THYECKH HEMOAU(UIIMPOBAHHOTO COEBOro mIpoTa. JKMBOTHBIX
I rpynms! (I onbITHAs) CKapMIIMBAIM aHAJIOTMYHBIM PAllUOHOM,
HO COEBBIH LIPOT 3aMEHSIM HA TeHETHYECKU MOIU(UIIMPOBaH-
HbIi. JKuBotHbIX Il rpynmnsl (11 onbITHAs) KOPMUIIM TOJIBKO I'eHe-
THYECKH MOAU(UIIMPOBAHHBIM LIPOTOM.

OrmnpezeneHne HAINYUS T'€HETHYECKH MOAM(UIMPOBAHHBIX
uctoyHukoB, MO B muIeBbIX U KOPMOBBIX IPOAYKTaX OCY-
IIECTBIISUIOCH C UCIIOJIb30BaHUEM IIOJIMMEpa3HOH LIEITHOH peak-
1mu. [IpoBenensr MopdomMeTprueckoe HCCIeI0BaHHE Oy YeH-
HOTO Marepuaia i OnoMeTpruIecKas 00paboTKa JaHHBIX.

BrraBneno, yTo noegaHue >KUBOTHBIMH KOPMOB, IMPUTOTOB-
JICHHBIX Ha OCHOBE IEHETHYECKH MOAM(HULUPOBAHHBIX pacTe-
HHH, HE BIMSCT Ha PEIPOAYKTUBHBIC (DYHKIIMU POJUTEIHCKOTO
IOKOJICHHSI; OAHAKO IPOMCXOJUT TOPMOKEHUE CKOPOCTH POCTa
¥ nporecca (GOpMUPOBAHUS OJIOBBIX JKeJIe3 TOTOMKOB [IEPBOTO
1, 0COOCHHO, BTOPOTO MOKOJICHUSI; Y BTOPOT'O ITOKOJICHHUSI TIOTOM-
KOB, TOJIyYaIOI[MX TOJILKO T'€HETHYECKH MOAN(DHUIMPOBAHHBIM
COEBBIN MIPOT, OTMEYalach BbICOKAs CMEPTHOCTb M Pa3BUTHE
Je(EKTHBIX PEHPOTYKTHBHBIX Ka4eCTB.
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RADON HORMESIS IN EPILEPTIC PATHOGENESIS AND PREDICTORS OF OXIDATIVE STRESS

'Nikolaishvili M., 2Nanobashvili Z., Mitagvaria N.

Beritasvhili Center of Experimental Biomedicine, ' Department of Radiobiology, *Department of Neurophysiology,
’Thilisi Experimental Biomedicine Center Academician-Secretary of the Georgian National Academy of Sciences,
Department of Cerebral Circulation and Metabolism, Georgia

Radon is a radioactive element and therefore has radiant prop-
erties. Under the influence of radiation it is possible to change
the vitality of the organism, so because of these characteristics,
it is also used in medicine, for example: radiation therapy is used
to prevent hypertension, age-related changes in the brain and to
treat or prevent other diseases [1]. It is known that during radon
spa therapy there is an increase in adrenaline in plasma [2,3]
and these properties are used in medicine. Nevertheless, radon
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in high concentration conditions can harm the body and cause ir-
reversible changes [4,5], for example, radon has been named the
most common cause of lung cancer in non-smokers [6].

Resort Tskaltubo has long been used for improving health in
various disorders. It is located on 70 km from Black sea, altitude
90-120 meter from sea level, in western Georgia and is regarded
as chloride-hydrocarbonate-sulfate-magnesium-calcium-sodi-
um water. It is characterized as stable and unchangeable by time.
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In the 70th of the 20th century important microelements such
as iodine, bromine, magnesium, lithium, zinc, strontium and
copper were detected in Tskaltubo mineral water. Analysis also
showed that springs contain low concentration of radioactive ra-
don [40 to 100 Becquerel (Bq)] that could be considered as one
of the cause of healing effect (Khazaradze et al, 2001, Gelashvili
et al, 2001). It should be noted that the action of radon, as well
as other radioactive elements, is characterized by the activation
of the phenomenon of Hormesis in the body which is character-
ized by induction of biopositive responses such as increases in
immunity and antioxidants by low-dose radiation [9].

Nowadays radon therapeutic spas are used for treating various
inflammatory rheumatic diseases such as ankylosing spondyli-
tis, chronic polyarthritis, fibromyalgia, scleroderma, rheumatoid
arthritis, as well as in some neurological condition (chronic neu-
ralgia) and respiratory diseases (bronchial asthma, chronic bron-
chitis) [10]. Radon therapy appears to aid in the recovery of the
immune system. This is the case with bronchial asthma and even
in the treatment of atopic asthma [11] where long-lasting effect
on the immune system has been demonstrated.

Because radon has a positive effect on pain, the immune sys-
tem, its analgesic, reparative-regenerative, immunomodulative,
stress-inductive action is used in medicine. Radon influences the
concentration of amino acids and neurotransmitters involved
in excitation and inhibition at the cellular level, as confirmed
in our previous studies. Studies in aggressive rats have shown
that short-term (7 days) inhalation of radon alters the concentra-
tion of amino acids involved in excitation and inhibition in the
animal brain, namely a decrease in glutamic acid and GABA
concentrations and a significant decrease in noradrenalin con-
centration (Nikolaishvili, 2006). These changes formed the basis
for a change in the behavior of an aggressive animal when, after
inhaling radon, the aggressive animal lost its aggression (aggres-
sive traits) and became non-aggressive. Based on the results of
this study, we can assume that inhalation of radon may be an ac-
tivator or inhibitor of the activity of some neurotransmitters act-
ing on physiological processes. Accordingly, the present study
makes it possible to shed light and clearly indicate the possible
benefit of therapeutic use of radon on brain functioning.

Radon Hormesis (R-Ho) could have significant beneficial ef-
fect in patients with epilepsy that is one of the most common
chronic neurological diseases. Epilepsy affects more than 50
million people in the world (1% of general population) [13] and
there are leaving more than 35 000 persons with active epilepsy
in Georgia (8.8 per 1000) [14]. Epilepsy is more often revealed
among children and in aging people.

Epilepsy has numerous causes, each reflecting brain dysfunc-
tion, but the main symptom of the disease is recurrent epileptic
seizures, caused by deterioration of inhibitory and excitatory
balance in the brain cortex.

Despite the multitude of causes, the exact cause that led to the
development of epilepsy has finally been explored. Some forms
of epilepsy are accompanied by an increase in arousal and some
by a decrease in retention.

Numerous experimental and clinical observations have shown
that oxidative stress (OS) plays a major role in the development
of epilepsy. The epileptic seizure itself is caused by OS and in
the background of the hypermetabolic state has an intense pro-
duction of reactive oxygen species (ROS) in the brain. The rea-
son for this is called a sharp change in energy metabolism. ROS
and other markers of oxidative stress occur in the brain after
epileptic seizures. These changes have been observed in animal
models of epilepsy as well as in patients with epilepsy.
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The most important result of the accumulation of ROS in epi-
lepsy is the activation of excessive and uncontrolled lipid perox-
idation (LPO) processes in the brain tissues. The intensification
of LPO processes leads to changes in the structural organization
of the membrane (phospholipid composition, microviscosity
and ion permeability), as well as the rheological properties of
the blood deteriorate as a result of peroxidation reactions.

Based on all the above, we decided to study the effect of ra-
don inhalation on oxidative stress, namely changes in oxidative
markers when animals were exposed to small doses of radon
short-term (5 days) inhalation.

Material and methods. For our experiment, we used 24
month the Krushinsky-Molodkina (KM) line male rats. They
are predisposed to audiogenic epilepsy (seizures in response
to a strong sound). Rapid (5-7 sec.) development of clonic-
tonic seizures and the development of postictal catalepsy are
characteristic of KM rats (Semiok hina A.F, et.all. 1996, Inna
S.Midzyanovskaya 2004).

For induction of epileptic seizures, we used an audiogenic sig-
nal before the study to which the experimental animal responded
with cramps. In particular, the trigger caused the development
of myoclonic seizures with “limbic” localization. Long-term (15
min) exposure of KM rats to the action of sound according to a
special scheme with alternating 10 s periods of strong and weak
sound causes cerebral circulation disorders in them, externally
manifested in the form of paresis and paralysis of the limbs (Fe-
odorova I.B 2005, Fadiukova O.E. 2013, Kapanadze A.P. 2013,
Poletova 2017). On the 5th days assessment of epileptic seizure
with trigger - sound in BK rats was performed.

Radon measurement: in Tskaltubo spa center, were natural
mineral water is used, we measured Radon's radioactivity in
water. The radioactivity of Radon was 37 becquerel (bk) in 1
m3 (37 bk/m3).

Radon inhalations procedure: we placed 10 experimental
animals (KM rats) in Tskaltubo mineral water spa’s sauna (ex-
perimental group). Mineral water temperature was 36°C , Humidity
90%. Control group 10 KM rats was placed in another spa center's
sauna, were 36°C mineral water (without radon) was delivered via
inhalation. Humidity in this spa center's experimental room was
90%. None (experimental and control group of rats) of the animals
took a bath, they were just in two different saunas and living in the
same conditions. Inhalation was taken through the nose, for 5 min-
utes, once a day, in conditions of high humidity (about 90%) during
5 days. After each procedure of inhalation, the rats were placed in a
vivarium and given food and water.

For study the physiological changes caused by inhalation of
Tskaltubo water on oxidative level, which prevents the develop-
ment of brain disorders associated with peroxidation reactions, we
measured the free radicals concentrations (d-ROM) - reactive oxy-
gen metabolites in the blood plasma of rats, using a photometric
test, measured the concentration of hydroperoxides (ROOH) in the
brain tissue, which gives us a pro-oxidant status of the tissue. Hy-
droperoxides, also called Reactive Oxygen Metabolites (ROM), are
formed during an oxidative attack when Reactive Oxygen Species
(ROS) react with various organic substrates (e.g. carbohydrates,
lipids, amino acids, proteins, nucleotides, etc.).

To assess the antioxidant capacity of plasma, we used the PAT
(Antioxidant Concentration Test) by measuring ferric reducing
ability and to evaluate the effectiveness of antioxidants, we de-
termined the OSI (Oxidative Stress Index) and the OBRI (Oxi-
dation Balance Status).

All named measurements were provided by means of Photo-
metric Analytical System FRASS (H&D, Parma, Italy).
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Table 1. The effect of Radon inhalation on the epileptic seizure in rats.

. . The first wild The duration of the | Duration of tonic-
Hidden period | . . Pause s . AR
(sec.) jogging dura- (min.) second wild jogging clonic seizures
’ tion (sec.) : (sec.) (sec.)
Before exposure to radon (p<0.05) 11£1.1 10+1.1 5+0.3 58+1.7 78+1.9
3 days after radon exposure p<0.05) 23+2.1 6+0.7 11+1.1 37£1.3 0
5 days after radon exposure p<0.05) 16£1.4 3+0.1 32422 39+£1.1 52+1.3
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Fig.1. The effect of Radon inhalation on the epileptic seizure in rats.

Results and duscussion. Epileptic seizure. After completion
of the inhalation course, the research and control group of ex-
perimental animals were examined on the 3rd and 5th day after
completion of the inhalation course.

On the 3 and 5" day after low doses (37 3700 Bq/m®) Radon
inhalation hidden period before seizures and pauses between
seizures were significantly increased (p<0.05) in Radon expo-
sure group, then in control. The latent period before radon in-
halation was 11+1.1 s. On the 3rd and 5th day after inhalation,
the latent period increased to 23+2.1 and 16+1.4, respectively.

Duration of first and second wild jumping after trigger was
decreased in the Radon inhalation group of rats (p<0.05). In
all groups, wild jogging started immediately after receiving
the audio signal (call), but the first wild jogging duration
was reduced from 10+1.1sec., (Control group) to 6+0.7 on
the third day after radon inhalation and even longer on the
fifth days (3 £ 0.1 sec.). After receiving the audio signal the
duration in second wild jogging was reduced from 58+1.7
seconds to 37+1.3 on the third day after radon inhalation and
39+1.1 seconds on the Sth day after inhalation. No general-
ized audiogenic tonic-clonic seizure was not observed in the
Radon inhalation group on the day 3, whereas the duration of
seizures in the control group was 78+1.9 seconds, while on
the 5th day after inhalation it was 52+1.3 seconds.

As can be seen from the table, the effect of radon causes an
increase in the latent period on days 3 and 5 after inhalation.
The duration of the first wild jog was reduced by epilepsy in
rats on the third day after exposure to radon (6+0.7 sec), but
the decrease in this parameter became even more noticeable
on day 5 (3+0.1 sec) which was also statistically significant
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(p<0.05). As for the duration of the second wild jog, on the
third day was 37 seconds and on the fifth day 39 seconds. No
changes were observed in the data of the control group of
rats. There was also no generalized audiogenic tonic-clonic
seizure in the radon inhalation group on day 3 and it was
equal to 0, while on day 5 it was to the control (78+1.9 sec-
onds) was reduced to 52+1.3 seconds. Which is statistically
significant (p<0.05).

Oxidative stress. From the data presented in Table 2 we
can see the following. Study of dROM in genetically epi-
leptic Krushinsky-Molodkina rats before exposure to radon
showed very high oxidation status (52143.67), and on the 5th
day after exposure to radon the level of oxidative stress was
38142.95 which is statistically significant (p<0.05). The he-
matological concentration of antioxidants (PAT plasma with
antioxidant fragments) was at the edge before being taken
to Tskaltubo in epileptic rats (2091£3.95), and as a result of
inhalation of radon became (2763+5.85) — statistically it is
reliable (p<0.05). OBRI (Oxidation Balance Risk Index): if
it was before radon inhalation 1.95+ 0.3 - dangerously high
for the organism, after inhalation it was recorded as high, but
this data was not dangerous for the organism (1.6+0.2,). The
difference between them is statistically significant as well
(p<0.05). OSI - The correlation of total oxidative status with
the total antioxidant status used to determine the Global Re-
dox status index in epileptic rats was 142+ 2.3 before radon
inhalation, above the critical situation, and after inhalation
it was halved to 111£2.3. From the above mentioned we can
conclude that a positive result was obtained when inhaling
radon.
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Table 2. Oxidative stress in epileptic rats

Epileptic rats D-ROMs FAST OSI
Ucarr. PAT OBRI REDOX
+
52143.67 2763+5.85 Oxidatli.vgesgta?ﬁz sata 142+2.3
Control Free radicals, very Antioxidants . . Oxidative status index is
. . . dangerous level in relation o
high There is a deficit on the critical edge
to cholesterol
38142.95 111£2.3
. +3. 30. .
Experiment Is average A%/(e)?al e3legjel 1’1—611' (112 The body is on alert
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Fig.2 Oxidative stress in epileptic rats

Numerous experimental studies have been provided in animal
models to prove the positive effect of radioactive radon on vari-
ous disorders. In recent previous experimental studies, they were
performed in rabbits to investigate the curative effects of radon hor-
mesis the changes of levels the lipid peroxide, the oxidative stress’s
formative Nitric Oxide (NO) and the indicators of membrane con-
ductivity of different organs were performed [15]. The data of this
studies indicate that the effect of radon hormesis (R-Ho) happens
by the activation of NO and formation of hydrogen peroxide (H,0,)
that activate of excessive NO production in microphages under the
effect of interferon gamma and beta (INF-yB) [16]. As a result the
increased production of NO activates peripheral microcirculation
and central hemodynamic. In this reason NO can be considered as
an autocrinic homeostatic modulator as well.

It is established that macrophage-killers are the important
source of NO. By NO activation they suppress DNA synthesis
of tumor cells and suppression of new tumor cells, anti-inflam-
matory, desensibility and sedative mechanisms. NO effects on
activation of DOFA, DOFA-cines and DOFA-amino formation
in blood; it is involved in regulation of the Na*, K" and Ca*" ion
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changes, and play one of the main role in suppression of specific
autoimmune and in activation of non-specific immune systems
of the body.

In our case the reduction in oxidative stress is seen as early
as the 5th day after exposure to radon inhalation due to NO
activation, NO can be considered as an important neurotrans-
mitter that can participate in synaptic transmission as classical,
from presynaptic to postsynaptic neuron [17] and retrograde, Iso
indirectly by acting on glial cells or surrounding neurons. NO
protects the brain from ischemic and neurotoxic stroke, controls
the oscillatory activity of neurons [18], nitric oxide synthesis is
often considered as a protective mechanism against the cytotox-
ic action of phagocytes, since NO inhibits the activation of the
neutrophil [19] and NADPH oxidase activity, reduces xanthine
oxidase activity, decreases AFK products [20]. At the same time,
it should be noted that NO is involved in the development of the
inflammatory process and its effect on the functional state of
phagocytes can be modulated and changed over time. Therefore,
the protective or cytotoxic action of NO is also characteristic of
certain cells and tissues.
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Experimental models of epilepsy show that increased oxida-
tive stress (increased oxidation of lipids and proteins) is accom-
panied by the development of seizures [21]. Focal or first gen-
eralized epileptic activity in animals is followed by activation
of LPO in the field of hyperactivity. At the same time, elevated
LPO levels were observed in the blood of animals. The introduc-
tion of antioxidants into animals slowed the development of epi-
lepsy and reduced its intensity. In-vitro experiments have shown
that anticonvulsants can inhibit LPO in the brain membrane. The
most pronounced changes in LPO product content are experi-
enced by patients with prolonged epilepsy, generalized seizures,
and profound personality changes.

M.K. Pandey et al. conducted studies (2012) show that MDA
levels were significantly higher in the group of patients with epi-
lepsy who had symptoms of mental disorders associated with the
disease (psychosis and depression) [22]. The study determined
the content of malonic dialdehyde (MDA), which is one of the
final products of LPO. Thus, the severity of oxidative stress was
significantly higher in patients with epilepsy who had mental
disorders associated with this disease.

During seizures, there is an increase in the oxidation of free radi-
cals, which in turn is accompanied by a decrease in the activity of
the brain’s antioxidant defense system: both enzymatic and non-en-
zymatic parts. High levels of LPO and decreased activity of major
antioxidant enzymes - SOD and GPO - have been identified in the
blood of patients with various forms of epilepsy [23].

Studies by E. Ben-Menachem (2000) have shown that eryth-
rocyte SOD1 activity is significantly lower in patients with
progressive myoclonic epilepsy than in healthy individuals. De-
creased SOD1 activity also occurs in the cerebrospinal fluid of
patients with epilepsy, especially in the disease-resistant group
compared with patients with curable forms of epilepsy and in the
control group of healthy individuals. The authors believe that
decreased SOD1 activity is associated with recurrent seizures,
and that SODI1 deficiency in cerebrospinal fluid may be a predic-
tor of drug-resistant epilepsy [24].

In addition to the above, the convulsive state is character-
ized by anomalous Na + and K + metabolism. Accumulation of
ammonia also occurs at this time, which is associated with the
intensification of deamination reactions; All of this leads to de-
polarization of cell membrane shells, lowering of the excitability
threshold, and a new series of seizures. In the first minutes of sei-
zures, neurotransmitters are released, accompanied by a change
in the level of secondary messengers, which is reflected in the
activity of metabotropic receptors. Activation of adrenoceptors
even causes an increase in cyclic adenosine monophosphate.

Excretion of excitatory amino acids (mainly glutamate) is
known to increase during seizures. At this time, neuronal activ-
ity increases and intracellular calcium levels increase, which is
associated with the formation of ROS [32]. Disruption of calci-
um metabolism is associated with a sharp increase in cell cytosol
and leads to the activation of Ca™-dependent enzymes. The for-
mation of ROS is accompanied by the synthesis of prostaglan-
dins from arachidonic acid. This in turn enhances free radical
reactions that ultimately lead to membrane destruction.

Thus, numerous experimental data and individual clinical ob-
servations indicate the pathogenic role of OS in epilepsy, which
is associated with disruption of the structural, hematoencephalic
barrier integrity of the cell membrane of neurons, oxidative de-
struction of nucleic acids and radon exposure regulates oxida-
tive stress, the clinical manifestation of which may be expressed
by a reduction in epileptic seizures, and which has also occurred
in the results of our study.
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According to our research, the use of radon inhalation in ex-
perimental animals, particularly in genetically determined rats with
epileptic seizures, altered all parameters of the epileptic seizure de-
velopment picture, namely the hidden period, the first and second
wild jog duration after the audiogenic signal. On the third day, no
response to the audiogenic signal was observed at all, and not even
a single episode of tonic-clonic seizures. All mentioned suggests
that radon inhalation could be used to treat epilepsy.

According to the International Classification of Epileptic Sei-
zures, we are talking about focal seizures and in our experiment,
the effectiveness of Tskaltubo water has been confirmed in the
case of focal epileptic seizures. As for generalized epilepsy, the
impact of radon hormone on these types of seizures is still un-
clear, which requires additional scientific studies.

The impact of radon inhalation on seizures of brainstem epi-
lepsy models is particularly important because mechanisms of
prolonged bilateral (formerly generalized) seizures in humans
are considered to be erased/included in brainstem structures.

Presented study is the first precedent of attempt R-Ho trough
inhalation for treatment of epileptic seizures in animal models
with further translation to clinical study in humans through pilot
phase II study. More profound and scientifically systematized
approach is needed to determine uniqueness of Tskaltubo water
springs, investigation the mechanisms of radon effects on the
excitatory and inhibitory functioning of CNS and further clinical
studies to establish its effectiveness on humans.

Conclusion. To clarify the mechanism of radon's action on
antioxidative processes, future research is required, but based on
the results of the experiment we can conclude that:

Studies in experimental animals have shown that inhalation
of Tskaltubo water develops a hormesis that regulates oxidative
processes in the brain by activating antioxidants, which is re-
flected in the reduction of existing epileptic convulsions.

Inhalation of Tskaltubo water may be considered as a method
of treatment with anticonvulsant effect confirmed by experimen-
tal studies.
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SUMMARY

RADON HORMESIS IN EPILEPTIC PATHOGENESIS
AND PREDICTORS OF OXIDATIVE STRESS

'Nikolaishvili M., 2Nanobashvili Z., 3Mitagvaria N.

Beritasvhili Center of Experimental Biomedicine, 'Department
of Radiobiology, *Department of Neurophysiology; 3Tbilisi Ex-
perimental Biomedicine Center Academician-Secretary of the
Georgian National Academy of Sciences, Department of Cere-
bral Circulation and Metabolism, Georgia

Numerous experimental and clinical studies have shown that
oxidative stress (OS) plays an important role in the development
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of epilepsy. The epileptic seizures themselves are caused by OS
and, under conditions of a hypermetabolic state, cause an inten-
sive production of reactive oxygen species (ROS) in the brain.
The reason for this is called a change in the energy balance in
the brain. According to the literature, ROS and other markers of
oxidative stress were observed in the brain after seizures. Based on
the above data, the aim of our study was to study a short-term 5-day
(5 min) inhalation of radonized water from Tskhaltubo using an epi-
leptic model of the Krushinsky-Molotkin line in rats and to identify
changes in markers of oxidative stress in rats. Predictors of oxida-
tive stress were studied, PAT, D-ROM (reactive oxygen metabolite
index), OBRI (oxidative stress balance risk index) and OSI (oxida-
tive stress index) were evaluated to assess the antioxidant capacity
of plasma. Based on the data obtained, it can be concluded that:
inhalation of Tskhaltubinsk water develops the effect of hormesis,
which causes positive changes in all of the above markers of oxi-
dative stress in the brain. Based on the data presented, inhalation
of Tskhaltubo water can be considered as one of the methods for
removing and treating convulsive phenomena, which is confirmed
by experimental studies.
Keywords: epileptic rats, radon hormesis, oxidative stress.

PE3IOME

PAJIOHOBBIIA T'OPME3UC B OKHUCJIUTEJIBHOM
CTPECCE U TATOTI'EHE3E 3ITWJIEIICUA

"Huxonanmuswm M., "Hano6amsiwm 3.11., Murarsapua HIL

Llenmp sxcnepumenmanvrotl buomeouyunvl um. M. bepumausu-
au, lomoenenue paouobuonoeuu, ‘omoenenue Hetipogusuonouu;
STounuccxuti yenmp sKCnepuUMeHmabHo OUoMeOuyuHbL, omoeie-
Hue M03206020 Kpogoobpawenus u memadonuzma, 1 pysus

MHOro4ucieHHble JKCIIEPUMEHTANbHbIE M KIMHUYECKUE
HCCIIeIOBAHUS TIOKa3au, 4To okuciurenbHeli crpecc (OC)
UrpaeT 3HaYUMYIO pOjb B Pa3BUTHU JIWICICUU. DINUIENTHYEe-
CKHUe MpUNAaAKK pa3BuBaroTcs B pesyasrare OC U B yCIOBUAX
THIIEPMETa00IMIECKOTO COCTOSTHHSI BEI3BIBAIOT HHTEHCHBHOE
MPOU3BOJICTBO peakTuBHOro kuciopoxa (ROS) B romoBHOM
Mo3re. IIpuuuHoil 3TOro sSIBIsSeTCS U3MEHEHUE YHEPreTHYECKOro
GaxaHca B TOJJOBHOM Mo3re. COmIacHO JIMTepaTypHBIM JIaHHBIM,
MOCJIE CY/IOpOT B TOJIOBHOM Mo3re HaOmonanck ROS u npyrue
MapKepbl OKUCIUTENIBHOIO cTpecca. C y4eToM BBIIICU3II0KEH-
HOT0, LIeJIbIO UCCIIEIOBAaHMS IBUJIOCH OIPE/ICNIUTh BIUSHHUE Kpa-
TKOBPEMEHHBIX (5 qHeil) MHTaIsIHi paJJOHU3NPOBAHHON BOJOH
LIxanTy60 (5 MUHYT) Ha TEUCHHE JITIJICTICHU U BBISIBUTH H3Me-
HEHUSI MapKEPOB OKUCIUTEIBHOIO CTPECCA Y KPBIC.

[MocpenctBom poTomerprudeckoro aHamusa FRAS-5 u3yueHbr
npeauktopsl OC B mazMe KpoBH; Al OLCHKH aHTUOKCHJIAHT-
HOH crocoOHOCTH mia3mel onpenesun PAT, mHiekc peakTus-
HOTO MeTaboJINTa KHCIIOpO/ia, MHAEKC PUCKa OalaHca OKHCIIH-
TEJIBHOIO CTpecca U MHJEKC OKUCIUTEIBLHOIO CTpecca.

Ha ocHOBaHUM NOIYYEHHBIX [JaHHBIX aBTOPAMU JEIAETCS
BBIBOJI, UTO IIPU MHTAISIMSX Bojoi L{xantybo mpoucxoaut a¢-
(hexT ropmesnca, KOTOPBIi BEI3BIBACT MOIOKUTEIBHBIE H3MEHE-
HUSl BBILICIIEPEUUCICHHBIX MApPKEPOB OKUCIUTEIBHOIO CTpecca
B TOJIOBHOM MO3I€, KOTOpPbIE Y4acCTBYIOT B PEryJIsLUN OKHUCIU-
TEJIbHO-/ICT€HEPATUBHBIX IIPOLIECCOB, YTO KIMHUYECKU IPOSB-
JISIeTCS B YMEHBIICHUU YacCTOThl SIMWICITUYECKUX MPUIIAJKOB.
Vcxonst m3 BBIIEH3IOKEHHOT0, MHramsmuu Bomoi L{xanty6o
ClIeflyeT pacCMaTpUBaTh KaK OAMH U3 METOIOB CHATUS CYIOPOXK-
HBIX SIBJICHUH U UX JICYEHHs, YTO MOATBEPKACHO IKCICPUMEH-
TaJbHBIMU HCCIICOBAHUSAMH.
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COBEPIIEHCTBOBAHMUE NEP®Y3NOHHOI'O IIOTOKA HACOCOB KPOBHU

Xoneau H.I'., Uxaunse 3.A., lllenrenuns O.C., Conurynamsuian I, Auaypu H.A.

Tounucckuii 2ocyoapemeaennwiil yuugepcumem um. U. [icasaxuweunu, Uncmunym mopgonocuu, I py3zus

Co 11Hs BHEZIPEHHUS B KapAUOXHUPYPIHIO (CepeHa MPOIIIOro
CTOJICTHSI) METOAA MCKYCCTBEHHOTO KPOBOOOpAILECHUS, 110 ceil
JICHb HE TPEKPAIIAIOTCs TUCKYCCHU O XapakTepe M 3HAYCHHH
HCKYCCTBEHHOTO IOTOKa KpOBHU. IIpHBEpIKEHIBI MOCTOSHHOTO
[OTOKA B KAYECTBE OCHOBHOIO apI'yMEHTa BBIBUTAIOT HAJIMYUEC
HENPEPbIBHOTO, TIOCTOSIHHOTO TOKA KPOBU B MUKPOIIUPKYJISATOP-
HOM pyClie, I0Ka3bIBasi STUM J0CTATOYHOCTB TAKOTO JKE MOTOKa
B MardcTpajbHBIX COCYIaX M yKa3blBas Ha MPOCTOTY U Jiellie-
BU3HY alllaparypsl, CO3/Ial0IIel TOCTOSIHHBII MOTOK. [ToaToMY,
BO BpeMs nepdysuil oTpunaeTcs HeoOX0qUMOCTh 00eCIeUeHUs
6osiee CIOKHOM I BOCIIPOM3BEICHHS M YIIPABICHUS MYJIbCO-
BOI BOJHBI MCKYyCCTBEHHOTO ToTOoKa [1,2,17,18]. AprymMeHTH
HPUBEP)KCHIICB MYJILCUPYIOLIEr0 MMOTOKAa OCHOBAaHBI Ha (HIIO-
ICHETUYECKU YKOPCHHBILEHCS MOIYJISLMU TIOTOKA B KPYITHBIX
MAarucTpajibHBIX M MPEOPTaHHBIX apTEPHsX, CO3AABAEMOI0 pa-
60TOi1 JKEIyI0YKOB Cep/illa U COXPAaHIEMOro, XOTh U C yracaHu-
€M IYJIbCOBOW BOJIHBI, BIUIOTB JI0 apTeproIl. Takas MOIYISLHS,
paszpaxast COCyAUCTbIe OapOpeLenTOPbl, TOAIEPKUBACT TOHYC
MAarucTpajibHbIX U OPraHHBIX apTepUil BO BCEM COCYIHMCTOM
JpEeBE U SBISIETCS MPENOCHUIKON MOICP)KaHHsT HOPMAaIbHOTO
CHUCTEMHOTO JaBienus [3,4,7,9,11].

Hamn nmoaxon K JaHHOMY BOINPOCY OCHOBBIBAeTCS Ha 0CO-
OCHHOCTSIX aHATOMHUH M (HU3HOJIOTHH CEepIEYHO-COCYAUCTOMH
CHCTEMBI U JIOBOJBHO MPOCTO MHTEPIIpETHpYyeTCs. B opranms-
Me TIeHepalli0 KHHETHYECKOH SHepruu, MpHIaBeMOH KpPOBO-
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TOKY, OCYIIECTBISIET MHOKap[, (GyHKIMOHUPYIOIHA (a3oBo
B CHCTOJO-IHACTOINYECKOM muKie. Mcxomsimue w3 cepana
MaruCTpaibHble W MPOKCHMAIBHO PACIOIIOKEHHBIC apTEepUH
(HIOTEeHETHYIECKH a/IAlITHPOBAHBI K XapaKTepy KPOBOTOKA, CO3-
JIABACMOMY JKEITy[I0YKAMH CEpJLA, T.e. K IUKINIECKOMY (DyHK-
MUOHUPOBAHUIO. MHOTOYHUCIICHHBIMU HCCIESIOBAHUSIMHE J0Ka3a-
Ha BOJIOHOHHO C(HOPMHUPOBAHHASI HEUPO-TYMOpAIbHAS CBSI3b
MEXIY CEepALEM 1 MarucTpaibHbIMu cocynamu [10,12,13]. lan-
HOE 00CTOSITENILCTBO MPU MPOBEICHUH HCKYCCTBEHHOTO KPOBO-
oOparleHus yKa3blBaeT Ha MPEAMOYTHTEIFHOCTh COXPAHEHHS
(DH3HOTIOTUYECKOTO MYIbCHPYIOIIETO IOTOKA, CO3/1aBAEMOTO HC-
KyCCTBEHHBIM KPOBSIHBIM HACOCOM B KPYITHBIX BETBSIX apTepH-
aIBHOTO pycia. ECTeCTBEHHO, YTO B TAKOW CHTYAI[H apTepHU
OymyT mONy4aTh ageKBaTHOe 0apOoperenTopHOe pa3ipakeHue,
YTO TEOPETHUCCKHU JODKHO UCKITFOYATh C UX CTOPOHBI PA3BUTHE
3anpe/IebHBIX TEMOINHAMUYIECKHUX, @ 3aTeM U METa00INYeCKUX
OTBETOB, BIUSIONINX HA TOMEOCTa3, TAKUX KaK IEHTPaTH3aIHs
KpPOBOOOpAIIeH s, HAPYIICHHE OPraHHOTO KPOBOTOKA, TKAHEBAsI
ruronepdys3us, 3aCTOWHBIC MTPOLECCHl B MUKPOLMPKYIISITOPHOM
pyciie, KIETOYHOE «TONOMaHMe», HAKOIUICHHE HEIOOKUCIICH-
HBIX TIPOJYKTOB, Oy(epHbIE CABUTH.

OpHako, CO3JaHWE HACOCOB, KOHCTPYKTHBHO IIpeIHA-
3HAYEHHBIX ISl pealn3aldy MyITbCHPYIOIIEro MOTOKA, SIB-
JIAE€TCA TEXHOJOMMYECKH OTHOCUTEIBHO CIIOKHOW 3ajadeit
U COOTBETCTBEHHO, Oosee noporoii. IToaTomy, uas Mo myTH



