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Abstract—Patients with cardiac infarction show a decrease in glutathione peroxidase and superoxide dismutase activities,
which are beginners in the scavenger processes of lipid peroxide and superoxide radicals, respectively. In this study, we investigate
the effects of endqvenous ozone therapy on serum lipid pattern and on antioxidant defense system, such as the glutathione redox
one, in the blood of patients with myocardial infarct. Twenty-two patients who had an infarction, between 3 months and 1 year
before the study, were treated with ozone by autohemotherapy during 15 sessions. A statistically significant decrease in plasma
total cholesterol and low density lipoprotein was observed. High biologically significant increases on erythrocyte glutathione
peroxidase and glucose 6-phosphate dehydrogenase activities were found. There was no change in plasma lipid peroxidation
level. It was concluded that endovenous ozone therapy in patients with myocardial infarction has a beneficial effect on blood
Lipid metabolism, provoking the activation of antioxidant protection system.
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INTRODUCTION

Over the last years there has been a growing interest
in the concept that oxygen radicals play a role in the
pathogenesis of myocardial ischemia.’? It has been
shown that peroxidation of arachidonic acid increases
platelet aggregation, a feature in patients with myocar-
dial infarction.” On the other hand, activation of mouse
peritoneal macrophages in vivo results in a decrease
of intracellular glutathione peroxidase activity, in asso-
ciation with an increasing capacity of the cells to gener-
ate reactive oxygen species, including hydroperox-
ides.* This macrophage activation occurs in both in-
flammatory processes and atherosclerotic diseases. A
decrease in glutathione peroxidase and superoxide dis-
mutase activities in patients with myocardial in-
farction® has been regarded. This fact has led to the
use of scavenger agents in the infarction therapy.®*
We reported previously that ozone autohemotherapy
produces stirnulation of glutathione peroxidase activ-
ity,® and others have reported that it can also reduce
the blood cholesterol level."
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The aim of this article 1s 1o know the effect of
endovenous ozone therapy on serum lipid pattern and
the activity of antioxidant defense system of patients
that have suffered cardiac episode.

MATERIALS AND METHODS

Treatment

The study was carried out in a total of 22 patients
who had given informed consent, and it was also ap-
proved by a Human Subjects Committee from the Car-
diology Department of Medical and Surgical Research
Center. All patients were of male sex, of the ages 46
to 76 years, that had suffered the last cardiac infarction
between 3 months and 1 year before the study.

Autochemotherapy technique was applied to supply
an appropriate ozone/oxygen mixture.'' Briefly, 200 ml
of blood were drawn in a transfusion flask and ozonized
by bubbling ozone/oxygen mixture (50 mg/l). The
ozonized blood was retransfused 1o the patient with a
rapid flow. The treatment was applied 5 days a week
up o 15 sessions.

In vitro experiment

To know the direct effect of ozone on blood
components, whole blood, in patients beginning ozone
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Table 1. Plasma Lipid Pattern Before and After Blood Ozonation

In Vitro
Parameters Before . After Significance
CHO 5.50 = 0.37 5.29 + 0.39 0.2127
LDL 3.65 x 0.44 3.54 £ 042 0.5076
HDL 0.98 = 0.09 1.01 = 0.11 1.0000
TG 1.84 = 0.15 1.82 * 0.15 0.3105

Values are expressed by the mean * standard error of mean in
mmol/] of plasma.

therapy by the first time, was ozonized in a transfusion
flask, and the biochemical parameters were measured
immediately. {n this case, values obtained after ozona-
tion were compared with those values from the same
blood before ozonation.

In vivo expcriment

Measur: ment of biochemical parameters were per-
formsd frim biood samples obtained from patients
after they 1ad received 0, 5, and 15 sessions of ozone
treatment. The effect of ozone in the organism was
analyzed Hv comparison of the different values of each
individu:  at 5 and 15 sessions with respect to its own
values 21 O session.

Deter rinations

B'rod was taken from individuals into anticoagulant
tubes containing ACD (a mixture of citric acid, sodium
citrate, and dextrose) and measurements made by du-
plicete. Reduced glutathione (GSH) and glucose 6
phisphate dehydrogenase (G6PDH) were measured in
ery-hrocytes using the method of Beutler.'? Glutathione
prroxidase (GPx) activity was measured in erythro-
cytes by the modification of Faraj et al." to the method
of Thomson."

One part of the blood was centrifuged at 1500 X
g for 20 min and the plasma taken for analysis. Plasma
lipid peroxidation (LPO) was measured according to
ihe method of Satoh,'* and plasma total cholesterol
'CHO), high density lipoprotein (HDL), and tryglyc-
zrides (TG) were assayed using diagnostic kits from
~oehringer (Nos. 290319, 400371, 726290, 701912,
1:spectively).

St tistical analysis

Statistical analyses were carried out using Wil-
co. on Rang Sum test' for mean values + SEM (stan-
da .l error of mean); a p value < 0.05 was taken as
sig ificant.

RESULTS AND DISCUSSION
In vitro experiment

The direct erfect of ozone on plasima lipid pattern
is evaluated in. Table 1. There were no immediately
significant changes on CHO, LDL, HDL, and TG lev-
els from ozonized blood. However, it is interesting to
point out that CHO and LDL tended to a slight de-
crease. In the same experiment, Table 2 shows the
direct effect of ozone on blood biochemical parameters
from glutathione redox system. LPQO level was signifi-
cantly increased, erythrocyte GPx activity had no sig-
nificant change, but the erythrocyte G6PDH activity
was significantly increased, and erythrocyte GSH level
was significantly decreased after the ozonation of
blood. This result suggests that in red cells GPx would
be a non-first line antioxidant defence, and that this
role is perhaps performed by Glutation S-transferase
because a quick decrease in GSH level and an incre-
ment of GO6PDH producing an enhancement on
NADPH level were found. These facts are additional
evidence of the biochemical selectivity of ozone when
it reacts with biomolecules."”

In vivo experiment

The behavior of plasma lipid pattern during ozone
treatment is given in Figure 1. It shows that after the
5 and 135 sessions of treatment, CHO level was signifi-
cantly diminished (5.5% and 9.7%, respectively) from
initial values. At the same sessions, LDL level also
was significantly lower (15.4% and 19.8%, respec-
tively), but in a higher extension, suggesting that de-
crease in total cholesterol was mainly due to choles-
terol load in LDL particles. The CHO and LDL reduc-
tions were higher with the increasing number of
treatment sessions. On the other hand, there were no
significant changes in HDL and TG contents.

In a previous study we observed a significant in-
crease of some biochemical parameters related to oxi-

Table 2. Profile of Blood Biochemical Parameters From
Glutathione Redox System Before and After
Blood Ozonation In Vitro

Parameters Before After Significance
GPx 14.12 = 1.32 14.20 * 1.61 0.6009
G6PDH 1363 = 100 1589 + 97 0.0176
GSH 833 x 44 713 = 44 0.0074
LPO 1.96 > 0.28 471 = 0.72 0.0003

All parameters are expressed by the mean * standard error of
mean. GPx and G6PDH in International units per gram of hemoglo-
bin, GSH in micromol/l of erythrocytes, and LPO in micromol/l of
plasma.
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Fig. 1. Percentage values of lipid pattern after 5 and 15 endovenous ozone therapy.

dant defense system.” In this article we observed that
erythrocyte G6PDH activity was significantly (22%)
and nonsignificantly (13.4%) higher at the 5th and 15th
treatment sessions, respectively (Fig. 2). Erythrocyte
GPx activity rose, but not statistically significantly,
during ozone therapy, with large extents of 41.8% and
78.9% after the Sth and 15th sessions, making these
increases biologically significant. A high variability in
the response of this enzyme from each patient was
observed.

Rats exposed to low levels of ozone showed a 28%
significant increase in lung GPx activity in measuring
the activity, using an organic substrate.'® GPx using

cumene hydroperoxide or rert-butyl hydroperoxide (or-
ganic hydroperoxides) as substrate measure total activ-
ity, whereas hydrogen peroxide measures only sele-
nium (Se)-dependent GPx activity.'” In this study we
could only measure Se-dependent GPx activity, maybe
a higher and statistical change will be observed if total
GPx activity had been measured.

Erythrocyte GSH and plasma LPO level (Fig. 2)
had no noticeable changes during the ozone treatment.
These results, analyzed together with those obtained
in the in vitro experiment, evidence that the effect of
ozone on blood cholesterol is associated with ozone
scavenger enzymes stimulation. On the other hand, the

%
230 -
B
B
1104 % ............
70 4 78 % 48 %zz:z:zzz
G6PDH GPx GSH LPO
MARAMETER
[JSESSIONO VZZSESSION & [=] SESSION ¥

*p <0086

@1@ 2. Percentage values of biochemical parameters from glutathione redox system.
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Fig. 3. Proposed mechanism for ozone effect on cholesterol metabo-
lism.

actual mechanism by which ozone treatment decreases
blood cholesterol is not clear. Nevertheless, there is
an increasing knowledge about ozone reaction with
organic molecules and its products that allows us to
propose a possible mechanism of action taking into
account our results.

The oxidation or lipid peroxidation of cholesterol
leads to the production of B-ring oxidized oxyste-
rols,®~* which are selectively transported in very low
density lipoprotein (VLDL) and LDL particles.?® These
oxysterols are efficiently metabolized by liver, secreted
in the bile, and subjected to intestinal microflora me-
tabolism, with ultimate fecal excretion in the same
manner as cholesterol.?

The question is how oxysterols are produced from
ozone treatment in vivo. It can be supposed (Fig. 3)
that ozone, when bubbled in the blood flask (in vitro
step), reacts with unsaturated fatty acids from plasma
tryglycerides, phospholipids, and esterified cholesterol,
producing organic radicals and hydrogen peroxides,
which are responsible for the initiation of cholesterol
lipid peroxidation®® when this blood is transfused (in
vivo step) to the patient. Because ozone reacts at very
fast rates at room temperature,*?”? only the oxidized
products derived from the reaction of ozone with blood
in the transfusion flask enter the orgarism, and they
are the ones that stimulate the antioxida:: enzyme sys-
tem and may be oxysterol-catabolizing enzymes as
well. Therefore, decreasing scavenger enzyme activity
in patients with cardiovascular diseases,” which seems
to be a critical fact into pathogenesis of this disease,
can be restored with ozone therapy.

The main objective is to give an appropriate ozone
dose and treatment sequence to obtain a suitable oxi-
dant defense system stimulation and ozone-decreasing
blood cholesterol activity, as has been shown in this
article. Perhaps other mechanisms can occur, but, tak-

ing into account our results and literature data, we think
that the proposed mechanism is the more probable.

Because there is much other evidence that enhanced
activity of the peroxide catabolism has beneficial ef-
fects on atherosclerotic diseases, our results suggest
that stimulation of antioxidant enzymes by ozone ther-
apy may be an important link between peroxide and
cholesterol catabolism. We are at present investigating
this theory.
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