
CHAPTER 14

WHAT HAPPENS IN THE INTRACELLULAR
ENVIRONMENT AFTER BLOOD OZONIZATION?

It has just been deseribed that ozone, after dissolv ing in plasma, generates H202

and LOPs . The eoneentration of H202 in the plasma results from adynamie
equilibrium between its synthesis and diffusion into intraeellular water due to the
eoneentration gradient formed between plasma and eytoplasm. Onee inside the cell
at a eoncentration above threshold levels, H202 can switch on bioehemical
pathways, but it is simultaneously reduced by the potent antioxidant system
(Chapter 12). Most of the LOPs can interaet with cell receptors, membrane
cytoplasmic and even nuclear components. Owing to the heterogeneity and
potential toxicity of LOPs , the extent and relevance of their activities is currently
beyond our grasp , a situation that compels cautious action . On the other hand, the
ozone dose is calibrated agains t: a) the antioxidant capacity of blood, b) the
enormous cellular surface area (about 70 m2 for erythrocytes in 100 rnl of blood) ,
c) the plasma and cellular fluid and d) the capae ity of metabolie breakdown. It is
intriguing to think that this phase of "oxidative" stress ex vivo subsides in about
five minutes and it is indispensable for generation ofthe therapeutic "shock" to the
organism once the ozonized blood returns to the donor 's blood circulation.

How do the blood components behave under this stress? Erythrocytes,
leukocytes and platelets will be examined separately . Last but not least, it is
important to investigate if and how the blood container, i.e. the vascular system,
reacts to the ozone-activated blood .

I . ERYTHROCYTES

These cells are very suitable for the examination of any toxic and biologieal effects
of ozone and represent an ideal marker. It is unfortunate that past studies
(Goldstein and Balchum, 1967; Freeman et al., 1979; Freeman and Mudd, 1981;
van der Zee et al., 1987; Fukunaga et al., 1999) carried out on washed and
resuspended erythrocytes in physiological saline have concluded that direct
ozonization of erythrocytic membranes invariably causes: deerease in membrane
fluidity , hence diminished deformability and filterability, and formation of
hydrophilie eentres (peroxide and carbonyl groups) in the hydrophobie regions of
phospholipids, with eventual breakdown. These molecular modifieations have dire
functional consequences, such as disruption of ion transport meehanisms (Kourie,
1998) and consequently cell lysis with leakage of Hb and enzymes into the plasma .
Moreover, enzymatic functions may be impaired by loss of the normal lipid-lipid
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and lipid-protein interactions and by the fonnation of 4-HNE-protein adducts .
However, these results have no physiological significance because, in the presence
of plasma, erythrocytes are protected and do not show these alterations. This
critical point should be borne in mind by ozone toxicologists when they test cells
in culture not adequately supplied with antioxidants (Leist et al., 1996).

Moreover, ozone studies are always controversial and enthusiastic
proponents of ozonetherapy have claimed quite different findings that are
almost too good to be true: Rokitansky's group (1981) , Coppola et al. (1992) and
later Verrazzo et al. (1995) reported that after treating blood with 0 3 ex vivo or
after collecting blood sampies after 03-AHT perfonned in patients with peripheral
occlusive arterial disease (POAD), a slight peroxidation of the erythrocytic
membrane induces favourable consequences such as increased fluidity of the
membrane with enhanced defonnability and filterability . Moreover, an increased
negative charge of the membrane will be accompanied by a lower
erythrosedimentation rate which, in conjunction with reduced plasma viscosity
(due to reduced fibrinogen levels) , would explain an overall improvement of
rheologie parameters of ozonized blood in these patients.

On the other hand, how can we reconcile these claims with a mass of
experimental data showing that ozonization of blood, particularly using low
medium ozone concentrations (10-40 ug/ml), does not involve any membrane
peroxidation (Galleano and Puntarulo, 1995; Caglayan and Bayer, 1995; Mudd et
al., 1997; Shinriki et al., 1998). These results are in line with older data showing
that, in spite of susceptibility of erythrocytes to lipid peroxidation, they are weil
protected by the antioxidant defence mechanism (Clemens and Waller, 1987;
Machlin and Bendich, 1987). Dur experimental data also imply a lack of
membrane peroxidation in ozonized blood, but it is necessary to verify if very
slight peroxidation does indeed improve haemorheologic characteristics.

The following is a summary of experimental observations during blood
ozonization:

• Levels of methaemoglobin remain practically normal . Shinriki et al. (1998)
reported a variation from 1.91 ± 0.11 to 2.21 ± 0.09 %. Actually, we have
always measured lower levels, i.e. about I% in comparison to Hb and we have
never visualized Heinz ' bodies.

• The haematocrit value does not change, implying no modification of the
erythrocytic volume due to osmotic swelling or erythrocytic lysis .

• At high levels of ozonization, there is a minimal loss of K ' , which rapidly
returns to normal (Shinriki et al ., 1998).

• There is negligible haemolysis, from the basic value of about 0.5 up to 1.2% if
the anticoagulant is citrate (the usual citrate, phosphate, dextrose , CPD) and up
to 1.8'Yo if it is heparin. Shinriki et al. (1998) reported lower values than ours :
from 0 up to 0.27%. However, as expected, washed erythrocytes yield a 10%,
value (Freeman et al., 1979) and even higher values (Fig . 43) when blood is
ozonized with excessive ozone doses (up to 200 ug/ml), The enhanced
haemolysis of heparinized blood is probably favoured by a concomitant Ca2
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influx. These data clearly establish that the ozone concentrat ion should not
exceed 80 ug/ml .
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Figure 43. Kinetics 0/ haemolysis in relation to ozone concentrations (ug/mt per ml 0/
blood). Blood offive donors was treated with CPD (0) or with 30 Ulml heparin (~. Mean
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• Osmotic fragility of Ca2
+-chelated blood is not evident even when an ozone

concentration of 200 ug/rnl is used (Fig. 44), and interestingly it is moderately
changed (displacement of the haemolysis curve to the left) even in washed
erythrocytes (Freeman et al., 1979).
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• No damage to erythrocytie enzymes, such as Na/K-ATPase, acetylcholinesterase,
SOD, GSH-Px, GSSGR and catalase, has been noted in blood exposed to
concentrations as high as 100 ug/ml (Cross et a1., 1992a; Shinriki et a1. , 1998),
confirming that the antioxidant system adequately protects enzymes and Hb.
Aldehydes forming adducts with these proteins would otherwise have denatured
the enzymes .

Blood ozonization implies the generation of an H202 gradient but its increase
in the cytoplasm is transient and kept under control by AH- , GSH, catalase and
GSHPx . In the erythrocyte, the GSH concentration is very high (- 2 mM) and the
GSH/GSSG ratio is about 50. The GSH tumover has a half-life of 70-100 hours
because GSSG is either extruded as such or is rapidly reduced to GSH by the
GSSGR. During ozonization, the intra-erythrocytic GSH level decreases by no
more than 20% because contemporaneously there is a new synthesis of GSH and,
more readily , reduction of GSSG at the expense of NADPH which serves as an
electron donor (Chapter 12). The decrease of NADPH/NADP ", or in other words
the increased level ofNADP+, switches on the hexose monophosphate pathway, in
which G-6PD is the rate-limiting enzyme. This leads to generation of NADPH and
ATP (Fig. 35). It is perhaps useful to remember that erythrocytes lack
mitochondria for the production of high-energy compounds and rely on the
anaerobic glycolytie (Embden-Meyerhoff) pathway and the just-mentioned aerobic
hexose monophosphate shunt. Normally, 90% of the glucose entering the
erythrocyte is metabolized by the former pathway and about 10% by the latter. The
glycolytie pathway yields three products: I) NADH, which is a crucial cofactor in
the methaemoglobin (MHb) reductase reaction regulating the constant conversion
of MHb (oxidized Hb) into oxyhaemoglobin (Hb02) , particularly during oxidative
stress; 2) adenosine triphosphate (ATP), the high-energy phosphate nucleotide that
powers the cell pumps; 3) the intermediate metabolite 2,3-diphosphoglycerate
(2,3-DPG), which regulates the globin chain interaction and thus modulates
oxygenation-deoxygenation of Hb, i.e. the release of O2 to tissues .

Of the eleven enzymes in the glycolytic pathway, the main regulators of the
rate of glycolysis are hexokinase (HK) , pyruvate kinase (PK), glyceraldehyde 3
phosphate dehydrogenase (GAPDH) and particularly phosphofructokinase (PFK)
(Magnani et al., 1988).

Does ozonetherapy exert any effect on glycolysis? It seems so. We found
increased ATP levels (from 1389 to 1968 11M) in patients with age-related macular
degeneration (ARMD) (atrophie form) after a therapeutic cycle (13-14 sessions) of
03-AHT (Fig . 45) (Diadori and Bocci, Chapter 24). Moreover, Viebahn (l999,b)
reported the same effect in athletes and elderly patients after rectal insufflation of
O2-03. These results are surprising and the mechanisms of enzymatic activation or
induction have not yet been studied . Again in ARMD patients, Micheli et a1.
(2000) showed an increased (from 0.9227 ± 0.011 to 0.9456 ± 0.0039, not
significant) energy charge (E.C.) as defined by Daniel Atkinson:

E.C. = (ATP + Y2 ADP) / (ATP + ADP + AMP)
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In this fonnula, the values can range from 0 (all nucleotides are present as
AMP) to I (all nucleotides are present as ATP) . In particular, PFK and PK are
strongly inhibited by a high ATP level, as shown in the scheme reported in Figure
46. Thus ATP-generating pathways are inhibited by a high E.C., while ATP
utilizing pathways are stimulated by a high E.C. Increased glycolysis likely
renders erythrocytes more effective and less susceptible to premature lysis.

Figure 45 shows that the ATP increase occurs only after prolonged therapy:
indeed there was no change in ATP levels at the middle ofthe OrAHT cyc1e (6-7
sessions). We intend to investigate if the increase becomes more marked with
further 0 3-AHT sessions.
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Figure 45. Modifications ofATP, EC levels, NADPHINADP and NADHINAD ratios
measured in erythrocytes ofpatients affected by ARMD, atrophie and exudativeform,

before and after J3-14 OrAHT treatments with O2 only 01' with OrO) (left side) (Miehe/i et
al.. 2000). In eomparison (right siele). an increase oferythrocytic ATP levels has been

observed in young athletes by Jakl (above) und in elderly people (middle and below) after
reetal tnsufflation ofozonefor 8 and 13 weeks (Viebahn, 1999)
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Figure 46. Mechanisms ofpositive and negativefeedback o(erythrocytic enzymes after
transient exposure ofblood to ozone. High levels ofA TP inhibit phosphofiuctokinase

(PFK). while low levels activate pyruvate kinase (PK) . At the same time. lowered levels of
NADPH activate glucose-ti-Psdehydrogenase (G6PD)

In other words, is it possibIe that ozonetherapy can lead to the fonnation of
erythrocytes with increased capacity to synthesize ATP? And if this is true, how
does it happen? Our working hypothesis is that erythrocytes ozonized ex vivo are
not really modified but that reinfusion of some LOPs present in the ozonized bIood
sIowIy triggers a phenomenon of adaptation in the bone-rnarrow. In trace amounts,
LOPs may activate differentiation at the erythropoietic level, favouring the
formation of new erythrocytes with improved biochemical characteristics, which
could provisionally be considered as "supergifted erythrocytes". If this idea is
correct, every day during ozonetherapy the bone-marrow will release cohorts of
new erythrocytes capable of satisfying the increased biosynthetic and energetic
requirements imposed by the therapy . This hypothesis might not be so farfetched,
since it agrees weil with previous experimental results (Chow and TappeI, 1973;
Buckley et al., 1975; Freeman et al., 1979; Chow and Kaneko, 1979; Hemandez et
al., 1995); moreover, the cessation of ozonetherapy in ARMD patients does not
abruptly end the clinical improvement, which instead persists for 3-4 months
probably in relation to the life-span of the supergifted erythrocytes present in the
circulation. This problem will be further discussed in Chapter 22.

2,3-DPG is a highly anionic organic phosphate present in erythrocytes at a
concentration of4-5 mM at an atrnospheric pressure (AP) of760 mmHg . In 1967,
Reinhold and Ruth Benesch discovered that 2,3-DPG binds to Hb and has a
remarkable effect on its affinity for O2. Without it, Hb02 is unable to unload O2 in
tissue capiIlaries. On average, its presence, at p02 gradient of 98-40 mmHg at sea
level, allows Hb02to release 4-5 ml O2per 100 mJ blood .
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As mentioned previously, 2,3-DPG is formed along the glyeolytie pathway
when 1-3 diphosphoglyeerate is shifted towards the formation of 2,3-DPG by 2,3
diphosphoglyeerate mutase (2,3-DPGM) :

1,3 diphosphoglyeerate _Z.3.PPGM~ 2,3-DPG _z 3·PPGP~ 3-phophoglyeerate

where 2,3-DPGP is a phosphatase -allowing the transformation to 3
phosphoglyeerate.

It is weil known that, by staying 2-3 weeks in high mountains (where the AP is
around 400 mmHg), we undergo an adaptation to low pOz (from 98 down to 50-40
mmHg). We ean survive beeause the bone marrow produees more erythroeytes
(polyeyternia) and beeause the inereased level of2,3-DPG bound to Hb allows the
release of Oz to hypoxie tissue even if the alveolar p02 value has fallen to 40
mmHg.

Physiologieal studies have shown that the reaetions:

Hb40g--~) Hb406 + O2
Hb406 ) Hb404 + O2
Hb404 ) Hb402 + O2

Hb402 ) Hb4 + Oz

depend on the Oz tension in the tissues. Figure 47 shows that the dissociation eurve
of HbOz shifts to the right (p50 value inereases) as blood passes from pulmonary
(P) to systemie (S) eapillaries and even further ifthe 2,3-DPG level inereases . The
same shift oeeurs ifthe blood pH deereases (from pH 7.4 to 7.2, aeidosis) or the
pCOz value inereases (from about 40 to 60 mmHg, the Bohr effeet) or the body
temperature rises from 37°C to 39°C.
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Figure 47. The dissociation curve ofRb0] shifts regularly from P (pulmonary capillaries)
to S (systemic capillaries). The increase oI2,3·DPG in the erythrocytes shifts the curve to
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Does ozonetherapy increase 2,3-DPG? Current results are controversial :
Rokitansky et al. (1981) and Rokitansky (1982) c1aimed a significant increase but
their results are difficuIt to evaluate. The study by Mattassi et al. (1987) is far more
meaningful : positive changes, although not statistically significant, were observed
in POAD patients treated with 03-AHT for several weeks . However, it appeared
that only patients who had a low baseline level of 2,3-DPG showed a marked
increase with therapy. We have confirmed this observation in our ARMD patients.
In normal subjects and diabetes type 11 patients, Coppola et al. (1995) found no
variation in blood ozonized ex vivo (in the range 6.5-78 ug/rnl) , Yet this negative
resuIt was conceivable because 2,3-DPG cannot change in vitro in a short time.
Therefore, the observed increase of p50 was likely due simply to the Bohr effect.

Figure 48 compares our data for ARMD patients treated with 13-14 sessions of
03-AHT with the results presented by Viebahn in young athletes and elderly
patients treated for weeks with rectal insufflation of O2-0.1 ' We could not
demonstrate any increase; thus Viebahn's results are surprising but they may have
been due to the lan ger cycle oftherapy (13 weeks) than ours (6.5-7 weeks).

2,3 DrG,.
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Figure 48. Modifications oferythrocytic 2,3-DPG in patients withARMD (leftside) before
(PRE), during (interim) and after(POST) J3-140rAHTtreatmentswith either O2 01' with 0 ;-03

(see Figure 45) (Micheliet al.. 2000). In comparison (light side), a modest increaseoJ
erythrocytic2.3-DPG levelshas heen observed inyoung athletesby Jakl (ahove) and in elderly
people (middleand below) after rectal insufflation o(ozonefor 8 and J3 weeks (Viehahn, 1999)
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Thus , at this stage we cannot make a definitive conclusion. In the near future,
we will ascertain whether the 2,3-DPG level remains stationary or increases by
treating POAD patients with extracorporeal circulation of blood against Or03
(EBOO), which is a more intense therapy than the ordinary 03-AHT. Clarification
of this problem is important because areal increase of 2,3-DPG levels markedly
shifts the Hb02 dissociation curve to the right (p50 value increases) and the
peripheral venous blood p02 level may decrease to 15-20 mmHg with a 20-25%
increase of O2 delivery to ischaemic tissue (Fig. 47) . The enhanced oxygenation,
possibly associated with microrelease of ATP from erythrocytes and with
vasodilatation (see endothelial cells for NO· release), can explain the beneficial
effect of ozonetherapy in ischaernic diseases. In 1956, Wenning suggested that the
polycythemia achieved after reinfusion of blood exposed to UV could be an
important factor, but we have observed neither an increased number of
erythrocytes nor an increase of the mean corpuscular Hb (27-31 pg).

A more theoretical problem to solve is why and how ozonetherapy should
increase the 2,3-DPG level in the first place? At first glance, oxygenation should
inhibit it. However, ischaemic tissues may try to release mediators attempting to
correct local hypoxia. A regulatory protein , hypoxia-inducible factor (Wang and
Semenza, 1996, Gassmann and Wenger, 1997), has been identified and it remains
to be seen whether factors released upon blood ozonization enhance the enzymatic
activity of 2,3-DPGM or upregulate its synthesis and/or inhibit 2,3-DPGP. In this
context, we should also check for any change of the erythropoietin level. It is now
feasible to use molecular biology methods to examine any change of expression of
proteins during erythrogenesis in order to explore the possibility of a continuous
output of"supergiftederythrocytes" during ozonetherapy. This study is within our
reach : by using appropriate density gradients, we can separate old (heavier)
erythrocytes from young (lighter) ones released during ozonetherapy and slowly
accumulating in the blood pool. If the hypothesis is correct, the young "supergifted
erythrocytes" may show subtle differences in the composition of the membrane, in
the phospholipid/cholesterol ratio, in the type and frequency of membrane
glycoproteins and they may display enhanced metabolie characteristics.

Examination of the life-span of ozonized erythrocytes has received minimal
attention. This is surprising because even slight peroxidative damage to the
membrane is bound to be recognized by the RES, with uptake of the impaired
erythrocytes. Numerous studies have shown that genetically comprornised human
erythrocytes, or those treated with heavy metals , xenobiotics or heat , have a far
shorter life-span than the normal 120 days . In 1996, on the basis of my project, Dr.
C. Kontorschikova and Dr. S. Peretyagin of the Central Health Institute at Niznhy
Novgorod (Russia) received funding from the Soros Foundation. By labelling
normal human erythrocytes with Technetium 99, we examined the fate of
untreated, Oj-treated and O2-03 (40 ug/mlj-treated erythrocytes in normal
volunteers. The scheme reported in Figure 49 aims to clarify that, when ozonized
blood is reinfused into the donor, erythrocytes will rnix within the vascular system
and, if normal, will continue to circulate according to their age. In four months,
human erythrocytes undergo an average of 160,000 deoxygenation cycles, which
occur at random in more or less pervious sites . Every day, some 2xlO ll
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erythrocytes, equivalent to the cells contained in about 40 ml of blood of anormal
man, die and are removed from the circulation. About three decades ago, we
showed that even a minimal loss of sialic acid from the membrane glycoproteins
(due to neuraminidase) markedly reduced the cell 's life time (Bocci , 1968; 198Ia).
Spleen, liver and bone marrow are the organs that will rapidly take up and
catabolize the damaged erythrocytes. The scheme also shows other sites that will
be discussed in the next sections.

02/03

BLOOD

-

Primary
TUMOURS and
METASTASIS

Figure 49. After reinfusion, the ozonized hlood is distributed throughout the whole
organism. After OrAHT, the volume of'plasma (about J30 ml), slightly depleted of

antioxidants, returns to normal after mixing with 3 L plasma and 9-JJ L interstitialfluid.
Oxidized albumin is taken IIp by RES and cataholized. Erythrocytes, ifnot damaged.

continue to circulate while leukocytes migrate through post-capillary venules into various
organs and may return to the blood pool via lymph . The reinfused LOPs undergo dilution

but will deliver their message to the whole body. After ozonization. platelets will likely
release rheir hormonal contents into the blood and will disappear.

Experimental results obtained after measuring the hepatic and splenie uptake of
Tc99-labeled erythrocytes (either oxygenated or ozonized), 10, 30 and 60 min after
reinfusion into the donor, show only an initial (10min) small uptake, which
suggests negligible cell damage (Fig . 50). Preliminary experiments in another two
subjects showed a similar trend . Subsequent technical difficulties prevented us
from completing the study by measuring the half-li fe of differently ozonized Cr51

_
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erythrocytes. We hope that someone In a Western country will complete this
crucial study.
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Figure 50. Erythrocytes were labelIed with Tc~~ and either exposed to oxygen (ox) 01' to
ozone (oz: 40 ug/ml) . Blood sampies were then reinfused into two respective donors and
Tc99 was detected by scintigraphy in blood. liver and spleen after 10.30, 60 and 90 (only

ox) min. Hepatic and splenie uptake Q!ozonized erythrocytes were only slightly higher than
those Q!oxygenated erythrocytes

In summary, according to several criteria, careful ozonization of erythrocytes
within the therapeutic window (most frequently 10-40 ug/ml) does not appear to
cause any damage . In spite of some controversy among different authors, ozone
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does not seem to even reach the membrane and induce peroxidation. There is good
evidence that oxidative damage is prevented by the powerful antioxidant system
and the activation of the pentose phosphate pathway certainly plays a role in that.
An increase of 2,3-DPG levels during ozonetherapy remains controversial and
must be verified with a more prolonged and reliable method than rectal
insufflation of O2- ° 3' The activation of glycolysis and an increase of the E.C. have
led to the suggestion that a continuous flow of messengers present in ozonized
blood reaches the bone marrow and, by upregulating gene expression, may
improve the biochemical characteristics of differentiating erythroblasts.
Adaptation to the controlled oxidative stress may allow the generation of
"supergifted erythrocytes", which slowly increase in the circulation and may be
responsible for the therapeutic "shock", i.e. a revival of functional activities able to
explain the beneficial effect observed in patients with ischaemic diseases.

2 . LEUKOCYTES AND THE IMMUNE SYSTEM

In comparison to erythrocytes, leukocytes are a heterogeneous cell population
composed of lymphocytes (20-25%), monocytes (about 5%) and three types of
granulocytes, of which neutrophils are about 70-72%. I mentioned in Chapter 2
that, by mere chance, I came to investigate whether ozone could induce the
production of IFN because I remembered that other oxidizing agents were active
(AntoneIli et al., 1985 ; Dianzani et al. , 1985) . As shown in Table 9, ozone is only
one (actually a minor one) of the several types of cytokine inducers. However, at
that time I thought that, in spite of its intrinsic toxicity, it would be worthwhile
investigating ozone. During the last decade, we have shown that ozone can induce
the production in blood of IFNy (Bocci and Paulesu, 1990), IFNß, IL-2, IL-6, IL-8,
TNF-a, TGF-ß and GM-CSF (Paulesu et al., 1991; Bocci et al., 1993a,b, 1994b,
1998b,c; Larini et al., 2001). Later, while trying to explain the deleterious effect of
ozone on the pulmonary system, other scientists confirmed that ozone can induce
the production of cytokines, adhesion molecules and proinflammatory eicosanoids
in leukocytes present in the bronchoalveolar lavage fluid (BALF) and in epithelial
cells ofthe respiratory mucosa (Beck et al., 1994; Arsalane et al., 1995; Takahashi
et al., 1995; Haddad et al. , 1996; Jaspers et al., 1997; Cho et al., 2001).

Table 9. The variety ofinducers activating the production 0/cytokines in BMC.

Mitogens Antigens Antibodies Proteinases Interleukins Oxidhing er:
Agents lonophores

PHA Virus Anti-CD3 Trypsin IL-Iß Periodate A23187
ConA Endotoxins Anti-CD4 Bromelain IL-2 HzOz
PWM Muramyl Anti-CD28 Thrombin IL-12 Galactose-

peptides oxidase
SEB Tumour TNF-a OZONE

proteins
Phorbol Polynucleotides
esther
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In 1988-90, owing to OUf inexperience, we had great difficulties in studying
this problem: our initial research on isolated BMC suspended in typical cell culture
media showed great sensitivity ofthese cells to ozone, and concentrations above 2
3 ug/ml inhibited IFN production, confirming Becker et al. 's (1989) observation.
Our results became more interesting when we began to ozonize blood directiy and
we were able to show the release of cytokines in the plasma during the following
4-8 hours of incubation (Fig . 51).
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Figure 51. Kinetics ofIL-6 production measured in hlood sampIes ofthree donors after
ozonization (concentration : 59 ug/ml per ml ofblood) and incubation at 37 °C in air-Cü,

for IIp to 8 hr. The increase oJIL-6 was significantly (p-d),05) higher than in control
sampIes after 8 hr

These initial studies shed light on several aspects, such as the protective effect
ofblood antioxidants, the dissimilar production of different cytokines (Fig . 52) and
the progressive inhibitory activity of increasing ozone concentrations, particularly
above 80 ug/ml. However, they had some limitations because whole blood can be
incubated only for a limited time and, most irnportantly, we could not decide
which cell type produced the cytokines. Moreover, in investigating the induction
of IL-8 in 13 sampies of blood donors, we noticed again, as was weil known for
IFN production, that there are high, medium and low responders (Bocci et al.,
I998b). Actually, in this case we went a step further because we could detect an
approximate relationship between the production of IL-8 and the TAS values.
Figure 53 shows that there are two high responders (no. 7 and no. 8) and two nil
responders (no. 3 and no. 12). Interestingly, the latter donors had very high TAS
values (1.90 and 1.98 mM) whereas the high responders had average values (1.45
and 1.56 mM). Most likely, genetic and other factors are also at play but this
observation needs to be investigated further by checking the values of PTG
oxidation and TBARS. These results suggest that a very high TAS can quench
most of the ozone dose and they emphasize that the ordinary empirical
performance of 03-AHT without knowing the basic TAS of the patient can easily
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lead to placebo treatment. It is distressing that most ozonetherapists do not
attribute any importance to this observation.
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During the last year, we decided to isolate from normal blood donors either
BMC or granulocytes in order to investigate their viability and production of
cytokines after ozonization . This is important because we do not know their
relative contribution and, as an example (Fig. 54), BMC produce mainly TNF-a.,
IFNy and small amounts of IL-2 (Larini et al., 2001) . On the other hand
granulocytes release other cytokines (Larini et al., in preparation) .
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Figure 54. Pattern o(cytokine production by BMC suspended in human serum before
ozonization. Samples were not exposed (control) 01' exposed to either O2 alone 01' Os-O, at
increasing concentrations (ug/ml). PHA indicates values after mitogen addition. Diagrams

represent the values ot one donor (H) who was a high responder

On the basis of these experimental results, we can draw some preliminary
conclusions :



136 CHAPTER 14

a) the ozonization process of blood or of a BMC serum suspension can lead to
strong modification of cell viability, ranging from modest proliferation to cell
death .

b) A comparison between blood and BMC suspensions shows that the production
of cytokines depends on the ozone dose and the cell types .

c) With some approximation, the production of cytokines is inversely
proportional to the ozone concentration and blood appears to be more ozone
resistant than serum. With the benefit of hindsight, we should have expected
these results as we now know that blood but not serum rapidly reconstitutes the
original TAS values (Chapter 13).

d) Once again we reach the conclusion that too little ozone may be ineffective and
too much can be toxic, and it is difficult to envisage the perfect ozone
concentration for each patient because the production of cytokines is regulated
by a number of factors .

e) Nonetheless, these results at least partly support the hypothesis that
ozonetherapy has bactericidal and antiviral activities (Bocci, 1992a). It remains
questionable whether this is due to enhanced phagocytosis and/or
hypergammaglobulinemia, as was proposed by Washuttl and Viebahn (1986)
and Washuttl et aI. (1988). In any case, these immunological modi fications
depend upon cytokine activity.

f) Our data do not contradict studies showing the release of proinflammatory
cytokines (Becker et al., 1989; Beck et al., 1994; Arsalane et al., 1995; Haddad et
aI., 1995; Torres et al., 1997; Bayram et al., 2001 ; Cho et aI., 2001) and
eicosanoids (van Hoof et al., 1997) by bronchoalveolar cells . This is based on the
knowledge that antioxidant defences in RTLFs are easily overwhelmed during
exposure to ozone, with the formation of ROS, LOPs and consequent epithelial
damage (Kelly et al., 1995; Chen and Qu, 1997; Frampton et al., 1999).

In contrast, Iymphocytes have high levels of GSH and, although they have less
catalase than erythrocytes, they are equipped with GSH-Px and GSSGR.
Professional phagocytes (neutrophil granulocytes, monocytes and macrophages)
can also defend themselves, up to a point, against O2. ' , Hz0 2 and HOCI released
during phagocytosis. In the last decade, there has been great progress in
understanding the role of antioxidants and redox regulation of gene transcription
(Oe Forge et al., 1992; Anderson et al., 1994; Schenk et al., 1996; Sen and Packer,
1996; Flohe et al., 1997; Suzuki et al., 1997; Ginn-Pease and Whisler, 1998; Hack
et al., 1998, Arrigo, 1999; Tatla et al., 1999; Allen and Tresini, 2000) . The whole
story started in 1986 when Sen and Baltimore identified a transcription factor
called NF-KB (i.e, nuclear factor bound to an enhancer element in the K light
chain gene) present in the cytoplasm in association with inhibitory proteins, IKBs
(c, ß, y, etc .). NF-KB has subsequently been found in different cells ; it is
composed of several proteins (the Rei farnily) , of which a p65 (rel A) subunit and
a p50 subunit bind to specific sequences in the promoter regions of several cellular
and viral target genes, including transcription factors, viruses, cell adhesion
molecules, cytokines, immunoreceptors, haematopoietic growth factors and acute



WHAT HAPPENS DURING BLOOD OZONIZATION? 137

phase proteins (Baeuerle and Henkel, 1994). This means that activated cells can
synthesize a variety of proteins, including IFNs, IL-I, 2, 6, TNFa., chemokines
such as IL-8, class land II proteins belonging to the major histocompatibility
complex (MHC), proteins ofthe HIV, orosomucoid and C-reactive protein.

A variety of inducers, such as growth factors, cytokines, mitogens, UV, ozone
and H20 2, cause translocation of the heterodimer p65-p50 to the nucleus . This
happens when specific kinases (IKK-1/2) phosphorylate IKBa. and cause its
detachment from the inactive complex NF-KB-IKB, allowing rapid migration of
the heterodimer to the nucleus (Verma and Stevenson, 1997). IKBa. acts as a brake
in the quiescent cell and, after phosphorylation, enters the ubiquitin-proteasome
pathway where it undergoes rapid degradation (DeMartino and Slaughter, 1999;
Komitzer and Ciechanover, 2000) . Figure 55 depicts a scheme c1arifying the
sequences leading to NF-KB activation with consequent protein synthesis.
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Figure 55.A schematic view ofsignal transduction in lymphoeytes due to oxidattve stress.
The nuclear transcriptionfactor NF-KB is a heterodimer composed oftwo subunits (p50

and p65). In resting T lymphocytes, it exists in an inactiveform complexed witb the
inhibitor IKB. Ozone decomposes in plasma and generates ROS. These may aet on lectins
situated in the plasma membrane, possibly opening Ca+ + channels, and/or by aetivating

pro tein kinases. H101activates a tyrosine kinase which phosphorylates IKB and causes its
detachmentfrom the inactive complex. While IKB-P01 is being degraded in the proteasome,
the heterodimer moves promptlyfrom the cytosol into the nucleus, where it regulates gene

expression. Activation 0/a phosphatase (PPase) 01' an excess ofintracytoplasmic
antioxidants (GSH. NAC, CAT. thioredoxin. a-lipoic acid, ete.) inhibits the process
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The observation that NAC could suppress the activity of NF-KB was made in
1990 by Staal et al. and direct evidence of the activating role of 50-100 11M of
H202 in Jurkat T cells was reported the following year (Schreck et al., 1991). In
Chapter 13, it was shown that ozone dissolved in plasma causes lipid peroxidat ion,
hence production of LOPs and H202• The sudden increase of H202 concentration
allows its passive diffus ion through the cell membrane from plasma: "202
becomes the ozone messenger able to activate the specific kinäse (IKK-l/2)
which, by phosphorylating IKB, allows the migration of the transcription
heterodimer into the nucleus. The critical issue is that H202 must reach a
concentration able to activate the kinase without being instantaneously reduced by
either GSH or the catalase-GSH-Px, thioredoxin system or be transformed into
OH". A c1ear demonstration of the dose -dependent activity of H202 is presented in
Figure 56, reported by Los et al. (1995).
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It can be seen in vitro that 100 J.1M ofH20 2 achieve the maximal activity while
a double amount is partly inhibitory. The process is rapid and the maximal
expression of lL-2 mRNA is reached 12 hours after H20 2 stimulation. Addition of
either catalase or 2-mercaptoethanol are partly inhibitory, as expected. Indeed
there are several antioxidants able to prevent or impair the generation of active
NF-KB (Schreck et al., 1992); conversely, the HIV-I TAT protein, being able to
suppress the expression of Mn-dependent SOD, acts as a strong inducer of NF-KB
(Chapter 24).

Although I could not go into details, the reader may have perceived the central
importance of NF-KB in the regulation of many immune and inflammatory
responses. Excellent and extensive reviews of this subject are available (Baeuerle
and Henkel, 1994; Barnes and Karin, 1997; May and Gosh, 1998).

We have been very interested in this factor because ozone induces the
formation of H20 2, which acts as an intracellular messenger and has recently
acquired importance in animal and plant cells (Haddad et a1., 1996; Remick and
Villarete, 1996; Josse et al., 1998; Chua et al., 1998; Valen et al., 1998, 1999; Dei
Bello et al., 1999; Korzets et al., 1999; Pellinen et al., 1999; Chen et al., 2000a;
Desikan et al., 2000; Lee and Schacter, 2000 ; Kim et al., 2001). Obviously the
type of response depends on the H20 2 levels and these may act as either "Iife or
death signals". The ozonetherapist must be aware of the dilemma that either
too low or too high ozone doses ean be either ineffeetive or toxie, respeetively.
The dark side of excessive NF-KB activation has become evident in toxic/septic
shock, in acute respiratory distress syndrome (ARDS) and in chronic inflarnmatory
diseases such as multiple sclerosis, Crohn's disease and rheumatoid arthritis .
While the ozone dose can be carefully checked and adjusted to the disease and
patient, it is far more difficult to handle rather unspecific drugs that dampen the
transcription factor activities . Inhibitors such as glucocorticoids, gold salts, aspirin
and sodium salicylate are effective but displaya variety of side effects , and thus
selective inhibitors of IKB kinases are needed . IL-lO is an anti-inflammatory
cytokine that appears promising since it inhibits the action ofNF-KB (Wang et al.,
1995; Schreiber et al., 1995). Currently available antioxidants (Chapter 12) are
relatively useful and it remains to be seen whether prolonged ozonetherapy can
paradoxically reverse chronic inflammation by inducing an adaptation to chronic
oxidative stress . .

In order to clarify whether exposing leukocytes to ozone can lead to either
immune stimulation or suppression, we have addressed the following problems :

• How important is the maintenance of the plasmatic Ca2
+ level during blood

ozonization?
• Is there any advantage in ozonizing a large number of isolated leukocytes

rather than whole blood?
• Within the "therapeutic window" is there a range of either immunostimulating

or immunosuppressive 0 3 concentrations?
• On the experimental basis that ozone can act as a modest cytokine inducer,

does reinfusion of ozonized blood modify the plasma cytokine level in vivo?
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• Is OJ-AHT effective and is there an optimal schedule?
• Does the induction of asp and of adaptation to chronic oxidat ive stress have

an immunomodulatory effect?
• Can we select tests suitable for evaluating modifications of the immune status

during ozonetherapy?

Abrief discussion ofthese problems folIows :

2.1. How Important is the Maintenance ofthe Plasmatic Cal
+ Level during Blood

Ozonization?

In addition to protein-bound Ca, the physiological CaH concentration is about 1
mM while is about 10,000 times lower inside the cell (- 0.1 11M). To prevent
blood coagulation, in most cases we use either sodium citrate (3.8% solution 10 ml
+ 90 m1 blood), which chelates Ca2+ and makes plasma Ca2 >-free, or saline diluted
heparin (up to 30 IV per ml of blood) which preserves plasma Ca2

+ levels . When
BMC are stimulated with antigens, mitogens, Ca2

+ ionophores or ozone, the cell
Ca2

+ gradient decreases because of opening of intracellular and plasma membrane
Ca2

+ channels associated with the release of sequestrated Ca2
+ from the

endoplasmic reticulum (Grafton and Thwaite, 2001) . During ozonization, the
formation of RaS may be responsible for the activation of phospholipase C, which
hydrolyses the plasma membrane phosphatidyl inositol 4,5-biphosphate (PIP2) and
unleashes two messengers: inositol 1,4,5-trisphosphate (IP3), which opens Ca2 1

channels, and diacylglycerol (DAG), which activates protein kinase C. This
process, in conjunction with other kinases (IKK-1/2), seems to greatly enhance the
synthesis and release of several cytokines (Bocci et al., 1993a) . We examined this
finding by increasing the blood Ca2

+ concentration to 5, 10 and 25 mM; we found
that the increased cytokine release was accompanied by significant haemolysis,
particularly after ozonization with 40-80 ug /ml OJ per ml of blood. Occasionally,
we also noted the worrisome presence of minute clots retained in the blood filter
used during reinfusion. This gave us the hint that , in spite of heparin ,
supraphysiological Ca2

+ level plus ozone may stimulate platelet aggregation and
coagulation (for details , see Platelets, Haemostasis and Growth Factor Release,
this chapter). Before this observation in 1993, we considered that the addition of 5
mM Ca (five times higher than the physiologicallevel) to heparinized blood before
ozonization might improve the efficacy of OrAHT in patients with chronic
bacterial and viral infections and possibly metastatic cancer. Although we know
that this procedure has been used for years in some private clinics in the New York
area, we have not been provided with clinical data assuring that it is risk-free and
beneficial. In conclusion, since chronic hepatitis patients may have altered
prothrombin time , the use of heparin (even without the addition of Ca24

) could be
hazardous if not properly monitored, whereas citrate may be less efficacious but
innocuous.
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2.2Is There any Advantage in Ozonizing a Large Number ofIsolated Leukocytes
Rather than Whole Blood?

This idea may sound Iike a sterile laboratory exercise but it arose from the study
by Rosenberg et al. (1994) on Iymphokine-activated killer cells (LAK are
composed of natural killer, NK cells and T cells as weil) incubated with IL-2. It is
possible to isolate up to 1'10 10 leukocytes by leukapheresis, resuspend them in
plasma , expose them briefly to O2-0 3 and reinfuse them. However, in a
preliminary experiment, we found that we first have to select the adequate 0 3

concentration (15-20 ug 0 3 per ml) because, unlike blood, leukocytes are very
sensitive to oxidation and higher ozone concentrations cause cell damage. This
represents a serious drawback because, during reinfusion, impaired leukocytes
may stick in the lungs and cause respiratory distress .

As if it were necessary, we leamt once more how critical is the equilibrium
between the antioxidant system, cells and ozone concentration. Wehave not
pursued this line because of the complexity of the procedure, the risk of
contarnination, the uncertainty of the outcome and the cost. Instead, we have been
developing the system of extracorporeal circulation of blood against O2-0 3, which
represents a far simpler method (Chapter 17).

2.3 Within the "Therapeutlc Window " ts There a Range ofeither
Immunostimulating 01' Immunosuppressive 0 3 Concentrations?

This question is important because ozonetherapists, without the support of
experimental and clinical data and sometime pressed by the patient's request,
venture into the perilous practice of performing OrAHT in either chronic
infectious diseases or autoimmune diseases (rheumatoid arthritis, multiple
sclerosis, systemic lupus erythematosus, SLE, etc.) without knowing which, if any,
is the optimal 0 3 concentration range .

In the ozonetherapy field, particularly in Germany and Italy, the dominant idea
is that small blood volumes and low 0 3 concentrations (10-30 ug/ml) are
stimulatory while large (probably 200 ml ?) volumes and fairly high 0 3

concentrations (40-50 ug/rnl) are suppressive. The idea is a vague recollection of
the bell-shape curve typical of antigen -antibody binding, but it is not backed by
any serious experimental results. We tested four 0 3 concentrations: 25, 50, 75 and
100 ug/rnl in blood sampies of normal donors . After 9 hours incubation, we
measured the cytokine concentration ofproinflammatory (IL-I ß, IL-2, IL-12, IFNy
and TNFa) and inhibitory cytokines (IL-1O and TGFßI) : if the idea was correct,
we would have detected a preponderance of either proinflammatory or inhibitory
cytokines at low-medium (25, 50 ug/ml) or high (75, 100 ug/ml) 0 3

concentrations, respectively. The result was disappointing and not worth
publishing: within that time frame, IL-12 was not induced and, irrespective of the
0 3 concentration, the production of all cytokines increased up to 50 ug/rnl and
decreased at 75, particularly at 100 ug/rnl, likely owing to excessive oxidation and
cell inhibition. With hindsight, the problem appears more complex than we
envisaged and remains worthy of investigation. Rather than examining blood of
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normal donors, a more rational approach may be to examine the cytokine response
during relapse of either autoimmune diseases or allergie diseases . From an
immunological point ofview, these pathologies have an opposite polarity.

Figure 57 shows a simplified scheme regarding the interaction between 0 3 and
cytokine production by leukocytes of healthy blood donors . However, this situation
does not apply to the above-mentioned pathologies because after the pioneering
work ofMossman and Sad (1996), it has been shown that CD4+Iymphocytes (helper
T cells) undergo a profound shift towards either the Th l-phenotype (generally
producing IL-l , IL-2, IL-18, IFNy, TNFo.) or the Thl-phenotype (produc ing IL-3,
IL-4, IL-5, IL-I0 and TGFß I).

ERYrnR OCYTE

.....
Clon,l e.pan,lon
01T.lymphotyln

Stemtell

Haematopolnl.

Figure 57. An overall view ofinteractions among OrROS and immune cells which.
after cytokine induction. home into various lymphoid microenvironments andfurther

release cytokines, thus enhancing humoral and cell-mediated immunity

A schematic representation is shown in Figure 58 and extensive analyses have
been published (Clerici and Shearer, 1993, 1994; Maggi et al., 1994; Kay, 2001;
Swain, 2001) . However, as a further complication, many CD4 ' T cells often cannot
be grouped into either a Th I or Th2 subset (Th3?) and they exhibit a heterogeneous
pattern of cytokines . Nevertheless , pathological immune responses at least partly
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support the pattern of cytokine production linked with the Th I or Th2 predorninant
immune state. Th I-type responses are associated with inflammation and defense
reactions, including cytolytic reactions, while Th2-type responses are antibody
mediated immunity. It must be kept in mind that the interaction between the two
types of responses is reciprocal and thus Th I-type cytokines are inhibitory to Th2
type responses and vice versa . As an example, IL-4 can inhibit IL-12 production,
while IL-4, IL-lO and IL-13 antagonise the macrophage-activating properties of
IFNy and IL-2.
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Figure 58. A schematic representation ofthe immunological equilibrium between CD4+ T
lymphocytes with a 1711 or Th2 phenotype. Theformer release proinflammatory cytokines

while the lauer release immunosuppressive cytokines. There is a reciprocal inhibition and it
would be interesting to examine ifozon etherapy can re-equilibrate dysimmunity

This scenario necessitates a careful review of the use of ozone in these
diseases: the current idea may turn out to be detrimental because we are ozonizing
pathological blood with a prevalence of CD4~ lymphocytes of either Th l-type or
Th2-type. As an example, in allergic diseases (pattern: Th2 » Th l ), ozonization
of blood with low-medium 0 3 concentrations (20-40 ug/ml) may lead to further
stimulation, hence proliferation, of Th2-type lymphocytes and to increased
production ofIL-3, IL-4, IL-5, IL-lO, IgG, IgE eosinophilia, etc ., and consequently
to further inhibition of the production of IFNy, IL-2, IL-12, possibly aggravating
the disease. 1fthis reasoning is correct, we should ozonize blood with an inhibitory
dose able to suppress Th2-type Iymphocytes and their cytokine production.
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In rheumatoid arthritis and multiple sclerosis (pattern : Th I » Th2),
ozonization of blood with low-medium 0 3 concentrations (20-40 ug/ml) may
upregulate cytokines produced by Th I cells and accelerate the progression of the
disease, while inhibitory 0 3 doses may downregulate these cells, leading to a
quiescent phase . In practice, any strict categorization often defies our best
intention and, rather than trying to switch a Thl profile to a Th2 and vice versa ,
the aim is to rebalance the immune response so that it may lead to stabilization or,
ideally , resolution ofthe disease.

At this point , we must attempt to establish a guideline . The ozonetherapist,
who is only interested in being inforrned about the optimal ozone concentration
and getting on with the treatment, may be annoyed but, regretfully, I am aware of
only a few unreliable anecdotes. Certainly, even empirical but trustworthy results
would have been helpful . Unfortunately, most ozonetherapists neither possess a
reliable generator nor precisely check the ozone concentration and the blood/gas
volume ratio . Moreover, there is extreme confusion about the blood volume and
the system for ozonization: some ozonetherapists use small glass bottles and only
50-100 ml of blood, others use 500 ml glass bottles and collect between 100 and
250 ml of blood, while some even use the hyperbarie system, for which we have
no laboratory data . Others insist on using PVC bags of different volumes in spite
of the prohibition by the Italian Ministry of Health (see appendix) . Ouring the last
two years, I have tried to little avail to correct this anarchical situation that hinders
any progress .

Hopefully, a few readers will be interested in the following reasoning, which
highlights the complexity ofthe problem and tries to provide some cautious guidance.

Lets us first consider the crucial parameters:

I . the target is represented by C04 I Iymphocytes present mainly as either Th I or
Th2 phenotypes. Although it may not be completely true, a fair assumption is
that some of these cells are somewhat sustaining the ongoing disease and a
possible approach is to suppress the secretion of Thl-type cytokines (and
cytolytic activity) or Th2-type cytokines (and antibody formation) in
autoimmune diseases or allergie diseases, respectively.

2. The volume ofblood appears critical for three reasons :
a) the number of present and active Iymphocytes during the ozonization

process , because they will be directly affected (via H202 and very short
half-life ROS);

b) the volume of plasma, because it contains all the substrates undergoing
direct peroxidation that will generate long half-life LOPs . These
compounds (OH-HNE, MOA, possibly acrolein, etc.) act immediatelyon
Iymphocytes and will also bind to circulating Iymphocytes (and other cells)
after blood reinfusion into the donor;

c) the ozone concentration (ug/ml per ml ofblood), which can be divided into:
- low (10-30 ug/ml)
- medium (30-50 ug/ml)
- high (50-80 ug/ml) ,
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Depending on the capacity of the plasma antioxidant system, the fonnation of
ROS and LOPs, although not proportional to the 0 3 concentration, increases with
the 0 3 dose. The consequence is that amounts of these compounds, which are
supposed to act as cytotoxic drugs, depend on the volume ofplasma and 0 3 dose.

Therefore , a low 0 3 dose may hardly affect the Iymphocytes present in the
blood during ozonization and, owing to minimal LOP fonnation, also may not
affect circulating cells. Indeed, in diseases with pattern Th2 » Thl, it willlikely
stimulate Th2-type Iymphocytes and possibly worsen the disease. Conversely, a
high 0 3 dose may prevalently inhibit, directly or indirectIy, Th2-type Iymphocytes
(via reinfused LOPs), thus dampening the disease. While it would be naive to think
that LOPs will selectively inhibit Th2-type Iymphocytes, they might preferentially
bind and inhibit these cells because they are in an activated state. Needless to say,
the same reasoning can be used for diseases with a pattern Thl »Th2.

It must be emphasized that this is only a working hypothesis and much remains
to be learned before making definitive recommendations. Moreover, as will be
extensively discussed in Chapter 22, we strongly advise the ozonetherapist to
apply the "up-dosing" system. In other words, in order to induce ozone tolerance,
the "start low, go slow" strategy appears most reasonable. The following is a
schematic example of a possible schedule for ozonetherapists perfonning 03-AHT
in 500 ml glass bottles :

Time Treatment Blood Ozone Total ozone
(weeks) Number volume (mI) concentration Dose (mg)

(ug/ml)

Ist
I 150 50 7.5
2 200 50 10.0

2nd 3 200 60 12.0
4 225 60 13.5

3rd 5 225 70 15.75
6 225 80 18.0

4th 7 225 80 18.0
8 225 80 18.0

and so on for at least 16 treatments (8 weeks), unless serious side effects appear.
Assuming that the patient has a high TAS and the disease symptoms tend to

ease, it may be reasonable to increase the ozone concentration to 90-100 ug/ml.
This may enhance the upregulation of oxidative stress proteins, strengthen the
adaptation to stress and further inhibit the clone of cytotoxic Iymphocytes.
Obviously, this possibility has many mighty "ifs" to be dispelled during the trial.

2.4. On the Experimental Basis that Ozone Can Act as a Modest Cytokine Inducer,
Does Reinfusion ofOzonized Blood Mod!fj: the Plasma Cytokine Level in Vivo?
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The immediate answer based on experimental results is NO! As a striking contrast,
either a sublethaI dose of LPS (4.0 ng/Kg as an IV bolus injection) or septic shock
causes a marked sequential increase of cytokines in plasma (TNFa, IL-6, G-CSF,
etc.) and considerable side effects, similar but worse than flu-like syndrome
(chilis, fever, headache, malaise, hypotension, etc.), which can be relieved only
partially by cyclooxygenase inhibitors (Mitchie et al., 1988; Machensen et al.,
1991; Bocci, 1988a). Since 1980, we underlined the fundamental difference
between the physiological IFN (cytokine) response and the emergcncy, or
inflammatory-toxic, response (Bocci, 1981c, 1988b, 1990b, 1992c).
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Figure 59.A sehematte view of'cytokine induction in the GALT by a number oflnducers.
among which ozone. The GALT is an important component able to interact with other parts

ofthe immune system

Cytokines are always produced after interactions between an array of inducers
(toxins, bacteria, LPS, virus mitogens, lectins, antigens , drugs , allergens, ozone ,
etc., presented in Table 9) and immune cells . However, the substantial difference
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is that the physiological response, occurring continuously throughout life, is a
miniaturized release of cytokines in several microenvironrnents, such as the gut
associated lymphoid system (Galt etc.), coming in contact with a trace amount of
inducers (see scheme in Fig. 59). In this case, by virtue oftheir migratory capacity
among the original microenvironment, lymphatic system, blood pool and then
lymphoid tissues (Westermann and Bode, 1999), the relatively small number of
stimulated immune cells can release small amounts of cytokines and prime other
cells, thus maintaining the immune system in an alert state, usually without any
imbalance between activation and suppression. The released cytokines are mostly
bound by neighbouring cells by a paracrine mechanism and barely emerge in the
plasma pool. Indeed in physiological conditions, only trace levels can be detected,
because of dilution, tissue binding and rapid catabolism via the kidneys, liver and
so on. Our studies on the pharmacokinetic properties of interferons have become a
paradigmatic model in the cytokine field (Bocci, 1981b, 1987b, 1990a, 1991a,b,
1992c, 1993a) and have indicated that cytokines are not meant to be circulatory
proteins like cIassical hormones. Their high turnover, due to a very efficient
catabolic system, preserves body homeostasis and prevents toxicity.

In contrast, the emergency response is characterized by a colossal release of
cytokines due to toxic stimuli inundating the blood pool. Plasma levels of
cytokines become so high that the catabolic system is overwhelmed, partly
because of multi-organ dysfunction, which leads to death in 40-50% of patients
with toxic shock syndrome. This excessive response represents the dark side of
cytokine activities and only a weil orchestrated administration of antibiotics,
anticytokines and human activated protein C may occasionally be life-saving .

Coming back to question no. 4, the answer is that classical 03-AHT and,
interestingly, the far more intensive treatment of extracorporeal blood circulation
against O2-0 3 can be assimilated to the physiological response; neither treatment
causes side effects and most patients report a sense of weU-being after the
therapy. A likely explanation is the mild induction of only a small percentage of
immune ceIls, which after blood reinfusion horne in several organs (Fig. 49, 57 and
59); at best, they may reinforce the basic physiological response which, particularly in
ageing and in immunosuppressive states, may become subdued.

When, several years ago, we conducted the experiment on myself and a
collaborator we were disappointed by the results. 250 ml of heparinized (+5 mM
CeCl, to achieve maximal stimulation) blood was ozonized with 13.5 mg ozone
(54 ug/ml x 250 ml gas) and promptIy reinfused into each donor at 8.00 am. A
small blood sampie was incubated for 8 hours and, in comparison to the control,
we could distinctly detect a few IU of IFNß, IFNy, IL-2 and sorne IL-I ß, IL-6,
TNFa. and GM-CSF (see Table I in Bocci et al., 1994a). We were hoping that the
production of cytokines in vivo would be enhanced and that we could detect a
small increase in the peripheral plasma. Blood sampies were withdrawn I, 2, 4, 6,
8 and 12 hours after reinfusion. At the same time, we rneasured the body
temperature and compared it with the previously determined circadian values. We
did not detect any rnodification but at least we feit very weil the next day! The
interpretation was that, upon reinfusion, the activated BMC horne in various
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lymphoid and parenchymal microenvironments and release small amounts of
cytokines that are bound by either bystander or migrating BMC. Therefore, unless
a far larger number of cells is involved, or they are superinduced, cytokine
spillover into the circulation is unlikely or, if it occurs to a small extent , dilution
and rapid cytokine turnover prevent the increase . The lack of any side effects is an
advantage but is the treatment effective?

2.5. Is DrAHT Effective and is There an Optimal Schedule?

This question would have remained unanswered if it had not been shown (Towbin
et al., 1992) that, after binding to BMC, IFN upregulates a number of genes, one of
which allows synthesis of the Mx protein. Besides having GTPase activity, this
protein of about 70 Kd is expressed during a flu-virus infection and blocks
transcription ofthe viral genome . While IFN has a half-life of a few hours after SC
administration (Bocci , 1990a), an interesting facet of the Mx protein is that it has a
half-life of 24-36 hours and it can be detected in circulating BMC even 2 days
after the total disappearance of IFN frorn plasma. It is intuitive that the Mx protein ,
like other specific enzymes induced by IFN, can be used as a biomarker to reveal
that IFN, albeit short-lived, had been present.
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Figure 60. Kinetics ofMt protein levels measured in 21 blood sampies collected el'elY day
from one healthy volunteer. The six arrows indicate the time ofsix DrAHT performed using

300 ml ofblood (heparin) exposed to 70 mg/ml 0 3 (total dose 21 mg). There is a
progressive but variable increase ofMx pro tein levels. likely due to the release ofIFN in

lymphoid microenvironments

On the hypothetical assumption that reinfusion of ozonized blood can induce
IFN, we tested whether the Mx protein could be detected in circulating BMC after
OrAHT. Figure 60 shows that the Mx protein could be detected every time after
03-AHT in a healthy volunteer, with a peak usually 48 hours after reinfusion.
Although the Mx protein disappeared by 96 hours , it could be regularly re
induced; in fact, it seems that the expression was gradually potentiated. The result
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is interesting and suggests that the "biochemical memory" of the cell is fairly
short; however, two treatments per week may be sufficient to maintain an anti viral
state. In contrast, both Neopterin and 132 microglobulin (132M) plasma levels (data
not shown) remained within the normal range and 132M levels remained unvaried,
even during repeated autohaemotherapy. Plasma levels of acute phase proteins,
namely orosomucoid, C reactive protein and haptoglobin, remained constant 24,
48 and 96 hours after autohaemotherapy. This excludes the possibility that liver
synthesis was influenced by IL-6 . We plan to repeat this experiment with the
method of extracorporeal blood circulation, involving ozonization of the whole
blood volume.

In conclusion, the use of this amplification marker suggests that the reinfused
ozonized blood cells release IFN in vivo but, as discussed in Chapter 24 , the
efficacy of 0 3-AHT in chronic HCV infection remains controversial. It remains to
be seen whether more intensive treatment or a different schedule can improve the
outcome. A typical and frequently posed question is: how many autotransfusions
are needed to achieve a valid reactivation of the immune system? It is almost
impossible to provide an answer because each chronic HCV patient presents
variable parameters. However, the number of BMC producing IFNa/ß must be
substantial. On the whole, the immune system is a fairly large organ comprising
about 1012 cells dispersed in the spleen, lymph nodes, Iymph pool, thymus, bone
marrow and lymphoid tissue associated with the gut (GALT), bronchi (BALT),
skin (SALT), etc . About 1% of these cells die every day and are replaced by virgin
cells (Westermann and Pabst, 1992) . Our approximate calculation estimated that
ozonization of 300 ml of blood with an ozone dose of 21 mg (70 ug/ml x 300 ml
gas) may stimulate - 6 x 10R cells, i.e. only 0.06% ofthe total cell number. After
50 treatments (twice weekly for 6 months), we may have activated - 3 x 1010 cells,
equivalent to a mere 3% ofthe cell pool (Bocci, 1998c) . However, when activated
T cells horne in lymphoid microenvironments, they produce cytokines and express
co-stimulatory molecules. By inducing proliferation of bystander Iymphocytes,
these substances may amplify this process several fold, probably yielding 1011

cells which is considered a desirable dose to treat human tumours by mononuclear
cell adoptive immunotherapy (Rosenberg et al., 1987; Lee and Klein, 1994) . It
would be interesting to investigate the distribution and fate of Indium'{'vlabelled
BMC and neutrophils after ozonization and to check whether they horne in the
lungs or throughout the body. This methodology has been used for LAK and TIL
cells (Rosenberg et al., 1987) .

2.6. Does the Induction o/OSP and ofAdaptation to Chronic Oxidative Stress
have an 1111111uno111odulat01Y Effect?

This is the most fascinating topic because ozone, the dreadful toxic gas, may
paradoxically become an important drug to induce adaptation to chronic oxidative
stress. There is a wealth of experimental data reported since the 1970s showing
that both animals and plants can develop resistance by upregulating the expression
of a number of proteins, generically denominated chaperones.



150 CHAPTER 14

When a Iiving being undergoes a stressful situation, such as ischaemia,
hypoxia, hyperoxia, heat, haemolysis or ozone, it has only two options : adaptation
or apoptosis, i.e. Iife or death. It is an exciting possibility that by carefully "up
dosing" ozonetherapy we may be able to correct a chronic imbalance between
excessive oxidants and depressed antioxidants. If this is proved to be true , our
"calculated and brief oxidative stress" will merit the term therapeutic "shock",
symbolizing the fact that even stress can be therapeutic. So as not to repeat myself,
this problem will be discussed in more detail in Chapter 22.

2.7. Can We Select Tests Suitablefor Evaluating Modiftcations ofthe Immune
Status during Ozonetherapy?

On the assumption that one day we will be able to conduct randomized c1inical
trials with the appropriate control (02 only), it will be necessary to analyse (before,
at mid-cycle, at the end, and 3 months thereafter) several immunological
parameters in the hope of understanding if ozonetherapy is able to rnodify and
possibly improve immunological activities. Some ofthese tests (listed in Table 10)
may prove useful in evaluating the effect of ozonetherapy in acute and chronic
infections, allergie and autoimmune diseases and metastatic cancer.

Table 10. Possible parameters to test the activation ofthe immune system
before, eil/ring and after 0J-AHT.

• Evaluation ofthe number and subclasses oflymphocytes.
• Activation ofNK cells towards unspecific targets and autologous

tumour cells.
• Degree of activation of eytotoxic activity by T-cell Iymphocytes,

macrophages, PMN leukocytes.
• Enhancement of ADCC .
• Antibody production and specificity.
• Evaluation of the proliferation index of BMC (PHA-induced

versus spontaneous).
• Evaluation of the release of cytokines in eulture (spontaneous or

mitogen-induced).
• Plasma levels of cytokines.
• Evaluation of cytokine levels to assess a possible imbalance

between Th 1- and Th2- lymphocytes.
• Tests for evaluating immunosuppression.
• Levels of suitable biomarkers.
• Concurrent opportunistic infections.
• Remission rates and recurrence-free intervals.
• Relevance of cachexia.
• Psychosomatic state ofthe patient.
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Therefore, a great deal of experimental and clinical work remains to be done.
Yet it remains doubtful that this will ever be accomplished unless official medicine
or the Department of Complementary Medicine (NIH, Bethesda, USA) takes this
approach to heart .

3. PLATELETS, HAEMOST ASIS AND GROWTH FACTOR RELEASE

Human platelets or thrombocytes are small (2-4 u), anucleate cells present in
blood (130,000-400,00011l1), which derive from the segmentation of bone marrow
megakaryocytes . Their life-span in the circulation is 7-10 days and, in
physiological conditions, old platelets (smaller and denser than young platelets)
are removed by the RES present in the spleen, liver and bone marrow. However, a
small amount of platelets is used continuously to "repair" any discontinuity of the
enormous endothelial surface and this process is markedly heightened by
pathological processes (injury, inflammation, atherosclerosis, immunological
reactions, etc.). Their life-span is conditioned by two facts: I) they have only
residual ribosomes and a little RNA to accomplish minimal protein synthesis, and
2) they are extremely sensitive and reactive to any modification of the vascuIar
ecosystem. Platelets contain several organelles (Harrison et al., 1990) filled with a
number of compounds promptly released into the microenvironment during
platelet aggregation (Table 11); the latter process involves the progressive
accumulation of platelets followed by the release of their components, leading to
further aggregation and blood coagulation. Thus platelets interact with each other
and with all the components of the vascular ecosystem by virtue of a wealth of
membrane receptors. Typical inducers of platelet aggregation in vitro and in vivo
are: damaged endothelium, ADP, thrombin, collagen, adrenaline, noradrenaline,
serotonin (5-hydroxytryptamine), platelet activating factor (PAF: I-O-alkyl-2
acetyl-Sn-glycero-3-phosphocholine), Caz

+ , arachidonic acid derivatives such as
prostaglandins (PGEz, PGFzu and thromboxane, TxA2) and ROS. Among the
coagulation factors, the active ones are: Factor Va and Factor Xa after the
interaction with platelet factor 3 (PF3) . Typical inhibitors of platelet aggregation
are: PGDz produced by platelets , and prostacyclin (PGIz) produced by endothelial
cells, which, by activating adenylate cyclase, increases the intraplatelet level of
cAMP. POIl is far less potent and is rapidly degraded. NO· is also a powerful
inhibitor (see Endothelial cells and the vascular system).

It may be useful to mention the most common pharmacological inhibitors
such as acetylsalicylic acid (aspirin) , indomethacin , ticlopidine, suIoctidil,
dipyridamole, etc. On the assumption that the TxA2/PGIz balance is a key factor in
haemostasis and thrombosis, we are always facing the clinical dilemma to
selectively block aggregation without affecting PGIz synthesis.

From this brief outline, it is evident that, during blood ozonization,
platelets may react by aggregating and releasing their factors and we must be
aware of possible consequences. When we performed OrAHT with heparinized
blood (30 UI/ml blood without ci+addition) at 0 3 concentrations of 70-80 ug/ml
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Table 11. Main constituents 0/platelet organelies and their activity.

Dense bodies:

u-granules:

Lysosomes :

Constituents
ADP
ATP
CA2+

Serotonin
Platelet factor 4 (PF4)

Thrombomodulin

ß thromboglobulin (ß-TBG)
Thrombospondin (TSP-1)
Fibronectin
von Willebrand factor (vWF)
PDGF
TGFßl
Hepatocyte growth factor (HGF)
Basic fibroblast growth factor
(bFGF)
Vascular endothelial growth factors
(VEGF-A, VEGF-C)
Epidermal growth factor (EGF)
Cl inhibitor
Fibrinogen
Factor VIII antigen

U2 macroglobulin
U2 antiplasmin
Acid hydrolases
Cathepsin

Activitv
Aggregation

Pro-aggregation
Aggregation
Heparin-neutralizing
protein
Inhibition of thrombin
activity
Antiheparin

Adhesive glycoprotein

Growth factors for
fibroblasts, endothel ial
keratinocytes and museIe
cells

Inhibitor
Procoagulant
Enhancer of platelet
adhesion
Antiproteases

Proteinases

per mJ blood, we occasionally noticed the presence of miniclots trapped in the
blood filter after reinfusion. This compelled us to investigate the cause of it. Rather
than thinking about prothrombin activation, an obvious hypothesis was that, during
ozonization and in the presence of physiological Ca2

+ (about 1 mM), platelets can
aggregate and possibly trigger coagulation, even in the presence of heparin. This
hypothesis was mainly based on previous observations (Maresca et al., 1992;
Iuliano et al., 1991, 1997) that ROS can induce platelet activation . Several
mechanisms could be at work, even simultaneously:

a) formation of H202, which if not sufficiently quenched by antioxidants could
diffuse into the platelets (Iuliano et al., 1991).
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b) H202 or other ROS may activate phospholipase C, which acts on P1P2 to
generate IP3 and DAG. The former compound causes the release of Ca2+ from
intracellular stores, which (possibly associated with an extracellular Ca2

+

influx) causes the release of ADP and platelet aggregation .
c) HZ02 may activate phospholipase Az, cyclooxygenase II and thromboxane

synthetase, allowing the release of arachidonic acid and formation of PGE2,
PGF2u and TxA2 with consequent irreversible aggregation.

0 3-AHThas always been performed using blood anticoagulated with citrate, and
we and others have never observed any tendency to blood clotting. On the other
hand, by preserving the physiological Ca2

+ level, the use of heparin may not be
sufficient to avoid minimal coagulation, a risk that cannot be underrated. Thus, using
biochemical and morphological criteria, we investigated the behaviour of platelets in
the presence of either citrate or heparin. Results of the evaluation of both ACD and
heparinized platelet-rich plasma (PRP) from five healthy donors are briefly
summarised, as details can be found in the original paper (Bocci et al., 1999a).

Figure 61 clearly shows that ozonization of both ACD- and heparin-treated
PRP induces an almost linear increase ofTBARS, which (as mentioned in Chapter
10) have been used as a practical ozone marker. Both plasma PTG and, to a lesser
extent, TAS also decrease progressively during ozonization carried out within the
usual therapeutic window used in medical practice (20-80 ug/ml per m1 of PRP).
As expected on the basis of the high capacity of platelets to restore their GSH
content after oxidation (Bosia et al., 1989), the intracellular GSH content does not
appear to be modified, even after exposing PRP samples to 0 3 concentrations as
high as 80 ug/ml (lower panel of Fig. 61). It is remarkable that under similar
experimental conditions, a GSH decrease of about 20% has been measured in
erythrocytes , although even these cells recover their normal GSH content soon
thereafter (Bocci et al., 1993b).

The surprise came when we monitored platelet aggregation:
control and 02-treated sarnples did not show spontaneous aggregation . However,
when heparinized PRP was pretreated for 30 seconds with three concentrations of
0 3 (20, 40 and 80 ug/rnl per ml PRP), there was a striking dose-effect relationship
(Fig. 62, right panel) : a mean spontaneous aggregation of either 20 ± 6% or 68 ±
14%) occurs immediately with an 0 3 concentration of 40 or 80 ug/ml, respectively.
However, the aggregation appears reversible (at least in part) and the addition of
ADP 4 min afterward induces the second wave. The phenomenon is quite
reproducible and it could easily be missed if the exposure to 80 ug/ml 0 3 lasts
longer than 30 sec. In contrast, PRP, lacking extracellular Ca2r, shows negligible
aggregation (left panel). The platelet aggregation can be observed
macroscopically , but Figure 63 illustrates, by both scanning electron microscopy
(SEM) and transmission electron microscopy (TEM), how the platelets are
clumped together. At present , the biochernical andrnolecular events leading to
aggregation remain unclear. However, extracellular Caz

+ certainly has a crucial
role, since aggregation does not occur after its chelation. Another important factor
is the transient formation ofH202 in the plasma, which, as was hypothesized, may



Figure 61. Effect 0/30 sec exposure to either O2 or 0 3 (20, 400/1(180 ug/ml) per 1111 0/
human platelet-rich-plasma (PRP) on lipid peroxidation (TBARS), total antioxidant status
(TAS). protein thiol groups (PTG) and platelet GSH content . PRP was anticoagulated witti

either ACD (Cl) or heparin (~.
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cause a Ca2
+ influx or activate enzymes in the cell membrane. Other studies (Dei

Principe et a\., 1985; Iuliano et a\., 1991, 1997) have shown that H202 can trigger
aggregat ion of platelets even at nanomolar concentrations, when ozonization of
PRP yields concentrations up to 40 J..1M (Valacchi and Bocci, 1999).
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dose -dependent aggrega tion only in heparinized PRP (right panel). Aggregation profiles 0/

PRP in ACD are reported in the left pa nel. After 4 min, ADP inducesfull aggregation
(arrow)

The problem ofplatelet sensitivity to ozone has been tackled by Matsuno et a\.,
who presented a poster at the 13th Ozone World Congress (IOA, Kyoto 1997). Yet
they examined only PRP anticoagulated with citrate or washed plateiet suspension.
Moreover, the experimental approaches cannot be compared because those authors
did not study the direct effect of ozone on aggregation. Using 0 3 concentration in
the range 9-71 ug/ml, they observed that pretreatrnent of PRP with ozone actually
inhibited, in a dose-dependent manner, ADP-, collagen- and thrombin-induced
platelet aggregat ion. Matsuno et al. suggested that the inhibition was due to
reduced express ion of activation antigens, CD62P and particularly CD63,
accompanied by a reduced appearance of cytosolic free Ca2

+. We cannot confirm
their data because our measurements of CPD-PRP (Fig . 62, left panel) do not show
any inhibition when ADP was added 4-5 min after ozonization . Thus , at present it
appears that platelets in heparin ized blood are sensitive to ozonization and tend to
aggregate, while Ca2

+-chelated platelets are either insensitive (Bocci et al., 1999)
or may become resistant to ozone (Matsuno et a\., 1997). Further studies are
needed to clarify this uncertainl y but, clearly, blood ozonization would seem
superfluous if we want only to inhibit platelet aggregation; this is better
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accomplished with drugs. Although no side effects appeared in the few patients for
whom we noted miniclots retained in the filter , we have nonetheless to be cautious
and avoid the use of heparin if we intend to use an 0 3 concentration above 40
ug/ml. Jt would seem that the simple use of citrate eliminates any risk and platelets
remain either insensitive or resistant to ozone. However, this simplification does
not answer the question of whether heparin is more or less beneficial than citrate .
It was mentioned that platelets contain a number of growth factors : Platelet
derived growth factor (PDGF), TGFß 1, Yascular endothelial growth factors
(YEGFs), etc . (see arecent minireview by Browder et al, 2000), that may be
responsible (at least in part) for accelerating the healing of torpid ulcers observed
in hind limb ischaemia patients. If this is true, a slight activation of platelets ex
vivo by heparin-ozone may be more proficient than ACD .

Figure 63. Scanning electron microseopie (SEM, left panel) and transmission electron
microscopic (TEM. right panel) examinations o(human PRPs in heparin. Platelets exposed
to 0; (ahove) appear normal, while after exposure to ozone (concentration 80 pg/lIIl) they

form visible aggregates (below) . In contrast, PRP in ACD do not undergo aggregation after
exposure to ozone.For the total sequence see Bocci et a!. (/999a)
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In order to shed light on this possibility, we investigated whether the use of
heparin or citrate added to five different PRP sampies (from heaithy donors)
before ozonization would differently affect the release ofplatelet factors (Valacchi
and Bocci, 1999). As usual , several markers were controlled in the PRP sampies to
make sure that ozone acted correctly. The PTG values decreased in approximate
relation to the 0 3 concentration while the TBARS values increased several fold
(Fig.64).
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Moreover, we observed that oxidation of PTG was far higher in the heparinized
sampies than in the Ca2+-chelated sampIes , suggesting that physiological Ca2

+

levels favour ROS activity. Indeed, intragroup analysis showed a significant
difference at medium (40 ug/ml) and high (80 ug/ml) 0 3 concentration. After a 30
sec ozonization in sterile silicone-coated syringes , PRP samples were dispensed
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into tissue culture plates and incubated at 37°C in air-C02 for I, 2 and 4 hours.
Control sampies were either untreated or mixed with an equal volume of O2• After
incubation, sampies were centrifuged and the supematant platelet-free plasma was
used to measure human PDGF-AB, TGFß 1 (after activation of the latent form),
IL-8 and the stable compound thromboxane B2 (TxB 2, derived from TxA2) as
typical platelet markers . Results obtained from five donors were expressed as the
mean ± standard deviation (Fig . 65) .
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Figure 65 shows the striking and significant difference between the heparinized
and Ca2

+-chelated PRP sampIes in the release of POGFAB, TGF131 and IL-8. For
the first two cytokines the difference is c1earat all times, while for IL-8 it becomes
evident only after 4 hours of incubat ion. As far as the release of TXB2 is
concerned, heparin does not appear to prevail over citrate .

Thus experimental results have proved the hypothesis that activation of
platelets by heparin-ozone (even at a concentration of 40 ug/ml) significantly
favours the release of at least two important healing factors : POGF and TGFß I .
These findings should not be underestimated because, after reinfusion of ozonized
blood, the release occurs in vivo ; in patients with chronic limb ischaemia, this may
permit healing of necrotic ulcers. Mustoe et al. (1987) speculated on the
physiological role of TGFI3, both in wound healing and in the formation of scar
tissue , and Beck et al. (1993) showed that IV administration of TGF131 in rats
enhanced defective healing . This presaged important clinical application has not
yet materialized (Shah et al., 1999).

There are three isoforms ofTGF-ß (131, 132 and 133). The prototype (TGF-ßI),
identified as a growth factor for transformed cells, was first purified from human
platelets (Assoian et aL, 1983). They display pleiotropic activities (Sporn and
Roberts, 1993; Lawrence, 1996) but they are most active in promoting deposition
of collagen and matrix (Schrnid et aL, 1993). Slavin (1996) wrote that "if any
particular cytokine deserves to be described as a wound hormone it is TGF
13". As yet, there is no consensus on how much TGF-ß I is present in normal
human plasma (Grainger et al., 2000).

There is no doubt that human blood and platelets release TGF-ß after ozone
treatment (Bocci et aL, 1994b, 1999a) and, most interestingly, Murphy-Ullrich and
Poczatek (2000) have identified mechanisms for the activation of latent (inactive)
TGF-13 by thrombospondin-l. Thus platelets contain all the ingredients to make
TGF-131 pharmacologically active.

If the healing of a skin wound is a complex process requiring the participation
of several growth factors and cytokines acting together or sequentially (Moulin,
1995; Martin, 1997; Browder et aL, 2000), the healing of a necrotic infected ulcer
in hind limb ischaemia is a paramount enterprise that often ends with amputation.
OJ-AHT can often avoid that and we must obviously ask what other compounds
are generated in the ozonized blood to explain the incredible improvement that
Rokitansky et al. (1981), Werkmeister (1995) and ourselves have observed
(Chapter 24) in several hind limb ischaemia patients (lII-IV stages) with
apparently incurable lesions?

Table 11 reports other critical factors released by platelets, such as VEGF
(Mohle et al., 1997). Furthermore, TGF-ß, angiopoietins and HGF have a potent
ability to induce angiogenesis (Roberts et aL, 1986; Yang and Moses, 1990;
Browder et aL, 2000) which , in association with vasodilatation and enhanced
oxygen delivery , is critical for reducing ischaemia .

Figure 65 shows the more marked release of POGF AB in the presence of
heparin in comparison to citrate; it also shows that there is no advantage in
doubling the ozone concentration (from 40 to 80 ug/ml). PDGF is one of the
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growth factor signals at the wound site (Ross, 1987) and besides being
chemotactic, it enhances fibroblast proliferation and extracellular matrix
production (Pierce et al ., 1995).

The fairly late release of IL-8 has been interpreted as due to the time lag
necessary for its synthesis. It is known that induction of IL-8 by 0), while it is
promoted by a temporary rise of HzOz (Bocci , 1996d, 1998b; Jaspers et al., 1997)
in cytoplasmic water via the activation of NFKB, is inhibited by ROS scavengers
(DeForge et al., 1992). As this chemokine is capable of initiating the chemotactic
gradient that draws leukocytes from the circulation into tissues, it may have the
additional role of favouring phagocytosis of bacteria and necrotic tissue present in
torpid ulcers. Finally, release of TXB2 appears to be a drawback but we cannot
draw a conclusion unless we carry out determinations of other eicosanoids, such as
PGE2 and prostacyclin, that induce vasodilatation and inhibit aggregation.

These results suggest that ozonized blood may transport a wealth of growth
factors . Thus it is reasonable that we make a comparative evaluation of the
effectiveness of O)-AHT in patients with chronic limb ischaemia treated with
either citrated or heparinized blood exposed to low-medium ozone concentrations
(from 20 up to 40 ug/ml) . While these mild concentrations have never yielded
miniclots, they appear to generate pharmacologically relevant doses of growth
factors and may represent the optimal treatment. Low molecular weight heparins
have not proved to be advantageous but, as soon as hirudin (a specific inhibitor of
thrombin extracted from the salivary gland of the leech) becomes available, it will
be interesting to test it; unlike heparin, it does not appear to cause any negative
potentiation of platelet response.

If the reader has browsed Chapter 2, he/she has realized that ozonetherapy is
very unpopular and scorned by orthodox scientists. The paper on the release of
factors from ozonized human platelets (Valacchi and Bocci, 1999) was submitted
to the journal "Platelets" in 1998 and, onee aga in, it may be interesting to read the
cornments of a senior referee, who advised the editor to reject it:

"Thanks for sending me the manuscript from Valacchi and Bocci to review . I had
very mixed feelings on reading this article . On the one hand I know that you want to
keep Platelets as a very "open " journal where a wide range of contributions are
acceptable. On the other hand I found that although this article contains some solid
results, on the whole it has a very naive approach to the subject that it treats in a
preliminary fashion . I assume that the basic reason for treating autologous blood with
ozone is because it is recuperated during operations and has to be steri lized before
transfusion although this is never mentioned. The criteria for optimal levels of ozone
during such treatment are not discussed either. It is weil known that reactive oxygen
species are harmful to the body in general and to the cardiovascular system in
particular, hence the protective effects of vitamin E and the polyphenols from red
wine and other sources . The authors suppose however that the ozonized blood might
have positive effects on the patient's circulation, without providing any evidence that
this is effecti vely the case, and propose that this might be an effect of increased
release of factors such as PDGF and TGFßI. Indeed they go on to show that ozone
treatment of blood does increase release of these two components . However , as they
themselves note, this is accompan ied by a high degree of platelet aggregation.
lt seems to me that this can be possibly a very dangerous approach to treatment of
chronic limb ischemia by transfusing already partly, or even mostly, activated
platelets could contribute to a worsening of the condit ion. If the presence of platelet -
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derived growth factors might alleviate chronic limb ischemia this could be tested (first
of all in animal models) by administering the growth factors in the absence of
activated platelets to see if it really has positive effects. If this is a current practice to
use autologous transfusion with ozonated blood the incidence of vascular problems
could be compared with that in surgery accompanied by conventional transfusions . At
present 1would advise rejection ofthis manuscript."
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This is another typical response by an anonymous referee who, firstly, did not
carefully read the methodology and wrongly assumed that blood has to be
sterilized. Secondly, as usual, he repeated the old stories that ROS are always
harmful to the body and polyphenols from red wine are protective. Finally, he
pontificated by advising the use of animal models when we know already that
there is absolutely no risk at low-rnedium 0 3 concentrations and that those
experiments would be uninformative.

Thus we should not get discouraged by this continued criticism and we must
hope to carry out controlled clinical trials that may dissipate doubts even in the
most skeptical referees.

Finally I must mention an important detail : the application of ozonized water
and oil in torpid ulcers does not only exert disinfectant activity but induces the
local release ofthe mentioned growth factors. This explain why the combination of
03 -AHT with topical therapy is so effective.

4 . ENDOTHELIAL CELLS AND THE VASCULAR SYSTEM

"These pipes and these conve yances 0/011" blood... ..
Shakespeare (1564-1616), Coriolanus, V i

Endothelial cells (Ecs) have long been considered a simple lining of blood vessels
with the unique property of being a non-thrombogenic substrate for blood. The
first breakthrough occurred in 1973, when laffe et al. learned to cuItivate human
endothelial cells (HUVECs) obtained from umbilical veins. The second was in
1980 when Furchgott and Zawadski described the endothelial-derived relaxing
factor (EDRF).

Today, we know that the vascular system is lined by about 1013 cells covering
an enormous surface of about 400 m2

. It is a real organ weighing about 900 g, with
innumerable paracrine-endocrine activities, the last one being to facilitate the
growth of metastasis .

In the last three decades, great progress has been made in understanding the
elose relationships among endothelium, platelets, leukocytes, procoagulant and
ant icoagulant factors during haemostasis, inflammatory and immunological
reactions. In spite of this new knowledge, thrombosis or haemorrhage remains the
primary cause of death in Western countries. Moreover, ischaemic diseases of the
hind limbs, heart, brain and kidneys take the heaviest socioeconomic toll and lead
to a very poor quality of life for several millions of people worldwide. A
discussion of the several factors involved in vascular deterioration is beyond the
scope of this book. The main purpose of this section is to discuss how
ozonetherapy may contribute to attenuate this devilish situation.
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There is a wealth of experimental and clinical studies suggesting that the
endothelium regulates vascular function through numerous autocrine-paracrine
interactions. Endothelial cells and smooth muscle cells are coupled to each other
and they sense the microenvironmental signals that are continuously at play,
generated by mechanical forces such as flow and pressure, by vasoaetive
honnones and by many inflammatory mediators including cytokines. The main
vasodilator and vasoconstrictor constituents are Iisted in Table 12.

Table 12. Factors exerting their activity on vascular tone.
Some ofthem are produced by endothelia! cells.

Relaxing Factors (EDRF)
Nitric oxide (NO)
Carbon monoxide (CO)
Prostacyclin (P0I2)

Endothelium-derived
hyperpolarizing factor (EDHF)
Histamine
Bradykinin
Adenosine
Acetylcholine
Serotonin
Substance P
Hydroxyeicosatetraenoic acid
(HETE)
Alkalosis

Con!l'acting Factors (EDCF)
Endothelin I (ET-1)
Angiotensin II (Ag II)
Thromboxane A2 (TxA2)

Anion superoxide (02. ' )

Contraction factor I (EDCF-1)
Epinephrine
Vasopressin
Prostagiandin H2 (PGH2)

Leukotriene B4 (LTB 4)

Acidosis

It is not surprising that the endothelium, representing a sensory interface
between the blood and the vessel, has a number of receptors able to pass on
infonnation leading to the synthesis and release of factors that continuously
modulate vascular tone. In pathological conditions, the acute or chronic disruption
of the physiological balance triggers the release of vasoconstrictor, procoagulant,
antifibrinolytic and chemo-attractant compounds, RaS and mitogenic hormones,
and progressively leads to platelet aggregation, leukocyte adhesion, coagulation,
thrombosis and infaretion. For space limitations, I can only eite a few authoritative
reviews on this topic (Ware and Heistad, 1993 ; Levin, 1995; Katusie, 1996 ;
Ferrara and Davis-Smyth, 1997; Shattil and Ginsberg, 1997 ; Thorin and Shreeve,
1998; Cines et al., 1998 ; Yancopoulos et al., 2000; Lum and Roebuck, 2001).

It is gratifying that at least Lum and Roebuck (2001) in their review on
"Oxidant stress and endothelial cell dysfunction" write that "at low levels, RaS
can function as signalling molecules participating as intermediates in regulation of
fundamental cell activities such as cell growth and cell adaptation responses, .. ."
and that "an increased amount of RaS constitutes a serious pathophysiologicaJ
factor for a wide variety of vascular-bed disorders", These comments support our
thesis that ajudicious and controlIed use of ozone can be useful and atoxie.
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Empirical observations (Chapter 24) have shown that 03-AHT markedly
improves the symptoms of chronic limb ischaemia in atherosclerotic and diabetic
patients, leading to necrosis of extremities. Conventional management, carried out
with infusion of prostanoids, vasodilators, antiaggregants and supporting physical
therapy, delays amputation. The reinfusion of autologous blood briefly exposed to
OZ-03' on its own, is more beneficial and frequently precludes amputation.
Unfortunately, the obstinacy and ostracism of orthodox angiologists have so far
prevented controlled and randomized clinical trials : the lack of means and suitable
clinics hinder us from moving in this direction.

As an alternative, we decided to investigate whether ozonized human plasma
elicits any effect on HUVECs in culture (Fig . 66) , which might help us to
understand the supposed therapeutic effect. lt is emphasized that we carried out the
study with fresh human ozonized serum (it would have been very impractical to
layer blood on HUVECs in culture) with medium and high 0 3 concentrations (40
and 80 ug/ml), simulating the timing and steps followed during 03-AHT.
Immediately after ozonization, the control , Oz-treated and Oz-Ortreated serum
sampIes were layered onto HUVECs for only 20 min, aperiod oftime corresponding
to blood reinfusion . Full details can be found in Valacchi and Bocci (2000) .

Figure 66. Human endothelial cells (from umbilical cord) in culture .

Figure 67 shows that ozonization of serum carried out in standard conditions
(plasma/gas volume, I :] ratio) induces a significant reduction of PTG levels while
TBARS and I-Iz0z levels increase. The new finding is that 40 or 80 ug/m! 0 3
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yields 19 ± 3.8 or 40 ± 2 I-lM of H20 2, respectively, which reassuringly is within
the physiological range . Control sampIes do not show any change. Interestingly,
after being in contact with ozonized serum, HUVECs significantly increase NO·
production after 24 and 48 hours in an 0 3 dose-dependent fashion . We were
surprised that NO· levels remain unchanged during the first 6 hours of incubation,
as ifthe constitutive endothelial NO· synthase (eNOS) did not modify its activity.
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Figure 67. Effect 0/different concentrations o[ozone on the production o[nitrite by
HUVECs, 24 and 48 hr alter addition otozonized human serum (top panel) . Effect 0/either
oxygen 01' ozone on PTG, TBARS and H202 levels in the serum before addition to HUVECs.

The data are presented as the M :!:SDol6 different experiments

Production of NO· is markedly enhanced by the addition of L-arginine (20 I-lM)
and is potentiated by 0 3, while it is always inhibited in the presence of the NO·
inhibitor (L-NAME) or Nomega-nitro-L-arginine methyl ester (Fig . 68) .
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Figure 68. Production ofnitrite by HUVECs. measured after 24 hr incubation. after
addition ofnormal human serum either oxygenated 01' ozonized (at 40 and 80 pg/m/).

Effects ofaddition ofl-arginine and L-NAME. The data are presented as the M :t SD of6
different experiments

Having observed that 0 3 induces H202 production (Pryor, 1994; Bocci et al.,
1998c and Fig. 67), we checked if H202, on its own, is able to influence NO·
release.

Figure 69. Production 01NO by HUVECs , measured after 24 hr incubation, after
addition ofthree concentrations ofH20 ]. Effects ofthe addition ofLrarginine and L-NAME.

The data are presented as the M :t SD qf6 different experiments
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Figure 69 shows that there is an almost linear relationship between NO· releas e
and the H20 2 dose (20 , 40 and 100 I-lM) added to HUVECs. To be sure , addition of
L-arginine reinforces NO· production while L-NAME inhibits it.
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Figure 70. Kinetics of release ofendothelin-I , E-selectin and lL-8/i'0111 HUVECI' after
addition ofhuman serum, after either oxygenation or ozonization. Effect ofthe addit ion o{
l-arginine and L-NAME. The data are presented as the M :f: SD of6 different experiments
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SNO

Hl'+~CO'
2

As discussed earlier (this Chapter, Leukocytes and the Immune System), H20 2

is now considered a crucial trigger of NF-KB. Thus it was obvious to examine
whether the stimulation of OJ-H20 2 on HUVECs induces the release of endothelial
proteins such as endothelin I (ET-I), the adhesion molecule E-selectin and the
chemokine IL-8 after 2 ,4, 6 and 24 hours incubation. Ozone at both
concentrations (40 and 80 ug/ml) significantly enhances the release of IL-8 after 4,
6 and 24 hours (Fig. 70), confirming the ability of ozone to induce IL-8 production
in blood (Bocci et al., 1998b) and respiratory epithelial cells (Jaspers et al., 1997).
Release of E-selectin or ET-I are not shown here because they were either
depressed or practically unmodified, suggesting that endothelium did not
upregulate their synthesis in our experimental conditions.

The finding that ozonized blood can enhance NO· production is promising,
particularly if it occurs in atherosclerotic vessels where it could counteract the
excessive local release of O,", which acts as a potent vasoconstrictor (Table 12). A
few basic concepts regarding NO· have been described in Chapter 9.

In physiological conditions, the endothelium produces minute amounts of 1-10
/!M NO· and 1 nM O2. - (Wink et al., 1996). Moreover, as a result ofconsumption
by erythrocytes, in which the iron (Il) haeme of Hb acts an avid scavenger of NO·,
the intravascular half-life of NO· is approximately 2 msec while the extravascular
half-life has been estimated to range from 0.09 to > 2 sec (Thomas et al., 2001).
On this basis , the release and consumption of NO· appear to be so localized that
any enhanced release of NO· by ozone will be practically meaningless. In fact,
reinfusion of ozonized blood may yield a maximal effect on the vessels between
the venous access and the vast pulmonary bed . Therefore, how can NO· improve
the circulation and cellular oxygenation in remote ischaemic sites such as the
limbs or the retina? Only very diluted ozonized blood reaches these areas ;
certainly H20 2 has been reduced long before and only traces of LOPs may still be
able to activate the endothelium. However, thanks to recent findings, more
convincing explanations can be found: the first regards the formation of far more
stable products than NO·, namely S-nitrosothiols (RSNO) occurring naturally after
the combination ofNO· with GSH (GS-NO) or cysteine (Cys-NO) or albumin (S
nitrosoalbumin) (Butler et al. , 1995; Kashiba et al., 1999; Gaston, 1999; Hogg,
2000 ; Al-Sadoni and Ferro, 2000).

SNO

HOOCyJ~~~'-/COOH
NH

2
0

GSNO Cys-NO

These NO-donor drugs act as slow-release compounds with half-lives of 5-50
min. and may allow prolonged vasodilatation even at distant sites. In our
experiments, we have also detected a small amount ofRSNO.
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The second explanation, provided by Stamler's group, has even farther
reaching implications and has been reported in two landmark papers (Jia et al.,
1996; Pawlosky et al. , 2001) : after entering erythrocytes, NO· returns to the vessel
wall as an active RSNO molecule. A good deal of NO· is first salvaged by cysteine
residue ß93 forming S-nitroso haemoglobin and then transferred to the abundant
anion-exchange protein (AE I) present in the erythrocytic membrane. This system
appears not only to relax and increase blood flow in vessels of ischaemic tissues
but also to provide more oxygen where it is really needed (Kosaka, 1999) . This
advantage is lost when, during haemolysis or infusion of Hb-based blood
substitutes, haeme proteins are cell-free and scavenge NO· (Patel, 2000).

Vasoregulation is a complex process, dynamically regulated by several factors :
besides the heterogeneity of endothelial cells (Thorin and Shreeve, 1998) among
and within tissues (continuous, discontinuous and fenestrated capillaries), blood
pressure and blood flow are continuously controlled by the chemical compounds
listed in Table 12. Table 13 summarizes the activity of the most important ones:
NO·, prostacyclin and endothel in-l.

Table J3. Multiplefunctions o(the main endothelium-derived relaxing
and contractingfactors.

Vascular tone
Vascular
permeability
Activity on
platelets and
leukocytes

Angiogenesis and
vasal remodelling

Nitrogen monoxide
(NO)
Relaxation
Increase

Inhibits platelet,
leukocyte adhesion
and aggregation

Inhibits the
proliferation of
vascular muscle
cells

Prostacyclin
(PGld
Relaxation
No effect

Inhibits or retards
platelet activation,
adhesion and
aggregation
Cytostatic

Endothelin-l
(Er-I)
Contraction
Increase

Enhances
leukocytic
adhesion and
aggregation
Stimulates the
proliferation of
vascular smooth
muscle cells

Several investigations have shown that, by relaxing vascular smooth muscle
cells, NO· participates in the control of peripheral vascular tone and contributes to
blood pressure control: inhibition of NO synthase in vivo by analogues of L
arginine results in a striking increase of arterial blood pressure (Rees et al., 1989),
and mice lacking the eNOS gene are hypertensive (Huang et al., 1995) . On the
other hand, transgenic mice overexpressing the eNOS gene are hypotensive
(Ohashi et al., 1998). The endotheliurn-derived hyperpolarizing factor (EDHF)
cooperates with NO· and , by activating ATP-sensitive K+ channels and /or smooth
muscle Na +-K+ ATPase, promotes vascular relaxation (Garland et al., 1995) .
Interestingly, Matoba et al. (2000) have indicated that EDHF may correspond to
HzOz, at least in small mesenteric arteries ofthe mouse.
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PGh is a rapidly synthesized eicosanoid which, acting in a paracrine fashion,
relaxes smooth muscle cells and causes vasodilatation. lt powerfully antagonizes
PAF activities. The action of PGh involves activation of adenylate cyclase and
formation ofcyclic AMP .

ET-I is a peptide of 21 amino acids, synthesized within minutes by endothelial
cells and released mainly toward the smooth-muscle side where it acts as the most
potent vasoconstrictor so far identified. lt is 100 times more potent than
norepinephrine, which potentiates the activity of ET-I . The plasma half-life is 4-7
min. and it is cleared by the lungs during the first passage (for details see Levin,
1995). In our study, ozone slightly increased the synthesis ofET-I, which was not
inhibited by addition of L-NAME. In pathological conditions, auto-regulatory
mechanisms are impaired and many other factors (Table 12) perturb the vascular
tone and favour inflarnmatory and fibroproliferative responses. Some of these
conditions will be considered in Chapter 24 .

An important aspect that, for trivial technical reasons, we could not evaluate
was if ozone, and then enhanced release of Nt)", was accompanied by a change of
VEGF expression. This topic needs to be discussed for three reasons: firstly, in
addition to the classical VEGF (Ferrara and Davis-Smyth, 1997), there has been a
recent explosion of newly discovered vascular growth factors or angiopoietins :
five members ofthe VEGF family , four members ofthe angiopoietin family and at
least one member of the ephrin family (reviewed by Yancopoulos et al., 2000).
These findings necessitate are-evaluation of therapeutic efforts, at least in
ischaemic vasculopathies, because delivery of a single agent may weil be either
ineffective or allow the formation of abnormal and leaky vessels.

Secondly, preliminary studies (Isner et al., 1996; Laitinen et al., 1998) with
adenovirus-mediated gene transfer of VEGF to the limb artery of patients with
ischaemic limb have generated unrealistic expectations; in fact, the process of
vascular formation is not as simple as was naively thought. Although we may be
on the verge of a revolutionary treatment beneficial to patients with ischaemic
diseases, there are many problems to overcome before vascular gene transfer
becomes an effective and practical reality (Laharn et al., 200 I) . The death of a few
patients has recently highlighted serious adverse events and , last but not least, we
must remember that the placebo effect in patients with this type of end-stage
disease is particularly significant. This gives me the opportunity to remind the
reader that this very problem occurs in ozonetherapy, where it has been totally
disregarded.

Thirdly, endothelial cells express and secrete VEGF, particularly during
hypoxia (Namiki et al., 1995). Chua et al. (1998) have demonstrated that H20 2 acts
on rat heart endothelial cells to induce VEGF mRNA in a dose- and time
dependent manner. In their study, effective concentrations of H20 2 were 0.5 and I
mM, which are 12.5-25 times higher than the one measured in our experiments (40
~M), after addition of serum ozonized with 80 ug/ml 0 3• Lactic dehydrogenase
(LDH) released from endothelial cells was less than 2% of the total , indicating no
cytotoxic effects. Thus , it would be interesting to ascertain if HUVECs synthesize
and release VEGF as weil as other angiopoietins after abrief contact with
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ozonized serum. It is also possible that the release of VEGF may be accentuated
during hypoxia, as occurs in ischaemic tissues . If this was true, ozonetherapy
would provide another useful factor, although it may not be as effective as
localized gene transfer owing to dilution .

A final remark concems the phenomenon of adaptation to chronie oxidative
stress (Chapter 22) and to the induction of stress proteins, particularly haeme
oxygenase (HO 1 or HSP32). This enzyme allows the formation of an antioxidant
(bilirubin) and CO (Verma et al., 1993; Otterbein et al., 1999; Snyder and
Baranano, 2001), a vasodilator that , like NO·, increases the level of cGMP via the
reaction catalyzed by guanylate cyelase.

It is truly remarkable that two gaseous moleeules thought to be toxic until
1987 have now become crucial physiological and pharmacological molecules.

I cannot envisage any mysterious chemical pathway able to synthesize labile
0 3, but I remain with the idea that ozone , when properly used, can reactivate a
series of biochemical processes gone astray . Unfortunately, as discussed in the
previous ehapter, besides the role of H20 2, we have only a vague idea when,
where and how the array of LOPs genera ted during ozonization aet after blood
reinfusion. The ozonized plasma, disdainfully designated a "hodgepodge of
ozonized products" by an authoritative scientist, may offer the elue to solve the
puzzle of ozonetherapy.

Now I would ask the reader to meditate for a few minutes .

This chapter dealing with blood cells may appear boring and useless but I have
purposefully dwelt on describing some biological processes and the complex ,
almost infinite interaetions among erythrocytes, leukocytes, platelets , endothelial
cells and plasma components. In physiological conditions, these dynamie
relationships appear reasonably equilibrated but, if a pathological event intervenes,
many other actors , such as ROS, cytokines, adhesion factors and activated
enzymes, enter the scene and often lead to a chaotic situation. Orthodox medicine
strives to understand what is going wrong and is often able to restore normal
function . Yet it does not always succeed because if the therapeutic act is based on
a reduetionist approach, it may be unable to correet the complexity of some
diseases . It was and continues to be naive to expeet to eure ischaemie diseases by
the single gene transfer of VEGF or to eure cancer simply by reinfusing cells
eloned with the IL-2 gene. It will be equally naive, and even dishonest , to promise
to eure these disease with ozonetherapy. However, this approach should not be
neglected beeause it is simple , inexpensive, minimally invasive, without side
effeets and, by simultaneously activating several mechanisms in different cells,
may lead to an integrated and beneficial response.


