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Abstract: the medical capabilities of the thermal factor have been used since ancient times. This is reported by the
famous Maximus of Hippocrates (460-356 BC) "Those diseases which medicines do not cure, iron cures; those which
iron cannot cure, fire cures; and those which fire cannot cure, are to be reckoned wholly incurable.” [6, p. 35-42].

It is probably difficult to find any pathological condition that does not accompany or is not involved in the development
of this phenomenon - neurodegenerative disorders, cancer, ischemic cascade, Parkinson's and Alzheimer's diseases, etc.
[1, p. 891-910; 2, p. 44-52; 3. p. 187-193].

A study of hyperthermia in white rats revealed the effects of oxidative stress on animal behavior and the possibility of
the occurrence of the hormesis phenomenon and its role in changes in animal behavior in particular, learning and
memory [4]. Research on (WBH) learning and memory processes and blood rheological properties has revealed new
therapeutic potential for whole-body hyperthermia.
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Annomauusn: neuebnvie 803MONCHOCMU MENIOB020 PAKMOPA UCNONb30BANUCH ¢ 0agHUXx epemen. 06 smom coobuaem
sHamenumuiii Makcum I'unnokpama (460-356 ee. Jlo m.2.): «Te 6one3nu, xomopvie He Jewam AeKAPCMBA, Aedum
Jicene30; me, KOMOpble He IeYUm Jicele30, Jieuunm O20Hb, U me, KOMOpble He Jeyum 020Hb, Cledyem CUumanb
noanocmuio nHeusaewumvimu.” [6, c. 35-42].

Haeepnoe, cnosicno natimu kaxoe-iubo namono2udeckoe CoOCmosiHue, KOmopoe He COnpo8odIcOdem Uil He y4acmeyem 8
PA36UMUU MO0 AGLEHUS - HElPOOe2eHepAMUGHbLE PACCMPOUCMEA, PAK, ueMudeckuil kackao, 6onesnu Ilapkuncona u
Anvyeetivepa u op. [1, c¢. 891-910; 2, ¢. 44-52; 3, ¢. 187-193].

Hsyuenue eunepmepmuu y 6envix KpbiC 6bIAGUIO GIUSHUE OKUCTUMEIbHO20 CHIPeccd HA NOBCOeHUEe HCUGOMMHBIX U
B03MOICHOCTb BO3HUKHOBEHUSL (DEHOMENA 20PME3UCA U €20 POJib 8 USMEHEHUSX 8 NOBEOCHUU JICUBOMHBIX, 8 YACIHOCI,
6 obyuenuu u namsmu [4]. Hccnedosanus npoyeccos obyuenus u naMsmu, a Makice peoiocuteckux ceotucms Kposu
BbIAGUIU HOBbLL MEPANESMUYECKUTI NOMEHYUAT 2UNEPMEPMUL 8Ce20 med.

Knrwouesvie cnosa: cunepmepmust 6ce2o meia, beivle Kpblcol, 20pME3UC, OKUCTUMETbHBLIL CIPeCcc, IKCHEPUMEHNbL.
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Intensive study of the mechanisms of oxidative stress began in the mid-1960s, and, in our time, the urgency of this
problem has not diminished, on the contrary, it has increased. There are several pathological conditions at this time



where no association with oxidative stress has been shown. One of the important aspects of the multifaceted problem of
oxidative stress is the study of tissue-specific mechanisms [5, p. 97-112].

The aim of our study was to investigate the effects of oxidative stress induced by hyperthermia in white rats on
animal behavior and changes in blood rheological properties, the possibility of the occurrence of the phenomenon of
hormesis, and the role of this phenomenon in changes in animal behavior.

What is most convenient and simple to use in experiments on rats in terms of learning and memory processes turned
out to be a multi-layered labyrinth consisting of 30 cm high supports fixed to platforms (Fig. 1). The use of various
labyrinth constructions in animals began in the early twentieth century and is still used today to study their behavioral
reactions, learning and memory processes.

This construction of the labyrinth is easy and simple to change - it creates more complex or simple tasks and allows
observations of animal behavior in different experimental conditions. Its construction is shown in Figure 1.

By the trial and error method, the rat learns to move in the optimal (shortest) trajectory, depending on the
experimental conditions, and as a result of learning, the animal reaches the full passage of the labyrinth in a range of a
few minutes to a few seconds.

This particular method of learning proved to be the most acceptable and suitable for performing the experimental
tasks that were planned in our experiments. That is, to assess the animal's level of learning and memory retention.

| |

A e AR P e ——
- f

/ / ‘\ ,=/

\ = =5 YN ‘
TN IRt
| [l ‘-: | o ‘ T ‘
. L) L ] - » L

4 VA 4 v v v ‘

Fig. 1. Construction of a multi-layered elevated labyrinth

The following parameters are usually used: the number of errors allowed (the number of deviations from the optimal
route) and the time required to exit the maze. We believe that this approach is the most adequate for the tasks set in our
study.

Completion of the first phase of this study allowed us to obtain reliable information about what influences the WBH
learning process in a multistory labyrinth after exposure to three different temperatures in a special hyperthermia cabin.

Before analyzing the results of a further experiment, it is advisable to mention a few important facts about changes in
brain temperature in relation to temperature changes inside the hyperthermic cabin (HC), in particular the brain
temperature. The fact is that if we increase the temperature in the hyperthermic cabin (HC) to 44-45C°, the temperature
in the brain tissue does not change and is maintained in the range of about 36-36.5 C°. Although further increase in
temperature in HC causes the brain temperature to rise and when it reaches about 41 C° the animal usually dies. Thus,
with exposure to 38, 39, and 40°C in HC, the animals’ brain temperature does not change dramatically even if the WBH
exposure lasts for several hours.

In a series of experiments, we studied the learning ability of animals in a maze for 2 and 4 hours after exposure to
hyperthermia at temperatures of 38, 39, and 40°C, respectively. The most pronounced results were obtained after
exposure to 40C° for 4 hours: the total passage time through the labyrinth (compared to control animals (Figure 2) and at
temperatures of 38 and 39°C) was significantly reduced.



Learning in a multi-way maze
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Fig. 2. Labyrinth passage time of control and WBH Exposure Group for animals (4 hours, 40°C)

Interesting results were obtained after determining the rheological properties of blood in the above experimental
conditions. We found that the erythrocyte aggregation index is a parameter significantly dependent on temperature. Its
changes occur within 4 hours of WBH exposure at different temperatures (e.g., 38°C shown in Figure 3).
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Fig. 3. Changes in temporal dependence in the erythrocyte aggregation index

It should be noted that despite the duration of exposure, we did not observe any statistically significant change in
erythrocyte aggregation index level induced by WBH exposure (38, 39, and 40°C). The same can be said about changes
in WBH memory processes. Animals that reached the level of "automatic" behavior in the maze did not change such
behavior after exposure to WBH (38, 39, or 40°C). As mentioned above, we got the clearest results after 4 hours of
exposure to 40°C.

The passage time through the labyrinth (compared to control animals and animals at 38 and 39°C) was significantly
reduced. We admit this fact as a well-defined behavioral manifestation of the effect of WBH hormesis.

A very significant increase in behavioral activity aimed at escaping from non-etiological conditions in response to
oxidative stress (caused by hyperthermic exposure), in our view, indicates that the dose of stress induced in this case was
to stimulate the mechanisms of hormonalization.

Within the required range, given that the most noticeable changes in animal behavior were observed after exposure
to 40°C, we focus on this temperature, but according to the obtained results,

the use of 45°C temperature (Fig. 4) shows the effect of elevated temperature (up to 45°C) in the hyperthermia
chamber on the behavior of groups of tested animals.
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Fig. 4. Labyrinth passage time for groups of control and tested animals at WBH (40 and 45°C)

As we can observe, the behavior of this group of animals differed dramatically from the third day of testing. Animals
exposed to 45°C hyperthermia took more than 50 seconds (5 times higher than 40°C, and 2.6 times higher than the
control group) to cross the maze. All differences were statistically significant (p <0.01).

Thus, from the third day of testing, the effect of hyperthermia on 45°C was disrupted. We note that the main idea of
hormesis (the dose-dependent effect of induced stress) has become very clear.

In the following series of experiments, we attempted to demonstrate the rheological properties of artificially altered
(aggravated) blood induced by injection of a 10% solution of high molecular weight dextran T-500, labyrinthine
experiments without combined and WBH exposure (40°C) behavior of animals in four groups tested (4 x 12 animals).

As shown in Figure 5, the behavior of the control and dextran-initiated groups did not differ significantly. The group
of animals subjected to hyperthermia (40°C) had a pronounced hormesis effect, while the same temperature exposure of
animals with aggravated blood viscosity induced by dextran T-500 injection significantly altered (and statistically
confirmed) that hormesis was eliminated. Experiments have also shown that all the investigated effects have a fairly
strong monotonous dependence on the dose of fluid exposure measured in a wide range of parameters, and their
dimensional combinations are far from lethal and quaternary levels even at sufficiently low exposure doses. They can
therefore be not only an effective means of stimulating hormesis and immune defense mechanisms, but also a practically
harmless method for testing toxicity using experimental animals.

Maze passing time

Time (Sec)
S8 88883
W
?

|

| Il ] Vv Vi Vi L X

Day of tasting

e D173 TG, e Digsran THO+WEHAD) ol WEHA() sl Cormol

Fig. 5. Time of passage of control, dextran T500-derived and WHB (40°C) affected animals into the labyrinth

Thus, the research on the possible effects of whole-body hyperthermia (WBH) on learning and memory processes
and blood rheological properties has revealed a new, previously unknown healing potential for hyperthermia of the
whole body. Experiments using laboratory observations of behavioral parameters and measurement of blood rheological
characteristics in laboratory rats in a hyperthermic chamber showed that:

In all cases where we use WBH as a hormesis phenomenon it is fundamentally important in oncological or other
studies to keep the temperature range of hyperthermia within the "hormsis range". This is extremely important not only
for the effectiveness of the hormesis mechanism, but also for keeping the rheological parameters of the blood within the
appropriate norm.
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