôwþ���ý 
�ó/
�ó[ù,�sö)���*ý ÿ��óJù�� û¾÷��|ÿ�û ûQö�÷5ûQö�ý ÿ�
?ù
ÿ�ú�
?ý &[ý ÷�
*ý ���?þ�ù�6ù�ú0�sóQö�÷5úJý ��ý ú���ù#��
?ý ÷5ú��1�#ÿ�ú+&[ù2�*÷5ú�
�ö�÷��3"
�iù�õ��
4576 ÷��Uù|÷��t÷�� ömù�üwûJù�ö�ý �Uù�ú�
?ÿ��õQÿ
?ÿ8�)�Qø�ø6ù�)
'
só[ÿ


�)
?ý �9���iÿ
*ý ÷5ú�÷��Cû��iÿ
*ù�iù
:�.� ; < � =tÿ�úJõ�ù�úJõQ÷�
�ó[ù�iý ÿ�>�#ù� � �'?
& ôA@B-+C#�D�kÿ�ôA�sÿ�6÷�� öD
�ó[ù;ö�ù�iù�ÿ��ù�÷��Àø�ö�÷���
�ó0��ÿ	��
?÷5ö)�
ÿ�ú[õUÿ��
*ÿ	�*÷Qý õ��?þ<÷#ú[ù|÷����Yó[ý �só!�Uÿ�ô(&[ù.ûQö�÷��)
*ÿ	��ôE���iý ú��
6 �Qö�ûQö�ý ��ý ú ø	� ôwþE@B-9C#�2�Uÿ�ôpÿ� ��÷qý úQó[ý &Jý 
+��ôE���i÷Q÷5ü�ô�ø6ù�ú�"
ÿ��ù.F)F#��ý 
só8
sóJùG&[ù�ú[ù	��ý �*ý ÿ�H�*÷5ú���ù	I��Jù&ú��#ù�t÷��5ö�ù�õ����*ý úQø
ó ôwûJù�ö�û[ù�ö)�Uù�ÿ&[ý �2ý 
sô�þ�ù�õQù�kÿ.ÿ�ú[õ�û[ÿ�ý ú�� J �
K5 -
ú��#ùL@B-+C#�
ÿ�ú[õYúJý 
�ö�÷���÷�" 
sóJý ÷�� �Jö�ù�ÿ	��ó�
só[ù�&J÷5ú[ù

�kÿ�ö�ö�÷��0�ký ��ö�÷ ù&ú��6ý ö�÷5ú��kù�ú�
?þ:
�ó[ù�ô.�kÿ�ô�ÿ	��
*ý �6ÿ
?ùG�kù
M"
ÿ� �i÷#ûQö�÷�
?ù�ý ú[ÿ��ù Ì þ,ÿ0��ö�ý 
?ý �*ÿ��ù�ú�%*ô	�Uù0��ÿ�6÷��Qö�ý úQø0
�ó[ù
ö�ù�iù�ÿ��ùm÷��E�)
*ÿ�ký ú[ÿ�N�*ù� � �M� !� 
?ù�öL
sóJù�ý öL�U÷�&[ý �iý %Aÿ
*ý ÷#ú[þ

�ó[ù��ùA�#ù� � �8�Uÿ�ô~ù�ú�
?ù&ö8
�ó[ù�ø>ù�úJù&ö�ÿ�1�*ý öO�����iÿ
*ý ÷#ú�ÿ&úJõ
óJ÷��Uù]ý ú�ý ú��sÿ�öO��
*ù�õLÿ�ö�ù�ÿ�P�Q +� 
�ó[÷�� øwóR
sóJý �qý õQù�ÿ|ó[ÿ�
úJ÷�
[ô6ù
�&Jùwù�ú]ù�ü�û[ù�ö�ý �kù�ú�
?ÿ� � ô�û ö�÷��6ù�õ�S�þÀý 

ý �{ÿ.�iý �Qù� ô
ûJ÷��)��ý &[ý �2ý 
sô0
sóJÿ�
2�9���)
2&Jùmû��Qö)�)�Jù�õT&Jù	�#ÿ����ùqý 
2�Uÿ�ô
ÿ	�MI��[ý ö�ù�ûQö�ÿ	��
?ý �#ÿ�Jý ��û[÷5ö)
?ÿ�ú��#ù��
U5 -N%A÷5ú[ÿ
?ý ÷5ú]÷���&��2÷Q÷Qõ.ûJù�öO�s÷5ö)�kù�õ8����ý ú ø9��÷ õQý ���

�*ý 
sö�ÿ�
?ùWVXS0�9�k÷��A�*ý 
�ö�ÿ
*ù,Y	� Z	[\��÷�� ��
?ý ÷5ú�] Ì �9�k÷��
&��i÷Q÷Qõ 5 õQ÷Qù�vúJ÷�
��#ÿ����ù|ÿ�ú ô]õ5ô	�O�#÷ ÿ&ø	���iÿ
*ý ÷#úLõ�� ö�ý úQø
�)�i÷��^&��i÷Q÷Qõ�ý ú�� ����ý ÷5ú���_Yý 
�ö�ÿ�
?ùvý �[ö�ÿ�û[ý õ�� ô1�Uù
?ÿ�&J÷��iý %Aù�õ
�Yó[ý �iù�ó[ù�û[ÿ�ö�ý úký �B�iù�)����ÿ	�sù��
` 5 FX
[ý �Yÿ,ø6ù&úJù�ö�ÿ�>÷�&���ù�ö)�6ÿ
?ý ÷5ú2
�ó[ÿ
�
sóJùG�Uÿba�÷5ö�ý 
sô�÷��

ûJÿ�
?ý ù�ú�
:��� ú[õQù�ö�ø6÷Qý ú ø�÷�%A÷5ú[ùG
�ó[ù�ö�ÿ�ûQôYö�ù&ûJ÷5ö)
[ÿ.��ù�ù�iý úQø
÷��*��ù� �3" &[ù�ý úQøWÿ�ú[õbù� ûQó[÷5ö�ý ÿ#�c +� 
�ó[÷�� ø�óA��ù�ó[ÿ�6ù�úJ÷
ù�ü�û[ù�ö�ý �kù�ú�
?ÿ��[õQÿ
?ÿ�þ�ý 
�óJÿ��B&[ù�ù�ú+��û[ù	�����iÿ
*ù�õ�SD
sóJÿ
�&Qô
ý ú�� � �Jù�ú��#ý ú ød�#ù�ö�ù&Qö�ÿ�iþ�ó ô�û[÷�
�ó[ÿ�iÿ�Uý �kú[ù� ö�÷5ú��lÿ�úJõ
ù�ú[õ ÷���ö�ý ú[ùT�*ù� � �*þH@B-+C#�>�kÿ�ô�ý ú[õ����#ù>
sóJù�ö�ù�iù�ÿ��ùk÷��
��÷��Uù|ó[÷5ö)�k÷5ú[ù�eV  A_�f1g�þD�*÷5ö)
?ý ��÷��iþ�õQù�óQô6õ5ö�÷ ù�û[ý ÿ�ú�"
õ#ö�÷��)
*ù�ö�÷#ú[ù5þh��ù�ö�÷�
?÷5ú[ý ú[þ&ù�ú[õ ÷5ö�ûQó[ý ú�� 5 ÿ&��2ù�
?÷.ý úJõ����*ùYÿ
ö�ù�õ�����
?ý ÷5úk÷��wû[ÿ�ý úkÿ�ú[õ�ÿ8��ù�ù�iý úQø|÷��#��ù� � úJù�)�M�
Z 5 CÀö�÷��6ý õQù�õ�
�ó[ÿ
y÷�% ÷5úJùT
�ó[ù�ö�ÿ�ûQô�ý �fû[ù�öO��÷5ö)�kù�õ

�*÷5ö�ö�ù	��
:� ô�þ[ÿ	� 
*ù�ö+�ký � �iý ÷5ú��y÷���
�ö�ù�ÿ
��kù�ú�
��Oû[ù�öO��÷5ö)�kù�õ
ÿ� ��÷��6ù�ö>
sóJù9��÷#ö)�iõ~õ�� ö�ý úQøT
�ó[ù9�iÿ�)
L
�óQö�ù�ùkõQù	�#ÿ�õ ù��?þ

�ó[ù�ö�ùqý �Oú[÷kö�ù	�*÷5ö�õ�÷���ÿ	����
*ùq÷#ö0��ó ö�÷5ú[ý ��
?÷5ü6ý �*ý 
sôES	�
 Oø6ÿ�ý ú��)
A�O�#ù�û�
*ý �*ý �)� ÿ�ú[õi
�ó[ù�õQ÷5ø	�kÿj
�ó[ÿ
Tkw÷�% ÷#ú[ù
ý �pÿ�� ��ÿ�ô	��
?÷5ü6ý �Mlwþ���ùR�5úJ÷��m
sóJÿ�
n
�ó[ù�÷�%A÷5ú[ù�õ ÷���ù
VX�*ÿ�3�����iÿ
*ù�õ�ÿ�+
�ó[ù�û ö�÷Qõ�����
|÷��D
só[ùy÷�% ÷5úJù0�#÷5ú��#ù�ú�"

�ö�ÿ
*ý ÷5ú�ûJù�öWø6ÿ���6÷�� ���Uù 5 þ�ö�ù�ûQö�ù��ù�ú�
?ý úQøi
só[ù�ÿ	����
?ù
�)
�ö�ù�)��÷5ö�þQ�9���)
1&[ù�û[ù�öO��ù	��
:� ôR�#ÿ�iý &Qö�ÿ
?ù�õ~ÿ�ø6ÿwý ú��)
1
�ó[ù
ûJ÷�
*ù�ú�
tÿ�ú�
?ý ÷5ü6ý õ ÿ�ú�
'�*ÿ�û[ÿ	�#ý 
sôm÷��	&��i÷ ÷Qõ�ý ú>�)����óWÿB��ÿ�ô
ÿ��
?÷mú[ù�6ù&öb÷��6ù�ö)��óJù� � ý 
M��olý 
sóJý ú�
�ó[ùWù�)
?ÿ&��iý ��óJù�õ

�ó[ù�ö�ÿ�û[ù��
?ý �L��ý úJõQ÷��pVXS	q	"�Z	q>�T��ø	] �9��÷�%A÷5ú[ù�û[ù�ö��9�
÷���&��i÷ ÷Qõ 5 þwú[÷(�k÷5ö�ù9
�ó[ÿ�úrY	q	[ ÷���
�ó[ùWÿ�ú�
*ý ÷5ü6ý õQÿ�ú�

�*ÿ�û[ÿ	�#ý 
�ôb÷��Q&��2÷Q÷QõOý �.÷5ü6ý õQý % ù�õ�õ��Qö�ý úQø8
só[ù�÷�% ÷#ú[ÿ
*ý ÷#ú
ö�ù�ÿ	��
*ý ÷#ú��
ÿ�ú[õ{ý �Jö�ÿ�û[ý õ�� ô0V:ý úWÿ&[÷���
Ds	q��Uý ú 5 ö�ù	�#÷5ú��)
*ý "

:��
?ù�õ+& ô]ÿ8�6ù�ö�ô]ù	�:�sý �*ý ù�ú�
'&[ý ÷���óJù�Uý �*ÿ�[ö�ù	��ôE���iý ú ø]÷��
ÿ�ú�
?ý ÷5ü6ý õ ÿ�ú�
:��� < � t �
Ì5  T���*÷5ö�õQý ú ø.
?÷.ÿ�_���&Jÿ&ú1�)
��Jõ5ôwþ&÷�% ÷5úJù��Uÿ�ô�ý úQóJý &�"

ý 
.û��iÿ
*ù�iù
|ÿ�ø�ø�ö�ù�ø>ÿ
?ý ÷5úJþJÿ�ú[õ�ÿ
8�iù�ÿ�)
8
�ó[ù�÷5ö�ù
?ý �#ÿ� � ô�þ
ó[ÿ�õ�÷�% ÷5úJù7
�ó[ù�ö�ÿ�ûQô0&[ù�ù�ú/�*÷5ú�
?ý ú��[ù�õ þ[ý 
8�Uÿ�ôyó[ÿ�6ù
ÿ�6÷Qý õ ù�õN
�óQö�÷��9&[÷Qù�9&[÷��iý �)�¾ý úU÷��Qö1�*ÿ��ùu�
F(úv�#÷5ú����X����ý ÷5ú[þOùwÿ	��ó ÿ�*
?÷�ó[ù��U÷�
só[ù&ö�ÿ&û[ýX�w
�ö�ùwÿ
M"

�kù�ú�
*þ<ù	I��[ý �6ÿ�iù�ú�
�
*÷yÿ�û ö�ù#�*ý ��ù� ôw�#ÿ�3�����iÿ
?ù�õ0��óJù�Uý "
�*ÿ�'��óJ÷���� þ�ÿ�ûQûJù�ÿ&ö)�fÿ&��iù>
?÷(
sö�ý ø�ø6ù�öfÿ9�9��� 
?ý 
:�[õQùW÷��
&[ý ÷��i÷5ø6ý �*ÿ�mûQö�÷��*ù�)��ù�]ö�ù��2ù��6ÿ�ú�
R��÷5ör�#÷#ö�ö�ù	��
?ý úQøx
�ó[ù
�*÷��Oû��iù�üvû[ÿ
sóJ÷��i÷5ø�ôvû ö�ù���ù�ú�
tý ú���ö�ý 
?ý �*ÿ� � ôE"sý � � û[ÿ
?ý ù�ú�
��P�
f�ó[ù��*÷5ú���ù	I��Jù�ú�
,û[÷��)��ý &��iù��*÷5ö�ö�ù	��
*ý ÷#úq÷��$
sóJù���ó ö�÷5ú[ý �
÷5ü6ý õ ÿ
*ý �6ùB�)
sö�ù�)�vý ��û[ÿ�ö)
?ý �����iÿ�ö)� ô|ý ��û[÷5ö)
?ÿ�ú�
P�

y.z�{^|	}�~9{����	}9��z9���	�)��z��)�/z���z�}��8�:���	�)|#���	�
�E�	}��:|	�:� �O�8�	��� ~��	� � }��	�

o�ùyûQö�÷#û[÷���ù0
?÷pû[ù�öO�s÷#ö)��
�ó[ù��s÷�� �i÷���ý úQø�û ö�÷��#ù	"
õ�� ö�ù�O�
� ÿba�÷#ö.-+":gN 1fB�M��ù�û[ù�ú[õQý ú øO÷5ú�
�ó[ùJóJù�U÷Qõ#ôwúJÿ�Uý �

�)
?ÿ
�����÷��	
sóJù�û[ÿ
*ý ù&ú�
*þ � ÿha5÷5öL-9"�g. 1f��*ÿ&ú>&[ù1�*ÿ&ö�ö�ý ùwõ
÷���
�& ôj�*÷�� �iù	��
*ý úQø0� ö�÷�� K qL�Qû�
?÷�s	s K �+��÷��E�6ù�ú[÷����
&��2÷Q÷Qõký ú�ÿ8�)
?ù&ö�ý �iù.ø	�iÿ�)�1&J÷�
:
��iùjVXs K q	" K q	q8�+� 5 �QúJõQù�ö
�>ÿ#�����*�!� 6 ÷Qõ�ý �����#ý 
sö�ÿ
#ù,��÷��X��
*ý:÷�ú�VbY#� Z#[ 5 �n���

&[ù~ÿ�õ õQù�õ0
?÷0
�ó[ùA&[÷�
�
:�iùA&[ù	��÷5ö�ùA
�ó[ùA&��i÷ ÷Qõ�ý ú�
sóJù
ûQö�÷#û[÷5ö)
?ý ÷5úl÷��NS	� Ì �+�D&��i÷Q÷ õ���f�÷qÿ�6÷Qý õqÿ�úQôWö�ý �O�q÷��
ó[ÿ�ù�k÷5ö�ö�ó[ÿ�ø6ù5þ?ó[ù�û[ÿ�ö�ý úA�9���)
�&[ù.����ù�õA�#ÿ��
?ý ÷����)� ô9&Qô
��ý ö)�)
�ÿ�O�#ù�ö)
?ÿwý ú[ý úQø7
�ó[ù7�*÷Qÿ�ø	���iÿ
?ý ÷5úkûJÿ&ö�ÿ�kù
*ù�ö)�M�f,óJù
ø6ÿ�2�6÷�� ���kù��+���)
.&[ùfÿ�õ õQù�õqý úlÿAS	� S��6÷�� ���kù{ö�ÿ
*ý ÷
����ý úQøUÿ�úpý úJý 
*ý ÿ��t÷�%A÷5ú[ù+�*÷5ú��*ù�ú�
sö�ÿ�
?ý ÷5ú~÷��BS	qN�!�sø	] �+�
û[ù�ö��+��÷���&��i÷ ÷Qõ��H�<ý �6ù>�Uý ú���
?ù�W÷����)�i÷��W�ký ü6ý úQø�
?÷
ÿ�6÷Qý õA�s÷ ÿ�Uý ú øUý �.�)���:��ý �#ý ù�ú�
B
?÷��*÷���û��iù
?ùN
sóJùO÷�%A÷5ú[ù
ö�ù�ÿ	��
?ý ÷5ú(&[ù	�s÷#ö�ù�ö�ù#"�ý ú�� ����ý ÷#ú~÷���
sóJùO÷�% ÷#ú[ÿ
*ù�õ2&��i÷Q÷Qõ
ý ú�
*÷�
�ó[ùyõQ÷5úJ÷5öu�Of,ó[ùy÷�%A÷5ú[ù0�#÷#ú��#ù�ú�
sö�ÿ
?ý ÷5ú/�*ÿ�úi&[ù
�)�i÷��.� ôLý ú��sö�ù�ÿ��ù�õ�
*÷^S K "8s	q	":s K �T��ø	] �9��õ��Qö�ý ú ø0
�ó[ù
ú[ù�ü	
(��ù�� õ ÿ&ô	�?þ�&���
?þ�&[ù	�*ÿ����ùn
�ó[ù�û[ÿ
?ý ù�ú�
|ý �+�QúJõQù�ö
_�- 6 þ>ÿ�óJý ø�ó[ù�ö��#÷5ú��#ù�ú�
�ö�ÿ
*ý ÷5ú�÷��
÷�%A÷5ú[ù>��ó[÷����iõ(&Jù
ÿ�6÷Qý õ ù�õA&[ù	�#ÿ����ù9�k÷5ö�ùkõQù�iù
*ù�ö�ý ÷����>
sóJÿ�ú�ÿwõ��6ÿ�ú�
*ÿ	"
ø6ù�÷����M����ö�ù	I��[ù�ú���ôL÷��1-+"  !g.f��*ÿ�úw&[ù+� ûw
*÷A
�óQö�ù�ù
V:ÿ&[÷���
mù�>ù�ö�ô�Z�ó[÷��Qö)� 5 ÷5ú^
�ó[ù!��ý ö)�)
7��ù�� õ ÿ&ô	�kÿ�úJõ

�ó[ù�ú[þÀý ��
sóJù
ûJÿ�
?ý ù�ú�
�ý �Oû ö�÷��6ù�*þÀý 
L�#ÿ�úA&[ù�ö�ù�õ����*ù�õ2
?÷

:��÷�ÿ�ú[õ�÷5ú[ù��
� ý úJ÷5öe-9"  !gNfB�H��ù�ö�ôr��ý ��û�� ô�þB
�ó[ù]ö�ù��ý õ��[ÿ�0Y	" 4

�9��÷��H&��i÷Q÷Qõ�ö�ù�Uÿ�ý ú[ý úQø]ÿ
'
sóJù|ù�ú[õU÷��H
sóJù|ý ú�� ����ý ÷5ú

:��&[ý ú øpõ��Qö�ý úQø~ù�ÿ	��ó,-9"  !g.f��#ÿ�ú0&[ù2��ý 
só[õ#ö�ÿ��ú�ý ú
ÿ9S	q.�9�H��ô�ö�ý úQø6ùGa3���)
L�sý � �2ùwõ8��ý 
só K �+�;÷��Qø6ÿ��V:÷�% ÷#ú[ù
�*÷5ú��*ù�ú�
sö�ÿ�
?ý ÷5ú��fÿ
+Z	q	"�S	q	q>�T��ø	] �9�2��÷5öfÿ>
?÷�
?ÿ��õ ÷���ù
÷�� 4 q	q	" K q	q(�T��ø 5 �# !� 
?ù�öqý ú���ù�ö)
?ý úQø�ÿ��9s#S|úJù�ùwõ��iù5þ

�ó[ùB&��i÷ ÷Qõ�ý �[ö�ÿ�û[ý õ�� ô1�Uý ü6ù�õ.��ý 
�ó9
sóJùCø6ÿ��&Qôvö�÷�
?ÿ
?ý úQø

�ó[ù���ôwö�ý úQø6ù1��÷5öNS	"�s��Uý úWÿ�ú[õ�
�ó[ù�ú�ûQö�÷���û�
:� ômý ú�a�ù	��
?ù�õ
ý ú�
sö�ÿ�9���O�����iÿ�ö)� ô/V ø	� ��
?ù�ý 5 þ#��ý 
sój
�ó[ù���÷Qÿ�!��f�ó[ù>�6ù�ö�ô
ó[ý øwó¿÷�% ÷5úJù��*÷5ú��*ù�ú�
�ö�ÿ�
?ý ÷5ú¿ý �~û�� ö�û[÷���ù� ôx����ù�õ,
?÷
ûQö�÷��6÷��Qù���÷��kù{ó[ù�U÷�� ô	��ý �bý úl÷#ö�õQù�ö2
*÷yÿ	��
?ý �6ÿ
*ù�
�ó[ù
ý úJõ�����
*ý ÷#úL÷��'- 6 C5þ�ûJÿ&ö)
?ý �����iÿ�ö)� ô|ó[ù�kù#��÷#ü�ôwø6ù�ú[ÿ��ù	":F)�
o�ùw�)�Qø�ø6ù�)
T
�ó[ùw��ÿ�Uùx� ö�ù#I��[ù�ú���ôc÷��kÿ�õ��Uý ú[ý �)
sö�ÿ	"

?ý ÷5ú�ý ú[õQý �#ÿ
?ùwõ0�s÷#ö2�Uÿba�÷#öN !g.fB��f�ó[ý �bý � �!�6ý ú�a�ù	��
?ý ÷5ú
ý ��ý ú�
*ù�úJõQù�õr
?÷ ÿ	��
Lÿ��ÿi�Uý ú[÷#ö�ÿ	����
?ù�÷5ü6ý õQÿ
?ý �6ù
��ó[÷����N
�ó[ÿ
*þ�ý ú+
sóJù;ó[ÿ�ú[õ��.÷���÷#ú[ù�÷��Q���(V �(� 5 þ�ø�ö�ù�ÿ
:� ô
ù�úQóJÿ�ú��#ù��
só[ùv÷��6ù�ö�ÿ� ��
�ö�ù�ÿ
��kù�ú�
P�



�	 

¡*¢O£�¤�¥�¦�§�¥ ¨�©bªM«G¬ ¤8O¨h¬h® ¬h¯c©b°�±E©® ¬:¥ ¤�® ²c³X´D©�® ¬:£�¤�©b°:¥µ£�¶H® §�¥�¦�§�¥ ¨�©hªP«.©h¤�·µ±$¨�£�ª�£�²�¥c·D¸B¹�¬:·�¥ ° ¬ ¤�¥ ² º3³b»D£�¯�¯ ¬

�	 

¼+½T¾ ¿+À�Á�Â)ÃMÄ½�Ã�Ä½�Å9Æ ÂOÇ	È�É�Ç½�Ã:Ê Ë7Á�ÌEÇÂ)Ê3Á�Á�Í�Ç	Å9ÄÎ)À�Ç	Ï�Ã
¾ ÎGÃ�Ð�Ç�À�Á�Î)ÎO¾ Ñ�¾ Ê3¾ Ã�ËNÃ:Ð�ÄÃ*Ã�Ð�ÇNÏ�ÂO¾ ÃP¾ Ï�ÄÊ Ê Ën¾ Ê ÊQÀ�ÄÃP¾ Ç½�ÃPÒ�É�½�Å�ÇÂ
À�ÂOÁ�½�Á�É�½�ÏMÇ#ÅÔÓ.Õ9Ö	ÒDÐ�ÄÎrÄ�Ê3Á�×vÑ�Ê3Á�Á�ÅØÄ½�ÃM¾ Á�ÙE¾ Å�Ä½�Ã
ÏMÄÀ�Ä	Ï�¾ Ã�Ë	Ú#¼9Ê Ã�Ð�Á�É�Û	Ði×9Ç0Ä�ÂuÇ7É�½�ÄÑ�ÊcÇ7ÃPÁRÏMÁ�Â)ÂOÇ	Ï�Ã2Ã:Ð�Ç
Ó�Õ9Ö�Ñ�Ë!Ä	Å�¿T¾ ½�¾ Î)ÃPÇÂO¾ ½�Û9¿!ÇÛEÄ	Å�Á�ÎOÇÎ>Á�ÆBÄ½�ÃM¾ Á�ÙH¾ Å�Ä½�Ã:ÎMÒ
×>ÇH¿9É�Î)Ã�ÂOÇ	ÏMÁ�¿9¿!Ç½�ÅL¾ ½�Ã:ÂOÄÌHÇ½�Á�É�Î�Ä	Å�¿T¾ ½�¾ Î)Ã:ÂOÄÃP¾ Á�½7Á�Æ
ÎOÇÊ3Ç	Ï�ÃMÇ	Å!Ä½�ÃP¾ Á�ÙE¾ Å�Ä�½�Ã�Î7¾ ¿+¿TÇ	Å�¾ ÄÃPÇÊ ËwÄ	Æ ÃPÇÂ8Ã:Ð�Ç(Ä�É�ÃMÁ�Ü
Ð�Ç¿!Á�Ã:Ð�ÇÂOÄÀ�Ë0Ã�ÂOÇ	ÄÃ:¿!Ç½�ÃAÆ�Á�Â0Ý	Ü:Þ7Ð�Á�É�Â)ÎMÒ�Ð�Ç½�Ï�Ç0ß#Ü:à
Ð�Á�É�Â)Î�Ñ�Ç	Æ�Á�ÂOÇBÃ:Ð�ÇB½�Ç�Ù	Ã�Õ+Ü ¼!á.âDÚ�ã�Á�Â�ÎOÇÌEÇÂOÄ�Ê$ÂOÇ	Ä�ÎOÁ�½�Î
×>Ç2Î)É�Û	ÛEÇÎ)Ã.Ã�Ð�Ç�¾ ½�Æ É�ÎO¾ Á�½,Á�Æ�Ð�É�¿TÄ½eÄÊ Ñ�É�¿T¾ ½WäXÝ  #å
ÏMÁ�½�ÏMÇ½�Ã:ÂOÄÃM¾ Á�½�æOÒ�À�Á�Î)ÎO¾ Ñ�Ê ËeÅ�¾ Ê É�ÃPÇ	Å�×9¾ Ã:Ð �	 	  ¿9Ê+ß å
Û	Ê É�Ï�Á�ÎOÇ2ÎOÁ�Ê É�ÃM¾ Á�½!×9¾ Ã�Ð�Ä	Å�Å�¾ ÃM¾ Á�½�ÄÊ   Ú ß8ÛwÁ�Æ'ÄÎOÏ�Á�Â)Ñ�¾ Ï
Ä	ÏM¾ Å�Ú�çN½�Æ�Á�Â)Ã:É�½�ÄÃMÇÊ Ë	Ò*è8Ü:Ä	Ï�ÇÃ:Ë#ÊcÜ�Ï:Ë	Î)ÃPÇ	¾ ½�Ç�äXè�¼(Ó�æOÒuÃ:Ð�Ç
Ñ�ÇÎ)Ã�À�ÂOÇ	Ï�É�Â)ÎOÁ�Â�Á�Æ�ÂOÇ	Å�É�Ï�Ç	ÅBÛ	Ê É�ÃMÄÃ:Ð�¾ Á�½�Ç>äXé9Ö�áNæ�¾ ÎE½�Á�Ã
ËEÇÃ�ÄÌEÄ#¾ Ê3ÄÑ�Ê3Ç�Æ:Á�Â'¾ ½�Æ É�ÎO¾ Á�½(Ä½�ÅDÃ:Ð�ÇÂOÇ	Æ:Á�ÂOÇ�Ï�Ä½(Á�½�Ê Ë�Ñ�Ç
Ä	Å�¿!¾ ½�¾ Î)ÃMÇÂOÇ	Å+À�ÇÂ7Á�ÎMÒ�Ñ�É�Ã'Ã�Ð�¾ Î7¾ Î1ÂOÄÂOÇÊ Ë(À�Á�Î)ÎO¾ Ñ�Ê3Ç�Ú�¼
ÏMÁ�¿9À�ÂOÁ�¿T¾ ÎOÇ�¾ Î�Ã:Ð�Ç�¾ Ú Ì#Ú	¾ ½�Æ É�ÎO¾ Á�½jÁ�ÆGé+Ö�á+Ò×�Ð�¾ Ï�Ð7×>¾ Ê Ê
Ã:ÂOÄ½�ÎO¾ Ç½�Ã�Ê Ë!¾ ½�Ï�ÂOÇ	ÄÎOÇNÃ:Ð�ÇNÀ�Ê3ÄÎ)¿!ÄNÊ3ÇÌEÇÊ Î.Ñ�É�ÃB×9¾ Ê Ê�½�Á�Ã
¾ ½�Ï�ÂOÇ	ÄÎOÇ(Ã:Ð�ÇjÏ�ÂO¾ ÃP¾ Ï�ÄÊ+Ï�ÇÊ Ê É�Ê3ÄÂ7Ê3ÇÌEÇÊLÑ�Ç	Ï�ÄÉ�ÎOÇ�Ò*Ã:Ð�ÇÂOÇ
¾ Î8½�Á+¿!Ç¿9Ñ�ÂOÄ½�Ç2Ã:ÂOÄ½�Î)À�Á�Â)Ã>Æ:Á�Â7é+Ö�áêÜ�ÄÃ�ÌEÄ�ÂO¾ Ä�½�Ï�Ç
×>¾ Ã:Ð�×.Ð�Ä�Ã8¾ ÎnÏMÁ�¿+¿TÁ�½�Ê Ë7Ñ�ÇÊ3¾ ÇÌEÇ	Å�Ú�è8Ç	Ç#Å�Ê3ÇÎ)ÎLÃPÁ>ÎOÄË#Ò
Å�ÇÀ�Ç½�Å�¾ ½�ÛrÁ�½�Ã:Ð�Ç(Ð�Ç¿!Á�Û	Ê3Á�Ñ�¾ ½ÔÏ�Á�½�ÃMÇ½�ÃPÒ*×9Ç7¿+É�Î)Ã
Ñ�Ç�ÂOÇ	Ä	Å�ËiÃPÁjÀ�ÇÂOÆ:Á�Â)¿ëÄÊ Ê3Á�Ã:ÂOÄ½�ÎOÆ É�ÎO¾ Á�½�Î�Ñ�Ç	ÏMÄÉ�ÎOÇi¾ Ã
×>¾ Ê Ê�Ñ�ÇLÉ�ÎOÇÊ3ÇÎ)ÎNÃPÁ�Ä	Å�¿T¾ ½�¾ Î)ÃMÇÂ+Á�ì$Á�½�ÇLÃ�Ð�ÇÂOÄÀ�Ë!¾ ÆEÃ:Ð�Ç
Ð�Ç¿!Á�Û	Ê3Á�Ñ�¾ ½9Ê3ÇÌEÇÊ�Æ:ÄÊ Ê ÎBÑ�Ç�ÊcÁ�× �	� Û	í3Å�îBÚ
ï Æ$¿TÄbðuÁ�Â8Õ+Ü ¼!áNâeÏMÄ½�½�Á�Ã�Ñ�Ç'À�Ç�ÂOÆ:Á�Â)¿TÇ	Å�Ò	ÄÎ8Ä'Ê3ÄÎ)Ã

Á�À�ÃP¾ Á�½j×>Ç�ÏMÄ�½0ÂOÇÎOÁ�Â)Ã.ÃMÁnÂOÇ	Ï�ÃPÄÊ8¾ ½�Î)É�Æ�Æ Ê3ÄÃP¾ Á�½eÁ�Æ�ÛEÄÎ
ÇÌEÇÂ)Ë�ñHÐ�Á�É�Â)ÎMÚ ¼,ÌEÁ�Ê É�¿!Ç'Á�Æ�Þ  	  Ü:ò  	  ¿9ÊµÏMÄ�½LÑ�Ç'¾ ½�Î)É�Æ�Ü
Æ Ê3ÄÃPÇ	ÅLÌEÇÂ)Ë2Î)Ê3Á�×�Ê Ë2É�ÎO¾ ½�ÛAÄ½0¾ ½�¾ ÃM¾ ÄÊ�Ï�Á�½�Ï�Ç½�Ã:ÂOÄÃM¾ Á�½0Á�Æ
ß.¿!Ï�Û#í ¿+Ê�Ã:Ð�ÄÃ1ÏMÄ½�Ñ�ÇNÀ�ÂOÁ�Û	ÂOÇÎ)ÎO¾ ÌEÇÊ Ë!¾ ½�Ï�ÂOÇ	ÄÎOÇ	Å�ÃPÁ�Ä
¿TÄÙE¾ ¿+É�¿óÁ�Æ�Ý	ß.¿TÏ�Û	í ¿9Ê3Ú ï ½AÃ:Ð�Ç9Ï�ÄÎOÇ9Á�ÆBÄÑ�Å�Á�¿T¾ ½�ÄÊ
Á�ÂwÀ�É�Ê ¿!Á�½�ÄÂ)Ë�ÊcÇ�ÎO¾ Á�½�ÎMÒDÀ�ÄÂ)ÃP¾ Ï�É�Ê3ÄÂ)Ê ËôÄ	Æ ÃMÇÂ�Ã�ÂOÄÉ�¿!Ä
Ä½�Å�¾ ½�Æ:Ç	Ï�ÃP¾ Á�½�ÎPÒM¾ ÃD¾ Î.Ä	Å�ÌE¾ ÎOÄÑ�Ê3Ç�ÃPÁ'É�ÎOÇN¾ ½�Ã�ÂOÄÀ�ÇÂO¾ ÃPÁ�½�Ç	Ä�Ê
Ä½�ÅA¾ ½�Ã:ÂOÄÀ�Ê3ÇÉ�ÂO¾ Ï1¾ ½�Î)É�Æ�Æ Ê3ÄÃM¾ Á�½wÁ�Æ�ÛEÄÎ.ÌE¾ Ä	ÒQÄÎ�É�Î)É�ÄÊ3ÒQÄ
À�Á�Ê Ë	À�ÂOÁ�À�Ë	Ê3Ç½�ÇjÏMÄÃ�Ð�Ç�ÃPÇÂuÚ�ÕNì$Á�½�Ç0Ï�Ä½/Ç�ÙEÇÂ)Ã2Ñ�Á�Ã�Ð/Ä
Å�¾ ÂOÇ	Ï�Ã�Å�¾ ÎO¾ ½�Æ�Ç	Ï�ÃMÄ½�Ã'Ä	Ï�ÃM¾ ÌE¾ Ã:Ë7Á�½>Ã�Ð�ÇÎOÇ1ÏMÄÌE¾ ÃM¾ Ç�ÎLÄÎ�×>ÇÊ Ê
ÄÎ�¾ ¿+¿9É�½�Á�¿!Á�Å�É�Ê3ÄÃPÁ�Â)Ë+Ç	Æ:Æ�Ç	Ï�Ã�ÎG×>¾ Ã:Ð�Á�É�ÃBÄ�½�Ë+Å�¾ ÎOÏMÁ�¿TÜ
Æ:Á�Â)Ã'Á�ÂBÃPÁ�ÙE¾ Ï�¾ Ã�Ë	Ú
ï ½AÃ�Ð�Ç+ÏMÄ�ÎOÇ9Á�Æ*ÎOÇÌEÇÂOÇNÎOÇÀ�ÎO¾ Î>Ä½�Å�í3Á�Â.ÎOÇÀ�ÃP¾ ÏDÎ)Ð�Á�ÏMÍ

Ã:Ð�Ç9¿TÁ�Â)ÃPÄÊ3¾ Ã:ËRÏ�Ä½�Ñ�ÇTÄÎ>Ð�¾ Û	ÐrÄÎ�ß  	å Ä½�ÅwÅ�É�ÂO¾ ½�Û
Ã:Ð�Ç.Ê3ÄÎ)Ã�Ã�×>ÁAÅ�Ç#ÏMÄ	Å�ÇÎ>Ä½�ÃP¾ Ñ�Á�Å�¾ ÇÎ>ÄÛHÄ	¾ ½�Î)Ã1Ç½�Å�Á�ÃPÁ�ÙE¾ ½
Ä½�Å8â1è8ãwÄÊ À�Ð�Ä(ÄÎ1×>ÇÊ ÊNÄÎ7Á�Ã:Ð�ÇÂ7ÄÀ�À�ÂOÁ�Ä	Ï�Ð�ÇÎ1Ð�ÄÌEÇ
ËE¾ ÇÊ3Å�Ç	ÅA½�ÇÛ#Êc¾ ÛE¾ Ñ�Ê3Ç9ÂOÇÎ)É�Ê Ã�ÎPÚ�á9Á�×>Ç�ÌEÇÂ�ÒQÎOÇÌEÇÂOÄÊ�Ï�Ê3¾ ½�¾ Ü
ÏMÄÊ*Ã:ÂO¾ ÄÊ ÎDÐ�ÄÌEÇ�Î)Ð�Á�×.½+Ã�Ð�ÄÃ.¾ ½�Æ É�ÎO¾ Á�½!Á�ÆQÂOÇ#ÏMÁ�¿9Ñ�¾ ½�Ä½�Ã

Ð�É�¿!Ä½õÄ	Ï�ÃM¾ ÌHÄÃPÇ	ÅØö#ÂOÁ�ÃPÇ	¾ ½õÓ÷äXø.ÂOÁ�Ã:ÂOÇ	Ï�Á�ÛE¾ ½êÄÊ À�Ð�Ä
Ä	Ï�ÃM¾ ÌHÄÃPÇ	Å�æ^ÏMÄ½r¿TÄÂOÍ�Ç	Å�Ê Ë�Å�Ç	Ï�ÂOÇ	ÄÎOÇ�¿TÁ�Â)Ñ�¾ Ê3¾ Ã�Ë�Ä½�Å
¿TÁ�Â)ÃPÄÊ3¾ Ã:ËrÄ½�ÅTÃ:Ð�ÇÂOÇ	Æ:Á�ÂOÇ7Î)Ð�Á�É�Ê3ÅTÑ�ÇjÍ�ÇÀ�Ã�¾ ½R¿!¾ ½�Å
Ñ�Ç	Ï�ÄÉ�ÎOÇwÃ:Ð�¾ Î�À�ÂOÁ�ÃMÇ	¾ ½WÂOÇ	Å�É�Ï�ÇÎr¾ ½�Æ Ê3Ä¿9¿!ÄÃP¾ Á�½mÄ½�Å
Á�ÌEÇ�Â)Ã2Å�Ë	ÎOÏMÁ�ÄÛ	É�Ê3ÄÃP¾ Á�½�Ú�Ö�¾ ¿!¾ ÊcÄ�Â3Ê Ë#Ò�×�Ð�Ç½�ÇÌEÇÂLÎ)É�Â)ÛEÇÂ)Ë
ÄÀ�À�Ç	ÄÂ)ÎH½�Ç	ÏMÇÎ)ÎOÄÂ)Ë#ÒÄ�½�ÃM¾ Ñ�¾ Á�ÃP¾ Ï�Î�Ä½�Å1ÄÊ ÊOÃ�Ð�Ç�Á�Ã:Ð�ÇÂEÎ)É�À�Ü
À�Á�Â)ÃP¾ ÌEÇTÁ�Â)Ã:Ð�Á�Å�Á�ÙRÅ�Â)É�Û	Î>¿+É�Î)ÃLÑ�ÇTÄÀ�À�Ê3¾ Ç	ÅAÑ�Ç	Ï�ÄÉ�ÎOÇ
¾ ½�Á�É�Â9¿!¾ ½�Å^Á�ì�Á�½�Ç+Ã�Ð�Ç�ÂOÄÀ�Ë,ÏMÄ½�Á�½�Ê Ë!Ñ�Ç½�Ç	Æ:¾ Ã8Ã:Ð�Ç
À�ÄÃM¾ Ç½�Ã'¾ Æ#É�ÎOÇ	Å+¾ ½!ÏMÁ�¿+Ñ�¾ ½�ÄÃP¾ Á�½�Ú
Õ.ì�Á�½�Ç^¿TÄË�Ñ�Ç�ÄÑ�ÊcÇ^ÃPÁ,ÂOÇÌEÇ�Â)ÎOÇxÅ�¾ Î)ÎOÇ�¿T¾ ½�ÄÃPÇ	Å

¾ ½�Ã�ÂOÄÌEÄÎOÏ�É�Ê3ÄÂ1ÏMÁ�ÄÛ	É�Ê3ÄÃP¾ Á�½�Ú

ù�ú�û�üMý þ�ÿ�� ú�û�ÿ

� Ç'Ð�ÄÌEÇ>Á�É�Ã�Êc¾ ½�Ç	Å7Ä'À�Á�Î)ÎO¾ Ñ�Ê3Ç�ÎOÏ�Ð�Ç¿!Ç�Ä½�Å1ÎOÏ�Ð�Ç	Å�Ü
É�Ê3Ç�Æ�Á�Â7Ã�ÂOÇ	ÄÃP¾ ½�Û�ÎOÇÌEÇÂOÇÊ Ër¾ Ê ÊLÀ�ÄÃM¾ Ç½�Ã:Îj¾ ½Ô¾ ½�ÃPÇ½�ÎO¾ ÌEÇ
ÏMÄÂOÇGÉ�½�¾ Ã�ÎH×9¾ Ã:Ð(Á�ì�Á�½�ÇGÃ:Ð�ÇÂOÄÀ�Ë	Ú ï ½8Î)À�¾ ÃPÇ.Á�Æ�ÄG¿T¾ ½�¾ ¿TÄÊ
À�ÂOÄ	Ï�ÃP¾ Ï�ÄÊ�ÇÙ	À�ÇÂO¾ Ç½�ÏMÇuÒ3Ã:Ð�ÇÂOÇ2ÄÂOÇDÛEÁ�Á�ÅNÂOÄÃP¾ Á�½�ÄÊ�Ñ�ÄÎOÇÎ
Æ:Á�Â'Î)É�Û	ÛEÇÎ)ÃM¾ ½�Û9Ã:Ð�Ç.É�ÎOÇ>Á�Æ�Á�ì$Á�½�Ç�Ã�Ð�ÇÂOÄ�À�ËT¾ ½�Ï�Á�¿+Ñ�¾ Ü
½�ÄÃM¾ Á�½�×>¾ Ã:Ð�Ã:Ð�Ç>Ñ�Ç�Î)Ã+Á�Â)Ã�Ð�Á�Å�Á�Ù�Ã�Ð�Ç�ÂOÄÀ�Ë�ÃMÁ7ÂOÇ	Å�É�ÏMÇ
Ã:Ð�Ç�¿!Á�Â)Ñ�¾ Ê3¾ Ã:Ë�Ä½�Å8Ð�¾ Û	Ð7¿!Á�Â)ÃPÄÊ3¾ Ã:ËTÁ�Æ�Ã:Ð�ÇÎOÇ�À�ÄÃM¾ Ç�½�Ã�ÎPÚ
ï Ã>×>Á�É�Ê3Å0Ñ�ÇwÇÙ	Ã�ÂOÇ¿TÇÊ ËwÛ	ÂOÄÃP¾ Æ ËE¾ ½�Ûx¾ Æ>Á�Ã:Ð�ÇÂjÁ�ì�Á�½�Ç
Ã:Ð�ÇÂOÄÀ�¾ Î)Ã:ÎE×9Á�É�Ê3ÅBÊ3¾ Í�Ç�ÃPÁBÎ)Ð�ÄÂOÇHÃ�Ð�Ç	¾ Â�ÇÙ	À�ÇÂO¾ Ç½�ÏMÇH×9¾ Ã:Ð
É�ÎMÒ�ÎOÁ2Ã:Ð�ÄÃ�×>Ç.¿TÄË9Ñ�Ç>Ä�Ñ�Ê3Ç.ÃPÁ(Æ É�Â)Ã:Ð�ÇÂ�¾ ¿+À�ÂOÁ�ÌEÇ.Ã:Ð�Ç
Ã:ÂOÇ	ÄÃ�¿TÇ½�ÃPÚDÕN½�ÏMÇ�Ã�Ð�Ç�À�ÄÃM¾ Ç½�ÃPÒM¾ Æu¿!Ç½�ÃPÄÊ Ê Ë+ÄÊ3ÇÂ)ÃMÒMÄ½�Å�í
Á�Â�Ã:Ð�Ç�Æ:Ä¿!¾ Ê ËiÅ�ÇÎO¾ ÂO¾ ½�Û�ÃPÁ7ÂOÇ#ÏMÇ	¾ ÌEÇ�Ä�Î)À�Ç	Ï�¾ Æ:¾ ÏLÃ:ÂOÇ	ÄÃMÜ
¿TÇ½�Ã�Ä	Ï�ÏMÁ�ÂOÅ�¾ ½�ÛAÃPÁ+Ã:Ð�Ç(á9ÇÊ ÎO¾ ½�Í�¾�ø+Ç	Ï�Ê3ÄÂOÄ�ÃP¾ Á�½!Ð�ÄÌEÇ
ÎO¾ Û#½�Ç	Å�Ä½w¾ ½�Æ�Á�Â)¿!Ç	ÅAÏ�Á�½�ÎOÇ½�ÃPÒMÃ:Ð�Ç+Å�Á�Ï�ÃPÁ�Â�Î)Ð�Á�É�Ê3Å2Ñ�Ç
ÄÊ ÊcÁ�×9Ç	Å+ÃPÁ+À�ÂOÁ�Ï�Ç	Ç	Å+×9¾ Ã�Ð!Ã:Ð�Ç8Ã�ÂOÇ	ÄÃ:¿!Ç½�ÃPÚµø.ÂuÚ���ÂO¾ ÃPÁ
¾ ÎwÏ�É�Â)ÂOÇ½�Ã�Ê Ë�Å�Ç�ÌEÇÊ3Á�À�¾ ½�Û^Ã:Ð�Ç^Å�Ç�ÎO¾ Û#½WÁ�Æ9Ä^ö#Ð�ÄÎOÇ ï
Î)Ã:É�Å�Ë(Æ:Á�Â�Ã:ÂOÇ	ÄÃ�¿TÇ½�Ã�Á�Æ#ÎOÇÀ�ÎO¾ ÎLÏ�ÄÎOÇÎL¾ ½9Ã:Ð�Ç ï ½�ÃPÇ½�ÎO¾ ÌEÇ
Ó�ÄÂOÇ!çN½�¾ Ã7Á�Æ�â�ÂOÄÉ�¿!Ä!ÄÃ1Ã�Ð�Ç��G¿TÇÂ)ÛEÇ�½�Ï:Ë�Ö�É�Â)ÛEÇÂ)Ë
ø9ÇÀ�ÄÂ)Ã:¿!Ç½�ÃDÁ�Æ	Ð�¾ Î��!Ç	Å�¾ ÏMÄ�ÊGÖ�Ï�Ð�Á�Á�ÊGá+Á�Î)À�¾ ÃPÄ�ÊG¾ ½�Ö�Ä	Á
öHÄÉ�Ê3Á#Ò	��ÂOÄì�¾ ÊcÚ


9ü���û�ú�.ý �����������	û��:ÿ

������� �"!�� ��# �%$'&�()# *,+-�/.	021 (43�14�657�98"�98;:��9<�= +��/.�>?&21 <
@A���9� # �%( =B+��/.C+"D��/( E��AF;��� ��G'*IH J;�'��� #LK &2��!M�'*28�N�=B+��/.
57��� G��%(4*O>B1 8�J;��� �%KP��8;:Q+-�/.MR?:�&����2:�*OS)J�1 ( 1 T�T�1U$V*2�
J"�9( TW��8;:A��:�3�14G'�?:�&���1 8�!X# J;�?&28�$'*2� # &28;��# �?��# # �%E-T"#;# *
K ��3��B# J;�CT"��# 14�98"# .



Y�Y

Z[Z[Z]\ ^9_/`�a b�c�dfe/\ g a h[ifjki l/m n"ofm nfp iqnkr�nts9i�u�lflfi v�w r�x�y u�z x9r�x2m w {�nf|�ifnM}�~����4���k���/�����

�����q�������������

�B�[e�^9^�gV��~��)��e�`�_4\9�A`�_�Z���_���g ^9b��	��dfc���\�����dfg `���_�dk����e�dk��df_/^9��a �� ��_"�t_�a ��_�df� b�`������/����}�~��k� ���/}�\
��\��[e�^9^�g'��~/��e�_���e���e�`�_)a ��_�dfb��� )`�e�df�)b/� g �9_)a ��_)^9_/� � c�� b/d�df_���e�¡¢ b�� b�`�^9_/£t¤¥_���¦� ���e�a ��_/�f_���§��/~ �k}��/���k}�§/� �k���/��\¨?© _/e�`������2¤¥_/`�_�`���_/�)���2¤¥_�dqg `�e¥��_�a���� ~	�)��e�`�_Be�¡�g ��b�a g ª/_

��dq_/^�e�`2��g a g e2`�g `2�/~	bB�2dfe2a _/^�a g e2`¥b/��b/g `2�fa[^4_�� � c�� b/dt��b/��b/�/_ ¢  « df_�_tdfb/��g ^�b�� � \�¤¥_���\�¬f` « � b�����/~���®��/� ����§/� �k���/®�\
§?�[b�d ¢ _�d�¯[��¤¥_�`2_�`���_������ © _/e�`;���;_/a'��� ~4° df_�ª/_�`�a g e�`;e « df_�`�b/�
g `9±qc�df "b « a _�d�g `���c�^�a g e�`Le « e���e�`�_;a e�� _/dfb�`�^9_;g `6dfb�a ���fc ¢ �)g a a _��
a e�Z[b�df�²g �f^���b�_���g b/\�¤¥_���g b�a \�¬f` « � b����®�~ ¨ ��� §��k� �k�/����\

} © bVdqg `2g[�6���³g bV`2^4�2g © ���Me2^4^4g[��~ � �	_´e2�4e	`2_´aµe2� _/d%b/`	^�_V~�¬q¶
¯M`��2b/`2^�_/��_/`2a³e « b/`2a g e2¡/g �2b/`2aM_/`2�� /��_/�;g �"e2��e2`2_��2e2�f_/� �2_/�
��_/`2��_/`2a[g `)·Vc2df¸2b/a[^�_/� � � \	¹	dq_�_�ºtb/�2g ^�b/��º"_/�f_/b/df^�� ¨ ��~[���f� ¨ �
���k�/®������/� ¨ \

�?�[e�^9^�g	�]� © b/dfg `�g	����¤¥g ^���_�� g2��~�ºt_��fa e�dfb/a g e�`,e « `�e2dk��e�¡�g b ¢  
e��9e�`�_La ��_�dfb/�� 6^�e�`�a dfe�� �C`�_�e���� b/�fa g ^;��dfe�Z[a ��~�bLdk_/ª�g _�Z»b/`��,b
Z[e�df¸�g `��B�� /��e�a ��_/�fg � \�·4\V��� a \2¼[e2�)��� \2¤¥_/��g ^�g `�_?���f~2�/}��/� ���/}��
�����/}�\

�?��b/� b/^�^��2g�½t�	�Me2^�^�g���~ �2a c2�2g _/�"e�`Ua �2_ ¢ g e�� e2�/g ^4b/��_ « « _/^�a �te «
e��9e�`�_/~	���k\�ºC_/� _/b��f_Ce «�« b�^�a e�df� « dfe����c��)b/`)_�`���e�a ��_�� g b���^9_/� � � \
¤¥_���g b/a \�¬f` « � b��)�²��~��/���k� �/�������/�����/\

®?�Me2^�^4g]����°�b/c2� _V�fc © ~���aµc��2g _/�)e2`´a �2_ ¢ g e2� e��Vg ^4b/��_ « « _/^�a �)e «
e��9e�`�_��k\'¬f`���c�^9a g e�`�e « g `�a _�d « _�dfe�`���b/�)��b�e�`���c��)b/`�� _�c�^�e��
^% �a _�� \�¦�b�_���b�a e�� e���g ^9b"��}�~�}��k��� }��k}�� �f�����/\

�?�[e�^9^�g��]� © c����9g ¯M�/¼[e�dfdfb���_/�f^9��g�¹�_�a���� ~V��a c���g _��[e�`La ��_ ¢ g e��
� e��/g ^�b��2_ « « _/^9a ��e « e���e�`�_�~ ¨ \%��`6b�a a _�����a�a e���_ « g `�_"^9e�`���g a g e2`��« e�d³e���a g ��b��]g `���c�^�a g e�`,e « ^% �a e�¸�g `�_�� \ ©  �������e�¸�g `�_L¼[ �a e�¸�g `�_
ºC_/�"�k��~��k���k�4�k�������k��� ¨ \

�k�?�[e�^9^�g����f��b�� b�^9^���g'½C��¼[e�dfdfb���_/�f^9��g'¹L_/a'��� ~4��a c���g _/�]e�`)a ��_ ¢ g �
e�� e��/g ^�b��	_ « « _/^9a ��e « e���e�`�_�~/��\�½�_�`�_/dkb/a g e�`Le « df_/b�^�a g ª/_"e�¡/ ���_�`
�f��_�^9g _��6¾ ºC����¶[b « a _�d[_�¡/��e��fc�df_)e « ��c��)b/` ¢ � e�e��Ba e�e��9e�`�_4\%·
�[g e��2ºt_���c�� b�a�¦�e��)_/e��fa�����_/`�aM�k�/~������ ��}�� �f����®�\

���B�[e�^9^�g/�]�9��b�� b�^�^9��g2½³��¼[e�dfdkb/��_��f^���g�¹�_�a2��� ~ � aµc	� g _V�¿e	`
a ��_ ¢ g e�� e���g ^9b/�	_ « « _�^9a ��e « e���e�`�_�~/®�\/¯ « « _�^9a ��e�`La ��_;a e�a b��	b/`�a g �
e2¡/g �2b/`2at�qa b/a c2��bV`2�´e	`´g `2a _/dq� _/c2¸2g `2� ®¥�2dqe2�2c2^4a g e2`2\]¤U_/�2g b/a
¬f` « � b/�)�²��~ ¨ � ¨ � ¨ �f��� �k�/��®�\

�k�?�[e�^9^�g4��~9ºte�� _/��e « g `�a _�d « _/dfe�`"��dfe���c�^9_/�"g `"���� ��fg e�� e���g ^�b��V^9e�`��
��g a g e�`�� \9�²�k�2_�^9c�� b�a g ª�_"dk_/ª�g _�Z]\�¬f���)c�`�e�� e��� t�/§�~ �k� ��� �k�/®�®�®/\

� ¨ �[e�^9^�g'�]����b/� b/^9^���g	½C�/ºCe��f�fg º»_/a	��� ~/��a c���g _���e�`La ��_ ¢ g e�� e��/g �
^9b/�V_ « « _�^�a �]e « e��9e�`�_�~4��\�¯ « « _�^�a �]e « e���e�`�_Ce�`;��c��)b/`;��� b/a _�� _�a � \
° � b�a _/� _�a �"�k��~ �/�k�����/�k��� �f�����/\

�k§?��b�� b/^�^��2g�½C�	�Me2^�^�g �V��~	�2a c2��g _/�te2`¥a �2_ ¢ g e�� e2�/g ^�b���_ « « _/^�a �Ce «
e��9e�`�_/~��f��~Vºt_�� _/b��f_)e «�« b�^�a e�df� « dfe���e���e�`�b�a _/�L��c���b�`B��� b/a _��
� _/a � \�¤¥_���g b�a \�¬f` « � b����®/~�����}/� �����/� �k���/��\

�k}?�[e�^9��¸�e�ª��t��� © _�g a g `��/_�d]�C~q�)`�a g � g ` « � b��)��b�a e�df ³��dfe���_/dka g _��]e «
� g ��g ��e�¡/g ��b/a g e�`���dfe���c�^�a � \k·�¤¥e��2¤¥_���®��f~���� ¨ � ���/�������/� ¨ \

�k�?¤¥_�`���g dfb/a a b;����À�cLÁ[� ¼��/¤¥b� �·�¤¥~/¯[df �a ��dfe�^9 �a _;b��f^�e�d ¢ b�a _;df_��
^% �^�� g `���~�b�`�a g e�¡�g �2b�`�a�_ « « _�^�a �Mg ` ¢ � e�e���\'¹2df_/_�ºtb���\��[g e�� \'¤¥_���\
��§�~��/®���� ���������k����®/\ \

Â	ÃkÄ'Å ÆqÇ�È�É Ê Ä)Ë�Ä'Ì9Ì9Ê
Í;Ê Î'Ï�ÃkÐ Ê Ñ"È�Ò'Ð Ä)Ó'Ê'Ô�Ê ÕkÊ Ä'É Ä'Ö�Ê Ï
Ç[Ê Ï�×;Æ4Ø�ÄVÃfÄ;Ù
Ú�Û�Ü�Ý�ÝCÞ'Ê È�Ò'ÏCß àfÐ Ï�É á
â'È�É ã³ä	Û�åCækÝµçtÚ�è�èCÙ�Û�é�Ù�Ù�ê
ÔVÏ�ë�ã4ä	Û�å³æfÝµçtÚ�è�èCÙ�Û�é�Ù�Ü�å
ì�ß Ñ;Ï�Ê É ã4í'Ä'Ì9Ì9Ê îCï'Ò'Ê ÕkÊ Æ Ê Ð



Archives of Medical Research 37 (2006) 425–435
REVIEW ARTICLE

Scientific and Medical Aspects of Ozone Therapy. State of the Art

Velio Alvaro Bocci

Department of Physiology, University of Siena, Siena, Italy

Received for publication May 26, 2005; accepted August 26, 2005 (ARCMED-D-05-00204).

The aim of this review is to dispel misconceptions and skepticism regarding ozone ther-
apy and to clarify the biochemical and pharmacological mechanisms of action of ozone
dissolved in biological fluids. The work performed in the last decade in our laboratory
allows drawing a comprehensive framework for understanding and recommending ozone
therapy in some diseases. It is hoped that this report will open a dialogue among clinical
scientists and will inform physicians about the beneficial effects of ozone therapy. � 2006
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Introduction

It is distressing to note that often ozone therapists are more
interested in simply knowing the ozone dosage rather than
to understand how ozone acts and why we can avoid toxic-
ity. This behavior reveals a lack of knowledge of the funda-
mental bases regulating a judicious use of ozone and is the
result of a superficial preparation acquired during an occa-
sional ozone therapy’s course of a few hours. This is not
surprising because during the last three decades, on the ba-
sis of Wolff’s suggestion (1), ozone therapy has been used
by practitioners in Europe in an empirical fashion. Unfortu-
nately, even today, most ozone therapists have either a mis-
conception or know only a few technical tips for
performing ozone therapy. This problem, associated with
the difficulties and cost of performing extensive clinical
studies, has hindered real progress, and ozone therapy re-
mains a scarcely known and objected complementary prac-
tice. Worst of all, in some countries, often without any
medical qualification, quacks continue to inject either
ozone intravenously, a procedure prohibited since 1984 in
Germany because of the risk of pulmonary embolism and
death, or ozonated saline containing a certain toxic amount
of hypochloric acid. Moreover, a distinguished American
chemist has affirmed the dogma that ‘‘ozone is toxic any
way you deal with it,’’ reinforcing the concept that ozone
should never be used in medicine. This situation has
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generated a sort of crusade against ozone therapy in spite
of the fact that ozone is considered one of the best disinfec-
tants capable of preventing infection outbreaks. This is be-
coming a crucial advantage because critically ill patients
acquire infections while in hospitals and a number of them
die every year as a result.

Table 1 summarizes several good reasons for refusing
ozone therapy by orthodox medicine. However, problems
1–5 have now been practically overcome, whereas the re-
maining 6–9 are stumbling blocks hindering progress. Dur-
ing the last 14 years, we have made a great effort to
examine ozone therapy in a scientific fashion both at a basic
and clinical level, and we now have some ideas how ozone
acts, how and why its toxicity can be controlled and how
therapeutic effects can be exerted (2–11). There is no need
to invoke philosophical speculations because the mecha-
nisms of action are in the realm of classical biochemistry,
physiology and pharmacology.

This review aims to give the reader the essential infor-
mation and the frame of mind to operate as a real physician.
An extensive description is available in three recent books
(9–11).

What Is Ozone and How Can We Use It?

Ozone is normally present as a gas made of three atoms of
oxygen with a cyclic structure. The medical generator of
ozone produces it from pure oxygen passing through a high
voltage gradient (5–13 mV) according to the reaction:

3O2168;400 cal/2O3
lsevier Inc.
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Consequently, we always collect a gas mixture compris-
ing no less than 95% oxygen and no more than 5% ozone.
Air must be excluded because toxic nitrogen dioxide (N2O2)
will be formed as well as ozone and it is imperative that
generators are made of high quality, ozone-resistant materi-
als such as stainless steel, neutral glass and Teflon.

Ozone is 1.6-fold denser and 10-fold more soluble in
water (49.0 mL in 100 mL water at 0�C) than oxygen. Al-
though ozone is not a radical molecule, it is the third most
potent oxidant (E� 5 12.076 V) after fluorine and persul-
fate. Ozone is an unstable gas that cannot be stored and
should be used at once because it has a half-life of
40 min at 20�C.

Ozone is a controversial gas because, although it is very
useful in the stratosphere by absorbing dangerous B and C
ultraviolet radiations, it is toxic for the pulmonary tract in
the troposphere, particularly mixed with carbon monoxide
(CO), N2O2 and traces of acids as occurs in photochemical
smog.

It must be clear that if we want to use ozone in medicine,
we must avoid its toxicity that can be controlled only if we
operate cautiously by 1) using a precise ozone generator
equipped with a well-standardized photometer, which allows
us to determine the ozone concentration in real time, 2) by
collecting a precise gas volume with a defined ozone concen-
tration. The total dose is simply calculated by multiplying the
ozone concentration with the gas volume. As an example, if
we ozonate a blood volume of 225 mL with 225 mL of gas
with an ozone concentration of 30 mg/mL, the total dose is
equivalent to 6.75 mg of ozone. 3) We must know the optimal
dose for achieving a therapeutic effect without any toxicity.

At variance with blood, the eyes and the lungs are very
sensitive to ozone because they have minimal antioxidant
and neutralizing capabilities and therefore ozone should
never contact these organs.

What Is the Behavior and Fate of Ozone after
Coming in Contact with Body Fluids?

The essential concepts to bear in mind are the following:
a) as any other gas, ozone dissolves physically in pure water
according to Henry’s law in relation to the temperature,
pressure and ozone concentration. Only in this situation

Table 1. Why oxygen ozone therapy has not yet been accepted by

orthodox medicine

1. Excessive empiricism

2. Lack of standardization

3. No precise ozone generator

4. Lack of solid scientific biological and clinical data

5. Ozone toxicity

6. The problem of charlatans

7. Lack of regulation and disinterest of health authorities

8. Lack of financial support

9. Skeptical and uninformed scientists
does ozone not react and, in a tightly closed glass bottle,
the ozonated water (useful as a disinfectant) remains active
for a couple of days; b) on the other hand, at variance with
oxygen, ozone reacts immediately as soon as it is dissolved
in biological water (physiological saline, plasma, lymph,
urine):

O31biomolecules/O21O,

where atomic oxygen behaves as a very reactive atom. Con-
trary to the incorrect belief that ozone penetrates through
the skin and mucosae or enters into the cells, it is empha-
sized that, after the mentioned reaction, ozone does not
exist any longer.

In order of preference, ozone reacts with polyunsaturat-
ed fatty acids (PUFA), antioxidants such as ascorbic and
uric acids, thiol compounds with -SH groups such as cyste-
ine, reduced glutathione (GSH) and albumin. Depending
upon the ozone dose, carbohydrates, enzymes, DNA and
RNA can also be affected.

All of these compounds act as electron donor and
undergo oxidation. c) The main reaction:

R-CH5CH-R01O31H2O/R-CH5O1R0-CH5O1H2O2

shows the simultaneous formation of one mole of hydrogen
peroxide (included among reactive oxygen species, ROS)
and of two moles of lipid oxidation products (LOPs) (12).

The fundamental ROS molecule is hydrogen peroxide,
which is a non-radical oxidant able to act as an ozone mes-
senger responsible for eliciting several biological and ther-
apeutic effects (13,14). The concept that ROS are always
harmful has been widely revised because, in physiological
amounts, they act as regulators of signal transduction and
represent important mediators of host defense and immune
responses.

Presence of traces of Fe11 should be avoided because,
in the presence of hydrogen peroxide, via the Fenton’s re-
action, they will catalyze the formation of the most reactive
OH, (hydroxyl radical).

Fe111H2O2/Fe1111OH,1OH2:

Interestingly, we (15) have also determined the forma-
tion of nitrogen monoxide (NO,) in human endothelial cells
exposed to ozonated serum. Attention should be paid to the
fact that an excess of ROS can lead to the formation of
other toxic compounds such as peroxynitrite (O5NOO2)
and hypochlorite anion (ClO2).

Although ROS have a lifetime of less than a second, they
can damage crucial cell components and, therefore, their
generation must be precisely calibrated to achieve a biolog-
ical effect without any damage. This can be achieved by
regulating the ozone dose (ozone concentration as mg/mL
of gas per mL of blood in 1:1 ratio) against the antioxidant
capacity of blood that can be measured and, if necessary,
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strengthened by oral administration of antioxidants before
and throughout ozone therapy. d) LOPs production follows
peroxidation of PUFA present in the plasma: they are het-
erogeneous and can be classified as lipoperoxides (LOO,),
alkoxyl radicals (LO,), lipohydroperoxides (LOOH), iso-
prostanes and alkenals, among which are 4-hydroxy-2,3
transnonenal (HNE) and malonyldialdehyde (MDA). Radi-
cals and aldehydes are intrinsically toxic and must be gen-
erated in very low concentrations. They are in vitro far more
stable (6) than ROS but fortunately, upon blood reinfusion,
they undergo a marked dilution in body fluids, excretion
(via urine and bile), and metabolism by GSH-transferase
(GSH-Tr) and aldehyde dehydrogenases. Thus, only submi-
cromolar concentrations can reach all organs, particularly
bone marrow, liver, central nervous system (CNS), endo-
crine glands, etc., where they act as signaling molecules
of an ongoing acute oxidative stress (16).

If the stage of the disease is not too far advanced, these
molecules can elicit the upregulation of antioxidant en-
zymes such as superoxide dismutase (SOD), GSH-peroxi-
dases (GSH-Px), GSH-reductase (GSH-Rd) and catalase
(CAT). Interestingly, Iles and Liu (17) have just demon-
strated that HNE, by inducing the expression of glutamate
cysteine ligase, causes an intracellular increase of GSH,
which plays a key role in antioxidant defense. Furthermore,
LOPs induce oxidative stress proteins, one of which is
heme-oxygenase I (HO-1 or HSP-32) which, after breaking
down the heme molecule, delivers very useful compounds
such as CO and bilirubin (18). Bilirubin is a significant li-
pophilic antioxidant and a trace of CO cooperates with NO
in regulating vasodilation by activating cyclic GMP. Fe21 is
promptly chelated by upregulated ferritin. The induction of
HO-1 after an oxidative stress has been described in hun-
dreds of papers as one of the most important antioxidant
defense and protective enzyme. Moreover, LOPs exert
a neuroimmunomodulatory effect highlighted by a feeling
of well being reported by patients during ozone therapy.

Although it remains hypothetical, it is possible that
LOP, throughout the treatments, acting as acute oxidative
stressors in the bone marrow microenvironments activate
the release of metalloproteinases, of which MP-9 particu-
larly may favor the detachment of staminal cells (11).
These cells, once in the blood circulation, may be attracted
and home at sites where a previous injury (a trauma or an
ischemic-degenerative event) has taken place. The potential
relevance of such an event would have a huge practical im-
portance and will avoid the unnatural, costly and scarcely
effective practice of the bone marrow collection with the
need of the successive and uncertain reinfusion (19).

It is emphasized that submicromolar LOPs levels can be
stimulatory and beneficial, whereas high levels can be tox-
ic. This conclusion, based on many experimental data (16),
reinforces the concept that optimal ozone concentrations
are critical for achieving a therapeutic result: too low con-
centrations are practically useless (at best elicit a placebo
effect), too high may elicit a negative effect (malaise, fa-
tigue) so that they must be just above the threshold level
to yield an acute, absolutely transitory oxidative stress ca-
pable of triggering biological effects without toxicity.

In conclusion, it must be clear to the reader that the
ozonation process either happening in blood, or intradiscal
or in an intramuscular site represents an acute oxidative
stress. However, provided that it is precisely calculated ac-
cording to a judicious ozone dosage, it is not deleterious but
is actually capable of eliciting a multitude of useful biolog-
ical responses and, possibly, can reverse a chronic oxidative
stress due to aging, chronic infections, diabetes, atheroscle-
rosis, degenerative processes and cancer. Indeed, the ozono-
therapeutic act is interpreted as an atoxic but real
‘‘therapeutic shock’’ able to restore homeostasis.

Which Are the Biological Effects Elicited by
ROS and LOPs?

The ozonation process is therefore characterized by the for-
mation of ROS and LOPs acting in two phases. This pro-
cess happens either ex vivo (as a typical example in the
blood collected in a glass bottle) or in vivo (after an intra-
muscular injection of ozone) but, while ROS are acting
immediately and disappear (early and short-acting messen-
gers), LOPs, via the circulation, distribute throughout the
tissues and eventually only a few molecules bind to cell re-
ceptors. Their pharmacodynamics allow minimizing their
potential toxicity and allows them to become late and
long-lasting messengers.

Formation of ROS in the plasma is extremely rapid and
is accompanied by a transitory and small ozone dose-
dependent decrease (ranging from 5 to 25%) of the antiox-
idant capacity. Importantly, this return to normal within
15–20 min owes to the efficient recycling of oxidized com-
pounds such as dehydroascorbate to ascorbic acid (20).
H2O2 diffuses easily from the plasma into the cells and
its sudden appearance in the cytoplasm represents the trig-
gering stimulus: depending upon the cell type, different
biochemical pathways can be concurrently activated in er-
ythrocytes, leukocytes and platelets resulting in numerous
biological effects. It must be noted that between the plasma
and the cytoplasm compartments there is a gradient and the
intracellular H2O2 concentration is only about 1/10 of the
plasmatic one (21). The rapid reduction to water is operated
by the high concentration of GSH, CAT and GSH-Px; none-
theless, H2O2 must be above the threshold concentration for
activating several biochemical pathways.

Let us now examine how hydrogen peroxide, now uni-
versally recognized as one of the main intracellular signal-
ling molecules (13), acts on the different blood cells. The
mass of erythrocytes mops up the bulk of hydrogen perox-
ide: GSH is promptly oxidized to GSSG and the cell, ex-
tremely sensitive to the reduction of the GSH/GSSG
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ratio, immediately corrects the unbalance by either extrud-
ing GSSG or reducing it with GSH-Rd at the expense of
ascorbate or of the reduced nicotinamide adenine dinucleo-
tide phosphate (NADPH), which serves as a crucial electron
donor. Next, the oxidized NADP is reduced after the activa-
tion of the pentose phosphate pathway, of which glucose-6-
phosphate dehydrogenase (G-6PD) is the key enzyme. We
have determined a small but significant increase of ATP for-
mation (10,11), but whether this is due to the activation of
the pentose cycle or to phosphofructokinase or to both re-
mains to be clarified. Moreover, for a brief period the rein-
fused erythrocytes enhance the delivery of oxygen into
ischemic tissues because of a shift to the right of the oxy-
gen–hemoglobin dissociation curve, due either to a slight
decrease of intracellular pH (Bohr effect) or/and an increase
of 2,3-diphosphoglycerate (2,3-DPG) levels. Obviously,
one AHT treatment has a minimal effect and we need
to ozonate at least 2.5–4 L of blood within a period of
30–60 days. During this period, LOPs act as repeated stres-
sors on the bone marrow and these frequent stimuli cause
the adaptation to the ozone stress during erythrogenesis
with upregulation of antioxidant enzymes. As a conse-
quence, a patient with chronic limb ischemia undergoing
ozone therapy can have a clinical improvement due to the
formation of successive cohorts of erythrocytes progres-
sively more capable of delivering oxygen to his/her ische-
mic tissues. However, the final improvement is also due
to the localized release of NO, CO and growth factors re-
leased from platelets and endothelial cells.

Although ozone is one of the most potent disinfectants,
it cannot inactivate bacteria, viruses and fungi in vivo
because, paradoxically, the pathogens are well protected,
particularly inside the cells, by the powerful antioxidant
system. Thus, as I proposed a long time ago (22,23), ozone
acts as a mild enhancer of the immune system by activating
neutrophils and stimulating the synthesis of some cytokines
(2,5–7). Once again, the crucial messenger is hydrogen per-
oxide, which after entering into the cytoplasm of blood
mononuclear cells (BMC) by oxidizing selected cysteines,
activates a tyrosine kinase, which then phosphorylates the
transcription factor nuclear factor kB (24), allowing the re-
lease of a heterodimer (p501p65). This complex moves on
to the nucleus and switches on some hundred genes eventu-
ally responsible for causing the synthesis of several pro-
teins, among which are the acute-phase reactants and
numerous interleukins. In the past, we have measured the
release of several cytokines from ozonated blood upon
in vitro incubation (2–7). Once the ozonated leukocytes re-
turn to the circulation, they home in lymphoid microenvir-
onments and successively release cytokines acting in
a paracrine fashion on neighboring cells with a possible re-
activation of a depressed immune system (25). This pro-
cess, described as the physiological cytokine response, is
part of the innate immune system and helps us to survive
in a hostile environment.
During ozonation of blood, particularly if it is anticoagu-
lated with heparin, we have noted an ozone dose-dependent
increase of activation of platelets (8,26) with a consequent
release of typical growth factors, which will enhance the
healing of chronic ulcers in ischemic patients. Whenever
possible, the use of heparin as an anticoagulant is preferable
to sodium citrate because, by not chelating plasmatic Ca11,
it reinforces biochemical and electric events.

During reinfusion of the ozonated blood into the donor,
the vast expanse of the endothelial cells will be activated by
LOPs, resulting in an increased production of NO, plasma
S-nitrosothiols and S-nitrosohemoglobin (15,27). Whereas
NO has a half-life of less than 1 sec, protein-bound-NO
can exert vasodilation also at distant ischemic vascular sites
with relevant therapeutic effect.

Moreover, on the basis of the phenomenon of ozone tol-
erance that says the exposure of an organism to a low level
of an agent, harmful at high levels, induces an adaptive and
beneficial response (28,29), we have postulated that LOPs,
by acting as long-distance messengers, can transmit to all
organs the information of an acute oxidative stress
(10,11). The bone marrow is particularly relevant because
it can upregulate antioxidant enzymes during erythrogene-
sis and allows the release of staminal cells for possibly re-
generating infarcted organs. Moreover, the stimulation of
the endocrine and central nervous systems may help to un-
derstand why most patients during prolonged ozone therapy
report a feeling of euphoria and wellness, probably due to
an improved metabolism as well as to an enhanced hormon-
al or neurotransmitter release.

The paradoxical concept that ozone eventually induces
an antioxidant response capable of reversing a chronic ox-
idative stress is common in the animal and vegetal kingdom
and there is good experimental evidence (30–34) that this
phenomenon is present in the animal and vegetal kingdom.
Moreover, it is already supported by our findings of an in-
creased level of antioxidant enzymes and HO-1 during
ozone therapy (10,11). It also suggests that a judicious
use of ozone, in spite of acting as an oxidant, enhances
the antioxidant capacity, which represents the critical factor
for overcoming chronic viral infections, ischemia and cell
degeneration.

Which Are the Routes of Ozone Administration?

Table 2 shows that ozone can be administered with great
flexibility but it should not be injected intravenously as
a gas because of the risk of provoking oxygen embolism,
given the fact that the gas mixture contains always no less
than 95% oxygen.

So far the most advanced and reliable approach has been
the major ozonated AHT because, on the basis of the pa-
tient’s body weight, a predetermined volume of blood
(200–270 mL) can be exposed to an equal volume of gas
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(O2–O3) in a stoichiometric fashion, with the ozone concen-
tration precisely determined. Figure 1 shows a schematic
drawing of the components necessary to perform AHT with
an ozone-resistant glass bottle (plastic bags must be
avoided because they are not ozone resistant and contami-
nate blood with pthalates and plastic microparticles).
Blood, drawn from a cubital vein via a G19 Butterfly nee-
dle, is rapidly sucked inside the bottle under vacuum via
Segment A. Then a precise volume of gas is delivered via
segment B. With gentle mixing to avoid foaming, ozonation
of blood is completed in 5–10 min and the ozonated blood
is reinfused, via suitable tubing with blood filter, into the
donor in about 15 min. This simple, inexpensive (all the
necessary disposable material costs about 12 US$) proce-
dure has already yielded therapeutic results in vascular

Table 2. Routes of ozone administration

Parenteral

Intravenous, intra-arterial,a intramuscular, subcutaneous, intraperitoneal,

intrapleural, intra-articular, periarticular, myofascial, intradiscal,

intraforaminal, intralesionalb

Topical or locoregional

Nasal,c tubal,c auricular, oral,c vaginal, urethral and intrabladder, rectal,

cutaneous, dental

aNo longer used for limb ischemia. Hepatic metastasis could be embolized

via the hepatic artery.
bIntratumoral or via a fistula.
cTo be performed during 30–40 sec apnea.
diseases superior to those achieved by conventional medi-
cine. Moreover, the therapeutic modalities, until now re-
stricted to major AHT and to the empirical and imprecise
rectal insufflation of gas (11), have been extended: they in-
clude the quasi-total body exposure to O2–O3 (35) and the
extracorporeal blood circulation against O2–O3 (36). The
latter procedure is rather invasive because blood collected
from a vein circulates through an ozone-resistant gas ex-
changer and, with the help of a peristaltic pump, returns
to the circulation via a contralateral vein. On the other
hand, the partial cutaneous exposure to oxygen-ozone does
not need any venous puncture and, owing to the vast ex-
panse of the skin, allows a generalized and beneficial effect.
Clearly, today we can select the most suitable method for
different pathologies, their stage and the patient’s condition.

A discussion on its own is needed for the minor AHT,
which basically consists of withdrawing 5 mL of blood to
be immediately and vigorously mixed for 1 min with an
equal volume of O2–O3 at an ozone concentration ranging
between 80 and 100 mg/mL of gas per mL of blood. It
has been extensively described in Bocci (11). The strongly
oxidized blood, including the foam, is promptly injected in-
to the gluteus muscle without the need of any anesthetic. As
an unspecific immunomodulatory approach, I have used
this treatment since 1953 and, during the last two decades,
several ozone therapists have successfully treated herpetic
infections (for review, see Reference 11). I have speculated
that blood infiltrated into the muscular tissue will undergo
coagulation due to platelet and prothrombin activation.
Figure 1. Schematic drawing of the components necessary to perform the ozonated autohemotherapy with an ozone-resistant glass bottle under vacuum.
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Although patients rarely report a slight swelling and pain at
the injection site, a mild sterile inflammatory reaction may
take place with infiltration of monocytes and neutrophils
scavenging denatured proteins, lysed erythrocytes and apop-
totic cells. If plama contains some free virions (HCV, HBV,
HHV, HIV and so on), these will be inactivated by the high
ozone concentration and may act as an autovaccine. At the
same time a moderate release of cytokines will modulate
the physiological response (25), and the abundance of heme
will upregulate the synthesis of both antioxidant enzymes
and oxidative stress proteins, particularly of heme oxygen-
ase I. It is wonderful that such a simple and autologous
treatment can act as a powerful enhancer of several biolog-
ical responses.

A variant and unnecessarily complicated procedure
proposed in the 1990s consists of treating a similarly small
volume of citrated blood with ozone, ultraviolet light (obvi-
ously generating more ozone and ROS) and heat (42.5�C)
for 3 min. To my knowledge, without clarifying the ratio-
nale of using three physicochemical stresses, this method
appears superfluous because ozone, as an oxidizer, is more
than enough and the addition of other stresses makes the in-
terpretation of the response very difficult. A first pilot study
by Garber et al. (37) testing this technique in HIV patients
was badly conceived and showed neither toxicity nor effica-
cy, but it has amply discredited the use of ozone. This ap-
proach has been subsequently used in patients with either
vasculitis (38) or advanced chronic heart failure (39). As
might be expected, two biological studies (40,41) have
shown the possibility of controlling a chronic oxidative
stress (33) and of activating regulatory T cells for downre-
gulating a chronic inflammation. In conclusion, while I am
not using this variant, I systematically couple the major and
minor AHT as above described in all patients because I
have noticed a potentiation of the biological and therapeutic
effects. My opinion is that only by using a double-focused
approach (it is less expensive than the variant minor AHT),
able to simultaneously expand the interaction of ozonated
messengers with both blood and muscular tissue, one can
achieve a more rapid and intense therapeutic efficacy.

On the basis of experimental data obtained during the
last decade (3–11) and on the average antioxidant capacity
of human blood, we have determined the so-called ‘thera-
peutic window,’ that is the range of ozone concentrations
(expressed as mg/mL of gas per mL of blood) within which
ozone can exert therapeutic effects without toxicity with re-
gard to major AHT. The range is surprisingly wide: 10–15
mg/mL as a minimum and 80 mg/mL as a maximum. Above
90 mg/mL, an incipient hemolysis (4–5%) warns about tox-
icity. The threshold level varies between 15 and 20 mg/mL,
depending upon the individual antioxidant capacity. The
scheme presented in Figure 2 is meant to illustrate the
breadth of action expressed by the ozonated blood through-
out the whole organism.

It is clear that the ozone oxidative activity is efficiently
counteracted by the wealth of plasmatic and intracellular
antioxidants so that an ozone concentration of 5–10 mg/mL
per mL of blood is practically neutralized: only a trace
of ROS and LOPs become detectable and therefore, at this
very low level of ozonation, AHT may only have a placebo
Figure 2. Ozonated blood, after reinfusion into the donor patient, is distributed throughout the whole organism. Erythrocytes continue to circulate in the

vascular system delivering more oxygen into ischemic areas while leukocytes, migrated through post-capillary venules into various organs, slowly induce

an immune response. Platelets will release their hormonal contents into the blood and will disappear. The reinfused LOPs undergo dilution into about 3

L plasma and 9–11 L interstitial fluid but will deliver the message of an acute oxidative stress to the whole body.
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effect. As we are particularly conscious of ozone toxicity,
we always apply the strategy ‘‘start low go slow’’ and, de-
pending on the stage of the disease and the patient’s con-
dition, we usually scale up the concentrations from 15,
then 20, 30 and 40 mg/mL, and more when necessary, dur-
ing the 1st, 2nd, 3rd and 4th weeks, respectively. By using
this strategy, after many thousands of autotransfusions, we
have never recorded any acute or chronic toxicity. The ve-
nous puncture is usually well tolerated because it is per-
formed with a G19 Butterfly needle (quite suitable for
withdrawing blood into the glass bottle under vacuum)
that remains inserted throughout the 35–40 min treatment.
However, a small percentage of women have a very poor
venous access: in this case we can select one of the fol-
lowing three options: rectal insufflation of gas, body expo-
sure to gas, or the slow infusion into a visible vein on the
hand dorsum, via a G25–27 needle, of an isotonic glucose
solution containing a final concentration of 0.03–0.06%
(8.8–17.6 mM) hydrogen peroxide (11,14). This last ap-
proach cannot be as effective as the classical ozonated
AHT, but it is useful. We absolutely discourage the use
of ozonated saline because it contains sodium hypochlo-
rite and can cause phlebitis (14).

Normally we perform the treatment bi-weekly but, if
necessary, we can do it every day or even three times daily.

When Ozone Therapy Should Be Used?

Whenever orthodox medicine fails to solve the medical
problem, the physician has the duty to fully inform the pa-
tient of all valid options available before beginning ozone
therapy. I dislike antagonizing ozone therapy to orthodox
medicine because I believe that there is only good medi-
cine, which is the one that is able to cure the patient.

So far our experience is ample only for chronic limb
ischemia (11,42–45), cutaneous chronic ulcers due to is-
chemia and diabetes (10,11), and in the atrophic form of
age-related macular degeneration (ARMD) (11). In chronic
limb ischemia, the orthodox treatment is performed by
prostanoid infusions, but the benefit is inferior and far more
expensive than ozone therapy. Ozone therapy really helps
about 70% of the ARMD (dry form) patients (11) because
there is no other conventional option. The neovascular, ex-
udative (or wet form) must be first treated with photody-
namic therapy (46) or radiation (47) or with other
experimental approaches based on blocking the activity of
extracellular vascular endothelial growth factor (48).

I will then enumerate other pathologies where ozone
therapy can be proficiently combined with orthodox thera-
pies: 1) Acute and chronic infectious diseases, particularly
due to antibiotic or chemoresistant bacteria, virus and fungi
(11). Even parasitic infections such as giardiasis and cryp-
tosporidiosis have been treated in children by Cuban
physicians after administration of ozonated oil (11). 2)
Osteomyelitis, pleural empyema, peritonitis, abscesses with
fistulae, bed sores, chronic ulcers, diabetic foot, burns,
insect and jellyfish stings, infected wounds, onychomycosis
and candidiasis. These infections, often supported by
antibiotic-resistant bacteria, like methicillin-resistant
Staphyloccocus aureus and poor penetration of antibiotics
into infected areas, are responsible for too many cases of
death occurring in hospitals of even the most advanced
countries. In such cases, ozonated AHT associated with
the topical application of ozonated olive or sunflower oils
allows a rapid disinfection and enhances healing tremen-
dously. Unfortunately, the use of ozonated oils is hardly
known and a detailed description of their preparation, appli-
cation and results is reported in my most recent book (11).
It is most interesting that ozone, an unstable gas, can be sta-
bly trapped as an ozonide between a double bond of a
PUFA : dðCH2Þ7dO3dðCH2Þ7CH3. When the ozonated
oil is layered over the ulcer’s exudate at the oil2water
interface, the ozone moves slowly into the water and, by
reacting with biomolecules, generates a steady flow of
H2O2. The effects of sterilization and improved oxygena-
tion are responsible for the accelerated cicatrization. In
comparison to pharmaceutical creams often containing
useless antibiotics and growth factors, once ozonated oil
is known and used, it will be extremely beneficial to mil-
lions of patients. 3) Herpetic infections (HHVI and II),
herpes zoster and papillomavirus infection. The modality
of the intramuscular injection of minor ozonated AHT,
used as an autovaccine and associated with the topical
therapy with ozonated oil, is very effective in preventing
relapse of herpetic infections. This approach, particularly
when used in combination with the acyclovirs, can cure
herpetic infections in the majority of patients (11). It must
be mentioned that a new vaccine can significantly reduce
the incidence of herpes zoster infection and post-herpetic
neuralgia (49). Chronic hepatitis-C and HIV infections,
whenever possible, must be basically treated with either
PEG-interferon alpha 1 ribavirin or highly active anti-ret-
roviral therapy, respectively, because these drug combina-
tions usually lower the viral load rapidly. However, ozone
therapy could be simultaneously performed as a useful ad-
juvant treatment (11). 4) Autoimmune diseases (multiple
sclerosis, rheumatoid arthritis, Crohn’s disease): results
with AHT seem encouraging but are anecdotal. 5) Other
chronic ischemic diseases (cerebral and heart ischemia).
Ozone therapy exerts beneficial effects because it can a)
increase oxygen, glucose and ATP delivery within ische-
mic tissues, b) enhance neoangiogenesis and possibly
facilitate the implantation of bone marrow stem cells,
which can provide neovascularization and tissue regenera-
tion, c) induce the preconditioning phenomena by upregu-
lating the expression of antioxidant enzymes and heme
oxygenase I and d) trigger a neurohumoral response for im-
proving quality of life. Our preliminary study (11) in end-
stage cardiopathic patients, when either transplantation or
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surgical revascularization was no longer feasible, has
already shown that ozone therapy combined with the con-
ventional best medical therapy can improve a gloomy prog-
nosis. 6) Degenerative disorders: AHT helps patients in
the early phase of senile dementia. On the other hand, it is
rarely and minimally useful in diabetic retinopathy, retinitis
pigmentosa, sudden hearing loss and chronic tinnitus. 7)
Pulmonary diseases: emphysema, asthma, chronic obstruc-
tive pulmonary disease (COPD) and acute respiratory dis-
tress syndrome. COPD is becoming the fourth cause of
death in spite of orthodox therapy based on the inhaled com-
bination of corticosteroids plus long-acting b2-agonists and
antibiotics, when necessary (50). Unfortunately these drugs,
if prolonging the patient’s life, do not arrest the progression
of the disease. The rationale for using ozone therapy is
briefly based upon a) blood reinfusion, LOPs, present in
low concentrations act on the vast endothelial surface
and enhance the release of prostacyclin and NO while re-
lease of endothelin-1 is depressed (8,15). It is known that
the release of NO and S-nitrosothiols represents the phys-
iological mechanism for vasodilation (51,52) and contrasts
the release of the anion superoxide, which causes vaso-
constriction and deploys negative influences on platelets
and endothelial cells. Secondly, the delivery of oxygen
in ischemic tissues is enhanced and the progressive in-
crease of antioxidant enzymes and heme oxygenase-1
counteracts the chronic oxidative stress, typical of pulmo-
nary diseases. Moreover, the mild stimulation of the im-
mune system helps to contain recurrent and chronic
pulmonary infections. Recently, I have been able to treat
advanced COPD patients with very encouraging results
demonstrated by a marked improvement of the respiratory
parameters and the walking test (11). 8) Terminal ne-
phropathies are progressively worsened by a chronic oxi-
dative stress not yet controllable by orthodox medicine
and therefore ozone therapy could stabilize this serious
dysfunction and improve the quality of life of these pa-
tients (11). 9) In a similar manner, ozonated AHT com-
bined with topical application of ozonated oil is proving
to be very useful in the metabolic syndrome well exempli-
fied in patients with type 2 diabetes suffering from chron-
ic ulcers with no tendency to heal (11). There is no doubt
that patients prefer ozone therapy to hyperbaric oxygen
and local larval (maggot) therapy (53). Needless to say,
we must continue to strictly control the glycemic level.
9) Skin diseases (psoriasis, atopic dermatitis): available
data seem positive but there are no randomized studies.
10) Chemoresistant metastatic cancer; therapy of cancer-
related fatigue: we have reported (11,54) that a 6-month,
biweekly, ozone therapy session in preterminal patients
previously heavily treated with chemo- or/and radiothera-
py does improve their quality of life but is unable to block
cancer progression. On the other hand, ozone therapy may
be far more useful immediately after surgery, possibly
combined with chemo- or/and radiotherapy. Not only
could it potentiate the effect of the cytotoxic drugs but
by inducing the antioxidant response, it could reduce che-
motoxicity (55). It is deplorable that oncologists do not
want to cooperate and want to apply only their protocols.
Meantime, even if survival is moderately prolonged at the
cost of a poor quality of life, the mortality remains very
high. Peter Boyle, Director of the International Agency
for Cancer Research in Lyon, France has communicated
that in Europe, in 2004, new cancer cases amounted to
2.9 million with over 1.7 million deaths. These impressive
numbers indicate that the war on cancer remains wide
open and that a skeptical attitude against the use of ozone
therapy is unjustified. 11) Orthopedic diseases (the prob-
lem of backache): the direct intradiscal injection of oxy-
gen-ozone is a great success in about 75% of patients
(11,56) and is one of the few modern techniques able to
solve the problem of a hernial disc with a mini-invasive
approach. The indirect procedure that I defined as a
‘‘chemical acupuncture’’ consists of injecting 10-20 mL
of gas into the paravertebral muscle corresponding to
the metameres of the disc; it is also effective in about
two thirds of patients but, in this case, the mechanism
of action is linked to the activation of the antinociceptor
system. The gas injection appears also effective in allevi-
ating osteoarthrosis and several other joint–tendinitis
affections. 12) Chronic fatigue syndrome and fibromyal-
gia: AHT has been found beneficial in the majority of pa-
tients (11). 13) Dentistry and stomatology: ozone has been
found very useful for treating primary root carious lesions
(57). Moreover, local application of ozonated oil in aph-
thous ulcers (cold sores) occurring on the tongue, lips
and cheeks of many people allows an extremely rapid
healing and disappearance of pain (11). 14) Emergency
situations such as those occurring after extensive trauma,
burns, acute peritonitis and toxic sepsis often lead to mul-
tiple organ failure and death. The combination of the best
orthodox therapy with three to four daily mild ozonated
major AHT can prevent or reduce the worsening of the
metabolic impairments and reduce mortality. Moreover,
patients waiting for organ (particularly heart) transplanta-
tion may improve resistance to infections and immunesup-
pression (due to anesthesia and surgery) if they could
undergo six to eight major and minor AHTs presumably
during 6–15 days before surgery. During heart transplanta-
tion, organs such as the brain and kidneys may be dam-
aged by the ischemia reperfusion syndrome that can be
attenuated by previous adaptation to oxidative stress. A
similar concept could be adopted for scheduled complex
operation or application of joint implants. This sort of
prophylactic ozone therapy, with little effort and expense,
may reduce the risk of infections, shorten the hospitaliza-
tion and save money. However, the implementation of the
prophylactic ozone therapy remains a dream in so far as
World Health Authorities remain aloof and entangled in
economic and political problems.
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Hyperbaric Oxygen Therapy (HOT)
and Ozone Therapy

It appears relevant to briefly clarify the validity and scopes
of these two different approaches. In the hyperbaric cham-
ber, the breathing of pure oxygen at 2.6 atmospheres greatly
increases the solubilization of oxygen in the plasma (about
5 mL/dL) so that the dissolved oxygen is sufficient to sat-
isfy the cellular requirements even in ischemic tissues. That
is the reason why patients with chronic limb ischemia, or
with diabetic foot, or ARMD often undergo HOT. Unfortu-
nately, this is only a palliative treatment because, after 2 h,
as soon as the patient comes out of the chamber, hypoxia
resumes in the ischemic areas and the therapeutic effect
is minimal and temporary. On the other hand, during ozone
therapy, while the hyperoxygenation of the reinfused blood
has a negligible relevance, the ozone triggers a series of bi-
ological mechanisms that lead to normalizing the delivery
of oxygen for several days with consequent therapeutic ef-
fects. Two excellent reviews (58–59) clarify the exclusive
role of HOT in air embolism, decompression sickness,
CO-poisoning and clostridial myonecrosis but, regrettably,
do not examine the relevance of ozone therapy. Indeed, they
objectively report that HOT may be useful in chronic limb,
heart and cerebral ischemia, autoimmune colitis, sickle cell
anemia, chronic osteomyelitis, ARMD, diabetic foot, ther-
mal burns, extensive chronic ulcers and bed sores, but the
actual evidence is flawed and anecdotal. All of these latter
conditions can instead greatly benefit by the use of paren-
teral (and when necessary topical) ozone therapy because
the multiple mechanisms of action of ozone can correct pa-
thologies linked to ischemia, infections, delayed healing
and chronic oxidative stress (reviewed in Reference 11).
In conclusion, both HOT and ozone therapy are important,
but it is necessary to understand that their respective field of
application is different and each approach must be used
profitably only in selected pathologies.

Conclusions and Perspectives

I often ask myself if ozone therapy is obsolete or worth-
while being pursued. Our many treated patients answer
for me and they loudly say that it is very beneficial. The
compliance is excellent and the patients, as soon as the ther-
apeutic effect declines, ask for a new cycle. This is an ex-
cellent proof that provided we are using judicious ozone
concentrations, there is neither acute nor chronic toxicity.
It has been unfortunate that, in the past, the direct intrave-
nous injection of the gas, now prohibited, and misuse of
ozone by incompetent quacks has generated the dogma that
ozone is toxic and should not be used in medicine. This
concept is wrong and has also been based first on non-phys-
iological studies (60) performed in washed erythrocytes,
hence unprotected by the plasma antioxidants and second,
in not recognizing the profound difference between the
endogenous chronic oxidative stress, occurring every day
during a lifetime or during a chronic disease, and the calcu-
lated, extremely brief and exogenous oxidative stress that
we induce on blood by using a precise and small ozone
dose. We know that any drug, depending upon its dosage,
can be either therapeutic or toxic. The following elementary
observation is even more compelling: the normal glucose
concentration in the plasma ranges between 0.7 and
1 mg/mL and is essential for survival. However, when this
concentration falls below 0.4 mg/mL, the consequent hypo-
glycemic coma can be deadly. On the other hand, if the glu-
cose concentration remains constantly above 1.3 mg/mL, it
induces the metabolic syndrome, as is well exemplified by
the current diabetic epidemic. Thus, the dogma about ozone
toxicity is futile because, after millions of treatments, we
have never observed any acute or chronic toxicity. More-
over, most of the patients report a feeling of wellness.

Needless to say, ozone therapy does not ‘‘cure’’ ARMD
or other chronic pathologies but, by performing the mainte-
nance therapy, it does improve the condition and maintain
a good quality of life. On the other hand, even orthodox
medicine, with the exception of several infectious diseases
thanks to antibiotics, antivirals, antibodies and vaccines
and far less frequently of cancer thanks to surgery/chemo-
therapy, is unable to "cure" most human diseases such as
atherosclerosis, advanced cancer, diabetes, degenerative,
metabolic and autoimmune diseases.

We are certainly not blinded by ozone therapy but the
great strides of molecular biology and gene therapy during
the last decade have not yet been paralleled by comparable
advances in therapeutic innovations and many unforeseen
difficulties still have to be overcome (61). I do not want
to diminish scientific achievements but simply to point
out that we are often unable to predict the pitfalls when
new treatments are applied from mice to patients. This is
probably one reason for the worldwide boom of comple-
mentary medicine, not only in underdeveloped countries
but also in the U.S. Patients, as human beings, are often dis-
appointed by the high-tech therapist. Moreover, conven-
tional therapy often has side effects, and about 55,000
Americans may have died as a result of taking the now
infamous Vioxx (62,63).

Ozone therapy is capturing increasing attention all over
the world, since our studies reported in two books (10,11)
have clarified the main biochemical mechanisms of action
and the real possibility of taming ozone toxicity. We now
have the first comprehensive framework for understanding
and recommending ozone therapy in a few diseases as a first
choice and in combination with orthodox therapy in many
others. Indeed, one important characteristic of ozone thera-
py is that it can be experimentally verified both at the bio-
chemical and clinical levels.

So far, the most advanced and reliable approach has
been the major ozonated AHT but today we also have other
technical possibilities and we can select the optimal method
for different pathologies. As far as chronic diseases are
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concerned, the problem is that official medicine tends to
treat symptoms rather than the cause(s) of the disease. Be-
sides the fact that the etiology is too complex or remains
obscure, the treatment is often limited and remains unsatis-
factory. On the other hand, a simple gaseous molecule like
ozone, that probably is even produced in vivo (64), by act-
ing on many targets, at least in part can recover functional
activities that have gone astray. We have good reasons to
believe that the therapeutic power of ozone therapy consists
of simultaneously improving circulation and oxygen deliv-
ery, in enhancing the release of autacoids, growth factors
and cytokines and in reducing the endogenous, chronic ox-
idative stress. In other words, ozone therapy seems to act as
a biological response modifier.

Finally, I cannot omit mentioning some drawbacks. Al-
though the cost of ozone is very low, it represents an im-
practical drug because it is unstable and cannot be stored
in any form. However, by using a portable ozone generator
we can perform domiciliary AHT treatments, useful for the
elderly and for those patients with chronic diseases. More-
over, rectal insufflation of gas can be easily done by the
patient at home, under the ozone therapist’s supervision.
Topical therapy of chronic ulcers and infectious wounds
with ozonated oil is very practical and easy because we
have standard and stable preparations. The last, but certain-
ly not the least, problem is the lack of financial support for
performing controlled and randomized clinical trials, whose
results are critical and urgently needed to prove the validity
and atoxicity of ozone therapy in various diseases. Objec-
tive results from clinical studies represent the unique possi-
bility of convincing the biased opponents of this approach.
The private ozone therapist, or even the small existing na-
tional associations, in comparison to the pharmaceutical in-
dustries that can register an annual profit of 340 billion
dollars, have no financial power and how can an ant com-
pete with an elephant? Really, we do not want to compete
with official medicine, but only help patients to regain
health.
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Abstract
During the last three years, our work aimed to further clarify either (A) the fundamental aspect of

the ozone tolerance and to improve (8) the therapeutic results achieved with ozone therapy in

some human diseases.

(A) As far as the problem of ozone tolerance is concerned, it has been demonstrated that a

differential  enhancement of antioxidant enzymes is ozone dose-dependent in Jurkat T cells incubated

for 24,  48 and 72 h after an ozonation period of 10 min with a cell/gas volumes ratio of 1. Precise

ozone  concentrations ranging from 1.5 up to 72 IJg/ml (31.5-1512 IJM) were tested. The proliferation

index declined progressively and was ozone dose-dependent. The response of enzymatic activities

varied depending upon the enzyme and ozone concentrations: glucose-6-phosphate dehydrogenase

(G6PD) began to increase at an ozone dose of 6 IJg/ml (126 IJM), reached a peak at 12 IJg/ml (252

IJM) and rapidly declined thereafter: on the other hand activities of superoxide dismutase (SOD),

glutathione peroxidase (GSH-Px) and glutathione reductase (GSH-R) increased progressively from the

ozone concentration of 12 IJg/ml, clearly showing a protective role (Larini et al.,2003).

The process of ozonation includes the release ex vivo of reactive oxygen species (ROS) and in

vivo of lipid oxidation products (LOPs), which act as early and late messengers, respectively. A

successive study has revealed that a typical LOP, 4-hydroxynonenal (HNE), which is one of the

major end products of lipid peroxidation, in relation to its dose, can behave either as a physiological or a

toxic signals in vitro. We have studied some biochemical effects of HNE, at various concentrations (0.1-

100 J..IM), on Jurkat T cells incubated thereafter for 24, 48 and 72 h. HNE at very low concentrations

significantly enhanced the proliferation index, whereas at higher concentrations progressively blocked

cell proliferation. SOD, GSH-Px and GSH-R increased progressively with HNE concentrations,

particularly GSH-Px. G6PD showed a different pattern, increasing at low HNE (1-5J..1M) concentrations

and rapidly declined thereafter. These results have shown that HNE induces growth inhibition of Jurkat T

cells and regulates the activity of typical antioxidant enzymes.  Furthermore the useful protective effect

of doubling the volume of fetal calf serum points out the serious and widely overlooked risk that cultured

cells undergo oxidative stress during incubation (Larini et aI., 2004).

Furthermore we have investigated the release of cytokines from isolated peripheral human blood

mononuclear cells (PBMC) exposed to various ozone concentrations for 10 min and the release of

both proinfiammatory and immunosuppressive cytokine after 24, 48 and 76 hours incubation (Larini

and Bocci, 2004a). Ozonation was performed by exposing for 10 min equal cell numbers and volumes of

cell suspension to equal volumes of a gas mixture (1:1 ratio) composed of oxygen- ozone with precise

ozone concentrations ranging from 1.0 up to 80 IJg/ml (0.02 up to 1.68 mM). Markers of oxidative stress

showed a significant relationship between ozone dose and both lipid peroxidation and protein thiol group

contents. With the exception of the lowest ozone concentration, the cytokine production of PBMC was

depressed particularly at concentrations from 40 J..Ig/ml upwards. There was no significant effect on IL-

6 production between exposed or unexposed cells, up to 72 h of incubation. IL-4 production was

markedly affected by ozone exposure, showing a marked decrease even at the lowest ozone

concentration (2.5 IJg/ml) already after 24 hours incubation. On the other hand, production of IFN-y and

TNF-a was slightly stimulated by the lowest ozone dose either at all times or only after 72 h incubation,

respectively. Analysis of the proliferation index (PI) is consistent with these results showing that, while

the lowest concentration stimulates it, progressively increasing 03 concentrations inhibit the PI. These

data show that there is a significant relationship between cytokine production and ozone concentrations

and that PBMC are very sensitive to oxidation particularly in presence of serum with low antioxidant

capacity and lack of erythrocytes, which can quickly recycle dehydroascorbic acid back to ascorbic acid

(May et aI., 1996).

These results have shown the critical protective effect of soluble antioxidants, which are deficient in

tissue culture fluids. Both uric and ascorbic acids and particularly albumin are the most effective



and readily available antioxidants during human blood ozonation (Larini and Bocci, 2004b): even

more interesting is the fact that dehydroascorbic acid is reduced within three min by GSH and

thioredoxin reductase by an extremely efficient recycling system operated by erythrocytes

(Mendiratta et aI., 1998). That is one of the reasons why the antioxidant capacity of plasma during

ozonation of blood decreases transitorily of only 20-25 and does not procure any cell damage

(Bocci, 2002; 2004). On the other hand experiments in vitro suffer from a severe limitation of

antioxidants and have erroneously led many cell biologists to conclude that ozone is always toxic.

Moreover our studies in vitro have fully confirmed that a cycle of ozonated autohaemotherapy
(AHT) in patients induces an adaptation to the repeated and precisely calculated acute oxidative
stresses. This phenomenon is one of the most important results obtainable in patients with chronic
diseases under chronic oxidative stress. This apparently paradoxical (an oxidant like ozone
enhances the antioxidant system!) result, shown in both experimental animals (Leon et aI., 1998)
and patients (Bocci, 2002) demonstrates that ozone is a drug with the unique property of re-
equilibrating the impaired redox balance in several dysmetabolic diseases.

(B) As far as clinical results are concerned, we have had the opportunity of applying ozone

therapy to the following diseases:

1) Age-related macular degeneration (ARM D);

2) Chronic limb ischemia in atherosclerotic and diabetic patients;

3) Bed sores and one case of necrotizing fasciitis;

4) Chronic fatigue syndrome and fibromyalgia Borrelli and Bocci, 2002)

5) Chemotherapy -resistant cancer in preterminal patients (Bocci, 2004).

The therapeutic window that we have determined on an experimental basis ranges between 10
and 80 fJg/ml gas per ml of blood for patients undergoing ozonated AHT remains valid and, within
this range, there is neither haemolysis, nor methemoglobin formation, nor variations of enzymatic
levels (U/g Hb of SOD, GSH-Px, GSH-R and G6PD) assessed in erythrocytes after blood
ozonation (Bocci, 2002; 2004). Obviously for each type of pathology we have selected the most
suitable method (major and minor HAT, extracorporeal circulation of blood against 0203, infusion
of the "gluco-peroxide" solution (Bocci et aI., 2004), rarely rectal insufflation of gas and topical
therapy with ozonated water and oil) and what we believe to be the optimal range of ozone
concentrations. We use the strategy "start low, go slow" or, in other words, in order to achieve the
adaptation to the oxidative therapy, we start with a low dose that is escalated every week to the
optimal level. Neither acute, nor chronic side-effects have ever been noted.

In diseases 1-4, we have observed good or excellent improvements in the majority of patients and
these results confirm the validity of ozone therapy in chronic infectious diseases and in ischaemic-
degenerative diseases. However in preterminal, neoplastic patients, we could improve the quality
of life for some 4 to 6 months but the already extensive metastatization could not be stabilized
(Bocci, 2004). This last result, although discouraging, was not unexpected because we have
treated patients at too later stage due to the chemotherapist's obstinacy to continue cytotoxic
therapy in already chemoresistant-neoplasms. The rational concept to start ozone therapy immediately
after surgery, or during the initial chemotherapy, is unfortunately opposed by the oncologists and it is
difficult for the patient to refuse the radio-chemotherapy treatments. However
we must persevere in our endeavor because so far gene and vaccine therapy have been
disappointing with objective response rate of only 2.6 (Rosenberg et aI., 2004). It is hoped to be able to
discuss these clinical data with other ozonetherapists because we feel that there is room for further
improvement.

Larini A. et aI., Free Radical Research, 37: 1163-68, 2003; Larini A., Free Radical Research, 38:
509-16,2004; Larini A. and Bocci V., Toxicology in Vitro, 19: 55-61, 2004a; May J. M. et aI., Free
rad. BioI. Med., 20: 543-51, 1996; Larini A. and Bocci V., Rivista It. Ossigeno-Ozonoterapia, 3: 15-
24, 2004b; Mendiratta S. et aI., Free rad. BioI. Med., 25: 221-28, 1998; Bocci V., Oxygen-Ozone
Therapy. A critical evaluation. Kluwer Academic Publishers, Dordrecht, The Netherlands, 1-440,
2002; Bocci V., OZONE. A new medical drug. Springer, Dordrecht, The Netherlands, 1-295,2004;
Leon O.S., et aI., Mediators of Inflammation, 7:289-94, 1998; Borrelli E. and Bocci V., Rivista It.
Ossigeno-Ozonoterapia, 1: 149-53,2002; Bocci V., et aI., Free Radical Research, submitted, 2004;
Rosenberg SA et aI., Nature Medicine, 10: 909-15, 2004.
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SUMMARY

Material: We report our experience between May 1996 and May 2003 with 2200 patients affected by low back pain or
sciatica due to herniated disk treated by intradiscal and intraforaminal oxygen-ozone injection.

The patients received medical and physical therapy before treatment for at least 2 months; the patients with conus-cauda
syndrome and hyperalgesic sciatica were excluded. We never performed discography before the treatment that was per-
formed under CT guidance or fluoroscopy. CT provided monitoring of gas distribution in the disk and epidural space.

Results: No side effects were recorded at short and long-term follow-up. Clinical results were evaluated with the modified
McNab method showing an 80% success rate and 20% failure rate in 1750 patients followed up to 6 months while the success
rate dropped down at 75% and failure increased at 25% in 1400 followed up to 18 months. CT showed reduction in the size
of the herniated disk in only 63% of the followed patients (420 patients).

The failure has been mostly related to: calcified herniated disk; spinal canal stenosis; recurrent herniated disk with epi-
dural fibrosis; small descending herniated disk at the level of the lateral recess.

Key words: oxygen-ozone therapy, CT, Low back pain, sciatica.

RÉSUMÉ

Le traitement des hernies discales lombaires par injection intradiscale et intraforaminale d’O2-O3

Matériel : 2 200 patients souffrant de lombalgie ou sciatique en rapport avec une hernie discale ont été traités entre mai 1996
et mai 2003 par injection intradiscale et intraforaminale d’O2-O3. Tous les patients avaient bénéficié d’un traitement médical
pendant au moins 2 mois. Les patients souffrant de syndrome de la queue de cheval ou de sciatique hyperalgique ont été exclus.
L’injection d’O2-O3 était faite sous contrôle scanographique ou scopique. La scanographie a permis de contrôler la distribution
des gaz dans les espaces discal et extradural.

Résultats : Aucun effet secondaire n’a été observé. Les résultats cliniques ont été évalués selon la méthode de Mac Nab
modifiée à 6 mois (1 750 patients suivis) et à 18 mois (1 400 patients suivis) les taux de succès ont été respectivement de 80 %
et 75 %. L’examen scanographique a montré une réduction de la hauteur de disque de 63 % de patients suivis (n = 420). Les
causes d’échec sont principalement les disques calcifiés, les canaux étroits, les récidives de hernie avec filomes épiduraux, les
petites hernies migrées dans le récessus latéral.

Mots-clés : ozone thérapie, scanographie, lombalgie, sciatique.

INTRODUCTION

Nerve root pain and low back pain are one of the
commonest conditions affecting the lumbar spine.
Around 80% of the population in western countries
will experience at least one episode of low back
pain in their lifetime and 55% suffer from low back
pain associated with radicular syndromes [14]. Back
pain is often caused by disc disease even though
other factors are responsible for nerve root syn-
dromes and should be entertained when clinical
symptoms fail to correlate with CT and/or MR find-
ings [17].

In this paper, we report our experience between
May 1996 and May 2003 with 2200 patients affected
by low back pain or sciatica due to herniated disk
treated by intradiscal and intraforaminal oxygeno-
zone injection.

MATERIAL AND METHODS

Material

In the five-year period from Juanary 1997 to May
2003, 2200 patients aged between 13 and 89 years
underwent percutaneous chemonucleolysis with
periradicular and pariganglionic injection of oxygen-
ozone mixture.

The following selection criteria were adopted for
inclusion:

1) clinical: low back and/or nerve root pain resis-
tant to previous medical treatment, physiotherapy
and other therapies (manipulation, acupuncture,
etc.) for a period of not less than two months;

2) psychological: a firm resolve on the part of the
patient to recover with a commitment to cooperate
and undergo subsequent physiotherapy with pos-
tural and motor rehabilitation;

3) neurological: paresthesia or hypoesthesia over
the dermatome involved, mild muscle weakness and
signs of root-ganglion irritation;Reprint request: M. MUTO, address above.
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4) neuroradiological (CT and/or MR): a) evi-
dence of small and medium-sized herniated discs
correlating with the patient’s symptoms with or with-
out degenerative disc-vertebra disease complicated
by intervertebral disc changes (protrusion, hernia-
tion); b) residue of surgical (micro)-discectomy with
herniation recurrence and/or hypertrophic fibrous
scarring.

The exclusion criteria were:
1) CT/MR evidence of a herniated disc fragment

with symptoms of motor and/or sphincter distur-
bance;

2) CT/MR evidence of disc herniation corre-
sponding to clinically severe motor deficit and/or
sphincter disturbance.

The indications for O2-O3 treatment were
extended to FBSS patients when it was under-
stood that the ozone mechanisms of action could
be exploited to treat the chronic inflammation and
venous stasis present in FBSS. Technical approach
to the disc is the same as that used for both dis-
cography and other percutaneous intervertebral

disc procedures. We used an 18-20G Chiba needle
inserted from a posterior paravertebral oblique
approach under CT or fluoroscopic guidance. The
L5-S1 space is not always an easy target to reach
and may require additional 30°  craniocaudal incli-
nation of the needle. Once the needle has been
positioned in the centre of the disc, the gas mix-
ture is injected into the disc (3-4ml) and into the
epidural and intraforaminal spaces (10ml) at the
concentrations of 30 micrograms/ml (figures 1 and
2).

We no longer perform discography before percu-
taneous treatment as the procedure adds no further
diagnostic information needed for treatment. A CT
scan is done before therapy to rule out the presence
of a retro-psoas bowel loop.

CT guidance was adopted instead of the well-
tested radiological monitoring by isocentric angio
suite with double arm due to the need for meticulous
positioning of the needle within the nucleus pulpo-
sus. In addition, CT avoids the use of intradiscal
contrast administration which even in low doses

a b

c

d

FIG. 1. – Patient with median and left paramedian L4-L5 herniated disk (a). Intradiscal positioning of the 20G Chiba needle
under CT guidance (b). CT control after intradiscal injection of 4ml of oxygen ozone mixture (c) with evidence of intramuscular
gas diffusion. Coronal and sagittal (d) MPR CT images with evidence of gas within the disk.

FIG. 1. – Hernie discale postérolatérale L4-L5 (a). Positionnement d’une aiguille de Chiba (20 G) sous scanographie (b). Contrôle
scanographique après injection du mélange O2-O3, noter la diffusion moléculaire du gaz (c). Reformatage dans les plans frontal et
sagittal montrant la présence de gaz dans le disque (d).
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reduces the discal absorption of ozone and the space
available and hinders the search for the site of
intraforaminal injection of the O2-O3 mixture.

A CT scan was always performed to confirm the
intradiscal injection, and the epidural and intrafo-
raminal diffusion of the O2-O3 mixture.

Methods
There are many and different protocols to analyze

in an objective way the clinical results in patients
with low back pain and HNP (16-18). We evaluated

our results according to a modified Mac Nab method
(table I) in the following situations: degenerative dis-
ease complicated by herniated disk , L4-L5 or L5-S1
herniated discs, multiple disc herniations, FBSS, cal-
cified disc herniations and disc herniations associ-
ated with spinal stenosis.

The first three situations represented 78% of
all treated patients. Evaluation at 6 months was
performed clinically in all 2200 patients with CT or
MR Follow-up obtained in 420 patients while clinical
follow-up evaluation at 18 months was available for
1400 patients (table I).

a b

c d

FIG. 2. – CT axial scan (a-c) and coronal and sagittal MPR
(d-e). Left paramedian herniated disk (a) with evidence of
intradiscal needle positioning at the L4-L5 level (b) Intradis-
cal (c) (4ml) and epidural (d-e) (15ml) injection of oxygen-
ozone mixture at CT control after the procedure.

FIG. 2. – Coupes scanographiques axiales (a-c) et reforma-
tage dans les plans coronal et sagittal (d-e). Hernie discale
paramédiane L4-L5 (a). Extrémité de l’aiguille dans l’espace
discal (b). Injection de mélange O2-O3 dans le disque (4 ml, c)
et l’espace épidural (15 ml, d-e).e



186 M. MUTO et al.

RESULTS

The results at 6 and 18 months are summarized in
tables II and III.

Clinical follow-up for up to 18 months in
1400 patients confirmed persistent good outcome in
75% of cases. CT or MR follow-up was done in
420 patients, documenting a reduction in herniated
disc size only in 63% of cases (figure 3). We ana-
lyzed the failures reported herein, focusing on possi-
ble technical errors to establish whether indications
for treatment had been too broad or whether corre-
lations exist between certain types of herniated disc,
site of herniation, type of intervention and treatment
failure.

Retrospective analysis of our failures disclosed
that a successful outcome was much more unlikely in
the presence of calcified herniated discs, herniations

associated with stenosis of the spinal canal and large
extruded herniations.

DISCUSSION

We know from the natural history of herniated
disc that clinical symptoms tend to disappear in up
to 50% of patients and the disc herniation can shrink
at CT or MR scans within eight to nine months after
the onset of back pain, but not all patients can wait
so long before improve symptoms [5-14]. The short-
term success rate after surgery for lumbosacral disc
herniation is around 95-98% with a 2-6% incidence
of true recurrence of herniation. This percentage
decreases to around 80% in the long-term due to the
onset of symptoms linked to Failed Back Surgery
Syndrome (FBSS) characterised by recurrence and/

TABLE I. – Modified Mac Nab method.
TABLEAU I. – Méthode de Mac Lab modifiée.

Success Failure

Excellent
— disappearance of symptoms
— complete recovery in working and sport activities

Mediocre
— insufficient improvement of symptoms
— periodic administration of drugs
— limitations of physical activity

Good
— occasional episodes of low back pain or sciatica

No results
— no improvement
— surgery required

Fair
— improvement of symptoms
— limitation of heavy physical activity

Bad
— worsening of clinical situation
— surgery required

TABLE II. – Results at 6 month follow-up.
TABLEAU II. – Résultats à six mois.

In patients with degenerative disease complicated by 
herniation:
— excellent in 40%
— good or fair in 40%
— mediocre or bad in 20%

In patients with L4 L5 or L5-S1 herniated discs:
— excellent in 64%
— good or fair in 13%
— mediocre or bad in 23%

In patients with multiple disc herniations:
— excellent in 58%
— good or fair in 11%
— mediocre or bad in 31%

In FBSS patients:
— excellent in 45%
— good or fair in 20%
— mediocre or bad in 35%.

In patients with calcified disc herniations:
— excellent in 35%
— good or fair in 20%
— mediocre or bad in 45%

In patients with herniated disc associated with stenosis:
— excellent in 25%
— good or fair in 25%
— mediocre or bad in 50%

TABLE III. – Results at 18 month follow-up.
TABLEAU III. – Résultats à 18 mois.

In patients with degenerative disease complicated by 
herniation:
— excellent in 40%
— good or fair in 38%
— mediocre or bad in 22%

In patients with L4 L5 or L5-S1 herniated discs:
— excellent in 62%
— good or fair in 14%
— mediocre or bad in 24%

In patients with multiple disc herniations:
— excellent in 56%
— good or fair in 12%
— mediocre or bad in 32%

In FBSS patients:
— excellent in 43%
— good or fair in 19%
— mediocre or bad in 39

In patients with calcified disc herniations:
— excellent in 33%
— good or fair in 18%
— mediocre or bad in 49%

In patients with herniated disc associated with stenosis:
— excellent in25%
— good or fair in 25%
— mediocre or bad in 50%
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or hypertrophic scarring with severe symptoms in
20% of patients and FBSS proper in 15% [9, 10].
These figures have stimulated research into newer
minimally-invasive techniques to improve clinical
results. At the same time, advances in percutaneous
techniques by interventional procedures (chemonu-
cleolysis with chemopapain, nucleo-disckectomy
introduced by Onik, IDET, discectomy LASER, and
recently nucleoplasty) have minimized the invasive
nature of surgical techniques and avoid or decreased
complications such as postsurgical infection.

Reducing intervertebral disc size by mechanical
aspiration of disc fragments or partially dissolving
the herniation by drying reduces the conic pressure
on the torn annulus and creates the space necessary
for retropulsion whenever the circular fibres of the
annulus regain a minimum capacity to contain the
disc under tension.

All percutaneous procedures are mildly invasive
entailing only a short hospital stay. By avoiding the
spinal canal, these techniques also eliminate the risks
of post-operative scarring linked to surgery which is
often responsible for recurrence of pain. Percutane-
ous techniques can also be repeated in the same
patient without precluding recourse to traditional
surgery if they should fail. The success rates
reported in different studies vary from 65 to 80% of
excellent or good results with chemonucleolysis and
aspiration [10]. Epidural steroid injections under CT
or fluoroscopic guidance are also used to minimize
radicular pain and to try to obtain complete pain
relief [2, 4, 8, 15, 20, 21]. Discography is often used
to decide regarding the possibility to perform percu-
taneous discectomy and chemonucleolysis but is use-
less in case of O2-O3 therapy.

Chemonucleolysis with “nucleoptesis” combined
with drying the nucleus with an oxygen-ozone mix-
ture (O2-O3) uses a colorless irritant gas with a pun-
gent odour which is unstable and has a strong
oxidizing power with good antiseptic, disinfectant
and antiviral properties. Ozone is prepared and
administered as required by transforming a small
percentage of oxygen into ozone using special gener-

ators. The O2-O3 gas mixture produced can be
injected into the intervertebral disc and root foram-
ina, 3-4 ml into the disc and 15-20 ml into the neural
foramen and root canal. The concentration of the
mixture is adjusted by the equipment. The dose
mainly administered to treat disc disease is 30 micro-
grams/ml, a concentration calculated from experi-
mental studies as the amount best suited to dry out
the nucleus and minimize inflammation. A number
of studies have been published in the literature on
the O2-O3 treatment of disc herniation with satisfac-
tory results in selected cases [1, 3, 6, 7, 13, 18]. The
causes of backache are the topic of scientific investi-
gation. Mechanical and/or inflammatory irritation of
the nerve endings is responsible for low back pain
[11, 19, 20, 23, 24]. The natural response of any
structure to injury is to trigger a repair process by
means of an inflammatory response. The number of
direct or immune-mediated inflammatory events
accounts for decompressive FBSS in some patients.

Mechanism of action of the O2-O3 mixture

The nucleus pulposus can set off an immune-
mediated inflammatory process as the proteoglycan
component of its nucleus is segregated from the
immune system after birth. Herniation of the
nucleus pulposus would therefore trigger an auto-
immune reaction, generating an inflammatory pro-
cess whose cell component is mainly supported by
macrophages. On the other hand, the nucleus pulpo-
sus can also give rise to an inflammatory process
through a non-immune-mediated mechanism sup-
ported by the many inflammatory agents identified
in its nucleus.

The reactive tissue surrounding the disc
contains histiocytes, fibroblasts in the herniations,
and chondrocytes in the disc protrusions able to
produce cytochines (Interleukin-1 alpha, Inter-
leukin 6 and TNF-alpha) with an increase in phos-
pholipase A2 leading to the release of prostaglandin
E2, leukotrienes and thromboxanes found in
larger quantities in non-contained discs hernia-

a b

FIG. 3. – Follow-up MR of a patient treated at the L5-S1 level prior to (a) and 9 months after treatment (b).

FIG. 3. – Hernie discale L5-S1 (a), examen effectué 9 mois après traitement (b).
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tions and patients presenting more severe symp-
toms.

Prostaglandins cause pain. In small amounts, they
enhance sensitivity of the nerve roots and other
pain-producing substances like bradykinin. Experi-
mental studies have shown that an oxygen-ozone gas
mixture at the concentrations used for intradiscal
treatment have the same effect as steroids on inhib-
iting cytokine production and hence the pain
induced by the same [12].

The oxygen-ozone mechanisms of action are cur-
rently being investigated and include:

1) enhanced oxygenation and reduced inflamma-
tion in the disease site due to the oxidizing effect on
pain-producing mediators;

2) direct effect of ozone on the mucopolysaccha-
rides making up the nucleus pulposus of the inter-
vertebral disc with rupture of water molecules and
shrinkage of the disc exerting compression on the
nerve roots;

3) improved microcirculation due to resolution of
venous stasis and lack of oxygenated blood supply
following mechanical compression of the herniated
disc and disc protrusion on the vessel components.

Tissue structure alterations

In vivo experimental studies on swine interverte-
bral discs and in vitro tests on human discs with
intradiscal administration of an O2-O3 mixture at a
concentration of 27mcg/ml demonstrated dehydra-
tion of the fibrillary matrix of the nucleus pulposus
disclosing the collagen mesh/network and regressive
events (fragmentation and vacuole formation).
Neoangiogenesis was sometimes present with mild
hyperplasia of the chondrocytes in the matrix
periphery. Such changes are thought to be due to the
decomposition of ozone with release of free radicals
which act directly on the disc matrix or indirectly via
proteolytic enzymes.

Complications and risks

No early or late neurological or infectious compli-
cations have been reported following O2-O3 injec-
tion. The results are virtually the same as those of
other percutaneous techniques (75-80% success
rate), injections can be repeated if necessary, and
there are no side effects. However, the low costs of
this O2-O3 therapy make this the method of choice
in the percutaneous treatment of herniated lumbar
disc.

CONCLUSION

In our experience, intradiscal O2-O3 treatment of
herniated lumbar disc has revolutionized the percu-
taneous approach to nerve root disease making it
safer, cheaper and easier to repeat than treatments
currently in use. In addition, O2-O3 therapy does not
preclude later recourse to surgery should patients
fail to benefit. The technique is also reliable and
compatible with other percutaneous procedures.

O2-O3 treatment also has the advantage of being
feasible in virtually all patients with root syndromes

without the contraindications of chemonucleolysis or
nucleoaspiration which must be ruled out by disco-
graphy.

In our experience the failure has been mostly
related to patients with spinal canal stenosis, recur-
rent herniated disk, calcified herniated disk and
small descending herniated disk of the lateral recess
with significant compression of the nerve sheath.

On the basis of our results and the assessment of
our failures, we recommend careful selection
patients to avoid broadening the indications for
treatment, thereby ensuring a high success rate.

Accurate diagnosis of the lesion and the spinal
level to be treated, accurate technique under CT or
fluoroscopic guidance in expert hands and patient
follow-up by the neuroradiologist after treatment
are key factors in ensuring the successful outcome of
percutaneous treatment for this common condition.

REFERENCES

[1] ANDREULA C. Lumbar Herniated disk and degenerative
changes. Interventional spinal treatment with chemiodisco-
lysis with nucleoptesis with O3 and perigangliar infiltration
in 150 cases. Rivista di Neuroradiologia 2002; 14: 81-88.

[2] BERGER O, DOUSSET V, DELMER O, POINTILLART V, VI-
TAL JM, CAILLE JM. evaluation of the efficacy of foraminal
infusions of corticosteroids guided by computed tomography
in the treatment of radicular pain by foraminal injection. J
Radiol Sep 1999; 80: 917-925.

[3] BONETTI M, COTTICELLI B et al. Oxygen-ozone therapy vs
epidural steroid injection. Rivista di Neuroradiologia 2000;
13: 203-206.

[4] BUCHNER M, ZEIFANG F, BROCAI DR, SCHILTENWOLF M.
Epidural corticosteroid injection in the conservative mana-
gement of sciatica. Clin Orthop 2000; 375: 149-156.

[5] BUSH K, COWAN N, KATZ DE, GISHEN P. The natural his-
tory of sciatica associated with disc pathology. A prospective
study with clinical and independent radiologic follow-up.
Spine 1992; 17: 1205-1212.

[6] D’ERME M, SCARCHILLI A et al. Ozone therapy in lumbar
sciatic pain. Radiol Med 1999; 95: 21-24.

[7] FABRIS G, TOMMASINI G et al. Oxigen-ozone therapy in per-
cutaneous treatment of lumbar HNP. Rivista di Neuroradio-
logia 1999; 12: 23.

[8] FURMAN MB, O BRIEN EM, ZGLESZEWSKI TM. Incidence of
intravascular penetration in transforaminal lumbosacral epi-
dural steroid injection. Spine 2000; 25: 2628-2632.

[9] GALLUCCI M, SPLENDIANI A, MASCIOCCHI C. Spine and spi-
nal cord: neuroradiological functional anatomy. Rivista di
Neuroradiologia 1997; 11: 293-304.

[10] GANGI A, DIETEMANN JL, MORTAZAVI R, PFLEGER D,
KAUFF C, ROY C. CT-guided interventional procedures for
pain management in the lumbosacral spine. RadioGraphics
1998; 18: 621-633.

[11] HANG JD, GEORGESCU HI et al. Herniated lumbar interver-
tebral disc spontaneously produce matrix metallo proteina-
ses, nitric oxide, interleukin 6 and prostaglandin E2. Spine
1996; 21: 271-277.

[12] ILIAKIS E. Ozone treatment in low bak pain. Orthopaedics
1995; 1: 29-33.

[13] LEONARDI M, BARBARA C et al. Percutaneous treatment of
lumbar herniated disk with intradiscal injection of ozone
mixture. Rivista di Neuroradiologia 2001; 14: 51-53.

[14] LONG MD. Decision making in lumbar disc disease. Clinical
Neurosurg 1991; 39: 36-51.

[15] LOWELL TD, ERRICO TJ, ESKENAZI MS. Use of epidural ste-
roids after discectomy may predispose to infection. Spine
2000; 25: 516-519.



TREATMENT OF HERNIATED LUMBAR DISC 189

[16] MELZACK R. The McGill Pain Questionnaire: Major proper-
ties and scoring system. Pain 1975; 1: 277-299.

[17] MUTO M, DE MARIA G, IZZO R, FUCCI G, APRILE I. Non-
discal lumbar radiculopathy: combined diagnostic approach
by CT and MR. Rivista di Neuroradiologia 1997; 10: 165-173.

[18] MUTO M, AVELLA F. Percutaneous treatment of herniated
lumbar disc by intradiscal oxygen-ozone injection. Interven-
tional Neuroradiology 1998; 4: 279-286.

[19] OYSTEIN PN, SVEIN IM, OSTERUD B. The inflammatory pro-
perties of contained and non-contained lumbar disc hernia-
tion. Spine 1997; 22: 2484-2488.

[20] SAAL J. The role of inflammation in lumbar spine. Spine
1995; 20: 1821-1827.

[21] SCHMID G, VETTER S, GOTTMANN D, STRECKER EP. CT-gui-
ded epidural/perineural injection in painful disorders of the
lumbar spine: short and extended term results. Cardiovasc
Intervent Radiol 1999; 22: 493-498.

[22] WEINSTEIN SM, HERRING SA, DERBY R. Contemporary
concepts in spine care. Epidural steroid injection. Spine 1995;
20: 1842-1846.

[23] WEINSTEIN J. Mechanism of spinal pain: the dorsal root gan-
glion and its value as a mediator of low back pain. Spine 1986;
11: 999-1001.

[24] ZENNARO H, DOUSSET V, VIAUD B, ALLARD M, DEHAIS J,
SENEGAS J, CAILLE’ JM. Periganglionic foraminal steroid
injections performed under CT control. AJNR 1998; 19: 349-
352.

“Diffusion-Weighted MR Imaging of the Brain”,
T. MORITANI, S. EKHOLM, P.-L. WESTESSON,
2004, ISBN 3-540-03439-0

L’imagerie de diffusion est aujourd’hui une des
techniques-clé de l’exploration du système ner-
veux central. Largement utilisée pour le diagnos-
tic des accidents ischémiques à la phase aiguë, son
application s’étend à beaucoup d’autres affec-
tions. L’ouvrage très pratique de T. Moritani, S.
Ekholm, P.L. Westesson, souligne l’intérêt de
cette séquence d’imagerie rapide. Les premiers
chapitres sont consacrés aux bases techniques de
l’imagerie de diffusion, bénéficiant d’illustrations
en couleur très utile à la compréhension de ces
données, aux résultats normaux, ainsi qu’aux

artéfacts observés. Les chapitres suivants sont
consacrés à la pathologie cérébrovasculaire, aux
affections démyélinisantes, dégénératives, toxi-
ques et métaboliques, aux infections crâniocéré-
brales et à la pathologie tumorale. Deux thèmes
spécifiques sont abordés dans des chapitres dis-
tincts : l’épilepsie et la neuro-imagerie de l’enfant.
L’ouvrage se conclut par un chapitre particulière-
ment utile à l’imagerie de diffusion ; celui-ci est
fait de tableaux illustrés, où sont classées les
affections en fonction du signal observé en diffu-
sion, en T2 et de la valeur de l’ADC. Les auteurs
proposent un ouvrage de très grande qualité, par-
faitement illustré, pratique, indispensable à tout
spécialiste amené dans sa pratique à utiliser
l’IRM de diffusion.
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Abstract: We have investigated the performance of a new
gas exchange device (GED), named L001, specifically
devised for the ozonation of human blood during extra-
corporeal circulation. This procedure, defined with
the acronym “EBOO,” means “extracorporeal blood
oxygenation–ozonation.” The innovative GED is made of
microporous, ozone-resistant, polipropylene hollow fibers
with an external diameter of 200 mm, a thickness of 50 mm,
and a membrane surface area of 0.22 m2. The material is
coated with phosphorylcholine on the external side in
contact with the circulating blood, while a gas mixture,
necessarily composed of medical oxygen and ozone (about
99 and 1%, respectively), flows inside the fibers in opposite
direction.The new GED has been tested by using a buffered
saline solution containing KI and by varying several param-
eters, and it has shown to be very versatile and efficient. Its
main characteristics are minimal foreign surface contact,
high gas transfer,and negligible priming volume.This device
appears to be a practical, nontoxic, and rather inexpensive
tool for performing ozonation of blood for already defined
human diseases. Key Words: Ozone—Extracorporeal
circulation—Polipropylene hollow fibers—Phosphoryl-
choline coating—Gas exchange device.

The idea to realize a dialysis-like system for a mild
blood ozonation of blood ex vivo was fairly common
in the 90s (1), and unfortunately, even today, dialysis
filters are used in private clinics for cancer and human
immunodeficiency virus-infected patients hoping for a
cure. Dialysis filters are made with hydrophilic hollow
fibers to allow passage of water and solutes into the
dialysate but are inefficient and not idoneous for gas

exchange. Moreover, being made of ozone-sensitive
materials, they can release toxic compounds in the
circulating blood. Thus, only gas exchange devices
(GEDs) made with hydrophobic,water-impermeable,
ozone-resistant,polypropylene hollow fibers enclosed
in an ozone-resistant housing and connected to the
peristaltic pump and ozone generator by silicone
tubing must be used. During the last 8 years, we have
performed a number of investigations aiming to estab-
lish a new method for the oxygenation–ozonation of
human heparinized blood during extracorporeal cir-
culation using GEDs, namely, oxygenators, typically
used in open heart surgery.We are indeed interested in
not simply oxygenating blood because,as explained in
the Discussion, our aim was to deliver minimal doses
of ozone, which, at appropriate concentrations, can
activate a number of biological functions in blood cells
without any deleterious effect. In the first article, we
have evaluated the methodology and performed a
preclinical evaluation in sheep (2),while initial clinical
studies have examined the efficacy of the system in a
variety of vascular diseases (3) and in one patient with
necrotizing fasciitis (4). In contrast to dialysis filters,
the GED allows blood to flow outside the hollow
fibers while the gas mixture (~99% medical oxygen
and ~1% ozone) flows in a counter-current fashion
inside the hollow fibers, but we noted some problems
related to the scarce bioavailability of the devices.We
have also tested GEDs with fibers externally coated
with either heparin or human albumin (5,6) but,
although albumin reduces platelet adhesion better
than heparin, GEDs are not satisfactory. This is so
because the strong ozone reactivity stimulates the
aggregation of platelets that, in spite of the presence of
heparin, adhere onto the external surface of the fibers
and cause a progressive reduction of the gas transfer
and the GED’s efficiency.We have already extensively
discussed the problem why, in the presence of ozone,
neither heparin nor albumin represents the ideal bio-
compatible coating for a foreign surface (6).However,
the last clinical study (7) has been performed with
GEDs coated with phosphorylcholine, which repre-
sents a great advance in terms of biocompatibility (8).
The present article aims to describe a new GED,
specifically engineered for the EBOO. This device
tries to optimize the process of oxygenation–
ozonation of blood.
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MATERIALS AND METHODS

In this study, we examined in detail a new GED,
model L001: the membrane, 50 mm thick, was made
of microporous polypropylene, with a gas exchange
surface area of 0.22 m2 coated with phosphoryl-
coline, lined on the surface in contact with blood to
prevent adhesion of platelets and procoagulant pro-
teins. The hollow fibers had an external diameter of
200 mm and an internal one of 150 mm. The device
weighed 236.0 g; the maximal blood flow was of
0.7 L/min, and the priming volume was as little as
20 mL. It was produced by SORIN Group Italia,
Mirandola (Modena, Italy), patent pending.
Figure 1a,b shows the external form and a section,
respectively. Figure 1c describes in detail the various
parts. We made a partial comparison with the older
model L2, which had a surface of 0.65 m2 (patent
no. 0582959) used in the clinical trial published in
2005 (7).

The GED and lines were routinely rinsed with 2-L
saline before starting the perfusion. Ozone was pro-
duced by three generators by using only pure, medical
oxygen constantly delivered at no more than 1.5 bar:

1 Ozonline ECO3 (Torino, Italy). It delivers ozone
concentrations between 0.1 and 3.0 mg/mL of gas,
with a gas flow ranging from 250 mL/min (15 L/h)
up to 1 L/min (60 L/h).

2 Ozonline. It delivers ozone concentrations
between 1 and 15 mg/mL of gas with a gas flow
ranging from 1.60 and 6.0 L/min.

3 Ozonosan PM-80 (Hansler GmbH, Iffezheim,
Germany), which could deliver ozone concentra-
tions from 2 up to 80 mg/mL with a gas flow ranging
between 1 and 8 L/min.

We felt compelled to use these three ozone genera-
tors because we needed to test a wide range of ozone
concentrations and,to date,a generator able to deliver
these concentrations is not yet available.

Ozone was generated from oxygen using electrical
corona arc discharge. Silicone and, when necessary,
Tygon polymer tubings (Saint-Gobain Performance
Plastics, Lyon, France) were used throughout the
reaction procedure to ensure containment of ozone
and consistency in concentrations. The unused ozone
was immediately converted to oxygen by passing
through a destructor (Fig. 1c).

Within the ranges of ozone concentrations indi-
cated earlier, medical oxygen represented between
95.0 and 99.8% of the gas mixture, while ozone was
the residual percentage. In all cases, the ozone con-
centration was monitored continuously by photom-
etry at 600 nm (Chappuis band), periodically checked

by iodometric titration. GEDs and ancillary materials
used in this investigation were sterile and used only
once. The precise entity of the gas flow was periodi-
cally checked with a Rota Yokogawa, Typ: RAGL 53
(Wehr, Germany).

Most of the chemical determinations were carried
out in the Physiology and Pharmaceutical Chemistry
Laboratories of the University of Siena, while those
performed with the ozone generator B were carried
out in the Dialysis Unit of the University Polyclinic,
Siena, Italy. The protocol (no. 562/05, June 30, 2005)
was approved (February 28, 2006) by the Ethical
Committee of the University of Siena.

The solution used throughout the experiments
simulated deproteinized serum and consisted of a
freshly prepared saline (0.145 M), phosphate buff-
ered (0.05 M) solution adjusted at pH 7.3. KI
(0.12 M) was added just before the experiments, and
the final solution was clear and colorless.

The efficiency of the GEDs to transfer ozone
flowing inside the hollow fibers to this solution,
flowing in a counter-current fashion outside the
hollow fibers via a precise peristaltic pump (Multi-
mat B, Bellco, Modena, Italy), was determined by
the iodometric method according to the revised pro-
cedure described by Masschelein (9). All samples
were collected in 50-mL sterile polypropylene test
tubes immediately closed with Teflon caps (VWR
International S.r.l., Milan, Italy). No recirculation of
the solution was allowed because it was discarded
after sampling. The iodometric reaction was carried
out immediately at the end of the experiment.
When ozone reacts with the KI solution, iodine
is generated and the solution immediately acquires
an amber color which, upon reduction with a
titrated solution of Na2S2O3 and a starch indi-
cator allows the determination of the ozone
concentration:

O I H O I O OH

I S O I S O
3 2 2 2

2 2 3
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2 2

2 2

+ + → + +
+ → +

− −

− − −

The concentration of ozone in gram per liter equals
24 ¥ volume of thiosulphate in L ¥ normality of thio-
sulphate divided by the inlet volume of gas flow in
liters. Both the entities of the gas and of the solution
volumes per min were precisely determined at 21°C
and normal atmospheric pressure.

The detection limit of the analytical procedure was
0.1 mg/L, and the reproducibility was �2% of the
measured ozone concentration. All determinations
were repeated at least three times and proved to be
very reproducible (coefficient of variation <2%).
Figures 2–5 present the mean value.
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RESULTS

Owing to the fact that ozone is a strong oxidant, it
must be used with great caution and we must gain a
precise knowledge of the efficiency of the GED. For
these reasons, we ran the first series of experiments
(by using ozone generator A) to evaluate the amount
of iodine formation with a constant flow of the
saline–KI solution of 80 mL/min, by using very low
ozone concentrations (from 0 to 2.4 mg/mL of gas)
delivered at a constant gas flow of 250 mL/min. Con-
sequently, the ozone doses range between 0 and
0.6 mg/min. Figure 2a shows the kinetic of the trans-

a

b

c

FIG. 1. GED L001 (a) the external aspect, (b) the cross section,
and (c) a schematic diagram of the circuit (1, saline solution; 2,
oxygen supply; 3, ozone generator with photometer; 4, peristaltic
pump; 5, GED; 6, sample collector; 7, silica gel trap; 8, ozone
destructor).
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FIG. 2. (a) Transfer and (b) total yield of ozone obtained by using
ozone generator A and two different GED sizes.
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fer of ozone; hence, the iodine formation increased in
a linear fashion for the GED L001, while the L2 was
defective at the initial ozone doses. Figure 2b demon-
strates that the net yield of ozone, expressed as a
percentage, is almost quantitative (80–98%) for the
model L001.

Next, with the more powerful generator B, we
thought that it was worthwhile to investigate the
effect of higher ozone concentrations, from 1 to
13 mg/mL of gas delivered at a constant gas flow of
1.60 L/min, and therefore ozone doses ranging
between 0 and 20.8 mg/min. The saline–KI solution
was pumped constantly at the usual flow of 80 mL/
min. Figure 3a shows the linearity of the ozone trans-
ferred from the gas phase flowing inside the hollow
fibers and the external iodide solution. Figure 3b
shows that the ozone yield ranges between 80 and
94%.

During open heart surgery, blood needs to be oxy-
genated with far higher volumes of the gas mixture
(from 1 to 4.5 L/min) and therefore, by using the
ozone generator C, we examined the L001 behavior
undergoing these gas volumes, with ozone concentra-
tions ranging from 4 to 69 mg/mL and therefore with
ozone doses ranging between 15 and 124 mg/min.
Figure 4a shows that, in spite of a wide change of gas
flow, the amount of ozone interacting with the trans-
ferred KI remains fairly constant. However, Fig. 4b
shows that the ozone yield is higher for the gas flow
of 1 L/min (between 93 and 88%) and decreases from
76 to 65% for a gas flow of 2.5 L/min and from 83 to
60% for the highest flow (4 L/min). These results
were somewhat expected because, in a preliminary
experiment, we noted that the progressive increase of
the ozone concentration and gas flow allowed only a
partial transfer of ozone from the gas to the liquid
compartment: in fact, an increased amount of ozone
could be recovered in a suitable iodide trap posed
after the GED. Nonetheless, these data might be
useful later on, if we need to perform oxygenation–
ozonation of blood during heart surgery.

a

b

FIG. 3. (a) Transfer and (b) total yield of ozone by using GED
L001 and the ozone generator B.

a

b

FIG. 4. (a) Transfer and (b) total yield of ozone by using GED
L001 and the ozone generator C.
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Another critical factor might be represented by the
individual caliber’s variation of the venous access,
which might limit or enhance the volume of blood
ozonated per minute. Thus, by using the ozone gen-
erator A, we examined four ozone doses (0.125,

0.250, 0.375, and 0.500 mg/min) reacting with the
saline–KI solution by testing the model L001 with
three different saline–KI flows, namely 40, 80 (as the
usual volume), and 160 mL/min. With this system,
even by using 16G needles, the patient could not
tolerate the withdrawal and return of more than
160 mL/min blood. In all cases, the gas volume deliv-
ered per min was of 250 mL (15 L/h). As could be
expected, Fig. 5a shows that the amount of ozone
reacting with the iodide is inversely proportional to
the volume of the saline–KI solution pumped per
minute in the GED L001. Moreover, Fig. 5b shows
that the total amount of ozone reacted is about con-
stant in relation to the three different saline–KI
volumes delivered per min, but, obviously, it increases
in relation to the four ozone doses. It appears super-
fluous to report the diagram showing that in all cases,
the percentage of reacted ozone varied between 80
and 98%. On the basis of these results, Table 1 exem-
plifies how, after having selected the most suitable
ozone concentration and dose for the patient, by
using the L001 GED, we can define the perfusion
time of about an hour.

DISCUSSION

The objective of this study was to evaluate the
efficiency of a new GED specifically designed for the
ozonation of blood during extracorporeal circulation.
Although the total surface of gas exchange has been
reduced to only 0.22 m2, the results obtained, varying
several parameters such as ozone concentration, gas
volume, and liquid volume, have emphasized the ver-
satility and efficiency of the L001 model. The unique
scope of the GED is to allow a mild and well-checked
ozonation of human blood during a therapeutic
session of about 60 min. Although the gas mixture is
usually composed of almost 99% medical oxygen, the
residual 1% ozone is quite sufficient for achieving the

a

b

FIG. 5. (a) Transfer and (b) total yield of ozone by using GED
L001, the ozone generator A, and three different flows of the
buffered saline–KI.

TABLE 1. Definition of perfusion time by using different ozone concentrations and gas volumes

Ozone (mg/L)
Gas flow
(15 L/h)

Ozone dose
(mg/min)

Ozone transferred
(mg/min)

Time of
treatment for a

5-mg dose (min)

Time of
treatment for a

10-mg dose (min)

Time of
treatment for a

15-mg dose (min)

Time of
treatment for a

20-mg dose (min)

0.2 0.05 0.0403 124 248 372 496
0.4 0.10 0.0830 60 143 214 285
0.6 0.15 0.1469 34 68 102 136
0.8 0.20 0.1882 27 53 80 106
1.0 0.25 0.2448 20 41 61 82
1.2 0.30 0.2688 19 37 56 74
1.4 0.35 0.3062 16 33 49 65
1.6 0.40 0.3437 15 29 44 58
1.8 0.45 0.3840 13 26 39 52
2.0 0.50 0.4397 11 23 34 45
2.2 0.55 0.4704 11 21 32 43
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desired blood activation (10). This is accomplished
because ozone dissolves readily in the water of
plasma and immediately reacts with hydrophilic
reductans and polyunsaturated fatty acids mostly
bound to albumin. The reaction generates a cascade
of compounds such as hydrogen peroxide and lipop-
eroxides that (i) improve blood circulation and
oxygen delivery to ischemic tissues; (ii) improve the
general metabolism; (iii) induce a mild activation of
the immune system; (iv) correct a chronic oxidative
stress by upregulating the antioxidant system; (v)
procure a state of well-being in the majority of
patients by activating the neuroendocrine system,
and (vi) do not cause any side effects. All of these
aspects have been extensively discussed in previous
publications (10,11). It goes without saying that blood
emerging from the GED is hyperoxygenated (the
pO2 has a tension of about 400 mm Hg), but this
aspect is practically irrelevant because the normally
used blood flow of 80 mL/min mixes with about 5 L
of venous blood before reaching the lungs. However,
the new L001 GED can allow, if needed, a blood flow
of 700 mL/min, but, obviously, in such a case, we
should need to use the ozone generator A, able to
deliver ozone at a concentration as low as 0.1 mg/mL.

The small size of the new GED is particularly valid
because of the negligible priming volume and the
absence of a thermostatically controlled heating
system, truly unnecessary. Thus, it is very simple and
practical to operate; it is less expensive than previous
models; it avoids blood loss, and, being ozone resis-
tant, it does not release foreign compounds in the
circulating blood. Having previously used the L2
GED (7), we have already clarified that, in compari-
son to heparin and albumin, the phosphorylcholine
coating on the external surface of the GED in contact
with blood is exceptionally biocompatible (8) and
avoids the generation of complement complex and
the activation of procoagulant factors. Neutrophils,
monocytes, and particularly platelets are exquisi-
tively sensitive to ozone (12), but the phosphoryl-
coline coating and the low ozone concentration avoid
the adhesion and the activation of these cells.

Previous clinical experience has already clarified
the breadth of therapeutic efficacy of this system in

infectious, metabolic, and vascular diseases (3,4,7,11).
Work in progress aims to further clarify a number

of biochemical modifications, namely, variation of the
blood antioxidant capacity, lipoperoxide concentra-
tion, thiol oxidation, hydroperoxide levels, free hae-
moglobin, and lactic dehydrogenase. The results will
be reported in the second part of this series.
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Studies on the biological effects of ozone

 1. Induction of interferon gamma on human leucocytes.

Bocci V, Paulesu L. http://www.ncbi.nlm.nih.gov/pubmed/2129118

Source

Istituto di Fisiologia Generale, Università di Siena, Italy.

Abstract

In this study we have investigated the effects of ozone on human blood, as well as on resuspended

buffy coats and Ficoll-purified mononuclear cells. Samples were exposed at different ozone

concentrations (from 2.2 micrograms to 108 micrograms/ml) for 30 sec and then incubated for

different times at 37 degrees C in a 95% air-5% CO2 humidified atmosphere. Supernatants were

collected and frozen at-20 degrees C until tested for interferon (IFN) activity. We have determined

that the ozone concentration is critical for lymphokine induction. In fact, while low concentrations

(2.2 micrograms/ml) are effective in lymphocytes, they do not induce IFN in either whole or diluted

(1:1) human blood, or resuspended buffy coats. In such cases levels as high as 42 micrograms/ml

are required. On the other hand, a very high ozone concentration (108 micrograms/ml) is not



effective and probably toxic. Maximal IFN production occurs 72-96 h after ozone exposure, and the

kinetics of IFN release is similar to that after Staphylococcal Enterotoxin B addition. Because

ozonization of blood is a medical procedure followed in several countries for treatment of viral

diseases, this study can open a new field of investigation that may yield useful results both in

biological and practical terms.

Lymphokine Cytokine Res. 1993 Apr;12(2):121-6.

Studies on the biological effects of ozone:

3. An attempt to define conditions for optimal induction of
cytokines.

Bocci V, Luzzi E, Corradeschi F, Paulesu L, Di Stefano A.

http://www.ncbi.nlm.nih.gov/pubmed/8324077

Source

Institute of General Physiology, Faculty of Pharmacy, University of Siena, Italy.

Abstract

Ozonization of blood, normally carried out with citrated blood, may be fine for the autohemotherapy

of ischemic diseases but it may be at a loss when employed in viral diseases or in

immunodeficiencies. We have shown that heparin, used as an anticoagulant, with the addition of 5

mM CaCl2 favors production of cytokines by leukocytes with only a modest increase in hemolysis.

High plasmatic levels of glucose, glutathione, and ascorbic acid decrease cytokine's yield because

these compounds act as antioxidants and quench the inducing activity of ozone. Autohemotherapy

with heparinized and Ca(2+)-supplemented blood has not revealed any side effects in volunteers.

J Biol Regul Homeost Agents. 1998 Jul-Sep;12(3):67-75.

Studies on the biological effects of ozone:

 7. Generation of reactive oxygen species (ROS) after
exposure of human blood to ozone.

Bocci V, Valacchi G, Corradeschi F, Aldinucci C, Silvestri S, Paccagnini E, Gerli R.

http://www.ncbi.nlm.nih.gov/pubmed/9795834

Source

Institute of General Physiology, University of Siena, Italy.

Abstract

The acceptance of any complementary medical approach is conditioned by the results obtained
after the same scientific scrutiny applied in orthodox medicine. Otherwise any claim of efficacy
remains in the realm of fiction. In the case of ozone therapy, the mechanisms of action have
remained nebulous and in a series of publications we are trying to present the biochemical,



immunological and morphological evidence in favour or against ozone therapy. We have now
shown that ozone (O3) dissolved in the water of either plasma or serum or physiological saline
generates reactive oxygen species (ROS), of which hydrogen peroxide (H2O2) can be
unequivocally demonstrated by using specific methods for its detection. Lipids present in plasma
preferentially those present in lipoproteins, undergo peroxidation that is somewhat O3-dose
dependent and can be observed by the measurement of thiobarbituric acid reactive substances
(TBARS). While the generation of H2O2 is crucial in activating both biochemical (hexose
monophosphate shunt) and immunological (via the transcription factor NF-kB) mechanisms, the
role of lipid oxidation products (LOP) remains to be investigated. We have shown here that there is
a small but consistent induction of some cytokines (TNF-alpha, IFN-gamma and IL-2) when human
blood is directly exposed to O3 concentrations up to 100 micrograms/ml per g of blood. On the
other hand, isolated blood mononuclear cells (PBMC) in tissue culture medium are far more
sensitive to the oxidant action of O3 as shown by a progressive reduction of the proliferation index
with comparatively far lower O3, concentrations. On the whole, these results support the concept
that much of the O3 toxicity is neutralized by the powerful antioxidant system of blood. The minimal
hemolysis supports this idea but as far as platelets are concerned, we must mention that they tend
to aggregate in heparinized blood, even when it is exposed to an O3 concentration of 40
micrograms/ml. In spite of the lack of side-effects after autohemotherapy, this drawback must be
kept in mind and avoided in clinical practice.

Mediators of Inflammation, 7, 313–317 (1998)

Studies on the biological effects of ozone:
8. Effects on the total antioxidant status and on interleukin-8
production

V. Bocci,1,CA G. Valacchi,1 F. Corradeschi1 and
G. Fanetti2
1Institute of General Physiology, University of Siena,
Via Laterina 8, 53100 Siena; 2Blood Bank–Azienda
Ospedaliera Senese, 53100 Siena, Italy

OZONE (O3 ) is a controversial gas because, owing to its potent oxidant
properties, it exerts damaging effects on the respiratory tract and yet it has be in
use for four decades as a therapy. While the disinfectant activity of O3 is
understandable, it is less clear how other biological effects can be elicited in
human blood with practically no toxicity. On the other hand plasma and cells are
endowed with a powerful antioxidant system so that a fairly wide range of O3
concentrations between 40 and 80 m g/ml per gram of blood (~0.83–1.66 mM) are
effective but not deleterious.

After blood ozonation total antioxidant status (TAS) and plasma protein thiol
groups (PTG) decrease by 20% and 25%, respectively, while thiobarbituric acid
reactive substances (TBARS) increases up to five - fold. The increase of
haemolysis is negligible suggesting that the erythrocyte membrane is spared at the
expense of other sacrificial substrates . While there is a clear relationship between
the ozone dose and IL-8 levels, we have noticed that high TAS and PTG values



inhibit the cytokine production. This is in line with the current idea that hydrogen
peroxide, as a byproduct of O3 de composition, acts as a messenger for the
cytokine induction.

Platelets. 1999;10(2-3):110-6.

Studies on the biological effects of ozone:

9. Effects of ozone on human platelets.

Bocci V, Valacchi G, Rossi R, Giustarini D, Paccagnini E, Pucci AM, Di Simplicio P.

http://www.ncbi.nlm.nih.gov/pubmed/16801079

Source

Institute of General Physiology, University of Siena, Siena, Italy. fisgen@unisi.it

Abstract

During the course of ozonated autohaemotherapy (O3-AHT) using heparin as an anticoagulant, it

was occasionally observed that a few clots were retained in the filter during blood reinfusion. This

observation prompted an investigation on the effect of ozone (O3) on human platelets. We have

now shown, both by biochemical and morphological criteria, that heparin in the presence of O3 can

promote platelet aggregation. In contrast, after Ca(2+) chelation with citrate, platelet aggregation is

much reduced. The potential role of the transient formation of hydrogen peroxide (H2O2) in the

presence of Ca2+ with the possible expression of adhesion molecules is briefly discussed.

Mediators Inflamm. 1999;8(4-5):205-9.

Studies on the biological effects of ozone:

10. Release of factors from ozonated human platelets.

Valacchi G, Bocci V. http://www.ncbi.nlm.nih.gov/pubmed/10704074

Source

Institute of General Physiology, University of Siena, Italy.

Abstract

In a previous work we have shown that heparin, in the presence of ozone (O3), promotes a dose-

dependent platelet aggregation, while after Ca2+ chelation with citrate, platelet aggregation is

almost negligible. These results led us to think that aggregation may enhance the release of platelet

components. We have here shown that indeed significantly higher amount of platelet-derived

growth factor (PDGF), transforming growth factor beta1 (TGF-beta1) and interleukin-8 (IL-8) are

released in a dose-dependent manner after ozonation of heparinised platelet-rich plasma samples.

These findings may explain the enhanced healing of torpid ulcers in patients with chronic limb

ischemia treated with O3 autohaemoteraphy (O3-AHT).

Blood Coagul Fibrinolysis. 2004 Oct;15(7):619-22.



Med Res Rev. 2009 Jul;29(4):646-82. doi: 10.1002/med.20150.

The ozone paradox: ozone is a strong oxidant as well as a
medical drug.

Bocci V, Borrelli E, Travagli V, Zanardi I.

Source Med Res Rev. 2009 Jul;29(4):646-82. doi: 10.1002/med.20150.

Department of Physiology, University of Siena, Siena, Italy. bocci@unisi.it

Abstract

After five decades characterized by empiricism and several pitfalls, some of the basic mechanisms

of action of ozone in pulmonary toxicology and in medicine have been clarified. The present

knowledge allows to understand the prolonged inhalation of ozone can be very deleterious first for

the lungs and successively for the whole organism. On the other hand, a small ozone dose well

calibrated against the potent antioxidant capacity of blood can trigger several useful biochemical

mechanisms and reactivate the antioxidant system. In detail, firstly ex vivo and second during the

infusion of ozonated blood into the donor, the ozone therapy approach involves blood cells and the

endothelium, which by transferring the ozone messengers to billions of cells will generate a

therapeutic effect. Thus, in spite of a common prejudice, single ozone doses can be therapeutically

used in selected human diseases without any toxicity or side effects. Moreover, the versatility and

amplitude of beneficial effect of ozone applications have become evident in orthopedics, cutaneous,

and mucosal infections as well as in dentistry.

Platelet function unaffected by ozonated autohaemotherapy
in chronically haemodialysed patients.

Tylicki L, Lizakowski S, Biedunkiewicz B, Skibowska A, Nieweglowski T, Chamienia

A, Debska-Slizien A,Rutkowski B. http://www.ncbi.nlm.nih.gov/pubmed/15389131

Source

Department of Nephrology Transplantology and Internal Medicine, Medical University of Gdansk,

Poland. leszek.tylicki@amg.gda.pl

Abstract

BACKGROUND:

The therapeutic use of ozone is still a controversial medical strategy due to the potential toxicity of

ozone, which is recognized as a highly reactive oxidant. The reactive oxygen species are known to

induce platelet aggregation, the process involved in the development of atherosclerosis and

cardiovascular events. In the present study, the influence of ozonated autohaemotherapy (O3-AHT)

on the platelet function was evaluated in chronically haemodialysed patients with peripheral arterial

disease.

METHODS:

This was an oxygen-controlled, cross-over study, in which nine sessions of autohaemotherapy with

oxygen administration as a control were followed by nine sessions of O3-AHT. The platelet function



was assessed by the extent of spontaneous aggregation (SPA) and agonist-induced aggregation

(AIPA), where different concentrations of adenosine were used as an agonist.

RESULTS:

There were no differences between SPA and AIPA assessed after nine sessions of O3-AHT and

after nine sessions of autohaemotherapy with oxygen administration. SPA and AIPA did not change

after the first session of O3-AHT as compared with the levels before this procedure.

CONCLUSION:

O3-AHT with ozone concentration of 50 microg/ml and citrate as an anticoagulant does not induce

platelet aggregation.

Medical Gas Research 2011, 1:29 doi:10.1186/2045-9912-1-29

Mechanisms of Action Involved in Ozone Therapy: Is healing
induced via a mild oxidative stress?

Masaru Sagai1 and Velio Bocci2* http://www.medicalgasresearch.com/content/1/1/29

Abstract

The potential mechanisms of action of ozone therapy are reviewed in this paper. The therapeutic
efficacy of ozone therapy may be partly due the controlled and moderate oxidative stress produced
by the reactions of ozone with several biological components. The line between effectiveness and
toxicity of ozone may be dependent on the strength of the oxidative stress. As with exercise, it is
well known that moderate exercise is good for health, whereas excessive exercise is not.

Severe oxidative stress activates nuclear transcriptional factor kappa B (NFκB), resulting in an
inflammatory response and tissue injury via the production of COX2, PGE2, and cytokines.
However, moderate oxidative stress activates another nuclear transcriptional factor, nuclear factor-
erythroid 2-related factor 2 (Nrf2). Nrf2 then induces the transcription of antioxidant response
elements (ARE). Transcription of ARE results in the production of numerous antioxidant enzymes,
such as SOD, GPx, glutathione-s-transferase(GSTr), catalase (CAT), heme-oxygenase-1 (HO-1),
NADPH-quinone-oxidoreductase (NQO-1), phase II enzymes of drug metabolism and heat shock
proteins (HSP). Both free antioxidants and anti-oxidative enzymes not only protect cells from
oxidation and inflammation but they may be able to reverse the chronic oxidative stress. Based on
these observations, ozone therapy may also activate Nrf2 via moderate oxidative stress, and
suppress NFκB and inflammatory responses. Furthermore, activation of Nrf2 results in protection
against neurodegenerative diseases, such as Alzheimer's and Parkinson's diseases. Mild immune
responses are induced via other nuclear transcriptional factors, such as nuclear factor of activated
T-cells (NFAT) and activated protein-1 (AP-1).

Additionally, the effectiveness of ozone therapy in vascular diseases may also be explained by the
activation of another nuclear transcriptional factor, hypoxia inducible factor-1α (HIF-1a), which is
also induced via moderate oxidative stress. Recently these concepts have become widely
accepted. The versatility of ozone in treating vascular and degenerative diseases as well as skin
lesions, hernial disc and primary root carious lesions in children is emphasized. Further researches
able to elucidate whether the mechanisms of action of ozone therapy involve nuclear transcription
factors, such as Nrf2, NFAT, AP-1, and HIF-1α are warranted.




	Russian ozone therapy in practice
	German ozone guidelines
	Madrid Declaration updated July 30
	Isco3  - Italy Ozone Therapy and Scientific Foundations
	Bocci -ozone acting on human blood
	Abstract
	Introduction
	Ozone is a Strong Oxidant Gas
	Which are the Blood Components Reacting with Ozone?
	The Biochemical Reactions of Ozone with Blood
	What is the Significance and Fate of These Ozone Messengers?
	What is the Action of Ozone in the Blood Cells?
	- Erythrocytes
	- Leukocytes
	- Platelets

	The pleiotropic LOP activities
	Which is the Most Suitable Term for Describing the Dose-Response Relationship Between Ozone and Blood?
	Ozone Therapy in Oxidative-Stress Related Diseases
	Conclusions
	Author Details
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

	ozone paradox bocci
	Biological and Clinical Effects of Ozone Bocci 99
	Bocci-Glacus-Ozone Therapy in Critical Patients 2006
	Bocci-State of the Art Ozone 2006
	Scientific and Medical Aspects of Ozone Therapy. State of the Art
	Introduction
	What Is Ozone and How Can We Use It?
	What Is the Behavior and Fate of Ozone after Coming in Contact with Body Fluids?
	Which Are the Biological Effects Elicited by ROS and LOPs?
	Which Are the Routes of Ozone Administration?
	When Ozone Therapy Should Be Used?
	Hyperbaric Oxygen Therapy (HOT) and Ozone Therapy
	Conclusions and Perspectives
	Acknowledgments
	References


	Clinic results in the last 3 Years - Bocci 2005
	Herniated didsc study Bocci (1)
	EBOO Bocci 2007
	Studies on the biological effects of ozone


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




