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Abstract - -  The role of ozone on earth is controversial, as in the stratosphere it is protective 
against excessive ultra violet irradiation, and in the troposphere it is toxic for animals and 
plants. The effectiveness of ozone against pathogens is well recognized and ozone appears to 
be the best agent for sterilization of water. In spite of this, the use of ozone in medicine has 
been overlooked or despised, mostly because it has been either misused or used without 
appropriate controls. Studies carried out in our laboratory have revealed that ozone can 
display relevant biological effects and that, having defined its therapeutic index, can become 
an important and reliable drug for the treatment of several diseases. An exciting new aspect 
is that ozone, being a strong oxidizer, can stimulate the increase of cellular anti-oxidant 
enzymes, eventually inhibiting the oxidative stress. 

Introduction 

Of about 150 articles appearing yearly on ozone, 
15% deal with the bothersome thinning of the ozone 
layer in the stratosphere while the bulk of articles 
address the important problem of ozone toxicity 
for the pulmonary system in the troposphere. The 
biomedical aspect of ozone is almost absent from 
the world literature because conventional medicine 
of the leading western countries disregards ozone 
therapy and considers it a matter for quacks. It is 
indeed unfortunate that the biomedical literature 

on ozone is so scarce and this is due to both poor 
quality and to a minimal number of biomedical papers 
on ozone. Recent media stories in the USA have 
aggravated the image of ozone therapy, often per- 
formed by incompetent and possibly unscrupulous 
therapists. 

Since 1988 when I made the serendipitous observa- 
tion that ozone can act as a cytokine inducer (1,2), 
my aim was to objectively evaluate the pros and cons 
of ozone therapy and to emphasize that skepticism 
and prejudice are the worst enemies of any scientific 
endeavour. 
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Where do we stand today? 

During the last 7 years, thanks to the work carried out 
in our laboratory (1,3-9), we have achieved important 
results as briefly follows. Firstly, ozone must be used 
with the same accuracy as any other drug: by knowing 
the ozone concentration (ktg/ml) and the gas volume 
(03 + O2 present as carder) the dose delivered can be 
as precise as with insulin. At long last this has made it 
possible to perform therapy reproducibly, with the 
most effective and minimal toxic dose (8). 

Secondly, it appeared crucial to define the thera- 
peutic index when ozone is mixed with blood for 
carrying out ozonated autohemotherapy (AHT). Major 
AHT has usually been performed by collecting 100 ml 
of blood in citrate-phosphate-dextrose (CPD) and 
using a final ozone concentration well below 40 ~tg/ 
ml/g of blood (10). Since Wehdy and Steinbart (11) 
described the procedure in 1954, relevant biochemical 
or immunological parameters have not been checked. 
AHT has been performed mostly in private medical 
practice millions of times reporting 'good' clinical 
results in viral diseases, cancer and vascular disorders 
without any appropriate controls (10) so that at least 
in part it could have acted as a placebo. By selecting 
several parameters, namely extent of hemolysis (4,5); 
formation of plasma lipid peroxides (9); level of intra- 
erythrocytic reduced glutathione (GSH) (5); pro- 
duction of cytokines (1,3-6) such as interferon (IFN) 
tx, ~ and ~(, interleukins (IL) 1, 2, 6, 7, 8, 10, tumor 
necrosis factor o~ (TNF), granulocyte-macrophage 
colony stimulating factor (GM-CSF) and transform- 
ing growth factors (TGF) 13s (7) and morphological 
evaluation by electron-microscopy of the blood cell 
components (Bocci et al, manuscript in preparation), 
we have found that the optimal cytokine production is 
obtained by using an ozone concentration around 
70 Ixg/ml/g of blood (8) that is almost double the 
dogmatic established one (10). Actually the optimal 
concentration ranges between 70 and 90 I.tg/ml (5,6) 
because soluble anti-oxidant compounds vary consi- 
derably among blood samples. However, the concen- 
tration of 70 l.tg/ml is the safest, because hemolysis 
does not exceed 2.5% (4,5), plasma lipid peroxides 
increase only 2-3-fold (9), intra-erythrocytic GSH 
levels fall transiently no more than 15% (5), produc- 
tion of cytokines is small but consistent (4,5,7) and 
there is no modification of leukocyte viability and 
morphologic aspect. 

Thirdly, when ozonated autohemotherapy is intended 
to act as an immunoadjuvant agent, the substitution of 
CPD with heparin, by preserving the extracellular 
Ca 2÷ level, leads to improved cytokine production (4). 
However, heparin cannot be used in patients with 
dyscoagulation or under anticoagulant therapy. 

Fourthly, in order to accelerate the immunological 
reconstitution, each autohemotherapy is carded out by 
collecting 250-300 ml of blood depending upon a 
body weight of 50-80 Kg. Indeed this volume of 
blood contains only about 0.1% of the entire blood 
mononuclear cell (BMC) pool (12) and therefore by 
repeating the procedure 50 times (twice weekly for 6 
months) we can ozonate a blood volume of 15 L that 
comprises only 5% of the whole BMC population. 
Nonetheless this calculation does not take into account 
the important priming effect of cytoklnes released by 
activated cells in lymphoid microenvironments that, 
by acting in neighboring cells, can lead to a consider- 
able amplification of the immunological effects. 

Fifthly, AHT as it is now performed using our 
optimized procedure (6,8) does not yield any side- 
effects and actually procures in most of the patients 
a feeling of well-being that could be partly due to 
hormonal stimulation. 

A preliminary investigation of ozonated 
autohemotherapy in human immunodeficiency 
virus patients brings about an unexpected finding 

Recently, Westendorp et al (13) showed that in T 
lymphocytes HIV-1 Tat protein suppresses the 
expression of Mn-dependent superoxide-dismutase 
(SOD) with the consequence of reducing intracellular 
GSH and lowering the ratio of GSH: GSSG. This re- 
markable finding implies that the Tat protein creates a 
pro-oxidative condition in the infected cells, favoring 
a constant activation of the cytoplasmic nuclear factor- 
kappa B (NF-KB), that, in turn, enhances HIV repli- 
cation (14-16). It has already been found that dietary 
and pharmacological supplementation of reducing 
compounds such as n-acetyl-L-cysteine (NAC) (17), 
GSH (18), cystamine (19) and thiamine disulfide 
(20) can partially suppress HIV replication, although 
infected cells are somewhat unable to reconstitute the 
intracellular reservoir of anti-oxidant compounds. 

When I put forward the proposal (21) for investi- 
gating the effect of AHT in HIV patients last year, 
some possible mechanisms of action summarized here 
in Table 1, were discussed in detail. Together with 
many critics of the therapeutic use of ozone, I was 
considering that this gas, being a strong oxidizer, 
would be the last thing to use for the therapy of HIV 
infection. However, an aspect easily overlooked is 
that ozonation implies an oxidative stress on the 
collected blood for only a few minutes at most (8,9). 
Indeed, in a few seconds ozone decomposes in plasma 
into a number of reactive oxygen intermediates (ROI), 
of which hydrogen peroxides and lipid peroxides can 
easily enter the cells from the plasma (14) and activate 
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Table 1 Mechanisms postulated to occur during major autohemotherapy in HIV infection 
due to ozone action 

1. Oxidation of free viral particles in plasma and lysis of HIV infected cells 
2. Continuous generation of new variant immunogens (autovaccination?) 
3. Induction and release of cytokines 

a. IFN~/, IL-2, IL-12 
b. Production of cellular antiviral factor (CAF)? 
c. GM-CSF, erythropoietin, thrombopoietin? 

4. Synthesis of neutralizing antibodies 
5. Activation of cytotoxic T lymphocytes, natural killer cells and antibody-dependent cellular cytotoxicity 
6. Improvement of cellular oxygenation and metabolism 

a. shift to the right of the HbO 2 dissociation curve 
b. vasodilation due to increased release of NO 
c. upregulation of the enzymatic antioxidative system 
d. increase of intracellular GSH 

7. Hormonal stimulation 

the NF-KB finally responsible for the induction of 
cytokines in normal cells. Infected cells, depleted of 
reducing compounds and protective enzymes, are 
probably unable to survive this extra-oxidative stress. 
On the other hand, ROI are rapidly scavenged by 
extracellular and intracellular anti-oxidant compounds 
and enzymes, namely superoxide dismutases (SODs), 
catalases and peroxidases, so that they are able to acti- 
vate biochemical pathways with minimal cell damage. 
It needs to be emphasized again, that as is shown by 
the extent of hemolysis, this does not exceed 2.5% 
when blood is mixed with an ozone concentration of 
70 ~tg/ml/g of blood (4,6), implying negligible cell 
damage. It has become clear that, unless we use this 
apparently high concentration, the resulting biological 
effects are minimal. On the whole, the data clarify the 
existence of a threshold concentration implying that 
too low a concentration is ineffective, while an excess 
of ozone, hence of ROI, by overwhelming the intra- 
cellular anti-oxidant capacity, can be toxic (8,21). 
It has also become evident that ozone and ROI are 
relatively unselective agents and that a considerable 
amount of the dose is quenched by the oxidation of 
ascorbic acid, uric acid and the like present in plasma. 
The sacrificial role of these compounds has been 
clearly shown in several important contributions 
(22-26). There is also a growing body of evidence 
(27-29), consistent with this reasoning and showing 
that ozone and ROI can induce production of cytokines 
in various cellular systems leading to overt toxicity 
and apoptosis when excessive ozone dosing is used. 

On this basis, ozone yields only a very transient 
oxidative stress and indeed the HIV patients so far 
treated with AHT have improved their general condi- 
tion, and have not shown any sign of enhanced HIV 
replication that could have been expected as a conse- 
quence of an oxidant burden (30). The unexpected 
finding has been that plasma lipid peroxide levels, 

usually high in symptomatic HIV patients, in spite of 
the fact that reinfusion of ozonated blood unavoidably 
contributes some newly generated peroxides (9), de- 
crease during the course of the treatment, usually after 
6-10 sessions. This finding has now been interpreted 
as an in vivo upregulation of anti-oxidant enzymes 
induced by repeated AHT. This hypothesis is supported 
by preliminary data obtained in two patients who 
underwent AHT 15 times during the last 2 months: 
while lipid peroxides increased during the first 7-12 
days and began to decrease thereafter, SOD levels in 
plasma started to progressively increase after 10--15 
days, reaching a plateau after 36 and 48 days. These 
results have relevant implications that need to be 
actively pursued not only in HIV patients, but in other 
diseases where oxidative damage may play a role. 

With the benefit of hindsight it is not very surprising 
that over-oxygenated and ozonated blood can bring 
about an upregulation of the expression of anti-oxidant 
enzymes in order to minimize cell damage. During 
hyperbaric oxygen and/or ozone exposure, in an attempt 
to restore the homeostatic balance, animals (31-33) as 
well as plants (34) are able to increase the synthesis 
and/or the activity of probably all the defense enzymes 
so that they can survive in a hostile environment. On 
the other hand, during HIV infection, while the intra- 
cellular virus creates a hyperoxidative state to its own 
advantage, at the same time it inhibits the defense sys- 
tem and succeeds in killing the cell. In order to reverse 
the balance in favour of the host (Fig. 1) the chronic 
treatment with oxygenated-ozonated blood appears to 
be a practical, inexpensive, atoxic approach that is 
probably able to block the progress of the disease. 

H o w  m a n y  diseases are due to oxidative stress? 

ROI behave as friends and foes: they defend us 
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HIV infection, 
ageing, 
autoimmune and 
neurodegenerative 
disorders 

OZONE THERAPY 

Fig. 1 The normal and pathological redox balance. The scheme 
suggests that ozone therapy, by upregulating the expression of 
anti-oxidant enzymes, may favour the normalization of the redox 
balance. 

against pathogens and in small amounts perform vital 
cell functions. On the other hand if ROI are produced 
chronically in excess, they provoke tissue damage, 
particularly if cells are unable to upregulate the 
production of anti-oxidant enzymes or, owing to a 
genetic defect, produce an ineffective Cu/Zn SOD as 
happens in familial amyotrophic lateral sclerosis (35). 
However, a super-active mutant SOD may be equally 
damaging because excessive generation of H202 
reacting with free iron, gives rise to highly toxic 
hydroxyl radicals. 

Autoimmune diseases such as recurrent ulcerative 
gut disorders, rheumatoid arthritis and multiple scle- 
rosis are at least in part due to an excessive localized 
generation of ROI as a consequence of an abnormal 
attack of dysregulated cytotoxic cells against self- 
antigens. Ageing may be accompanied by a more or 
less slow, pro-oxidant situation with a concomitant 
progressive decay of intracellular detoxification, so that 
the redox balance will tilt to the left (Fig. 1). The pro- 
gress of Alzheimer's as well as Parkinson's disease, 
epilepsy, cerebral ischemia following stroke or trauma, 
age-related macular degeneration, cataract formation, 
vascular disorders with alternating elevation of ROI 

due to ischemia-reperfusion injury and neoplasia 
(36-38) may be arrested if ozone therapy can upregulate 
the endogenous synthesis of anti-oxidant enzymes and 
improve the metabolism. This therapeutic approach 
appears more rational than the pharmacological ad- 
ministration of heterologous SODs that may not even 
reach the sites where needed. On the other hand, a 
dietary supplementation of anti-oxidant compounds 
(26), given dally, may display a synergistic effect with 
ozone therapy. Finally I would like to mention that 
AHT seems to improve these pathological states (39), 
stressing the urgent need to carry out appropriate clini- 
cal studies for proving or disproving anecdotal reports. 

Concluding remarks 

The main object of this paper has been to describe an 
apparently paradoxical effect observed during auto- 
transfusion of blood briefly exposed ex vivo to an 
appropriate concentration of oxygen-ozone. After 
reinfusion, ozonated blood components can trigger 
a variety of biological effects, of which the up- 
regulation of SODs and probably of other anti-oxidant 
enzymes is the most recent and unexpected finding. 
Plasma levels of lipid peroxides that were abnormally 
high before ozone therapy progressively decrease 
thereafter. These results suggest that ozone therapy 
helps to normalize the redox balance altered in several 
pathological conditions due either to viruses, ageing 
or inflammatory-immune injuries. 

It is regrettable that the biological and medical ef- 
fects of ozone have been disregarded by the scientific 
community, because as the numerous mechanisms of 
action are being unraveled, it appears that ozone could 
become a useful drug - mostly because it exerts 
several biological effects that may act synergistically 
as hypothesized in Table 1. A further example is re- 
presented by the treatment of torpid ulcers in arterio- 
pathies of the leg. The use of topic ozone as well as 
AHT is effective owing to a cleansing effect, a stimu- 
lation of bactericidal activity, an improved oxygen 
availability, local vasodilation, neoangiogenesis and 
last but not least, to the release of TGF-[~. Thus the 
accelerated ulcer healing is due to the fact that ozone, 
by acting on different cell components such as 
erythrocytes, leukocytes, platelets and endothelial 
cells, elicits a multifactorial, well concerted response 
(40), without the need of evoking magic pathways. 

Acknowledgements 

I am very grateful to Miss Patrizia Marrocchesi for her skill in 
preparing the manuscript. This work has been partially supported 
by MURST (40%) and by National Research Council (CNR), 



154 MEDICAL HYPOTHESES 

Rome, Targeted Project "Applicazioni cliniche della ricerca 
oncologica" (ACRO). 

R e f e r e n c e s  

1. Bocci V, Paulesu L. Studies on the biological effects of ozone 
1. Induction of interferon gamma on human leucocytes. 
Haematologica 1990; 75: 510-515. 

2. Bocci V. Ozonization of blood for the therapy of viral diseases 
and immunodeficiencies. A hypothesis. Med Hypotheses 
1992; 39: 30-34. 

3. Paulesu L, Luzzi E, Bocci V. Studies on the biological effects 
of ozone: 2. Induction of tumor necrosis factor (TNF-ct) 
on human leucocytes. Lymphokine Cytokine Res 1991; 
10: 409-412. 

4. Bocci V, Luzzi E, Corradeschi F, Pauleso L, Di Stefano A. 
Studies on the biological effects of ozone: 3. An attempt to 
define conditions for optimal induction of cytokines. 
Lymphokine Cytokine Res 1993; 12: 121-126. 

5. Bocci V, Luzzi E, Corradeschi F et al. Studies on the biological 
effects of ozone: 4. Cytokine production and glutathione levels 
in human erythrocytes. J Biol Regul Homeost Agent 1993; 
7: 133-138. 

6. Bocci V, Luzzi E, Corradeschi F, Paulesu L. Studies on the 
biological effects of ozone: 5. Evaluation of immunological 
parameters and tolerability in normal volunteers receiving 
ambulatory autohaemotherapy. Biotherapy 1994; 7: 83-90. 

7. Bocci V, Luzzi E, Corradeschi F, Silvestri S. Studies on the 
biological effects of ozone: 6. Production of transforming 
growth factor 13 by human blood after ozone treatment. J Biol 
Regul Homeost Agent 1994; 8:108-112. 

8. Bocci V. Ozonetherapy today. In: Proceedings of the 12th 
Ozone World Congress, May 1995, Lille, France. Tours: 
Intaprint SA, 1995: 13-28. 

9. Bocci V, Silvestri S, Corradeschi F, Sargentini I. Studies on 
the biological effects of ozone: 7) Induction of lipid peroxides 
during exposure of human blood to ozone. Med Sci Res 1995 
(in press) 

10. Viebahn R. The use of ozone in medicine. Heidelberg: Karl F. 
Haug Publishers, 1994: 178. 

11. Wehrli F, Steinbart H. Erfahrungen mit der haematogenen 
Oxydations - Therapie (HOT). Ars Medici 1954; 10: 44-51. 

12. Westermann J, Pabst R. Distribution of lymphocyte subsets 
and natural killer cells in the human body. Clin Invest 1992; 
70: 539-544. 

13. Westendorp M O, Shatrov V A, Schulze-Osthoff K et al. HIV-1 
tat potentiates TNF-induced NF-kappa B activation and cyto- 
toxicity by altering the cellular redox state. EMBO J 1995; 
14: 546-554. 

14. Baeuerle P A, Henkel T. Function and activation of NF-kB in 
the immune system. Annu Rev Immunol 1994; 12: 141-179. 

15. Anderson M T, Staal F JT, Gitler C, Herzenberg L A, 
Herzenberg LeA. Separation of oxidant-initiated and redox- 
regulated steps in the NF-kB signal transduction pathway. Proc 
Natl Acad Sci USA 1994; 91: 11527-11531. 

16. Mihm S, Gaiter D, Dr6ge W. Modulation of transcription 
factor NFnB activity by intracellular glutathione levels and by 
variations of the extraceUular cysteine supply. FASEB J 1995; 
9: 246-252. 

17. Roederer M, Staal F J T ,  Raju PA,  Ela SW, Herzenberg 
LeA, Herzenberg L A. Cytokine-stimulated human immuno- 
deficiency virus replication is inhibited by N-acetyl-L- 
cysteine. Proc Natl Acad Sci USA 1990; 87: 4884-4888. 

18. Kalebic T, Kinter A, Poll G, Anderson M E, Meister A, 
Fauci A S. Suppression of human immunodeficiency virus 

expression in chronically infected monocytic cells by 
glutathione, glutathione ester, and N-acetylcysteine. Proc Natl 
Acad Sci USA 1991; 88: 986-990. 

19. Bergamini A, Capozzi M, Ghibelli L et al. Cystamine potently 
suppresses in vitro HIV replication in acutely and chronically 
infected human cells. J Clin Invest 1994; 93:2251-2257. 

20. Shoji S, Furuishi K, Misumi S, Miyazaki T, Kino M, 
Yamataka K. Thiamine disulfide as a potent inhibitor of human 
immunodeficiency virus (type-l) production. Biochem 
Biophys Res Commun 1994; 205: 967-975. 

21. Bocci V. A reasonable approach for the treatment of HIV 
infection in the early phase with ozonetherapy (autohemo- 
therapy). How inflammatory cytokines may have a therapeutic 
role. Mediat Inflamm 1994; 3: 315-321. 

22. Halliwell B. How to characterize a biological antioxidant. Free 
Radic Res Commun 1990; 9: 1-32. 

23. Meister A. Glutathione-ascorbic acid antioxidant system in 
animals. J Biol Chem 1994; 269: 9397-9400. 

24. Yu B P. Cellular defenses against damage from reactive 
oxygen species. Physiol Rev 1994; 74: 139-162. 

25. Cross C E, Reznick A Z, Packer L, Davis P A, Suzuki Y J, 
Halliwell B. Oxidative damage to human plasma proteins by 
ozone. Free Radic Res Commun 1992; 15: 347-352. 

26. Halliwell B. Free radicals and antioxidants: a personal view. 
Nutr Rev 1994; 52: 253-265. 

27. Beck N B, Koenig J Q, Luchtel D L, Altman L C, Orsborn 
M T, Kenney J S. Ozone can increase the expression of inter- 
cellular adhesion molecule- 1 and the synthesis of cytokines by 
human nasal epithelial cells. Inhal Toxicol 1994; 6: 345-357. 

28. Dr6ge W, Mihm S, Bockstette M e t  al. Effect of reactive 
oxygen intermediates and antioxidants on proliferation and 
function of T lymphocytes. In: Methods in Enzymology, vol 
234. New York: Academic Press, 1994:135-151. 

29. McCord J M. Superoxide radical: controversies, contradictions, 
and paradoxes. Proc Soc Exp Biol Med 1995; 209:112-117. 

30. Bocci V, Shallenberger F. Treatment of AID syndrome with 
ozonated major autohaemotherapy (MAH). In: Proceedings of 
the International Symposium on HIV and Cytokines. Paris: 
Inserm, 1995 (in press). 

31. Frank L, Iqbal J, Hass M, Massaro D. New "rest period" 
protocol for inducing tolerance to high O 2 exposure in adult 
rats. Am J Physiol 1989; 257:L226-L231. 

32. Kaelin C M, Im M J, Myers R A M, Manson P N, Hoopes J E. 
The effects of hyperbaric oxygen on free flaps in rats. Arch 
Surg 1990; 125: 607-609. 

33. Kindwall E P. Hyperbaric oxygen. BMJ 1993; 307: 515-516. 
34. Kangasjiirvi J, Talvinen J, Utriainen M, Karjalalnen R. Plant 

defence systems induced by ozone. Plant Cell Environ 1994; 
17: 783-794. 

35. Rosen D R, Siddique T, Patterson D et al. Mutations in Cu/Zn 
superoxide dismutase gene are associated with familial amyo- 
trophic lateral sclerosis. Nature 1993; 362: 59~2.  

36. Toyokuni S, Okamoto K, Yodoi J, Hiai H. Persistent oxidative 
stress in cancer. FEBS Lett 1995; 358: 1-3. 

37. Cohen S M, Olin K L, Feuer W J, Hjelmeland L, Keen C L, 
Morse L S. Low glutathione reductase and peroxidase activity 
in age-related macular degeneration. Br J Ophthalmol 1994; 
78: 791-794. 

38. Bondy S C. The relation of oxidative stress and hyper- 
excitation to neurological disease. Proc Soc Exp Biol Med 
1995; 208: 337-345. 

39. Gomez Moraleda M. Ozone therapy in the functional recovery 
from diseases involving damage to central nervous system 
cells. In: Proceedings of the 12th Ozone World Congress, May 
1995, Lille, France. Tours: Intaprint SA, 1995:111-123. 

40. Bocci V. Autohaemotherapy after treatment of blood with 
ozone. A reappraisal. J Int Med Res 1994; 22: 131-144. 


