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ABSTRACT

Introduction: The purpose of this study is to estimate microcirculation changes under systemic
(intraperitoneal) administration of ozonized saline. Methods: For this study, we formed four equal
groups of Wistar male rats (n = 10 per group). Rats of first (control) group was intraperitoneally
injected with non-ozonized sterile saline solution (daily administration volume — 1 ml.) during 30
days. Animals of other groups (n = 10 for second, third and fourth groups) received 30 intraperi-
toneal infusions (1 ml/day) daily with ozonized saline solution (saturating ozone concentration for
indicated groups — 3000, 10000 and 40000 mcg/l, ozone dose per procedure — 0.75, 2.5 and 10
mcg, respectively). Technology of the Laser Doppler Flowmetry (LDF) along with “"LAKK-02" device
(Moscow, Russia) was used for complex estimation of skin microcirculation state. This technology
allows us to study blood flow intensity in skin microvessels at the first and thirty-first days of the
experiment. We also can estimate regulatory mechanisms of microcirculation support and the pres-
ence of shunt paths of the microcirculation. Results: We studied the dose-dependent response
of microcirculation on ozone infusions in chronic experiments. We found that long-lasting course
(30 procedures) of intraperitoneal administration of ozonized sodium chloride solution provides an
increase in the level of microcirculation index compared to that of the control (injections of non-
ozonized saline solution), regardless of the applied dose of ozone. At the same time, the level of
the microcirculation response was directly determined by the introduced amount of ozone, and
we fixed non-linear dependence on it. Our study allowed us to show that only low doses of ozone
(0.75 mcg/day) have proadaptive effects on the microcirculatory bed. This was shown both in the
dynamics of the microcirculation index and the state of regulatory mechanisms. Middle ozone
dose (2.5 mcg/day) also caused the stimulation of blood flow in small vessels, though this was pre-
dominantly through other mechanisms (neurogenic components). The most negative reaction of
microcirculation was observed for high ozone dose (8 mcg). Conclusion: Despite the activation
of microcirculation observed in this case, we have identified that the mechanism was primarily
through the respiratory component regulation and via formation of "steal syndrome" in the tissue.
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INTRODUCTION

The sanogenic potential of ozone in gas phase and
different ozonized solutions has been demonstrated
in many clinical and experimental investigations !~>.
It is proposed that the trigger mechanism of ozone
biological action includes the influence of oxidative
metabolism of blood and tissues with moderate stim-
ulation of lipid peroxidation and predominant activa-
tion of the antioxidant system*~. These effects initi-
ate the complex of metabolic reaction , such as opti-
mization of cell energy production, intensification of

oxidative and enzyme detoxication, etc. 712,

MATERIALS — METHODS

Animals and exposures

This study was performed on Wistar male rats (40 an-

imals in total). Inclusion criteria for animals were

body mass (200 - 250 g), and absence of somatic and
infection pathology. Male rats were used for exclu-
sion of hormonal changes of blood flow parameters.
The common design of our study is illustrated in Fig-
ure 1.

We formed four equal groups of rats (n = 10 per
group). Animals of the first (control) group (n = 10)
were intraperitoneally injected with non-ozonized
sterile saline solution (daily administration volume
— 1 ml) throughout 30 days. Animals of other
groups (groups 2 — 4, n = 10 per group) received
30 intraperitoneal infusions (1 ml/day) with ozonized
saline solution (saturating ozone concentration for
indicated groups — 3000, 10,000 and 40,000 mcg/l,
ozone dose per procedure — 0.75, 2.5 and 10 mcg,

respectively >©).

Ozone and oxygen mixture was
produced with “Medozons-System” ozonator (Nizhny

Novgorod, Russia).
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Figure 1: Study design.

Microcirculation study

Technology of the Laser Doppler flowmetry (LDF)
with “LAKK-02" device (Moscow, Russia) was used
for complex estimation of skin microcirculation state.
In order to exclude the factor of motor activity of an-
imals, the study of microcirculation was carried out
under combined anesthesia (combination of Zoletil [1
mg/kg] and Xylavet 50 [15 mg/kg]).

This technology allows us to study blood flow inten-
sity in skin microvessels at days 0, 1, and 31 of the ex-
periment. Intensity of local hemodynamics was esti-
mated with microcirculatory index (MI), registering
in perfusion units (perf. un.). Microcirculatory index
is an integral indicator of blood flow intensity, calcu-
lated as an average value for 3 minutes. We also can

4027

estimate regulatory mechanisms of microcirculation
support and the presence of shunt paths of the mi-
crocirculation. Amplitude and frequency analysis of
LDF-grams allow studying main regulatory compo-
nents of microcirculation, such as endothelial (NO-
dependent), neurogenic, myogenic, cardiac and respi-
ratory ones. Role of bypasses in tissue perfusion was
calculated with bypass coefficient (BC).

Statistics

The results were processed using the Statistica 6.0 pro-
gram 13, All the data were processed with standard al-
gorithms of descriptive statistics and were presented
as Mean =+ SD. Students t-test was used for detection
of statistical differences.
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RESULTS

It was stated that on the second day after the start
of the infusion course, we fixed stimulation of mi-
crocirculation intensity on 62, 25 and 72% to the
level of control group under the use of 3000, 10,000,
and 40,000 mcg ozone/], respectively (p < 0.05 for all
groups compared to control group). It is notewor-
thy that stimulation of blood flow through small ves-
sels under the use of low ozone dose (3000 mcg/]) is
predominantly supported by activation of endothelial
mechanisms, and is associated with nitric oxide (NO)
release.

Bypass coefficient was increased significantly after
first ozone infusion under action of 3000 and 10000
mcg/1 (30 or 34%, respectively, to the control value;
p < 0.05). This tendency indicated on initiation of
adaptive mechanisms in these cases. Infusions of high
ozone doses (40000 mcg/1) caused the clear decrease
of bypass coeficient.

At the end of experiment (after 30-days of ozone infu-
sions), the maximal elevation of the microcirculatory
level was 88.3% relative to the control group (which
receives infusions of non-ozonized saline; p < 0.05). It
was fixed only for minimal ozone concentration (3000
mcg/l). Other ozone doses also caused an intensi-
fication of blood stream in small vessels (Figure 2),
but it was lesser to low ozone concentration (at 47.2
and 66.7%, compared to control value; p < 0.05 for
both groups). These data indicate a stimulating ef-
fect of systemic ozone therapy on microcirculation
in chronic experiments, though the correlation with
ozone dose is non-linear.

Analysis of regulatory mechanisms of microcircula-
tion allows for showing its differences when used at
high, medium and low ozone doses at the end of the
experiments (Figure 3). Our investigations demon-
strated that use of low ozone doses (3000 mcg/1) pro-
voked a moderate elevation of endothelial, neuro-
genic, myogenic and cardiac components. This ten-
dency is observed most clearly for neurogenic and
myogenic regulatory components (increasing at 56.3
and 33.3%, respectively, compared to control group;
p < 0.05). It should be noted that on day 31 of exper-
iment, the prevalence of endothelial regulation was
observed after the first procedure of ozone infusion
was replaced by other internal mechanisms (respira-
tory and cardiac components).

Medium ozone doses induced the activation only of
the neurogenic component of regulation, with min-
imal increase of external mechanisms (respiratory).
At that time, endothelial components saved on con-
trol values, and the myogenic one was moderately de-
creased (18.5% compared to the control group; p <

0.05).

On the contrary, prolonged infusions of saline at high
ozone concentration (40000 mcg/l) caused disadap-
tive changes of regulatory mechanisms (Figure 4). It
included depression of all regulatory components, ex-
cept respiratory ones. Inhibition of activity of the
components was particularly evident for internal (“in-
travascular’) mechanisms, mostly for myogenic com-
ponents (decreasing at 42.6% compared to control
level; p < 0.01).

Estimation of the bypass state after the ozone infusion
course demonstrated that use of low ozone dose (0.75
mcg/day) caused only moderate increase of bypass co-
efficient, but injections of middle (2.5 mcg/day) or
high (10 mcg/day) of ozone led to a marked eleva-
tion of this parameter (Figure 5). It is known that the
marked increase in the value of this index indicates a
decline in nutritive blood flow (microcirculation) and
a formation of “steal syndrome”. The given nature of
the reaction of shunt paths of microvasculature con-
firms dis-adaptive shifts due to long-lasting (30 days)
introduction of ozonized physiological solution at a
high ozone dose (8 mcg/day) to the animals.

DISCUSSION

Our study demonstrated a dose-dependent response
of microcirculation on ozone infusions in chronic
experiments. We stated that a long-lasting course
(30 procedures) of intraperitoneal administration of
ozonized sodium chloride solution provides an in-
crease in the level of microcirculation index com-
pared to that of control (which received only injec-
tions of non-ozonized saline solution), regardless of
the applied dose of ozone. At the same time, the sever-
ity of the microcirculation response was directly de-
termined by the amount of ozone introduced, and we
fixed non-linear dependence on it. This confirms the
non-linear nature of the metabolic shifts that we ob-
tained for these concentrations in previous studies >°.
Evaluating the integrative indicator of microcircula-
tion state (microcirculation index), it should be noted
that the most pronounced stimulating effect was es-
tablished for the minimum concentration of ozone
(3000 mcg/l). This is provided by increasing the role
of internal factors of regulation (endothelial, neuro-
genic, and myogenic), while maintaining the initial
level of external components (respiratory and car-
diac). At the same time, the bypass rate increases
moderately, remaining proportional to the microcir-
culation index. The nature of these shifts suggests an
adaptive response to this ozone dose (Figure 4).

Middle ozone dose (2.5 mcg/day) also caused the
stimulation of blood flow in small vessels, but its ef-
fects are predominantly through other mechanisms
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Figure 2: Microcirculatory index in the end of subchronic experiment for 30-days systemic infusions of
ozonated salin. Figure illustrates the level of parameter in control group (without any manipulations) and in
main groups, which get intraperitoneal injections of ozonized saline of ozone concentrations 3000, 10000 and
40000 mcg/I, respectively (“*” -level of statistical differences to control level p < 0.05).
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Figure 3: Microcirculatory index in the end of subchronic experiment for 30-days systemic infusions of
ozonated salin. Figure illustrates the level of parameter in control group (without any manipulations) and in
main groups, which get intraperitoneal injections of ozonized saline of ozone concentrations 3000, 10000 and
40000 mcg/I, respectively (“*" — level of statistical differences to control level p < 0.05)
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Figure 4: Variants of microcirculation response to use of different ozone doses (0.6, 2 and 8 mcg/day) in
chronic experiment.
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Figure 5: Level of bypass coefficient in the end of subchronic experiment for 30-days systemic infusions
of ozonated saline. Figure illustrates the level of parameter in control group (without any manipulations) and
in main groups, which get intraperitoneal injections of ozonized saline of ozone concentrations 3000, 10000 and
40000 mcg/|, respectively (“*" - level of statistical differences to control level p < 0.05).
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(neurogenic components). This indicates a partial
adaptation of the microcirculatory bed to the in-
traperitoneal administration of this amount of ozone.
The most negative (disadaptive) response of microcir-
culation was observed for high ozone dose (10 mcg).
Despite the fact that activation of microcirculation
was observed in this case, we have identified that the
effects work primarily through the respiratory com-
ponent of the regulation, and results in the formation
of ’steal syndrome” in the tissue.

CONCLUSION

Our study enabled us to show that only low doses
of ozone (0.75 mcg) have proadaptive effects on the
microcirculatory bed. This is shown both in the dy-
namics of the microcirculation index and the state of
regulatory mechanisms. On the contrary, intraperi-
toneal administration of a solution of sodium chlo-
ride containing a high concentration of ozone (40,000
mcg/l) contributes to the inhibition of microcircula-
tion, which indirectly indicates the presence of signs
of subchronic toxicity in this agent.

ABBREVIATIONS

perf. un.: perfusion units
rel. un.: relative units
mcg: microgram
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