
INTRODUCTION

Among hemolytic anemias, sickle cell anemia (SCA)
and β-thalassemia stand as the most relevant and
common hereditary chronic anemias due to either
altered or impaired globin chain synthesis. The altered
β-globin biosynthesis leads to a series of problems
such as ineffective erythropoiesis, accelerated
erythrocyte breakdown, iron overload, tissue hypoxia,
impaired growth and shortened survival. Besides
prevention, blood transfusion, desferr ioxamine
infusion and whenever possible bone marrow
transplantation or gene therapy, orthodox therapy is
modestly effective. To date a cytotoxic agent such as
hydroxyurea (HU) is used to prevent recurrent
vasoocclusive crises in sickle cell anemia (SCA).

Patients with these hemoglobinopathies are at a risk
of alloimmunization, viral infections and, most
important iron overload, that induce a vicious circle
leading to chronic oxidative stress (COS). Indeed
oxygen-free radicals and peroxidative tissue injury
accompany the anemia and represent an unavoidable
complication that accelerates the multi-organ
abnormalities (1-3).

Is there any possibility of correcting the chronic
oxidative stress that from day to day establishes a
negative involution? Improving chelation therapy and a
supplement of antioxidants can be useful but they are

unable to abate the chronic oxidative stress. During the
last decade most of the basic mechanisms of action
elicited by the interaction of ozone with blood have
been identified: precise and small amounts (µg) of
ozone act as a real drug capable of activating in blood
cells a number of biochemical pathways leading to
enhanced vasodilation, oxygen delivery and induction
of an adaptative response with enhanced synthesis of
antioxidative enzymes in erythroid precursors.

The ozone therapeutic window has been defined
(20-80 µg/ml of ozone per ml of blood) in several
pathologies and in the case of hemoglobinopathies a
cycle of ozonated autotransfusion (03-AHT) will be
performed starting with a very low dose (10 µg/ml)
slowly escalated up to 30 µg/ml to allow adaptation to
COS. We would like to examine the validity of several
mechanisms that represent a rational basis for
evaluating the efficacy of ozonetherapy as a real
biological response modifier. This paper intends to
address this problem and to propose the evaluation of
this approach.

The problem of sickle cell anemia

Sickle cell anemia (SCA) or drepanocytosis is a
common genetic disease among black population due
to an autosomal recessive disorder involving a single
amino acid substitution in the beta subunit of a
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peculiar hemoglobin, referred to as sickle hemoglobin
(HbS) to distinguish it from the normal adult
hemoglobin A (HbA). Vernon Ingram in 1954 made the
memorable discovery that HbS contains valine
instead of glutamate at position 6 of the β chain and
Linus Pauling in 1949 had already shown that HbS
has an isoelectric point of 7.09 (oxyHb) and 6.91
(deoxyHb) in comparison to normal Hb (6.87 and
6.68, respectively).

Patients with SCA are homozygous for the
abnormal gene and up to 35% of erythrocytes are
sickled while heterozygous subjects are normally not
symptomatic and 1% only of erythrocytes may
become sickled. Homozygous SC patients have
usually less than 20% fetal Hb (HbF), 3% HbA2 and
70-80% HbS. Sickling occurs when the erythrocytes,
passing through the capillary circulation (the PO2
decreases from 98 to about 40), release oxygen to the
tissues. The process of deoxygenation causes a brisk
change of the tertiary structure of HbS with formation
of an intracellular precipitate consisting of fibers 21.5
nm thick. Interestingly HbF inhibits the polymerization
of HbS so that erythrocytes with a high content of HbF
are somewhat protected from sickling.

Consequently the sickled erythrocyte becomes rigid
and deformed and by obstructing the circulation
provokes ischemia and infarction. The vessel
occlusive crises due to physical trapping or increased
adhesion of the sickled erythrocytes to the vascular
endothelium occur in various organs and can be
painful, par ticularly those consequent on bone
marrow necrosis. The enhanced hemolysis is
accompanied by hemochromatosis, anemia and a
chronic inflammatory disease. Indeed there is an
activation of macrophages, an increase of leukocytes
with release of cytokines and consequently an
alteration of cell adhesion regarding monocytes and
neutrophils (4, 5). Although any organ may be
involved, impairment of cardiopulmonary, renal
hepatic, skeletal, ocular and neurologic functions are
most common (6).

Thus SCA is a serious disease and only 2% of
about 120,000 affected babies born in Africa survive
to the age of five. Conventional medicine does
practically nothing to help patients in poor countries.
In theory, African Americans could undergo bone
marrow transplantation but this is rarely performed
and is accompanied by significant mortality (7). In the
future, gene therapy may become useful (8).
Administration of an oral drug could be practical but to
date, among potentially ameliorating agents such as
urea, (9) cyanate, (10) methylprednisolone (11) and
Polaxamer 188, (12) only one drug is widely used:
hydroxyurea (HU) increases the percentage of HbF,
reduces HbS and the rate of painful crisis (13) but the
drug is somewhat toxic, mutagenic, (14, 15) and
possibly immunosuppressive (16). Clotrimazole, a
specific Ca2+-activated K+ channel inhibitor, may
reduce the deleter ious dehydration of sickled
erythrocytes but it remains to be validated (17).

Similarly the use of antibodies against adhesive
integrins, although it may work as an anti-occlusive
strategy remains to be tested (18). Painful crises can
be treated with an analgesic, hydration and oxygen
administration. A daily oral supplement of folic acid is
somewhat helpful and blood transfusions must be
used sparingly to avoid isoimmunization, hepatitis and
iron overload.

The problem of β-thalassemia

This disease is one of the thalassemias that ranges
from small erythrocytes abnormalities to a life-
threatening disease due to wide differences in the
synthesis of the globin chains. In contrast to the
previously discussed SCA, the β chains of patients with
B thalassemia have a normal structure but are often
almost undetectable. The gene frequency for B
thalassemia is about 0.1 in Sicily and other
Mediterranean islands but the disease is also present
in Asia and Africa. Two heterozygote parents (B-
thalassemia trait) statistically will generate one in four
children in the homozygous state with B thalassemia
major (TM) or Cooley’s anemia. Erythrocytes contain
an excess of α-chains and practically little or no β-
chains. Owing to decrease solubility, free α-chains form
insoluble aggregates within the erythrocyte precursors
in the bone marrow (19). The result is an extensive
intramedullary erythroid destruction and in any case a
short life span of the circulating erythrocytes. These
defects cause severe anemia, peripheral hemolysis,
release of free iron, hemosiderosis, impaired growth,
abnormal development and short life expectancy.
Hepatic and splenic extramedullary hematopoiesis is to
no avail. Patients with TM, who are able to upregulate
γ-chain production have a less severe clinical course
because γ-chains combine with the free α-chains to
form the stable HbF, which is however unsuitable to
perform the oxygen delivery as requested in normal
life.

For preventing β thalassemia, genetic counselling
and antenatal diagnosis are essential but not always
sufficient. Patients can be supported with daily
supplement of folic acid and in order to maintain at
least a level of 9 g Hb/dL, transfusion therapy from
normal donors is necessary but this, in the long run
implies alloimmunization, risk of viral infections and
unavoidably fatal iron overload. Constant infusion of
desferrioxamine as well as phlebotomy are effective
(20-22) and oral administration of deferiprone appears
useful in removing myocardial iron (23). Thus, in some
patients, an excess of Fe2+ enhances the formation of
radical species not sufficiently neutralized by the
antioxidant system (24, 25). Bone marrow
transplantation, even though with some risk, is able to
modify the prognosis but it cannot be applied on a
large scale. Interestingly Kihm et al (26) have now
discovered that alpha hemoglobin stabilizing protein
(AHSP) acts as a chaperone and blocks the
deleterious effects of free αHb precipitation. If the lack
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or a mutation of AHSP in TM proves to be really
detrimental, gene therapy may help these patients for
the future.

Can oxygen-ozone therapy represent a supporting
therapy and why?

We already have the availability of some clinical
data provided by the National Center for Scientific
Research at Havana. Cuban physicians performed a
randomized clinical trial in 55 SCA patients (30
experimental and 25 control). A gas mixture
composed of about 97% oxygen and 3% ozone was
administered daily (5 days per week) for 3 weeks in
30 patients through the rectal route by insufflation.
The control group received only analgesics,
vasodilators and IV saline infusion. The ozone treated
group displayed a r ise in ar ter ial pO2 and a
significantly reduced (by about 50%) frequency and
severity of painful crises. No side effects were
recorded (27). Recent basic advancements and
clinical results achieved in vasculopathies using
ozonated autohemotherapy (O3-AHT)appear very
encouraging (28, 29) and they entice to test it in
hemoglobinopathies. Thus, on the basis of this
encouraging experience, it appears reasonable to
carry out a controlled, randomized clinical trial in
several hematological institutions.

Let us examine pros and cons of a treatment cycle
based on the well standardized procedure of the
ozonated autohemotherapy (O3-AHT) by using 225 ml
blood (+25 ml Na citrate at 3.8%) and 225 ml of O2-O3
at low O3 concentration (starting with 10 µg/ml per ml
of blood and slowly escalating up to 30 µg/ml). The
autologous transfusion is quite safe (30) and the use
of low ozone concentrations does not cause any

damage to either normal or pathologic erythrocytes
and infact the increase of hemolysis remains
negligible (±0.2%). This is because the oxidizing
activity is exhausted when ozone solubilized in the
plasmatic water, instantaneously reacts with a variety
of biomolecules, namely polyunsaturated fatty acids
(PUFA), hydrosoluble antioxidants (uric acid, ascorbic
acid, cysteine, reduced glutathione, GSH, albumin,
etc) and generates reactive oxygen species (ROS),
mainly hydrogen peroxide (H2O2) and a variety of lipid
oxidation products (LOP).

On the basis of our working hypothesis, ROS and
LOP are the ozone messengers able to activate
multiple biochemical and immunological pathways in
blood cells (Fig. 1). Moreover upon blood reinfusion in
the donor, the endothelium at f irst and then
parenchymal cells interact with LOP that have a far
longer half-life than H2O2. The scheme (Fig. 2) shows
that a prolonged course of O3-AHT is able to
reactivate a number of biological processes that,
either simultaneously or successively, combine to
improve the physiology of circulation and to reduce
the chronic oxidative stress. Needless to say,
ozonetherapy cannot modify the genetic irregularities.
However we have shown that owing to the
upregulation of antioxidant enzymes (superoxide
dismutase, SOD; GSH peroxidase, GSHPx, GSH
reductase, GSHR; GSH transferase, GSH Tr)
coadiuvated by glucose 6-phosphate dehydrogenase
(G6PD), newly formed erythrocytes dubbed as “super-
gifted erythrocytes” are more resistant to oxidative
stress and more or less rapidly depending upon the
therapeutic schedule, become a large proportion of
circulating cells (29).

While any O3-AHT represents a little oxidative
stress, this is quite transitory, calculated and promptly

Fig. 1 - A summary of the biological effects elicited during exposure of human blood to O2-O3 ex vivo and during its reinfusion in the
donor.
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corrected by the antioxidant system. The treatment is
interpreted as a “therapeutic shock” occurring ex vivo
during the exposure of blood to O2-O3 and transmitted
into the donor during blood reinfusion. It must be clear
that without stress, no biological effect will ensue. The
synthesis of oxidative stress proteine (OSP),
particularly of heme-oxygenase I (HO-I) or HSP-32, is
a clear example. HO-I will enhance heme breakdown,
hence will yield a higher level of bilirubin (a powerful
lipophylic antioxidant) and carbon monoxide (CO),
which, in this case, acts as a local hormone. It has
been shown that HO-I expression reduces vascular
constriction probably because it suppresses the gene
expression of endothelin-1 and inhibits the
proliferation of smooth muscle cells (31, 32).

We have demonstrated (33) that human endothelial
cells coming in contact with ozonized plasma, hence
LOP, enhance the release of nitric oxide (NO). This
compound, after binding to the receptor on smooth
muscle cells activates guanylate cyclase, so that an
increased level of cyclic guanosine monophosphate
(cGMP) causes relaxation and thus vasodilation. It is
well known that NO inhibits platelet and leukocyte
aggregation and adhesion and certainly cooperates

with CO in enhancing vascular relaxation. Although
the intravascular half-life of NO is about 2 msec, (34)
important biochemical pathways describing the
formation of 5-nitrosohemoglobin and S-nitrosothiols
have been descr ibed (35-39) for relaxing and
increasing blood flow in vessels of ischemic tissues
distant from the site of origin. The possibility of an
increased vasodilation cannot be underestimated
because in SCA, vaso-occlusion is not only caused by
sickle erythrocytes but is facil i tated by vaso-
constriction and obstruction due to adhesion of
platelets and leukocytes to the endothelium (5). A
subtle inflammatory state with release of pro-
inflammatory cytokines and platelet activation does
further aggravate the process.

An initial report showed that low concentrations of
NO would augment HbS oxygen affinity when SCA
patients inhaled NO at 80 p.p.m. in air (40). This
would have been a useful therapeutic approach but

recent data (41, 42) have clarified that the induced left
shift in P50 correlates with an unacceptable increase
of methaemoglobin formation. Another mechanism
that has been pursued is the possibility that a high
plasma level of arginine may increase NO production

Fig. 2 - The multivaried
biological response of the
organism to ozonized blood
can be envisaged by con-
sidering that ozonized blood
cells and compounds in-
teract with a number of
organs. Some of these re-
present real targets (liver in
chronic hepatitis, vascular
system for vasculopathies),
while other organs are
probably involved in re-
storing normal homeostasis.
ER: erythrocytes, PLAT:
platelets, BMC: blood mono-
nuclear cells, GRAN: granu-
locytes, CNS: central ner-
vous system, GIT: gastro-
intestinal tract, MALT: muco-
sal associated lymphoid
tissue.
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(43-45). Interestingly HU metabolism in rat (46) and in
SCA patients enhances the release of NO, and
detectable amounts of nitrosyl hemoglobin (47). Thus
HU efficacy may be due not only to the ability of
stimulating the production of HbF but also to induce
vasodilation and decrease platelet activation.

However the impor tant role of NO may be
jeopardized by an excessive release of O2

-: in
physiological conditions, the endothelium produces
minute amounts of 1-10 µM NO and 1 nM O2

- (48) but
NO is rapidly scavenged by erythrocytes (actually the
iron II heme of Hb) that explains its short half-life 
(34). Although O2

- displays functional activities
(vasoconstriction, platelet activation etc) just the
opposite of NO, in normal conditions there is a sort of
equilibrium. However in pathological circumstances
such as chronic hepatitis, ischemia-reperfusion and
severe hemoglobinopathies, the liver, which is the
main repository of xantine dehydrogenase (XDH)
allows its conversion to xantine oxidase (XO) and to
its release in the circulation (49-51). When an excess
of XO binds to endothelial cells (52) the consequent
increase of O2

- and H2O2 generation impairs vascular
function and establishes a chronic oxidative stress.
Moreover O2

- enhances NO consumption and
formation of peroxynitr i te (ONOO-), a deadly
compound inducing protein and lipid oxidation, thus
extending tissue injury (53). Not to be forgotten that in
SCA, sickle erythrocytes are already generating great
amounts of O2

-, H2O2, OH and LOP (54). Clearly the
unbalanced NO/O2

- production contributes greatly to
the diffused vascular damage and to a progressive
involution of SCA.

In spite of chelation therapy and phlebotomy, TM
patients present a progressive oxidative stress
generated by the imbalance between the α and β
chains and worsened by hepatic and cardiac iron
overload (1-3).

CONCLUSIONS

The answer to the question posed is yes for several
reasons: life-long ozonetherapy is feasible as we
have shown in age-related macular degeneration
(ARMD), in chronic limb ischemia and in angina
abdominis (29, 55). After an initial cycle including 24
treatments in three months (twice weekly), the
therapeutic effect can be maintained with three
treatments per month. Upregulation af antioxidant
enzymes and 2,3-diphosphoglycerate (2,3-DPG) is
likely to occur during the first two months while
rheological improvement (decrease of ar ter ial
pressure is the norm) due to NO/O2

- rebalance may
take two-to three months.

Ozonization of patient’s blood must be carefully
performed, first evaluating the antioxidant capacity in
order to employ the optimal ozone concentration.
The usual strategy “start low, go slow” is the most
idoneous for inducing ozone tolerance and the

rebalance of the redox system. This approach will
likely diminish the frequency of allotransfusion, the
severity of painful vaso-occlusive crises in SCA and
will lead to a metabolic improvement. Chelation
therapy with desferrioxamine must be continued
regularly and for potentiating the plasma antioxidant
capacity we prescr ibe the following oral daily
supplementation one week before star ting the
therapy:
• 0.5 g of vitamin C (morning). This dose saturates

the body (56);
• 0.6 g of NAC (either morning or evening) (57, 58);
• an approved multivitamin complex (RD dose)

including vitamin E, selenium and alpha lipoic acid;
• a rich dietary intake of fresh fruit and vegetables.

Dietary supplementation of antioxidants is certainly
useful but likely unable to counteract the intracellular
oxidative stress due to increased iron concentrations
(59).

During the last three decades, O3-AHT has been
amply performed in Europe (seven million treatments
in Germany each year) without any problem and the
recorded four deaths (60) where due to direct
intravenous administration of O2-O3, a practice
prohibited since 1984. At our University polyclinic,
since 1995 ARMD patients have been treated with
about 6,000 treatments without any adverse effect.
Ozone, generated ex tempore from medical oxygen,
must be used immediately and represents about 2%
of the gas mixture. Erythrocytes, after ozonization,
maintain their usual life-span in the circulation (29,
61). The method used since 1999 using neutral,
sterile glass bottles under vacuum is absolutely toxic-
free, the cost of the disposable set for each treatment
is eleven euros and a trained nurse can easily perform
the whole procedure in about 40 min. The only
inconvenience is the venipuncture (performed with a
19 G needle) to which patients are nonetheless
compliant. It must be emphasized that the treatment is
not only perfectly tolerated but most ARMD and
vasculopathic patients report a feeling of wellness and
euphoria throughout the cycle. This fact explains why
the compliance of the patients remains excellent
throughout the years. Hemoglobinopathies are often
complicated by chronic hepatitis C infection and
although the combination of pegylated interferon
alpha and ribavirin is effective, (62) the O3-AHT
treatment displays antiviral activity.

The treatment proposed by Cuban physicians of
O2-O3 insufflation via the rectal route has been
evaluated in the rabbit (63) but in comparison to the
stoichiometry of O3-AHT, is too empirical. However it
is even cheaper and amenable to self-administration.
If ozonetherapy now proves to be useful in
hemoglobinopathies, a re-evaluation may be
warranted also because the patient, once properly
instructed, can do it at home. One drawback of
ozonetherapy is that lack of electricity and medical
oxygen may impede ozone production for SCA
therapy in remote parts of Africa.

42
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