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Coronary artery disease (CAD) is the most common cause of sudden death, and death of people over 20

years of age. Because ozone therapy can activate the antioxidant system and improve blood circulation

and oxygen delivery to tissue, the aim of this study was to investigate the therapeutic efficacy of ozone

in patients with CAD, treated with antithrombotic therapy, Aspirins and policosanol. A randomized

controlled clinical trial was performed with 53 patients divided into two groups: one (n¼27) treated

with antithrombotic therapy and other (n¼26) treated with antithrombotic therapy plus rectal

insufflation of O3. A parallel group (n¼50) age and gender matched was used as reference for the

experimental variables. The efficacy of the treatments was evaluated by comparing hemostatic indexes

and biochemical markers of oxidative stress in both groups after 20 day of treatment. Ozone treatment

significantly (Po0.001) improved prothrombin time when compared to the antithrombotic therapy

only group, without modifying bleeding time. Combination antithrombotic therapyþO3 improved the

antioxidant status of patients reducing biomarkers of protein and lipid oxidation, enhancing total

antioxidant status and modulating the level of superoxide dismutase and catalase with a 57% and 32%

reduction in superoxide dismutase and catalase activities respectively, moving the redox environment

to a status of low production of O2
�� with an increase in H2O2 detoxification. No side effects were

observed. These results show that medical ozone treatment could be a complementary therapy in the

treatment of CAD and its complications.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

Cardiovascular diseases, comprising coronary artery (CAD) and
cerebro-vascular diseases, are currently the leading cause of
death globally, accounting for 21.9% of total deaths, and are
projected to increase to 26.3% by 2030 (WHO, 2008). The factors
that coalesce to increase the risk of developing atherosclerotic
CAD were demonstrated and have subsequently been shown to be
pervasive across ethnicities and regions all over the world (Yusuf
et al., 2004). These are not new risks, but the ubiquity of smoking,
dyslipidemia, obesity, diabetes, and hypertension has been gra-
dually escalating (Gupta et al., 2008), and is thought to be the
driving influence behind the epidemic of heart disease faced
today (Franco et al., 2011).
ll rights reserved.
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z-Sánchez).
Ozone administered in an appropriate dose interval can
modulate many biochemical pathways with the activation of
second messengers (Bocci et al., 2011). Scientific evidence con-
nected the modulation of different biomarkers (e.g. antioxidant
enzymes, nitric oxide pathways, 2,3-diphosphoglycerate) as a
consequence of applying low ozone doses. Those facts support
some of the current clinical applications of ozone (Colombo et al.,
2000; Re et al., 2008; Steppan et al., 2010). In an experimental
model, rectal insufflation (a simple, easy and inexpensive method
of delivering ozone) showed a sustained improvement in ery-
throcytes deformability suggesting its systemic effects (Seda Artis
et al., 2010).

In this work, we considered that the treatment with ozone at
repeated low doses by rectal way plus regular anti-thrombotic
therapy in CAD patients, could improve blood homeostatic index,
reducing the oxidative stress and providing an antioxidant status,
which can compensate for the CAD-derived cardiovascular com-
plications. Our results confirmed this hypothesis and demon-
strated that ozone not only improved blood homeostatic indexes
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but also compensated for the antioxidant/pro-oxidant balance in
those patients.
2. Materials and methods

2.1. Study design

This randomized parallel controlled clinical trial was approved
by an institutional review board (Scientific and Ethics Committees
of the Institution) in accordance with the principle of the
Declaration of Helsinki (WMA, 2004). All patients gave their
informed consent to being enrolled after receiving adequate
information about the study (characteristics of the study, benefits
and possible side effects). Before enrolling, all participants
attended a training program to familiarize them with the study
objectives and treatment plans. The personnel involved empha-
sized that all participating physicians would treat each patient
according to the randomised scheme of treatment.

Adult patients of both gender and different ethnic origin with a
diagnosis of CAD who were hospitalized in the Institute of
Angiology and Vascular Surgery (La Habana, Cuba) were eligible
to participate in the study. Exclusion criteria were: severe septic
conditions, hypersensitivity to the medication to be used, hepatic
dysfunction, renal failure (serum creatinine level41.32 mmol/l),
pregnancy, cancer or other serious disease, inability to cooperate
with the requirements of the study, recent history of alcohol or
drug abuse, current therapy with any immunosuppressive agent
or anticonvulsant, concurrent participation in another clinical
study, or current treatment with an investigational drug.

For the calculation of the size of the sample, the GnPower
3 system (version 3.1) (Faul et al., 2007) was used. The type
1 error was 5% and the type 2 error was 20%, with a minimal
difference between effect rates not higher than 25%. The target
level of enrollment was determined to be 23 patients per group.
Assuming that 10% of study patients would be lost to follow-up,
26 patients per group were studied. In the study were included 26
patients per treatment group and data from 50 gender- and age-
matched healthy subjects was used as reference to establish the
normal reference interval of the experimental variables (oxidative
stress bio-markers).

Patients were randomized to two different groups (1) regular
anti-thrombotic therapy; 27 patients were treated with oral
anticoagulant (Aspirins, acetyl salicylic acid 125 mg and Ater-
omixols, policosanol 5 mg) once a day during 20 day, and (2)
ozone plus anti-thrombotic therapy; 26 patients were treated
daily with ozone and anti-thrombotic therapy as in group 1.
Patients of group 2 were treated with 200 ml of O3/O2 containing
40 mg/ml of ozone once a day during 20 day. Nelaton Robinson
catheter 40 cm was introduced 10/15 cm by rectal way to deliver
the gas and was place in site for 5 min. The patients were
encouraged to empty his or her bladder and bowels before the
procedure. The insufflation was done immediately after a colonic
enema in case of constipation.

Ozone was generated by OZOMED equipment (Center for
Ozone Research, Havana, Cuba), and was administered by rectal
insufflation. Ozone was obtained from medical grade oxygen, and
was used immediately upon generation and represented only
about 3% of the gas mixture (O2þO3). The ozone concentration
was measured by using a built-in UV spectrophotometer set at
254 nm (Delgado-Roche et al., 2011).

Blood samples for biochemical analysis were obtained after a
12 h overnight fast, at the beginning and 24 h after the last ozone
treatments. The samples were immediately centrifuged at 3000 g,
at 4 1C for 10 min. The serum was collected and aliquots were
stored at �70 1C until analysis (Delgado-Roche et al., 2011).
2.2. Biochemical determinations

All biochemical parameters were determined as previously
described (Delgado-Roche et al., 2011) by spectrophotometric
methods using an Ultrospect Plus Spectrophotometer from Phar-
macia LKB (Sweden). Catalase activity was measured by following
the decomposition of hydrogen peroxide at 240 nm at 10 s
intervals for 1 min (Haining and Legan, 1972). Superoxide dis-
mutase (SOD) activity was measured using kits supplied by
Randox Laboratories Ltd., Ireland (Cat. No. SD125 and No.
RS505). Concentrations of malondialdehyde (MDA) were analyzed
using the LPO-586 kit obtained from Calbiochem (La Jolla, CA,
USA). In the assay, the production of a stable chromophore, after
40 min of incubation at 45 1C, was measured at 586 nm. For
standards, freshly prepared solutions of malondialdehyde bis
[dimethyl acetal] (Sigma, St. Louis, MO, USA) were used and
assayed under identical conditions (Esterbauer and Cheeseman,
1990). Quantification of total hydroperoxides was measured by
Bioxytech H2O2-560 kit (Oxis International Inc., Portland, OR,
USA) using xylenol orange to form a stable colored complex,
which can be measured at 560 nm. The peroxidation potential
(PP) was measured by inducing lipid peroxidation by adding Cuþ

(2 mM) to serum (incubated for 24 h at 37 1C), in order to know
the balance between prooxidant-antioxidant factors. The differ-
ence between MDA levels, measured at 0 and 24 h after induction,
for each sample, was calculated (Ozdemirler et al., 1995).

After precipitation of thiol proteins using trichloroacetic acid
10%, reduced glutathione was measured according to the method
of Sedlak and Lindsay (1968) with Ellman’s reagent [505 dithiobis
(2-nitrobenzoic acid) 10�2 M (Sigma St. Louis, MO, USA)]; absor-
bance was measured at 412 nm. The advanced oxidation protein
products (AOPP) were measured as the oxidation of iodide anion
to diatomic iodine by AOPP (Witko-Sarsat et al., 1998). Briefly, the
technique consists in treating 100 ml of serum in PBS (1 ml) with
50 ml of potassium iodide 1.16 M followed by 100 ml of acetic acid.
The absorbance of the reaction mixture was immediately read at
340 nm. AOPP concentrations were expressed as mM of chlora-
mine-T (Sigma St Louis, MO, USA). Ferric Reducing Ability of
Plasma (FRAP) was assayed through the reduction of Fe3þ to Fe2þ

by serum or reference (ascorbic acid). The Fe2þ–2,4,6-tripiridil-s-
triazine complex was detected at 593 nm (Benzie and Strain,
1996).

To assay prothrombin time, patient plasma was incubated
before addition of thromboplastin (Dade Thromboplastin C Plus;
Dade Behring, Marburg, Germany) in buffer and time in seconds
to clot formation was determined by using a Sigma Amelung KC4
coagulation instrument. The laboratory reference interval was
10.1–15.2 s (Schmaier, 2008).

Measurement of bleeding time was conducted during the
blood extraction procedures. Briefly, a blood pressure cuff was
inflated around the patient’s upper arm. Two small cuts on the
lower arm were done just deep enough to cause a tiny amount of
bleeding. The blood pressure cuff was immediately deflated.
Blotting paper was touched to the cuts every 20 s until the
bleeding stops. The bleeding time was recorded with a timer.
The laboratory reference interval was 1–3 min (Schmaier, 2008).
2.3. Statistical analysis

The OUTLIERS preliminary test for detection of error values
was initially applied. Afterward, data were analyzed by one-way
analysis of variance (ANOVA) followed by a homogeneity variance
test (Bartlett-Box). In addition, a multiple comparison test was
used (Duncan test). Results are presented as means7standard
deviation. The level of statistical significance used was Po0.05.
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3. Results

3.1. General characteristics of the patients involved in the study

In relation to the baseline characteristics (Table 1), both
groups were similar at randomization (P40.05). Seventy-five
percent of patients in both groups were older than 60 years and
males were the majority. Their medical history was characterized
mainly by hypertension and ischemic cardiopathy.

Concomitant treatments were those used to control hyperten-
sion (captopril in 31%, nifedipine in 10% and nitropental in 2% of
patients respectively) with no significant difference in propor-
tions between groups. The prevalence of risk factors for cardio-
vascular diseases as hypercholesterolemia and obesity was
monitored in patients. No side effects were observed in patients
enrolled in the study.
3.2. Homeostatic indicators

At the beginning of the treatments prothrombin time and
bleeding time were in the normal reference interval values for all
the patients enrolled in the study, with no significant statistical
differences between the groups. At the end of the treatments
Table 1
Baseline characteristics of CAD patients.

Characteristics Group an

(n¼27)

n

Age (years) 50–60 5

61–70 10

71–80 8

480 4

Gender Female 8

Male 19

Previous history Hypertensiona 21

Myocardial stroke 3

Ischemic cardiopathy 25

Risk factors Hypertension 19

Hypercholesterolemiab 8

Obesityc 10

Smoking 15

Complementary diagnosis criteria TC (mM) 7.0570.9

BMI (kg/m2) 32.1577

No significant statistical differences between groups (P40.05) for thes

cholesterol. Anti-thrombotic therapy (acetyl salicylic acid 125 mg and

therapy plus ozone therapy (200 ml of O3/O2 40 mg/ml) BMI, body mas
a Hypertension was defined as elevation of systolic (4140 mmHg)
b Hypercholesterolemia: increase in total cholesterol 46.7 mM.
c BMI430.

Table 2
Hemostatic indexes, during the course of the study.

Parameter

Prothrombin time (s) Antithrombotic therapy, n¼27

Antithrombotic therapyþO3, n¼

Bleeding time (min) Antithrombotic therapy, n¼27

Antithrombotic therapyþO3, n¼

Start and end, beginning and end of treatment (after 20 day) with ant

5 mg) or antithrombotic therapyþO3: antithrombotic therapy plus ozo

For prothrombin time the laboratory reference interval was 10.1–15.2
a Po0.001 vs. compared to start point between the same group.
b Po0.001 vs. prothrombin time in group antithrombotic therapy
(20 day), prothrombin time was significantly (Po0.001) raised in
both group. The increment was significantly (Po0.001) higher in
the group treated with antithrombotic therapy þO3 when com-
pared to the antithrombotic therapy group. However values of
bleeding time were non-modified at the end of the study in any
group (antithrombotic therapy or antithrombotic therapyþO3).
3.3. Biomarkers of antioxidant-prooxidant balance

The AOPP and MDA concentrations, the end products of
protein and lipid peroxidation respectively, were higher at the
beginning of the treatment in both groups than in the reference
normal subjects. At the end a significant decrease (Po0.05) was
achieved for both markers in the antithrombotic therapyþO3

group compared to the group antithrombotic therapy. Even the
improvement of those biomarkers in antithrombotic therapyþO3

group values remain significantly (Po0.05) higher than the
normal reference interval (Table 3). At the beginning of the study,
TH levels were high in both groups (antithrombotic therapy
142.977.7 mM and antithrombotic therapyþO3 155.478.6 mM),
significantly higher (Po0.05) than the reference values
(103.7717.7 mM). At the end of treatment values in both groups
tithrombotic therapy Group antithrombotic therapyþO3

(n¼26)

% n %

18.51 8 30.76

37.03 13 50.00

29.62 4 15.38

14.81 1 3.84

29.62 9 34.61

70.37 17 65.38

77.77 20 76.92

11.11 2 7.69

92.59 24 92.30

70.37 20 76.92

29.62 9 34.61

37.03 13 50.00

55.55 13 50.00

0 6.8571.33

.31 34.2179.63

e variables were achieved. CAD, coronary artery disease. TC: total

policosanol 5 mg). Antithrombotic therapyþO3, anti-thrombotic

s index: weight(kg)/height(m2).

and/or diastolic (490 mmHg) blood pressure.

Start (X7S.D.) End (X7S.D.)

11.070.4 18.474.6a

26 11.270.6 24.676.6a,b

1.470.1 1.670.2

26 1.570.1 1.770.2

ithrombotic therapy (acetyl salicylic acid 125 mg and policosanol

ne therapy (200 ml of O3/O2 40 mg/ml). Data are means7S.D.

s and for bleeding time 1–3 min.

at the end of the treatment.



Table 3
Biomarkers of oxidative damage and antioxidant-pro/oxidant balance.

Groups Reference Antithrombotic therapy Antithrombotic therapyþO3

Biomarkers (n¼50) (n¼27) (n¼26)

AOPP (mM of chloramine) Time 0 9.1970.64a 23.1275.31b 23.9070.84b

20 day – 24.2577.18b 18.2673.61c

MDA (mM) Time 0 3.8070.07a 13.7173.01b 12.0470.44b

20 day – 10.8272.52b 8.3873.63c

TH (mM) Time 0 103.78717.71a 142.9677.71b 155.4378.61b

20 day – 98.08712.29a 104.65713.27a

PP (mM) Time 0 9.1770.82a 20.4178.16b 16.2573.62b

20 day – 19.0077.03b 6.1672.51a

FRAP (mM) Time 0 1017.17206.0a 146.2762.3b 191.30757.0b

20 day – 386.07104. 3c 471.97115.8d

GSH (mM) Time 0 2.5670.31a 1.5070.23b 1.1870.23b

20 day – 1.0870.45 b 1.5570.63c

SOD (U/ml) Time 0 11.3571.97a 40.48710.12b 37.7577.13b

20 day – 35.27714.21b 16.2778.39c

CAT (U/l) Time 0 231.80711.33a 880.47250.1b 839.57165.3b

20 day 288.0799.6a 543.47172.3c

CAT/SOD Time 0 0.020470.0057a 0.022070.0306b 0.0213 70.0152b

20 day – 0.0081 70.0070c 0.033370.0205d

Antithrombotic therapy (acetyl salicylic acid 125 mg and policosanol 5 mg); antithrombotic therapyþO3, antithrombotic therapy plus ozone therapy (200 ml of O3/O2

40 mg/ml); AOPP, advanced oxidation protein products; CAT, catalase; GSH, reduced glutathione; FRAP, ferric reducing ability of plasma; MDA, malondialdehyde; PP,

peroxidation potential; SOD, superoxide dismutase; TH, total hydroperoxides. Data are means7S.D. Means having different superscript letters indicate significant

difference (Po0.05) comparing reference, initial and final time of each groups values between the same set.
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(antithrombotic therapy and antithrombotic therapyþO3) were
not significantly different from reference values.

Variables of total antioxidant activities in lipid (PP) or hydro-
soluble fractions (FRAP) at the beginning of the study in both groups
were significantly different from reference values. However, at the
end of the study, a significant (Po0.05) decrease in PP was achieved
in antithrombotic therapyþO3, which tend to reach normal values.
FRAP was improved in both treatment groups but final values did
not reach the reference normal values.

After or before treatment, the level of reduced glutathione was
lower in both treatment groups when compared to the reference
group. However, after the treatment the concentration of GSH
was higher in the antithrombotic therapyþO3 group (with sig-
nificant (Po0.05) differences from the initial levels) than in
antithrombotic therapy patients.

Enzymatic activities of catalase and SOD were significantly
(Po0.05) increased in both groups before treatment when
compared to the reference control group, but maintained the
same ratio (catalase/SOD) compared to the reference. After treat-
ment, a reduction in 67.2% of catalase activities, without mod-
ification of SOD activities, was observed in antithrombotic
therapy group with a consequent significant (Po0.05) reduction
in catalase/SOD ratio compared to the reference group. In con-
trast, in antithrombotic therapyþO3 group a reduction of 57.1% in
SOD and 32.2% in catalase activities was noted, corresponding
with a significant (Po0.05) increment of the catalase/SOD ratio
compared to the reference group.
4. Discussion

Cardiovascular diseases is a major factor in mortality rates
around the world and contributes to more than one-third of
deaths in the USA (Roger et al., 2011). It has been predicted that
atherosclerosis will be the primary cause of death in the world
by 2020 (Scott, 2002). Consequently, developing a treatment
regimen that can slow or even reverse the atherosclerotic process
is imperative. In this context ozone therapy, simultaneously
applied with regular drugs, may represent a promising approach
for correcting oxidative stress and improving the uncertain
prognosis of many patients (Bocci et al., 2009; Mason, 2011).

Abnormal platelet aggregation has direct consequences in CAD
that can be avoided by antithrombotic agent. As shown in Table 2
a combination of Aspirins and policosanol significant increase the
prothrombin time without modification of the bleeding time, in
line with previous results (Arruzazabala et al., 1997). Low dose
regimens (50–325 mg) of the antiplatelet agent Aspirins (acet-
ylsalicylic acid) are a standard treatment for the secondary
prevention of cardiovascular outcomes (Campbell et al., 2007).
Meta-analysis of randomized controlled trials has shown that low
doses of Aspirins is protective in most types of patients that are
at increased risk of occlusive vascular events (Collaboration,
2002). Guidelines recommend long term use of low dose aspirin
(75–150 mg/day) as an effective antiplatelet regimen for patients
with cardiovascular diseases, unless contraindicated (Graham
et al., 2007).

A randomized, double-blind, placebo-controlled study com-
pared the effects of policosanol, Aspirins and combination
therapy on platelet aggregation. Meanwhile, Aspirins signifi-
cantly reduced platelet aggregation induced by collagen (61.4%)
and epinephrine (21.9%) but not ADP-induced aggregation. Com-
bined therapy significantly inhibited aggregation induced by all
the agonists reaching the highest reductions of platelet aggrega-
tion induced by collagen (71.3%) and epinephrine (57.5%). It was
demonstrated that policosanol was as effective as Aspirins.
Moreover, combination therapies have shown some advantages
compared to the respective monotherapies (Arruzazabala et al.,
1997). The rationale for using two or more types of antiplatelet
agents is that platelets can be activated by various pathways.
Aspirins targets cyclooxygenase-related activation pathway,
while policosanol acts by other mechanisms (Noa et al., 2007).
According to the present results, combined therapy (Aspirins plus
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policosanol) can induce an antithrombotic response, however it only
partially modifies some markers of the oxidative stress system
(normalized catalase and TH and improved FRAP) (Table 3).

The significant (Po0.001) increment in prothrombin time
observed in antithrombotic therapyþO3 compared to antithrom-
botic therapy (Table 2), could be as consequence of the up-
regulation of adenosine A2 receptors, induced by conditions such
as oxidative stress (Johnston-Cox and Ravid, 2011). It was
demonstrated that ozone oxidative preconditioning can activate
adenosine A1 receptors (Leon Fernandez et al., 2008). If the same
mechanisms happen also for adenosine A2 receptor in platelet the
increment of adenosine signaling mechanisms can act stimulating
platelets adenylate cyclase and increasing platelet cyclic-30,50-
adenosine monophosphate levels. Throughout this mechanism,
platelet aggregation is inhibited in response to various stimuli
such as platelet activating factors, collagen, and adenosine
diphosphate.

Clinical practice has consolidated the use of ozone therapy in
the treatment of peripheral occlusive arterial disease (POAD). It
has been demonstrated that ozonized autohemotransfusion may
be useful to improve both the poor rheological properties of the
blood and the oxygen delivery to tissues in patients suffering
from POAD (Giunta et al., 2001; Turczynski et al., 1991; Verrazzo
et al., 1995). Even if the mechanism of action is not fully under-
stood so far, it seems evident that ozone does not affect the blood
coagulation parameters (Biedunkiewicz et al., 2006). However, it
is now proven that low doses of ozone can modulate the
antioxidant system and improve the redox status (Bocci et al.,
2011). As shown in Table 2, ozone potentiates the anticoagulant
effect of Aspirins plus policosanol, without modification of the
bleeding time. In addition, the combination antithrombotic
therapyþO3 improves the antioxidant status of the patients
(Table 3).

Increasing evidence has highlighted the roles of oxidative stress
and inflammation in the promotion of atherosclerotic cardiovascular
diseases (Rao and Kiran, 2011). Recent pathological studies have
elucidated specific mediators that appear to link these pathways to
the progression and rupture of the atherosclerotic plaque in the
artery wall (Uno and Nicholls, 2010). Although the symptoms and
signs of CAD are noted in the advanced state of disease, most
individuals with CAD show no evidence of disease for decades. Over
time, vulnerable plaque rupture could activate blood clotting and
consequently an arterial stenosis, which in turn could promote heart
attack, stroke, POAD and major debilitating events (Rao and Kiran,
2011). In addition to the influence on blood coagulation parameters,
modulation of oxidative stress by ozone can be preventive for a
cardiovascular event.

AOPP levels were down-regulated in antithrombotic therapyþO3

compared to the antithrombotic therapy group. AOPP is a novel
marker of oxidative stress correlating tightly with the degree of
monocyte activation, dityrosine, advanced glycation end products,
neopterin and inflammatory cytokines (i.e. TNF-a and its soluble
receptor) levels (Witko-Sarsat et al., 1999). The chlorinated oxidants
are closely related with the mechanism of generation of AOPP.
Moreover, AOPP-induced reactive oxygen species (ROS) production
in endothelial cells is partially mediated by NADPH oxidase activa-
tion. AOPP appeared to act as true inflammatory mediators since
they are able to trigger the oxidative burst and the synthesis of
cytokines (Martinez-Sanchez et al., 2005b). The effect of ozone
regulating AOPP is an indirect index connecting with the control
of the inflammatory process.

Improvement of MDA and PP in the antithrombotic therapyþO3

group is indicative of the paradoxical antioxidant effect of ozone
therapy, and it is of paramount importance due to the connection of
lipid oxidation with CAD (Rao and Kiran, 2011). Improvement of TH
in antithrombotic therapy and antithrombotic therapyþO3 groups
after treatment should be connected with the antioxidant effect of
acetyl salicylic acid (Baltazar et al., 2011) or policosanol (Castano
et al., 2002). However, improvement in GSH was only reached in
antithrombotic therapyþO3 group. The FRAP, indicator of total
antioxidant capacity (Huang et al., 2005), was increased only in
the antithrombotic therapyþO3 group. FRAP parameter is indicative
of the reducing ability of the sample involving the complex
integration of all compounds with antioxidant activity (Benzie and
Strain, 1996), its rise could be due to the increment of GSH and other
hydro soluble antioxidants. The preconditioning actions of ozone
(Chen et al., 2008; Rodriguez et al., 2009; Stadlbauer et al., 2008), as
well as the improvement in the antioxidant defense systems and the
reduction in ROS, favors an appropriate redox balance, suggesting
that CAD patients could be better protected from an eventual
cardiovascular accident.

It is important to know that the biological effect of rectal
insufflation of O3 has been demonstrated extensively both experi-
mentally (Gonzalez et al., 2004; Guanche et al., 2010; Seda Artis
et al., 2010) and clinicaly (Calunga et al., 2011; Hernandez Rosales
et al., 2005; Martinez-Sanchez et al., 2005a; Romero Valdes et al.,
1993; Zaky et al., 2011a,2011b). Furthermore, preclinical studies
demonstrated its low toxicity (Diaz-Llera et al., 2009; Guanche
et al., 2010). For this reason, the application of O3 by rectal way
has been now extended to treat many diseases. Because of the
oxidative preconditioning effect of ozone therapy, a cycle of 20
treatments will be enough to sustain the effect for approximately
3 months, depending on the oxidative stress status of the patients
(Schwartz et al., 2011).

Etiologic inference about the role of oxidative stress on
cardiovascular diseases are complicated by the complexity of
the relation between oxidative stress and antioxidant enzyme
activity (Flores-Mateo et al., 2009). SOD is a scavenger of O2

�� ,
transforming it in H2O2. But if H2O2 is a ROS, then SOD activities
cannot be interpreted as a single antioxidant, but as a part of the
antioxidant system. Thus a better understanding of the role of
SOD and catalase could be easily evaluated from the analysis of
the ratio catalase/SOD (Martinez-Sanchez et al., 2005a). According
to the present results (Table 2), CAD patients without treatment
continue to maintain catalase/SOD homeostasis, but experienced
an increment of 3.42 or 3.64 fold in SOD and catalase activities
respectively. After treatment two different scenarios appeared. In
the antithrombotic therapy group, levels of SOD remain high with
normalization of catalase activities compared to non CAD sub-
jects. This scenario implied high level of O2

�� production with
normal level of H2O2 detoxification capacity. This fact may be due
to the lowering effect of acetyl salicylic acid in catalase levels
(Kowalczyk et al., 2006). In contrast, in antithrombotic
therapyþO3 a reduction of 57% and 32% of SOD and catalase
activities respectively moves the system to a status of low
production of O2

�� with an increment in H2O2 detoxification.
Those findings suggest a better status for antithrombotic

therapyþO3 patients. It is well known that in atherosclerotic
plaques, O2

�� seems to play an important role in the local
inflammatory response, in migration and proliferation of vascular
smooth muscle and in endothelial dysfunction. Several of these
effects might be mediated by an increased oxidative stress,
reducing the bioavailability of NO and promoting an uncoupled
of nitric oxide sintase (NOS) activity (Miller et al., 2008). In
addition, determining the role of H2O2 in the pathophysiology of
cardiovascular diseases has proven to be difficult. One reason is
that altering the expression of enzymes related to the catabolism
of H2O2 is likely to alter the expression of other genes (e.g.,
through epidermal growth factor receptor transactivation). Over-
expression of CuZnSOD paradoxically accelerates the develop-
ment of atherosclerosis in apolipoprotein E�/� mice and can be
‘‘rescued’’ by overexpression of catalase (Yang et al., 2004). Taking
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these elements into consideration suggests that H2O2 might play
an important role in the development of atherosclerosis. The
modulation of SOD and catalase enzyme by ozone was noted in
other clinical trials (Martinez-Sanchez et al., 2005a) and probably
involves gene expression modulation (Cardile et al., 1995).

In summary, combined treatment using Aspirins, policosanol
and ozone in patients with CAD improved homeostatic and
antioxidant indexes. Integrative therapy with ozone could be a
future opportunity for correcting the chronic oxidative stress
caused by antithrombotic therapy and improving the uncertain
prognosis of CAD patients. In addition, this pilot study, establish
the foundation for a longer time study in order to determine:
(1) clinical implications of antiagregants and ozonetherapy com-
bination on CAD, (2) clinical implications of antiagregant and
ozonetherapy combination on risk factors and (3) possible low-
ering dose of antiagregant.
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