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Marepd Ha (PYHKLMOHAIBHOE COCTOSIHME TMOYEK Y HOBOPOXKAEHHBIX”, MO HEI0CMOTpY
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yutate — T. Kypawsunu.

ERRATUM

In the No. 3 of 2006 (vol. 32), in the paper “Effect of Maternal Gestation Pyelo-
nephritis on Renal Function in Newborns”, due to the authors’ oversight, an initial and
name of one of the authors was printed erroneously — R. Kurashvili. Correct reading is —
T. Kurashvili.
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The main goal of local hyperthermia treatment is affecting tumor tissue causing apoptosis

\/ OF necrosis depending on the level of temperature and duration of hyperthermic exposure.

It is ascertained that hyperthermia alone has the anti-cancer effect only in 12-13% of

Q cases, while in combination with radiotherapy and/or chemotherapy the effectiveness of
treatment substantially increases.

Q  In the present paper circumstances, which make for high effectiveness of local hyper-
thermia, as adjuvant of radiotherapy, are analyzed. Besides, complex pathophysiological
processes in tumor tissues evoked by hyperthermia are considered as well.

Phenomenon of induced thermal tolerance — nonheritable resistance to hyperthermia
induced by exposure to heat is reviewed adequately.

Other physiological changes in tissue pH, local blood flow, tissue pO;, blood rheological
properties, etc. having place during and after hyperthermia treatment are described.

Key words: hyperthermia, cancer, treatment, blood flow, tissue pH

Method of hyperthermia is based on fact that with rise in temperature all vital func-
tions accelerate. This global rule was discovered in the end of XVIII by famous Dutch
scientists Svante Arrhenius and Jacobus Henricus Van’t Goff. Thanks to their research,
already from the school lessons we learn that rise in temperature per 10°C half fastens the
chemical reactions. As for the metabolic processes in living organism, their rate can be
increased ten times more.

Most important area of hyperthermia application is the treatment of oncologic
diseases. The point is that heating of the organism to 43.0-43.5°C has a direct cytocidal
effect on tumor cells; however, the mechanism of high temperature effect as such is not
completely figured out yet. It is supposed that simultaneously several factors are crucial
for the final impact: thermal damage to cells, delay of their division and triggering of the
apoptosis. It turned out that tumor cells are heating up much readily than healthy cells;
therefore they die sooner.

The main goal of local hyperthermia treatment is affecting tumour tissue causing
apoptosis or necrosis depending on the level of temperature and duration of hyperthermic
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exposure. It turned out that in tumour tissue most pronounced apoptosis is observed“dt
prolonged hyperthermia exposure [86]. But comparison of results of long-lasting (6
hours) low temperature (40°C) hyperthermia in combination with chemotherapy, with
short-term, high temperature hyperthermia, most pronounced apoptosis in tumor tissue
has been revealed using the high temperature short term heating [86]. At the same time
has been established that acidic environment (pH = 6.6) enhanced the hyperthermia-
induced apoptosis in HL-60 human promyelocytic leukemia cells as judged by the DNA
fragmentation, flow cytometric analysis of DNA content, and cleavage of poly(ADP-
ribose) polymerase [82]. Hyperthermia exerted no effect on the expression of Bcl-2 and
Bax, regardless of the environmental acidity during heating. The time of increase in
apoptosis after heating coincided with the time of decrease in the Gj-phase cell
population. The authors believe that the increase in heat-induced apoptosis in HL-60 cells
in acidic environment was due to a direct increase in the proteolytic cleavage of
poly(ADP-ribose) polymerase by acidic caspases without the involvement of Bcl- and
Bax, and that heat-induced apoptosis occurred during G, phase in HL-60 cells [82]

Recently the interest towards hyperthermia significantly increased thanks to the
thorough critical analysis of the results and several randomized studies that demonstrated
considerable increase of treatment effectiveness after the incorporation of hyperthermia
into the treatment protocol, provided that there was sufficient temperature-exposure of
tumor during the hyperthermia procedure [89]. It is ascertained that hyperthermia alone
has the anti-cancer effect only in 12-13% of cases [58], while in combination with
radiotherapy and/or chemotherapy the effectiveness of treatment increases substantially.

The potentialities of hyperthermia are even broader. It is proved that hyperthermia is
fatal not only against the tumor cells, but also towards bacteria and viruses. In 1996 it was
announced that hyperthermia is effective towards HIV as well. Finally, there was
information about application of hyperthermia for elimination of physical drug addiction
[26]. But let’s revert to the oncology problems. The principal reason for inclusion of
artificial hyperthermia into the multi-component treatment of oncologic patients is that it
takes in account those morpho-functional peculiarities of tumors that distinguish them
from homologous normal tissues by number of rather important and correlated
parameters: insufficiency of blood supply, especially on the level of microcirculation;
degree of oxygenation; capacity of glycolysis; levels of pH [95].

Through the application of strictly dosed regimen of hyperthermia and hyperglycemia,
it becomes possible to manage above morpho-functional parameters of tumor and normal
tissues. This leads to expansion of therapeutic range and, ultimately, to the practical
realization of the concept of selective enhancement of tumor sensitivity towards radiation
and medication. As a result of decreased blood flow (especially in hypoxic areas), tumors
may overheat at least 1-2°C higher than surrounding normal tissues; at that, their thermal
damage and effect of consequent exposure to radiation are also amplified [46].

High effectiveness of hyperthermia, as adjuvant of radiotherapy, is caused by
following circumstances:

Hyperthermia has damaging action on cellular level. At that, this effect depends on
temperature value and duration of heating; from this it follows that exposure to
hyperthermia should be located in tumor area (as well as for the cases of application of
ionizing radiation).
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In contrast to ionizing radiation, reduction of oxygen concentration in tissues during
exposure to hyperthermia does not lead to weakening of damaging action. Therefore,
hyperthermia allows overcoming radio resistance of hypoxic tumor cells.

During hyperthermia damaging action’s correlation with cell cycle stage is different
from what is typical for ionizing radiation. Thus, the highest resistance is typical for the
S-period, while during the heating the most sensitive is the period of DNA synthesis. That
is why the hyperthermia comes forward as the “ideal” adjuvant, which is smoothening
tumor cells’ survival rate fluctuations subject to the cell cycle stage, in which exposure
took place.

Usually, tumor cells’ thermal sensitivity is similar to that of cells in surrounding
normal tissues, but because of number of physiological peculiarities, such as low blood
flow, increased acidity of medium as a whole, hence critically low pH in hypoxic areas
and insufficient maintenance, they are damaged much heavier than normal ones;

Together with damaging action, hyperthermia is characterized by significant radio-
sensitizing effect caused by the temporary disturbance of repair processes; this leads to
substantial increase of cellular radio-sensitivity, which also correlates with temperature,
duration of heating, and time interval between heating and radiation;

Apart from biological effects emerging on a cellular level, hyperthermia evokes
change of the blood flow in heated area; this effect has dynamic character and correlates
with heating in a complex way.

According to Kelleher D.K., Engel T. and Vaupel P.W. [43], exposure to hyper-
thermia evokes complex pathophysiological processes in tumor tissues: changes in blood
flow, oxygenation, metabolic and energy status. At that, human tumors are characterized
with the apparent heterogeneity of blood flow, changes of which during heating are
unpredictable and depend on spatial arrangement and time. In some cases, increase of the
blood flow may result in increased heat diffusion, thus stipulating unattainability of
therapeutic temperature values.

Thus, the rise in temperature of tissue during heating is largely dependent on the
influx of heat from the external heat source and also on the efflux of heat through
dissipation by the circulating blood [30, 78, 79]. Therefore, preferential heating and
damage of tumor can be expected only if heat is delivered preferentially to the tumor or if
heat dissipation by blood flow is slower in the tumor than in surrounding normal tissues.

Phenomenon of induced thermal tolerance is essential for application of hyperthermia
in thermo-radiation therapy. Thermotolerance is a non-inheritable resistance to
hyperthermia induced by exposure to heat and other cytotoxic agents. It develops within
2-3 hours during exposure to temperatures less than 43°C [20]. Cells exposed for a brief
period to temperatures higher than 43°C are sensitized to exposure to temperatures below
43°C, and it was called “stepdown heating (SDH)” [20]. The SDH results from the
inhibition of thermotolerance development by exposure to the high temperature. Cells are
sensitized to hyperthermia damage by acutely lowering pH, and thermotolerance
development is reduced at low pH. Reduced pH also enhances thermo-radiosensitization.
Because much of tumor population is at low pH, and these tumor cells are very likely to
be hypoxic and radio- and chemoresistant, this offers one of the strongest reasons for
combining hyperthermia with radio- or chemotherapy in the treatment of human tumors
[4, 6, 10, 20, 89].
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Thermotolerance was discovered during the study of thermal damage repair thrBugLﬁd
fractional exposure, similar to how the repair of sublethal ionizing radiation damage is
studied.

It was found that splitting of single hyperthermal exposure (of cells or tissues) into
two fractions is slackening their cumulative effect, while the extension of interval
between fractions results in increasingly more reparation of induced thermal damages.
Half-period of recovery from sublethal thermal damages for many cells of mammals in
vitro and in vivo is about three hours. After 12-24 hours after first heating, and following
the full repair of sublethal thermal damage, increased resistance to heat (so-called induced
thermal tolerance) develops; when the thermal tolerance reaches its maximum value,
sensitivity towards hyperthermia decreases 2-4 times and more, which equals to 1-2°C
decrease of “effective” heat dose.

As a matter of fact, thermotolerance is a biological response, which enables organisms
to survive sublethal high temperatures prior to experiencing a non-lethal heat exposure
[23, 44]. Many studies have demonstrated this phenomenon in cultured cells and animals
other than mammals [40, 61, 84]. Few studies in rodents have revealed a marked whole-
body hyperthermia preconditioning [41, 51, 92]. The molecular mechanism of
mammalian whole-body hyperthermia, however, has not been investigated in detail [44].

Maximum induced tolerance after the first low-damage exposure to hyperthermia
(43°C, 30 min) is observed during 24-48 hours; its intensity and manifestation in time
depends on heat dose, which has caused the thermal tolerance.

It is shown that during transition from weaker to stronger “doses of heat” within the
non-damaging range, the value of maximum thermo-tolerance increases, but then,
together with further increase of heating dose and transition to the damaging doses, the
value of maximum thermo-tolerance starts to decrease. Thus, there exists certain optimal
value of “heat dose”, at which the maximum value of induced thermal tolerance develops.

In order to ignore in treatment regimen the additional effect of tumor thermo-tolerance
induced by the previous fraction, it is recommended to carry out the hyperthermia
sessions no more than 1-2 times per week; in this way there will be sufficient time
between hyperthermia fractions, during which above effect could be fully eliminated. On
the other hand, it is experientially shown that during the therapeutic heating, i.e. at the
temperature value more than 42°C, thermotolerance in tissues, including tumor ones, does
not develop. This circumstance allows selecting any regimens of tumors thermoradiation
therapy, without fearing development of thermotolerance.

Besides, it is established that an acidic and nutritionally deprived environment greatly
increases the thermosensitivity of tissue, inhibits the recovery of tissue from thermal
damage, and inhibits the development of thermotolerance [28, 29, 64, 65].

In 1998 Jyh-Cheng Lin and Chang W. Song have studied the influence of vascular
thermotolerance on the heat-induced changes in blood flow, pO,, and cell survival in
tumors. Vascular thermotolerance in SCK tumors of A/J mice was studied by comparing
the changes in blood flow, as measured by the **Rb uptake, from a single heating with
those from two heatings. Authors considered that the heat-induced decline in *Rb uptake
in tumors could be substantially inhibited when the tumors were preheated, indicating the
development of vascular thermotolerance. In SCK tumors, the vascular thermotolerance
peaked 5 or 18 h after the tumors were heated for 1 h at 41.5°C or 42.5°C, respectively.




Consequently, the tumor blood flow decreased by 50% in 81 min when the tumors.were.-.-
heated at 43.5°C without preheating, whereas the tumor blood flow decreased by 50% in
195 min at 43.5°C when the tumors were preheated 18 h earlier at 42.5°C for 1 h. The
influence of vascular thermotolerance on the heat-induced changes in intratumor pO, was
also investigated. The average intratumor pO, was 8.9 mm Hg before heating. Heating at
43.5°C or 44.5°C for 1 h dramatically decreased the intratumor pO, to 3.0 or 1.2 mm Hg,
respectively. However, the intratumor pO, decreased to 6.6 or 3.8 mm Hg when the
tumors were heated at 43.5°C or 44.5°C respectively, 18 h after preheating at 42.5°C for 1
h. Heating the tumor vasculature was at peak thermotolerance relatively ineffective in
suppressing tumor growth. These data demonstrate that vascular thermotolerance in
tumors may exert profound effects on tumor response to multiple heating in clinical
hyperthermia [52].

Oxygenation of tumor shows tendency towards reflection of the changes in the blood
flow during the hyperthermia and may increase after the heating. This is equally peculiar
both for experimental and for human tumors, at least for mild hyperthermia. Substantial
changes in glucose concentration in tumors during the hyperthermia are noted; these
changes are apparently conditioned by changes in blood flow and development of
interstitial edema. During hyperthermia the amount of lactate increases as a result of
glycolysis’ activation.

One of the most pronounced physiological changes in tumors to heat is a prompt
decrease in intratumor pH with following recovery against the “thermal dose”. Decrease
in intratumor pH would accentuate the thermokilling of tumor cells and also possibly
inhibit repair of thermodamage and development of thermotolerance in tumors [19]. Thus
it is supposed that the differential effects of heat on vascular function and pH in tumors
and normal tissues may result in a greater damage in tumors than in surrounding normal
tissues. The mechanism of the decrease in blood flow and pH in the heated tumors is not
clear, but these two phenomena seem closely related [78]. At the same time it is known
that bioenergy status of tumor worsens during hyperthermia, which is proved by decreased
concentration of ATP and phosphocreatinine and increased content of inorganic phosphate.
Hydrolysis of ATP results in accumulation of purine catabolites of hypoxanthine, xan-
thine, and uric acid with formation of hydrogen ions that promote heat-produced acidosis.

Local hyperthermia therapy for cancer can produce selective heating of solid tumors
on the basis of known physical laws. If energy is deposited in the general region of the
tumor, temperature tends to develop in the tumor higher than that in surrounding normal
tissues [2].

The main goal of hyperthermia therapy is to achieve cytotoxic temperature elevations
in the tumor for an adequate period of time, without damaging nearby normal tissue. It is
well known fact that heat induces a prompt increase in blood flow accompanied by
dilation of vessels and increase in permeability of the vascular wall [79, 80]. The latter
authors have shown that the degree of pathophysiological changes in the vascular system
in normal tissue is, of course, dependent on temperature and duration of heating, and an
excess exposure of tissues to heat results in a breakdown of vasculature followed by
necrosis of the tissue.

Usually the blood flow in normal tissues increases remarkably when heating
temperature commonly used in hyperthermia is in range of 42-45°C. The fact emerging
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from various experimental data is that the heat-induced change in the blood flow in’
tumors considerably differs from that in normal tissues. In accordance with data obtained
by Song [78] the blood flow in tumor appears to increase slightly when heated at
temperatures below 41-42°C, but drastically decreases at temperatures above 42°C. It is
necessary to underline that hyperthermia at therapeutic temperature (43-45°C) causes a
profound increase in blood flow in normal tissues in experimental animal systems, while
it induces, as has been mentioned, only meager and temporal increases in blood flow in
tumors. A severe vascular occlusion and hemorrhage usually follows the increase in
blood flow in the tumors at the above temperatures [Emami, Song, 1984]. Due to the
vascular occlusion, dissipation of heat in the tumor becomes inefficient, and the
temperatures in the tumor rise higher than those in normal tissues during hyperthermia at
temperature above 42°C [78].

While the majority of experimental study shows a decrease and even a lapse in blood
flow within microcirculation during or after hyperthermia, the data on human tumors are
less conclusive. Some of the investigators do not find a decrease in circulation, while
others do [67]. These authors consider that this is an important field of investigation in
the clinical application for hyperthermia because a shutdown of the circulation would not
only facilitate tumor heating (by reducing venous outflow, and reducing the heat
clearance from the tumor), but would also facilitate tumor cell destruction. Moreover, the
same holds for alterations that occur subsequently to the circulatory changes, like a heat-
induced decrease of tissue pO, and pH [67]. In hyperthermic tumor therapy a number of
complex processes and interactions take place, which deal with the heat-induced changes
in the micro-physiology of tumors and normal tissues, which may not only enhance the
exponential cell death, but which may also culminate in vascular collapse with ensuing
necrosis of the tumor tissue in the areas affected [67]. The speed and degree of vascular
collapse is dependent on heating time, temperature and tumor model used. Such vascular
collapse generally occurs at temperatures that cause a substantial increase of the blood
flow in certain normal tissues, thus preferential anti-tumor effects can be achieved [36].
The tumor vascular supply can also be exploited to improve the response to heat.
Decreasing blood flow, using transient physiological modifiers or longer acting vascular
disrupting agents prior to the initiation of heating, can both increase the accumulation of
physical heat in tumor and increase heat-sensitivity by changing the tumor micro-
environmental parameters, primarily an increase in tumor acidity. Such changes are
generally not seen in normal tissues, thus resulting in a therapeutic benefit [36].

Microcirculation is a very sensitive process. Under hyperthermia and artificial tissue
acidification, the blood flow ceased regularly and reproducibly. This blood flow
inhibition imposes seemingly as a consequence of a progressing decrease of blood
fluidity [90].

It is accepted that hyperthermia-induced damages in tissue are mostly conditioned by
thrombosis and arteriolar constriction [18]. The microcirculation in its turn in many
aspects is conditioned by rheological properties of blood.

Since the 1980s, blood rheological disorders acquired increasing interest from the
point of view of development of, and compensation for, pathological processes in the
organism [34]. However, the progress in this field is not satisfactory due to insufficient
knowledge of the actual factors involved in such disorders in the living microvessels.
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One of the most significant rheological parameters of the blood is its viscosity, which -,
depends on red blood cells aggregation and deformability, hematocrit, blood temperature,
efc. Among named factors enhanced erythrocytes aggregability, has attracted increasing
attention [13, 14, 63], because this rheological disorder is frequently associated with such
pathologies as arterial hypertension, stroke and many others [53, 83]. Typically, the
studies were concerned with simultaneous assessment of several rheological parameters
in patients: whole blood viscosity, measured with various type of viscosimeters, blood
hematocrit, blood plasma viscosity, erythrocyte aggregability estimated with various
indirect techniques, red cell deformability, and content of fibrinogen, as well as other
macromolecular ingredients in the blood plasma. Certainly, such an approach was irrational
and only testified that the actual significance of the individual rheological indices for the
microvascular blood flow was not sufficiently understood [87].The other factors still are
waiting for detailed study, but if by some reason either hematocrit increased or fibrinogen
and immunoglobulin rose, or there is a hypothermic condition, or increased aggregation
of erythrocytes or changes in their deformability, or all named factors take place
simultaneously, hyperviscosity of blood is observed. Increased viscosity results in a
slowing down of blood flow, stagnation of its constituents and in ischemia [48].

Plasma viscosity must also be taken into consideration. Special investigation devoted
to clarification of relationship between plasma viscosity and blood flow (in brain) [85]
has shown that regional cerebral blood flow more closely follows changes in plasma
viscosity rather than in whole blood viscosity. Authors believe that plasma viscosity may
be more important factor in controlling cerebral blood flow.

Erythrocyte aggregation is modified in certain conditions; it tends to occur at the very
low shear rates encountered in the venous circulation, where most thrombi occur [27]. As
already has been mentioned besides increased aggregability of red blood cells, a number
of other factors can contribute to rise of blood viscosity: increased hematocrit (polycyt-
haemia), increased serum proteins, drop in temperature, impaired erythrocyte defor-
mability due to various acquired or inherited disorders of red cell membrane or cytoplasm
[47]. Administration of Dextran T-500 leads to increase of erythrocyte aggregability
index about twofold [Mantskava et al., 2003]. It is known that there is no independent,
direct effect of Dextran on vascular tone, but high molecular weight Dextran can cause
erythrocyte aggregation and affect blood flow [85]. In experimental study Chen et al. [13]
have demonstrated a fourfold increase in plasma viscosity while apparent blood viscosity
was increased about twofold after administration of high molecular weight Dextran (mol
wt 500,000, 20% wt/vol). Same authors suggest that Dextran-induced hyperviscosity
leads to a compensatory vasodilatation in several vital organs [13].

When erythrocyte aggregation develops, the normal blood flow structuring inside the
microvessels becomes inevitably disordered. This disturbs the blood rheological pro-
perties and results in a local decrease to a full stop of flow, even though the microvessel
lumens and the pressure gradient along their course remain preserved [60].

Erythrocyte aggregation has been shown to affect venous vascular resistance and has
been suggested to play a role in determining microcirculatory hemodynamics [3]. This
phenomenon was found to be associated with different cardiovascular risk factors such as
hypertension, hyperlipoproteinemia, miocardial ischemia, thromboembolic states, retinal
venous occlusion and others [31].
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To summarize all the above-mentioned, we can conclude that: (a) increased"fﬁ;ﬂfdny#
means) viscosity of blood can slow down blood flow and create favourable conditions for
thrombosis especially in venous system, but hyperthermic exposure in such cases
presumably must hinder thrombogenic activity with simultaneous acceleration of fibrin
formation [66], (b) the study of blood flow response to changes in local tissue
temperature has revealed that “blood flow acts as a feedback of local tissue temperature
in a closed control system” [93].

The effect of local hyperthermia on blood flow, oxygen partial pressure and pH in
tumors has been experimentally studied by Karino T., Koga S. and Maeta M. [42] by
immersing the tumor in a water bath at 41°, 43° and 45°C. These parameters were
measured in the marginal and deeper sites of the tumor mass, and in the normal muscle
adjacent to the tumor. During immersion at 45°C, the blood flow decreased markedly in
each tissue. The changes in oxygen pressure and pH in each tissue were similar to those
observed in the blood flow during localized heating at 41°, 43° and 45°C [42].

In order to understand the mechanism of hyperthermic treatment of cancer, earlier we
have evaluated the physiological responses to localized microwave hyperthermia in
normal and tumor tissues using microelectrodes to measure tissue oxygen partial pressure
(TpO,), pH, and local blood flow in tumors in situ, both in animals and human [7, 62].
Measurements were performed in two different tumor systems: (a) C3H mouse mammary
adenocarcinoma. In situ studies were carried out in the hind leg of C;H SED-BH mice.
The tumors used were approximately 10 mm in diameter. The mice were anesthetized
during microelectrode insertion, (b) Human tumors. Determinations were made in
subcutaneous metastases in a group of 15 patients. Tumors represented different histology
and locations, but were grouped together as the responses were homogenous. The patients
were not anesthetized.

Similar results were obtained in all tumors in situ [7], both in mouse mammary and
human tumors, as localized microwave hyperthermia was applied to reach progressively
higher temperature levels. There was a rise in tissue oxygen pressure (TpO,) that parallels
the application of the microwaves and closely follows changes in tissue temperature. The
response was very fast with TpO, increasing shortly after the rise in temperature and then
decreasing as the tumor cools off. This effect was present when heating was carried out
up to 42°C. At higher temperatures there was an initial increase in TpO,, which was
followed by a decrease to very low levels as the temperature was held constant at 45°C.

In both cases blood flow increased significantly and the strong correlation between
decreases in TpO, and blood flow was observed, as the temperature was increased up to
45°C.

The mean value of tissue pH was found to be 6.8 in mouse tumors. Upon heating for 1
hr at 43°C, there was a pH decrease of 0,5 to 1 units to an average of 6.2.

Breathing O, for 1 min usually causes a very small rise in TpO,. Local hyperthermia
caused an increase in this response that was proportional to the local tumor tissue
temperature. This effect was reversed when the tumor was heated to 45°C.

The described studies clearly demonstrate that localized microwave hyperthermia
causes a rise in tumor TpO, and blood flow at up to 41°C, with a fall at higher
temperatures, while pH decreases markedly. The mechanism of this effect seems
predominantly mediated through the blood flow changes, the metabolic effects being
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secondary to a microcirculation that is activated at moderate hyperthermic temperature§”*”
and deteriorated at higher temperatures.

The rise in the tumor temperature up to 41°C leads to a significant increase in tumor
blood flow. As to the cause of this increased flow, presumably different factors have to be
taken into account. The partial pressures of oxygen in several subcutaneous tumors in
animals and in humans, as measured with 100 um tip floating O, electrodes, followed the
change in blood flow [9].

A further rise in tissue temperature up to 42°C results in marked breakdown of tumor
blood flow below the initial value. Similar results were obtained for in sifu tumors, both
in humans and mice. It has been shown in metastatic lesions, involving the skin, that
increase in flow occurs due to elevation of temperature to 40°C. With tumor temperature
elevated to 46°C, the tissue oxygen pressure in microareas of the tumor decreases
following a drop in tumor blood flow. This agrees with Reinhold et al. [80] who showed
that at 42°C the center of a “sandwich” tumor became necrotic due to a decrease of tumor
microcirculation at this temperature. These results, however, do not corroborate those of
Song [77]. As main determinants of the decline of blood flow, as it was already discussed
above, are the changes in blood rheology — increased red cells aggregability and reduction
of their deformability, multiple micro-thromboses, as well as occlusions of microvessels
have to be taken into account.

In conditions of whole body hyperthermia doubling of cerebral blood flow intensity
has been observed at the core body temperature of 43°C; 2.5 times increase of cerebral
blood flow at 44°C and 3.5 times — at 45°C. At the same time augmentation of tissue
partial pressure of oxygen and pH have been observed [94].

In similar experiments carried out on canine brain (60 min, 42°C whole body
hyperthermia) microscopic investigation of the brain tissue did not reveal any damaged
brain area [81]. However, under slightly lower temperature (41.8°C) increase in oxygen
transport and consumption in tissue have been revealed.

Whole body hyperthermia statistically significantly increased oxygen saturation in
arterial blood, arterial-venous difference in partial pressure of oxygen and the level of
venous blood pCO, were observed. At the same time, decrease of oxygen saturation and
pH in venous blood has also been observed [32]. All these data, testify that hyperthermia
caused cellular hypoxia in visceral tissue. Hypoxia and decrease of pH has been credited
by some authors as causing the anti-tumour effects of hyperthermia [56, 89].

The results of a pH drop in the cancer tissue are not surprising if one considers the
familiar principle that temperature strongly influences the buffering processes and hence
the pH. There is usually shift to lower pH values if the temperature is elevated. In
addition, any increase in the pCO,, during hyperthermia, induced by changes in cellular
metabolic pathways or activity would enhance tumor acidosis.

As the pO, in malignant tumors generally follows changes in blood flow, it can be
expected that the radiosensitivity of cancer tissue may be improved during increased
blood flow, thus producing a significant prolongation of survival time of tumor-bearing
animals if they are treated with local hyperthermia in combination with radiation. Also,
hyperthermia at higher temperatures (>42°C) would be most cytotoxic to those cells,
which were most radioresistant due to decreased pO,, again increasing the combined
effectiveness of the two means.
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Furthermore, it has to be taken into consideration that in the range of maximum'tutior’”
blood flow the convective transport of substrates, of wastes and, what has to be stressed
explicitly, of antiproliferative agents may be improved. This improvement is of special in-
terest because it can achieve higher concentrations of the appropriate agents in some tissue
regions. In addition, by improving the substrate supply, a recruitment of the cancer cells be-
longing to the dormant Go-fraction may be obtained, enhancing thus carcinostatic effect.

The most important physiological parameter influencing tissue response to heat is thee
blood flow, but no less important is that hyperthermia results in protein unfolding that if
not properly chaperoned by Heat Shock Proteins (HSP), can lead to irreversible and toxic
protein aggregates [39]. Investigating cell biological effects of hyperthermia this author
revealed that elevating HSP prior to heating makes cells thermotolerant. Hyperthermia
also can enhance the sensitivity of cells to radiation and drugs. This sensitization is not
directly related to altered HSP expression; however, altering HSP expression before heat
and radiation or drug treatment will affect the extent of thermal sensitization because the
HSP will attenuate the heat-induced protein damage that is responsible for radiation- or
drug-sensitization [39].

It is known that hyperthermia influences proliferation activity [15]. In study of cells
sensitivity to hyperthermia, the cells relatively resistant to heating were revealed in phase
G; (first resting phase). Most sensitive to hyperthermia the cells are during mitosis, and
importantly, in phase S (DNA synthesis phase), this being observed at temperature of
43.5°C. At higher temperatures the difference equalizes.

In vivo results do not always agree with the in vitro observations made under
controlled conditions [4]. This is probably due to the interaction of various physiological
factors not present in the in vitro systems. An interesting example is the conflict between
the in vitro results of Sapareto et al. [71] and in vivo results of Law et al. [49], when
combining hyperthermia and irradiation. The in vitro results indicate that, with heating time
adjusted to achieve the same killing from heat alone at various temperatures, a decrease in
temperature increases the relative killing from the interaction of radiation and heat. This is
in contradiction to the in vivo results, which indicate that the opposite should occur.

In order to fully make use of in vitro observations made under controlled conditions in
the application of hyperthermia to cancer control, H. Bicher [4] suggests to measure in
vivo physiological parameters such as pH, oxygen consumption, nutrients, and blood flow
of both tumor and normal host tissue under hyperthermic and at a normal temperature
conditions. Paramount among the other factors, which may change and subsequently
influence the response of cells or tissues to supranormal temperatures are the vascular
changes, blood flow response and the net results of this on tissue oxygenation. The last
factor may change the effect of both hyperthermia and radiation therapy when used in
combination.

Most biological tissues, with the exception of the central nervous tissue, are tolerant to
hyperthermia treatment and are not damaged at temperatures up to 44°C [22].

In regard to central nervous tissue, there are some discrepancies in published data
concerning irreversible damages that were found after treatment: at 42°-42.5°C [74], at
43.1°C [18], at 43.9°C and greater [24]. Moreover, Matsumi et al [59] found no
irreversible changes in monkeys normal brain tissue at 44°C and below in a non-survival
experiment while in a survival experiment (animals were sacrificed 7 days after the
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treatment) cerebral areas heated at 44°C or above, coagulative necrosis developecf,; he oo
authors suggesting that the safety limit for brain hyperthermia is 43°C for 60 min.

In normal conditions the brain tissue temperature depends on local heat production, (a
corollary of metabolic activity), rate of cerebral blood flow and the temperature of the
blood [69]. The effect of local cerebral hyperthermia on responses of pial microvessels of
the mouse was investigated by F. El-Sabban and M. Fahim [18]. At the end of 50 min
hyperthermic exposure (43.1°C), arterioles attained a constriction of 37% and thrombus
formation was massive enough to occlude fully the microvessels. This should be
considered as one of the most significant reasons for so extensive damage of nervous
tissue under hyperthermic exposure is the formation of micro thrombi and occlusion of
cerebral vessels. Stoppage of cerebral blood flow in the zone of vascular occlusion
decreases temperature clearance from the exposed area of the brain and that causes
increase in temperature and aggravates the destructive action of hyperthermia.

The same authors have demonstrated during hyperthermia the numerous platelets in associa-
tion with scattered red blood cells and occasional white blood cells in a close proximity but not
adhered, to the endothelial wall of hyperthermic brains. The site of platelet aggregation in both
venules and arterioles was accompanied by focal endothelial lucency and denudation, vacuole
formation, luminal membrane rupture and swelling of the nuclear envelope [18].

Analysis of experimental data obtained in dogs [17, 24, 33, 37, 55, 76], cats [11, 55,
70], and rabbits [73], using different techniques for brain local hyperthermia, allowed
P. Sminia and M. Hulshof [75] concluding that maximum tolerable heat dose is 42.0-
42.5°C for 40-60 min or 43°C for 10-30 min. Effects of hyperthermia were expressed
immediately or within the few days after treatment. The most recent review on effect of
local hyperthermia on the cerebral nervous tissue was published by J. Haveman et al [35].

Hyperthermia also has a significant influence on cerebral metabolism and oxygenation
[4, 5, 8]. The release of excitatory neurotransmitters and oxygen free radicals causes more
extensive blood-brain barrier breakdown [1].

It was hypothesized that at the cellular level, degeneration of nucleic acid and proteins
and breakdown of the cellular membrane or lysosomes may account for the mechanism of
thermal cell death [50, 65, 91]. Factors at the level of the tumor may also contribute to
cytotoxicity, and effects on the microvasculature, as we have already seen, have drawn
particular attention. It is known that a major mechanism of cell toxicity after exposure to
radiation or some anticamcer agent involves DNA damage and lipid peroxidation
mediated by superoxide radicals [16, 45]. Furthermore, accelerated in vivo lipid
peroxidation in various organs has been demonstrated in rats and mice placed in
nonphysiological environments such as high heat [72]. Taking in consideration all above-
mentioned the role of active oxygen species and lipid peroxidation in the antitumor effect
of hyperthermia was studied by Yoshikawa et al. [96] in an experimental rabbit model.
VX2 tumours were transplanted into rabbit hind legs, and the effect of hyperthermia on
tumour growth was measured at 7 and 14 days after heating. As an index of lipid
peroxidation, thiobarbituric acid-reactive substances in the tumor tissue were measured
prior to hyperthermia and 3, 6, 12, and 24 h after hyperthermia. Tumor growth in rabbits
treated with hyperthermia was significantly reduced, and thiobarbituric acid-reactive
substances in the tumour tissue treated with hyperthermia were significantly increased
until 6 h after hyperthermia. In addition, a-tocopherol in the tumor tissue was
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significantly decreased after hyperthermia. The antitumor effect of hyperthermia ‘ard tle’
increase of thiobarbituric acid-reactive substances in the tumour tissue treated with
hyperthermia were significantly inhibited by the administration of superoxide dismutase
and catalase or dimethyl sulfoxide. These results suggest that lipid peroxidation mediated
by active oxygen species plays an important role in the antitumor effect of hyperthermia.

It has been hypothesized that hyperthermia promotes oxygen-centered free radicals
formation in cells. By means of electron paramagnetic resonance spin trapping Flanagan
et al. [25] obtained direct evidence for generation of free radicals during hyperthermia in
intact functioning cells. Rat intestinal epithelial cell monolayers were exposed to 45°C for
20 min, after which the nitrone spin trap 5,5-dimethyl-1-pyrroline N-oxide (DMPO) was
added. Compared to control cells at 37°C, heat exposed cells had increased free radical
EPR signals, consistent with formation of DMPO/OH (aN = aH = 14.9 G). These findings
indicate that heat increases the flux of cellular free radicals and supports the hypothesis
that increased generation of oxygen-centered free radicals and the resultant oxidative
stress may mediate the heat-induced cellular damage [25].

It has been well known that inadequate blood supply combined with high metabolic
rates of oxygen consumption results in areas of low oxygen tension (< 1%) within
malignant tumors and that elevating tumor temperatures above 39°C results in significant
improvement in tumor oxygenation [38]. Macrophages play a dual role in tumor initiation
and progression having both pro-tumor and anti-tumor effects. In order to clear define the
response of macrophages to heat within a hypoxic environment Jackson et al. [38] carried
out special study. Raw 264.7 murine macrophages were incubated under normoxia and
chronic hypoxia at temperatures ranging from 37-43°C. Under normoxia at 41°C,
macrophages start to release significant levels of superoxide. The high levels of
superoxide were found to be associated with changes in macrophage production of pro-
angiogenic cytokines. While hypoxia alone (37°C) increased levels of hypoxia inducible
factor-1a (HIF-1a) in macrophages, the combination of hypoxia and mild hyperthermia
(39-41°C) induced a strong reduction in HIF-1a expression. The HIF-regulated vascular
endothelial growth factor (VEGF) decreased simultaneously, revealing that heat inhibits
both HIF-la stabilization and transcriptional activity. The authors suggest that
temperatures which are readily achievable in the clinic (39-41°C) might be optimal for
maximizing hyperthermic response. At higher temperatures, these effects are reversed,
thereby limiting the therapeutic benefits of more severe hyperthermic exposure.

As a conclusion of this review we have to say that whatever the nature of hyper-
thermia’s positive effect on tumor tissue and increase of its sensitivity to chemo- and
radiotherapy, it is very important to ascertain normal tissue safety and the absence of
irreversible damage.
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®U3UOJIOTUYECKHUE 3P PEKTHI JEYEHUS TUNEPTEPMUENA
X.U. Buuep, H.II. Mumazeapus*

Banneii Kanuep Muctutyt, Jloc Anmkenec, Kanudopuus, CILIA; * Uuctutyt dusuonoruu
um. U.C. bepurauBunu, Tounucu, ['py3us

PE3IOME

OcHOBHasl 1eJIb Tepanuy JIOKaJbHON rUMepTepMueii 3T0 BO3AEHCTBIE Ha OMYyXOJIEBYIO TKaHb,
NPUBOJISIIEE K aNONTO3y MM HEKPO3y, B 3aBUCHMOCTH OT YPOBHS TeMIEpaTyphbl U unmenu-xocm
TUNePTEPMUYECKOTO BO3AEHCTBH.

VcTaHOBIEHO, YTO TMMEpPTEPMUA caMma Mo cebe MMeeT aHTHOMyXouseBoi ekt nuuwb B 12-
13% ciy4aeB, B TO BpeMs Kak B KOMOMHALIMK ¢ paanoTepanueii w/win Xumuorepanueii 3GppexTus-
HOCTb JIEYEHHS CYIIECTBEHHO BO3PACTaeT.

B o630pe aHanm3upyioTcsi 06CTOATENbCTBA, MPUBOASIIME K BBICOKON 3(deKTHBHOCTH Jo-
KaNbHOM TMMepTepMHH, KaK JOMOJHMTENbHOTO CPENCTBA JiedeHHs. SIBleHHe WHIYLMPOBAHHOI
TEPMOTOJIEPAHTHOCTH — HEHACNENCTBEHHON PE3NCTEHTHOCTH K TMIIEPTEPMUH, BbI3BAHHOM rumep-
TEPMUYECKHM BO3IEHCTBHEM, aHATM3UPYETCS JOCTaTOYHO MOAPOOHO.

OnucaHnbl Takxe Apyrue HU3MONOrMyeckue M3MeHeHus (TkaHeBoro pH, MHTEHCHBHOCTH JIO-
KaJIbHOTO KPOBOTOKA, TKaHEBOro pO,, peoNorHueckux CBOUCTB KPOBU M Ip.), MMEIOLIHE MECTO B
TpoLecce U NMOCiIe THIEePTEPMUYECKOrO JICYEHHS.
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AI'PECCHUBHOCTD U EE IIPOSIBJIEHUE
CO CTOPOHBI ®OPMEHHBIX 9JIEMEHTOB KPOBHA

X. Jlacapeitweunu, 3. 3ypabaweunu, I'. Ilapynaga
HWucruryt neuxuarpun, Tounucu

IMpunsra 12.06.2007

MeTtoaom ¢BeTOBOIi M 3JIEKTPOHHON MHKPOCKONHH H3y4YeHbl (hOpMEHHBbIE 3JIeMEeHThI
KPOBH NPH Pa3/IMYHBLIX BHAAX arpecCMBHOCTH. ArpecCHBHOCTb pPaccMOTpeHa, Kak GuoJio-
ruveckoe sipjienne. MccnenoBanbl opMeHHbIE 3J1eMEHThI KPOBH B KOHTPOJILHOI rpymnme
(rpynna crnopTcMeHOB-IOHHOPOB, MPOXOASILIMX TPEHHPOBKY) M Yy JIIOJel, COBEpPLIMBLUMX
npasonapywenue. Ilokazana pasinyHasi CTPYKTYpHasi opraHuzauusi GopMeHHbIX 3J1eMeH-
TOB KpoBH B 00enx rpynnax HabmoaeHuii. CTpyKTypHble MoOKa3aTeJH €O CTOPOHBbI (op-
MEHHBIX 3JIEMEHTOB KPOBH PACCMOTPEHbI ¢ NMO3HIHH (PYHKIHMOHAIBHBIX BO3MOXKHOCTEI
opranu3ma. OOpamieHo BHHMaHHe Ha pa3IHYHOE IOBeJeHHE O- W IUIOTHBIX TpaHyJl
TPOMGOLIMTOB.

KioueBble ciioBa: q)OpMeHHLlC 3JIEMEHTBI KPOBH, Q)yHKLll/IOHaJIbeIe BO3MOXKHOCTH, 3aLIUT-
HOE NPOSBJIEHUE, 3J0POBBIE NOHOPBI, arpECCUBHbLIC NIPAaBOHAPY LUUTEJIN

Ha ceroaus noaxoa K M3yueHHIO arpeCCHBHOCTH HCCIIELYeTCsl KOMIUIEKCHBIM IyTeM,
BKJIIOYAIOLIMM, C OHOM CTOPOHBI, € KJIMHHYECKHE, a C APYrod — LIUTOJIOrHYECKUE I10-
KazaTeNv, CBA3aHHble ¢ (yHJaMeHTanbHOM Ouonoruelt. [TonoGHbIM MoAXon aaer BO3-
MOYKHOCTb MOJTyYHTh OOBEMHOE MPEACTABJICHHE KacaTelbHO CHHAPOMA arpecCHBHOCTH,
CrocoOCTBYS, TEM CaMbIM, BBISABJICHHIO €ro GHOJIIOMHYECKUX MPEANOCHUIOK, YCTaHABIIH-
BAIOIIMX KOPPEIALHMIO MEXy KPUMHHAILHBIM MOBEICHUEM U IICHXHYECKUM COCTOSHHEM
JIMYHOCTH (THUIEPIMOLIMOHATIBHOCTBIO).

B kauecTBe qMHAMUYECKOro MokasaTess M3MEHEHHH, HMEIOLIHX MECTO B OpraHu3Me
Jofiel ¢ CHHIPOMOM arpecCHBHOCTH, HAMHM Obljla B3sTa KPOBb, B YaCTHOCTH OOpaLIEHO
BHUMaHHE Ha (POPMEHHbIE SIEMEHTBI KPOBH (3PUTPOLIUTBI, JIEHKOLMTBI K TPOMOOLIUTI).

MATEPHAJI 1 METO/IbI

HccenenoBana KpoBb JIIOZEH, COBEPIUMBLUMX TMpaBoHapyweHus (youictBo — 10
ciyuaes). B kauecTBe KOHTPOJIBHOrO MaTepHana B3Ta KPOBb y MPAKTHYECKH 30POBBIX
nofiel (IOHOPBI CO CTAHLMK MepenBaHus kpoBU — 10 ciyuaes). GOpPMEHHbIE 3JIEMEHTBI
KPOBH H3y4eHbl METOZIOM CBETOBOM H 3JIEKTPOHHOH MHKPOCKOIHH.
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PE3VJIbTATBI U UX OBCYXKJIEHUE

Kak mnoka3piBaloT HaOIIOAEHMS, MPOBEACHHBIE METOJOM CBETOBOW MHKPOCKOMHH Y
JII0fIeH, COBEPLIMBLIMX MPABOHAPYIIEHHE, YHCIO HOPMOLIMTOB CHIDKEHO. B To je Bpems,
pacTeT YMCIO MaKpo-, OCOOEHHO, MHKPOLIMTOB, KJIETOK-TeHed W akaHTouutoB. Ha
MOBEPXHOCTH 3PUTPOLIUTOB OTMEYaeTcsi GOJBIIOE YHCIIO LEHTPAIbHBIX HEOKPAIUIEHHBIX
mecT. MmeeT MecTo HaymMuve GOJBIIONO YMCIA MATOJNOTMYECKHX (OPM IPHTPOLIUTOB,
CHIDKEHA aJire3us OPUTPOLMTOB C JPYrMMH (DOPMEHHBIMH 3JIEMEHTaMH KPOBH.
OtmeyatoTes “Ckyiaku” Ha MOBEPXHOCTH SPUTPOLIUTOB.

Co cTOpoHbl TPOMOOLIMTOB HMEET MECTO OTCYTCTBHE “‘OMONIOrMYEcKOW CceTkH”,
BbIABIAETCA OONBLIOE YMCIO KPYMHBIX MO AHAMTEpy TPOMOOLMTOB — THIaHTCKHE
TPOMOOLMTBI, AWAMETP KOTOPBIX YacTO AOCTHraeT MOJIOBMHBI JUaMeTpa MajbiX (Gopm
JMMOLUTOB, NICEBAOMNOJHH OTCYTCTBYIOT.

Co cTOpoHBI HEHTPO(HIOB HMEET MECTO CABHMI BIpPaBO, T.e. OTMEYAIOTCS HEW-
Tpodunsl Il mopsiaka M, COOTBETCTBEHHO, CHIKEHO KOJHYECTBO HEHTPO(UIOB, 0CO-
6enHo | mopsinka. Anre3ust CHWXKEHa, sAEpPHbIE CErMEHThl IMCIOLUMPOBAHBI, MEXKKIETOY-
Hble MOCTHKH Habyxuine. CerMeHThl HEOJIHOPOJHbI MO BeIHuMHe (B OJHOM M TOMH ke
KJIETKE BbISABISAIOTCS HaOyXIIMe W MUKHOTHYECKHE CEerMeHThl). Uucno a3ypoduibHbIX
rpanyn OGonbioe. Kpaii cermMeHTOB s1apa CHIBHO M3BHUT, OTMEYaeTCsl sBJIEHHE
KJ1a3MaTo3a. B smpax mpeBanupyeT syXpoMaTHH.

Co cTOpOHBI TUM(OLHUTOB MPEBATHPOBAIM Mable UX Gopmbl. B sapax mpesanupyer
syxpomartuH. [lepunykseapHbiii opeon Gonbwioil. Kpait sapa cuibHO — M3BMT,
HabnrofaeTcs ABIEHHE K1a3MaTo3a.

MeTo0M 2/1€KTPOHHOM MUKPOCKOMMH OBIIO MOJTy4YeHO ClleyIolee: CO CTOPOHBI IpH-
TPOLIMTOB MpeBaNUpoBaau 6echopMeHHbIe IPUTPOLUTEI. Ha MoBepXHOCTH 3PHUTPOLIMTOB
MMeNoch GOJIbIIOE YMCIO BBIPOCTOB, KOTOPbIE OTIIHYPOBBIBAJIHCH OT TMOBEPXHOCTH
SPUTPOLIMTA, BO3HUKAIM KapiukoBble (GopMbl. OKpacka 3pUTPOLIMTOB TOMOrEHHas,
MHTEHCHBHAsI. DPUTPOLIUTHI C1a/KU HEe 0OPa30BBIBAIIH.

Co cTOpOHBI TPOMOOLIUTOB UMENIO MECTO HATH4HEe GOJIBIIOrO YHUC/Ia UIOTHBIX TpaHyJl.
B Tene TpomboLmTa 3epHa MIMKOreHa 0Opa3OBBIBAIM CKOIUIEHHs. BrIOpoc a- M, ocobeHHo,
IUIOTHBIX TpaHysl ObLT MHOXECTBEHHBIM. BbIOpOLIEHHBIE IpaHyNbl aAre3upoBald Ha
MOBepXHOCTH HeiitpodunoB u numdountos. IlceBnonmoauu koporkue. Anresus c
IpyrumMu (OPMEHHBIMU 3JIEMEHTaMM KPOBH He OTMeuasach. Tena TpoMOMLUTOB ObLIH
Habyx1iue.

Co cTOpoHbI HEHTPODHIOB BBISBISIMCE ClEyIOLIME NOKa3aTeM: B CerMEeHTax mpe-
BaJIMPOBAJI SYXPOMATHH; Kpai CerMeHTOB Obl CHIILHO M3BMT, HEOJHOPOAHOE HabyxaHHe
cerMeHTOB. SIBneHue Kkinasmarosa. Ha cdome cBeTnioif LUTOMIa3Mbl OpraHesisl ObLTH
XOpOLIO KOHTYPHPOBaHbl. MHOrO TIMFaHCTKHX MHTOXOHAPHH. OHIOMIa3MaTHYecKuil
PeTHKYJIyM TpEeJCTaBjieH MPEHUMYLIECTBEHHO LMCTEPHAMH pa3UYHOH BEJHYHHBI, B
OCHOBHOM, OTMeYaeTcs arpaHyJsipHas SHAOMJa3MaTHueckas ceTb. JIM30COMBI MelnkHe,
KOMMakTHble. AnmnapaT ['Olb/UKH MPENCTaBIeH MPEeUMYLIECTBEHHO KOPOTKMMH H3BH-
ThIMM KaHajblaMH. Kpail LUHTOMNa3Mbl CHIBHO H3BHT, XOpOLIO KOHTypupoBaH. Okojo
Kpast LIMTOILIa3Mbl are3UPOBaHO OOJBIIOE YMCIIO MUIOTHBIX IPaHyJ TPOMOOLIUTOB.

HccnenoBanne aMMGOLMTOB T0Ka3ago, YTO B SApPaX MpPEeBaJMPOBANl YXPOMATHH.
Kpaii sigpa XOpoIIO KOHTYPHPOBaH, CHJIBHO W3BUT. SIAPBILIKK YETKO KOHTYPHPOBAaHbI,
HeOoJIbIIMe, OKpacka X HeOAHOpoAHA. bonbliol nepuHykieapHslii opeon. LiuTornasma

nMugds
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NPEUMYILECTBEHHO cBeTIas. MHOro KpyrHbIX MUTOXOHAPHM. JIn30coMbI xopomoirkgﬁl’l 9
TYpUpOBaHbl. DHIOMIA3MaTHYECKas CETh NPE/ICTaB/ICHA IPEUMYLLECTBEHHO LIMCTEPHAMH,
NpeBaIMPOBas arpaHyyiApHbIi peThKyaym. Anmapart ['obku ObUI NpeAcTaBieH Mel-
KAMU LMCTEpHAMU M TpyGoukamu. OKolO Kpasi LMTOMIa3Mbl GbLIO aare3npoBaHo Gosl-
bLIOE YMCJIO MIIOTHBIX IpaHyJ1 TpomGouuTos (Puc. 1 u Puc. 2).

Puc. 1. Kposs 310poBoro noxopa. Heiitpodui. Dnekrponorpamma. x 18000.

IlepBoe, Ha uTO HccnenOBaTe b 06pALIAET CBOE BHUMAHHE MPU U3yYeHHH (hOPMEHHBIX
S/IEMEHTOB KPOBH JIIOJIEH, COBEPLIMBLIMX MPABOHAPYLICHHE, 3TO — HAJMYHE LUTOMA-
ToreHHOro s¢pgekra. MMenHo uuronarorenHsiit a(QeKt, npucyTCTByIOWMi B BopmeH-
HBIX 3JIEMEHTAaX KPOBM JIIOJIEH, COBEPIIMBLINX arpecCHIO, YKa3blBAET HAa HAXOXJICHHE B
KJIETKaX BHMPYCHOTO aHTWreHa. B To jke BpeMs, 3allWTHas peakuus KIETKH 37eCh
OTIHYANach OT “KJIaccHueckoil”. Ha mepBblii MiiaH BEICTYNAIM G- M [UIOTHBIE FPaHyJIbI,
BbIOPOLICHHbIE W3 Tea TpomGoLwTa. B BRIGPOLIEHHBIX B MIa3My KpOBM IUIOTHBIX
rpaHysiax, Kak yKasblBalOT JaHHbIe JUTepatypsl [1], comepkarcss GHOreHHblE aMHUHBbI, B
YaCTHOCTH, CEPOTOHHMH, 00/1a/aloIIMK CHIIbHBIM TICHXO- M HEMPOTPOMHbIM JAeicTBHEM, a
TaKKe KATEeXOJIaMHMHBbI (aPEHATMH U HOPaIPEHAIMH), MIPAIOLIHEe BAXKHYIO POJb B POCTE
NPOHMLIAEMOCTH MeMOPaH, COCYIUCTOM TOHYCE, OHH SBJISIOTCS HEHPOMEMATOPaMH MHO-
THX HEHPOHOB LIEHTPA/IbHONW HEPBHOH CHCTEMbl. AZIPeHAIMH — BELLECTBO, AeiCTByIOLIee
B030y>KIalolle Ha CHMMATHYECKYIO HEPBHYIO CHCTeMY, a caMm 3(dekT Bo3GyxkaeHHus, B
TPOTHBOTIONOXKHOCTH NAPACHMIIATHYECKOH, 3HAUMTENIBHO MPOIOJKUTEIBHEE 110 BPEMEHH.

Yro KkacaeTcs a-rpaHys, TO 3€ACh, N0 HAHHBIM JIMTEPATypbl, KPOMe OGHOrEHHBIX
4MHHOB W KaTEeXOJIAMHHOB, COJIEPIKATCS TAKXKe JIM30COMaJbHblE (PEPMEHTBI, KMCbIE
(ocdatasbl, HOHbI KaIbLKA U T.A.
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Puc.2. Kposb 1enoseka, COBEpIIMBIIEro MpecTyruieHue (YOuiicTBo). DnekTpoHorpamma. x 14000.

[lnoTHbIE rpaHysIbl NPOMCXONAT OT O-rpaHys1. OHUM ABISIOTCA CTPYKTYPHO-TEPexo/-
HbIMH (opmamu 1ns a-rpanyi. Kak yxke GbUlo oTMeueHO Bbilue, 06a BHAa rpaHyi
TIPE/CTABSIOT COGOH HENO KaTeXONaMHHOB M CEPOTOHHHA. CIIELyeT OTMETHTh, uTO y
desioBexa Gonee /IBYX TpeTel OT OOLIEro KoJM4YecTBa KaTEXONAMHHOB H CEpPOTOHHMHA
CKOHLIEHTPUPOBAHO B TPOMOOLIMTAPHBIX IPaHyJax.

BeiGpolentble U3 TPOMGOUMTOB IpaHysibl MPEUMYILECTBEHHO AAre3HpYIOT Ha [10-
BEPXHOCTH HEHTPO(HIOB U TuMpOLMTOB. [I0BEPXHOCTH LIMTOMNA3MBI B 06IACTH aAre3uu
0~ M TUIOTHBIX IpaHys BeiGyxaeT. [Tpu 3TOM, rpaHyJibl 4acTo He “ycreBaroT” NPOHUKHYThH
B TeJIO HEHTPODUIIOB M TUMQOLIMTOB; HAXOASCH B IUIA3Me KPOBH, OHH JIETKO YTPaunBaIoT,
Kkak ormeyaer B.K. Baukunens [1], cBoio MeMGpaHy, 4To IPUBOAKMT K POCTY ajipeHaTnHA
M CEpOTOHHHA B KPOBM MAaLMEHTOB. DTOT (haKT OTPULATEIBHO CKA3BIBAETCA HA (hyHK-
LMOHANIbHBIX BO3MOXKHOCTSIX BCEX CHCTEM OpraHM3Ma, 0COOEHHO HEpBHOM, Mrparomieit
B)XHYIO POJIb MPH IMOLMOHAIBLHOM BO30YXKICHHH, T.K. POCT KaTeXOJaMHHOB (B 4acT-
HOCTH aJipeHaJIMHa) CHIXKAET MOPOT BO36YAMMOCTH.

Yeneslwne NpoHUKHYTh B TeO KIETOK Genoif KpOBM, TPOMOGOLMTAPHbIE TpaHyJibi
(MpeuMyIIECTBEHHO TUIOTHBIE) MPUHMMAIOT AYroobpasHyto (opmy ¢ 6yJ1aBOBHAHBIMH
YTOJILIEHUSAMH 110 KpPasiM.

Peaxuus BpiGpoca rpanyn U3 TpOMGOLKMTOB B TpeTbeil rpynmne HabtoneHuii ycuiena,
YTO JI0JKHO ObITh MHYLMPOBAHO B HALIEM CIIy4ae MPUCYTCTBHEM BUPYCHOTO CErMEHTa.
IlnoTHble rpaHybl TPOMOGOLMTOB NOMKHBI HIPATh BaKHYIO POJIb B 3alMTHON peakiHH
KIeTKU. B uuronnasme KieTKM OHM 4acTo GBIBAIOT OKPY)KEHBI LIMCTEPHAMM TNIAJKOrO



SHIOIIA3MATHYECKOTO PETHKYJyMa, YTO [JaeT BO3MOMKHOCTb BO3HUKHOBEHHIO “H3
JMPOBAaHHBIX” CTPYKTYp. B IMIIOTHBIX rpaHynax comep:karcsi, Kpome OHONOrHYECKHX
aMHHOB, JIM30COMaJbHbIe ()EPMEHThI, MOTyIIHe pa3pyllaTh pa3jMYHbe AHTHIEHHBIE
BKJIOYEHUSI, B YACTHOCTH BHPYCHbIE, Ha TNPHUCYTCTBHE KOTOPBIX YKa3bIBAET HaIHuMe
LIUTONMATOreHHOro 3(dekTa B KJIETKaX KPOBH JIIO/IEH, COBEPLIMBIINX NPaBOHAPYIIEHHE.

JINTEPATYPA
1. Bawxunens B.K. TpombGouutsl. Mocksa, 1998.
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AGGRESSIVENESS AND ITS MANIFESTATION
FROM THE SIDE OF BLOOD CELLS

Kh. Lasareishvili, Z. Zurabashvili, G. Parulava

Institute of Psychiatry, Tbilisi

SUMMARY

By means of light and electron microscope methods the blood cells have been studied at
different types of aggressiveness. Aggressiveness was considered as a biological phenomenon.
Blood cells were investigated in control group (healthy donors) and in people, having committed
heavy crime (10 cases of homicide). Different structural organization of blood cells has been
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shown in both groups of observation. Structural indices of blood cells were considered from a
position of functional abilities of the organism. An attention was paid to different behavior of a-

and dense granules of the platelets.
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HOBASI BHOAKTUBHAS JOBABKA - KOHIEHTPAT “IIAPATOH”

P.I'. Menxaose, C.A. Kocmaga, P.I. Menkadse-/Joicypxadse,
KM. Kunyypaweunu*, JLII. Ieiikpuwgunu**, M.I. Bymxysu**

Kyrancckuii  nayunbiii nentp,  * ['py3vHCKHI TrOCY1apcTBEHHbBIH yHHBEPCHTET
cybTponuyeckoro xo3siicrtea, ** 0.0.0. “Jlemakc”

[Mpunsra 12.06.2007

PaspaGorana HoBasi GMOJIOrHYeCKH AKTHBHAsl NHILeBasi 100aBKa-KoHueHTpaT “Ilapa-
rou” (KII), conepaluas 3KCTPaKThbl M3 NPSIHO-aPOMATHYECKHX H JIEKAPCTBEHHBIX pacTe-
HHil, IPOYKTOB I4€JI0BOACTBA, BUHOTPAAAaPCTBA U BHHOAEHsI. Y CTAHOBJIEHbI (U3HYECKHE
1 KayecTBeHHble nokaszatesnn KII. McenenoBanbl (y1aBoHONAHbIE BEleCTBA KOHUEHTPATA U
YCTaHOBJIEHA MX KOHUEHTpauMsi, coctaBisiomas 12,95%. IMoka3aHo, YTO AHTHOKHMC/IH-
TeJbHbII noTeHunasn coctasisier 0,75 umosib Ha 1 Mut Tposiokea. Munepanbublii coctas KIT
COAEPAKUT 24 MHKPOIJIEMEHT, B TOM uMcJie 3awmTHble (Se, Zn, 1) u sccenunanbhbie (K, Ca,
Cr, Mn, Fe, Co u T.1.).

Ha ocHoBe npoBeeHHBIX HCC/IE0BAHMIT eJ1aeTCsl BBIBOJA O NMEPCNeKTHBHOCTH HCIOJIb-
soBanust KII B kayecTBe MOIIHOrO JieueGHO-NPOPUIAKTHYECKOTO CPEACTBA, a TAKKe s
o0orauieHusi psiia NHUILEBBIX NPOAYKTOB (AJKOroJIbHbIE H 6€3aJIKOro/IbHbIe HAMTKH, XJIe-
000yJ104HbIE M3 M, Yaii, Kode, MOpOKeHOe U Np.).

KumoueBble cioBa: GuoakTuBHas n00aBka, KoHueHTpar “Ilaparon”, (h1aBOHOMBI, AHTH-
OKHCJIUTEJIbHAsA AKTUBHOCTb, TPOJIOKC, MUKPO3JIEMEHTBI

PaszpaGorka konueHtpara “Ilaparon” Gbula NMPOAMKTOBaHA MeEH CO3JAaTh KOMIIO-
3UUMIO M3 LICHHEHMIUMX JIEKAPCTBEHHBIX PACTEHHH HAPOJHON MEAHMLMHBI, Il LHPOKOro
NPUMEHEHHs B Ka4yecTBE HaTypajibHOH GuoaktuBHOH noGaBku (BAJI), ¢ obweykpen-
JNAIOLMMH U aIaNTOreHHBIMHM CBOMCTBAMH.

Creyer oTMETHTb, YTO MOMCK GHONOrMYECKH aKTHBHBIX COEJMHEHHE MPUPOTHOrO
TMPOUCXOXK/CHHUS, CIIOCOOCTBYIOWMX MOMNEPIKAHUIO YCTOMYMBOCTH OpraHu3Ma B HeGia-
TONPHATHBIX YC/IOBUAX BHELIHEH CPe/ibl, IBJIAETCA OJHUM W3 MOCTOSHHBIX [PUOPHTETOB
Guonornyeckoi Haykn. Heo6X0AMMOCTB B TAKMX CPECTBAX OCOGEHHO BO3POCA B CBA3M
C YXy/ILIEHUEM dKOJIOrMYECKOI 06CTAHOBKH.

IIpoGniema co3naHus aKTHBHBIX aJaNTONCHOB, TEM HE MEHee, Ja/leKo He NpocTa. XOTs
HAKOTUICHHBIA OMBIT B 3TOH 00JACTH MOKA3bIBA€T, YTO CBOMCTBOM MOBBILIATH HECIIe-
UM(UUECKYIO PE3MCTEHTHOCTb OpraHM3Ma W JKM3HEHHBIH TOHYC, O0JaJaloT MHOIHE
BELIECTBA M MPOAYKTbl MHOTOKOMITOHEHTHOT'O COCTaBa, CPEACTBA BbIGOPA JUIS MAacCOBOTrO
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notpebeHus 10 CHX TMOp He CO3JaHbl H, Gojiee TOro, 3hpheKTHBHOCTb TakuX CPENETs,
peKIaMUpyeMBbIX B KaueCTBE alaiTOreHOB, YacTO SABJISIOTCS COMHHUTENBHO.

Kax B HapoaHoM, Tak M Hay4yHOH MeJMLMHE XOPOLIO M3BECTHO O BBIPAKEHHOM
6HOJIOrYeCKOl aKTHBHOCTH KCTPAKTOB PAaCTEHHM ceMeWCTBAa apanueBbIX (SKEHbIIEHB,
30JI0TOH KOpEHb, apajisl MaHW@WKypCKas, JIMMOHHHK KHTAWCKMM M Ap.), ABJAIOLIMXCS
OCHOBOH MHOrux BAJl — amantoreHoB, HEHTPOCTUMYJSTOPOB, MMMYHOMOMIYJSATOPOB,
OKa3bIBAIOLIMX Pa3HOCTOpOHHee lienebHoe neHcTBHe. B MHpe MpOMCXOAMT LIMpOKOe
MaTeHTOBaHHE Pa3paboTOK MOMOOHBIX CPEICTB M U3BECTHBI MHOTHE KOMMepueckue BAJ]
Ha OCHOBE 3THX PacTeHHi.

Bo3BpaT K pacTHTENbHBIM HCTOYHHKAM LIEHHBIX OHOJIOrMYECKH aKTUBHBIX BELIECTB —
aJIeNTOreHOB M KOPPEKTOPOB TOMEOCTa3a ONpaBAaH B CBS3H C BO3HUKHOBEHHEM
MacITabHBIX 3KOJNIOMMYECKHX MpPOOJeM, 3aTparHBaloLIMX GOJbIIME MACChl HACEIEHHS.
IMockonbky Takue CpencTBa MNpefHA3HAYAIOTCS, B OCHOBHOM, JUISl MOCTOSHHOTO H
MacCoBOrO MPUMEHEHHs, OHM JOKHBI ObITh OJM3KK MO CBOEH CyTH K MHILEBBIM
nobaekam ¢ j1e4ebHO-NPOYHIAKTHUECKHMHU CBOHCTBaMHU. Takne HelTpanbHble MPOTYKTHI
MOTYT LIMPOKO HCIMOJIb30BaThCSl HE TOJNILKO CaMOCTOSTENBHO, HO M Ul OOOrauieHus
6e3aIKOroNIbHbIX M aJIKOTOJIbHBIX HAMMTKOB, KOHAMUTEPCKHX H3/ENHii, XJe60NpOayKTOB,
yasi, Koje, MOPOKEHOrO U T.1.

VuuTbiBas BbIILIEU3IOKEHHOE, HaMH Obil co3naH HOBbI BAJ] — koHueHTpaT moa
HasBaHueM “Tlaparon” (Paragon — coBeplLeHCTBO).

OcHOBOH 171 €ro co3aaHMs MOCHYXHJI MHOTOJNIETHHI OMBIT 10 paspaboTke psana
MHOTOKOMIOHEHTHBIX LieNeOHbIX Ganb3aMoB [2-6].

Konuentpar “Ilaparon” npezacrabnser coboii cyMMapHsiii akcTpakT Gonee 20 nekap-
CTBEHHBIX M apOMATHYECKHX PACTEHMH M3 3KOJOrMYECKH HHCTOro CyOTPONHYECKOro
PacTEHHEBOICTBA U NMPOYKTOB MUYEJIOBOACTBA, BUHOTPAJapCTBa U BUHOMEIHS.

M3 OCHOBHBIX KOMIOHEHTOB KOHLEHTpaTa CleLyeT OTMETUTb (hepMEHTUPOBAHHBI,
(MKCHPOBAHHBI M YaCTMYHO (DEPMEHTHPOBAHHBIH Yal, 'MHKro 6uyo6a, >XMHaLes,
JIMCThSl BUHOTPAZa, LIUTPYCHI U AP.

PacturenbHoe Chipbe KOHLEHTpaTa SBJISETCS HMCTOYHHKOM COTEH OpraHMYECKHX
COENIMHEHMI Pa3IMYHOr0 CTPOEHHMs C Pa3sHOOOPa3HBIMU LIENEOHBIMH U FapMOHU3UPYIO-
LIMMH MHLIEBBIMM CBOHCTBAMM. DTO IIMPOKO PACMpPOCTPAHEHHBIE B PACTHTENLHOM MUPE
[JIMKO3M/Ibl AHTPAarJMKO3M/bl, MHOrOYMC/IEHHbIE (IaBOHOMIBI, KyMapHHbI M (ypoKy-
MaHMHBI, anKanoubl, (HEeHONbHBIE COEAMHEHHs, S(QHUPHbIE Macia, JIMTHaHbl, OpraHu-
YECKHME KMCJIOThl, MHMHEpPAJIbHbIE COJNH, MHUKPOJIEMEHTbl W TMPAKTUYECKH BCS ramma
BUTAMHHOB, BKJIIOYasi aHTHOKCHAHTBI.

HMcxons U3 BBIIEU3/I0KEHHOr0, HEOOXOAMMO H3YUHTh HEKOTOPbIE KAYECTBEHHBIE W
XMMHUECKHE ToKasaTeaH, Heobxoammble st BAJI-0B, 4TO M W3naraercs B JaHHOM
cTaThe.
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MATEPHAJIBI 1 METO/IbI

O6bekToM HccenoBaHus sBsieTcst koHueHTtpat “Ilaparon”. Hccnenosanue mpemyc-
MaTpHBajo U3yueHHe (PU3MUECKHX U OPraHONIENTHYECKHX MoKa3aTeneil KOHLEHTpaTa.

MaccoByio [OMIO CyXMX BELIECTB M CIHPTYO3HOCTb [MPOAYKTA ONPEAENSIH 10
cratbaM I'®XI, Bem. 2 [1]. OpraHonenTHueckue MokaszaTeld — apoMar, BKYC, LBET,



NMPO3PayHOCTb, YCTAHABIMBATM METOAOM jeryctauuu [8]. U3 XuMHueckux Belie
onpeaesouX GHOIOrHYecKyl0 aKTHBHOCTb (AHTHOKCHIAHTHAsS aKTHBHOCT), HCCIIEI0-
BAJICS COCTaB (DIABOHOM/IOB, ISl YEro MPOBEICHBI SKCIIEPUMEHTBI B Y TPEXTCKOM (hapma-
KosioruyeckoM ynupepcutere (Hunmepnannel), mo paspaGoraHHONM MMH MOAMULMpPO-
BaHHOH Xpomarorpauueckoil MeToamke ‘JIMHEHON BHIAEO Mepeiaun JAETEeKTOPHOro
curnana” [9].

Usyuenne antvoxucnurensHoit aktuBHoctd (AOA) nposeseHsl B HoTTvHreHckom
OroxumuueckoM yHuBepcutete (BennkoGpuTaHus), ¢ MPUMEHEHHEM TPOJIOKCOBOTO Me-
toga (HPLC). Cywmmocts merona HPLC 3akiiouaercs B HCMONB30BAHMM B KauecTBE
obpasua cpaBHeHHs Tposiokca (6-rHapOKCH-2,5,7,8-TeTpamMeTHI-XpoMaH-2-kap6oHoBas
KucnOTa) Me'rou OCHOBAaH Ha CTENEHH HEHTpalu3allMK T0JI0XKUTEILHOrO pafrKaia
ABTS" — (2,2'-a31H06a-3-3THNGEH30THO30 T H- -6-Cyb(OKHCIIOTA), ONpeaeNsieMblil CrieK-
TPOOTOMETPUYECKH.

MHKpO2/IEMEHTHBIH COCTaB KOHLEHTpaTa ONpeAensiM Ha crektpomerpe Elvax,
3apErUCTPUPOBAHHOTO B ['OCY/1apCTBEHHBIX peecTpax CPeACTB W3MepeHHil YKpauHbl,
Poccuiickoii ®enepaunu u Pecrry6nuku Benapycs [7].

PE3YJIBTATBI 1 UX OBCYKJIEHUE

B Ta6nuue 1 npeacrapienb! pe3ysbTaThl HCC/IeA0BaHUs (HU3HKO-OPraHONENTHIECKHX
nokasaresiei koHueHTpara “ITaparon”.

Tabnuua 1

DPuU3HKO0-0PranoJieNnTHYECKHE I0Ka3aTe M KoHnenTpara “Ilaparon”

OSHHCCKIie MaccoBas 10711 cyXux Bewects, r/100cm’ 351+1,0
nokasaresiu CnupryosHocts % (06.) 18,9+0,2
R TeMHO-KOPUUHEBbIH, 20

NpO3payHbIi,

Opranonentuyeckue | Apomar HexHblit, IBETOYHO-MEN0BbI 4,0
nokasaTteJiu, 6aubl o = ¥

i Bkyc [MpuaTHbIH, Kry4dnii, Goapsimii 4,0

O61as G6anbHas oLeHka 10,0

Kak cnenyer us TaGnuupl 1, mo opraHONeNTHYECKMM MOKa3aTelsiM KOHLEHTpAT
“[laparon” ynoBieTBopseT cyMMapHyio GalbHylO OLHKY, YCTAHOBJIEHHYIO Ha JIHKEpO-
BOJIOYHBIC M3JE/HMs BbICLIMX KAYECTB, YTO OYEHb BAXHO IS MAaCCOBOH OpraHU3allkH
NPOM3BOJCTBA NPOJAYKUMH M HE TpeOyeT CyLIeCTBEHHOrO H3MEHEHHs PeLenTypHOro
cocraa. Ilocnennee, ucXoas W3 MHOTOKOMIIOHEHTHOCTH TPOAYKTAa, CBA3AHO ¢
COCTABJICHUSIMH TMPAKTHYECKH OECUMCIEHHBIX BApPHAHTOB M GONBLIMMH BPEMEHHBIMH
3aTpaTaMH.

Ha ocrose pesynbTaToB usydenus daBoHouaoB koHuenTpata “Ilaparon” (TaGnuua
2) cnenyeT 3aKJIIOUHMTh, YTO HACILEHHOCTb MPOAYKTa JaHHBIMH BEIIECTBAMH OOJNbIIas,
YTO MOJKET OBITh OCHOBOM €ro BBICOKOW aHTHOKCHIAHTHOM aKTHBHOCTH.
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Conepxanne otnenbHbIX p1aBoHONI0B KoHUenTpaTa “Ilaparon”

Ne nuka DnaBoHOUA Coney % (ua abc. cyxyro maccy)
1 ["annosas kucnora 0,84
2 [TpoTokaTexux 0,96
3 Karexunsl 1,81
4 Banun 0,90
S Kodeunoas kucnora 1,52
6 Kymapun 1,04
7 depynosas kucnora 1,22
8 AnureHuH (MOHOTIHKO3U ) 0,51
9 I'uneposzun 0,52
10 Pytun 0,88
11 XnoporeHoBas KucioTa 065
12 KBepuernH 0,67
13 Ksepuurpuu 0,50
14 Kemndepons 0,93
Cymma 12,95
Tabnuua 3
MuxposieMenTHbII cocTaB KoHueHTpaTa “Ilaparon”
Ne DaemeHT Kounuenrpauus, Mxr/ma
1 Kanmuii (K) 24,8588
2 Kanbuwuit (Ca) 25,3696
3 Xpom (Cr) 0,1295
4 Maprauen (Mn) 0,3993
J XKeneso (Fe) 0,2533
6 Hukens (Ni) 0,0076
7 Mens (Cu) 0,1485
8 Liuuk (Zn) 0,5632
9 CeneH (Se) 0,0158
10 Bpom (Br) 0,0797
11 Py6unwmii (Rb) 0,1024
12 Cepa (S) 31,7555
13 Ko6anbt (Co) 0,0003
14 Pryts (Hg) 0,0098
15 Caunen (Pb) 0,0069
16 Meibsk (As) -
17 CrpoHuwii (Sr) 0,0640
18 Liupkouuii (Zr) 0,0311




17197
EEAYBER |

Ananusom AOA GbUJIO YCTAHOBIIEHO, UTO AHTMOKCHIAHTHBIH noTeHuman KIT coctan’”””
nger 0,75 HMOJIB/MII TPOJIOKCA, BBHIY YEro €ro MOXHO OTHECTH K KaTeropuH MOLIHBIX
AHTHOKCHIAHTOB MPUPOAHOTrO MPOUCXOXKICHHUS.

Pe3ysnbTaThl KOHLEHTPALMH OTJEIBbHBIX MHKPOSJIEMEHTOB B KOHLEeHTpare “[laparon”
npeacTaBiaeHHbl B Tabum. 3.

Ananuzupys naHHble TaGMMUBI 3 MOXHO 3aKIIOUMTb, YTO PacCMOTpeHHas OHoak-
THBHAs JoOaBKa-koHLeHTpaT “Ilaparon” HacblllieHa BCEMH HEOOXOAMMBIMH ULl YeJio-
BEUECKOr0 OpraHM3Ma MHKPOJIEMEHTaMH, 0cOOEHHO 3aluuTHbIMH (Se, Zn, I) u asccen-
wmanbHeiMU — K, Ca, Cr, Mn, Cu, Fe, Co u T.n., 4TO [eaeT ee BeCbMa MepCIEeKTHBHBIM
CPEACTBOM B HOPMAJM3alMM JKU3HEHHBIX MPOLIECCOB OpraHMW3Ma, JeYeHHs W mpodu-
JAKTHKM Pa3HBIX BMIOB 3a00JIeBaHUii, MOBBIILIEHHs €CTECTBEHHOrO MMMYHHTETA MPOTHB
pasMuHbIX (aKTOPOB BHELLIHEH Cpe/ibl.
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NEW BIOACTIVE SUPPLEMENT — CONCENTRATE “PARAGON”

R. Melkadze, S. Kostava, R. Melkadze-Jurkhadze, K. Kintsurashvili*,
L. Pheikrishvili**, M.G. Butchuzi**

Kutaisi Scientific Centre, * Georgian State University of Subtropical Agriculture, ** Lemax
Ltd., Tbilisi

SUMMARY

On the base of therapeutic herbs, bee-keeping, and viticulture and winemaking products a new
nutritional concentrate has been compiled as a biologically active supplement.

Qualitative characteristics of the product, its pharmacological content, antioxidant activity, and
composition of microelements have been investigated. A high antioxidant activity, saturation with
flavonoids and wide spectrum of microelements certify for giving the product the category of
effective nutritional supplements with the therapeutic-preventive property.

n
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MEJIUKAMEHTO3HOE U XUPYPITMYECKOE JIEUEHUE
MMOJIMIIO3HOI'O PHHOCHUHYCHUTA

1. Caxanoenuosze, 3. Yuuya, A. Munaweunu, H. Quuya

T6unucckuit rocyapcTBeHHbIN yHUBEpCUTET M. M. JIaBaXuLIBUIHK

PE3IOME

IMomunosustit punocunycut (ITPC) — XxpoHuyeckoe BocaiuTeNbHOE 3a601eBaHIE CIM3UCTOM
000I0UKH MOJIOCTH HOCA M OKOJIOHOCOBBIX Ma3yX, MATOreHe3 KOTOPOTrO Ha CErOfHEII b IeHb He
BBISICHEH 10 KOHLA M, TAKMM 06pa3oM, s Jieyallero Bpaya 0CTaéTcst KIMHNYECKOH mpoGiemMoii.

KitoueBbIM NPU3HAKOM JIBYCTOPOHHErO MOJINN03a Hoca B 90% cilyyaes SBISIOTCSA CMEIIaHHbIE
KJIE€TOUHbIE MHOUABTPATHI, Yalle 303MHO(MIbHbIE, TAKXKe MOBBIIIEHHBIE YPOBHH TaKMX Meua-
TOPOB BOCTIAJIEHHUs], KAK MHTEPNEUKUH IL-5, 20TakCUH U 903MHO(UIBHBIN KATMOHHBII 6eJ0K.
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s neyennss TTPC BaKHO YUHTHIBATb NEPBHYHOCTb MEAMKAMEHTO3HOTO JIEYEHHS, MHHH-
MaJIbHYX0O MHBa3MBHOCTh XHPYPrUUECKOTO BMELIATENbCTBA M 00s3aTeNbHOE €ro CoveTaHue C
NpEeNONEePaLMOHHON MEINKAMEHTO3HON TMOATOTOBKOM M JUIMTEJBHBIM [OCJIEONEPALHOHHBIM
JIEYEHUEM /U1 YMEHbIIEHHS YMClIa PEeLMANBOB WIH YUIMHEHHs IepPHO/a 10 PeLInuBa.

B ynuBepcureTckoit kiaumHuke uM. M.J[KaBaXHIUBWIIM, aJUIEPrOJIOrOM, YeJIOCTHO-THULEBBIM
XHPYPrOM M OTOPHHOJIAPUHIOJIOTOM, B COTPYAHMYECTBE, YCIMELIHO HCHONb3YeTCs anpobupo-
BaHHAs BO BCEM MHUpPE CXeMa KOMIUIEKCHOTO MPUMEHEHHs XUPYPrU4eCKOro U MeAMKaMEHTO3HOTO
JIeYeHHUs] W JOCTHIHYThl J0BOJLHO XOPOLIME Pe3yNbTaThl B YMEHbLICHHH 4YHC/IA PELAMBOB
NOJIAIO3a HOCA, B YMUIMHEHHM TMepHOJa BPEMEHH [0 MOCJIEONepalloOHHOr0 pPEeLMaInBa W B
3HAYMTEJILHOM YMEHbIIEHHH CUMIITOMOB XHPYPrUY€CKOr0 PUHOCHHYCUTA.

MEDICAMENTOUS AND SURGICAL TREATMENT OF
POLYPOUS RHINOSINUSITIS

Ts. Sakandelidze, Z. Chichua, A. Minashvili, N. Chichua N

I. Javakhishvili Tbilisi State Univrsity

SUMMARY

Polypous rhinosinusitis (PRS) is chronic inflammatory disease of Schneiderian membrane and
accessory sinuses of the nose, pathogenesis of which has not been completely ascertained yet and
thus it remains a clinical problem for physicians.

In 90% of cases the mixed cellular infiltrates are considered as the nodular mark of bilateral
polyposis of the nose, which mostly are eosinophilic. In addition, increased levels of such
inflammatory mediators as interleukin IL-5, eotaxin and eosinophilic cationic protein, are evident
in this disease.

Generally accepted position in the treatment of this disease worldwide has drug therapy,
minimal invasiveness of surgical intervention and its obligatory combination with pre-surgical
treatment with drugs and post-surgical long-term treatment in order to avoid relapses or to protract
the time before the next relapse.

The regimen of complex utilization of surgical and drug treatment is successfully implemented
in 1. Javakhishvili University Clinic with collaboration of allergist, maxillofacial surgeon, and
otorhinolaryngologist; as a result a good outcome has been achieved in the view of avoidance of
polypous relapses, prolongation of the time of polypous relapses, and significant decrease of
chronic rhinosinusitis symptoms.
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AKTUBHOCTb IEPEKMCHOI'O OKHMCJIEHUSI JIMITUAOB B IMM®OIUTAX
ITPU PA3JIMYHBIX ITATOJIOT USX IIIATOBUIHOM KEJIE3BI

H. Cynmanuweunu, H. Muzuneuweunu, M. Mapoaneuweunu, J. F'ampexenu,
M. Youya, I.Jlonaose*, I. Llamupuwieunu*, K. Mapoaneuwigunu*

T6unucckuii rocyfapcTBEHHbINH yHUBEpCHTET WM. U. JlKaBaxuIIBIIIH; * I'py3UHCKO-HEMeELIKas
CreLManM3MpoBaHHas OHKOJIOrnueckas KiuHuka, Tonnucu

PE3IOME

Vi3yueHa MHTEHCUBHOCTb MEPEKHCHOTO OKHMCICHHS JIMIMAOB B JTUMQOLMTAX, BbIACTCHHBIX I3
KPOBH 370pOBbIX Jojel (15) M KpOBHM MALMEHTOB C Pa3iMYHBIMM MaTOJOTMAMM LIMTOBHIHOMN
XKene3pl: y3noBathlii 306 (12), anenoma (12) u kapumzoma (12).

[Toka3aHo, 4TO MO CPABHEHHIO C KOHTPOJIEM MEPEKMCHOE OKMCIEHHE IMMHMAOB B TMMMOLUTAX
NaLHEHTOB C MAaTOJOrUAMH LIWTOBHIHOM jKeJe3bl MPOTeKaeT ¢ Gosiee BBICOKON MHTEHCHBHOCTBIO,
a MakCMMaslbHas MHTEHCUBHOCTD HaO/IofaeTcst y GOJIbHBIX KapLMHOMOI.

U3syuenue NMHAMHMKH (DEPMEHTATHBHOTO M He()EPMEHTATUBHOIO MEPEKUCHOTO OKHMCIECHHS
aunuaos (5, 15, 30, 60 MUH) MOKa3ano YacTMYHOE PACCTPOUCTBO aHTMOKCHAAHTHON CHUCTEMBI B
IUMGOLMTAX NALMEHTOB C 3a00/IEBAHMAMMU ILUTOBHMIHOMN JKeENe3bl.

ACTIVITY OF LIPID PEROXIDATION IN LYMPHOCYTES
AT DIFFERENT PATHOLOGIES OF THYROID GLAND

N. Sultanishvili, N. Migineishvili, M. Mardaleishvili, D. Gamrekeli, M. Chochua,
G. Loladze*, G. Shatirishvili*, K. Mardaleishvili*

L. Javakhishvili Tbilisi State University; * Georgian-German Specialized Oncological Clinic, Tbilisi

SUMMARY

The intensity of lipid peroxidation in the lymphocytes isolated from the blood of healthy
subjects (15) and patients with various pathologies of the thyroid gland — nodular goiter (12),
adenoma (12), and carcinoma (12) — was studied.

It has been shown that intensity of lipid peroxidation in lymphocytes of the patients with
thyroid gland pathologies is much higher in comparison with the control and the highest one is
observed in the patients with carcinoma.

Study of the dynamics of enzymatic and non-enzymatic lipid peroxidation (5, 15°, 30°, 60”)
has shown partial impairment of the antioxidative system in the lymphocytes of the patients with
thyroid gland pathologies.
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MECTHBII KPOBOTOK B CEPOM 1 BEJIOM BEIIECTBE I'OJIOBHOI'O
MO3TI'A BO BPEMSI HH®OPMAIIMOHHOM ITATOJIOT M IIOBEJIEHAS

U. Keauakuose, JI. I'ymoapuosze, M. Jesoapuanu, JI. I'obevun, M. Hebuepuose

Hucruryt dusnonorun uM. M. C. BepuratuBunu

PE3IOME

MeTo/10M BOAOPOHOTO KJIMPEHCa H3y4eHbl H3MEHEHHSI MECTHOTO KPOBOTOKA B CEPOM U GesloM
BELIECTBE TOJIOBHOrO MO3ra, BO BpeMs MH(OpPMaLUMOHHON natojoruu noseaeHus. Ilocnennss
BBI3bIBANIACH MYTEM JUIMTENLHOTO SMOLMOHATILHONO HANPSKEHHS, Pa3BUBIOLUETOCS TPH JUTHTENb-
HOM TECTUPOBHUM OTCPOUYEHHBIX peakuuii (28-30 nHeii, HempsAMoit MeTOI, BpeMs OTCPOUKHM 2-3 ¢),
B YCJIOBHAX JeduiunTa BpeMeH! Meskay npobamu (30 ¢) U BBICOKO# MUIIEBOI MOTHBALIUH.

[Toka3aHO yMeHbILIEHHE, MO CPABHEHMIO C KOHTPOJIbHBIMM JKMBOTHBIMH, JIOKAJIbHOTO KPOBO-
TOKa B CEpOM M Ge/IoM BElIECTBE TOJOBHOrO MO3ra KpbLIC C IATOJIOTHEH, YTO JOJNKHO ObITh
00ycnoByieHo O6KUM CHIWKEHHeM (YHKLMOHAIbHON aKTMBHOCTH rojioBHOro mosra. ITocrnenunee
MH/yLMPOBAHO NMATOreHHBIM JEHCTBUEM JUIMTELHONO OTPHMLATEILHOTO SMOLMOHAILHOTO HAMps-
xeHns. ONHAM U3 TPOSABJICHUI NATOreHHOTrO NEeHCTBHA XPOHUYECKOTO OTPULIATETLHOTO IMOLIMO-
HJILHOTO HAMpPSKEHMs CleNyeT cuMTaTh obluiee yXyaimeHne (YMEHbIIEHHe) O6LIero MO3roBOro
KPOBOOOpAIIEHHUS.
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LOCAL BLOOD CIRCULATION IN GRAY AND WHITE MATTER OF THE
BRAIN DURING INFORMATIONAL PATHOLOGY OF BEHAVIOR

I Kvachakidze, L. Gumberidze, M. Devdariani, L. Gobechia, N. Nebieridze
I. Beritashvili Institute of Physiology, Tbilisi

SUMMARY

With an aid of the hydrogen clearance method alterations of the local blood flow in gray and
white matter of the brain have been studied in the rats with informational pathology of behavior.
The latter was induced with prolonged negative emotional tension, which developed during the
long-lasting testing of delayed reactions (28-30 days, indirect method, delay time 2-3 s), in
conditions of time deficit between trial (30 s) and high food motivation.

Decrease of the local blood flow intensity in the gray and white matter of the brain in the rats
with above pathology was shown, as compared to the control animals; this should be elicited by
general decrease of the brain functional activity, which, in its turn, was induced by long-lasting
negative emotional tension. As one of manifestations of the pathogenic impact of the chronic
negative emotional tension, general worsening (decrease) of the brain circulation should be
considered.
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HMCCJIEJOBAHUE YHUIIOJISIPHOW JENPECCHAN HA JKUBOTHBIX MOJIEJISIX

A. Kopenu

Hnturyr Gpusnonorun um. U.C. Bepurawsunu, Toumucn

PE3IOME

B 0630pe AHAJIM3UPYETCs COBPEMEHHAsk METOO0JIOrUsA, NO3BOJIAOLIAS MOACIMPOBATh B IKCIIE-

PUMEHTAX Ha XMUBOTHBLIX YHHUIIOJAPHYIO ACMPECCHUIO YEJIOBEKAa W MCCJIE0BAaTh €€ TOHKHUE Heﬁpo-
(1)”3140!10]‘1426(:](“6 )8 HeﬁpOXMMl/I‘ICCKl/IE MEXaHHU3MBI.

OOGcyX€eHbl TPU OCHOBHBIE JKMBOTHBIE (KPBICHI) MOJEIIH YHHUIIOJSAPHOMN NENPECCHH: TECT Bbl-

HYXXJIE€HHOI'0 IIaBaHHus 110 HOpCOHbTy, BblpaGOTKa BblYUEHHOIT 6€eCroMOIIHOCTH 110 Cenurmaﬂy u
JABYCTOPOHEE MOBPEXKACHUE 00OHSTENbHBIX JIYKOBHL.
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Ha ocHoBe OﬂyﬁnHKOBaHHbIX B Tpecce M HalMX COOCTBEHHBIX JaHHbIX, OEJIaeTCA 3aKIH0-
YEHHE, YTO XMBOTHBIC MOJIEJIN ACTIPECCUH BIIOJIHE a€KBATHBI MMOCTABJEHHBIM 3aJayaM H, B psanae
Cliy4yaeB, AaroT 6os1ee 0OBEKTHBHBIE U HaIEXKHbIE PE3yJIbTaThl, HEKENU THAarHOCTHYECKHUE METObI,
NMPUMEHSAEMbIE B ICUXMATPUUECKON KIIMHUKE.

INVESTIGATION OF UNIPOLAR DEPRESSION IN ANIMAL MODELS
A. Koreli

L. Beritashvili Institute of Physiology, Tbilisi

SUMMARY

The review analyzes current methodology, which allows modeling human unipolar depression
and researching its fine neurophysiological and neurochemical mechanisms in animal experiments.

Three major depression animal (rats) models are evaluated: Porsolt’s forced swim test,
Seligman’ learned helplessness paradigm, and bilateral olfactory bulbectomy.

On the basis of the works published elsewhere and our own data, it is concluded that the
animal models of depression are sufficiently adequate for the above objectives and, in a number of
cases, provide even more reliable results than the diagnostic means implemented in psychiatric
clinic.
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USAGE OF RADIOSURGICAL UNIT “SURGITRON™” IN THE
INGUINAL HERNIA REPAIR

T. Chkhikvadze, V. Archvadze, K. Giorgadze

Tbilisi State Medical University

Accepted 4.06.2007

The results of the surgical treatment of 213 patients with pure-tissue repair (54 cases with
usage of radiosurgical unit Surgitron™) and 49 patients with tension-free hernia repair (29
cases with usage of radiosurgical unit Surgitron™) were examined by the authors. No cases
of bleeding, hematoma, seroma and wound infection after the “Surgitron™” usage were
found. There was one case of transitory testicular swelling and one case of testicular mal-
position (high situation) in the group of the patients with pure-tissue repair. Advantages of
using radiofrequency technique include atraumatic dissection of tissues, bloodlessness, dry
field, minimal postoperative pain, and rapid healing; it facilitated separation of hernial sac
from the spermatic cord and surrounding tissues in case of indirect hernias.

Key words: inguinal hernia, hernia repair, radiosurgical unit Surgitron™, complications

Approximately 4000000 inguinal hernioplasties are performed per year between the
USA, Europe and Asia, which are complicated with postoperative wound infection in 3-
4% [1], hematoma of subcutaneous layer of the wound and scrotum in 4-28,3% of cases
[2; 7]. The usage of synthetic prosthetic mesh can increase infectious complications
during the life of the patients with morbidity rate of 0,13-3% [3], disejaculation and
inguinodinia [5, 6].

Objective of our study was investigation of the possibility of usage of radiosurgical
unit Surgitron™ for the cutting of soft tissues during inguinal hernia repair; choice of
most adequate optimal regime of its power for the dissection of skin, fascia, aponeurosis,
muscles, hernia sac, wall of bowels, greater omentum (in case of necessity to resect the
last two of them in case of strangulated hernia) in the experimental study.

MATERIAL AND METHODS

Total of 213 patients with pure-tissue repair and 49 patients with tension-free hernia
repair were operated and followed-up from 1994 till 2007 (54 cases of pure-tissue repair
and 29 cases of tension-free repair with usage of radiosurgical unit Surgitron™).
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Description of Archvadze’s method of low-tension pure-tissue repair (patent Nijir()’?@;@
1994): The method is based on strengthening the back wall of the inguinal canal as well
as the methods of Kirchner, Postempski (Halsted) and Hackenbruch. In case of plastic
surgery according to Archvadze's method, at first, the medial fragment of the aponeurosis
of the external oblique, internal oblique, transverse muscle and the transverse fascia are
stitched to the Cooper’s and then to the inguinal ligaments with Kimbarovski's (1929)
inverted stitches and then after pulling aside the spermatic cord to the upper edge of the
wound (lateralization of spermatic cord), the free, lateral edge of the aponeurosis of the
external oblique is redoubled to its upper half. Attention must be paid to the opening of
the inguinal canal by cutting of aponeurosis of the external oblique as near to the
Poupart’s ligament as it is possible in aim to avoid excessive tension of stitches and
receive so called “low tension pure-tissue repair” (Fig. 1).

Fig. 1. Archvadze’s I method of low-tension pure-tissue repair of inguinal hernia. 1 — medial
fragment of the aponeurosis of the external oblique muscle; 2 — lateral fragment of the aponeurosis
of the external oblique muscle; 3 — internal oblique muscle; 4 — transverse muscle; 5 — spermatic
cord; 6 — Poupart’s ligament; 7 — transverse fascia; 8 — Langenbeck’s preperitoneal fatty tissue.

Description of Archvadze’s Technique of tension-free hernioplastics (Certificate
Ne 671; 2004): The monofilament polypropylene mesh must have adequate size and shape
in order to be placed and stitched between the lower edge of internal oblique and inguinal
ligament without tension. In the border of upper and middle third of mesh preliminary
must be done a hole through which the cord perforates the mesh without any pinching or
strangulation. Then, by pulling the cord aside to the upper corner of the wound
(lateralization of the spermatic cord) the external oblique aponeurosis must be closed
under the cord with nonabsorbable sutures without reduplication. Thomson's fascia must
be stitched by the absorbable (Vicryl) stitches over the spermatic cord. So, the cord
makes the knee (zig-zag) at once after it passes through the mesh, follows upper and
laterally towards the direction of the upper corner of the wound, comes out between the
stitches of external oblique aponeurosis and lies between it and Thomson's fascia. So, the
cord is separated from the mesh by the external oblique aponeurosis and totally is covered
with host tissues (Fig. 2).



Fig. 2. Archvadze’s Il method of tension-free repair of inguinal hernia. 1 — medial fragment of the
aponeurosis of the external oblique muscle; 2 — Lateral fragment of the aponeurosis of the external
oblique muscle; 3 — internal oblique muscle; 4 — Thomson’s fascia; 5 — spermatic cord; 6 —
prosthetic mesh; 7 — tuberculum pubis; 8 — Poupart’s ligament; 9 — transverse fascia.
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The Ellman International Inc. (USA) Surgitron™ electrosurgical unit is essentially a
portable generator that creates high frequency current of 3.8 to 4.0 MHz, which is
comparable to radiowave frequency for broadcasting [4].

Table 1
Optimal regimes of the radiowave unit
(worked out by the experimental studies on 32 “chinchilla” rabbits)
Optimal power (dial number)
Organ (tissue)
Cut Cut + Coagulation Coagulation

Skin 2.5-3.5 - -
Subcutaneous fatty tissue 4.0-4.5 6.0-6.5 -
Aponeurosis 3.5-4.0 5.5-6.0 -
Muscle 3.5-4.0 5.5-6.0 5.0-5.5
Peritoneum, hernial sac 3.5-4.0 5.5-6.0 -
Stomach - 5.5-6.0 5.0-5.5
Small intestine - 5.5-6.0 5.0-5.5
Large intestine - 5.5-6.0 5.0-5.5
RESULTS AND DISCUSSION

There were no cases of bleeding, hematoma, seroma and wound infection after the
Surgitron™ usage. There was one case of transitory testicular swelling and also one case
of testicular malposition (high situation) in the group of patients with pure-tissue repair.

Advantages of using radiofrequency technique include atraumatic dissection of
tissues, a nearly bloodless, dry field, minimal postoperative pain, and rapid healing. It
facilitated the separation of hernial sac from the spermatic cord and surrounding tissues in
case of indirect hernias.

Usage of high precise surgical equipments and at first radiosurgical unit Surgitron™
facilitates atraumatic and bloodless dissection of tissues and decreases morbidity rate of
postoperative hematomas, seromas and purulent complications.

“SURGITRON™"

Fig. 3. SURGITRON™
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Archvadze’s methods of low-tension pure tissue and tension-free hernia repairs
provide good early- and late postoperative results.
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NIPUMEHEHME PAJIMOCKAJIBIEJIS “SURGITRON™” B XUPYPI AN
ITAXOBBIX I'PBIK

T.®. YUxuxeaose, B.III. Apusaose, K.H. I'uopzaose

T6unucckuii FocynapcTBeHHblit MeAHUNHCKIIT Y HUBEPCHTET,

PE3IOME

B cTaThe NpUBOAMTCA CTAaTMCTHKA JiedeHMs 213 MALUMEHTOB MPOONEPUPOBAHHBIX C
MPUMEHEHUEM YMCTOTKAHEBOM MacTuky (54 M3 HUX — C UCMOJIB30BAaHUEM PaaMOCKaibIens) u 49
GonbHbIX (29 M3 HMX — C MCHONb30BAHHEM palMOCKANbIENsA) C MPUMEHEHHEM TEXHUKH 6e3
HaTsukenns. TIpU MCTIONB30BaHUM pamnockanbrens Surgitron™ He GbiI0 OTMEYEHO HH OHOTO
cilyyas KpOBOTEUEHHs, FeMaToMbl, CEPOMBI M paHeBOil MHMekuuH. Mbl HabIOKAIM MO0 OXHOMY
CJy4ar0 TPaH3UTOPHOTO OTEKA W MAIMO3MUMHU (BHICOKOTO PACrMojIOKEHHs) CEMEHHHUKA B TpyIne
NaLHEHTOB MOABEPTILMXCS YUCTOTKAHEBOMY IpblkeceueHnio. IIpenmMyIecTBaMu pacceueHms Tka-
Heili IPY MIOMOIUM PaMOBOJIH ABJIAIOTCA aTPaBMaTH3M, CyXO€ ONEPALMOHHOE M0JIe, MUHUMH3ALHUS
0C/Ie0NepaMonHoi 6ou, GbICTPOE 3aXMBIEHHE paH, OOJEryeHUe BbIAEJEHHS TPLIKEBOTO
MelIKa OT OKPYXaloLKUX TKaHeil 6e3 TpaBMaTH3aLMK 3NEMEHTOB CEMEHHOTO KaHaTHKA TIPU KOCHIX
MaXoBbIX TPbIKAX.
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