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The whole-body hyperthermia in a certain temperature range leads to the emergence of the
phenomenon of hormesis, which is one of the strongest natural defense reactions of the body, the
fundamental basis for understanding of which is “dose-response”. Our data indicate that the dose of
oxidative stress induced by 40°C whole-body hyperthermia was in the range required to stimulate
hormetic mechanisms. We hypothesize that the main reactive oxygen species that trigger the
activation of the hormetic mechanism are superoxide and hydrogen peroxide. High-level (45°C)
hyperthermia-induced hormesis disruption in rats showed an increase in the concentration of free
radicals (d-ROMs) and oxidative stress index (OSI), indicating the presence of high levels of oxidative
stress. In addition to superoxide, hydroxyl radical, hydrogen peroxide, nitric oxide and peroxynitrite
are also important. We observed a disruption of the hormesis phenomenon, showing a positive effect
at low doses of the stressor and a negative effect at high doses. According to the obtained results, in
the case of whole-body hyperthermia (WBH), the temperature should not exceed 40°C, because the
further increase in temperature leads to increased aggregation of red blood cells and deterioration
of blood viscosity, which leads to rapid slowing of blood flow, impaired glucose supply to the tissue.
Thus, whole-body hyperthermia of 40°C can be used as a “trigger” to activate hormetic mechanisms.
When we use WBH in oncological or other types of studies, it is fundamentally important that the
temperature interval of hyperthermia to be within the “hormetic range” not only for the efficiency
of the hormetic mechanism, but also to maintain blood rheological indicators within the norm.
© 2023 Bull. Georg. Natl. Acad. Sci.

oxidative stress, whole body hyperthermia, reactive oxygen radicals, antioxidants

The resistance of living organisms to stress is one it is clear that the study of the mechanisms that form

of the most important indicators of its viability, and this resistance is fundamentally important. A large

© 2024 Bull. Georg. Natl. Acad. Sci.
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number of experimental studies have shown that
oxidative stress (a condition in which the balance
between the production of reactive oxygen species
(ROS) and the antioxidant capacity of the cell is
disturbed) can be responsible to varying degrees for
some diseases (cancer, diabetes, Alzheimer's,
Parkinson's, autism, cardiovascular diseases) onset
and/or progression, but it can also play an important
role in the regulation of physiological adaptation,
redox-homeostasis of cells and intracellular signal
transmission. Reactive oxygen species (ROS) are
mainly produced by mitochondria under both
physiological and pathological conditions,
superoxide (0O,7), hydrogen peroxide (H20,),
hydroxyl radical (OHe¢), nitric oxide (NOe), etc., are
considered reactive oxygen species (ROS). They
are produced as metabolic by-products by
biological systems [1,2]. Processes such as protein
phosphorylation, activation of several transcription
factors, apoptosis, immunity, differentiation
depend on the correct generation of ROS in cells
and their maintenance at a low level [3]. As the
generation of ROS increases, they start to have
harmful effects on important cellular structures [4].
Mitochondria have been shown to be the main
source of ROS in response to hyperthermia-induced
oxidative stress, and the main reactive oxygen
Heat

mitochondrial superoxide levels [5,6]. In addition,

species is superoxide. stress  increases
hyperthermia-induced oxidative stress leads to
overproduction of transition metal ions (TMI),
which can donate electrons to oxygen to form
superoxide anions [7,8]. Superoxide anions can be
converted to hydrogen peroxide (H»0,) either
spontaneously or via a reaction catalyzed by the
SOD enzyme. Superoxide can react with other
radicals including NO, the resulting product,
peroxynitrite (ONOO"), is a very strong oxidant
[9,10]. Compared to other free radicals, due to thier
small size and relatively benign reactivity, H>O,
can freely diffuse across cell membranes. Thus, it
can mediate toxic effects far from the site of ROS

generation. Heat stress has been shown to increase
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the production of H»O, [11,12] and hydroxyl
radicals (OHe) [13].
hydroxyl radical OHe is formed from H,O; through

The extremely reactive

the Fenton reaction, which has a very short half-life
and reacts with any nearby molecule [14].

Cells use an antioxidant defence system mainly
based on enzymatic components such as superoxide
dismutase (SOD), catalyse (CAT) and glutathione
peroxidase (GPx) to protect themselves from
cellular damage caused by ROS.

It should be emphasized that if oxidative stress
is not strictly controlled, it can be responsible for
several diseases, both chronic and degenerative, as
well as for accelerating the aging process of the
body and causing acute pathologies (e.g, trauma
and stroke).

The main tasks of our research were as follows:
1. Precise identification of the safe temperature
range for normal tissue during WBH exposure; 2.
Quantitative study of oxidative (ROMs) and
antioxidant (PAT) statuses developed in the body
under conditions of oxidative stress of different
strength induced by WBH exposure.

Material and Methods

The study was conducted on groups of white
laboratory rats (following international principles
of handling them). Animals were subjected to
whole body hyperthermia (WBH) through a
hypothermic cabin in the laboratory, in which the
animals were not restricted in their freedom of
movement, drinking water and food supply. Diffe-
rent temperature regimes were used: low (38°, 39°,
40°C), moderate (41°, 42°, 43°C) and high (44°,
45°C). For each of these regimens, the presence and
duration of the hormetic range was examined.
FRAS 5 analyzer (Italy, H&D) was used to
determine the amount of free radicals and the
antioxidant status of the body, which allows
to quantitatively measure the concentration of
free radicals in the  Carratelli  Unit
(1U.Carr=0.08 mg H,0»/dl), and the concentration
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of antioxidants in the Cornelli  Unit

(1U.Cor=1.4 umol/L of ascorbic acid).

Results and Discussion

Before discussing the test results, we would like to
mention some important facts regarding the change
of brain temperature in relation to temperature
changes in the hypothermic cabin (HC), namely the
phenomenon of autoregulation of brain tempera-
ture. The fact is that if we increase the temperature
in HC to 44-45°C, the temperature in the brain
tissue does not change and remains in the range of
about 36-36.5°C. However, further increase in
temperature in the hypothermic cabin causes the
temperature in the brain to rise and when the brain
temperature reaches about 41°C, the animal dies.
Thus, in the case of exposure to 40-44°C in a
hypothermic cabin, the brain temperature of test
animals does not change dramatically even if the
WBH exposure lasts for several hours.

The data obtained as a result of the study of the
oxidative and antioxidant status developed under
WBH conditions are presented below in the form of
graphs (Fig. 1-3).

U.Carr d-ROMs
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Fig. 1. D-Rom number of free radicals — under normal,
40°C and 45°C hyperthermia conditions.
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Fig. 2. The amount of plasma antioxidants — under
normal, 40°C and 45°C hyperthermia conditions.
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Fig. 3. Oxidative stress index — under normal, 40°C and
45°C hyperthermia conditions.

As can be seen from the obtained data, there is
an increase in the number of free radicals (d-
ROMs) and the oxidative stress index (OSI) during
40°C and 45°C WBH exposure. As for the amount
of antioxidants, it varies within the norm under the
conditions of both thermal regimes. The dose of
oxidative stress induced by 40°C whole body
hyperthermia was in the range required to stimulate
hormetic mechanisms. In our opinion, the main
reactive oxygen species that trigger the activation
of the hormetic mechanism are superoxide and
hydrogen peroxide.

High-level (45°C) hyperthermia-induced hor-
mesis disruption in rats resulted in increased free
radical counts (ROMs) and oxidative stress index
(OSI), indicating high levels of oxidative stress. In
addition to superoxide, hydroxyl radical, hydrogen
peroxide, nitric oxide and peroxynitrite are also
important. Therefore, we have seen a violation of
the phenomenon of hormesis, which shows a
positive effect with low doses of the stressor and a
negative effect with high doses.

According to our results, in case of hyper-
thermia of the whole body, the temperature should
not exceed 40°C, because the increase in tempe-
rature leads to the increase of red blood cell
aggregation and the deterioration of blood visco-
sity, which leads to a rapid slowing of blood flow,
disruption of glucose supply to the tissue. 40°C still
allows blood circulation throughout the body to be
maintained at a normal level (the hormetic effect is
in effect) and all the other benefits of hypothermic

exposure are still in effect.
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Thus, through experiments conducted on white
laboratory rats, under conditions of whole-body hy-
perthermia (WBH), the so-called “hormetic range”
of oxidative stress was determined, within which
immune protection mechanisms are activated in the

body and its disorders are effectively eliminated.

Conclusion

successfully treat many pathological processes
(including cancer).

Finally, when we use whole-body hyperthermia
as a “trigger” for hormesis, in oncological or other
studies, it is fundamentally important that the
temperature interval of hyperthermia be within the
“hormetic range”, not only for the efficiency of the

hormetic mechanism, but also to maintain blood

. . . . rheological parameters within the normal range.
Thus, stimulation of the hormetic mechanism can & p W &

be used to adapt to various types of stressors and This paper needs further study.
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