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The review considers modern un-orthodox ideas on the origin of visual phenomena of ap-
parently various nature (photoreceptors’ dark light, negative afterimages, and various sorts
of phosphenes such as electrophosphenes, magnetophosphenes, radiation phosphenes,
and mechanophosphenes). The new framework provides a unifying explanation for all the
phenomena that are suggested to be a perception of biophotons (ultra-weak photon emis-
sion, UPE) that are generated mostly by lipid peroxidation (LPO) during routine cellular
metabolism. In the paper, the biochemical mechanism of biophotons’ generation is briefly
explained. It is concluded that the outer segments of retinal photoreceptors provide an ex-
cellent substrate for LPO thus being a good candidate for UPE production. Experiments
show that the retina in complete darkness indeed emits an extremely low level of biolumi-
nescence. Yet its intensity is two orders of magnitude below the dark-adapted visual
threshold, and over 100 times smaller than necessary to generate the photoreceptors’ dark
noise. UPE also cannot be a source of afterimages because its intensity is far too low. Be-
sides, the background light necessary to produce a negative afterimage is actually supplied
by the ambient light that passes into the eye through closed lids. All other sorts of phos-
phenes attributed to UPE cannot be produced by biophotons since it is known for at least
200 years that the phosphenes are seen in daylight, that is, at the intensities billions of times
brighter than the intensity of UPE. Thus, the new explanatory framework for all visual
phenomena based on UPE should be discarded in its entirety.

Keywords: biophotons, retina, retinal dark light, afterimage, visual phosphenes
DOI: 10.31857/S0869813920080117

The biophoton saga began in 1923—1924 when a Russian biologist Alexander Gurwitsch
(sometimes spelled as Gurvich) discovered a non-contact interaction between two living
tissue samples that were in the active mitotic state. A damaged and repairing area of frog

1 Bukrtop McaeBnuu ['oBapmoBcKuii yyacTBOBaJl B KOHKypce, 00bsiBieHHOM PMO®U Ha nonydyeHure rpaHTa Ha

HamucaHue OO030pHBIX cTaTeil Il pOCCUMCKMX HAaydyHBIX XypHasloB (“Okcrancus”). Ero 3asBka, monaep-
KaHHas penakuueit POXK, mobenmniia Ha KOHKypce, a cama paboTa Haj cTaTbeil ObUla 3aBepllicHa B UIOHE
2020. Bukrop McaeBry nocniai ee B penakiinio OyKBajJbHO B I€Hb CBOE TOCIUTATU3ALINY U TTOCIEI0BaBIIETO
BCKOpE yxona 13 Xu3Hu. [Ty0amKyeMoil cTaTbe CY>XKAEHO CTaTh IMOCJIEIHUM BKJIAZIOM B OOILIMPHBIIA TepeyeHb
€ro Hay4HbIX TPYAOB. Penaxkiius XypHajia CKOPOUT O IOTEpe BMECTE CO BCEMM 3HABLUMMU U LIEHUBLIMMMU 3TO-
ro 3ameyvaresibHOro usmosnora u yenoseka. Peakosuterus.
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pansion”) called by the Russian Foundation for Basic Research in 2019 based on the request from the Editorial
Board. His application was supported by the Foundation, and the paper was finished in June 2020. Viktor Isae-
vich submitted his paper from the hospital, where he soon passed away. This article is destined to be the last
contribution to the extensive list of his scientific works. The editors mourn the loss along with everyone who
knew and appreciated this remarkable physiologist and person. Editorial board.
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Fig. 1. Range of UPE intensity compared with natural lighting conditions and range of human vision. Photon

flux density is for 555-nm wavelength, at the maximum of human diurnal sensitivity.

skin, growing onion roots, or the cells of corneal epithelium induced mitoses in spatially
separated pieces of the corresponding tissue. Further, it has been shown that the interac-
tion is mediated by a sort of electromagnetic radiation, probably in the ultraviolet (UV)
part of the spectrum. Gurwitsch called the radiation “the mitogenetic rays” and connected
it to his previously conceived idea of a “mitogenetic field” that controls embryonic devel-
opment [1-3].

There was a burst of research activity in the field during 1920—1950s aimed at designing
methods of physical detection of the newly discovered radiation, and on studying its prop-
erties. The results were often disappointing, perhaps due to the insufficient sensitivity of
light detectors available at that time. The history of confusions is described in detail in a re-
cent review [4]. Finally, the entire field was qualified by Nobel physicist Langmuir as a
“pathological science” ([5], original Langmuir’s lecture of 1953 transcribed and reprinted
by Hall, 1989).

However, further development of high-sensitive photomultipliers working at liquid ni-
trogen temperature left no doubt about the existence of spontaneous weak photon emis-
sion from essentially any biological tissue. Modern cooled CCD cameras create images
of biological objects in their own light, by accumulating pixels activated by single pho-
tons [6—9]. Thus the studies of the “ultra-weak photon emission” (UPE), or biopho-
tons, form now a respectable (albeit inhomogeneous) field of research. UPE is also used
now to provide a unifying explanation of various visual phenomena not related to each
other, such as retinal “dark light,” afterimages, radiation phosphenes, electrophos-
phenes, magnetophosphenes, and mechanophosphenes. The presented review deals spe-
cifically with this field of research.

What is UPE?

There is no strict definition of the Ultraweak Photon Emission. The term mostly applies
to any sort of light emission from living sources that is too weak to be seen with a dark-
adapted human eye (Fig. 1). It is also tacitly assumed that biophotons are mostly produced
as a byproduct of routine cellular oxidative metabolism. This, at least, clearly opposes the
situations when biochemical machinery is specially designed to provide bright visible light
that is used for orientation and signalization (e.g., various versions of luciferin-luciferase
systems).
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Table 1. Main ROS responsible for UPE

Electronically excited species Emission wavelength
Triplet excited carbonyl 350—560 nm
Singlet excited pigment (melanin) 360—560 nm
Dimolar singlet oxygen 634, 703 nm
Monomolar singlet oxygen 1270 nm

However, such a definition is a bit dubious. The same biochemistry, dependent on condi-
tions, may probably generate the emission either barely detectable by best available sensors,
or quite visible with a naked eye. On the other hand, it is often implied that UPE may serve
various physiological functions within organisms, from the control of embryonic develop-
ment (“mitogenetic rays”) to information transmission in the nervous system, and con-
sciousness. Then the UPE should be produced quite purportedly in a controlled way rather
than being a waste byproduct of metabolism. In these hypothetical scenarios, “ultra-weak-
ness” may be either necessary or irrelevant, or even deteriorating to supposed functions.

Therefore, one should keep in mind that the term “UPE” or “biophotons” in the litera-
ture (and within this review) may have different meanings depending on the context.

Mechanisms of UPE generation

Biophotons are generated in reactions initiated by Reactive Oxygen Species (ROS).
There are various sorts of ROSs and multiple mechanisms of their production, for in-
stance, by UV light, ionizing electromagnetic radiation (X-rays and 7y-rays), high-energy
particles, and chemically induced oxidative stress. At this place, however, we are interested
in mechanisms of ROS production by organisms in their normal functional state. The
most important of them are listed in Table 1 [10].

Among them, the triplet excited carbonyls are the most intensely emitting in the visible
part of the spectrum [10—12], so they are the most appropriate to produce visual phenomena.

Primary radicals are generated in routine cellular oxidative metabolism. There are nu-
merous reviews on the topics. Some explanation of general principles with omitting techni-
cal details is given in [10, 13, 14]. A comprehensive review [15] also provides a historical
background, including a significant body of Russian works.

Three of the most relevant intracellular sources of ROS are shown in Fig. 2.

Mitochondria

At certain steps in the electron transport chain in mitochondria, approximately 1/20
of total electron flow is diverted from the ATP-forming pathway and produces superoxide

anion (O'{). The latter is further converted by mitochondrial superoxide dismutase
(mSOD) to hydrogen peroxide (H,0,), which can exit to the cytoplasm (Fig. 24).

S-lipooxygenase

5-lipooxygenase (5-LOX) is normally membrane-associated enzyme that is involved in
the synthesis of leukotrienes from arachidonic acid (AA). It oxidizes two AA, thus forming
two superoxide anions, which are then converted to H,O, by cytoplasmic superoxide dis-
mutase (cSOD) (Fig. 2B).
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Fig. 2. Three principal sources of ROS in routine cellular metabolism (after [10]). 4. Cit C, cytochrome C;
UQ, ubiquinone; mt SOD, mitochondrial superoxide dismutase. B. AA, arachidonic acid; HPETE, arachidonic
acid hydroperoxide, cSOD, cytoplasmic superoxide dismutase. C. NADPH-oxidase is a multi-subunit enzyme
complex whose components are either transmembrane or cytosolic membrane-associated proteins.

NADPH oxidase

NADPH oxidase (NOX) is a transmembrane protein complex that catalyzes the pro-
duction of superoxide radicals and further H,O, by oxidizing NADPH with extracellular O,
(Fig. 20). The set of NOX subunits is different in phagocytic- and non-phagocytic cells.
Fig. 2C shows the composition of NOX in non-phagocytic cells.

In all the three cases, the same ROS, superoxide O3 is primarily formed. It is toxic, so
within the cell, it is converted by SOD to hydrogen peroxide. H,O, further yields superox-

ide anion OH" and hydroperoxyl radical HOO', which play a major role in lipid peroxida-
tion and biophoton emission.

Lipid peroxidation and chemiluminescence

The primary source of biophoton emission in living tissues is lipid peroxidation [11, 12,
15, 16]. The free-radical lipid peroxidation is a chain reaction in which one radical can ini-
tiate the oxidation of many lipid molecules, mainly phospholipids containing polyunsatu-
rated fatty acids (PUFA) (for a review see [16]).

PUFAs contain several double bonds in their carbon chain. In many, the cis-double
bonds are separated from each other by a methylene bridge (—CH,—). The bridge contains

two hydrogens that readily react with ROS, such as superoxide anion OH" and hydroper-

oxyl radical HOO'. As a result, water and a fatty acid radical L are formed (Fig. 3). The
radical initiates a branched-chain reaction in which multiple copies of the initial radical
(along with other products) are generated (propagation reactions, Fig. 4). The chain reac-
tion terminates in a series of reactions when two radicals interact to form a non-radical
product. One of the intermediates is a triplet excited carbonyl in the fatty acid chain that,
when returning to the singlet state, emits visible photons (Fig. 4) [10—12].

The retina contains a high concentration of PUFA, the highest of any vertebrate tissue [17].
Most of PUFAs is situated in outer segments of photoreceptor that consist of stacks of
hundreds or thousands of membrane discs. Half of all acyl chains in phospholipids of the
outer segments of photoreceptors belong to 22:6n-3 fatty acids, mainly docosahexaenoic
acid (Fig. 3, 4) [18]. High level of oxidative metabolism in retinal rods and cones and a
high content of PUFAs in their outer segments makes photoreceptors an excellent potential
source of biophoton emission whose level could depend on the cells’ state. Combined with
possible high sensitivity of rods and cones to their UPE, it makes the recent ideas that UPE
can be a source of various visual phenomena worth considering [19—21].
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Fig. 3. Formation of lipid radicals by the interaction of a superoxide anion with a methylene bridge in PUFA.
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Fig. 4. Branched-chain reactions of lipid peroxidation. In the initiation reaction (1), ROS oxidizes a lipid thus
forming a lipid radical L. In propagation reaction (2), L interacts with molecular oxygen and produces various

forms of active lipids, including a copy of initial L, thus starting a new chain of oxidation (reactions 3, 4). The
multiplication of chains terminates by a series of reactions when two radicals interact to yield non-radical prod-
ucts and a carbonyl instead of the methylene bridge in the fatty acid chain. The carbonyl is in the triplet excited
state and transits to the singlet state emitting a visible photon.

Application of UPE to research, and suggested functions of biophotons

It is believed that in most cases, the UPE is produced as a byproduct of cellular metabo-
lism (see above). Hence, starting from the first successful attempts to quantitatively mea-
sure the UPE, it has been used to study the underlying biochemical mechanisms. The ex-
periments were often done in vitro on cell cultures and other bulk biochemical prepara-
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tions. This provided a large amount of the sample (hence large signal) and allowed precise
control of experimental conditions. Essentially all the available knowledge on the mecha-
nisms of UPE production is gained from this sort of research (reviewed in [8, 15, 22]).

On the other hand, UPE can serve as a sensor to study metabolic processes and their al-
terations in normal and pathological conditions in vivo on the intact organism. Alexander
Gurwitsch attempted to apply “mitogenic rays” for tumor diagnostics and was awarded in
1941 the Stalin prize supposedly for establishing the method at the governmental clinics in
Moscow [23]. Whatever real were the early results, presently, it is hoped that modern high-
sensitive techniques of UPE registration and imaging may provide a minimum-invasive di-
agnostic tool for clinical use. This is a vast area actively developing now [7, 8, 24—26].

Two above examples deal with the use of UPE as a research or diagnostic tool but say
nothing on the possible role of UPE as a driving factor of the physiological functions of the
biophoton-producing organisms. With the present surge in the number of poorly-reviewed
(or apparently not reviewed at all) online publications, there is no shortage of ideas on
what biophotons could do, or supposedly are proven doing, even in well-established areas
of research with rich experimental and theoretical background. In this review, I will select
just a small fraction of published examples of what I would call “reckless speculations.”

Biophotons are considered means of distant communication between organisms to
transmit signals of danger or stress. It is reported that a bacterial culture placed in a light-
tight metal box and chemically stressed by adding hydrogen peroxide changed the level of
its fluorescence. In turn, the second culture placed in a similar /ight-tight box 5 meters
apart responded by changing its bioemission [27]. UPE in the UV-A range is implied in a
bystander effect between two groups of fish, one of which was X-ray irradiated. Remark-
ably, the effect induced in the intact group was observed even if the irradiation of the ex-
perimental group was scheduled for the next day [28].

Biophotons are suggested as a means for signal propagation in the nervous system, along
with (or even instead of) well-established mechanisms of electrical and chemical transmis-
sion. Nerve fibers are supposed to be light guides conducting biophotons from a source
somewhere in the neuron body towards targets in its output structure(s) [6, 29, 30].

The idea is supported by the fact that the intensity of UPE may correlate with the level
of excitation in various parts of the brain [31]. Taking into account that UPE is mostly pro-
duced in routine cellular metabolism, one well may expect that any activity-related chang-
es in brain metabolism would be reflected in UPE production. Yet this does not mean the
reverse, that is, that changes in UPE are causing changes in neural activity.

The speculations on information processing by biophotons came to logical complete-
ness in a new theory of vision. It has been suggested that perhaps the electrical responses of
retinal photoreceptors and the following neurons may not be quite relevant to the visual
function. According to new ideas, phototransduction in rods and cones may change cellu-
lar metabolism that, in turn, produces biophotons sent to the brain along with the light
guides in the optic nerve. Further chain of alternating metabolic changes and biophoton
production eventually leads to the creation of light replicas of observed objects somewhere
in central brain structures [32, 33]. So the enigma of human vision is solved. The only re-
maining problem is where is situated the homunculus that observes the biophoton replica.
But the problem may soon be solved within the emerging framework of consciousness and
intelligence made of biophotons [34, 35].

I do not see how any meaningful discussion of the unorthodox ideas mentioned above is
possible. However, the most promising application of biophotons could be to explain vari-
ous visual phenomena. Indeed, there is a sub-field of less global theories on the role of
UPE in specific aspects of vision that can be reasonably discussed in terms of available
knowledge and subjected to experimental tests. The rest of the review will critically discuss
the possible contribution of biophotons to retinal dark noise and visual phosphenes of var-
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ious origins, based on recent experimental data on retinal UPE, and, often, on classical
knowledge of the phenomena.

Retinal dark light and UPE

The concept of the retinal “dark light” dates back to at least the 19th century [36]. Even
in complete darkness, an observer does not see something absolutely black, but rather “an
irregular feebly illuminated field with numerous fluctuating spots of light” [36, p. 12—13].
The phenomenon was called the intrinsic light of the retina, or der Eigengrau in German.
The plain experimental observations were soon incorporated into a theoretical framework.
The famous Weber—Fechner relation (“sensation is proportional to the logarithm of stim-
ulation”) was derived from psychophysical experiments on sensory thresholds. In an equiv-
alent formulation, it states that the minimum perceptible increase in the intensity of stimu-
lation AB is a constant fraction of the stimulus itself (B):

AB _ const. (1)
B
For vision, it essentially means the preservation of perceived contrasts in a scene inde-
pendently of changes in the level of ambient illumination. Later it was found that the eq. 1
is inaccurate at low B, and a more appropriate relation is

AB
B+ B,

(The history of the equations is described in [36], p. 170—190).

It looks like a certain weak signal B, is present in the visual system, even in complete
darkness (B = 0). This “dark light” from Equation (2) was associated with (but not neces-
sarily identical to) the intrinsic retinal light.

It was supposed in the 1940—1950s that the sense of the dark light is produced in the ret-
ina by rare spontaneous activations of molecules of the visual pigment rhodopsin, without
absorbing any photon [37—39]. The authors suggested that the activation happens due to
random thermal transitions in rhodopsin and comprises an irreducible source of the visual
noise. The noise could be the factor that limits the ultimate sensitivity of vision. Further-
more, it has been hypothesized that the noise level must depend on the spectral sensitivity
of the photoreceptor [38, 39]. Visual pigments of red-sensitive cones need low quantum
energy for activation, so they have an excellent chance to acquire it from thermal motion
and produce “dark light.” More short-wave sensitive rod visual pigments need higher ener-
gy for activation, so they are less “noisy.” Crude calculations had shown that the difference
in the photon energy at the peak sensitivity of rods and cones could explain the difference
in sensitivity between human diurnal (cone-driven) and nocturnal (rod-driven) vision.
This proposition is now known as “Horace Barlow’s hypothesis.”

It took over 20 years to experimentally prove the existence of rhodopsin-initiated dark
noise in retinal photoreceptors. Suction-pipette recordings from single rods of the vertebrate
retina have shown that in complete darkness, they produce random fluctuations of the flow-
ing current (Fig. 5). The noise consisted of two components [40, 41]. The continuous noise is
low-amplitude (few tenths of pA) oscillations that are symmetrical with respect to the dark
level of the current. Its origin is still disputable [42—44]. The discrete noise consists of ran-
domly occurring high-amplitude (in a few pA range) unipolar current waves. The waves are
virtually identical to responses of the same rod to single photons (SPRs) [41, 43, 45] (Fig. 5B).
First recorded from the rods of the toad, the SPR-like discrete noise was later detected in rods
of any tested vertebrate species.

Vertebrate photoreceptors convert the absorption of a photon by a single rhodopsin
molecule into an electrical response using a multistep amplification cascade. Each step in-
volves hundreds of molecules of proteins and low molecular weight components; the inac-

= const. )
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Time, s

Fig. 5. Continuous and discrete dark noise in a toad rod. 4, continuous recording of the dark current. B, compar-
ing the discrete dark events with the single-photon response of the same cell. Bold smooth line is an average of
40 responses to short flashes activating on average 1 R*. Superimposed is an average of 15 discrete dark events
(mean =1 SEM) that were cut off from the continuous trace in A. Recordings by Luba Astakhova.

tivation of the cascade also needs many components (recent reviews [46—50]) (Fig. 6). It is
quite improbable that such a complex chain of concerted events could be replicated by ran-
dom fluctuations in the cascade unless it is initiated by a single molecule at its very begin-
ning, that is, by activation of rhodopsin. Thus, the Barlow’s idea of activation of rhodopsin
by internal thermal motion was generally accepted.

Barlow’s hypothesis was very fruitful because it could naturally explain important prop-
erties of vision, like different sensitivities of rods and cones, Purkinje shift, and lack of in-
frared vision in warm-blooded animals. It also predicted that there could be a trade-off be-
tween a spectral range of vision and thermal noise, so a sort of optimization of spectral sen-
sitivity in accordance with the visual environment may be possible [51—54]. Yet, already,
the first experimental confirmation of the existence of the dark noise revealed a serious
problem. Accordingly to the hypothesis, a thermal motion was to provide enough energy to
overcome the barrier between the ground and the light-exited states of rhodopsin (AE}).
The barrier comprises 50 to 70 kcal/mol, depending on the position of the pigment’s ab-
sorbance maximum. However, the dependence of the rate of SPR-like events on tempera-
ture demonstrated far lower thermal activation energy AE = 22 kcal/mol [41]. Also, Bar-
low’s formula predicts a very steep increase of the thermal noise with the red shift of the vi-
sual pigment absorbance, about 6000-fold per 50 nm. Actual dependence is far less steep,
about 15-fold per the same shift (Fig. 7) [51—53].

The balance between the sensitivity to ambient light and the noise level might govern
the adaptation of visual pigments to specific light environments [55]. Not surprisingly, a
good deal of work has been done to resolve the above contradiction, to describe possible
underlying intramolecular mechanisms theoretically, and to predict their impact on visual
functions [56—58].

To reconcile the thermal noise hypothesis with the experimental data, one may assume
that the isomerization of the 11-cis to all-trans rhodopsin chromophore by light and heat
follows different routes. There is no trouble of thinking that the transition from 11-cis to
all-trans configuration may not necessarily proceed via the (photo)excited state. The dark
and activated basal states of the chromophore might be separated by an energy barrier low-
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Fig. 6. A simplified scheme of the phototransduction cascade in vertebrate rods and cones. Activation reactions are
only shown. De-activation processes are omitted to avoid clutter. Light-activated rhodopsin R* interacts at the rate
of about 100 s~ ! with trimeric G-protein transducin and produces active transducin a-subunits Ta*-GTP. Each
To*-GTP binds in the ratio 1 : 1 to cyclic GMP phosphodiesterase (PDE) and activates it. In turn, each PDE* hy-
drolyzes about 100 cGMP molecules per second. Concentration of cGMP decreases, and cGMP-controlled ionic

channels of the plasma membrane close producing electrical response.
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Fig. 7. Rate of dark activation of visual pigments as a function of the pigment absorbance maximum. Data for

rods from [51—54]. The point for cones refers to human red cone pigment expressed in mouse rods [52].
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er than AE; thus allowing smoother thermal transition. Robert Barlow with co-workers

suggested that the transition follows via a de-protonated state of the chromophore that is
supposed to be less stable than the protonated one [59, 60]. Under this assumption, the fre-
quency of the SPR-like dark events should be strongly pH-dependent, increasing 10-fold
per each unit of alkalization. The proposition was tested by measuring the frequency of
dark events in Limulus photoreceptors at different pHs and indeed was supported by the
data [59]. Unfortunately, a similar test on vertebrate photoreceptors showed no effect on
pH on the discrete dark noise [54, 61].

Also, the function of Noise vs. Wavelength of maximum absorption is not unique. A few
measurements on long-wave sensitive cone visual pigments expressed in rods yielded the
noise level two orders of magnitude higher than predicted (and demonstrated) for rod pig-
ments with the same absorbance maximum [62] (Fig. 7).

Understanding that the early model of thermal excitation based on Boltzmann statistics
is an apparent oversimplification lead to the creation of more sophisticated approaches
that included attempts to compute the transitions in rhodopsin ab initio on supercomput-
ers. The present situation is discussed in [51]. It can be summarized as follows: crude pre-
dictions of existing simple theories are in general agreement with the experiment. Yet one
should humbly admit that a good molecular theory of the thermal noise is still lacking.
This does not mean, however, that the idea itself is wrong.

A radical solution to the problem was proposed a few years ago. It was suggested that rho-
dopsin molecules are activated not by heat but rather by real photons from UPE [63—67].
The reasoning is that the retina is one of the most metabolically active tissues in the organ-
ism, so it must be a good source of ROS. Besides, outer segments of rods and cones contain a
high amount of polyunsaturated fatty acids, thus providing an excellent substrate for UPE
production. There is no functional theory (actually, no theory et al.) behind the hypothesis,
but it has certain experimental support. All parts of the eye (cornea, vitreous body, and retina
of rat and frog) were studied with a high-sensitive cooled CCD camera and shown to emit
biophotons [64, 65].

Properties of the discrete noise in rods are well known, so the source of biophoton emis-
sion (if it is responsible for the noise) can be pinpointed with confidence since the discrete
noise can be recorded both from rods attached to the retina and from solitary isolated cells
(for instance [41, 43], the biophotons must be produced by photoreceptors themselves.
Moreover, discrete noise is also recorded from detached rod outer segments provided that
necessary metabolites are supplied via the perfusion solution [42]. Hence the primary
source of biophotons should be the oxidation of polyunsaturated fatty acids of the photore-
ceptor membranes.

It has been suggested that the biophoton hypothesis can explain the high noise level in
cones since cones are supposed to have bigger ellipsoids hence more active metabolism [67].
The argument is flawed for two reasons. Firstly, tightly-packed rods and cones within the ret-
ina share the same UPE pool. Secondly, cones comprise just a small fraction of photorecep-
tors (e.g., one cone per 20 to 50 rods in mammalian retinas). Therefore, no significant differ-
ence in noise level between rods and cones is expected. Critical for the biophoton hypothesis,
human red cone visual pigment produces high discrete dark noise when expressed in rods
along with their native rhodopsin [62]. High noise in red-sensitive pigment compared to rho-
dopsin (Fig. 7) could be explained in favor of the biophoton hypothesis by assuming a specif-
ic spectral composition of photoreceptors’ UPE. If the maximum intensity of UPE were in
the long-wave (red) end of the spectrum, it would excite cones far more efficiently than rods.
No real data on the spectrum of retinal UPE is available, but further experiments made this
suggestion improbable (see below).

A precise quantitative test of the biophoton hypothesis is possible. The intensity of bio-
photon emission necessary to produce the dark noise can be calculated from physiological
measurements and compared with the detected UPE level. Proper experiments were done
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on rods of frog Rana ridibunda and fish (sterlet sturgeon Acipenser ruthenus) [68]. The dark
noise level was measured with the suction recordings from solitary isolated rods. UPE was
registered from eyecups or pieces of the isolated perfused retina by a high-sensitive, broad
waveband (200 to 800 nm) photomultiplier (PMT Hamamatsu R9110). Special attention
was paid to establishing the quantitative relation between the level of rhodopsin activation
and the intensity of UPE reaching the PMT (if UPE were to produce the observed dark
noise). To do this, the retina in the experimental chamber was illuminated with a separate
light source whose intensity was calibrated in situ in the same chamber by measuring rho-
dopsin bleaching. Further, propagation of light within the measuring system was computa-
tionally traced to estimate the ratios of the lights produced, absorbed within the rod outer
segment, and reaching the PMT. In these experiments, retinal samples indeed generated
measurable UPE [68]. Importantly, its level was the same as detected earlier with the
cooled SSD camera by Li & Dai [65]. However, the intensity of the UPE was over
100 times lower than necessary to produce discrete dark noise.

The discrepancy between necessary and available light was estimated in [68] under the
assumption that the spectrum of UPE is similar to the spectrum of the LED used for in-
tensity calibration (peak at 505 nm, close to the maximum sensitivity of rods). If the UPE
were more long-wave, its efficiency to produce dark noise in rods was lower, but in cones,
it was higher. Specifically, the 1000-fold difference in cone and rod noise levels can be ex-
plained by different spectral sensitivities of their visual pigments combined with the bio-
photon spectrum peaking in red at 640—650 nm [68]. In this case, the same red UPE
would excite red cones ~1.000 times more efficiently than rods, in accordance with experi-
mental observations [62]. Yet, to produce proper absolute noise levels in rods and cones,
biophoton emission should then be ~1.000 times greater than the equivalent rod-activating
light at 505 nm. Since spectral sensitivity of the measuring system in [68] was flat, the cor-
responding PMT response to the rod- and cone-activating light should be 1.000 times
more potent than shown in Fig. 8 (solid line). This would bring the discrepancy between
the biophoton hypothesis and experiment to nearly five orders of magnitude.

In sum, retina indeed produces reliably measurable UPE, but its intensity is over 100-
fold lower than necessary to explain the photoreceptor dark noise. Thus, the biophoton hy-
pothesis on the origin of retinal dark light must be rejected, and further experimental and
theoretical work on the model of thermal activation of rhodopsin retains its importance.

Biophotons and afterimages

If one looks for a while at a bright source of light and then turns the light off or shuts
eyes, a bright imprint of the source is seen for a certain time, slowly fading away. This is a
positive afterimage. When the positive image fades completely, it may convert to its dark
copy against a bleak retinal background. This is a negative afterimage. If the stimulus was
achromatic, the afterimage is also achromatic. If the stimulus was colored, the afterimage
appears in complementary colors (Cyan vs. Red, Magenta vs. Green, Yellow vs. Blue).
There is a combination of three factors that are responsible for afterimages. Firstly, there is
decaying signaling in retinal and central neural circuits that lasts for a while after the light
was turned off. It forms a positive afterimage. The second is the loss of sensitivity in the il-
luminated area due to light adaptation. The third is a certain source of excitation of the en-
tire retina that creates a light background. Then the light-adapted, low-sensitive previously
illuminated area would look dark against the background. It creates a negative afterimage.

All three factors have mostly the retinal origin. If the transmission from the eye to the
brain is blocked during the action of the inducing stimulus (for instance, by pressing the
eyeball), the afterimage gets visible after the block is released [69]. On the other hand, spe-
cific features of the afterimage (color, duration, sharpness, dependence on visual sur-
round, etc.) are affected by central mechanisms [70—72]. There is no shortage of the sites
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Fig. 8. Comparing biophoton emission with the rate of dark rhodopsin activation derived from electrophysiological
recordings. Frog retinas. The dots with error bars are the average bioemission intensities (15 retinas, mean =1 SEM).
The high-amplitude black trace shows the bioemission signal that would produce the actual frequency of discrete
dark waves (after [68]).

in the visual system where the signal persists, and sensitivity remains reduced after turning-
off the inducing stimulus. It has recently been shown that two necessary components of af-
terimage, lasting signaling and post-stimulus desensitization, can be found already at the
level of retinal rods at entirely physiological intensities of light [73].

The remaining problem is, what is the source of light background that is necessary to see
a negative afterimage? As formulated by proponents of biophoton theories: “What is it,
when our eyes are closed, that produces the long-lasting signal that makes static afterimag-
es within our eyes interpreted by the brain as a visual experience?” [67, p. 111]. Their an-
swer is, the stimulus-induced delayed secondary UPE.

It is supposed that the inducing stimulus changes photoreceptor metabolism, which, in
turn, evokes secondary UPE from the retina. Thus, UPE from a formerly brightly stimu-
lated area illuminates the entire eye from inside. This is the source of light background that
is necessary to see a negative afterimage even with shut eyes [67]. The secondary UPE does
exist indeed. Excised rat eye, lens, vitreous body, and retina steadily emit biophotons in
complete darkness [64]. Bright illumination of the sample induces a transient increase in
the intensity of the emission that lasts for a few minutes. Supposedly, this is the source of
the full-field background that creates a negative afterimage.

The problem with the explanation is that, as shown in the previous section, the inten-
sity of dark UPE from the retina is over two orders of magnitude below the visual thresh-
old [68]. The induced surplus from delayed emission is an extra 20- to 100-times weaker
(Fig. 1 in [64]). So the biophoton hypothesis of the afterimage must be rejected, too.

Curiously, there is no problem to solve at all. One needs not a light source within the eye
to see negative afterimages. If the inducing stimulus is delivered in complete darkness, the
only positive afterimage is seen. After it fades away, no negative afterimage appears. One
can test it by first looking at the screen of one’s smartphone in a dark room, and then turn-
ing the smartphone off. If instead of turning the screen off, one simply shuts eyes, the pos-
itive afterimage will soon turn negative. Then, keeping eyes closed and covering the shining
screen with one’s palm, one can repeatedly switch between positive and negative afterim-
ages. “What is it, when our eyes are closed, that produces the long-lasting signal that
makes static afterimages within our eyes interpreted by the brain as a visual experience?”
It is the light that passes through our tightly shut lids. It is that simple.
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Fig. 9. A hypothetical scheme of production of phosphenes by biophotons generated by lipid peroxidation in pho-
toreceptor outer segments. Various non-visual external stimuli (ionizing electromagnetic radiation, high-energy
charged particles, electric current, oscillating magnetic field, and mechanical pressure on the eyeball) are sup-
posed to change the photoreceptor metabolism thus changing the level of ROS generation and biophoton emis-
sion. After [63, 64, 67].

Biophotons and phosphenes

The term “phosphenes” may refer to a wide range of phenomena when an observer sees
the light without any apparent light source.

Biophotons as a possible source of flashers produced by ionizing radiation
Seeing invisible light: limits of the human visible spectrum

It is commonly accepted that humans can perceive as light the electromagnetic radiation
of wavelengths between 380 and 700 nm. The invisible radiation with A < 380 nm is classi-
fied as ultraviolet (UV), and with A > 700 nm, as infrared (IR). The limits are rather arbi-
trary and are set to correspond to the ends of the colorful spectral band, which is created
from the sunlight by a prism or a diffraction grating. There is no sharp IR limit. Sensitivity
to the long-wave radiation decreases roughly exponentially with increased wavelengths (re-
viewed in [74]). The IR light at 1050 nm can be seen by a dark-adapted eye if its intensity is
12.5 decimal log units above the rod visual threshold at 507 nm [75, 76]. A further shift to
IR is possible with increased intensity and is only limited by the danger of vitreous and ret-
inal heat damage.

The UV limit in humans is set by the transmittance of ocular media (cornea, lens, vitre-
ous, and the retina itself). They are of yellow(ish) color and block the UV light from reach-
ing photoreceptors. The yellowness grows with age soG that the UV border can be marked-
ly different for young and elderly persons. The intrinsic sensitivity of retinal photoreceptors
is substantially wider than is routinely measured in physiological experiments. It is formed
by the absorbance spectrum of the corresponding visual pigment. The spectrum consists of
three bands of interest (Fig. 10). The most prominent is the a-band whose peak in various
pigments may lie between 350 and 630 nm (traditionally “visible” light) (reviewed in [74]).

The B-band of rhodopsin absorbance supports sensitivity to near UV between 400 and
300 nm (UVA). Quantum yield of rhodopsin activation in the B-band is equal to that in
o-band. So, the sensitivity at 350 nm is about 25% of maximum at 500—550 nm, which is
substantially higher than in the officially “visible” red part of the spectrum (=630 nm). In
many vertebrate species, the eye media are transparent down to =300 nm. Therefore, a
grass frog can see UVA invisible to humans [77].
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Fig. 10. Between 250 and 650 nm, rhodopsin has three absorbance bands peaking at =~ 500 (o), 350 (B), and
280 (y) nm (solid line). The sensitivity of a rod in visible (o) and UV-A (B) band exactly coincides with the ab-
sorbance spectrum. Sensitivity in the y-band is just 0.45 of the absorbance due to lower efficiency of energy
transfer from aromatic amino acids to the chromophore (dashed line) [77, 78].

The y-band at 280 nm (UVB) is due to the absorption of light by aromatic amino acids
(mostly by tryptophan and tyrosine) of the opsin moiety. [llumination with UVB of the rho-
dopsin solution in detergent bleaches it, forming the standard product all-frans-retinal [78].
Thus bleaching by UVB follows via the same route of 11-cis to all-frans isomerization of
chromophore as initiated by a-band and B-band absorption and could start phototransduc-
tion. Frog rods show a peak of sensitivity at 280 nm, which is even higher than in the 3-band
[77] (dashed line in Figure 10). Quantum yield of rhodopsin bleaching and transduction acti-
vation at 280 nm is about 2.6 times lower than in the oi-band and B-band [77, 78]. This re-
flects a relatively low efficiency of the intramolecular energy migration to the chromophore
from aromatic amino acids that partly form the chromophore pocket.

The sensitivity in the y-band cannot be of any behavioral importance, though since the
intensity of UVB radiation in the natural environment is extremely low; besides, it is
strongly absorbed by all proteins in the light path through the eye to photoreceptors.

Thus the vertebrate vision in the spectral band from near IR to UVB is supported by a
single molecular mechanism, light-induced isomerization of the rhodopsin chromophore,
with subsequent activation of the phototransduction cascade. The situation may change at
an even shorter wavelength (higher photon energies) of X-rays and gamma-rays.

Visibility of X-rays

When Rontgen in 1895 discovered X-rays, he called them “invisible radiation.” However,
other researchers soon found that the X-rays can produce a visual sensation in a dark-adapt-
ed observer. It was characterized as a faint greenish-bluish glow filling the eye. Rather soon, it
has been shown that the sensation originates from the excitation of the retina rather than
from possible X-ray-induced fluorescence of the eye media. The early studies on the proper-
ties and mechanisms of the generation of the X-ray phosphenes are summarized in [79, 80].

Apparently, the first electrophysiological study of the retinal response to X-rays was do-
ne by Lipetz [79], who registered spike responses from retinal ganglion cells of the frog eye.
A parallel study of responses to light and X-ray stimulation revealed a similarity between
their properties. Threshold intensities were determined, and the ability of X-rays to bleach



BIOPHOTONS AND VISUAL PHENOMENA 941

rhodopsin in the retina was tested. The degree of rhodopsin bleaching was estimated with-
out any quantitative method, though, just by visual inspection of the retinas’ color. It ap-
peared that the ratio of threshold intensities for electrical responses and the intensities pro-
ducing noticeable bleach was similar, of about 1 x 108, for both stimuli. The general con-
clusion was that the visual effects of light and X-rays are produced by their action on
rhodopsin. However, the estimate of the threshold-to-bleach range was quite crude, with a
possible error of an order of magnitude. Besides, bleaching doses of X-rays resulted in the
denaturation of proteins as well. So the work did not prove that the physiological response
to X-rays is caused by the isomerization of the rhodopsin chromophore, as in the case of
visible light.

Later works relied on recordings of electroretinogram (ERG) and visually evoked corti-
cal potentials. They showed that indeed the primary target for X-rays in the retina is a visu-
al pigment, rhodopsin. At moderate intensities, ERG in response to X-rays and light were
of virtually identical shapes, and their Response vs. Intensity curves were approximately
congruent [80—83]. Importantly, at low intensities, ERG to both stimuli consisted of a un-
ipolar cornea-positive b-wave; above a certain threshold intensity level, the b-wave was
preceded by a brief cornea-negative a-wave which is known to reflect the electrical activity
of photoreceptors. The electrical response of rods and cones is produced by a complex bio-
chemical cascade started by cis-trans isomerization of rhodopsin chromophore (Fig. 6).
Hence, the X-ray ERG was initiated by the action of X-rays on rhodopsin in photorecep-
tors rather than by their possible effect on secondary retinal neurons.

Also, X-rays bleached rhodopsin, both when applied to the living animals [84] and de-
tergent extracts of the visual pigment [82, 84]. As already noticed by [80], the X-ray inten-
sity that bleached a noticeable fraction of rhodopsin was 7 to 8 orders of magnitude higher
than the dose necessary to evoke a threshold ERG. This is essentially what occurs with
light stimulation, too. A threshold light ERG can be elicited by bleaching a single rhodop-
sin per rod, which may contain from 108 to 3 x 10° “dark” (unbleached) rhodopsins. The
exact comparison of rhodopsin bleaching by light and X-rays is hampered by the fact that
the doses of X-rays necessary for measurable bleach also damage the retina and denature
proteins, including rhodopsin itself [80, 84]. Thus, the loss of Rh peak absorbance at
500 nm after high X-ray exposure partly reflects rhodopsin damage rather than its photo-
activation [80, 84, 85]. Nevertheless, a substantial fraction of rhodopsin is converted to its
physiologically active conformation, metarhodopsin 11, which is evidenced by the appear-
ance of meta II absorbance hump at 380 nm [85].

Cones also contribute to X-ray sensation. It is reported that the close-to-threshold bluish-
green X-ray phosphenes in humans change their color to yellowish-green at high doses [79].
However, X-ray ERG was not recorded from a pure cone retina of a lizard Phrynosoma
(horned toad) [82]. It seems that at least some cone visual pigments are less sensitive to
X-rays than rod rhodopsin. Along with generally lower sensitivity of cones compared to
rods, lower efficiency of excitation of cone visual pigments by X-rays may prevent the de-
tection of cone contribution to ERG in a pure cone or mixed rod-cone retinas.

One may conclude that X-rays of commonly used energies of quanta from 50 to 100 keV
excite retinal rods in the same manner as the visible light does, that is, by isomerizing the
rhodopsin chromophore. Various side effects caused by protein denaturation and possible
direct action on retinal neurons at high doses cannot be excluded.

Phosphenes from high-energy particles

Flashes of light seen as a wide-field glow or bright spots, and sometimes interrupted
streaks were reported by astronauts during the first long-lasting space flights [86—89]; re-
cent reviews [90, 91]. Similar phosphenes are seen by patients with ocular and brain tumors
that receive treatment with high-energy particles from an accelerator [92, 93]. The practi-
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cal importance of accessing space travel radiation hazard and the risk of radiation damage
in medical treatment provoked a good number of works on identifying the source(s) of the
phenomenon [94—97]. Volunteers were presented with very low doses of accelerated parti-
cles of various sorts (typically just a few particles per trial) and reported their sensations. It
appeared that bright light streaks could be produced by high-energy neutrons, alpha-parti-
cles, protons, pions, muons, nitrogen nuclei, and carbon ions (review [98]). The light
streaks were seen at particles’ energies both below and above the Cerenkov radiation
threshold. Diffuse flashes and glow only appeared if the energy of a (charged) particle ex-
ceeded the Cerenkov threshold.

There is a single work showing that low doses of deuterons with the energy of 15 MeV
(below Cerenkov threshold) evoke ERG from the isolated retina of the frog [99]. Proper-
ties of the deuteron-induced and light-induced ERGs were similar. Particle ERG showed a
distinct a-wave indicating activation of photoreceptors via a routine light-induced way,
that is, by cis-trans isomerization of the chromophore. The authors also demonstrated the
loss of rhodopsin peak at high irradiation levels. Remarkably, deuteron doses necessary to
bleach a significant amount (=50%) of rhodopsin appeared about nine orders of magni-
tude higher than the doses that evoked a threshold ERG. High doses also denatured rho-
dopsin. Unfortunately, the formation of the light-activated rhodopsin state (Metarhodop-
sin II) by high irradiation doses has not been tested in [99]. So, it remains unclear what
fraction of rhodopsin is gone by denaturation, and what fraction was used for activation of
visual signaling. Similar results were obtained with irradiation by o-particles with energies
up to 30 MeV [99].

The results [99] have an important implication for the biophoton hypothesis of the pro-
duction of radiation phosphenes. If rhodopsin were bleached by biophotons of whatever
origin, one should expect a pretty high level of visible luminescence from the rhodopsin
samples during irradiation. It is easy to calculate that bleaching 50% rhodopsin by the light
needs illumination with 1000 lux during about 50 s that hardly qualifies as UPE. Therefore,
if rhodopsin in chemiluminescence [100] or particle irradiation experiments [99, 101] were
bleached by biophotons, the sample should shine like a torch. Yet in [99], a photomultipli-
er was used for testing the possible retinal luminescence during particle irradiation and de-
tected nothing. Thus, at least in case of deuteron- or o-particle-evoked phosphenes, the
biophoton hypothesis can be discarded.

There is only a couple of papers on the ability of UPE-type chemiluminescence or
heavy particles to produce massive rhodopsin activation detectable by standard biochemi-
cal methods [100, 101]. In the first work [100], the authors demonstrated that the chemilu-
minescence from a xanthine/xanthine oxidase system with lipids and polyunsaturated fatty
acids could bleach rhodopsin. We know since 1876 [102] that visible light bleaches rhodop-
sin, so the result of [100] is hardly surprising. The same group also reported that irradiation
by 200 MeV 2C nuclei bleaches rhodopsin in the suspension of rod outer segments (RdOS),
with the formation of Meta II-like product(s). Bleaching was supposedly caused by biopho-
tons formed by RdOS lipid peroxidation with ROS created by '2C irradiation [101]. The con-
clusion, however, is in no way supported by the presented data. The results of '2C-bleach-
ing experiments are illustrated by Fig. 1 in [101], which is just an exact duplicate of Fig. 3
from [100], where it demonstrates bleaching with visible light. Besides, no Meta II at all
could be found in '?C irradiation experiments in using [101] protocol. The mammalian
Meta II vanishes in about 5 min after formation at 37°C, by decaying to all-tfrans-retinal
and opsin [103—105]. In [101], the irradiated samples were heated for 45 min at 60°C prior
analysis (p. 3 in [101]), so no trace of Meta II would remain even if it were formed during
irradiation. Thus, the solely available candidate for experimental support for the biophoton
hypothesis of the origin of radiation phosphenes fails.
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It seems that no real data is supporting the idea that the radiation phosphenes of what-
ever origin are caused by biophotons generated by lipid peroxidation via radiation-pro-
duced ROSs. At low exposures, any sort of ionizing radiation can activate rhodopsin either
by real light via the Cerenkov mechanism or by energizing the rhodopsin molecule (and pos-
sibly its surround) with the following intramolecular energy transfer to the chromophore.
High exposures result in tissue damage that obscures other possible effects of radiation.
A portion of ionization products may generate biophotons, as suggested in [67, 100, 101]. Yet
there is no experimental proof of the idea.

The author of the review dares to suggest a quite simple experiment that can clarify the sit-
uation. As mentioned above, marked rhodopsin loss by chromophore activation and further
bleaching needs a substantial amount of visible light. Therefore, if rhodopsin in chemilumi-
nescence [100] or particle irradiation experiments [101] were bleached by biophotons, the
sample should shine brightly. It would be worth repeating the experiments [100, 101] using a
physical light meter. No super-sensitive device is necessary. A household-rate instrument
may suffice to settle the problem. Looking with a naked eye (if possible at a particle accel-
erator output) would also help.

Electro- and magneto-phosphenes

The light sensation can also be produced with electric or magnetic field stimulation of
the retina or visual cortex. Here, the phosphenes of the eye origin are only considered.
First observations of electric phosphenes were made already in the first half of the
19th century, in the general context of studying effects on electricity on human body. Vari-
ous sources of the electric current were used (e.g., discharges from a Leyden jar or first gal-
vanic batteries). The position of stimulating electrodes (e.g., on the forehead and the fore-
arm) usually did not allow locating the target (the eye or the brain). In a rare experiment with
local stimulation, Purkinje described phosphenes with a wire electrode placed on the cornea
between shut lids. The early results were summarized by Helmholtz (p. 13—17 in [36]) and
they are NOT of only historical interest now.

Apparently, first quantitative experiments that allowed determining the stimulated
structures and phosphene thresholds were done in 1955 by Brindley [106] who used active
electrodes pressed to conjunctiva at various places outside cornea, and the reference elec-
trode in the mouth. As a stimulus, the alternate 50-Hz current was applied to a dark-adapt-
ed or moderately light-adapted eye. Currents near 20 WA were sufficient to evoke supra-
threshold phosphenes.

Further works were aimed at discriminating between two probable targets for the cur-
rent, optic nerve and the retina proper. Spatial distribution of phosphenes within the visual
field with electrodes of various shapes and positions led to the conclusion that the phos-
phenes are produced in the retina when it is excited by the radial current, that is, by the
current flowing perpendicular to the retinal surface. Tangential currents (flowing parallel
to the retinal surface) that are supposed to activate axons of ganglion cells proved to be in-
effective [106].

The modern biophoton hypothesis suggests that trans-retinal currents somehow change
the metabolic processes in retinal cells, thus resulting in the production of extra UPE and
phosphenes [63, 67]. For assessing the idea, important are BOTH early (19th century) and
later (between 1960 and 1990) literature on the visual appearance of phosphenes them-
selves and their comparison with the responses to light stimulation in light- and dark-
adapted states of the eye. It appeared that electrophosphenes could be evoked equally well
in a dark-adapted and light-adapted state [36, 107, 108] and even against a light back-
ground that is equivalent to looking at a white surface illuminated with =7000 lux [108].
Thus, strong light adaptation does not substantially affect electrophosphenes. In turn,
electrical phosphenes do not modify the adaptational state of the retina [107]. Supposed
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biophoton emission that could override light stimuli of daylight brightness can hardly be
called UPE. Moreover, such current-evoked emission should make the eye brightly shin-
ing. Nothing of this sort was observed [36], so the suggested biophoton mechanism of elec-
trophosphenes must be discarded.

Magnetophosphenes

A rather strong changing magnetic field can also induce phosphenes. The magnetopho-
sphenes are usually described as a weak flickering light, colorless or slightly blue. The
threshold for the 30-Hz alternating field was near 10 mT [109] and only changed somewhat
between the dark-adapted state and rather strong background illumination (130 cd/m?). It
has been concluded that magnetophosphenes could actually be electrophosphenes evoked
by currents in the retina, which, in turn, are induced by an alternating magnetic field.

Attwell [110] provided a detailed theoretical analysis of currents and voltages generated
by an alternating electromagnetic field in biological tissues. The estimate of the electric
fields in a tissue at a magnetophosphene threshold was between 10 and 60 mV/m, which
translates into 1 to 10 1V per photoreceptor length. This is close to the threshold for elec-
trophosphenes (about 15 UV, see below). Some data, though, do not allow us to identify
with certainty the magnetophosphenes as electrophosphenes produced by eddy currents. It
was possible to induce magnetophosphenes in a person totally blind due to an advanced
stage of retinitis pigmentosa, whose photoreceptor cells degenerated completely, suppos-
edly losing their electrosensory structures, rod and cone synaptic terminals. This suggests
that there were other partially preserved electrosensitive cells (perhaps bipolars and gangli-
on cells) in this observer [109].

The visibility of magnetophosphenes against 130 cd/m? light background [109] com-
pletely excludes the contribution of biophotons to the phenomenon. This background is
about seven orders of magnitude above the rod visual threshold, and hence nine orders of
magnitude above the resting biophoton emission from the retina [65, 68]. If biophotons
were responsible for magnetophosphenes, it would imply a billion-fold surge of ROS pro-
duction in the retina under modest magnetic stimulation.

Possible electrosensitive structures in the retina responsible
Jfor the production of electro- and magnetophosphene

It would be interesting to tentatively identify electrosensitive structures in the retina that
are responsible for the production of electro- and magnetophosphenes. Since the phos-
phenes are evoked by the radial current, the most likely targets are radially orientated reti-
nal cells. These are photoreceptor cells, bipolar cells, and radial (Miiller) fibers. Photore-
ceptor cells, both rods and cones, have the unique organization of their output synapses.
Structurally, the photoreceptor synapses contain synaptic ribbons, specific dense double-
membrane structures that are surrounded by synaptic vesicles (Fig. 11) (rev. [111]). Func-
tionally, they are drastically different from “ordinary” neuro-muscular junctions (NMJ) or
axo-dendritic synapses in the rest of the nervous system. Typically, at the NMJ in a resting
state, the presynaptic membrane has a high negative potential. Therefore, the transmitter
release trough the membrane is slow if not absent altogether. The action potential that
comes along the axon and reaches the terminal is a rather brief (a few milliseconds) but it
provides a high-amplitude (a few tens millivolt) depolarization. It evokes a burst of power-
ful neurotransmitter release, which robustly excites the postsynaptic cell, mainly following
the rule of All-Or-Nothing.

In contrast, at the ribbon synapse, the presynaptic membrane is substantially depolar-
ized at rest. Therefore, the transmitter is continuously released from the presynaptic cell, at
the rate that can be modulated either way by small changes in the membrane potential. The
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Fig. 11. Small fragment of a synaptic terminal in the chicken cone. The presynaptic cone cytoplasm with a synap-
tic ribbon (arrow) is in the upper right corner; numerous synaptic vesicles containing glutamate are marked by
small triangles. HC1 and HC2 are input dendrites of two horizontal cells. BC is an input dendrite of a bipolar.

release smoothly decreases at hyperpolarization and increases at depolarization. Corre-
spondingly, the membrane of a postsynaptic neuron can be gradually hyperpolarized or
depolarized, thus coding the input in an analog manner.

Ribbon synapses are almost unique for sensory cells. Besides retinal photoreceptors,
they are exploited by retinal bipolars, mechanoreceptors of the lateral line organs, and their
evolutionary derivatives that include the organ of Corti and equilibrium receptors of the inner
ear. In all cases, glutamate is used as an excitatory synaptic transmitter. Due to analog coding
at the synapse, mechanosensory cells produce either hyperpolarizing or depolarizing post-
synaptic response, dependent on the direction of deformation of their sensory cilia [111]. The
two-way analog coding essentially means that there is no built-in sensory threshold, and
the ability to detect weak stimuli is mostly limited by the ability to separate the useful signal
from always present background noise. The utmost sensitivity is achieved in electrorecep-
tors of ampules of Lorenzini in elasmobranch fish (sharks and rays). These organs consist
of a small (1—2 mm) cysts supplied by long channels that run under the skin. The channels
connect the cysts’ interior to various distant points on the surface of the fish body. The in-
ner wall of the cyst is covered by sensory cells that essentially are holders for ribbon synaps-
es. A few microvolt voltage applied to the ampule is sufficient to change the frequency of
spikes in the nerve fibers of the ampullary nerve [112, 113]. The sign of the spike reaction
(excitatory or inhibitory) depends on the polarity of the stimulus. In behavioral experi-
ments, a shark reacted to electric fields as small as 5 nV/cm in water [112]. This corre-
sponds to 0.05—0.1 UV voltage across the electroreceptive epithelium.

Clearly visible electrophosphenes can be evoked by the current of about 20 YA applied to
cornea [106]. Calculations show that this current would produce a voltage change of =15 uV
at the photoreceptor presynaptic membrane. The value is at least two orders of magnitude
higher than the sensory threshold of Lorezinian ampules, so it certainly allows direct ac-
tion of the current on photoreceptor ribbon synapse, to make phosphenes. Yet the value
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must better be compared with presynaptic responses in rods and cones at threshold light
stimulation. Single-photon response (SPR) in human rods is near 1 mV [114] which is
about two orders of magnitude higher than the threshold potential for the electrophos-
phenes. This doubts the ability of the direct electrical stimulation of the eye in sifu to pro-
duce phosphenes via the rod pathway in the retina.

On the other hand, the SPR amplitude in a cone is about 15 iV [114], that is exactly what
is necessary to produce electrophosphenes. It seems that a more light-sensitive rod system in
the retina cannot produce phosphenes at electrical stimulation, while the less light-sensitive
cone system can readily react to electric currents. Though paradoxical, the conclusion fits
well what is known about the visual appearance of electrophosphenes. Already Purkinje (see
in [36]) described the electrophosphene as a mauve color sickle. Dependent on the parame-
ters of stimulations, phosphenes could vary from mauve to yellow, green, or red, but were al-
ways colored [36, 107, 108], that is, generated in the cone pathway.

Mechanophosphenes

Deformation phosphenes or mechanophosphenes are light sensations evoked by the de-
formation of the eyeball. An interesting historical review of mechanophospene studies
started from ancient Greece time through Newton and until recently is given in [115]. The
results that refute the modern biophoton idea were known from at least the 18th century. It
was shown that the deformation phosphenes could be produced at moderate diurnal light
intensities. This means that the intensity of the supposed (biophoton) light that generates
the phosphenes should be pretty high, at least 7 to 8 orders of magnitude beyond the abso-
lute visual threshold (see above, the section on electrophosphenes). In 1742, Langguth
(cited in [115]), in a completely dark room, pressed his eye in front of a mirror, producing
phosphenes and trying to see any light emerging from the eye. Nothing was seen. The ex-
periment was repeated with a second observer carefully looking at the stimulated eye of the
author. Again, no light leaving the stimulated eye was detected.

Nevertheless, mechanosensitive retinal cells responsible for the mechanophosphenes
cannot be reliably identified yet, in contrast to the situation with electrophosphenes and
magnetophosphenes. While the slightest touch with a needle tip evokes a tremendous spike
response in afferent fibers of ampullae of Lorenzini, their sensitivity to a uniform pressure
with a focused ultrasound beam is rather low [113]. Thus an obvious candidate, the photo-
receptor or bipolar ribbon synapse, is not firmly supported.

CONCLUSION

Hypothesis on possible visual effects of UPE (biophotons) can be divided into three
groups. Firstly, the UPE was considered the source of “retinal dark light” identified with
the discrete dark noise of photoreceptors. The idea was tested experimentally; it appeared
that the UPE from the retina and other parts of the eye does exist, but its intensity is at least
two orders of magnitude lower than necessary to explain the photoreceptor dark noise [65, 68].

Secondly, UPE induced by ionizing radiation (X-rays, y-rays, and high-energy charged
particles) was supposed to be the source of phosphenes observed by astronauts during
space flight and by tumor patients treated with hard radiation from particle accelera-
tors. X-rays decidedly convert “dark” rhodopsin into its photoactivated form, Meta II, and
evoke a standard electroretinogram response. However, high doses of radiation denature
rhodopsin. Therefore, the separation of three possible effects, namely chromophore isom-
erization by intramolecular energy transfer, UPE production, and protein denaturation is
not possible based on available data.

Radiation phosphenes from high-energy particles are partly produced by Cerenkov radi-
ation within the eye. Far larger non-Cerenkov effects causing substantial rhodopsin loss
are hypothetically attributed to UPE. However, reported spectroscopically measurable
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rhodopsin bleaching needs high intensity of visible light, over 8 to 10 orders of magnitude
brighter than the UPE from any part of the eye measured till now. No real experimental
demonstration of marked rhodopsin bleaching by charged particles via a light-initiated
pathway has ever been presented.

Thirdly, the idea of production of electro-, magneto- and deformation phosphenes by
biophotons can be discarded based on experimental observations from the 18th—19th cen-
turies. All phosphenes of these sorts do not need dark adaptation and are visible at diurnal
illuminance levels. Therefore, the intra-eye light emission supposedly responsible for them
can hardly qualify for UPE. Besides, this level of emission would make stimulated eyes
shining in the dark which has never been seen by careful observers during the last 200 years.
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JIuzocuHronunuasl npeacTabisiioT coboit N-nealetTmiiipoBaHHyto ¢hopMy chUHTIO-
JIMTIUIOB M pacCMaTPUBAIOTCS KaK MOTEHIIMATIbHBIE MapKephl 3a00JIeBaHU, OTHOCS -
LIMXCS K JIM30COMHBIM Ooiie3HsiM HakoruieHusi (JIBH), takum kak 6ose3nu [ome,
Dabpu, Kpaboe 1 6ose3nr Humanna—IInka, a Takke kpaitHe peakum JIBH, Takum
kak GM1 u GM2 raurmo3uno3oB. Ha ceronHsHMii IeHb CYIIECTBYET pa3HOOOpasue
METO/IOB ISl OLIEHKM YPOBHSI JIM30C(UHTOIUITUIOB B Tu1a3Me KpoBu. OnmHaKo Hanbo-
Jiee TIePCITIEKTUBHBIM SIBJISIETCSI METOJ KUIKOCTHOI Xpomartorpaduu W TaHIEMHOMN
Macc-cniekrpomerpun (BOXKX/MC/MC), KOTOpbIit MO3BOJISIET MPOBEAEHUE OHOBpE-
MEHHOM OLIEHKN KOHLIEHTPALMM HECKOJIbKUX JTU30CHUHTOIUINUIOB, TakuX Kak HexSph
(cmechb GlcSph u GalSph), LysoGb3, LysoGM1, LysoGM2, LysoSM u LysoSM509 B
T1azMe, Mo4e, CyxXuX IsITHaX KpoBU. HecMoTpst Ha To, UTO olieHKa TU30CHUHTOIUITUIOB
B TUIa3Me KPOBM SIBJISIETCSI 30JI0ThIM CTaHIapTOM, Meton nposeaeHust BOXKX/MC/MC
MPU IKCTPAKILIMU METAOOJIMTOB U3 CYyXMX IISITEH KPOBU SIBJISIETCSI OBICTPBIM Y HalleXK-
HBIM METOIOM TSI OIIEHKU KOJIMYECTBEHHOTO COCTaBa JTN30C(hUHTOIUITUIOB, TT03BO-
nsmomuM uaeHtTudunuponats JIBH Takme kak 6one3nnp Iome (HexSph), 6one3Hb
®a6pu (LysoGb3), HemoctatouHocTh mpocarno3drHa (HexSph, LysoGb3), Gose3Hb
Humanna—ITuxa Tuna A/B u C (LysoSM u LysoSM509). Iuarnoctuka psina JIBH ¢
OLIEHKOM KOHIIEHTpaLUU JU30CHUHTOIUNUIAOB B KpoBU MeTogoM BOXKX/MC/MC
MPOBOAMUTCS B HACTOsIIIIee BpeMsi B MeAMKO-TeHETUYeCKOM HayuYHOM LieHTpe, MocKBa.
Hamu naHHbBI MeTOn MPUMEHEH UISl OLIEHKW YPOBHSI JIM30C(UHTOIUIUAOB MpU 6O-
sie3uu [lapkrHCOHa, aCCOLIMMPOBAHHOM ¢ MyTallMeil B TeHe JIM30COMHOTO (hepMeHTa —
rmokolepeoposuaasel (GBA-BIT). BriepBeie mokazaHo nosbilieHHe ypoBHS HexSph
(ranakro3uichduHrosuH — GalSph) u nmokosunchdunroszuna (GlcSph) B kpoBu y na-
nueHToB ¢ GBA-60ne3nu [MapkuHcoHa, YTO MO3BOJISIET CAEIATh MPEANOI0XEHUE O
MeXaHu3Me MaToreHe3a JaHHOro 3abosieBaHus. B HacTosiiieM 0630pe onucaHbl MOa-
xonbl K nuarHoctrke JIBH ¢ ucnosib3oBaHueM olieHKM JTU30C(HUHTOUITUAOB KPOBH, a
Takke 00CyXIaeTcsl BO3MOXHOE Y4acTHe JaHHBIX META0OJIMTOB B CTAOWIM3AIIUU HEMl-
POTOKCHYHBIX (hopM anibda-CUHYKIeHA TTpu 6osie3Hu [TapkuHcoHa.

Knroueswie crosa: nuzochunromununpi, BO2KX/MC/MC, nu3ocomHbie 60JIE3HN Ha-
KOIIeHUsI, 60yie3Hb [TapknHCOHA

DOI: 10.31857/50869813920080105
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CIIMCOK COKPAILLEHUMN

BOXX/MC/MC — meTon XMAKOCTHOM XpoMarorpaduu B COYETaHWM C TaHIAEMHOW Macc-
CIeKTpOMeTpUeit

JIBH — nu3ocomMHble 001€3HU HAKOTIEHUST

MC/MC — taHaeMHast MacC-CIeKTPOMETPHsI

GalCer — rajlakTo3WILIepaMuL

GalSph — ranakro3wichuHrosnHa

GBA-BII — nauueHTsI ¢ 6051e3HbI0 [TapkrHCOHa, SIBSIIOILIUECsS] HOCUTENSIMU MyTaluii B reHe GBA

GCase — rtokouepedpo3naaspl

GlcCer — rmoko3uepaMuaa

GlcSph — rmoko3uiachuHIo3nHa

HexSph — rekco3wichuHro3nH

LysoGb3 — rimo6orpuasmicuHro3nHa

LysoGM1/ LysoGM?2 — nu30raHIJIMO3UAbI

LysoSM — nu3ochuHroMueamH

ChuHronmnuaosel — 310 rpyrmna 3adbojeBaHuiil, OTHOCSIIIASICS K KJIACCy JTU30COMHBIX
0oJse3Hei HaKOTIJIEHUsI, KOTOPbIE XapaKTEePU3YIOTCS CHUKEHNEM aKTUBHOCTH JIM30COM-
HbIX (PepMEHTOB 3a CYET MyTallMii B Te€HaX, KOAUPYIOIINX 3TU (PEPMEHTHI, U KaK Cliel-
CTBME, HAaKOIJIEHMEM COOTBETCTBYIOIIMX CyOCTpaToB B n3ocoMe [1]. MHTEpecHO oT™Me-
TUTb, UTO MyTalluu B reHax GBA u SMPD 1, koTopbie KOOAUPYIOT (DEPMEHTHI INTIOKOLIEpe-
Opo3uaa3y u KUCIyi C(OUMHTOMHUEIMHA3Y COOTBETCTBEHHO, B TOMO3UTOTHOM COCTOSTHUM
npuBoadT K pazputuio JIBH, Takux kak 6osie3us ['omre u 6one3ns Humanna—Iluka co-
OTBETCTBEHHO. DTU MYTallMU SIBJSIIOTCS TakKe (haKTopamMU BBICOKOTO PpUCKA pacripo-
CTpaHEHHOTIO HelipoaereHepaTUBHOTO 3aboeBaHms 6one3nu [lapkuHcona [2—4].

JunarHocTrka JaHHOM TpyMIibl 3a00JieBaHUIT OCHOBaHA, KakK MPaBUJIo, HA UCITOb30Ba-
HUM OMOXMMMYECKUX METOAOB, B OCHOBHOM Ha OIPEeIeHUN OCTATOYHOI aKTUBHOCTHU
¢dhepMeHTOB B KJIeTKaxX KpOBU. B psiie ciydaeB MpoBOASATCS MOJIEKYISIPHO-TEHETUYECKUE
WUCCJIEIOBAHUS C LIEJIbIO BBISIBJICHUS MYTallMil, MPUBOISIIMX K Pa3BUTUIO 3a00JI€BaHUs,
YTO TO3BOJISIET MOATBEPAUTh NUATHO3 Ha MOJIEKYJSIPHOM YpOBHE, a TakXke JeaaeT Io-
CTYITHBIM TIpOBEJCHUE TMpeHaTaJbHOM JMArHOCTUKM TIona B ceMbsiX. Tak, Harpumep,
npu Haubosee yactoit u3 JIBH Gosie3Hu I'olie B pe3yabraTe rOMO3UTOTHOIO WU KOM-
MayHJAHOTO TeTepPO3UTOTHOTO HOCUTENbCTBA MyTaluii B reHe GBA, kompupyoliem ¢ep-
MEHT JHM30coM ImoKolepeopo3nnady (GCase), MpONCXOOUT CHIDKEHHE aKTUBHOCTU
depmenTa 1o 5—30% (B 3aBUCMMOCTM OT THUIA MYTallMM) W HaKOIUIEHWE MeTaboJuTa
rmokosuiaepamuaa (GlcCer), a Takke ero geallIMpoOBaHHON (DOPMBI, TJIFOKO3UICGHUH-
rosuHa (GlcSph) [5]. Haubonee xapakTepHbIM ITpU3HaKoM 6osie3Hu loliie siBisieTcst Ha-
JIMYME HACBIIIEHHBIX CyOCTpaTOM MakKpodaroB, KOTOpble MHOTOKPATHO YBEJIUYMBAIOTCS
B pa3mepax, MpeBpalliasich B KJIETKU, Ha3bIBaeMble KiieTKaMu [o1ie, B e4eHu, ceie3eH-
Ke 1 KOCTHOM Moa3re [6]. bosiee yacto 60yie3Hb IpoTeKaeT no I Ty ¢ mo3nHUM HavaioMm
U OTCYTCTBMEM BOBJIEUEHUS] HEPBHOI cUCTeMbl. TakxKe onucaHbl HEPOHATbHbIE TUTTBI
oosie3nu INome, Tun I1 u Tun 111, KoTopble KilaccuUIMPYIOTCS KaK OCTpasi U MOA0CTpast
Heliponatnyeckue (GopMbl 3TOro 3ab0JieBaHUST M3-32 BOBJICUCHUS LIEHTPAJILHOM HEPB-
Hoii cuctembl. [1pu naHHBIX hopmax 00JIe3HU MOPaXKAIOTCSI HEMPOHBI TOJIOBHOTO MO3Ta,
YTO TIPUBOJUT K JIETAILHOMY UCXOMY B paHHEeM Bo3pacrte [7].

Cnenyet, 0OfHAaKO, OTMETUTD, YTO B MOCJIEHEE BPEMSI aKTUBHO OOCYXAaeTCsl BOMIPOC O
TOM, 4YTO OLIEHKAa HaKaIrlUIMBAIOIIETrocsl cydocTpara Win ero MoaubUuIMpoBaHHONW (opMbI
MOXET SIBJISITbCS 00Jiee YyBCTBUTEIbHBIM TECTOM ISl JAHHOM TpyIinbl 3ab6oeBaHuit. Paz-
BUTHE COBPEMEHHBIX METOJIOB CIEIaJI0 BO3MOXHBIM pa3paboTKy TECTOB, HarpaBIEHHBIX
Ha TUarHoCTUKY HecKoyibkux JIBH omHoBpemenHo. B nanHOM 0630pe TipeacTaBieHbl I0-
cJIeIHVEe TaHHbIEe O MEePCNEeKTUBE UCIOIb30BaHUSI METOA XKMIKOCTHOI XpoMmaTorpaduu
B COUETAHUU C TaHAEMHOI Macc-criekrpoMerpueit (BOXKX/MC/MC) mist AMarHoCTUKU
psna JIBH, a Takke obcyxnaercst 3(pheKTMBHOCTh MPUMEHEHUS JaHHBIX METOIOB JUISI



954 YCEHKO u np.

M3Y4YEeHUST MOJIEKYJISIPHBIX OCHOB pa3BUTUS 00je3Hu [TapkuHCOHA, acCOLIMUPOBAHHOI C
myTtauusmu B reHax JIBH.

B HacTos1ieM 0630pe pacCMOTPEH METOI, pa3padOTaHHBIN IS TUATHOCTUKU CIISIYIO-
mux 3abosieBanuii: 6osesneit INome, ®adpu, Kpac6e, Humanna—ITuka, a Takxke KpaiiHe
penkux JIBH, GM1 u GM2 raHrnmo3uno3oB. MeTon OCHOBaH Ha OJTHOBPEMEHHOM
oneHke MerabomuToB: HexSph (cmech GlecSph u ramakrosmncunrosuna (GalSph)),
rnoborpuasuichunroduHa (LysoGb3), nuzoranrimosuabl (LysoGM1, LysoGM?2), nu-
3ochuHromuenunbl (LysoSM u LysoSM509). T1pu 5ToM B 11e1siX IMarHOCTUKU 00J1e3-
Heit ['ome n Kpab6e olieHMBaIOT KOHIIEHTpalnio rekco3michunro3mHa (HexSph), ko-
TOPBIII IpeaCTaBIsIeT COO0I CMECh U3 IBYX JU30CUMTOIUIINIOB — rajJJakKTO3MJIC(UHTO-
3uHa (GalSph) n rmoko3wichunrosuHa (GlcSph), KoTopble B CBOIO o4Yepenb SIBIISIIOTCS
npoayKramu Metabosinama rirokouepeoposuna (GlcCer) u ranakrosuniepamuna (GalCer)
COOTBETCTBEHHO, ITO3TOMY OIpeNeIeHUE UX KOHIICHTPALIMY TaKXKe CIIYXKUT OO0heKTUBHOM
OLICHKOI HakorieHus JuzocduHromunuaoB npu auchyHkuun GCase. Heobxonumo
OTMETUTh, YTO IT0 OTHOIIeHMIO APYT K npyry GlcSph u GalSph saBistioTcst ctepeon3omMe-
pamu u st xpomatorpaduueckoro paznesieHusi GlcCer u GalCer tpebyeTcsl TIpoBejie-
HUE JOTIOJTHUTEbHOTO MCCIe0OBaHUS C MCITOJIb30BAaHUEM CHEMATbHONW KOJOHKM ISt
xpoMmarorpaduu ruipo@UIbHBIX B3aUMOAEHCTBUIA [§, 9].

JIN30COUHTOINITNABI U UX DYHKINUN

CohUHTOIUIIUALI TIPEACTABISIIOT CO00i aM(PUUIbHBIE COSIMHEHNS, TIPOUCXOASIINE
13 cUHTOUIHOI OCHOBBI C JUTMHHO 11eNblo (IJIaBHBIM 00pa3oM c()MHTO3MHA U chUHTa-
HMHA), KOTOpbIe MOTYT ObITh N-allMJIMPOBaHbI Pa3IUYHBIMU XKUPHBIMU KMCJIOTaMU C 00-
pasoBaHueM IepamMunaoB. ['mapoduabHas Tpymia cBsidaHa ¢ TMAPOKCUIIBHON TpyImoit
cuHronaHoro ocHoBaHus yepe3 dochonuapupHyo (hochocHUHIOTUTUAHYIO) WU
IIAKO3UIOHYIO (TTTMKOCHUHTOIUIIMAHYI0) ¢BsI3b [10]. ChUHroIummae! siBIsIOTCS HE00-
XOIMMBIMU KOMITOHEHTAMM LIMTOIUIa3MaTUYECKUX MEMOpaH 3YKapuOTUYECKUX KIIETOK U
BOXHBIMU OMOJIOTMYECKN aKTUBHBIMU MOJIEKYJIAaMHM, KOTOPbIE YYacTBYIOT B PETYJISILIMU
nponudepaunu, 1ubdepeHIIMPOBKU U aroITo3a KJIETOK, a TakKe B IPyruX OuoJjioruye-
CKMX TIpolieccax, B TOM YUCJie, MOTYT 00JIafaTh CBOMCTBAMU BTOPUYHBIX MECCEHIXKEPOB
VI BHEKJICTOYHBIX MeauaTopoB [11]. OCHOBHBIM KOMIOHEHTOM MOJCEKYIbI C(OMHTOJIN -
nuaa siBasercss cpuHrouaHoe (CGUHTO3MHOBOE) OCHOBAHUE, MPEACTABIISIONIEE CO-
601 aMUHOCTIUPT C JUIMHHOM amdaTu4ecKoi 1enbio, KaK MpaBujio, COUHTO3UH —
(28,3K,4E)-2-amuHo-4-okraneleH- 1,3-nuon. B rpyrmne cpuHronmnuaoB MOXXHO BbIIe-
JIUTH C(PUHTOJMIUIBI CO CBOOOTHOM aMUHOTIPYMNIION y COMHTOUITHOTO OCHOBAHUSA. DTHU
C(UHTOIUTTUIBI HAa3bIBAIOTCS JIM30CPUHTONMUMUAAMU. JInzocuHronmnuabl 661N OOHA-
pyxeHbl 6osiee 30 JeT Ha3ad, OJHAKO, MEXaHU3M UX NEMCTBUS MPU MaTOJOTMYECKUX CO-
CTOSTHUSIX U3YYaeTCsT IO HACTOSIIEro BpeMeHU. JIN30C(hUHTOMUNMUIBI pacCMaTPUBAIUCh
KaK “TOKCHUYHbIE META0OIUTHI”, yYaCTBYIOIIME B MAaTOTeHEe3e HECKOJbKMX COMHTOIUITUIO-
30B [12, 13], 1 GBUIO MOKAa3aHO, YTO OHM BOBJICYCHBI B pa3IMUHbIC NAaTO(PU3NOIOTHICCKIC
MexaHu3MHI [ 14, 15].

Takum 06pa3oM, 3TU MOJIEKYJIbl MIPUHUMAIOT y4acTHe B MHOTOUYMCIEHHBIX KJIETOUHBIX
OMOXMMMUYECKUX Mpolieccax [16] 1, Kak mpeanoiaractcst, HEIMOCPEACTBEHHO YYaCTBYIOT B
naTo(@U3NOJIOrMIeCKMX MeXxaHn3Max HelipoaereHepanuu [17]. B mociaenHue ronbl 61aro-
napsl pa3BUTUIO TaHIEMHON MacC-CMEKTPOMETPUM TOYHOCTh UX OLIEHKM B OMOJIOrvuye-
CKMX JXUIKOCTSIX CYIIECTBEHHO MOBBICUJIACH, Y TTOUTH KaXKIbIid JIN30C(HUHTOIUTINI, CTaJT
onomapkepoM chuHroaunuao3sa [ 18—20]. UckimoueHreM sIBIIsieTCs IM30CyabdaTh, KO-
TOPBI HE BBISBIISIETCS] HU B TUIa3Me MallMeHTOB C MeTaXpOMaTU4eCKOit JiekoaucTpodu-
eil, HM B TIa3Me 300POBBIX MHINBUIYYMOB [21].
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Puc. 1. Merabonuueckue myTu Aerpagaluu COUHTOIUTIMAOB U CBSI3aHHbIE ¢ HUMU cuHTromuMnmao3sl (1o Polo et al.
[47] ¢ MoguduKaMsIMM).

Fig. 1. Sphingolipids degradation pathways and related sphingolipidoses (Polo et al., 2017 [47] with modifica-
tions).

COUHTOJIUTINAO3bI 1 METO BOXXX/MC/MC IJIA X ANATHOCTUKHN

Hapyienue nerpagauiuy ¢UHTOIUNUIOB, XapaKTePU3YIOIIEHCsT HETOCTaTOYHOCThIO
JIM30COMHBIX (DEPMEHTOB, TIPUBOJUT K Pa3BUTUIO HACJIEICTBEHHbBIX 3a00JIeBaHUi1, OTHO-
csamuxes K knaccy JIBH, HaspiBaembix cuHrommnuno3amu (puc. 1) [22]. K chunronm-
MYI03aM OTHOCSTCS CJIENYIOIIME IPYIINbI 00JIe3HEN: MEPBUYHBIE COUHTOIUITUI03bI, BbI-
3BaHHbIE MyTallMell B reHe, KOMUPYIOIIeM JIM30COMHBIN (hepMeHT (Harpumep, 00JIe3Hb
Touie, 60ne3up @abpu, 60se3Hb Kpab6e), nepBruuHbIe COUHTIOIUNMUI03bI, CBI3aHHbBIC C
HapylIeHUSIMU OEJIKOB-aKTUBATOPOB, BOBJIEYEHHBIX B MpPOLECC Aerpagaluun chUHroam-
nuaoB (nedeKThbl caro3vHOB) U BTOPUYHBIC COUHTOIUIUIO3bI, KOTOPbIE XapaKTepu3y-
IOTCS HAapylIEeHWeM TPaHCIIOpTa U CJIUSTHUSI B SHIOLMTApHOM cucteme. Ko BTOpuYHbIM
chuHronummoo3aMm oTHocIT 6oje3Hh Humanna—IIuka tuma C, KoTopast xapaKTepu3y-
€TCs HapyllIeHMeM BHYTPUKIIETOYHOIO paclipeneieHus xojectepuHa [1]. Bce atu Hapy-
LLIEHUS MIepeaatoTcsl 0 ayTOCOMHO-PELIECCUBHOMY THUITY HacjieIOBaHUS, 32 UCKJIIOYEHU-
eM X-cueruieHHoi 6o1e3Hu Padpu. KiimHnyeckue nposiBieHus CPUHTOJIUITUA030B MO-
TYT MPOSIBISATHCS B MJIaJIEHYECTBE U JIETCTBE WJIU T03Xe B MOAPOCTKOBOM/B3POCIOM
Bo3pacTe (1o3aHue GopMbl), HO MOTYT TaKKe IMPUCYTCTBOBATh B aHTEHATAaJIbHOM IEpUO-
JIe KaK HeMMMYHHasI BoAsIHKa Tutona [23].

MHorue cUMHIoIMNUIO3bl UMEIOT CXOAHbIe (DEHOTUIIMYECKUE MPOSIBICHUS, 3TO 3a-
TPYIHSIET AUATHOCTUKY U, KaK CJIEICTBUE, IOCTAHOBKY TOYHOIO AMAarHo3a, YTO OTpaxka-
eTcs Ha BbIOOpe cTparteruu tepanuu. Ilpu HekoTopsix JIBH mautenbHast mmarHocTuKa
MOXET HeraTUBHO CKa3bIBaThCs Ha 3(MOEKTUBHOCTY TEPANMM, HAIIpUMep, TPaHCILJIaHTa-
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LIMST TEMOITO3TUYECKHUX CTBOJIOBBIX KJIETOK JTOJIKHA MPOBOAUTHCSI KAK MOXHO paHbIlIe —
IO Pa3BUTHSI HEOOPATUMOTO TTOPAXKEHUSI HEPBHOM CUCTEMBI TIPU JIEMKOAUCTPODUSIX.

Js 6onpimHeTBa M3 JIBH omleHka aktuBHOCTH (hbepMeHTa B OEJIBIX KIIETKaX KPOBU
(nefikonutax U JUMQOLUTAX) CUMTAETCS 30JO0THIM CTAHAAPTOM ISl AMArHOCTUKU [9].
OnHako B MOCAeAHNUE TOMbI PSII MCCIENOBAHUM YKa3bIBaeT Ha TO, YTO ONMpeaeIeHNe KOH-
LEHTPALMK JTU30C(HUHTOIUNUIOB KPOBU MOXET ObITh 00JIe€ TOUHBIM KaK JUArHOCTUYEC-
ckuM MapkepoM pa3Butusi IBH, Tak 1 4yBCTBUTETBHBIM MapKepOM OTBETa Ha MPUMEHSI-
eMyI0 Tepalliio, B 4aCTHOCTU, (PepMEHTHO-3aMeCTUTEeNIbHYI0 Tepanuio [9]. B 2001 .
Chamoles 1 coaBT. BriepBble TTOKa3aJIM BO3MOXHOCTb UCTIOIb30BaHUS CYXUX TISITEH KPO-
BM JUISI OTIpeiesIeHNs] aKTUBHOCTU HECKOJIbKUX (hepMEHTOB ¢ MIpUMeHeHueM hiyopec-
LIEHTHO Me4YeHHoro cybocTtparta (4-metunymoengepoH) [24], HapyllleHe aKTUBHOCTU
3TUX (pepMEHTOB MPUBOAUT K pa3Butuio JIBH.

Ol1leHKa aKTUBHOCTU (DepPMEHTOB, 3KCTPAarMpPOBAHHBIX M3 CYXMX IMSITEH KPOBU, pac-
cMaTpuBaeTCs B KAUeCTBE aJlbTepPHATUBHI IS ObIcTpoit muarHocTuku JIBH, Tak Kak y cy-
XUX TISITEH KPOBM CYIIECTBYIOT OCOOBIE TIPEUMYIIIECTBA TI0 CPABHEHUIO C MCTIOJI30BaHU-
€M OOBIYHBIX OMOJIOTMYECKMX OOpa3lloB: MPOCTOTa B3STUSI, HEOOIBIIONH 00BEM KPOBHU,
YCJIOBUSI XpaHEHUSI Y TPAHCIIOPTUPOBKU (KOMHaTHasi Temrnepatypa) [25]. depmeHTaTUB-
Hasl aKTUBHOCTb B CyXMX IISITHAX KPOBU CETOJIHSI OLIEHWBAETCSI C TIOMOIIBIO TaHIEMHOI
Macc-CIeKTPOMETPUN C MCIOJIb30BAHUEM MCKYCCTBEHHO CUHTE3UPOBAHHBIX CyOCTpa-
TOB, HanboJiee MPUOIMKEHHBIX K HATYpaJbHBIM, U BHYTPEHHUX CTaHAAPTOB, MPEICTaB-
JISTIOIIIMX COOOM MTPOAYKTHI (DepPMEHTATUBHOM peaKIuy, OTIMIAIONINECS OT TaPTETHBIX 10
MOJIEKYJISIPHOI Macce Ha ofHy wiK Heckoibko CH,-rpynm [26—28]. YHUBepcanbHOCTD
TaHIEMHOI MacC-CITIEKTPOMETPUH TTO3BOIWIIA TIPUMEHSITh 3TOT METO, HE TOJIBKO TSI OTIpe-
neneHust GepMEHTOB, HO U Uit oOHapyxeHust ouomapkepos JIBH [29]. To HacTos111eTO Bpe-
MeHM nuarHoctuka JIBH 3akitouyanack B OLEHKE OAHOIO MEeTaboIMTa B pa3aIMYHbIX OMOJI0-
TMYECKUX XKUAKOCTSIX (TJ1a3Ma, MOo4Ya, CyxXHe MsITHa KPOBU) METOIOM XKMIKOCTHOI XpoMaro-
rpapuu B coueTaHUM C TaHAeMHO Macc-cnektpoMeTtpueilt (BOXKX/MC/MC) nas
JMMArHOCTUKU OMHOTO KOHKpeTHOTOo 3abojyeBanust [16, 30]. Metox BO2KX/MC/MC siB-
JISIETCS BBICOKOCEJIEKTUBHBIM U YyBCTBUTEJBHBIM. OCHOBHBIM MTPEUMYIIIECTBOM JaHHOTO
MeTona SIBJISIETCS BO3MOXHOCTb MACHTU(MUKAIIMU Pa3IMUHBIX KJIACCOB COCMMHEHUI B
ouosiornueckux obpasuax. BO2XKX/MC/MC, B 4aCTHOCTU, TMIPUMEHSIETCS IJIs1 BbISIBJIC-
HUSI OKCUCTEPOJIOB, UTO SIBJISIETCSI OTJIMYHBIM TIPUMEPOM JIJIs1 AMarHOCTUKM 6oJie3Hn Hu-
maHHa—ITuka Tuna C [9]. Metonom BOXKX/MC/MC 6b110 MOKa3aHO, YTO TJIMKOCHUH-
TOJIUTTUIBI TOBBIIIEHBI TPH CHUHTOJMITUI03aX, OMHAKO, 3TU COCIMHEHUs oO0Jamzain
HU3KO 4YyBCTBUTEIBHOCTBIO U CITEIIM(PUIHOCTHIO, TAKUM 00pa30oM, UCITOIb30BaHHE MX B
KadecTBe MapKepa ObLIO HelleJaecooopa3HbIM [31]. B mocnegnume romsl psimoM ncciienoBa-
Tesel ObLUIO MOKa3aHo, YTO OlIEHKA HAKOILJICHUSI He PSIMOTo cyocTpaTa Jn30C(hUHIOIM-
MUIO0B, a ero MoAMGULIMPOBAHHOI (POPMBI, SIBJIsIeTCSl HauboJiee YyBCTBUTEbHBIM Map-
kepom JIBH. Tak, nuzochunronunuabl (LysoSL), N-nmeauerninpoBaHHbIC JIM30(DOPMBbI
IIMKOC(UHTOJIUITMIOB, 3aMETHO YBEINIUBAIOTCS Y MAIlEHTOB CO C(UHTOIUITUI03aMU,
9TO YKa3bIBaeT Ha TO, YTO OHU MOTEHIIMAIBHO MOTYT OBITh MOJIE3HBIMU OMOMapKepaMu
KaK JUTsl TMarHOCTUKHW, TaK M JJII MOHUTOPWHTA JedeOHBIX 3(pDeKTOB Ipu pa3paboTke
tepanuu [32]. Ha puc. 1 cxemaTnyecku u3o0pakeHbl MeTa00JIMYECKUE ITyTH JIU30CHUH-
TOJUIUIOB U UX accoumalnus co cuHroaunumo3amu. [ToBbIILIEHHBINM YPOBEHb II1000-
tpuasuiicuHrosuHa (LysoGb3) B nmiazMe KpoBM U MOYe HAOIIOAAJICS ¥ MY>KUMH, CTpa-
nmatormmMu 6ose3nbio Madpu [30, 33| 1 KeHIWH, SIBISIONIUXCS HOCUTEISIMU MyTallnii B
reHe GLA, mpuBoOsIInX K pa3BUTHUIO 3TOro 3adoneBanus [34]. VI3HaYaIbHO MOBHILICH-
HBII ypOBEeHb rajakro3wicunro3nHa (ricuxo3mHa) (GalSph) ObL1 paHee BBHISIBICH B
MO3re MalreHToB ¢ 0ojie3HbI0 Kpadoe [35]. B mocaenyomux ncciienoBaHusIX ObUIO MO-
Ka3aHO yBeJIWUYeHUE YpPOBHsI ABYyX uzomepoB: GalSph y manueHTOB ¢ 60s1e3Hbl0 Kpaboe
[36, 37] n rmoko3unchuHrosuHa (GleSph) y manueHToB ¢ 60e3Hbio [otte [38]. s qu-
arHOCTHMKMW Y MOHUTOPUMPOBAHUsI OTBETA Ha Teparuio npu 6ose3Hu ['oie HauGosee yyB-
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CTBUTEJIbHBIM TECTOM ceronHs siBisieTcst oueHka GlcSph [39—41]. 3HauuTebHOE MOBBI-
IIIEHUEe YPOBHS JealleTUJIMPOBaHHON (opMbl chUHrOMUETNHA, JIM30C(HPUHTOMUETNHA
(LysoSM), ObL10 BBISIBJICHO B IJIa3Me MalMeHTOB ¢ 6os1e3Hbio HumanHa—ITuka tuna A/B
u C [20, 41]. HemaBHO OBLI BBISIBJICH HOBBIN OoMapKep, au3ocuHromuennH-509 (Ly-
soSM-509) myist nepBuuHoOl fuarHoctuku 6one3un Humanna—Iluka tumna C [42]. bonee
TOr0, COOTHOLLIEHUE 3TUX METaOOJUTOB B IJIa3Me KPOBU MO3BOJIMIJIO TPOBECTU PA3TUYUS
MeXIy nByMst 3a6osneBaHusimu [43, 44]. Chuang ¢ coaBT. ITOKa3aJiv, 4TO y MalUeHTOB C
6o01e3ublo Humanna—ITuka tTuna A/B LysoSM B cyxux msiTHaX KpOBU MOBBIILIEH MPU-
OJIM3UTENLHO B MSATh pa3 OTHOCUTEJILHO KOHTPOJISI, YTO AeIaeT ero MOTeHIUATIbHBIM
onomMapkepoM isT faHHoro 3adojeBanus [20]. Cnenyer oTMETUTD, YTO B O0Jice paHHUX
WUCCIENOBAHMSIX TIPEATIONaraaoch, yTo aHau3bl LysoSM u LysoSM509 B o6pasiax cyxux
MSATHAX KPOBM YCTYMNAIOT U3MEPEHMSM B TJIa3Me KPOBU U IOJIKHBI TPOBOAUTHCS TOJIBKO B
TeX ciiydasiX, KOraa Cyxue TsITHA KPOBHM SIBJISIFOTCSI € IMHCTBEHHBIM JOCTYITHBIM MaTepra-
oM [43]. B HemaBHEM HCCIIETOBAHUM OBUIO TTOKA3aHO, YTO IS JUATHOCTUKU OOJIE3HU
Humanna—ITuka onpeneneHue koHueHTpamu LysoSM B rutazme KpoBu sIBJIsieTCsT OoJiee
YyBCTBUTEJIbHBIM METOJOM IIPO CPAaBHEHUIO C MCCIEAOBAHUEM CyXUX TISITEH KpoBU [9].
C npyroii cTopoHbl, Au30TaHrano3uasl LysoGM1 u LysoGM?2 moryTt ObITh MapKepaMu
nByx oueHb peakux JIBH, ranrnmmo3nnozoB GM1 u GM2. YyBCcTBUTEIBHOCTD 3TUX Map-
KEpOB B IJIa3Me, Kak cooDI11aeTcs, SBASIETCS HU3KOM M KPUTUYECKOU 1151 0Jsiee MO3THUX
dopm [20, 44]. Polo 1 coaBT. mpoaHaIU3UPOBAIN 3TN OMIOMapKephl Y HEOOJIBIIION KOrop-
ThI TTALEHTOB ¢ TaHTIo3uno3amu (GM1 n = 1; GM2 n = 2). BblIO BBISIBIIEHO, YTO YPOBEHbD
LysoGM2 B ru1a3zme u Cyxux MsiTHaX KPOBU HE OTJIMYAETCS] OT YPOBHS MAIUEHTOB C MO3/1 -
Helt opmoii ranrano3uno3a GM2, HazeiBaeMoii 6oJie3Hbi0 Canaxodda. MHbaHTIIb-
HbIe (popMbI TaHIIMO31A030B GM 1 1 GM2 ObLIM paBUIBHO TMAarHOCTUPOBAHBI B CYXUX
nsiTHax Kposu [9].

HenaBHee ucciienoBaHue Ha XMBOTHBIX TakKXke TMOKa3aJio, YTO OLIEHKa nmpoduiis au-
30C(UHroIUIMaOB 6oJiee 3¢hHeKTUBHA B TMarHOCTUYECKUX 1IEJISIX, YEM aHaJIU3 OJHOIO
nm3ochuHronunuaa [45]. B Hacrosiee BpeMst mokasaHa 3¢ ¢GeKTUBHOCTh UCITOJIb30Ba-
Hust Mmeronga BOXKX/MC/MC i oqHOBPEMEHHOTO KOJWUYECTBEHHOTO OIpeaeIeHus
HECKOJBKUX JIN30C(UHTOIUIINAOB B IIa3Me KpoBH: Tekco3mwichuHrosmna (HexSph), a
Takke LysoGb3 u LysoSM, Bkinouast HoBbIii 6rnoMapkep LysoSM-509, KoTopElit SIBAsICT-
cs1 KapOOKCMJIMPOBaHHBIM aHajoroM LysoSM. B xone nccienoBaHus ObLT BBISIBJICH AUa-
Ma30H KOHUEHTPALUU JU30CU(DUHTOTUINUIOB Y 310POBBIX JETE U B3POCIbIX, KOTOPbIi
HEOoOXOIUM JIJIsSI MOHUTOpUHTA NTaleHToB ¢ JIBH npu nedyenuu. beu1 noarsep:kaeH aua-
rHoctuyeckuii moreHuran HexSph, LysoGb3, LysoSM u LysoSM-509 miist onipeneaeHust
KOHILIEHTPAIUU JaHHBIX JTu3ochuHTOIUIUIOB y taiueHToB ¢ JIBH u Tex, y koro nomno-
3peBaetcs JIBH [9, 46].

B Menuko-reHeTH4ecKOM HaydHOM LIEHTPE OTHOBPEMEHHOE OIpe/eieHre KOHIICHTPalU
socudromnmnoB (HexSph, LysoGb3, LysoSM u LysoSM-509) metomom BOXKX/MC/MC
npoBoautcs ¢ 2017 T. ¢ Leablo BBISIBICHUs ITaleHTOB ¢ OosesHsmu [ome, Kpa6oe,
®a6pu u 60ne3nbio Humanna—ITuka tumna C.

TakuMm ob6pa3oM, HaJIW4IMe €IMHOTO TecTa Ha MHOXECTBEHHBbIE HEIUarHOCTHMPOBAH-
HbIe IM30COMHBIE 3a00JIEBaHUSI TTO3BOJIMT MAaKCUMAILHO TTOBBICUTH PEHTA0ETbHOCTD Te-
cta 1 3P HeKTUBHOCTD JIJAOOPAaTOPHOTO paboyero mpoliecca.

POJIb JIM3OCOUHTOJIUITNAOB
B ITATOI'EHE3E BOJIE3HU [TAPKMHCOHA

Bonesnp [TapkHCOHA — OMHO U3 CaMBIX PAaCIIPOCTPAaHEHHBIX HEMpOAeTeHePaTUBHBIX
3a00JIeBaHMIl, YaCTOTa BCTPEYAEMOCTH KOTOPOTO CPEAM JIUIL cTapiie 65 JeT COCTaBIIsSIeT
2—3% HaceneHus B Mupe. B ocHOBe maToreHe3a 3Toro 3abojieBaHUs JIEKUT HaKOTUIEHHE
M arperanusi TOKCUYHBIX (OpM ajb(da-CUHYKJIeMHa B YepHOI CyOCTaHIIMU TOJJOBHOTO
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Mo3ra, NpuBoOsiliee K TMOeIM HeIpOHOB B JaHHOI objactu [47]. B ocHOBHOM 60Jie3Hb
[TapkrHCOHA HOCUT CITOPAIMYECKUIi XapaKTep C OTCYTCTBUEM CEMEMHOro aHaMHe3a, OJl-
Hako, 10 10% oT Bcex MalMeHTOB COOOIIAIOT O CyYasix 3TOro 3aboeBaHuUs B ceMbsix. M3
BCEX BBISIBJIEHHBIX TeHETUYECKUX (haKTOPOB prcka pa3BuTus 6osne3nu [lapkuHcoHa Hau-
0OoJiee pacIpOCTPaHEHHBIM SIBIISIFOTCSI MyTalluu B reHe GBA, KOTOphIii KOAUPYET JIN30-
COMHBIN (hepmeHT ritokolepedpo3uaasy. Puck paszsutus 6one3nu [lapkuHcoHa cpenu
HocuTeiel MyTaumii B reHe GBA yBeauuuBaeT B 7—8 pa3 B pas3IMYHbIX MOMYJISLIMSIX B
mupe [3, 4]. BriepBble npenmnoiaoxeHue o cBsi3u myrtanuit B reHe GBA u 6osie3Hbio [1ap-
KMHCOHa ObL10 caenaHo B 2004 r. Ha OCHOBaHUY BbISIBJICHUSI CUMIITOMOB IMTapKUHCOHU3-
Ma y NalreHTOB ¢ 60ye3HbI0 ['ollle M reTepo3UroTHEIX HOCcUTe et MyTaluii B reHe GBA
[48]. B ocHOBe mmaToreHe3a 6ojie3Hu [oiire exuT HapymeHue karadonuisma GlcCer, Ko-
TOPBIH SABJIsIETCH CPUHTONUMUIOM, 10 LIEpaMUIa U TITIOKO3bl U3-3a CHUXKEHUS aKTUBHO-
CTU JI1M30COMHOTO (hepMmeHTa Tiokouepedpo3unassl (GCase, EC.3.2.1.45) no npuyuHe
reHeTU4YecKux aedekToB B reHe GBA B TOMO3UTOTHOM WJIM KOMMAyHA-reTepO3UTrOTHOM
coctosinum. [locie TpaHcassuny cuHTe3npoBaHHbI O6esiok GCase nonsepraercst N-rim-
KO3UPOBaHUIO U (HOJIMHTY B DHAOIIA3MAaTUYECKOM PETUKYIyMme. B sHpornazmaTuue-
CKOM PETUKYJIYME TakxKe MporucxoauT B3aumMojeiicteue GCase ¢ IM30COMaTIbHBIM UHTE-
rpajbHbIM MeMOpaHHbIM OesikoM Tura-2 (LIMP-2), oTkyna ganbiie B BUIe KOMILIEKca
OHU TPaHCHOPTUPYETCS B anmapar ['oibIKu 1Sl yIaKOBKY B BE3UKYJIbI C TTOCJICAY OIS
TPaHCTIOPTUPOBKOM B in3ocoMy [49]. Ha cerogHsIIHMIT IeHb Y MALIMEHTOB C 0OJIE3HBIO
Tome B reHe GBA omnucano 6osiee 400 myrauumii [50]. K Haubonee pacnpocTpaHeHHBIM
myTtauusMm otHocaT N370S, 84GG, L444P u 1VS2+1, KoTophle BCTpedyaroTcsl B Ooiee,
yeM 90% MyTaHTHBIX ajutelieit [51]. Onucansl kKak “msarkue” mytanuu (N370S, V394L u
R463C), ruoe ocratouHast ¢hepMmeHTaTBHAsE akTUBHOCTHL GCase cocrasisier 20—35% ot
HOPMAaJILHOTO YPOBHSI, TaK U “TSDKeNble”, IPU KOTOPBIX OCTaTOYHAsl aKTUBHOCTb COCTaB-
nset 5—10% (mytauum 1.444P, T3231) unu orcyrerByeT (84GG, T138N, F216Y, P289L,
D409H, D409V, P415R, A456P, N462Q, N462D). Cuuraercs, uto K 80-Tv rogam y 9.1%
HanueHToB ¢ 60J1e3HbIo [omre pa3BuBaetcsa 6oie3Hb [lapkuHcoHa [52]. MoeKyasspHBIi
MexaHu3M pa3BUTHs Oosne3Hu [lapkrHCOHA, acCOUMMPOBAHHOW C MYyTallMsIMU B TeHE
GBA, ocTaeTcsi HEU3BECTHBIM, OJTHAKO, MPEAIoaaraeTcs, YTo AMCGhyHKIIMS JU30COM MO-
>KeT HapyllaTh KaTaboau3M ajbda-CUHYKJIeMHa B KJIeTKax. B HacTosiiee BpeMsi BbIsIBJIE-
HO HaKOILJIEHHUE OJIMTOMEPHBIX (hopM alibpa-CUHYKIIEMHA B TOJIOBHOM MO3Te MallMeHTOB
¢ 6onesnnio 'ome [53]. HeoGxommMo OoTMETUTH, UTO ainbga-CUHYKIIEUH AerpagupyeT B
KJIETKE NBYMS ITYTSIMU: 32 CUET CBSI3bIBAHUSI C YOUKBUTUHOM U TTOCJEIYIOIINM THIPOIU-
30M B IPOTEOCOMAaX WM IIOCPEICTBOM IIanepoH-3aBUCUMOit ayrodarum [54]. Takum 06-
paszoM, nuCcYHKIIMS JIU30COM, HabaomaeMasi rpu 6ose3Hu I'omie, MOXeT MpUBOAUTH K
HaKOTJIEHUIO alib(a-CUHYKJIEMHA B LIMTOIUIA3Me KJIETKU, CITOCOOCTBYS €r0 HAKOTUICHUIO
M nocsenytoleii arperaiivu. [locienHue faHHBIC TTO3BOJISIIOT BBIIBUHYTH TUITOTE3Y, CO-
JIACHO KOTOPOW MOBBIIIEHUE U 00pa30oBaHUE OJIMTOMEPOB alib(da-CUHYKIEMHA MOXET
nHrnompoBaThk TpaHcnopT GCase B IM30COMBI, YTO NpuBoIuT K HakoruieHuo GlcCer,
nuchYHKIIUY JIM30COMBI U, KaK CJIEACTBUE, YBETUUCHUIO 00pa30BaHUsI OJTUTOMEPOB ajlb-
da-cunykieuna. ¥ namueHToB ¢ GBA-6ose3Hu [lapkuHcoHa B muTOILIa3Me HEMPOHOB
BBISIBJISIIOT TeJiblia JIeBM, coaepkaiiue anbda-cuHyKJIeuH. MccnenoBaHue ayTONCUitHO-
ro MaTepuasa y JaHHOM rpyMIlbl MAllMEHTOB MOKAa3aj10 KOJIOKAJIM3alUIo ajibda-CUHYKJIIe-
MHa U Dokouepedpo3uaassl B Teiblax Jiesu [55]. Hamu u apyrumMu aBTopaMu Irokasa-
HO, 4Tto Hocuteau mytauumu 1.444P, D408H, RecTL 3HauuTe1bHO CHMKAIOIINX aKTUB-
Hoctb GCase, mMelOT 0Oojiee BBICOKMII pUCK M 0Oojiee paHHee Hadajlo OO0Je3HU
IMapkuHCOHa IO cpaBHEHMIO C HocuTedsiMu “Markux” myrtauuii (N370S nu R496H),
yMeHbLIamux aktuBHocth GCase B MeHbllIel creneHu [56, 57].

HyxHo oT™MeTuTb, 4YTO 1JIs1 HavaJia MaToJIOrMYeCKOro MeXaH3Ma HaKOIUIEHUS ajibda-
CUHYKJIenHa U rubenu HeiipoHoB nipu GBA-6ose3nu [TapkuHCcOHa, TTO-BUAMMOMY, He-
JIOCTAaTOYHO JIMIIIb YMEHBIIEHWEe aKTUBHOCTU MIIOKOLIEPEOpO3Uaa3bl, TMMOCKOJIbKY HE Yy
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BCEX HOcuUTeJieil MyTtaluuu B reHe GBA pa3BuBaeTcs 0o0je3Hb ITapkKMHCOHA B TeyeHUE
ku3HM [58]. HenaBHee accoliMaTUBHOE MCCJIEA0BAHUE BbISIBUIIO KYMYJISITUBHBIN BKJIA[
TEHOB, MyTalluu B KOTOPbIX TPpUBOAAT K JIBH, B puck pa3sutus 6ose3nu [lapkuHcoHa.
Hocurenu myraumii B8 n1Byx reHax JIBH xapakrepuzoBanucek 60j1ee BEICOKIM PUCKOM I10-
SIBJICHUSI 3TOTO 3a00JIeBaHUS TT0 CPABHEHUIO C HOCUTEJISIMU BCETO OJHOI MyTalluu B Te-
Hax JIBH. Hocutenu tpex myranuii B renax JIBH BcTpeuyanuch TOMbKO B IpyIIle MallieH-
TOB ¢ 60J1e3HbI0 [TapKMHCOHA, TO €CTh HE OBbLJIM BBISIBJEHBI B KOHTpoJIe [59].

3a mocyienHre ToAbl HAMU U IPYTMMM aBTOpaMM BIIEpBbIE ObLia MpoBeaeHa OlleHKa
aKTUBHOCTHU TJIIOKOLIEpeOpOo311a3bl U KOHIIEHTPALIMW HECKOJBKUX JTU30CHUHTOJUTIUIOB
B KPOBM MalMeHTOB ¢ 0ose3Hbto [lapknHCOHa, SBASIOIMMUCS HOCUTEISIMUA MyTalUii B
reHe GBA (GBA-BII), meronom BOXKX-MC/MC. B rpynne nauueHToB ¢ GBA-6one3Hn
ITapkuHcoHa OBLIO BBISIBIEHO CHIDKEHHE (bepMEHTAaTUBHOM aKTUBHOCTHU TJIIOKOIIEpe-
Opo3unasbl U yBenudeHue koHueHtpauu HexSph (cmeck GlcSph u GalSph) kak 1o
CPaBHEHUIO C HEBPOJIOTUUECKY 3[I0POBBIMU MHIUBUAYYMaMM, TaK U C MallMeHTaMu ¢ 60-
ne3Hbio [lapkuHCOHA ¢ OTCYTCTBUEM ceMeiiHoro aHamHesa [8, 55, 60—62]. MurepecHO
OTMETHUTh, UYTO CHUXKEHUE aKTUBHOCTU (hepMEeHTa TJIOKOLepeOpo3n1a3bl U yBETUUeHUE
KoHueHTpauuu HexSph B cyxux msiTHaxX KpoBM HaMM TakKKe HAOIIOOAIOCh M B TPYIIIIE
0ecCUMIITOMHBIX HOCUTeJIeilt MyTaliuii B reHe GBA (HeonyOauKOBaHHbBIE JaHHbIE). YPO-
BeHb GlcSph He 6bUT MpoaHaIM3UMPOBaH OTAEbHO OT GalSph B HallleM McciaeqoBaHUN
MO TEXHUYECKUM TMpuuyrHaMm. Hamu Takke moka3aHO MOBBILIEHUE KOHUEHTPALUU OJU-
roMepHbIX (hopM anbha-cUHYKJIEMHA B TJIa3Me KPOBU Y TIALIMEHTOB ¢ 0ose3Hblo [orie
[63, 64] 1 Takke B Iu1a3Me KpoBu manueHToB ¢ GBA-60ne3Hu [TapkuHcoHa [65]. B uccie-
JIOBaHUU 3apyOe>KHBIX KOJIJIET TTOKA3aHO BJIUSIHME HAa OJIMTOMEPU3ALIMIO alb(a-CUHYKIeu-
Ha GlcSph, a He HemocpencTBEeHHOro cyocTpaTa riokolepedoposunazel — GlcCer [58].
BbL10 BBIABIIEHO YyBEJIMYEHUE YPOBHS MOHOTEKCO3MWJliepaMMaa, liepaMuaa U CPUHIro-
muennHa. Hamu Takske ObLTIO MOKa3aHO He3HauuTelbHOe yBenudeHue LysoSM, koro-
pBIit siByIsieTcsl crieduyeckuM MapkepoM 6one3sHn Humanna—ITuka tuna A/B [8]. UH-
TepPECHO OTMETUTh, UTO MYTAallUM B T€HE, BBI3BIBaIOIIEeM maHHOe 3abojeBanue (SMPDI),
TaKKe SIBJISTIOTCSI (DAaKTOPOM BBICOKOTO pHcKa pa3BuTus 6oye3Hu [lapkuHcona [2].

IMonyyeHHbIe pe3yJibTaThl MOATBEPKIAIOT MATOTEHETUYECKYIO B3aMMOCBSI3b MEXIY
nuchyHKIUEH ToKolepeOpo3u1a3bl, HAKOIUIEHUEM JU30C(HUHTOIUITUIOB U OJIUTOME-
puzanueil anbda-cuHykiienHa. [lokazaHa CBSI3b MEXIY TSIKECThIO MyTallUU U CHUKEHU -
€M aKTMBHOCTHM TITIOKOIIepeOpo3uaa3bl. Haim maHHBIe TTOKa3bIBAIOT, UTO BHICOKUIA PUCK
pas3Butus 6one3Hu [lapkuHcoHa y Hocuteneil Mmyrainuu B reHe GBA MoXeT OBbITh CBsI3aH
CO CHMXXEHMEM aKTMBHOCTH TJIIOKOLIEpeOpO3UIa3bl U MOBBIIIEHUEM HEMPOTOKCUYHBIX
OJIMTOMEPHBIX (popM Oenka anbda-CUHYKIIEUHA.

3AKJIIOYEHHME

B Hacrosimiee Bpemsi mokazaHa 3¢ dektuBHoCcTh aHanu3za BOXKK/MC/MC B cyxux
MSITHAX KPOBU JJIs KOJIMYECTBEHHOM OLIeHKY JTn3ochuHroaununoB. Cyxue MsTHAa KPOBU
ABasOTC 3¢ GEKTUBHOM MAaTpULE JJIsi CKPUHMHIAa HECKOJbKUX CGHUHIOIUMUI030B
(6onesneit Kpabcoe, I'ome, ®abpu u aeuudT npocano3mHa) ¢ aHaTUTUYECKUMMU TTOoKa-
3aTeIsIMU, KOTOpbIE COMOCTABMMBI C TTOKa3aTeJisiMU B ruia3Me KpoBu. [loka3aHo, 4To
NIAHHBI METO SIBJISIETCS HanboJjiee YyBCTBUTEbHBIM B OTHOILIIEHUW TUArHOCTUKU U Te-
parneBTUYECKOTO0 MOHMTOPHMHIA Ipu JiedeHuu nauueHToB ¢ JIBH. Beicokass 4yBcTBH-
TEJIbHOCTh JaHHOIO METOAa MO3BOJIMJIA MPOJEMOHCTPUPOBATh MOBHILICHUE TU30C(HUH-
TOJIMIIMIOB Y MAlIMEHTOB ¢ 00Jie3HbI0 [TapKUHCOHA, SIBISIIOIINXCS HOCUTEISIMU MyTalluii
B reHe GBA B reTepo3uroTHoM cocTossHuu. IlojydeHHble JaHHBIE TPEaIojiaraloT Bo3-
MOXHOCTb UCITOJIb30BaHUSI CTpATeruii, HarpaBpJIeHHbBIX HA BOCCTAHOBJICHUE aKTUBHOCTH
GCase nipu 6ose3nu [Nomre, a Takke s tedeHust GBA-6o01e3Hu [TapkuHcoHa.
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Lysosphingolipids are an N-deacetylated form of sphingolipids. Lysosphingolipids are
considered as potential biomarkers of lysosomal storage disorders (LSD) such as Gau-
cher disease (GD), Fabry disease (FD), Krabbe disease (KD), and Nimann—Peak dis-
ease (NPD) as well as extremely rare LSD as GM1 and GM?2 gangliosidoses. To date,
there are various methods for assessing lysosphingolipid levels in blood plasma. How-
ever, one of the most promising is liquid chromatography tandem mass spectrometry
(LC-MS/MS) that allows simultaneous assessment of the concentration of several lyso-
sphingolipids (HexSph, LysoGb3, LysoGM 1, LysoGM2, LysoSM and LysoSM509) in
plasma, urine, dried blood spots. Despite the fact that the assessment of lysosphingolip-
ids in blood plasma is the gold standard, the LC/MS/MS method in dried blood spots is
a fast and reliable method for evaluation of lysosphingolipid profile in patients as a con-
sequence identifying LSDs such as GD (HexSph), FD (LysoGb3), prosaposin deficien-
cy (HexSph, LysoGb3), NPD type A/B and C (LysoSM and LysoSM509). Diagnostics
of a number of LSDs by measuring of the lysosphingolipid concentrations in blood by
LC/MS/MS is currently being carried out at the Research Center for Medical Genetic in
Moscow. We used this method to assess the lysosphingolipid levels in Parkinson’s dis-
ease associated with a mutations in the gene encoding lysosomal enzyme called glucoce-
rebrosidase (GBA-PD). For the first time, increased level of HexSph (galactosylsphin-
gosine (GalSph) and glucosylsphingosine (GlcSph) in blood of GBA-PD patients was
shown that proposes us to make an assumption about the mechanism of GBA-PD
pathogenesis. The possible involvement of these metabolites in the stabilization of neu-
rotoxic forms of alpha synuclein in PD is discussed.

Keywords: lysodphingolipids, LC/MC/MC, lysosomal storage disorders, Parkinson’s
disease
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OnHuM 13 Beaylux (akTopoB pyucKa MOBTOPHBIX HApYLIEHWT MO3roBOro KpoBooopa-
IIEHUST TIoCTIe TIEPEeHECEeHHOI MIIIEMUY TOJIOBHOTO MO3Ta sSIBJISIETCSl TMChYHKITUS COCYIM-
croro sHpotenus. Pakrop Busute6panna (VWF) — o0Luenpu3HaHHbIIA MapKep SHIOTEIU-
aJIbHOM MMCMYHKIMM, CBSI3aHHOI C IMCOAJIaHCOM BbIPAOOTKM 3HIOTEIMEM BEIIECTB C
MPOKOATYJITHTOM aKTUBHOCTHIO. MccenoBannch aktuBHOCTH VWF 1 mokazaTenb re-
MaToOKpUTa y KpbIC BucTap mocje uiieMun roloBHOro Mo3ra, BbI3BAaHHOM 12-MUHYTHOM
OKKJTIO3UEl 00eMX COHHBIX apTepuii C OMHOBPEMEHHOI rurnoTeH3ueit (45 £ 2 MM pT. CT.).
TMocTrmeMuyeckre MI3MEHEHUST OLICHUBAJIM B S-TU TpyTIiax KpbIc: yepe3 1 4 v Ha 3-ii,
7-i1, 14-it u 21-1 nensp nocie nmemun/penHdysun (U/P). Kontponem ciyxunm Kpbi-
cbl IMHUU Bucrap, nepeHecuive Takoe e ornepaTuBHOE BMEIIATeIbCTBO, HO Oe3 nepe-
JKaTUsI COHHBIX apTepyuil U TUMIOTEH3UU. YBenndeHue aktuBHoct VWF miposiBisuioch
yxe yepe3 1 4 mocine U/P. K 3-mMy qHIO MOCTUIIIEMUYECKOTO Mepuoaa KOHLIEHTPALIUS
VWF B mia3me KpoBU yMeHbLIAIach B pe3yJibTaTe TeMOAWIIONNUM, O YEM CBUACTEIb-
CTBOBaJIO CHUXEHUE reMartokputa. Yepe3 7 nHe rocsie MIieMUrd OTMEUYEHO pe3Koe
yBeJIMYeHUEe aKTUBHOCTU Mapkepa. B manbHeiiiem aktuBHOCTh VWF cHUXanach u K
21-my nHio nocie WM/P 3HayeHUs aKTUBHOCTM MapKepa JTOCTUTaJli 3HAYeHUIA Y KOH-
TPOJIBHBIX KpbIC. [ToTydeHHbIe TaHHBIE CBUIECTEIBCTBYIOT O TOM, YTO OMHOKpaTHast 12-mu-
HyTHass /P rojioBHOro Mo3ra MpUBOIUT K Pa3BUTHIO COCYIMCTOM 3HAOTETUATLHOM
IUChHYHKIMM, CBSI3aHHOM ¢ 11cOaaHCOM BhIPAOOTKY HAOTEINEM BELIECTB C MTPOKOa-
I'YJISTHTON aKTUBHOCTBIO, COXPAHSIIOLLIEICSl Ha TTPOTSIXKEHUM 14 qHel rocsie uilleMuu.

Karouesoie croea: vilieMusi ToJIoBHOTO Mo3sra, dakrop BuiuiebpaHaa, sHaOTE IMATbHAS
IUCHOYHKIIUS

DOI: 10.31857/S0869813920080087

CornacHO COBPEMEHHBIM TIPEACTABICHUSIM OIHON M3 INIABHBIX TIPUYUH OCTPOTO Hapy-
1LIEHUST MO3TOBOTO KPOBOOOPAILIEHUS SIBJISIETCS aTEPOCKIIEPOTUYECKOE TTOPAXKEHUE IKCTPa-
Y MHTpaKpaHUaJbHBIX apTepuii [1], mpuBoasiiee K CTeHO3Y (OKJII03UN) MarucTpajbHbIX
apTepuii roJIOBbI WX apTepuii Mo3ra, TpoMO03y U 3MOOJIMHU LiepeOpaIbHbIX apTepuil U
CHUXEHUIO KPOBOCHAOXEHUSI TOJIOBHOTO MO3ra [2], BCAEACTBUE YEro HapyllaeTcsl ero
MeTabom3M, B pe3ysbTare oopasyercs ouar uHdapkra. [Ipobiema rociiencTBuit oCTpbIxX
WIIEMUYECKUX HApYIIEHW MO3rOBOTr0 KpOBOOOpAIlleHUsI ObLiIa M OCTAETCS aKTyaJIbHOM.
BonbmHCcTBO paboT, MOCBSIIEHHBIX N3YYEHUIO 3TOM MPOOJIeMBI, CBSI3aHbBI C MCCJIEIOBA-
HUEM M3MEHEHUI B COCyL[VICTOﬁ CUCTEME I'OJIOBHOTO MO3ra B MOMEHT UILLIEMUU U B TEYEC-
HHE HECKOJIbKUX YaCOB OCTPOro mocTtullieMuyeckoro repuoaa [3, 4]. Ho mporeccsl,
npoucxonsiiue B 6osiee TO3MHUINA MOCTUILIEMUYECKUI TIepUO/, U3yUYeHbl HEIOCTAaTOUHO
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IMMOJIHO, XOTsA OHU UTPAIOT 3HAYUTCIIBHYIO POJIb B BOBHNKHOBCHWU ITOBTOPHbBIX NTIIEMHNYC-
CKMX MOpaKeHU rojloBHOTro mo3ra [1].

B cBsI3u ¢ 3TUM MNpeacTaBiseTcs] MEPCNeKTUBHBIM MCCIeIOBaHUE OCOOEHHOCTEM
(YHKIIMOHUPOBAHUSI MO3TOBOT'O COCYIMCTOTO pycJia B TEUEHUE TOCTATOYHO JIUTEIbHO-
ro Tepro/a Iocje MePeHEeCEeHHOM UIIIEMUH U1 YTOYHEHUST (DU3MOJTOTMYeCKIUX MEXaHW3-
MOB, JeXallluX B OCHOBE IMOBTOPHBIX HWIIEMUYECKUX IMOPaKEHUI TOJIOBHOTO MO3ra.
Bonbioe 3HaueHVE B pa3BUTHUM MOCTUIIEMUIECKUX 1IepeOPOBACKYISIPHBIX HapYIIEHU
UMeeT U3MeHeHne (YHKIIMOHABHBIX CBOMCTB COCYIUCTOM cTeHKU. COCyauCThIi SHIO-
TeJUi y4acTBYeT B MOIAEPXKaHUM (DU3UOTOTUUECKOIO COCTOSTHUSI COCYAUCTOM CTEHKH,
BbIpabaThIBasl pa3jInyHble OMOJIOTMYECKM aKTUBHbBIC BEILIECTBA U MIPOSIBIISIS TIPO- U aHTH-
KOaryJISTHTHYIO aKTUBHOCTb [5, 6]. B HOpMaTbHOM COCTOSTHMU SHAOTEINM, MTOIIePKUBasK
KPOBOTOK, TIPEISITCTBYET KOATYJISILIMU U arperaliuy KJieToK KposH [7]. HapymeHue Kpo-
BOCHAOXEHMST MO3Ta TIPY MIIIEMHUU COITPOBOXKIAETCS Pa3BUTHEM SHIOTEIUAIBHOM IUC-
GYHKIIMMU, B OCHOBE KOTOPOII MOXKET JiexKaTh U3MEHEHHE MTPOKOATYISTHTHOM aKTUBHOCTH
coCcyaucToro sHnorenus [5, 8, 9].

B Hacrosiee BpeMsi OIHUM 13 OOIIeNpU3HAHHBIX MapKepOB HapyllleHUd pyHKINN
9HAOTENUSI, CBSI3AHHBIX C YBEJIMUYEHUEM BbIPAOOTKM SHIOTEJIMEM BEIIECTB C MPOKOaAry-
JISHTOM aKTUBHOCTBIO, siBJsieTcs ¢akrop Buieopanna (VWF) [10—13], npu nmoBpexme-
HUU 3HOOTENIMSI OH CEKPETUPYETCS B CyOIHIOTENMIT 1 m1a3My KpoBH [14]. CBsI3b HOBHI-
LIeHUs] KOHIeHTpauuu VWF B KpoBU CO CTEITEHBIO TTOBPEXKACHUSI COCYTUCTOrO 3HIOTE-
JvsT ObLIa TOKa3aHa B MOZAEJIBHBIX 3KCIIEpMMEHTaX Ha KpbhIcax MPpU dHIOTOKCUHEMHUU U
MeXaHUYeCKOM MoBpexaeHnu sHaotenus eue B 1989 r. Reldy u coasr. [15]. I1pu cocto-
SIHUSIX, COMPOBOXIAIOIIMXCS OCTPHIM WJIM XPOHUUYECKUM MOBPEXIEHUEM SHIOTENUS,
ypoBeHb VWF B KpoBU 3HauUUTEIbHO MOBBIIAaeTcs. [1pu 3ToM HanbGo bW BKJIAA B AUC-
(YHKIIMIO SHIOTEINSI BHOCUT TUTA3MEHHBIN, CUHTE3UpYyeMBblii sHaoTeanonutamMu VWF, B
OTJINYKE OT CUHTEe3UpyeMoro Tpomoonutamu [4]. OCHOBHASI YaCTh UCCIICIOBAHMIA, CBSI-
3aHHBIX ¢ hakTopoM BrunebpaHaa, MoCBsIeHa U3YISHUIO MEXaHU3MOB €T0 IMOBPEXKIa-
IOIIETO NEUCTBUSI U COCOOOB MHTMOMPOBAHUS IMOCIEIHEr0 U BBIMOJHEHA HA MOACIH
GOoKaJIbHON UIIEMUU C UCIIOJb30BAHMEM OKKJIIIO3UM CPEIHEl MO3roBOil apTepuu; Mpu
3TOM ouar MHpapKTa OCTaeTCs JIOKAIbHBIM, a HaOJIOACHUS BHITTOJHEHBI B IEPUOI, KakK
MpaBWJIO, HE MpeBbIIIAIONINi 24 4 TTociie uieMun/perepdysuu [2—4].

Llenbio HacTosiIIeit paboOThl OBUIO OMpeeieHue aKTUBHOCTU (hakTopa BuiiebpaHna
Kak TMokasateisi GyHKIIMOHATBHOTO COCTOSTHUS COCYAMCTOTO 3HAOTEIUS (IHIOTEINATb-
HO#t MUCHYHKIIMU) B OTIAJEHHOM ITOCTUIIIEMUYECKOM TIepHUOJie B TEUEHHUE TpeX Heleb
ocJie IepeHeCeHHOM KpblcaMy KPaTKOBPEMEHHOI TPaH3UTOPHOM II100aIbHOM UITEMUN
TOJIOBHOTO MO3Ta, BBI3BAHHON OMiIaTepalbHOM OKKIIO3Meil COHHBIX apTepuii Ha (hoHe
TMITIOTCH3UMU.

Takast Mmogenp UilleMUM, U3BECTHAsI B aHIJIOSI3bIYHOM JITepaType Kak “2-vessel occlu-
sion + hypotention model” [16], agexBaTHa 11 UCCAEAOBAHNUSI MO3TOBBIX HAPYILIEHUH,
PEaKTUBHOCTH MO3TOBBIX COCYIIOB M HapyllleHU (yHKIIMU SHIOTENS, TOrma KaK Mmpo-
CTOe TepeskaTe COHHBIX apTepuil y KPhIC He MPUBOAUT K CYIIIECTBEHHOMY CHIKEHUIO
KPOBOCHaOXeHUsI Mo3ra. B aToM cilydae KpOBOCHAOXEeHNE MOXET OCYIIECTBIISITLCS IO
BepTeOpaIbHBIM U Oa3WJISIPHOM apTepusM U MHOTOUYMCIEHHBIM KojutaTepaisiM. K Tomy
K€ ayTOPETYJISIUsl MO3TOBOTO KPOBOTOKA TO3BOJISIET COXPAHSITh OTHOCUTEIHLHO HEM3-
MEHHO# 00bEMHYIO CKOPOCTh MO3TOBOTO KPOBOTOKA MPU M3MEHEHUU PAa3HUILIBI MEXIY
CUCTEMHBIM apTepuaibHbIM U BHYTPUUEPETTHBIM JABJICHUEM B IIMPOKUX Mpeaeiax Imo-
CPEICTBOM U3MEHEHMSI TOHYCa PE3UCTUBHBIX IMTHATBHBIX MUKpOCOCynoB [17].

METOAbI MCCIIEAOBAHUA

DKcnepuMeHTHI TIPOBEICHbBI Ha MOJIOBO3PEJIbIX Kpbicax-caMmliiax JuHUM Bucrap mac-
coit 250—280 r B coorBeTcTBMM ¢ npuHLUMIIaMu basenbckoii neknapaiuu, [IpaBuinaMu
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MPOBEICHMST pabOT C UCMOJIBL30BAHUEM DKCIIEPUMEHTAIBHBIX XXUBOTHBIX, IPUHSITHIX EB-
poneiickoii KoHBeHMeil 19.07.2014 u Tpe6oBaHusiMu KoMuccuu 1o KOHTpOJIO 3a CO-
Niep>XKaHWEeM U WCTOJIb30BaHMEM JIaOOPAaTOPHBIX KUBOTHBIX MHCTUTYTA (DU3MOTIOTUU WM.
W.I1. IasnoBa PAH. 2)KuBoTHbIe comepxaiuch o 6 ocobeii B kKieTkax T4 Ha craHaapTHOMR
J1abOPaTOPHOIL IUETE B YCIOBUSIX MCKYCCTBEHHOTO OCBEILIECHMSI C LIMKJIOM 12 1 cBeT/12 U TeM-
HoOTa.

benpenHbie apTepun KateTepu3npoBaId Ha obeux Jarnax 1jisi MOHUTOPUHTA apTepu-
anbHOro aaeineHust (AJl) u 3a6opa/pernHdy3Un KPOBU MPU BOCIIPOU3BEACHUU UILIEMUM.
CpenHee cuctemHoe AJl U3MepsUIM ¢ MOMOILbIO YCTPOMCTBA /JIsi MTHBA3UBHOIO U3MeEpe-
Hust AIl y kpoic (Poccust). Y HapKOTM3UMPOBaHHBIX (XJIOpAJTUAPaT, BHYTPUOPIOIIMHHO,
43 mr/100 T Macchl TeJla) KpbIC OHO COCTaBJIsIo 98.9 + 2.6 MM pT. CT.

Y HapKOTU3UPOBAHHBIX KPHIC UILIEMUIO BOCIIPOU3BOAMIIN ITOCPEACTBOM 12-MUHYTHOM
OKKJTIO3UM 00erX COHHBIX apTepUii C OMHOBPEMEHHOM yIpaBisieMoi runoteH3uei: AJl
CHMXXaJIV U TIOJIEPXXUBAJIM CTPOTO HA YpOBHE 45 + 2 MM PT.CT. ImyTeM 3abopa/penHdy-
3UU KPOBM B TeMapUHU3UMPOBaHHBIN wnpul [9, 18]. s MUHUMU3aLUKU BIUSIHUS Tena-
pUHa Ha KPOBb HCIIOJb30BAIM €r0 MaJible JO3bl: KOJWYECTBO TerapuHa B ILUMPUIIE HE
npesbiiano 20 ME/100 r maccel Testa. DTOro 10CTaTOYHO IJIs1 TIPEAOTBpAIllCHUS KOary-
JSIUWAY BOJM3M KaTeTepa [9].

WccnemoBanue mpoBoaMIoch Ha 82 KpbIcaxX, KOTOPBIE CIy4yaiitHBIM 00pa30oM ObLIN pa3-
neneHbl Ha 11 rpynm: 5 rpynm — onbIT (7 = 32), 5 Tpyln — KOHTPOJIb, JTOXKHOOIIEPUPO-
BaHHbIe KpbIChI (7 = 30) u 1 rpynna KpbIC (MHTaKTHBIE) JJIsI OINpeaeaeHus1 pedepeHCHBIX
3HaueHuit VWF (n = 20). [ToctuiuemMuueckue nusmMmeHeHust aktuBHoct VWF 1 nokasare-
sist remarokputa (Ht) uccrnenoBaniu B ciaeayonux OTAeIbHBIX IpyInax Kpbic: yepe3 1 u
(n=06),na 3-it (n=17), 7-it (n =6), 14-i1 (n = 7) u 21-it (n = 6) OeHb 1OCIIC UILIEMUU.
KoHTposeM K Kaxaoiit rpyrrie 3KCInepuMEHTATbHBIX KPbIC CIIY>KUJIU JIOXKHOOTIEPUPOBAH -
HbIE KPBICHI (5 TPYII): MO 6 KPbIC B KAXKIOM IPYIIE, KOTOPhIC MOABEPIraIuch TAKOMY Ke
orepalilMOHHOMY BMEIIATENIbCTBY, KaK M 9KCIIEPUMEHTAIbHbIC, HO 6€3 TepexXaTusi COH-
HBIX apTepuii u cHukeHus AJl. Onepaiyu U TeCThbl MPOBOAWIIU B OJHU U T€ XK€ CPOKU Y
OIIBITHBIX Y KOHTPOJILHBIX KPbIC MapayiyiesibHO. JIJIsi MpoBeIeHUsI TeCTOB KPOBb M3 COHHOM
apTepuy XKUBOTHBIX Yepe3 KaHIOII0 OTOMPAJIM B TUIACTUKOBBIC TIPOOUPKHM ¢ 3.8 %-HBIM pac-
TBOPOM LIMTpaTa HaTpusl B oTHolIeHuU 9 : 1. JlonosHuTebHO B MpoOoupKy BHOCKIM 0.05 Mt
1%-Horo pacTBopa npotaMuHa cyJibdara iist cBsi3biBaHUs renapuHa. Kposb LieHTpudy-
rupoBaiu B TeyeHue 15 MuH mipu 1500 g 1 Totyac otaensuiu riasMy. Ilokazatens Ht
ONpeIessiiv B IPalyUpOBaHHBIX KAUJUISIpax Mnocije LeHTpUdyrupoBaHusi KpOBU B Teue-
Hue 15 mun nipu 3000 o6opoToB/MuH. Cxema 3KcniepuMeHTa TpuBeieHa Ha puc. 1.

AKTHBHOCTH (hakTOopa BuiuiebpaHna onpenessiii B 6eAHOM TpoMOOLIMTAMU LIUTPAT-
Hoi#i mazMe arrmoruHauuoHHbBIM MeTonoM (PEHAM, Poccust), ocHoBaHHOM Ha CIlo-
cobHoct VWF BbI3bIBaTh arriaioTUHALIMIO TPOMOOIIMTOB B TIPUCYTCTBUM aHTUOMOTHUKA
puctomunimHa. GUKCUpoBaI BpeMsl OT MOMeHTa noGaBiieHusi BuiuiebpaHm-peareHTa
(cMmech PUKCHMPOBAaHHBIX TPOMOOIIUTOB C PUCTOMUIIMHOM) K TIa3Me IO ITOSIBJICHMS ar-
nmotrHaToB. CorjlacHO pekoMeHaauuu npousBoauresisa peareHta (PEHAM) no kanubpo-
BOYHOMY Tpacduky paccuuTbiBasii akTuBHOCTb VWF. /17151 TocTpoeHust KaTnGpOBOYHOTO Tpa-
¢rKa UCTOIB30BAIU CEPUIO PAa3BEACHUI IJ1a3Mbl-KaIMOpaTOpa ¢ aKTUBHOCTBIO OT 50 10
200%, oTknanmpIBas 1O JJorapudMUUYECKOI IKaje Ha OCH OpIMHAT BpeMsl 0Opa3oBaHMS
arriioTUHATOB B CEKYHIAX, a 1o ocu abcimce — aktuBHOCTE VWF B %. PedepeHcHbie
3HauYeHUs 151 akTUBHOCTUM VWF ObUIM onpesesieHbl Y HApKOTU3UPOBAHHBIX XJIOPAITUT-
paTtom (BHYTpHMOpIonHHO, 43 Mr/100 r Mmaccel Tena) kpbic (n = 20) maccoii 250—280r, y
KOTOPBIX TIPOU3BOIWIICS TOJBKO 3a00p KpoBu. CpenHiolo akTMBHOCTh VWF B Kaxnoii
TPYIINE KPbIC PaCCUUTHIBAIM, UCIIOJIb3Ysl €€ cpelHee 3HauUeHue U3 3-X U3MEpeHUil y oT-
NEJTbHBIX 0COOET.

JJ1st yTouyHEeHUsI BOMpoca O MOBBILIEHUY MPOKOATYJISTHTHON aKTUBHOCTU SHAOTE/IUS B
OTBET Ha OlepallMOHHOE BMEIIATeIbCTBO JOIOJHUTEIbHO K VWF onpenensiiu ypoBeHb
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Experiment
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Puc. 1. Cxema sKcnieprMeHTa.

Fig. 1. The scheme of the experiment.

¢ubpuHOreHa B IUTPATHOM I1a3Me KoaryJaoMeTpuyeckKum metoaom no Kiaycy (koary-
nometp CoaDATA 4001, BennkoOpuTaHusl) y MHTAaKTHBIX (# = 5) U y JIO(KHOOIIEpUPO-
BaHHBIX KpbIC (7 = 5) uepe3 1 4 mocJjie KaTeTepr3alnuy 6eApeHHbBIX apTePUId.

CraTucTUYEeCKUI aHATU3 MOJYYeHHBIX JAaHHBIX TIPOBOAMIN C MCTIOIb30BAHUEM MaKe-
Ta cratuctuyeckux nporpamm Microsoft Excel 2003 u nporpammsl InStat 3.02 (Graph-
Pad Software Inc., CIIIA) ¢ npuMeHeHMEM MAapHOTO HEMapaMeTPUYECKOro KPUTEpUs
ManHa—YuTHuU. JlaHHbIE MIPEACTABJSUIM B BUJIE CPEIHEr0 apu(pMeTHIeCKOro 3HauYeHUsI
U ero cpeliHel ommOKu. JJOCTOBEpHBIM YPOBHEM OTJIMYMIA CUMTAIU BEPOSITHOCTb HE Me-
Hee 95% (p < 0.05).

PE3VIJIBTATBI UCCIIEAOBAHUA 1 UX OBCYXIEHUE

OnpeneneHHbIe HAMU pedepeHCHbIE 3HaYeHMST aKTUBHOCTH VWF ISl MHTaKTHBIX (He
MOIBEPrHYTHIX OMEPALIMOHHOMY BMEIIATEIbCTBY) KpbIC cocTaBuwin 55—130%. Yepes 1 u
nocite niemun akTuBHOCTh VWF cocraBuia 209.8 + 4.8% (puc. 2). DTu 3HaYEHUST ObLTA
nocroBepHo Bhile (p = 0.0427, U= 0.5000), ueM y JTOXXHOOIIEpUPOBAaHHBIX KPbIC Yepes3 1 4
nocite onepaunu (192.0 £ 9.6%), xotst u conoctaBuMbI. [ToBbIlIeHe aKTUBHOCTH VWF
OTHOCUTEJIbHO pehepeHCHBIX 3HAYEHHH Y JIOXKHOOITEpUPOBAHHBIX M UIIIEMU3UPOBAHHBIX
JKMBOTHBIX Uepe3 | U mociie onepalioHHOTO BMeIIaTeIbCTBA JTMO0 UIIIEMUYECKOTO BO3-
NeNCTBUS, BEPOSITHO, CBSI3aHO C aKTHUBALIMEl SHIOTENMS B pe3yIbTaTe TTOBPEXKACHUS CO-
CyIIOB TIpU KaTeTepusalnu, BeiieAcTBUe yero VWF, Hapsiny ¢ IpyrMMu MTPOKOAryJIsTHTa-
MM, CEKPETUPYETCSl B CYOIHIOTENINI U MOCcTynaeT B Iuia3my KpoBH [14]. [Tockonbky VWF
y4acTBYeT B TPOMOOLIMTADHOM M KOAryJISIIMOHHOM 3BE€HE TeMOocCTa3a, B YaCTHOCTHU
TpaHcnioptupyeT dakTop VIII K MecTy moBpeXaeHus, CTaOWJIM3UPYET ero 1 3aliuiiaeT
ot nHaktuBauuu [ 19, 20], To moeiteHre VWF cBuneTenbcTByeT 00 aKTUBALIMU TTPOKOa-
TYJISTHTHOM aKTMBHOCTU 3HIOTEIVS B OTBET Ha MoBpexnaeHue cocyna [9]. Mo Hammm
IaHHBIM YPOBEeHb (DUOPUHOTEeHA B TIJIa3Me KPOBM Y JIO(KHOOTIEPUPOBAHHBIX KPBIC Yepe3
1 4 mocne onepauuu cocraBwia 1.50 = 0.07 r/n, a y uHTakTHBIX Kpbic — 1.08 + 0.11 r/n
(»p =0.0106, U= 24.0), yTo yKa3bIBaeT Ha MOBBIIIEHHBII YPOBEHb (PUOPUHOTEHA Y KPBIC C
KareTepusalmeit cocynoB. ABTOpbI paboThl [21] TakKe MPOAeMOHCTPUPOBAIH, YTO SHIIO-
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Fig. 2. Activity of von Willebrand factor in rats. 1 — ischemia, 2 — control. The dotted line is the range of refer-
ence values (55—130%).*p = 0.0427, U = 0.5, ** p = 0.008, U = 1.0, ***p = 0.0001, U=0.0001, #p = 0.0182#,
U= 42.0, Mann—Whitney test, relative to control.

BacKyJISIpHbIE BMeEIIATeJIbCTBA BbI3bIBAIM yBeJluueHue ypoBHeil VWF u ¢ubpuHoreHa B
KPOBU MallMEHTOB, YTO MPUBOAUIO K TUCHYHKIIMU IHAOTEIUS U TUTIEPKOATYJISILIUU KPOBM.

Panee mbl mokazanu [22], yto yepes 1 4 mocine uieMun,/peuHdy3uu roJOBHOTO MO3ra
HabJromaeTcsl yBeJlMueHue nepdy3uu, CBI3aHHOE C BO3HMKHOBEHHWEM ITOCTUIIIEMUYE-
ckoii runepemuu [23, 24]. I'unepeMus CIiocOOCTBYET YCUJIEHNIO KPOBOTOKA U, CJIEI0Ba-
TeJIbHO, YBEJIMYCHUIO HATIPSIKEHUSI CIBUTa Ha BHYTPEHHUX CTeHKax cocynoB. Hanmpsike-
HUE CIIBUTA CTUMYJIMPYET BhIPAOOTKY 3[M0POBBIM 3HIOTEIUEM Ba30IMIaTaTOPOB, TIPEXIe
Bcero okcuaa aszora (NO); mpu HapyleHHOM (pyHKIIMY 3HAOTEINS HabaonaeTcs nedu-
mut NO, mpuBomSIInii K U3MEHEHUIO CBOMCTB COCYAMCTOM CTEHKU [7], YTO MOXET CIIy>KUTh
MPUIMHON BEICBOOOXIeHMST VWF 1 MOBBIIIEHUS €70 aKTUBHOCTH Y KPBIC B TIEPBBIE Yachl TTO-
cJie UIIIEeMUU OTHOCUTEJIbHO 3HAYEHU Y JIOXKHOOIEPUPOBAHHBIX XKUBOTHBIX |7, 19].

Yepes 3 mHS TMOcJie orepalunn y JOXKHOOMEPUPOBAHHBIX KPhIC aKTUBHOCTbL VWF 10-
CTOBEPHO CHUXKaJIach MpuMepHo Ha 16% no 162.3 + 5.1% (p = 0.3030, U = 3.0) no cpas-
HEHMIO cO 3HaueHUsIMK depe3 1 1 mocite umemnn (192.0 £ 9.6%). U3meHeHuUs1, BEpOSIT-
HO, CBSI3aHBI C OTHOCUTENIBHBIM AeduiintoM VWF 1o cpaBHEHMIO ¢ er0 MAaCCHUBHBIM BBI-
6pocoM B TIepBbIe Yachl IIOC]e OIEPAllMOHHOTO BO3meicTBMsA. B nanpHeitieM Ha
OpoTsikeHuu 21 THS y T03KHOONEPUPOBAaHHBIX KPBIC HAOIIOAAIOCH CTOMKOE M ITOCTEIEH -
HO€ CHUXKEHHNE aKTUBHOCTU VWF, 4YTO MOXET yKa3bIBaTb Ha IMOCTCIICHHOC YMCHBIICHUEC
cTeneHn OUCHYHKLUU DHAOTEIUST Y 3TUX XKUBOTHBIX (pUC. 2). Y KpPBIC, MEePEeHECIINX
HIIEMUIO, Yepe3 3 IHS IMocje UIIeMUU akKTUBHOCTh VWF Takske CHMXajach MOYTU Ha
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Taoauua 1. [MokazaTenb reMaTOKpUTa Ha MPOTSLKEHUM 21 THS Mocje KpaTKOBPEMEHHOM TpaH3u-
TOPHOI UIIIEMUU TOJIOBHOTO MO3Ta Y KPbIC
Table 1. Hematocrit for 21 days after short-term transient cerebral ischemia in rats

CPOK;JEE?;;;W' Yepes 1 u Ha 3-i1 neun Ha 7-i1 neun Ha 14-it neup Ha 21-it neun
1 . . After 1 hour On the 3rd day On the 7rd day On the 14 day On the 21 day
Terms after surgery/ischemia

Kowrpons, 0.411 £ 0.009 0.417 £ 0.012 0.400 + 0.015 0.408 % 0.004 0.407 £ 0.018
Control

Iocze MiteMuH (OMILIT) 0.415 £ 0.012 0.373 £ 0.009* | 0.389 % 0.008 0.43940.005***|  0.403 £ 0.011
After ischemia (experiment)

B Kax1oii cepru UCTIOJIb30BaHO 10 6 JKUBOTHBIX.

*p<0,05, t-kputepuii CtoioneHta; *** p = 0.0009, U= 2.0, Kputepuit MaHHa—YUTHU OTHOCUTEJIbHO 3HAYCHU I
B KOHTpOJIE.

*p<0.05, ¢ - Student test; *** p =0.0009, U= 2.0, Mann—Whitney test regarding the values in the control.

33% c 209.8 *+ 4.8 (duepe3 1 u mocie umemun) no 141.0 + 3.2% (p < 0.0001, U= 0.0001),
HO 3TO CHIKEHUE ObLTO 00Jiee CUITBHBIM, YEM Y JIOXKHOOTIEPMPOBAHHBIX XKUBOTHBIX (C 209.8 £ 4.8
1o 141.0 = 3.2% u co 192.0 = 9.6 no 162.3 £ 5.1% cootBeTcTBeHHO, p = 0.008, U = 1.0),
KakK IT0Ka3aHo Ha puc. 2. YMeHbIeHUe akTuBHOCTA VWF MoXXeT OBITh CBsI3aHO C pa3baB-
JIEHUEM KPOBHM 3a CYET YBEJIUUECHMSI TTPOHUIIAEMOCTH COCYIOB IJIsi MHTEPCTULIMAIbHOM
JKMIKOCTH, TIPUBOISIINM K CHUKEHUIO KOHIeHTparst VWF, a, ciemoBaTesbHO, U €TO
akTuBHOCTHU [5, 19]. OO0 3TOM CBUIETENBCTBYET OOHAPYXKEHHOE HAMM Y KPbIC, MIEpeHec-
VX WIeMuio, cHkeHue Ht Ha 3-ii meHb moctuimemundeckoro nepuopa (¢ 0.415 £ 0.012
yepes 1 1 mocie nmemuu a0 0.373 £ 0.009, p < 0.05), Torna Kak y J0)KHOOTIEpUPOBAHHBIX
KpbIC B nepron oT 1 4 mo 3 AHeil mocie omepanuu 3TOT MoKasaTelb He U3MEHSJICS
(0.411 = 0.009 u 0.417 £ 0.012 cootBeTcTBeHHO) (Tab. 1). [IpUYMHON yMEHBIIEHUST KO-
JIMYEeCTBA DPUTPOIIMTOB B TIJIa3Me MOXKET OBbITh ITOCTYIUIEHWE B COCYIbl MHTEPCTULIMATb-
HOM XXUIKOCTHU BCJICACTBHE MOBPEXKICHUS DHAOTEAUST (MieMusi/perHby3usi, OKCcHUaa-
TUBHBII CTpecc, MOCTUIIEMUYECKOE BOCTIAJICHUE) U YBEJIUYCHUST €ro MPOHUIIAeMOCTH
[19, 25]. DHOoTeMaNbHAsA TUNIEPIIPOHNUIIAEMOCTh BO3HUMKAET BCJIEACTBUE MOBBILLIEHHOMN
MoJIMMEPU3alIMM aKTUHOBOTO IIMTOCKEJIeTa U, KaK CJIe[CTBUE, 00pa3oBaHUs 3a30pa, Bbl-
3BaHHOTO paspyliieHrneM B-karennHa u VE-KaareprHa B MEXIHIOTETNATBHBIX COSTUHE-
Husx [26, 27].

Ha 7-i1 neHb mocTrIlIeMUYeCcKOro Meproia akTMBHOCTb VWF cyllieCTBEeHHO TIpeBbIliiaia
3HAYEHUE Y JIOXKHOOMEPUPOBAHHBIX KpbIC (227.0 = 3.5 u 160.7 £ 3.2% COOTBETCTBEHHO,
p= 0.0001, U = 0.0001) 1 ObL1a IOCTOBEPHO BHIIIE, YeM 4Yepe3 1 4 Iociae UIleMUuUn
(227.0 = 3.5 n 209.8 + 4.8% cootBeTcTBeHHO, p = 0.459, U = 37.0) (puc. 2), 9TO MOXET
YKa3bIBaThb Ha MOBPEXIEHUE 3HAOTenus. M3BeCTHO, UTO yBeJlMYeHUE KOHILIEHTPALUU
VWF B 11a3sme KpoBU MOXET BOZHMKATh HE TOJBKO MPU CTUMYJISILIMUA SHAOTEIUS, HO U
npu ero ImoBpexaeHuu [28]. B mpeablayliux HaIIMX UCCISIOBAHUSX OBLIA MOJTYyYEeHBI
JNaHHBIE O TOM, YTO Yepe3 7 MHEel Mmocie UlleMun,/penH@y3un y KpbIC B IiepudepudecKoii
KPOBM B CPEJTHEM B 2 pa3a yBeJIUUUBACTCS KOJMYECTBO AECKBAMUPOBAHHBIX DHIOTEIM-
aNbHBIX KJ1eToK [29]. CnenoBartenbHO, pe3koe yBenndeHre aktuBHocTu VWF y KpbIc, Tie-
pEeHEeCIINX MILIEMUIO, MOXET CBUAETEIbCTBOBATh O MPOTPECCUPYIOIIIEM HapacTaHUU Ts-
JKECTU DHAOTEJMAIbHOW AUCHYHKIMU, MPUBONSIIIEH K CTPYKTYPHOMY TOBPEXICHUIO
aHgoTenus. JuchyHKuMs sHA0Te s HAYMHAETCS ¢ nuchanaHca CMHTe3a Ba3oauIaTaTo-
POB M KOHCTPUKTOPOB, MPOKOATYJISILIUOHHBIX M aHTUKOATYJISIHUOHHBIX (DAKTOPOB, MPO-
U TIPOTUBOBOCHIATUTEIBHBIX MEIUATOPOB, W €CIAU CTUMYJISILIMSI DHAOTEIUS CTAHOBUTCS
Ype3MepHOii, HalpuMep, NMPOBOCMATUTEbHBIMU LIMTOKUHAMU U APYTMMU (hakTOopamu,
TO BO3HUKAIOT CTPYKTYypHbIe HapylueHwus [7, 30]. Tak, aBropamu pa6otsl [31] B akcniepu-
MEHTaX Ha MbIIIaxX ObUTM 3aUKCUPOBaHbBI TTOBBIIIIEHHBIE ypoBHU VWF Ha mMomenu re-
MOpPpParu4eckoro MHCyJbTa, a MHBbeKIMS VWF MbllliaM BbI3biBajia MOBBIIIEHHYIO 3KC-
MPECCUIO MTPOBOCTIATIUTEILHBIX MENATOPOB.
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K 14-My nHIO MOCTHUILIEMHYECKOIO Teproaa akTUBHOCTb VWF y KphIc, TIepeHecIIx
WIIEMUIO, OTHOCUTEJIbHO 3HAYC€HUI Y JIOXKHOOIEPUPOBAHHBIX XKMBOTHBIX OCTaBajlach
nosbieHHOM (170.4 £+ 8.1 u 139.7 £ 3.8% cootBeTrcTBeHHO, p = 0.0182, U = 42.0), uto
YKa3bIBaeT Ha COXPAHSIONIYIOCS TUCchyHKIMIO sHaoTenus (puc. 2). Hapsimy ¢ 3TuMm otMmede-
Ho nosbiieHue Ht (0.439 + 0.005 no cpaBHeHuto ¢ 0.408 = 0.004 B koHtposne, p = 0.0009,
U= 2.0), Cocynucrasi cTeHKa UrpaeT BaxkKHYIO0 POJb B 00ECHEUEHUU FeMOCTaTUUYECKUX
peakuuii [32]. YBenuuenue Ht MoxeT oTpaxkatb oOHapy>KeHHOE€ HaMU paHee B 3TOT OT-
PE30K MOCTUIIEMUYECKOTO Teprofa YCUJIGHUE TeMOKOaryJIsiiMOHHBIX TpolieccoB [9].
Tunepkoarynsinust SIBJsiETCs CleACTBUEM (DYHKIIMOHATBbHONH HECOCTOSITEIbHOCTU SHIO-
TeJIUs B pe3y/IbTaTe BOSHMKHOBEHMUS AucOajlaHCca CUHTE3UPYEMbIX TPOTPOMOOTEHHBIX 1
aHTUTPOMOOTEHHBIX COCYIMCTHIX (paKTOpPOB [7].

K 21-My mgHI0 TTocTrieMudeckoro nepuona aktuBHoctb VWF coctabisiia 147.1 + 9.0% wu
JIOCTOBEPHO HE OTIMYAIACH OT 3HAYEHUI Y JIOXKHOOIEPUPOBAaHHbBIX KphIC (136.9 + 10.1%), xo-
TS U IIpeBHIIIaja pedepeHCHbIe 3HaUYeHMs (puc. 2). DT JaHHBIE ITOATBEPXKIAI0TCs pabo-
ToIi [33], B KOTOPOIi yKa3bIBaeTCs, UTO IIOCJIE OCTPOM CTaauM LiepeOpOBaCKY/ISIPHBIX 3a-
OosieBaHMit 3HaueHUs1 VWF nmocTerneHHO yMeHbIIAJIUCh K 3-i1 Heaelle.

3AKITIOYEHUME

Takum obpazoM, aHaIU3 U3MeHeHUsT akTUBHOCTU VWF Kak oqHOTrO 13 o01enpu3HaH-
HBIX MapKepOB SHAOTEIUAIBHON TUCHYHKIIMU, CBSI3aHHOI ¢ AMcOaIaHCOM BbIpaOOTKU
9HIOTEIMEM BEIIECTB C aHTU- M MPOKOATYJISTHTOM aKTUBHOCTBIO, MOKa3aj, YTO OJHO-
KpaTHasl 12-MuHyTHasT MIIeMusI/pernH@y3MsI TOJOBHOrO Mo3ra Ha (poHE THUITOTEH3UU
OPUBOINUT K PA3BUTHUIO COCYIUCTOM SHAOTEINATBHON TUCGHYHKIIMM, COXpAaHSIOLIEHC Ha
OpOTsKeHUM 14 qHE mociie UieMuu.

VYBenuueHne akTUBHOCTU MapKepa MpOosBIIsieTCs yKe yepe3 1 U mocye nepeHeceHHOoi
ninemMun,/penHdy3nu. K 3-mMy nHIO ITOCTUIIIEMUYECKOTO ITeproaa KoHueHTpanust VWF B
Tia3Me KpoOBU YMEHbIIIAeTCs, KaK Mbl MoJjiaraeéM, B pe3ysibTaTe pa30aBjiieHUs] KPOBU 3a
CUeT TOCTYIICHUSI B KPOBEHOCHOE PYCJI0O MHTEPCTULIMATIBHOM KUJIKOCTH, O YeM CBUJC-
TenbcTBYeT cHkeHre Ht. Yepes 7 mHelt mocie uieMuu OTMeYaeTcsl pe3Koe yBeInJyeHue
aktuBHOCTU VWF, yKa3bIBalolliee Ha HapacTaHUe TSKECTU DHAOTETUAIbHON TUCHYHKIIUN.
B nanbHeiiemM aktuBHOCTh VWF TOCTENIEHHO CHUXKAETCS, B pe3yJibTare 4ero K 21-My JHIO
MOCTUIIEMUYECKOTO Tepruoaa 3HaueHus1 akTUBHOCTU VWF nmocTuralor KOHTPOJIbHBIX,
YTO MOXET YKa3blBaTh Ha CHUXXEHUE CTENEHU 3HAOTeNualbHOU nuchyHkuuu. Takum
o6pa3oM, VWF MOXHO MCITIOJIb30BaTh B 3KCIIEPUMEHTE B Ka4eCTBE TeCTa IJisi ObICTPOTO
onpeneyieHUs1 GyHKIIMOHAbHBIX HAPYLLICHU I SHAOTEIMSI.

Pa6ora BoimmosiHeHa Ha kuBoTHBIX 13 LIKIT buokomnexkuusa M®D PAH.
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The Von Willebrand Factor Activity in Rats after Short-Term Cerebral Ischemia

V. N. Shuvaeva® * and O. P. Gorshkova“

4 Pavlov Institute of Physiology of the Russian Academy of Sciences, St. Petersburg, Russia
*e-mail: shuvaevavn @infran.ru

The von Willebrand factor (vVWF) is a recognized marker of endothelial dysfunction as-
sociated with an imbalance in endothelial production of substances with procoagulant
activity. VWF activity and hematocrit index in Wistar rats after 12 min occlusion of both
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carotid arteries with simultaneous controlled hypotension to 45 + 3 mm Hg, was investi-
gated. Post-ischemic changes were evaluated in 5 groups of rats: 1 hour and 3, 7, 14 and
21 days after ischemia. An increase in the activity of vVWF was manifested as early as
1 hour after ischemia. By the 3rd day of the post-ischemic time, the concentration of
vWEF in the blood plasma decreased as a result of hemodilution, as evidenced by hemato-
crit decrease. After 7 days there was a sharp increase in the activity of the marker. In the
future, the activity of vVWF decreased and by 21 days after ischemia, the values of the
VvWEF activity reached values in control rats. It was established that cerebral ischemia led
to the development of vascular endothelial dysfunction associated with an imbalance of
endothelial production of substances with procoagulant activity, which persists for
14 days after ischemia.

Keywords: cerebral ischemia, von Willebrand factor, endothelial dysfunction
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B Hacroseit pa6ore y kpoic tuanit WAG/Rij u Wistar B Bo3pacre 2 u 6 Mec. uccieno-
BaJIM 3MMU30IMUYECKYIO TaMSTh B TECTE Paclo3HaBaHUsI HOBOro oobekTa. C Leblo no-
NIaBJIEHUsI CUMIITOMOB a0CaHC-3MWICIICUM U KOMOPOUIHOM enpeccuu KpbicaM Jin-
Hruu WAG/Rij B Bo3pacte 6 Mec. BBonuim stocykcumun (300 mr/kr, 14 nHeii, B/0).
Tect pacmo3zHaBaHMsI HOBOTO 00OBEKTa COCTOSIT U3 clieaylolux ¢a3: da3bl aganTaiuu,
(asbl 03HaKOMIIEHU S (IBa OMMHAKOBBIX 00BEKTA), TECTOBOM (ha3bl 1 (3HAKOMBII U He-
3HAKOMBbIIl 00bEKT 1) 1 TecToBOi (ha3bl 2 (3HAKOMBIN U HE3HAKOMBIN 00beKT 2). Bo
BpeMs aJanTallMOHHOM (ha3bl perucTpUpOBaAIA UCCAEN0BATEIbCKYIO0 aKTUBHOCTD (YHC-
JIO CTOEK M BBIXOMIOB B LIEHTP Moist). TecTupoBaHUe 3MM30AMYECKOi MaMsITH POBOIUIU
yepe3 1 4 (TecroBast dasa 1) u yepes 24 u (TecroBast dhasa 2) nociue ¢a3bl O3HAKOMJIEHUSI.
ONU300MYECKYI0 MaMsTh OLIEHMBAIM MO MHIEKCY PAcloO3HaBaHUSI HOBOTO OOBEKTA.
YcraHoBieHO, 4yTO Y Kpbic TuHUU WAG/Rij B Bo3pacte 2 Mec. MHAEKC paciio3HaBaHUS
HOBOTO O0OBEKTa 3HAYMMO HE OTJIMYAJICS, a B Bo3pacte 6 Mec. ObLT 3HAYMMO MEHBbIIE
aHaAJIOTMYHOTO nokasatesisi y Kpbic Wistar. Kpbichl i WAG/Rij nposiBisiiiv moHu-
JKEHHYIO MCCJIEN0BaTENbCKYI0 MOTUBALIMIO 110 CPaBHEHUIO ¢ Kpbicamuy Wistar TOJBKO B
Bo3pacTe 6 MecsieB. OGHapyXeHa IMOJOXUTEIbHAS KOPPENSIUs MeXIy WHICKCOM
pacrno3HaBaHMsl HOBOTO OOBEKTa M MOKA3aTeNsIMU MCCIIE0BATEIbCKO MOTMBALIMU
(4Mca0oM CTOEK 6€3 ONOPbI U YUCIOM BBIXOIOB B LIEHTP MOJIs1). DTOCYKCUMU MONABIISLT
MUK-BOJHOBYIO aKTUBHOCTb, MOBbILIAJI UCCJIEI0BATEIbCKYI0 MOTUBALIMIO U YJIy4dllajl
3MU30INYECKYI0 MaMsTh y KpbIc TuHUU WAG/Rij. Pe3ynbrarsl CBUIETENIBCTBYIOT O TOM,
YTO HapylUEHMs SMU30IUYECKON MaMATU B TECT€ PACMO3HABAHMSI HOBOIO OObEKTa y
kpbic TMHUM WAG/Rij MOTyT OBITH CI€ACTBUMEM MMOHMXXEHHOI MCCIIeI0BaTeIbCKOI MO-
THUBALIMU KaK OHOTO U3 CUMIITOMOB AENPECCUU, KOMOPOUIHOI abCaHC-3MUJIENICUH.

Karueewie crosa: a6C3HC-3l’lHJ’Iel’ICVIH, KOMOp6I/lJIHaﬂ Jerpeccus, ucciaecaoBareiibCcKas
MOTHUBaLusA, paClto3HaBaHUE HOBOI'O OG’beKTa, SMMU30aUYECCKad maMATb, KPpbIChbl IMHUN
WAG/Rij

DOI: 10.31857/S0869813920080051

OnHOM U3 aKTyaJIbHBIX ITPOOJIEM SIWIICTITOJIOTUH SIBJISIETCS KCCIIeTOBaHEe KOMOPOUI-
HBIX TICUXMYECKUX PACCTPOMCTB. AHTEIOHUS, TPEBOTA, MPOOIEMBI CO CHOM U U3MEHEHUS
anmneTuTa oTMevasnch y 71% manuenToB ¢ snunericueii [1]. Camoe pacnpocTpaHeHHOE
KOMOpOUIHOE MCUXUATPUUYeCcKOoe 3a00JieBaHNE TTPU KOHBYJbCUBHOI SMUWJICIICUU — Jie-
npeccus [1], KoTopasi CHUXKAeT Ka4eCTBO XXU3HU TallMEHTOB B OOJIbIIIEil CTeNeHU, YeM
camMa snuericus |2, 3].
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st uccaenoBaHuil pa3andHbIX (P)OPM KOHBYJIbCUBHOM Y HEKOHBYJILCUBHOM SITUJIETI-
CUU LIMPOKO MCHOJB3YIOTCSI KCIIEPUMEHTAIbHBIC MOIEJM SIMUJICTICUM, OOJBITUHCTBO
M3 KOTOPBIX IEMOHCTPUPYET MOBEACHUYECKHUE HAPYILICHUS, XapaKTepHbIE IIJIsI TAallMEHTOB
c sanunericueit [4]. Tak, Ha MoJeIsIX BUCOYHOM STMUJIETICUU, BOCIIPOU3BOAMMBIX C TTIOMO-
LLIbI0 AaMUTIAIIPHOTO KUHIJIMHTA U TTMJIOKapIIKHa [5, 6], 6bU10 MoKa3aHo, 4TO (G OpMUPO-
BaHUE XPOHUYECKUX KOHBYJbCUBHBIX CYIOPOXHBIX MPUMAIKOB COMPOBOXIAETCS BO3-
HUKHOBEHUEM KOMOPOMIHBIX ACTIPECCUBHO-MTOA00OHBIX MOBEASHYECKUX HAPYIIICHUIA.

AOcaHC-3IUJICTICUI0 — HEKOHBYJILCUBHYIO (DOPMY SIIMJIETICUHU IOJITOE BPeMsl CUMTAIN
JIMIIEHHON KOMOPOUIHBIX paccTpoicTB [7]. OnHaKo BIOCAENCTBUM OBUIO OOHApYKEHO,
yto y Kpbic JIuHuu WAG/Rij, reHeTnueckoii Monesin abcaHC-3MUJICTICUM, HabJIIonaeTcst
XpOHUYECKasi YMEPEHHO BbIpaK€HHas Jaernpeccusi (JIUCTUMUS), KOMOpOMIHAs abcaHC-
srmiericum [8—10]. TToBeneHUecKre CUMIITOMBI KOMOPOMIHOM OEeIpecCur OOHApYKEHBI
TaKkKe y Ipyroii reHeT4IeCcKoil Moaenu adbcaHc-armuiericu — y Kpbeic uann GAERS [11].

IlepBrie opmHOUYHBIE TUK-BOJIHOBEIC pa3psabl (I1BP) y xpreic muann WAG/Rij moss-
JISIIOTCS. TIPUMEPHO B Bo3pacte 2—3 Mec., a K 5—6-MeCSIYHOMY BO3PacCTy YMCIIO U IJTATEITb-
Hoctb [I1BP yBemuumBarorcst [12, 13]. Tlo Mepe ycusieHUST IMUMK-BOJHOBOW aKTUBHOCTHU Y
9TUX KUBOTHBIX (DOPMUPYETCS SIPKO BbIpaskeHHOE ACTTPECCUBHO-TION00HOE MoBeneHue [ 14,
15], 0 KOTOPOM CBUIETEJILCTBYIOT TaKME OCOOEHHOCTU TOBEIEeHMSI, KaK MOHUKEHHOE
MPEeAnoYTEHNE Caxapo3bl B TECTE MOTPEOJICHUS caxapo3bl (AHTENOHUS) U TIOBBIIIIEHHBIH
YPOBEHb UMMOOWJIBHOCTU B TE€CTE BBIHYXXIEHHOTO TUIaBaHUs (TOBEAEHUYECKOE OTYasi-
Hue). Paznuuuii mexny kpbicamu quHuii WAG/Rij u Wistar B ypoBHE TPEBOXXHOCTU HE
OOHapy>KEeHO B TeCTaX CBETO-TEMHOBOTO BbIOOPA, COLIMATILHOTO B3aMMOJICMCTBUS U MPU-
MOAHSITOrO KpecToobpa3Horo jJabupuHTa [8]. [ToBBILIEHHBI MO CPABHEHUIO C KPbICAMU
Wistar ypoBeHb TPEBOXXHOCTHU B TECTAX CBETO-TEMHOBOTO BHIOOPA U TIPUTIOIHSITOTO Kpe-
CcTOOOPAa3HOTO JIJAOMPUHTA MPOSIBIISIIN TOJbKO KpbIchl TMHUU WAG/Rij, 4yBCTBUTEIbHBIE
K ayIMOTeHHOM cTUMYsuu [ 16].

Bo Bcem MHOroo6pa3uu rncuxu4eckux NaToja0Truii, COMYTCTBYIOIINX KOHBYJIbCUBHBIM
¢dopmaM snuiiencur, HanboJiee pacrpoCTPaHEHbl XaJloObl MAlIMEHTOB Ha HapylleHUE
KOTHUTUBHBIX pyHKIMI [17]: oOydyeHUe U MaMsiTb, BHUMaHUE, UCIIOJHUTEIbHbIE (PYHK-
LMY, MIEPLENTUBHO-MOTOPHbIE (DYHKILIMU U collMaibHOE y3HaBaHue [18]. KiimHuueckue
JIaHHbIE CBUIETENLCTBYIOT O TOM, UTO Y MALIUEHTOB C JETCKOM abcaHC-3MuIerncruei Tak-
K€ HaOJII0al0TCsl KOTHUTUBHBIC HapyIIeHWs, B TOM YUCJie, HapylIeHUs! 3pUTeTbHOTO
BHUMAaHMUS U UCTIOJTHUTEIbHBIX (DYHKIIMIA IO CPAaBHEHUIO CO 3M0POBBIMU AeTbMHU [19].

Bompoc o ToMm, UMerTCs JIM HapyIlIeHUsI KOTHUTUBHBIX (DYHKIIU Y 3KCTIEpUMEHTalb-
HBIX MOJIEJIEN TaHHO MaTOJIOTUU, OCTAaeTCs HESICHBIM. MIMetoTcsl eTMHUYHBIE pabOoThI, 10~
CBSIILICHHBIE UCCJIENOBAHUIO KOTHUTUBHBIX (DYHKIMIA Ha 3KCIEPUMEHTAIbHBIX MOJEJISIX.
V 5—6-mecstunbix kpoic tnHIA WAG/Rij 00Hapy>KeHbI HApYIIIEHHUST BOCIIPOU3BEICHMS CIie-
Ja MaMsITU TIocJie BhIpabOTKM yCJIOBHOTO pedJiekca maccuBHoro uzderanus (YPITHA) [20].
[TokazaHo, uto y Kpbic TUHUM WAG/Rij 3HaunTeIbHO OBICTPEE BhIpabaThIBACTCS YCIOB-
HbI pedekc akTUHBHOTO U30eraHusl Mo CpaBHEHUIO ¢ Kpbicamu Wistar, oTHaKO, COXpaH-
HOCTb BBIpabOTaHHOTO pedieKca Y HUX XyxKe II0 CpaBHEHUIO ¢ Kpbicamu Wistar [21]. Pa-
0oyas maMsTh TPpU OOYUYEHUU C UCITOJIb30BAHUEM PATMATIBHOTO §-7Ty4eBOro JaOUpUHTA Y
kpbic TuHuM WAG/Rij He oTJiMYaeTcs OT TAKOBOM y TpeX HE3MWJIENTUUECKUX UHOpeI-
HbIX JTuHMi Kpbic (BN/Cpb, ACI, u G/Cpb) [22]. B Tecte Ha 10JITOCPOYHYIO MaMSITh B
YCTaHOBKeE IUIaTopMa ¢ OTBEPCTUSIMU HAMOOJIbIIIee YUCIIO OITMOOK OOHAPYKEHO Y KPbIC
smHuit WAG/Rij u G/Cpb, y kotopbix Habmonatorcst [IBP nHa 3T [22]. BmecTe ¢ TeM
MMEIOTCS JaHHbIE, YKA3bIBAIOIIME HAa OTCYTCTBME HAPYLIEHUI O0yYeHUs U TTaMsITU B Te-
cre YPIIUN y kpoic iunun WAG/Rij 6-mecssunoro Bo3pacra [23]. Takum ob6pa3om, maH-
HbIE O TOM, MMEIOTCS JIU KOTHUTUBHbIC HapylleHus y Kpbic auHuu WAG/Rij, nporuBo-
peUMBBI U OCBEIIAIOT TOJBKO OJMH aCleKT KOTHUTUBHOI cepbl — 00ydyeHUe 1 MaMsITh,
OCTaBJIsAsl 32 paMKaMU MCCJIeA0BaTeIbCKYI0 MOTUBALIMIO, 6€3 BBICOKOTO YPOBHS KOTOPOit
HEBO3MOXHa YCIellIHasl peau3alust KOTHUTUBHBIX (PYHKUUIA.
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HccnenoBaTeabcKasi MOTUBALIMSI Y XXUBOTHBIX MPOSIBJISIETCSI B BUAEC MCCICI0BATE/Ib-
CKOi1 aKTMBHOCTHM, TTOKAa3aTeJIsIMU KOTOPOI MOTYT CIIYXXWUTh YUCJIO CTOEK Oe3 OIopbl U
YMCJIO BBIXOAOB B LIEHTP OTKPbITOro noJisi. [lokazaHo, 4To B TECTE OTKPBITOE MOJIE Y KPbIC
muan WAG/Rij 1o cpaBHeHMIO ¢ Kpbicamu Wistar MeHbIIIe YHCIIO 000MX IToKa3aTeliei
HUCCIE0BATEIbCKOM aKTUBHOCTU, UTO YKa3bIlBaeT Ha HU3KUI YPOBEHb MCCIIENOBaTENb-
CKOIf MOTUBAlIMM, CTUMYJIUpPYeMO HOBM3HOI (novelty-driven exploratory motivation).
I[MoHMXKeHHBIIT YPOBEHb WCCIEAOBATEILCKOI MOTMBALIMU TIPOSIBJISIETCSI TaKXKe B BUIC
OBICTPOI1 TTIOTEpU UHTEpeca K UCCIeA0BaHUIO HOBOI1 0OCTAaHOBKM (MOTEPsI MHTEpeca,/aH-
TeJOHUSI — CUMIITOMBI JelpeccuBHOro paccrpoiictsa) [8]. [Nomasaenue IIBP ¢ momo-
1IbI0 3TOCYKCUMUJA YMEHbIIAIO MPOSBIEHNUE TOBEACHUYECKNX CUMIITOMOB JIETIPECCUH,
TaKUX KaK TMOBBIIIEHHAass UMMOOWJIBHOCTh B TECTE BBIHYXX/I€HHOTO TJIaBaHUS, TOHUXEH-
HOE MpeAroyYTeHUEe caxapo3bl U MOHUXKEHHAas UCCIeN0BaTe/IbCKasi aKkTUBHOCTb B TeCTe
OTKpPBITOrO MoJist y Kpbic TuHUM WAG/Rij, yKa3biBast Ha TPUUYMHHO-CJIEACTBEHHYIO CBSI3b
mexny [1BP u nenmpeccuBHO-nmogoOHBIMU TIBEAEHYECKUMU HapyuieHussmu. [loBeneHue
kpbic 1uHUM WAG/Rij, KOTOpBIM BBOAMIU 3TOCYKCUMUJ, 3HAUMMO HE OTJIUYAIOCH OT
noBeneHust kpoic Wistar [24, 25].

B Hameit npeapiayieii padore [26] y kpbic tuHur WAG/Rij 110 cpaBHEHHIO ¢ KpbICAMU
Wistar ObLTM TOKa3aHbl HAPYIIEHUST STTM30AMYECKOM MaMSITH B TeCTaxX paclo3HaBaHUsI HO-
Boro oobsekrTa (PHO) u conmanbaoro pacro3naBanus. Tect PHO ocHoBaH Ha ecTecTBeH-
HOM IJISl TPBI3YHOB TPEANIOYTEHUM HOBU3HBI: XXMBOTHBIE MPEIIOYNUTAIOT 00CIeI0BaTh He-
3HAKOMBbIi1 OOBEKT 110 CPABHEHUIO CO 3HAKOMBIM [27, 28]. YcTaHOBIEHO, UTO B BO3pacTe 6 u
12 mec. y kpbic TuHu WAG/Rij MHIEKC pacrio3HaBaHUsI HOBOIO OOBEKTa 3HAUMMO MEHb-
11I€ 110 CPAaBHEHUIO C aHAJIOTMYHBIMU MOKa3aTeIsIMU Y KpbICc Wistar Toro ke Bo3pacta. Bse-
JIeHVWe aHTMabCaHCHOTO mpernapaTta 3Tocykcumuaa Kpbicam juHuu WAG/Rij yiaydinano
3MU30IMYECKYIO MaMsATh Y XMBOTHBIX 3TOI JIMHUU B 00OMX BO3pacrax, BCJEACTBUE YETO
pa3nuyus UHAEKCa pacro3dHaBaHust Mexay Kpbicamu TuHUM WAG/Rij u Wistar craHoBU-
JUCh He3HAYMMBbIMU. CyIIECTBEHHO, YTO 3HAYMMBIX PA3IMYMii UHAEKCA PACIO3HABAHMS
Mexay kpeicamu Wistar, KOTOPbIM BBOAWJIM 3TOCYKCMMUJ U KpPbICaM 3TOU JIMHUU, KOTO-
PBIM BBOIWIN (DU3MOJOTMYECKUIT paCTBOP, HE OOHAPYKEHO. DTO CBUIETEIBCTBYET O TOM,
YTO 3TOCYKCHMUJ HE OKa3bIBaCT HEITOCPEACTBEHHOIO BJIWSHMSI Ha 3MU30AWYECKYIO TMa-
MSITh, a ero 3¢hdEeKT onocpenoBaH BIUSHUEM Ha ITUK-BOJIHOBYIO aKTUBHOCTH [26].

Llenb HacTosIe pabOTHI — TIPOBEPKA MPEATIOIOXEHNS O TOM, UTO HapylIeHUEe 31U~
3oaudeckoit mamsaTu y Kpeic tuHuu WAG/Rij B recte PHO MoxeT OBITh ClIeICTBHEM I10-
HUXXKEHHOM UCCIIeN0BaTEIbCKO MOTUBALIMY KaK OJHOTO U3 MOBEAEHYECKUX MTPOSIBICHU I
nernpeccuu, KoMmopouaHoit abcaHc-anuiercuu. st atoro B tecre PHO 6bu1a npoBene-
Ha OLICHKA 3MU30AMYECKOil MaMsITU U UCCIeN0BaTEeIbCKOM aKTUBHOCTU Y KPBIC JIUHUU
WAG/Rij no cpaBHeHMIO ¢ Kpbicamu Wistar B Bo3pacte 2 Mec., KOrza MUK-BOJTHOBAs aK-
TUBHOCTb U JE€MPECCUBHO-TION00HAs CUMIITOMATHKA €111€ OTYETIMBO HE TIPOSIBIISIIOTCS, U
B Bo3pacte 6 Mmec., korna [1BP u cuMntoMsl genpeccuu Xopoiio BeipaxkeHbl. C 1IeJbio
MONABJIEHWSI CUMIITOMOB a0CaHC-3MUJIETICUA U KOMOPOUIHOM JeNpecCuy UCTIOIb30BAIU
atocykcumu. [Ipennonaranock, yto noxasiaeHue [1BP, BbI3bIBaeMOe 3TOCYKCUMUIOM,
MOBBICUT UCCJIEA0BATEILCKYI0 MOTUBALIMIO U MPUBEACT K YJIYUIICHUIO 3MU30ANYECKOit
namsTtu y Kpbic tuaun WAG/Rij.

METOABI NCCIEJOBAHUA

DKcnepuMeHTAJIbHbIE KMBOTHBbIE. PaboTa BbINTOJHEHAa Ha Kpblcax-camlliax JIMHUMN
WAG/Rij u Wistar. KpbIcbl conepXaiuch B CTaHIAPTHBIX YCJIOBUSIX BUBapusi o 4—35 oco-
oeit B kitetke (70 X 40 X 40 cM) mpu cBOOOTHOM AOCTYIIE K BOIE U IHIIE B YCIOBUSIX
€CTEeCTBEHHOTIO 1IMKJIa IeHb—HOYb (IeHb 0KoJIo 10 9).

JaHHOoe uccienoBaHue MPOBEACHO B COOTBETCTBUU C MEXIYHAPOIHBIMU MpaBUIaMU
coliepxkaHusl U obpalleHust ¢ XkuBoTHbIMU (JupektuBa EBpormeiickoro coobiiecrBa ot
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22 centsiops 2010 r. — Directive 2010/63/EU) u npuHUMNIAMU, U3JTOKECHHBIMU B TTOJIO-
XKeHussx MHcTUTyTa BBICIIE HEPBHOI NesaTebHOCTU U Helipodusnonorun PAH o pa6o-
T€ C BKCIIEPUMEHTAIbHBIMU KUBOTHBIMU.

TecTupoBaHue noBeAeHUs. DMU30UUYECKYIO MaMSITh W TOKa3aTelu WCCIIeA0BaTelb-
CKOI aKTMBHOCTHU olieHuBaIu B Tecte PHO B TedeHue 5 gHeli y 5 TpyIn KpbIC: 2-Mecsd-
Hble KpbIchl Wistar (n = 7) u kpbicbl InHun WAG/Rij (n = 8), 6-MmecssuHble Kpbichl Wistar
(n = 6), xpoicel TuHUM WAG/Rij (n = 8) u kpbicel a1uHun WAG/Rij (n = 11), KOTOpbIM
TSI TIOAABJICHUSI CUMIITOMOB a0CaHC-3MUJIETICUM M KOMOPOUIHOM AETPEeCcCUr BBOIWIN
3TOCYKCUMMU]I.

Orocykeumun. (Suxilep, JENAPHARM, GmbH&Co, KG, Jena, 'epmanusi) — aH-
THaOCAaHCHBIN IIperapar IepBoro Beioopa. [Ipu mmureabHOM XpoHHMYECKOM (4.5 Mec.) n
paHHeM (¢ 21-AHEBHOTO OO0 5-MeCSYHOIro BO3pacTa) IMOTPeOIeHUH C IIUTHEBOM BOIOI OH
nonasiseT [1BP y kpbic ntunun WAG/Rij 6osee uem Ha 3 mec. nociie otMeHbl [25]. Tlpu
KpaTKOBPEMEHHOM XpoHu4YeckoM (17 mHeii) moTpebieHUU 3TOCYKCMMMAA C BOJOM TaKKe
HabJIIogau MoaaBjieHrue abcaHC-3MUIIETICUM ¢ KOMOPOUIHOM Oenpeccueil, HO B MEHb-
I CTEIIEH!, YeM IIPU IIUTEIbHOM XpOHUYECKOM IoTpebieHunu [24]. B HacTosieit pa-
60Te 3TOCYKCUMUI BBOAWIN 6-MeCsTYHBIM KpbicaM JTUHUU WAG/Rij BHYTpHUOPIOIIMHHO
B TeueHue 14 gueii B no3e 300 mr/kr/neHb. B ykazaHHoii 03¢ aTocyKcUuMu 3(pGHeKTUBHO
onokupyeT I1BP u kynupyeT cuMIIToMbl KOMOPOMIHOM AEMpPecCcul, He BhI3bIBasI IIPU TOM
HeXeJaTeJIbHbIX TOOOUYHBIX 2(PMEKTOB (JIeTaprusi, aTakCusl, CHIDKEHUE TTOTpeOIeHUsT T -
11I1), HAGIIOAAIOIIMXCS TIPU UCITOIb30BaHUHM 00Jiee BBICOKMX 103 Tipernapara [25, 29]. KoH-
TPOJBHBIM XMBOTHBIM BBOIWIN (DM3NOJIOTHUYECKUIT PACTBOP B TOM Xe o0beMe. B HacTo-
S11IeM MCClIeIOBAaHUM He ToKa3aHbl JaHHbIe, oaydyeHHbie B Tecte PHO y kpbic Wistar,
KOTOPBIM BBOIWJIM 3TOCYKCUMMIIL, ITOCKOJIbKY OHU OBbLIH MPEJACTaBIESHbI B HAIIMX MTPEIbI -
IyLIUX padoTax. bpuio ycTaHOBIEHO, UTO HA HEAMWISNITUUYECKMX Kpbicax Wistar 3TOCyK-
CUMUJ HE OKa3bIBaeT 3HAUMMOTO BIIMSIHUS: HE U3MEHSIET MHIEKC Pacrio3HaBaHUsI HOBOTO
o0bekTa B Tecte PHO [26], a TakKe He BAUSIET Ha TMTOKA3aTeIN TPEBOXKHOCTU U MCCIIEIO0-
BaTeJIbCKOM MOTUBAIIUM — YMCJIO PeaKIUii TPYyMUHTa, CTOEK U BBIXOJOB B LICHTP OTKPHI-
Toro 1ot [24, 25]. B HacTrosmei craTbe IIpeacTaBiACHBI TOJIBLKO Pe3YyIbTaThl BIUSTHUS
9TOCYKCMMMIIA Ha TTOKAa3aTe/u, XapaKTepusyolle BHUMaHue, y Kpbic Wistar, Tak Kak
9TU JaHHbIE paHee HaMU He pacCCMaTPUBAIMUCh.

Perncrpanus DDT. Tak kak tect PHO npoBoauics B TeueHue 5 THel mociie npekpa-
LLIEHUST BBEICHUSI 3TOCYKCUMMIA, HEOOXOAUMO OBbLIO BBISICHUTD, B T€YEHHE KAaKOro Bpe-
MEHH TMOoCJIe OTMEHBI MpernapaTa OyaeT MoJaBIeHa IMTMK-BOJHOBAasI aKTUBHOCTh. [ToaToMy
B JaHHOI paboTe Obl1a npoBeaeHa peructpauust DOy 6-MmecssuHbIX KpbIC auHun WAG/Rij,
KOTOPBIM BBOOWIN 3TocyKemMun (n = 11) u ¢pusnonormdeckuii pactBop (n = 8) yepe3d 3 u
7 IHeu 1mocjie OTMEHBI BBeASHUS penapaTa. DJaeKTPo(pU3n0oJIOTMIecKre 3KCIIepUMEHThI
ObUIM MPOBENEHbI Ha GOIPCTBYIONINX CBOOOTHOMOABUKHBIX XKUBOTHBIX B COOTBETCTBUU
C onucaHHbIM paHee MeTonoM [12]. Peructpanuio DBI ocyIeCTBISIIIU C TOMOIIBIO XPO-
HUYECKU BXMBJICHHBIX MTUIYPATbHBIX 3JICKTPOIOB (MUHUATIOPHBIE BUHTUKY U3 HEepKa-
Betoleil ctain). OHU ObUIM BXUBJICHBI ITOJI HApKO30M (xJiopanruapat, 400 Mr/Kr, BHYT-
PUOPIOIIMHHO). [IBa 2JIeKTpoIa BXUBJISIA B CHMMETPUYHBIC TOUKM dYepera Haa (hpoH-
TaJbHBIMU OTAedaMu Kopbl (AP — +2.0, L — 2.5) u aBa ajiekTpona Hajl 3aThUIOYHBIMU
otaesamu Kopel (AP — —6.0, L — 4.0). MHauddepeHTHBI 3JIEKTPOI pacroarajicst Haf
MO3XEeUKOM. BoccTaHOBUTEIbHBIN MOC/e0NepaliMOHHbII PO COCTABIISI KaK MUHU-
myM 7 nHeit. Ha Bpemsi peructpauuu D31 Kpbicy TToMelIaM B IPO3pavyHyIO Kamepy 13
mwiekcuriaca pasMepoM 15 X 30 X 27 cm. i 3anucu DI ncnonb3oBann: 8-KaHAIbLHBIN
OecripoBomHONM ycwmiurenab, MHorokaHainbHbIl ALIIl ¢ USB-umHTEepdeiicom, a Takke
KOMIIBIOTEP C YCTAaHOBJIEHHBIM IPOrPAMMHBIM OOeCcIiedeHeM, HEOOXOIMMBIM JIJTsI peru-
CTpallMy MOCTYIAIOIIETO CUTHAJIA U XpaHeHUsT JaHHbIX ((popMmat gaHHbIX — bdf). MHTep-
deiic cBsa3u ¢ [1K — 6ecnipoBoaHoii (Bluetooth). yMTeIbHOCTh KaXKAOM 3aIIMCH COCTaB-
a3 4. Peructpanuio 33T npoBoauiiv B OMHO U TO ke BpeMst: ¢ 16.00 no 19.00, korna
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MaKCUMaJIbHO MPOSIBJISIETCS ITUK-BOJIHOBasI aKTUBHOCTh. AHanu3 3anuceit DA mpoBo-
num off-line. IMoacunThIBaau 00IIee YUCIIO, IJIUTEIBbHOCTh 1 nHAeKC [TBP.

Tect PHO. UccnenoBanue npoBonmin B kBagpatHoit apeHe (80 X 80 cm). OOBEKTHI
HaXOAWJIMCh HAa ogHAKOBOM (20 cM) pacCTOSTHUMM KaK OT OOKOBBIX CTEHOK apeHbl, TaK 1
IpYyT oT Apyra. TecT cocTosin u3 TpexaHeBHOM (a3bl anantauuu (Al, A2, A3), da3sl o3Ha-
komuieHust (T1) u TectoBoii ¢asbr 1 (T2) u 2 (T3). B a3y aganraunu Kpbicy caxaiu B
LIEHTp apeHbI (0e3 00bEKTOB) U B TEYEHHE 5 MUH PErMCTPUPOBAJIM CJICIYIOIIINE MTOKa3aTe-
JI TIOBEICHUSI: YMCIIO CTOEK C OTIOPOil M Ge3 OIMOpPHI, YMCIIO BBIXOAOB B ILICHTP, JIATCHT-
HBI Tepro BhIXOMA B LIEHTP (C), YUCIIO peakinii TpyMUHTa (KOPOTKHUE U IJTMHHBIE),
YMCJIO TTIOYEeChIBAHUI M BEJIMIMHY TTOJIHOTO TIPOAeHHOTO TTyTH (cM). JlaHHbBIe moKa3are-
JIA pEerucTpupoBaiv U aHaausupoBaiu B nporpamme RealTimer (Open Science, Poc-
cusl) Tapajjie/ibHO ¢ perucTpaleii BpeMeHu 00CIeq0BaHUs KaX10ro U3 00ObeKTOB, BU-
3yaJIn3alliy TPEKOB U MX ITOCJIeAYIOIIEro aHaan3a ¢ IToOMOIIbIo ITporpaMMbl EthoVision
(Bepcus 3.1). Buneoperncrpanus (Bunmeokamepa DCR-DVD7E, Sony Corporation) mo3-
BOJISIJIa aHAJIM3UPOBATh TPACKTOPHIO ABMKEHMS KasKIOTO XKMBOTHOTO B KaXKJIOM OTIBITE, a
Takke nuddepeHIMpoBaTh peakiiny TPyMUHTa Ha KOPOTKKE (IJIUTEILHOCTBIO MeHee 3 C)
M JUIMHHBIE (JUTUTEIbHOCTBIO 00Jiee 3 C), KOTOphIe MPEACTaBIsId CO00I HenmoaHbIe (He-
3aBepIIEHHbIC peaKLMN WIN OTIeJibHbIe (hparMeHThl) U MOJIHbIE (ComepIKallle Bce IMo-
cJieoBaTeIbHbIE KOMITOHEHTBI) peaKiMy TPyMUHTA.

B da3y o3HakoMIIeHUST XKMBOTHBIM MPEIbsBIISUIN IBa OOMHAKOBBIX 00BEKTa (IBa Kyda).
Yepes 1 4 npoBoaun TeCTOBYIO ¢a3y 1, B KOTOPOii olieHMBaJIU KPaTKOBPEMEHHYIO Ma-
MSATh [26]: onMH U3 3HAKOMBIX 00beKTOB (30) MeHsIM Ha He3HaKOMbIi 00bekT (HO1 —
nupamuga. Yepes 24 4 nociie TecToBOM (a3bl 1 IpOBOIMIN TECTOBYIO a3y 2, B KOTOPOI
olieHMBaach JoJAroBpeMeHHas mamath [26]: HO1 mensuim na HO2 — uununap. B teue-
HUe 5 MUH PETUCTPMPOBAIM BpeMs MCCIIEIOBaHUS KPBICOM KaxXmoro oobekTa. Ilepen
KaXXIbIM TECTOM apeHy U IepeBsHHbIe (UTYypbl mpoThpasiv 70%-HbIM STHJIOBBIM CIIVP-
ToMm. McciienoBaHueMm oO0beKTa cunuTaiu OOHIOXMBaHME, KOTJa HOC XKUBOTHOTO HAXOIUJI-
Cs1 Ha paccTosTHUM He Oosiee 2 ¢cM OT oObekTa. CTeneHb MPearnoYTeHUsT HE3HAKOMOIO
o0beKTa XapaKTepusdyeT MHIeKC pacrno3HaBaHusi (MP), KoTopblil paccUuTHIBAIOT IO
dopmyne: UP = (Bpemst oocnenoBanust HO — Bpemst oocnenoBanus 30)/(BpeMst obciie-
nosanust HO + Bpemst o6enenoBanus 30) [26, 27].

Crarucruueckasi 00padoTka JaHHbIX. CTaTUCTUUYECKYIO 00pabOTKY JaHHBIX OCYILIECTB-
J1s114 ¢ noMolbio nakera nporpaMm STATISTICA 6.0. 1151 oueHKH (pakTopa BO3pacT U
daxkTopa JUHUS KPHIC UCTIOIb30BAIM NBYX(AaKTOPHBIM AMCIIEPCUOHHBIN aHaJIU3 (two-
way ANOVA). O6paboTKy Tex mokasaTejieii, KoTopble (DMKCHUPOBaId MHOTOKPAaTHO BO
BpeMsI Bcex (ha3 dKCIepuMeHTa (CTOMKM C OTIOPOM, JIATEHTHBIM MEepUo. BEIXoAa B IIEHTD,
YHCJIO KOPOTKUX M JUTMHHBIX peaKIWii TPyMUHTA, YKCJIO TTOYEChIBAHUI) OCYIIIECTBIISLIN C
MOMOIIBIO TPeX(haKTOPHOTO AMCIIEPCMOHHOTO aHalu3a C MOBTOPHBIMU U3MEPEHUSIMU
(three-way ANOVA one factor with repeated measures). 17151 OLIECHKU BJIUSIHUSI 3TOCYKCH -
MUIa Ha TOBTOPHO PErMCTPUPYEMbIe MoKa3aTean y 6-MecauHbIX Kpbic TuHUK WAG/Rij
HMCTIOJIB30BAJIM TUCTIEPCUOHHBII aHAJIN3 ¢ HOBTOpHBIMU n3MepeHussMu (ANOVA with re-
peated measures). OnpeneeHre pa3InInii MeXIy CpeTHUMHK 3HAYeHUSIMU TTOKa3aTeneit
npoBomuin 1o post-hoc xpurepmio Hriomena—Keynca (Newman—Keuls test). Cyme-
CTBOBaHME CBSI3M MEXKIY MHIEKCOM paciio3HaBaHus B TecToBylo a3y 1 (MP1) u nokaza-
TEJSIMU UCCIEA0BATENbCKON aKTUBHOCTU — YHCJIOM CTOEK 0€3 OTIOPhI M UUCIIOM BBIXOI0B
B LIEHTP B (ha3y aganTaluu, orpeaesisuin 1o koaddulimeHTy Koppensiuuu [TupcoHa.

PE3YJIIBTATBI MCCIIEAOBAHUA

JIByx(aKTOpHBII IUCIIEPCUOHHBIN aHaIM3 MoKa3a, 4To B (pa3e 03HAKOMJIeHUST (pak-
Topsl 1uHUS Kpbic (F(1,25) = 2.30, p > 0.05) u Bo3pacrt (F(1,25) = 0.90, p > 0.05) He oka-
3BIBAJIM CTATUCTUYECKU 3HAYMMOTO BIIMSIHUS Ha IJIMTEILHOCTD MCCIIEAOBaHMS IIPaBOTO U
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Puc. 1. MHaexc pacriozHaBaHUSI HOBOTO 00BeKTa uepe3 1 1 24 4 rocie npeabsBIeHUsT IBYX OINHAKOBBIX 00b-
ektoB. WS — kpbicbl Wistar, WR — kpbicel tuHun WAG/Rij, KOTOpbIM BBOAMIMN (hU3MOJOTUIECKUIT PACTBOD
(koHTponbHas rpynmna), WR(ETX) — kpbicbl 1nHUM WAG/Rij, KOTOPBIM BBOAMJIM 3TOCYKCUMMJ (OMbITHAs
rpymma). *p < 0.05 y 6-mecsturbix WR o cpaBHeHuio ¢ WS Toro xe Bospacta. ##p < 0.01 y ONMbITHOM IpyITIb!
'WR 110 CpaBHEHUIO C KOHTPOJIBHOI.

Fig. 1. Novel object recognition index 1 h and 24 h after presentation of two identical objects. WS — Wistar rats,
WR — WAG/Rij rats subjected to saline treatment (control group), WR(ETX) — WAG/Rij rats subjected to etho-
suximide treatment (experimental group). *p < 0.05 in 6-month-old WR compared with age-matched WS. ##p <0.01
in the experimental group of WR compared with controls.

JIEBOTO Ky0a. Y BceX MCClIeIOBAaHHBIX TPYMIT KPBIC HE HAOI0IaJIM CTATUCTUYECKU 3HAUM -
MBIX Pa3JIMYMil MEXIY BpEMEHEM UCCJIeIOBaHUSI ITPABOTO U JIEeBOro 00beKToB. OmHodak-
TOPHBIN TUCTIEPCUOHHBINM aHAIM3 TakKKe Mokaszas, 4yTo rpyrnna kpsic JuHun WAG/Rij,
KOTOPO BBOIVIJIM STOCYKCUMMUJI, HE OTIIMYAJIach OT JKUBOTHBIX JAHHOM JIMHUM, KOTOPBIM BBO-
v (pU3MOIOTMYecKuiA pacTBOp, HU MO BpeMeHu uccienoBaHus mnpasoro (F(1,17) = 4.38,
p =0.08), Hu o BpemeHu ucciaenosanHus jgesoro kyoda (F(1,17) = 2,04, p = 0.19). Dro ro-
BOPUT O TOM, YTO UCXOIHOE TIPEAITOUTeHHUE MTPABOI UK JIEBOI (pUTypbl OTCYTCTBOBAJIO.

st UP1 nByx¢akTOpHBIN OUCIEPCUOHHBIN aHAJM3 IOKa3aJ 3HAYMMOCTh (haKTopa
smHug kpeic (F(1,25) = 3.43, p < 0.05) u Bospacr (F(1,25) = 5.76, p < 0.05). B Bo3pacte
2 mec. y kpbic 1unun WAG/Rij naHHbIi mokas3aTejib CTATUCTUYECKN 3HAYUMO HE OTJIM-
yajicst oT TakoBoro y Kpbic Wistar (F(1,13) = 0.83, p > 0.05) (puc. 1). OnHako B Bo3pacTte
6 mec. P1 6b11 MeHblre y Kpbic TuHUM WAG/Rij o cpaBHeHMIO ¢ KpbicamMu Wistar aHa-
sornuHoro Bo3pacta (F(1,12) = 8.32, p = 0.01), a TakKe 110 CpaBHEHUIO C 2-MECSIYHBIMU
kpbicamu iuHuu WAG/Rij (F(1,14) = 9.83, p < 0.01) (puc. 1).

B ortnuuume ot MUP1 mist munaekca pacrno3HaBaHus B TecToBoii dpaze 2 (MP2) nByxdak-
TOPHBIN TUCIIEPCUOHHBIN aHAU3 MoKa3ajl OTCYTCTBHME 3HAYMMOCTU (DaKTOPOB JIUHUS
kpoic (F(1,25) = 0.59, p > 0.05) u Bo3pact (F(1,25) = 1.09, p > 0.05) (puc. 1). CratucTtu-
YeCKM 3HAYMMBIX OTJIMYUI TaHHOTO MoKa3aTesisi He ObUIO YCTAHOBJIEHO y 6-MECSIUYHBIX
kpbic imHnM WAG/Rij o cpaBHenuo ¢ 2-mecsiunbiMu (F(1,14) = 0.94, p = 0.3) u 6-me-
csauHbiMU Kpbicamu Wistar (F(1,12) = 3.38, p = 0.08), a Takke y 6-MecsIuHbIX Kpbic Wistar
o cpaBHeHUIO ¢ 2-mecsiunabivu (F(1,11) = 1.96, p = 0.18). ITo naHHBIM OTHOMAKTOPHOIO IUC-
MEePCUOHHOTIO aHAIM3a BBeIEHUE 3TOCyKcMMIa 3Haunumo yeeanurBaio MP1 (F(1,17) = 11.45,
»<0.01) u UP2 (F(1,17) = 14.97, p < 0.01) y xpbic 1uHuu WAG/Rij o cpaBHeHUIO C K1~
BOTHBIMU TOM K€ JTMHUU, KOTOPBIM BBOAWJIMN (DU3MOJIOTMYECKuii pacTBop (puc. 1).
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Puc. 2. Yucsio BLIXOIOB B LIEHTP apeHbl K YUCJIO CTOEK 6e3 OMOpbl. A — YMCII0 BBIXOIOB B LIEHTP. WS — KpBICHI
Wistar, WR — kpbicbl TuHnu WAG/Rij, KoTopbIM BBOIUIN (HDU3NOJIOTMUECKUI PAaCTBOP (KOHTPOJIbHAST TPYII-
na), WR(ETX) — xpeicsl iuHun WAG/Rij, KOTOpPbIM BBOIMUIN 3TOCYKCUMMI (IKCIIEpUMEHTAIbHAsT TPYIIIa).
*p < 0.05 y 6-mecstunbix WR no cpaBHeHuio ¢ WS Toro e Bo3pacra. ###p < 0.001 y skcriepuMeHTaIbHON
rpynbsl WR 10 cpaBHEHHUIO ¢ KOHTPOJIbHOM. B — BIMsIHME 3TOCYKCMMMAA Ha YKCIIO CTOEK 6e3 OTMophl y 6-Me-
cstambix WR. # p < 0.05 y akcniepumeHTaabHOM rpymibl WR 1o cpaBHEHUIO ¢ KOHTPOJBHOM.

Fig. 2. The number of center entries and the number of unassisted rearings. 4 — the number of center entries. WS —
Wistar rats, WR - WAG/Rij rats subjected to saline treatment (control group), WR(ETX) — WAG/Rij rats sub-
jected to ethosuximide treatment (experimental group). *p < 0.05 in 6-month-old WR compared with age-
matched WS. ###p <0.001 in the experimental group of WR compared with controls. B — effect of ethosuximide
on the number of unassisted rearings in 6 month-old WR rats. #p < 0.001 in the experimental group of WR com-
pared with controls.

INpenbsaBneHre HE3HAKOMOTO MPEeIMeTa — OJHO U3 COOBITHIA, 3aITyCKaIOIINX UCCIIeO-
BaTEJIbCKYIO aKTUBHOCTD, BAXKHBIMU MOKA3aTENSIMU KOTOPOIA SIBISIIOTCS YMCIIO BBIXOIOB B
LIEHTP apeHbl U YUCJIO CTOEK 0e3 OMophl, 3aperucCTPUPOBAHHBIE BO BPEMS TPEXJIHEBHOM
as3bl aganraiyu, KOorjaa JKMBOTHbIE MCCAEAYIOT HE3HAKOMYIO [IJIsI HUX apeHy. JIByxdakTop-
HBIi1 AUCTIEPCUOHHBIN aHAIM3 MoKa3al 3HaUMMOCTh paktopa uHust Kpbic (F(1,25) = 1.70,
p = 0.02) u orcyrcTBUe 3HaunMocTH (pakropa Bo3pact (F(1,25) = 0.70, p = 0.41) nns ta-
KOTO MoKasaTeJisi, KaK YMCJIO BBIXOJIOB B LIEHTP apeHbl B a3y amanraiuu. Y KpbIC JUHUU
WAG/Rij B Bo3pacTe 2 Mec. TaHHBII MOKa3aTeb HE OTINYAJICS OT TAKOBOTO Y Kpbic Wis-
tar (F(1,13) = 1.00, p = 0.34) (puc. 24), B To BpeMsl KaK B Bo3pacte 6 Mec. Habmogaau
CTaTUCTUYECKU 3HAYMMBbIE PA3JIMYUs MO YUCITY BBIXOJIOB B LIEHTP apeHbl MEXAY KpbiCaMU
mmHuit WAG/Rij u Wistar (F(1,12) = 11.81, p < 0.01) (puc. 24).

[To maHHBIM OTHO(AKTOPHOIO AUCIEPCUOHHOIO aHainu3a y kpbic iuHuun WAG/Rij,
KOTOPBIM BBOIMJIN 3TOCYKCUMUI, YMCJIO BBIXOIOB B LIEHTP apeHbl ObUIO 3HAYMMO OOJIb-
1€, YeM Y XXKMBOTHBIX TON Xe JIMHUU, KOTOPbIM BBOAWIM (DU3UOJIOTUUECKUI PACTBOP
(F(1,17) = 12.30, p < 0.01), TO ecTh, aHTHAOCAHCHBII IIpeNapaT HUBEJINPOBAJ MEXINHEI -
HbI€ pa3JIMYUsI MO 3TOMY MoKazaTesio (puc. 2A4).

st Apyroro rnokasaTesisi UCCIIeIOBaTEIbCKO aKTUBHOCTH — YKCJIa CTOEK 6e3 OIMopbl
Ha CTEHKY apeHbl — B (pa3e amanTalMy 3HaYMMBbIM IO JaHHBIM IBYX(haKTOPHOTO AMCIIep-
CHMOHHOTrO aHaiu3a aBisuicsa dpakrop Bo3pact (F(1,25) =2.01, p = 0.02), a He3HAYUMBIM —
dakrop muHus kpbic (F(1,25) = 0.94, p = 0.28). Yuciio croek 6e3 ormophl y 6-MeCsTIHBIX
JKMBOTHBIX ObUIO MEHbIIIE, YeM Y 2-MeCSIUYHBIX KaK Y KpbIC TuHUU WAG/Rij, Tak 1 y KphIC
Wistar. OnHako ypOBHSI CTaTUCTUYECKON 3HAYMMOCTU M3MEHEHHE JaHHOTrO IoKa3aTelis
JmocTurano Toibko y Kpeic uHurn WAG/Rij (F(1,14) = 10.59, p < 0.01). ¥V 6-MecsTuHBIX
KpbIc Wistar 41cito CToeK 6e3 OIophl OBUIO TaKKe MEHBIIE, YeM Y 2-MECSTYHBIX, OTHAKO, 3TO
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pa3IMuKe He JOCTUTAIO0 YPOBHSI ctatucTudeckoit 3Haunmoctu (F(1,11) = 3.41, p =0.09). On-
HO(haKTOpHBII TUCIIEPCUOHHBIN aHaINU3 MokKasai, 4yTo y Kpbic 1uHun WAG/Rij, koto-
PbIM BBOIMJIM 3TOCYKCHUMMI, YUCJIO CTOEK O€3 OIMopbl ObLIO OOJIbIIE MO CPABHEHUIO C
KOHTPOJILHOI TpyIINoi, KOTOopoii BBoawan ¢pusnonormdeckuii pacrtsop (F(1,17) = 3.18,
p =0.02) (puc. 2B).

brina ycranosnena 3Haunmas (p < 0.05) nonoxurenpHass Koppensaunsa mexay UP1 u
YUCJIOM CTOeK 0e3 omophbl y Kpbic Wistar B Bo3pacte 2 (» = 0.81) (puc. 34) u 6 Mec.
(r=10.67) (puc. 3C) n y xpoic 1uaun WAG/Rij B Bospacte 2 (r = 0.77) (puc. 3B) u 6 mec.
(r=10.73) (puc. 3D), Bkmtouasi rpynny Kpbic TuHu WAG/Rij, KoTopoii BBOIMIN 3TOCYK-
cumun (r = 0.76) (puc. 3E).

bbuta Takxke ycrtaHoBieHa 3HaunMast (p < 0.05) monoxuresibHas KOPPEISIIIUS MEXIY
WP1 1 ynciaoM BEIXOIOB B LIEHTP apeHbl y KpbIc Wistar B Bo3pacte 2 (r= 0.90) (puc. 44) u
6 mMec. (r=0.91) (puc. 4C) u y kpbic 1manu WAG/Rij B Bospacte 2 (r = 0.57) (puc. 4B) u
6 Mec. (r = 0.49) (puc. 4D), Bximouas rpyrmy WAG/Rij, KoTopoii BBOIWIN 3TOCYKCUMUIL
(r=10.56) (puc. 4E).

CXO0Xy10 KApTUHY BO3PACTHBIX U3MEHEHUI HaOJI01aJIu Y TAKOTO TTOBEIEHYECKOTO 0~
Kaszartesisl, Kak YMCJIO CTOEK C oropoii (Tadi. 1) B hazax amanraliiv, 03HaKOMJIEHUS U Te-
CcTUpOBaHUs1. B 1epBblii 1eHb TECTUPOBAHUS STOT MOKA3aTe/Ib ObLJT CTATUCTUYECKU 3HAYM-
MO MeHbIIIe KaK y 6-MecssuHbIX Kpbic TMHUNM WAG/Rij, Tak 1 y 6-MecsiuHbIX Kpbic Wistar
1O CpaBHEHUIO ¢ 2-MecsTuYHbIMU Kpbicamu inHUiT WAG/Rij (F(1,14) = 18.174, p < 0.001) u
Wistar (F(1,11) = 10.11, p < 0.01) coorBeTcTBeHHO. OgHAKO 3TO pa3inune ObUIO B 0OJIb-
1Ieit crereHu BbIpaxeHo y Kpbic auHuM WAG/Rij (B 10.3 pa3a MeHblle), 4YeM y KpbIC
Wistar (B 7.4 paza MeHbllle). MeHblllee YUCIO CTOEK C OMOPOil ObIJIO 3aperiCTPUPOBAHO
Ha TpeTuit AeHb TecTupoBaHus y Kpbic TuHUM WAG/Rij B Bo3pacTe 6 MecsI1eB Mo cpaB-
HEHUIO C 2-MeCSIYHBIMU XUBOTHbIMU ToM Xe uHuu (F(1,14) = 4.72, p = 0.03) (Tabma. 1).
I1pu 3TOM B OTJIMYME OT YKCJIa CTOEK O€3 OMOPhI BBEACHUE 3TOCYKCUMMIA CYILIECTBEHHO
He MMOBJIMSIIO Ha maHHbIM moka3atenb (F(1,17) = 2.07, p = 0.15) (tabn. 1).

Cnoco6HOCTB K pacrio3HaBaHUIO HOBOTO 00beKTa B TecTe PHO cyiiecTBeHHO 3aBUCUT
HE TOJILKO OT YPOBHSI MCCJIEN0BATEIbCKONW aKTUBHOCTU XUBOTHBIX, HO U OT UX BHUMAa-
Hud. C 1esplo aHaiu3a pa3inuuii B 130upaTebHOI HaMpaBIeHHOCTH Ha UCCIe0BaHUE
00BEKTOB, XapaKTepu3ylollleil BHUMaHue, TIPOBOAWIY BUACOPETMCTPALIUIO TPEKOB Iepe-
NBUKEHUST KPBIC TIPU TIPEIbSIBIEHUN UM 00beKTOB (puc. SA—D). KpomMe atoro, s Ko-
JINYECTBEHHOM OLIEHKW BHUMAaHMSI UCTIOJIb30BaJIU CJIeIyIOIIMeE TT0Ka3aTeJIu: YMCIIO TToce-
IIEHUIA MYCTOM YacTW apeHbl U MOJIHbII MPOUIEHHBIN MyTh B T€ THU 3KCIIEPUMEHTA,
KOTa XXMBOTHBIM TIPEIbIBISIN OOBbEKTHl — B (ha3y 03HaKOMJIEHUS U (a3y TecTupoBa-
Hus 1 u 2. Yem ObICcTpee KPbICHI MOAXOAWIN K 00bEKTaM, UeM O0oJIbliie BpEMEHU UCCIIEN0-
BaJIM HOBBI (HE3HAKOMBI) OOBEKT MO CPABHEHUIO C YK€ 3HAKOMbBIM U YEM MEHBIIIE MO~
celaay MyCcTYyr YacTb apeHbl, TeM 00JIbllle BHUMAHUSI OHU MPOSIBJISLIM MO OTHOLICHUIO K
uccienyeMbiM oobekTam (puc. 5SA, C, D). OTcyTcTBre u30MpaTesibHOM HAllpaBJIEHHOCTH
Ha rcciieoBaHe OOBEKTOB U YaCThIe TTOCEIIEHUSI TTyCTO YacTU apeHbl, HAIIPOTUB, CITy-
KWJIM TI0Ka3aTeJsIMU neduiinta BHUMaHus (puc. SB).

M3buparenbHyio HaIIpaBJIeHHOCTh Ha UCCIeIOBaHNEe 00BEKTOB (BHMMAHNE) OLICHBA-
JIV TI0 JIOJIE BPEMEHMU, B TEYEHHNE KOTOPOTO KPBICHI MCCIEN0BaIN OOBEKTHI (B % OT 00111e-
ro BPEMEHM TECTUPOBaHUSI). YCTAHOBJIIEHO, YTO B T2 y 6-MeCSYHBIX KPbIC JIMHUU
WAG /Rij atoT nmokaszatenb BHUMaHus (6.7 £ 2.5%) 6bl1 MeHble (p < 0.01), yeM y KpbIC
Wistar, KOTopbIM BBOIWIM dusmonorndeckuit pactsop (19.5 £ 2.5%) unu sTocyKCUMU,
(19.0 £ 3.4%), a Taxke y kpbic i WAG/Rij, koTopbiM BBomMIM 3Tocykeumun (20 + 2.7%).
I1pu aTOM Bpems ucciienoBaHus He3HAKOMOro oobekTa y Kpbic tuHuu WAG/Rij 6bu10 B
cpenHeM B 1.5 pa3a OoJibllie, 4eM BpeMsl 00cieToBaHMsI 3HAKOMOTO 00bEKTa, B TO BPEMsI
Kak y KpbIc Wistar ¢ BBeleHUeM (PU3MOJIOTMYECKOTO pacTBoOpa WM 3TOCYKCUMUA, a TaK-
ke y Kpbic TUHUM WAG/Rij, KOTOPbIM BBOAWIU 3TOCYKCUMMU]I, BPEMS UCCIIEIOBAHUS HE-
3HAKOMOTO 00beKTa ObLIO B cpenHeM B 4, 3.8 u 3.2 pa3a 0oJibllle, YeM UCCIIeIOBaHNE 3HA-
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Puc. 3. Cssa3p Mexximy VTP 1 1 unciiom croek 6e3 oropsl. [1o ocu abeiice — MHAEKC paciio3HaBaHUs, TIO OCH Op-
JIMHAT — YUCIIO cToeK 0e3 onopbl. KoadduimenTtsr koppensiiuu [Mupcona: A — y 2-mecstaHbix Kpoic Wistar, » = 0.81.
B — y 2-mecsunbix Kpbic iuHun WAG/Rij, r = 0.77. C — y 6-MecstuHbIx Kpbic Wistar, r = 0.67. D — y 6-mecs4-
HbIX KpbIC TMHUU WAG/RIj, r = 0.73. E — y 6-MecssaHbIX KpbIC TUHUU WAG/Rij, KOTOPBIM BBOAMIN 3TOCYKCHU-
mug, = 0.76.

Fig. 3. Correlation between RI 1 and the number of unassisted rearings. Abscissa — recognition index, ordinate —
the number of unassisted rearings. Pearson correlation coefficients: A — in 2-month-old Wistar rats, » = 0.81.
B — in 2-month-old WAG/Rij rats, » = 0.77. C — in 6-month-old Wistar rats, » = 0.67. D — in 6-month-old
WAG/Rij rats, = 0.73. E — in 6-month-old ethosuximide-treated WAG/Rij rats, » = 0.76.

KoMoro. BeeneHue 3TocyKCMMUIAa HE 0Ka3alo 3HAYMMOTIO BIIMSTHUS Ha ITOoKa3aTeJu BHU-
MaHWsI Yy HEe3MWIENTUYEeCKMX KpbIc Wistar: Ha HOJI0 BpeMEHM, B Te4eHHE KOTOPOro
KPBICHI UCCIIeN0Baid OOBEKTHI (B % OT OOIIEero BpeMeHW TeCTUPOBAaHUsI), a TaKXKe Ha
MpPeAnoUYTEHIE UCCAEAOBAHUS HE3HAKOMOIO 00BEKTA IO CPABHEHUIO CO 3HAKOMBIM.

CornacHO TaHHBIM OBYX(aKTOPHOTO OTUCIIEPCMOHHOTO aHaau3a JJIsl YKcia Mocenie-
HUI MyCTOM YaCTH apeHbI B (pa3dy 03HaKOMJIEHUS U B (pa3y TecTupoBaHus 1 1 2 ObLi1a 1mo-
KazaHa BBICOKAsl 3HAYMMOCTb TOJILKO OofHOro dakTopa — auHust Kpbic (F(1,25) = 1.55,
p =0.03) (Tabn. 1). Tak, naHHbIiA MoKa3zaTeab Yy Kpbic IMHUM WAG/Rij 6611 O0Jbliie, yeM
y kpbic Wistar B Bo3pacTte Kak 2 (F(1,13) = 7.78, p = 0.04)), tak u 6 mec. (F(1,12) =9.12,
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Puc. 4. Cs3b Mexay P 1 1 ynciioM BbIXOOB B LIEHTpP apeHbl. [1o ocu abeimce — MHAECKC pacrio3HaBaHUs, 110
OCH OpAMHAT — YMCJIO0 BBIXOMOB B 1HeHTP. KoadduimenTsr koppensiuinu [Mupcona: A — y 2-MeCSIUHBIX KPbIC
Wistar, ¥ = 0.90. B — y 2-MecsauHbIX KpbIC TuHUM WAG/Rij, r = 0.57. C — y 6-mecsiunbix Kpbic Wistar, » = 0.91.
D — y 6-mecsunbIx Kpbic TuHUM WAG/Rij, r = 0.49. E — y 6-MecsiuHbIX Kpbic TMHUU WAG/Rij, KOTOpPBIM BBO-
v aTocykeumun, # = 0.56.

Fig. 4. Correlation between RI 1 and the number of center entries. Abscissa — recognition index, ordinate — the
number of center entries. Pearson correlation coefficients: A — in 2-month-old Wistar rats, » = 0.90. B — in
2-month-old WAG/Rjj rats, r = 0.57. C — in 6-month-old Wistar rats, » = 0.91. D — in 6-month-old WAG/Rjj
rats, # = 0.49. E — in 6-month-old ethosuximide-treated WAG/Rijj rats, » = 0.56.

p =0.02)) (tabu. 1, puc. 54, C). OgHO(MaKTOPHBII AUCIIEPCUOHHBII aHAIN3 TOKa3aJ, YTO
y kpbic 1uHUU WAG/Rij, KOTOPBIM BBOIWIN 3TOCYKCUMMII, YMCJIO TTOCEIICHUI MyCTOM
YacTu apeHbl 66110 3HaYMMO MeHbIne (F(1,17) = 29.86, p < 0.001)) 1Mo cpaBHEHUIO C XU~
BOTHBIMU TOM Xe JTUHUU, KOTOPBIM BBOAMIU (DU3UOJIOTUUECKUIT paCTBOP, B T€ THU IKC-
HepuMeHTa, KOTIa KpbicaM IIPEeAbsIBISIIINCE 00BeKTH (Tabi. 1, puc. 5D). DToCyKCUMM
HE OKa3ajl 3HAaYMMOTO BJIMSIHUS Ha YMCJIO TTOCEIIEHUI MyCTON YacTHh apeHbl BO BpeMsi
IpeabsBIeHUsI 00beKTOB y Kpbic tuHUU Wistar (A(1,14) = 2.1, p > 0.05) (puc. 5C).

11 TIOJIHOTO TIPOMIEHHOTO MyTH B ha3y o3HAKOMIIeHUS U a3y TecTUpoBaHUs 1 U
2 nByX(haKTOPHBIN AUCTIEPCUOHHBIN aHAJIU3 MPOIEMOHCTPUPOBAT 3HAYUMOCTh OOOUX
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Taoamua 1. TTokasarenu noseaeHust (M £ m) B TecTe pacrio3HaBaHUSI HOBOT'O OObEKTa
Table 1. Behavioral measures (M + m) in the novel object recognition test

Dasa 2 Mecsina 6 MecsiLeB
IMoka3zaTenu nosexeHUst 2 months 6 months
. TECTUPOBAHUSA
Behavioral measures Test phase
p WS WR WS WR WR(ETX)
g i Al 17+16 | 137+15 | 43+ 17| 35+1.5X 2.0+0.6
HKCJIO CTOCK C OIMOpOoU

Number of assisted rearings A3 51+13 6.9+ 12 2.5+ 1.4 1.9 + 1.2% 1.2£0.6

Yuco nocelieHmit mycroit

YacTH apeHbl

Number of entries to the empty part
of the arena

TI+T2+T3| 41%14 86+ 1.1% | 1.2+0.7 3.74£0.6% | 05+0.1%##

BennuuHa nojgHoro npoitieHHoro X
MyTH, M TI+T2+T3 2.7+03 28+0.4 26104 42+027| 3.9+0.2

Total distance moved, m

Al 138 + 33 169+30 | 130+36 284 + 3% 113 +£25%##
_HaTeHTHI:If/'I TIEpUO/I BbIXO/1a B LIEHTP 4 #
J— A2 199 + 33 215 + 31 170 + 36 265 + 31 121 +29
Latency of center entries, s A3 209+34 | 226+32 | 269+37 | 288+32 | 163 28"
Al 3.7+0.6 25406 | 0.7+02X%[ 06+02X | 04+0.2
#
" ) KopoTkite A2 40+0.9 3.0+£08 | 0.5+0.1 0.6+0.2 0.1+0.1
WICJIO PeaKLnii Short A3 31406 1.7+£0.5 0.3+0.1% 0.4+0.1 0.4+0.2
TPYMMHTa
Number of groom- ™ 3.6+0.8 36407 | 03+01% | 0.1£0.1%%[0.09+0.07
ng reactions XX XXX
T3 3.3+06 40+06 | 02+0.1 0.4+0.2 0.4+0.2
JInuHHbBIE
Long T3 14+04 1.0+£04 | 08+0.5 29+04% | 20+02*
Al 0.3+0.3 8.0+0.9% 0.0+ 1.1 0.5+0.4X| 0.5+0.2
#
R — A3 0.1+0.1 11+0.5 | 0.8%06 1.5+0.6 0.4+0.2
Number of scratching T 1.7+0.3 24403 | 05+04% | 04+02X%| Le+02%7
™ 0.1+0.3 08+03 | 03+03 12+03% | 07403

Yucno cToek 63 Oropbl M YMCIIO BBIXOIOB B LICHTP apeHbI ITpecTaBieHbl Ha puc. 2. WS — kpbickl Wistar, WR —
kpeicsl InHUN WAG/Rij, KoTOphIM BBOIMIN (DU3NONIOTMYEcKrii pacTBop (KOoHTpoabHas rpynna), WR(ETX) —
Kpbich! mHIE WAG,/Rij, KOTOPBIM BBOIMIIN STOCYKCHMHUL, (OTTBITHASI TPyIIa). p < 0,05; *p < 0,01; ¥ p < 0,001 y
6-MECSIYHBIX KPBIC T10 CPABHEHUIO C 2-MeCSIYHBIMU XKMBOTHBIMU TOM ke TuHUK; *p < 0,05; **p < 0,01; ***p <0.001 y

WR 1o cpaBHeHMIo ¢ WS TOro e Bo3pacTa; #p <0,05; ##p <0,01; ###p < 0,001 y onbiTHO# rpyrmbl WR 110

CPaBHEHUIO C KOHTPOJIbHOM.

The number of unassisted rearings and center entries is presented in Fig. 2. WS — Wistar rats, WR — WAG/Rij rats
subjected to saline treatment (control group), WR(ETX) — WAG/Rij rats subjected to ethosuximide treatment (ex-

perimental group). *p < 0.05; *p < 0.01; **p < 0.001 in 6-month-old rats compared with 2-month-old rats of the
same strain; *p < 0.05; **p < 0.01; ***p < 0.001 in 6-month-old WR compared with age-matched WS. #p <0.05;

##p <0.01; ###p < 0.001 in experimental group of WR compared with controls.

daxkropoB — nuHus kpbic (F(1,25) = 3.00, p < 0.05) u Bo3pacr (F(1,25) = 4.87, p < 0.05)
(ta6a. 1). TTomHBIA MPOWIEHHBIA MyTh OBLI OOJbIIE Yy 6-MECIYHBIX KPBIC JIMHUU
WAG/Rij 110 cpaBHEeHUIO KaK ¢ 6-MecstaHbIMU Kpblcamu Wistar (F(1,12) =5.27, p = 0.02),
TaK U C 2-MecsIUHbIMU Kpbicamu Toit xe nuHuu (F(1,14) = 3.94, p = 0.04) (tabn. 1).

JlaTeHTHBII TTepHo BhIXoAA B LEHTP (C) y 6-MecsauHbIX KpbIC TMHUN WAG/Rij ObLT 60JTb-
me, 9eM y Kpbic Wistar Toro e Bo3pacTa B IepBbIii neHb TectupoBanus (F(1,12) = 5.27,
p=0.02) (ta6n. 1). ¥ kpeic 1uHUM WAG/Rij, KOTOpBIM BBOAWUIN 3TOCYKCUMUI, TaHHBIA
nokazaTesib ObLJT MEHbIIIE B TIepBbIe TPU JHS TecTupoBaHUs (¢ha3a amanrtaiuun) Mo cpaB-
HEHMIO C KpbICaMU TOM1 XK€ JIMHUU, TToJIydaBIIMMU (DU3UOJIOTrMUeCcKUii pacTBOp (TabI. 1).
IIpuyem, B mepBEIl JeHb TecTUpoBaHUS (Al) pa3IMyuust JOCTUTAIN BBICOKOTO YPOBHSI
cratuctuueckoit sHaaumoctu (F(1,17) = 30.916, p < 0.001), Bo BrOpoii neHb (A2) — mo-
cratouHoro ypoBHs (F(1,17) = 14.52, p < 0.01), a Ha TpeTuii 1eHb TecTUpoBaHusi (A3) pazin-
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Puc. 5. TIpuMepsl TPEKOB MEPEIBUKEHUS KPBIC 10 apeHe B TEYCHHE 5 MUH TECTMPOBaHUS. A — 6-MecsauHast
kpbica Wistar, B — 6-mecsiuHast kpbica uHun WAG/Rij, C — 6-mecsiuHast kpbica Wistar, KOTOpOil BBOIMIN
arocykcumuna, D — 6-MecsiuHasi Kpbica tuHun WAG/Rij, Kotopoit BBoauiu atocykeumua. Kagparom 060-
3Ha4yeH 1noJj apeHbl. [Tupamuna — He3HaAKOMBIi 00BEKT, Ky0 — 3HaKOMBI 00beKT. Kpbica Wistar, KOTOpoii BBO-
avunu husnosorniueckuii pactBop (A), kpeica Wistar, kotopoit BBoawin atocykcumun (C), U Kpbica TUHAN
WAG/Rij, koTopoii BBoawin 3tocykcumus (D), n3dbuparesbHO MCCIEI0BaIN HE3HAKOMbI OOBEKT, a Kpbica
suHun WAG/Rij, Kotopoit BBonuau dhusnoiaorndyeckuii pactsop (B), He 1eMOHCTPUPOBaJa U30MpPaTeIbHOTO
HccIen0BaHUs 00BEKTOB U MPEANOYTEHUE HE3HAKOMOTO OOBEKTa.

Fig. 5. Examples of the movement tracks of rats in the arena within 5 minutes of testing. A — 6-month-old Wistar
rat, B — 6-month-old WAG/Rjj rat, C — 6-month-old ethosuximide-treated Wistar rat, D — 6-month-old etho-
suximide-treated WAG/Rij rat. The square indicates the floor of the arena. Pyramid — an unfamiliar object, cube — a
familiar object. Wistar rat (4), ethosuximide-treated Wistar rat (C) and ethosuximide- treated WAG/Rij rat (D)
selectively investigated an unfamiliar object, saline-treated WAG/Rij rat (B) did not demonstrate a selective in-
vestigation of the objects and the preference for an unfamiliar object.

YKs JOCTUTAIM HaMEHbIIIETO YPOoBHS craTuctrueckoit sHaunmoctu (F(1,17) = 6.01, p = 0.02)
(Tabm. 1).

Yucsio KOpoTKUX (HEIOJHbBIX) peaKIuif TpPyMUHIA YMEHBIIIAJOCh C BO3PACTOM Kak y
kpbic TnHuu WAG/Rij, Tak 1 y kpbic Wistar (ta6J1. 1), mpuyem, BO3pacTHbIe U3BMEHEHUSI
MIAaHHOTO MoKazaTesis B (ha3e aganTauuy ObIIM BbIpaskeHbI B OOJIbIIEI CTENEHU Y KPbIC
Wistar, yem y kpeic WAG/Rij. Tak, B niepBblii IeHb TECTUPOBAHUSA Y 6-MECSIIHBIX KPBIC
muan WAG/Rij yncio KopoTKux peakiyii rpyMHHTa OBLIO 3HAYMMO MEHBIIIE 10 CpaB-
HEHUIO C 2-MeCIYHbIMU XUBOTHBIMU ToM Xe tuHuu (F(1,14) = 6.72, p = 0.02) (Tabmn. 1).
JlaHHBIN ITOKa3aTeNIb TAKXKe ObLT 3HAYMMO MEHbIIE Y 6-MeCsTYHbIX Kpbic Wistar 1mo cpas-
HeHuo ¢ 2-mecstuHbiMu (F(1,11) = 10.58, p = 0.01), HO pa3nuyusi MeXay AByMsI BOo3pac-
TaMM B OoJblIIelt cTeneHU ObUIM BhIpaxkeHbl Y Kpbic Wistar, yeM y kpeic WAG/Rij. Ha
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TpeTUil IeHb TeCTUPOBaHMS Y Kpbic Wistar B Bo3pacTe 6 MecsIeB ObLTIO MEHbIIE YKUCIIO
KOPOTKMX peakldii TPyMUHTA MO CpaBHEHUIO C 2-MecsiyHbIMU XuBOTHbIMU (F(1,11) = 7.40,
p =0.04) (ta6u. 1). B a3y recrupoBanusi 1 u 2 y kpbic 06eux tuauii — WAG/Rij u Wis-
tar Takke ObLTO 3HAYMMO MEHBIIIE YUCIIO KOPOTKUX PeaKIWii TPyMUHTa B 6-MeCSTYHOM
BO3pacTe 110 CpaBHEHMIO ¢ 2-MecsTYHBIM (Tadi. 1). B ¢a3y rectupoBaHus 1 4nciio KOpoT-
KHX PeakIlMil TpyMUHTra ObUIO MeHbIIIe Y 6-MecssuHbIX Kpbic TuHUM WAG/Rij o cpaBHe-
Huto ¢ 2-mecsiunbiMu (F(1,14) = 12.53, p < 0.01). ¥ kpbic Wistar naHHbI{ MoKa3aTesb
TakXe ObLT MEHBIIe B Bo3pacTe 6 MecC. MO CPaBHEHUIO C 2-MECSYHBIMU KUBOTHBIMU
(F(1,11) = 7.02, p = 0.02) (Tabxa. 1). B ¢a3y rectupoBaHus 2 BO3pacT-3aBUCUMOE YMEHb-
IIEHUE YMcJia KOPOTKMX peakivili TpyMUHTra ObU10 OOHapyxXeHo y Kpbic TuHun WAG/Rij
(F(1,14) = 17.572, p < 0.001) n y xpsic Wistar (F(1,11) = 15.40, p < 0.01). Beenenue ato-
CYKCMMMIIA TTOBJIMSIO HA YMCIIO KOPOTKUX Peaklhil TPyMUHTa TOJbKO Ha BTOPOIl NEeHb
TECTUPOBAHUSI: UX YMCJIO OBIJIO 3HAYUMMO MEHbIIIe Y TOi rpynribl Kpbic TMHUM WAG/Rij,
KOTOpPO# BBOJIWJIY 3TOCYKCUMU/I, TIO0 CPAaBHEHUIO C XKMBOTHBIMU C BBeIeHUEM (DU3UOJIO-
ruuyeckoro pactopa (F(1,17) = 5.95, p = 0.03) (Tab6:n. 1).

Paznuuus B yncie IIMHHBIX (MOJIHBIX) peaklivii TpyMUHIa ObUTM OOHAPYXEHbI TOJIBKO
B (hasy TectTrpoBanus 2 (Ta6i. 1). JJaHHBII noKas3aTe/Ib ObUT OOJIbIIE Y 6-MECIUHBIX KPBIC JTU-
Hun WAG/Rij Kak 1o cpaBHeHMIO ¢ Kpbicamu Wistar aHajormaHoro Bo3pacta (F(1,12) = 17.66,
p <0.01), Tak u 110 cpaBHEeHUIO ¢ 2-MecsiyHbIMU Kpbicamu uHun WAG/Rij (F(1,14) = 15.23,
p < 0.01). BBemeHune 3ToCcyKCMMMAA YMEHBIIAIO YMC/IO JUIMHHBIX PEaKIIMM TPYMUHTA Y
kpbic 1IuHUU WAG/Rij 110 cpaBHEHUIO ¢ KOHTPOJIbHOIA IPYMITOi KUBOTHBIX JAHHOM JI1-
nuu (F(1,17) = 5.54, p = 0.03) (Tabmn. 1).

Yucio movechiBaHUIA B TIEPBBIN IeHb TECTUPOBAHMS OBbLIO 3HAYMMO OOJIbIIE Y KPBIC
ymHn WAG/Rij rto cpaBHeHmIo ¢ Kpbicamu Wistar (Ta6:1. 1). DTy KapTUHY HaOII0IaI KaK B
Bospacre 2 (F(1,13) = 17.892, p < 0.001), Tak u 6 mecsimes (F(1,12) = 10.21, p < 0.01). B dazy
osnakomiieHus (F(1,14) = 6.37, p = 0.04) u B (pa3y TecTHpOBaHU | YKCIIO MOYECHIBAHUIA
ObLJIO MEHbIIIE Y 6-MecsuHbIX KpbIc Wistar 1o cpaBHeHMIo ¢ 2-MecstanbiMu (F(1,11) = 10.63,
2 <0.01), a Takxe y 6-MecauHbIX KpbIc TUHUU WAG/Rij Mo cpaBHEHUIO ¢ 2-MeCSTYHBIMU
XUBOTHBIMU 3ToM uHuM (F(1,14) = 12.62, p < 0.01). ¥ xpbic tunun WAG/Rij, KOTopbiM
BBOJWJIM 3TOCYKCUMMUJ, TaHHBIM MoKa3aTeb ObIJT MEHbIIE HAa TPETUI TeHb TECTUPOBa-
Hus (F(1,17) = 4.59, p = 0.04) u, HanipoTtus, 60sble B hazy ozHakomieHus (F(1,17) = 10.09,
p < 0.01), mo cpaBHEHHUIO C XMBOTHBIMU C BBeIeHUEM (DU3UOJOTMUYECKOro pacTBopa
(Tabn. 1).

JByxdakTOpHBIN TUCTIEPCUOHHBINM aHAJIM3 TTOKa3aJl 3HAYMMOCTh (paKTopa 3TOCYKCH-
mug (F(1,6) = 66.269, p < 0.001) u oTrcyrcTBHe 3HaUMMOCTH hakTopa aeHb (F(1,6) = 0.36,
p > 0.05) nnsg yucna I[1BP. BBeneHue atocykcuMuaa 3Ha4MMO YMEHbBIIIAI0 TaHHbBIN ITOKa-
3aTesb Kak Ha 3-u cyTku nociie otMeHbl uHbekmi (F (1, 6) = 15.11, p < 0.01) (puc. 6A4),
TaKk 1 Ha 7-¢ cyTku (F(1,6) = 14.47, p < 0.01) y kpbic ntuaun WAG/Rij 110 cpaBHEeHUIO ¢
JKMBOTHBIMM TOM K€ JIMHUM, KOTOPBIM BBOIWIIN (DPU3UOJIOTHIECKUI pacTBOP (pUc. 6A4).

st pmutensHocTu T1BP nByxdakTopHbBIil AUCIIEPCMOHHBIN aHaIW3 TakXkKe IoKasas
3HaYMMOCTh (pakTopa arocykcumun (F(1,6) = 17.77, p < 0.01) u oTCyTCTBUE 3HAYUMOCTH
dakropa aexb (F(1,6) = 0.31, p > 0.05). Y kpbic tunun WAG/Rij Ha 3-u cyTKH TToce oT-
MEHBl UHBEKLIMI 3TOCYKCUMMIA CPEeIHSs JINTeIbHOCTh [IBP Gbuta 3HAYMMO MeHbIIe
(F(1,6) =6.73, p = 0.02) no cpaBHEHUIO C KOHTPOJILHOM IPYIIION, KOTOPOI BBOAWUIN (U~
3uoJiornueckuii pacteop (puc. 6B). [Ipu 3TOM CTaTUCTUYECKU 3HAUMMBIX pa3IUUMii Ha
7-& CYTKHU TIOCJie OTMEHBI BBEJECHMS Tpenapara MeXIy KOHTPOJbHON U 3KCIepUMEH-
TaJIbHOI rpyrmnamMu Kpbic He HaGmonamu (F(1,6) = 2.14, p = 0.10) (puc. 6B).

OBCYXIEHMUME PE3VJIbTATOB

B ¢daze oznakomiieHust B tecre PHO HU ogHa U3 Mccaen0BaHHBIX TPYIIIT SKUBOTHBIX HE
MPOSIBJIsLIA TIPEATIOUTEHUE TIPABOTO UJIU JIEBOTO 00BbEKTa. DTO TOBOPUT O TOM, UTO OBLIIO
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Puc. 6. BiusitHue XpOHMYECKOTO BBEAEHUSI ITOCYKCMMMIA Ha YUCIO (A) M CPeIHIO [UTUTENbHOCTD (B) muK-
BOJIHOBBIX pa3psinoB y Kpbic iuHun WAG/Rij. WR — kpsicel tuann WAG/Rij, KoTopbIM BBOIUIU (PU3UOTOTH-
yecKuil pactBop (KoHTposbHas rpynmna), WR(ETX) — kpsicsl iuHuun WAG/Rij ¢ BBeieHUEM 3TOCYyKCUMUIA
(omBITHASI TPyMTIA). #p <0,05, ##p < 0,01 y ontertHO# TpyniTibl WR 110 cpaBHEHUIO ¢ KOHTPOJIBHOM.

Fig. 6. Effect of chronic ethosuximide treatment on the number (4) and duration (B) of spike-wave discharges in
WAG/Rij rats. WR — WAG/Rjj rats subjected to saline treatment (control group), WR(ETX) — WAG/Rij rats
subjected to ethosuximide treatment (experimental group). #p <0.05, ##p < 0.01 — in the experimental group of
WR compared with controls.

BBITIOJIHEHO OJTHO U3 BaXKHEUIIINX YCJ'IOBI/II‘/JI IIPOBCOCHUA TECTA PHO — OTCYTCTBUEC BbIpa-
2KEHHOTI'O NpeANnoOYTCHUA OJTHOM U3 JABYX OIMHAKOBbIX dmryp.

NP1 u NP2 y 2-mecssiunbix Kpbic TuHUM WAG/Rij 3HauuMo He oTJIM4aiauch OT AaH-
HBIX MoKa3aTteseil y Kpblc Wistar, 4To yka3bIBaeT Ha OTCYTCTBHE HAPYIIEHUI SMU30A1Ye-
ckoit mamsatu y kpbic tuHuu WAG/Rij nanHoro Bo3pacra. ¥ kpeic nuauu WAG/Rij B
BO3pacTe 2 MecC. He ObIJI0 OOHAPYKEHO BhIPasKEHHBIX CUMIITOMOB abCaHC-3MUISIICUM Ha
B3I [12]. Panee ObUIO MOKa3aHO, YTO B TECTE IMPUHYANTEIHHOTO IUIABAaHUSI 3HAYMMBIX
pPa3INYUii MO IJIUTEIBHOCTU MMMOOUIBHOCTA MEXIY 2-MECSIUHBIMU KpbICaMU JIMHMIA
WAG/Rij n Wistar He BBIIBIEHO, YTO TOBOPUT 00 OTCYTCTBMM CHUMITOMOB AEIPECCUU B
noBeneHnu y Kpbic TuHun WAG/Rij B Bo3pacte 2 Mec. [21]. Takum o6pa3om, y KpbIC JIU-
Huu WAG/Rij B Bo3pacTe 2 Mec. OTCYTCTBUE XOPOIIO BhIPaXK€HHOI MUK-BOJTHOBOM aK-
TUBHOCTU U KOMOPOUWIHOM AETPECCHM COIPOBOXKIACTCS OTCYTCTBMEM HapyIIeHWI Kak
KpaTKOBPEMEHHOM, TaK U JOJITOBPEMEHHOM 3MU30ANYECKOM TTaMSITU.

B Bo3pacte 6 Mec. UP1 6611 MeHbIIe y Kpbic TuHIM WAG/Rij o cpaBHEHHIO ¢ KPbI-
camu Wistar aHaJIOTMYHOTO BO3pacTa U 110 cpaBHeHUIO ¢ Kpbicamu JuHuu WAG/Rij B
Bo3pacTe 2 Mec. DTO CBUIETEIbCTBYET O HAPYIIEHUM KPAaTKOBPEMEHHOM 3MU3011YeCKOM
naMsTH y Kpbic TuHUM WAG/RIij, 4TO, BEpOSTHO, CBA3aHO C 9KCIIPECCHUEI XOPOIIO BhIpa-
xkeHHbIX [I1BP Ha B3I 1 cMMIITOMOB IEIpecCUBHO-IIOMO0OHOTO TTOBEICHMUS Y KPBIC JIM-
Hun WAG/Rij B 6-mecssunoM Bo3pacrte [8, 14, 15]. B otimune ot MP1 pasnuuuii B P2
He OBLII0 OOHAPYKEHO y 6-MecsTuHbIX KpbIC TMHUM WAG/Rij o cpaBHEHUIO ¢ 2-MecsTu-
HBIMU XXMUBOTHBIMM TOM e JIMHUU U 6-MeCITYHBIMU KpbicaMu Wistar. DTo yKa3bIBaeT Ha
OTCYTCTBHME HAPYIIEHHUI TOJTOBPEMEHHOM 3MU30QMYECKOM MaMSATH B Bo3pacTe 6 Mec.
IMpumeuarensHo, yTo MP2 Bo Bcex rpyrmnax 6bu1 HECKOJIBKO MeHblle, yeM UP1, onHako,
HU B OJJHOM 3KCMEPUMEHTAIbHOI CUTYallMU 3TO Pa3INiue He TOCTUTAIO YPOBHS CTaTu-
CTUYECKOM 3HAUMMOCTHU. DTO CBUAETEIBCTBYET O TOM, YTO Ha BTOPOI IeHb TECTUPOBA-
HUS Y BCEX TPYITN XUBOTHBIX B OJIMHAKOBOM CTEIEHU CHUXKAETCSI MHTEPeC K UCCiea0Ba-
HUIO HOBOTO 00BeKTa. JIpyruMu c1oBaMM, HAOIIOMAEeTCSl CXOMHAS TUHAMUKA CHUKEHUS
MHTepeca K UCCIIeyeMOMY OOBEKTY Y BCEX TECTUPYEMBIX TPYTIIT SKMBOTHBIX.
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VY kpbic auHn WAG/Rij, KOTOpbIM BBOAUIU 3TOCYKCUMUI, ObL1 Gosbiiie Kak MP1,
Tak 1 MP2 no cpaBHEHNIO C XXUBOTHBIMY TOM XX€ JTMHUU C BBeAeHUEM (DU3UOJIOTUUECKO-
TO pacTBopa.

OTO0 yKa3bIBaeT Ha TO, UTO JAHHbII aHTMAOCAaHCHBII Mpenapar yJiydiiaeT Kak KpaTko-
BPEMEHHYIO, TaK U JOJITOBPEMEHHYIO 3MMU30IMYECKYIO TTaMsITh Y Kpbic InHuU WAG/RIij.

IMpenmnosiaranock, YTO BO3MOXHOM NMPUYMHON HAPYIIEHUI SMU30ANYECKOl MaMsITH Y
kpuic tuHn WAG/Rij ¢ abcaHc-smmiencueit 1 KOMOpOUIHOM IeTpeccreit MOXeT OBITh
TMOHUXXEHHbBI! YPOBEHb MCCIIEIOBATEIbCKO MOTUBALIMU, KOTOPBIN SIBIASETCS OJHUM U3
HauboJiee 3aMETHBIX MOBEIEHYECKUX MPU3HAKOB aenpeccuu. [ToMelieHue XXMBOTHOTO B
HE3HAKOMYIO apeHy MPUBOJIUT K CTOJKHOBEHUIO ABYX MOTHUBALIMI: UCCIIEIOBATEIbCKOI
MOTHUBAlIMU, BbI3bIBAEMOI1 HOBM3HOI OOCTAaHOBKW, U MOTUBAIIUU CTpaxa (TPeBOTH), BbI-
3bIBAEMOI YMEPEHHBIM CTPECCOTEHHBIM BO3ACHCTBHEM (OTKPBITOE, XOPOIIO OCBEIIeH-
HOE TMPOCTPaHCTBO). bamaHc Mexnmy mccienoBaTelbCKOW MOTMBALIMEN W MOTUBaIMeit
cTpaxa onpezessieT TeKylllee MoBeIeHUE XMBOTHOTO B apeHe. BepTukanbHas akTHBHOCTb
(cToiiku 6e3 omnopsl), OCYIIECTBIsieMasl )KWNBOTHbIM B 00Jiee OIMAacHOU 4acTu apeHbl —
OIMKe K ee LIEHTPY, CBUACTEIBCTBYET O TMpeodaaHuM B MOBEICHUU WCCIIEeIOBaTEIb-
CKOil MOTMBallMM, HaMpaBJieHHOW Ha ucciienoBaHue HoBoi obOcraHoBku [30]. Bslio
YCTAHOBJIEHO OTCYTCTBUE OTJIMYMIA UMCIIa CTOEK O€3 OMOpbl U BHIXOAOB B LIEHTP apeHbI
mexny kpeicamu JImHuiE WAG/Rij n Wistar B Bo3pacTe 2 Mec. DTO oTpaXkaeT IpOsIBIICHIE
HOPMAaJIbHOM MCCIIeA0BaTEeIbCKOM aKTUBHOCTH y Kphic TMHUU WAG/Rij B 3TOM Bo3pacTe,
KOIJla OTCYTCTBYIOT BbIpaXK€HHasl MMK-BOJIHOBAs! aKTUBHOCTb U TPU3HAKHU JETTPECCUBHO-
Mog0OHOTO TToBeAeHUs. B Bo3pacTe 6 MecsI1IeB YKMCIIO BHIXOIOB B LIEHTP apeHbl Y KPbIC JTH-
Hun WAG/Rij cTaHOBUTCS 3HAUMMO MEHbIIIE 10 CPABHEHUIO C aHAJIOTUYHBIMU MTOKa3aTe-
nsimu 'y Kpbic Wistar. [Ipyroit mokasareib MCCIEI0BaTEILCKOM aKTUBHOCTH (UMCJIO CTOCK
6e3 oImophl) TaKKe ObUT MEHbIIIE Y 6-MecIuHbIX KpbIc TuHUM WAG/Rij u Wistar o cpaB-
HEHUIO C 2-MeCSIUHBIMU KUBOTHBIMHU TeX Xe JTMHUIA. Y Kpbic TuHUM WAG/Rij, KoTOpbIM
BBOIWJIM 3TOCYKCUMMJ, YUCJIO O0OUX MoKa3aTeseil uccienoBaTebCKOil aKTUBHOCTH 1O
CPaBHEHUIO C KpbICAMM TOM XK€ TMHUY C BBeIeHUEM (DU3UOJIOTMYECKOro pacTBOpa, ObLIO
3HaYMMo OoJibiiie. B HacTosiIel paboTe yCTaHOBJIEHO, UTO CTOMKY G€3 OMOPHI U BHIXOIBI
B LICHTP apeHbl BO BpeMsl CTalM afarTalluy SIBJISIIOTCS JOCTATOYHO HAJAEKHBIMU MOBE-
NeHYEeCKMMU MapKepaMu (TIpeIuKTOpaMM) YCIIEITHOCTU MOCIEAYIOIIEro pacro3HaBaHUS
HoBoro oowekTa B Tecte PHO. D10 moarBepxxmaeTcst HaIMm4reM 3HAUMMOM MOJIOXUTEIIb-
Hoii Koppensiuuu mexnay MP1 u yuciom croek 6e3 omnopsl y kpbic Wistar U y KpbIC
WAG/Rij, a Takke HaaludyueM 3HAYUMOM TIOJIOKUTENbHOI Koppensuuu Mexay MP1 u
YMCJIOM BBIXOJIOB B LICHTP apeHbl KaK y Kpbic Wistar, Tak u y kpbic WAG/Rij. [Ipyrumu
cJioBaMM, Obljla OOHapyKeHa TMOJIOKUTEIbHAsT KOPPEJISILIUS MEXIy STMU30IMYECKON ma-
msaThio B Tecte PHO u mokaszarensiMu ncciienoBaTeIbCKoi MOTUBAIIUU.

Tect PHO He TpebyeT cnienMaabHOTO NpeaBapUTEIbHOTO 00yYeHMSI, CHOCOOHOCTD OT-
JIMYUTh HE3HAKOMBI OOBEKT OT 3HAKOMOTO, B OCHOBHOM, ONpPEAe/sieTCsl BHUMaHUEM —
HarpaB/ieHHON aKTUBHOCTBIO KUBOTHOTO Ha UCCJIEOBAHUE MPEIbSIBISIEMbIX OObEKTOB:
NIBYX OJMHAKOBBIX BO BpeMs ha3bl 03HAKOMJIEHUS Y 3HAKOMOTO/HE3HAKOMOT'O BO BpeMs
TecToBOi ¢a3el 1 u 2. Jedpunur uccaemoBaTeIbcKoil MOTUBAIIUY TIPOSIBIISIETCSI, B TOM
Yyucie, CHUKEHUEM BHHMMaHUS M YBEJIIMYEHUEM OTBJIEKAEMOCTHU TPU PELISHUN 3a1auu
[31]. Yucno noceneHuit mycToii yactu apeHbl y Kpbic IuHuu WAG/Rij 6bu10 GoJibliie,
yeM y Kpbic Wistar B Bo3pacTe Kak 2, Tak 1 6 Mec. [ToTHBIN MpOoiaeHHBIN MyTh ObLT TAKKE
ooubiie y kppic WAG/Rij o cpaBHeHUIO ¢ Kpbicamu Wistar B Bo3pacTe 6 MmecsitieB. [1o-
NOOHOE OTBJIEUEHME OT UCCIEHOBaHUSI OOBEKTOB (BMECTO TOBBIIIEHHOTO MHTEpeca K
00BEKTY) MOXET paccMaTpUBaThCs Kak AedUIINT BHUMaHUS (MCXO/s1 U3 BBILLIEU3IOXEH-
Horo onpenaeneHust). Kpeicel Tnaun WAG/Rij yallie nmoceliiianay Ty 4acTh apeHbl, B KOTO-
POl OTCYTCTBOBad OOBEKTHI, OHM AKTUBHO IEpeMEIIaIMCh IO apeHe, He OKa3bIBasi
MpPEeANnoYTEeHUs] HU OIHOMY M3 MCCIIeyeMblX OOBEeKTOB. BHUMaHUE KpbIC JUHUM
WAG/Rij K npeabsiBiasieMbIM IIpeaMeTaM ObLUIO ¢J1a00 BbIPAXKEHO: SKUBOTHBIE TTPOBOIVIIN



OTOCYKCUMU/ INMOBLIINAET UCCIIEAOBATEJILCKYIO MOTUBALIMIO 989

MEHbIIIE BpEMEHU PSIIOM C OObEKTaMU MO CpaBHEHUIO ¢ Kpbicamu Wistar u KpbicaMu
WAG/Rij, KOTOpbIM BBOIWIM 3TOCYKCUMUI. BBeneHne aTocykKcuMuaa 3HaUMMO YMEHb-
111aJTO YMCJIO MOCEIIEHUI TTyCcTOM YacTu apeHbl y Kpbic TuHuM WAG/Rij mo cpaBHeHUIO ¢
SKUBOTHBIMU TOM XK€ JIMHWUM, KOTOPbIE MOJTydann (GU3NOJIOTMYECKHT paCTBOP. DTO yKa3bl-
BaeT Ha TO, YTO TIpernapar, 1o Bceil BUAMMOCTH, YMEHbIIIAJI OTBJIEKAEMOCTb TIPU PeIIeHUN
3a/1auM, TO €CTh YJIy4lllajl BHUMaHue y Kpbic TuHuu WAG/Rij.

O611ee BpeMs ucciaenoBaHusI 00beKTOB B T2 (B % OT BpeMeHU TeCTUPOBaHUs) y 6-Me-
cstuyHbIX Kpbic WAG/Rij 6110 MeHblIIe, YeM Y KpbIc Wistar, KOTOpbIM BBOIMIN (DU3UOJIO-
TMYECKUIT paCTBOP MJIU 3TOCYKCUMMI, a Takke Y Kpbic WAG/Rij, KOTOpbIM BBOIWIIN 3TO-
cykcumua. I[Mpu atom kpeickl TuHun WAG/Rij uccienoBaay He3HaKOMbI OOBEKT B Te-
YyeHWe MEHbIIEro BpeMeHU, YeM KpbIChl Wistar, KOTOpbIM BBOAWIN (DU3UOTOTUYECKUIA
PacTBOp WJIM 3TOCYKCUMUI, a Takxke Kpbichl JUHUM WAG/Rij, KoTOpbIM BBOAMIN 3TO-
CYKCUMMUI. DTO YKa3bIBAET HA OTCYTCTBME TIPEANOYTEHUST HE3HAKOMOTO 0ObeKTa IO
CpaBHEHUIO cO 3HAaKOMbIM Y Kpbic WAG/Rij 1o cpaBHeHMI0 ¢ Kpbicamu Wistar, a Takxke
kpbicamu JInHUM WAG/Rij, KoTOpbIM BBOAWIM 3TOCYKCUMMA. OTCYTCTBUE M30UpATE)ib-
HOM HaIpaBJIEHHOCTU Ha UCCJIEAOBAaHE HE3HAKOMOTO 00beKTa (OTCYTCTBUE MPEATIOUTE -
HUSI HE3HAKOMOTO 00BbEKTA TT0 CPABHEHMIO CO 3HAKOMBIM) TaKXKe yKa3biBaeT Ha Ne(UIIUT
BHUMaHus y Kpbic WAG/Rij.

C 3TUM BBIBOJIOM COTJIACYIOTCSI pe3yJIbTaThl, TOJyYEHHbIE paHee B TeCTe CJIOKHBI Jia-
OMPUHT C MUILEBBIM MOJIKPETIJIEHUEM, B KOTOPOM Ha (poHE TTUIIEBOI AeNPUBALIMU TIPO-
BOAWJIACH BbIPA0OTKA y KPbIC MUILEA00bIBATEIbHOTO HaBblka. CKOPOCTh JTOCTUXEHUS
KpUTEpHUST OOYYEHHOCTH TMPU BBIMOJTHEHUH MPSIMOI 3a71a4d B CJI0XKHOM JIAOMPUHTE ObLia
3HAYMMO MeEHbIlle y KpbIC onbiTHOM rpyrnnbl (WAG/Rij), 4eM y KOHTPOJIbHOI TPYIIIbI
(Wistar). ITpu 3ToM umciio omn6oK (BO3BpaT B MPENbIAYyIIME OTCEKU JJAOUPUHTA), KOTO-
pble MOTYT CBUAETEIbCTBOBATD O NeDUIIMTE BHUMAHUS, ObIJIO 3HAYUMO OOJIbIIIE Y KPBIC
nmuHuu WAG/Rij no cpaBHeHu1o ¢ kpsicamu Wistar [32].

B Hauem npenbiayiieM uccienoBaHuu [26] Hapsiay ¢ rectom PHO ObL1 mpoBeneH TecT
COLIMAILHOTO pacro3HaBaHUs, cxeMa KoToporo maeHTtnuHa tecty PHO, HO B kauecTBe
O0OBEKTOB IS pacrio3HaBaHUSI OBLIM MCIIOJB30BaHBI 21-gHEBHBIE paHee HEe3HAKOMBbIE
KPBICBI-CAMIIbl TOI K€ JIMHUU, YTO U UCCIIeAyeMble XKMBOTHBIE. TeCT COLIMaIbLHOTO pac-
Mo3HaBaHUs ObLT HAMU TIPOBEACH JUISI TOTO, YTOOBI BBIICHUTD, MOKET JIM ObITh CBSI3aHa
TMOHWXKXEHHasl UCCienoBaTeIbcKasi MOTUBaLMS, BbisiBieHHast B tecte PHO, ¢ nipuponoit
HUccieayeMoro oobekTa (omyIieBIeHHbI/HEOAYIIeBJIEHHbII), TaK KaK B3auMOJIECTBUE
C XKMBBIMU KPBICSITAMU UMEET 00Jiee BHICOKYIO OMOJIOTUUECKYI0 3HAYNMOCTD 151 XKMBOT-
HBIX, YEM HCCJIeIOBaHWE HEOMYLIEBJIEHHBbIX NpeaMeToB. MHIeKC colMaibHOro pacrio-
3HaBaHUA y 6-MeCAUHBIX Kpbic TuHUN WAG/Rij OblT MeHbIIIe, yeM y Kpbhic Wistar Kak
yepes 1 4, Tak 1 yepe3 24 4 nocsie pa3bl 03HAKOMJICHUSI, UTO CBUACTEIBLCTBYET O Hapyllie-
HUM KaK KPaTKOBPEMEHHOM, TaK W JOJTOBPEMEHHOI MaMsITH y TeHETUUEeCKON MOIeIn
abcaHc-ammtenicum [26]. KpoMe Toro, B TecTe COILMATBbHOTO paclio3HABaHUS y 6-MecsTd-
HBIX Kpbic TuHuM WAG/Rij HaOmomamm Takke neuimT BHUMaHWS, KOTOPBII OLleHUBa-
JiY 110 00111eMy BpeMEHU UCCIIeA0BaHUs XXKMBOTro 00beKTa B (haze o3HaKomieHus. [TonHoe
BpeMs ucciieoBaHus 21-IHEBHOTO KpbICEHKAa ObLIIO 3HAYMMO MEHbIIE Y KPbIC JUHUU
WAG/Rij o cpaBHeHuto ¢ kpeicamu Wistar. bosnee Toro, y kpeic WAG/Rij HaGmonanu
Takylo hopMy TTOBEAEHMsI, KaK COllMaIbHOE M30eTaHue — OTKAa3 OT UCCJIeIOBaHUSI XKUBO-
ro 00bEeKTa, YTO TOBOPUT O TIOHWKEHHOM MCCIIeA0BaTeIbCKON MoTUBauu [26]. Takum
o0Opa3oM, HE3aBUCUMO OT IIpUpoabl 00bekTa y Kpbic TuHUU WAG/Rij ¢ reHeTmueckoit
abcaHc-amuiIernicueilt 1 KOMOpOUIHOM Aenpeccrueli HabJIoOaoT ITIOHMKEHHYIO UCCIIEI0-
BaTEJIbCKYIO MOTHUBALIMIO MO CPABHEHUIO C KPbICAMU, JIMILIEHHBIMU MUK-BOJHOBOU ak-
TUBHOCTU U CUMIITOMOB Aerpeccuu (Kpbichbl Wistar).

B niepBblIii IeHb TECTUPOBAHUS JJATEHTHBII MEPUOJ BBIXOAA B LIEHTP apeHbl y 6-Mecsd-
HbIX KpbIic TUHUM WAG/Rij 6611 Gosbllie, yemM y Kpbic Wistar Toro xe Bo3pacta. Y KpbIC
WAG/Rij, KOTOpbIM BBOAMJIN 3TOCYKCUMMI, TAHHBII TTOKa3aTeJib ObLT MEHbBIIIE B TIEPBbIE
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TPU AHSI TECTUPOBAHUS MO CPABHEHUIO C KPbICAMM 3TOI XK€ JIMHUM, TTOJy4aBIIUMU (pu-
3UOJIOTUYECKUI pacTBOP. AHAJIOTMYHbIE JaHHbIE ObLIY TTOJIydeHbl paHEEe B TECTE CJIOX-
HBII TAOUPUHT C MUIIEBBIM TTOJKPETUICHUEM: CPEIHSISI BEJIMUYMHA JIATEHTHOTO TMepuoja
BBIXOJIa U3 CTApTOBOTO OTceKa Obuta 6ombliine y Kpbic WAG/Rij Ha 56% OTHOCHTEIIBHO
kpwic Wistar. [1pu nmepeyuynBaHNM BeJIMYMHA JIATEHTHOTO MEPHO/a BBIX0IA U3 CTAPTOBOIO
orceka y kpbic WAG/Rij Takxke Oblia 0oJibliie Ha 67% OTHOCHUTEIBHO KOHTPOJBHBIX
Kkpbic Wistar [32]. OTu naHHbIe TaKXKe CBUIAETEIbCTBYIOT O MOHMXKEHHOI MCCieoBaTeb-
cKoit MoTuBaium y Kpbic TnHuu WAG/Rij.

Croliku ¢ onopoii, B OTJIMYKME OT CTOEK Oe3 OTMOpPHI, OCYIIECTBIsSIEMble XXUBOTHBIM B
OoJiee O0€30IacHOI YaCTU apeHbl, BO3Jie OOPTUKOB, MHTEPHPETUPYIOTCS OOJILITIMHCTBOM
rcclienoBaTesieil Kak rmokKa3aresib TPEBOXKHOCTH (CABUT MOBEICHMS (KUBOTHOTO B CTOPOHY
MOTHUBalIMU cTpaxa (TpeBoxkHocTr)) [30]. Habnronanu 3aBUcUMoOe OT BO3pacTa yMeHbIlIe-
HHUE YKCJia CTOEK C OTIOPOii B TIePBbIii U TPETUH ICHb TECTUPOBAHUSI. DTO pazinyue ObLIO
B OoJibllIeli cTerieHU BbhipakeHo y kpbic TuHun WAG/Rij, uem y kpbic Wistar. Yuciio ko-
POTKMX peaKIii TpyMHHIa YMEHBIIAJIOCh ¢ Bo3pacToM Kak y Kpeic WAG/Rij, Tak u y
Kpoic Wistar kak B a3y aganrtaluu, Tak U B IHU TeCTUpOoBaHMUA. YMCI0 moYechIBaHU B
MEePBbIii 1eHb TECTUPOBAHUSI ObUIO 3HAUMMO Ooibliie Y Kpbic TuHUM WAG/Rij 110 cpaB-
HeHUIo ¢ Kpbicamu Wistar. 9Tta KapThHa OCOOEHHO OTYETIMBO MPOSIBJISIIACH B BO3PACTe
2 Mec. B (ha3e 03HAKOMIIEHUST YMCIIO TTOYECHIBAHUI OBLITO MEHbIIIE Y 6-MECSIYHBIX JKMBOT-
HBIX 00euX JIMHUI MO CpaBHEHUIO ¢ 2-MecsauyHbIMU. [Tpuuem, y kpbic tuHun WAG/Rij
3Ta 0OCOOEHHOCTH ITOBeIeHMsI OblIa BEIpaXkKeHa B OOJIBIIECH CTeIleH!, 4yeM y Kpbic Wistar.
MoXHO MpenmnosoXuTh, YTO yKa3aHHbIE MTOBEICHYECKUE MoKa3aTeu — CTOHKM C OMo-
poii, KOpOoTKHE (HEMOJHbIE) peakluy IpyMUHTra [33] 1 moyechbiBaHUSI MOT'YT OTpaXKaTh ypo-
BEHb TPEBOXXHOCTH, YMEHBIIIEHNE KOTOPOTO C BO3PACTOM ObLIO BBIpaXKeHO B OOJIbIIICH CTe-
neHu y kpoic 1uHu WAG/Rij, uem y kpbic Wistar. [ToBbIlIIeHHBIN YPOBEHb TPEBOXKHOCTHU
ObUT paHee ycTaHOBJIEH Yy 2-MecsauHbIX Kpbic WAG/Rij o cpaBHeHUIO ¢ Kpbicamu Wistar
aHaJIOTUYHOTO BO3pacTa B TECTAaX Ha TPEBOXKHOCThH C UCITOJIb30BAHMEM YCTAHOBOK CBETO-
TEMHOBAsI KaMepa 1 OTKphIToe 1ose [21].

Paznuuust mo yuciny IIMHHBIX (TTOJTHBIX) peaklUii TpyMUHTa ObLIU OOHAPYXKEHBI TOJIb-
KO B nocienHuii neHb rectupoBanus (T3). JlaHHbI 1ToKa3aTelib ObLI 00JIbIIIE Y 6-MecsU-
HbIx Kpic WAG/Rij o cpaBHeHuto ¢ kpbicamu Wistar aHaJIOTUYHOTO BO3pacTa W 1O
cpaBHEHUIO ¢ 2-MecayHbIMU KpbicaMu WAG/Rij. Uuciao IIvHHBIX (ITOJIHBIX) peakiuit
TPYMMHTIa OTpaxkaeT MPUBbIKAHUE K KCIIEPUMEHTAIBHOI CUTYyallMM, KOTOpasi, BEpPOsIT-
HO, CTAHOBUTCSI KOM(OPTHOI1 111 )XUBOTHBIX [33]. Tak Kak pa3iMuusi 110 3TOMY IToKa3a-
TEJIF0 ObUIM 3aperMCTPUPOBAHBI B 3aKIIOUUTEBLHON (hase TecTUpOBaHUSI, MOXKHO MpEJ-
TOJIOXUTh, YTO OHU CBSI3aHbI C yTPATOil MHTEpeca K UCCIIeIOBAHUIO0 OOBEKTOB Y KPbIC IMHUH
WAG/Rij B Bo3pacTe 6 MecsIlieB, KOraa AePeCCUBHO-TTOT00HBIE CUMIITOMBI B TIOBEIC-
HUHM y HAUX XOPOIIIO BhIpaxkeHH! |8, 14, 15]. C aTuM npeanoaokKeHueM COrIacyloTcs TOJIy-
YEeHHbIE paHee JaHHbIE O TOM, YTO 3(P(eKT MOBTOPHOTO TECTUPOBAHUS B OTKPBHITOM IOJIE
Ha YKCJIO TIepeCeYeHHBIX KBAIPaTOB, CTOEK U BBIXOJIOB B LICHTP I10JIsI (BEJIMYMHA CHUKE-
HUS IBUTATEJILHON M MCCIIeNOBAaTEIbCKON aKTUBHOCTHU) ObLT OOJIbIE BBIPAXXEH Y KPbIC
suHun WAG/Rij o cpaBHeHuI0 ¢ Kpbicamu Wistar. DTo CBUIETEbCTBYET O PA3JIMYUSIX B
MPUBBIKAHMU K HOBOI cuTyaliuu mexay kpoicamu nuHuii WAG/Rij u Wistar u ykasbiBa-
eT Ha 6oJiee HU3KYIO SMOLMOHAIbHYIO PEAaKTUBHOCTD (3MOLIMOHAIBHOCTD) Y 6-MeCIYHbBIX
kpbic tuHuu WAG/Rij [8].

BBeneHue 3TocyKCMMMIIa 3HAYUMMO YMEHbBIANI0 Yucio U utenbHocTb [T1BP Ha 3-u cyT-
KM TT0CJIe OTMEeHBI MHbeKIINi y KpbIc WAG/Rij o cpaBHEHUIO ¢ JKUBOTHBIMU TOM K€ JIM-
HUU, KOTOPBIM BBOAMIN pu3noaorndeckuii pactBop. Ha 7-e cyrku uncio I1BP ocraercs
TakxXe MeHble y Kpbic TuHUM WAG/Rij, KOTOpbIM BBOIMIN 3TOCYKCHUMU/I, IO CpaBHE-
HUIO C KpbICAMM 3TOM K€ JIMHUU C BBeeHUEeM (PU3MOJIOTMYECKOTrO pacTBOpa, B TO BpeMs
KaK CpeIHsisl IJIUTEJILHOCTD Pa3psiloB BOCCTAHABIMBAETCS. DTU TaHHbBIE CBUIAETEIbCTBY-
IOT O TOM, UTO Te KpbIchl IMHUU WAG/Rij, KoTOpbIM BBOIWIIM TIpeTiapat, ObLUIU MPaKTH-
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YeCKM TIOJIHOCTBIO JIMIIIEHBI MUK-BOJHOBOM aKTUBHOCTU — OCHOBHOTO CHMMMTOMAa ab-
CaHC-3MWIETICUU — BO Bce THU npoBeaeHus Tecta PHO.

PaHee ObUIO MOKAa3aHO, YTO 3TOCYKCUMUI He 00JiamaeT COOCTBEHHON aHTUIEINpec-
CaHTHOI aKTUBHOCTHIO, HE CBSI3aHHOM ¢ ero rmoaanistiommM BiustHueM Ha [1BP [24, 25]. O6
3TOM CBUIETEJILCTBYET TOT (DaKT, YTO KparkoBpeMeHHoe (17 mHeit) u muTensHoe (4.5 Mec.)
XPOHUYECKOE BBEACHUE STOCYKIIMMUIA HE OKa3bIBaJIO aHTUIETPECCAHTHO-TIOJ00HOTO
addekTa Ha HedMMIeNTUYECKUX KpbIc Wistar: y HUX He HaOJIl01aJIu U3MEHEeHU TToTped-
JICHUS1/TIpEATIOYTEHUST CJIAJIKOTO pacTBOpPA MO CPAaBHEHMIO C BOJOI (TECT MOTpedieHns ca-
Xapo3bl) U YPOBHSI UMMOOWIBHOCTHU (TeCT MPUHYIUTEILHOTO IaBaHus) [24, 25]. Kpome
TOr0, STOCYKCUMU, HE OKA3bIBaJl BIUSHUS Ha SMTM30AUYECKYI0 IaMITh Y Kpbic Wistar [26].
DTO JaeT OCHOBaHME moJsiaraTh, YTo y Kpbic IuHUM WAG/Rij cMMIITOMBI Ienpeccuu BO
BCE THU TECTUPOBAHMSI OBLIIM TAKXKE MOAABJICHBI, O YEM CBUIETEILCTBOBAJIO MOBBIIIIEHUE
YPOBHSI MCCJIEI0BATEILCKOM MOTHUBALIMU, TIpOJeMOHCTpUpoBaHHOe B Tecte PHO.

Takum o0pa3om, TaHHbBIE, TTIOJyYeHHbBIE B HACTOSIIIEH paboTe, MO3BOJISIOT 3aKITIOUUTD,
YTO BBISIBJIEHHbIE HapylleHUs anuszonuveckoil nmamstu B tecte PHO y kpbic nuHuM
WAG/Rij MOryT GBITH CJIEICTBUEM TMOHMXEHHOM MCCIEI0BATEIbCKOM MOTHUBALIMU KaK
OJTHOTO U3 CUMITTOMOB AeNpeccur, KOMOPOUIHOI abcaHC-3MUIEIICUM. Y POBEHb UCCIIe-
JIOBaTEJIbCKOW aKTUBHOCTHU (YMCJIO CTOEK O€3 OIMOPhl Y BHIXOMIOB B LIEHTP apeHbl) Y XKU-
BOTHBIX B (ha3e afganTalMyd MOXET CJY>KUTb IMTPOTHOCTUYECKUM MOKa3aTeJIeM yCIeIIHO-
CTU TIOCJIEIYIOIIEro pacio3HaBaHUsI HOBOTo o0bekTa B Tecte PHO.
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Ethosuximide Increases Investigatory Motivation and Improves Episodic Memory
in the Novel Object Recognition Test in WAG/Rij Rats with Genetic Absence Epilepsy
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In the present study, episodic memory was investigated in the novel object recognition
test in WAG/Rij and Wistar rats at the age of 2 and 6 months. In order to suppress spike-
wave seizure activity and depressive-like comorbidity WAG/Rij rats, at the age of
6 months, were injected ethosuximide (300 mg/kg, 14 days, i/p). Novel object recogni-
tion test consisted of 3 phases: adaptation phase, familiarization phase (two identical ob-
jects), testing session 1 (familiar and novel object 1) and testing session 2 (familiar and
novel object 2). In adaptation phase, investigatory activity (number of rearings and cen-
ter entries) was recorded. Recognition memory was tested with a delay of 1h (testing ses-
sion 1) and 24h (testing session 2), after familiarization phase. Episodic memory was
assessed using novel object recognition index. It has been found that recognition index
in WAG/Rij rats, at the age of 2 months, did not differ significantly, but at the age of
6 months, it differ significantly from the corresponding measure in Wistar rats.
WAG/Rij rats exhibited reduced investigatory motivation compared with Wistar rats at
the age of 6 months only. A positive correlation was found between recognition index
and investigatory motivation (number of unassisted rearings and center entries). Ethosuxi-
mide suppressed spike-wave seizures, increased investigatory motivation and improved ep-
isodic memory in WAG/Rij rats. Results suggest that episodic memory impairments in
WAG/Rijj rats are a consequence of reduced investigatory motivation as one of the symp-
tom of depression co-morbid to absence epilepsy.

Keywords: absence epilepsy, comorbid depression, investigatory motivation, novel object
recognition, episodic memory, WAG/Rij rat
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C 1esblo onpeaesieHus1 TUMOB FeMOAMHAMMUYECKUX peaklvii Ha o0lliee OXIaKaAeHUe op-
raHW3Ma ¥ BBISIBJICHUST CTETICHW BBIPAXKEHHOCTU XOJIOMOBOTO CTpecca OT AMHAMUKHU U3-
MEHEHUsI CaJlMBapHOIro KOPTU30Jia B 9KCIepuMeHTe obcenoBaHbl 30 3M0POBBIX MYXK-
YUH-T00pPOBOJIbLIEB B Bo3pacTe 18—20 yieT. DKcnepuMeHT BKIIOYAI TPU IeCITUMUHYT-
HBIX 3Tara: NMpeObIBaHWE B COCTOSIHMU MOKOsI Tipu TemnepaTtype 20°C, HaXxoXIeHHWe B
YCJIOBUSIX XOJIOMOBOM KaMmephl Ipu Temriiepatype —20°C, corpeBaHue IIpu TeMIiepaTtype
20°C. Bo BpeMsI KaxI0ro 3Tarna perucTpupoBain aprepuaibHoe gasieHue (All), yacto-
Ty cepaeuHbix cokpaieHuii (YCC), Temriepatypy B CJIyXOBOM ITPOXOJE, TTPOBOIMIIN OT-
Gop TpoG CJIIOHBI ST TTOCIEAYIOLIETO OIpeneIeHUsI YPOBHEN CBOOOMIHOIO KOPTU30Ja.
HcnbiTyeMble ObUTM pa3fesieHbl Ha JIBe PYIIIbI O JUHAMUKE U3MEHEHMT CalliBapHOTO
KOPTHM30J1a BO BpeMsl OXJIAXICHUSI — C TOBbIIIeHUueM (1 = 22) u cHuXkeHueM (n = 8)
ypoBHs1 ropMoHa. [Toka3zaHo, 4TO 3a BpeMsl OXJIaXIEHHUs TeMIlepaTypa Tejia UCTIBITYe-
MbIX 3HAYMMO CHIMXalach B cpeaHeM Ha 2.1—2.3°C 1 He mocTurajia MCXOAHbBIX 3HaUe-
HUMI1 K KOHILy 3Tana corpeBaHus. B obenx rpynmax JIMII Npu OXJIaXXACHUN MOKa3aHO
nioBbiieHne Al u camkenue YCC, ipy 3TOM B TPYIINE C MOBBILIEHUEM CONEPKAHUS
KOPTHU30J1a BbISIBJICHBI 3HAYMMO 00Jiee BbICOKHE YPOBHU cHcToMueckoro AJl u He3Ha-
ynmoe cHkeHne YCC. [Npu corpeBaHUM reMOAMHAMUYECKHUE TMOKAa3aTesIM CTPEMM-
JINCh K UCXOMHBIM ITOKa3aTesIsiM, a U3MEHEeHHe YPOBHS CaJlMBapHOTO KOPTH30Jia ObLIO
CXOJIHBIM C TAaKOBBIM TMpPHU oxJaxaeHur. Takum odbpa3oMm, HapacTaHue YPOBHSI KOPTU-
30J1a B CJIIOHE TIpU KpaTkoBpeMeHHOM (10 MUH) oxylaXXIeHWM OopraHu3Ma 4ejoBeKa
CBSI3aHO C BBIPaXXEHHOW XOJIOJOBOI rUIiepTeH3ueil, 6osee HU3KUM GapopedekTop-
HbIM OTBETOM M PMCKOM XOJIOMOBBIX MOBPEXIeHU I cocyn1oB. CHUXEHUE YPOBHSI Calli-
BapHOTro KOPTU30J1a KaK OTPaKeHUe COKPaILeHUsI MOCTYIIEHUsI CBOOOAHOIO rOpMOHa
B KJIETKY MPU XOJIOZOBOM CTpecce, B KOMILJIEKCE C YMEPEHHOM X0JI00BOI apTepuraib-
HOW TUMNepTeH3UeN, MOXET CBUAETEIbCTBOBAThL 00 YCIEIITHOM aganTalliy opraHu3Ma K
XOJIOAY C OTPAaHUYEHUEM Pa3BUTHUSI TUIIOTEPMUM.

Knroueeswie crosa: KOPTU30JI, apTepUaIbHOC NaBJICHUEC, BOZAYILIHOC OXJIAXKACHUE opra-
HHU3Ma, TMIIOTCPMMUSL

DOI: 10.31857/S086981392008004X

O1lleHKa IUHAMUKW M3MEHEHMI KOHIIEHTPAlMK KOPTU30J1a IIPHU IKCTPEMaIbHBIX BO3-
JNEUCTBUSIX SIBJISIETCSI BaXKHBIM MOKa3aTejieM pa3BUTHS cTpecca. B KpoBu onpeneneHHas
YacTb KOPTH30JIa HAXOIUTCS B CBSI3aHHOM C 0€JIKOM IlJIa3Mbl (TPAHCKOPTUHOM) COCTOSI-
HUU ¥ He 00J1alacT OMOJIOTrMYeCKOM aKTUBHOCTBIO. C TMarHOCTUYECKOM LIETbIO IIPEAIIO-
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YTUTEJIbHEE OMPENeIsITh KOHLIEHTPALIMI0 UMEHHO CBOOOIHBIX, T.€. HE CBSI3aHHBIX C TLJIa3-
MeHHbIMU 6eikamu ropMoHOB [1]. HecMoTpsi Ha MHOTOYMCIEHHBIE JaHHBIE O TIPSIMOIA
KOppeJsiiMyi KOPTH30Ja B KPOBU U B CIIIOHE, UMEETCS JOCTATOYHO CBUAETEIBCTB O pa3-
HOHAIPaBJIEHHbBIX U3MEHEHMSIX YPOBHS KOPTU30J1a B CJIIOHE TIPU Pa3IMYHBIX Harpy3Kax.
Taxk, npu MCcUXocoUMaTbHOM CTPecce YPOBEHb CATUBApPHOIO KOPTHU30Jia, KaK MPaBUIIoO,
HapacTaeT, YTO COOTBETCTBYET KOHIIETIIIUM OOIIEro ananTalMoHHoro cuapoma [2]. On-
HaKO TpU (PU3UUECKUX HArpy3Kax, OCOOEHHO Yy CIIOPTCMEHOB, YPOBEHb CaJUBApHOIO
KOPTH30J1a MOXET He TOJIbKO He HapacTaTh, HO M CHUXKaThes [3]. MHoOrue aBTophl paciie-
HUBAOT (haKT CHUXXKEHUSI KOPTM30Ja B CJIFOHE KaK HEIOCTaTOYHOCTh BBIPAXXKEHHOCTH
CTPECCOPHOTO BO3MIEMCTBUS, YTO 3a4aCTyIO MPOTUBOPEUYUT KaK CUJIE CAMOTO BO3/IECTBUS
U CYOBEKTHMBHBIM OIIYILIEHUSIM (4yBCTBO MEPErpPy3KH, YTOMIISIEMOCTh), TaK U MOKa3aTe-
JIIM (DYHKIIMOHAJIbHOI aKTUBHOCTU CEPAEYHO-COCYAUCTOI CUCTEMBI — sIpKasi CUMIIATU -
yeckasl peakuus (MOBBILIEHUE YIAPHOTO 00beMa cepAlia, apTepuaaibHOTO JaBJIECHUS, U3-
MEHEHME YaCTOThI CeplIeYHbIX cCOKpallieHuit) [4, 5]. EcTb maHHbIe, 4TO Mpu Mpobe ¢ oxJia-
KIEHUEM KHUCTEW pyK B XOJIOMHOM BOAE HauOOJbllasi BHIPAXXEHHOCTb CYOBEKTUBHOTO
cTpecca KOppeupyeT ¢ MeHee BBIPaXKEHHBIM MOABEMOM apTEPUATILHOTO JAABJICHUSI U C
MaeHreM YPOBHSI KOpPTH30Ja B cToHe [6]. B HacTosIiee BpeMst cTpecc paccMaTpuBaeTcst
HE CTOJIbKO KakK SIBJIeHUE C O0bEKTUBHBIMU (PUZUKO-XUMUUECKUMU MapaMeTpaMu CTpec-
copa, CKOJIBKO C CHJION CYOBEKTMBHOIO BOCIIPUSITUSI 3TOTO CTpeccopa UCIBITYEMbIM.
Taxk, ipy MoOAEIMPOBAaHUU CTPECCOBOM CUTyallMM B BUPTYaJbHOM MPOCTPAHCTBE ypO-
BEHb CAJIMBAPHOTO KOPTHU30J1a TaK>Ke TTOBBIIIAJICS, KaK ¥ TTPU PeajibHO BBHITIOJHSIEMOM Te-
cre. B aToM miaHe B G0OJIbIIIEH CTETIEHU YPOBEHb CAIMBAPHOTO KOPTU30J1a MPSIMO KOppe-
JIIPYET C COMUATIbHBIM cTpeccoM [7]. BeimomHeHne ke (pu3mdeckoi Harpy3Ku 3a4acTyio
CBSI3aHO C ITOJIyYEHUEM yIOBOJBCTBHUS MM “MBIIIEYHOM PagOCTH”’, YTO HE MOXKET paclie-
HUBATbHCS KaK MOTEHIUAIBHO yTpoXaeMoe sl IMYHOCTU cocTtosiHue. [Toatomy npu du-
3UYECKUX Harpy3Kax ITMHaMuKa U3MEHEHU yPOBHSI KOPTHU30J1a MOXKET ObITh pa3HOIA, IO~
BUIUMOMY, BCJIEACTBUE BKIIIOUEHUSI, B TOM WJIW MHOM CTENEHU, CTPECC-TUMUTUPYIOIINX
cucTeM (Hampumep, cucteMbl 3HAOpGUHOB) [4]. B auTeparype OTCYTCTBYIOT JaHHBIE O
B3aMMOCBSI3U MEXIy AMHAMUKOUN U3MEHEHUSI KOHIIEHTPpAllM KOPTU30J1a, C OMHOM CTO-
POHBI, U TUTIAMU FEMOJUHAMUYECKHNX peaKlMii Y CTENIEHbIO CHUXKEHUS TeMIIepaTyphl Te-
Jia Mpy KPaTKOBPEMEHHOM O01EM OXJIaXIEHUHW YeJI0BeKa, C IPYTro.

Llenb paGoTHI COCTOSIA B U3yYEeHUU U3MEHEHUsI YPOBHSI CAJIMBAPHOTO KOPTU30JIa TPU
XOJIOIOBOM BO3IEMCTBUM KaK ToKasaTesisl CTeTIeH! BBIPaXXeHHOCTHU CTpecca, a TakKke B
OLIEHKE TOTO0, KaKue (hU3MOJIOTUIECKHe peaklIMi MOXHO paccMaTpuBaTh KaK aaarTUB-
HbIe, a KaKie — B KaueCTBE PHUCKa XOJOIOBOTO IMOBPEXKIEHMS COCYI0B.

METOAbI MCCIIEAOBAHUA

IIpoBeneHo momnepeyHoe HCCIeIOBaHUE, B KOTOPOM IpUHsIN ydacTue 30 310pOBBIX
MYXUMH B Bo3pacte 18—20 jet, npoxxuBaronux B r. ApxaHrejbcke. McnbITyeMbIX BEIOM -
paiu Ha TOOPOBOJBLHONH OCHOBE, OT HUX OBLIO MOJYYEeHO MUCbMEHHOE MH(MOPMUPOBAH-
HOE corjlacue Ha yyacTuhe B 9KclepuMeHTe, onoopeHHoM Komuccueit mo buomenuuuH-
ckoit atnke DUILIKHNA PAH (nmporokon Ne 2 ot 28.03.2018). MccnenoBaHure MpoOBOIMIA
C COOJIIOIEHUEM ITUUYECKUX HOPM, U3JIOXKEHHBIX B XeJIbCUHKCKOM AeKIapaliu U TUpeK-
tiBax EBpomneiickoro coobiectna (8/609EC). Kputeprem nckiodeHus: 6610 HATMIne
B aHaMHe3€e CeplIeYHO-COCYIUCThIX U DHAOKPUHHBIX HAPYIIIEHUA.

DKCIIepUMEeHT BKIIodaa Tpu 3tara. Ha mepBom srare (I) perucrtpupoBanu ¢oHOBEIS
reMoIMHaMWYecKHe TToKa3aTeJIM U TeMIlepaTypy Tejla o0caenyeMbIX — B TTOKOe, CUA,
npu Temneparype Bozmyxa 20°C.

Ha Bropom atane (I1) 1o6poBosiblIbl HAXOAWIUCH B TedeHUe 10 MMH B MOJTIOXXEHUU CUMIST
B ycioBusx xosionoBoit kamepbl “YII3-25H” (KcupoHn-Xonon, MockBa) mpu TeMriepary-
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pe —20°C. TIpu 3TOM BCe UCMBITYeMble ObUIM OJEThI B OMHOTHUITHBIC JIETKUE XJIOMYATOOY-
MaXkKHbIE KOCTIOMBI, 0€3 BEpXHEil ONeXK/Ibl, TOJIOBHBIX YOOPOB M MEPUYaTOK.

Tpetnii atan (I111) mpoBoaMICsS MOCe BBIXOAA UCTTBITYEMbBIX M3 XOJIOI0BOI KaMephbl, U3Y-
yaeMble ToKazaTe/Ii perMcTpUPOBAJIM B MIOKOE, CUIs, TIpU Temriepatype Bo3ayxa 20°C.

[TpoBoauaM perucTpaluio aprepuanbHoro gapjieHus (AL, MM PT. CT.) M YaCTOTHI Cep-
neunbix cokpaiieHuii (HCC, yn/MuH), TpeXKpaTHO C TIOCASAYIOIINM YCPETHEHUEM MO~
KasareJsieit, Mpu MOMOIIA METPOJIOTUYECKN aTTEeCTOBAHHOTO aBTOMAaTUYECKOTO U3MEpH-
tens Al (roHoMerpa) A&D Medical UA-668 (SInoHust). B ¢BsI3u ¢ TEXHUYECKMMU Orpa-
HUYEHUSIMU pabodYUX TeMIIepaTyp UCOJIb3yeMoro ToHomeTpa peructpaius AL u YHCC B
YCJIOBMSIX XOJIOIOBOII Kamepbl (BTopoit 3tam, II) He mpoBoauiach, mokasaTejiu peru-
CTPUPOBAJIM B Havaje (cpa3y Mmocje BbIXoAa U3 KaMepbl — HavyajibHasi CTaausl TPEThETO
stana, I1I-H) u B KoH1Ie 3Tama corpeBanus (10 MUH mocjie BEIXoaa U3 KaMepbl — KOHEY-
Hasl cTagus TpeTbero 3Ttama, 111-x). M3mepeHune meHTpaabHOM TeMIIepaTyphl UCHBITYe-
MBIX TPOBOJWUJIU B MPABOM CIyXOBOM IPOXOJI€ TPU MOMOIIU MEAUIIUHCKOTO 3JI€KTPOH-
Horo nHdpakpacHoro repmomerpa B.Well WF-1000 (IlBseiiuapus) [8].

JloToIHUTEIbHO TPEXKpaTHO: Ha MepBoM 3Tarie ((poH), cpaly Mocje BbIXoaa U3 XOJ0-
noBoit kamepsl (I11-H) u yepe3 10 muH nocie Bbixona u3 kamepsl (111-K) y ucnbiTyeMbix
TMPOBOAMJICSI COOP CITIOHBI 0OBEMOM OKOJIO 1.5 MJI B TTIOATOTOBJIEHHBIE CTEPUIIbHBIE TTPO-
oupku Tura srmneHaopd. o ordéopa npob 3a 60 MUH UCKITIOUAJICS IPUEM MUILU, HAITUTKOB,
WCTIOJIb30BAaHUE XeBaTeJbHOM PEe3VHKU WM YKUCTKa 3y0oB. OOpa3libl 3aMOPaKUBAIM TIpU
Temrieparype —20°C, ncciienoBaHie ypoBHSI KOPTU30J1a B CJIIOHE MPOBOIWIIM TIPU KOMHAT-
Hoii Temrieparype. CiiroHy neHTpudyrupoBaiu B redeHue 10 muH npu 2000 g, ncroib3oBa-
JIA TOJILKO YUCThII OECLBETHBIN cyrnepHaTaHT. MeTogoM UMMYHO(EPMEHTHOTO in Vitro
aHanu3a (MPA) Ha aBToMaTuyeckoM IuiaHieTHoMm aHanu3atope ELISYS Uno (Human
GmbH, I'epmanus) npu nomotu Habopa peareHToB Salivary Cortisol EIA (OO0 XEMA,
MockBa) B CIIIOHE OIpenesisiivi YpOBHU CBOOOIHOTO KOpTH3oia. Mcrob3oBaiu nuana-
30HBI KoyiebaHMii cBoOomHOTO KopTm3ona 0.28—5.80 HI/MJI B CIIIOHE 4YeloBeKa 4depe3
3.5—4.5 4 nocjue npoOyKaeHUsT I UCCIeAyeMOI BO3PAaCTHOI I'PYMIIbI, COIJIaCHO WMH-
CTPYKLMU ITPOU3BOIUTEIS.

TTocne nepBUYHOTO aHaMM3a IMHAMUKY U3MEHEHUU YPOBHS CalIuBapHOro KOPTU30J1a
B XOJI¢ IKCIIEPMMEHTA MY>KUYMHbI ObLITY TOTTOJIHUTEIBHO pa3ae/IeHbl Ha JIBE TPYMIIbI: C TTOBbI-
meHueM (ITK — 8 yenosek, 19.4 + 0.8 net) u cHuwkeHuem (CK — 22 yenoseka, 19.2 + 0.8 sier)
YPOBHSI TOPMOHA K OKOHYaHUWIO TPETHETO 3Tara.

TMonyyeHHbIe pe3yabTaThl 00padaThIBAJIM MPU TOMOIIU TMaKeTa MPUKIAIHBIX TPO-
rpamMm Statistica v. 10.0 (StatSoft Inc., CILIA), yuuteiBaau cpegHue 3HadeHus (M) u
cta"HmapTHbIe OoTKiIOHeHUs (SD). JIasa mpoBepKM CTaTUCTUYECKON TMIIOTE3bl pa3HOCTU
3HAYEHU I UCMIOIB30BAJIM KpUTEepUid BUIIKOKCOHA 1711 IBYX 3aBUCUMBIX BBIOOPOK U KpHU-
Tepuii MaHHa—YUTHM IS ABYX HE3aBUCUMBIX rpyni. KpUTUYeCcKMM ypOBHEM 3HA4YM-
MOCTH IPU TIPOBEPKE CTATUCTUYECKUX rUIoTe3 npuHumManu p < 0.05.

CO6o0p u majipHeiIee UCITOJb30BaHMe TIEPBUYHOIO MaTepraia B paMKax JaHHOM pabo-
ThI MIPOBOAMIU COBMECTHO C COTpYyIHUKaMMU Jiaboparopuu 6uoputmosiornn @UIKHNA
PAH n. 6. H., nou. JI. B. IlockorunoBoi1, K. 6. H. E. B. KpuBonorosoii u O. B. KpuBoHo-
TOBOWA.

PE3VIJIBTATHI UCCIIEAOBAHUA

YyursiBasi, 4TO UCIOJIb30BAHME CITIOHBI B KAUYE€CTBE MaTepuaa ijis uccjieloBaHus 00-
Jlanaet OONBIIMMU MPEeUMYIIIECTBAMU, TaK KaK ee cOOop sSBJsIeTCS HEMHBAa3MBHOM 1 6e300-
JIE3HEHHOI IPOLEAypOii, CBOOOMHBIN CaJIMBApPHBIII KOPTU30J MOXET pacCMaTpHBaThCS
KaK uJeaabHbIi MoKa3aTelb IJIs1 OLIEHKM OCTPOro oTBeTa Ha cTpecc. McxoaHble ypoBHU
caJIMBapHOTO KOPTU30Ja B 1IEJIOM IO BBIOOPKE ObUIM B Mpeneiax HOPMAaTUBHBIX 3HAYeE-
Huit. Mcxonst u3 crioco6a hopMupoBaHUsI TPYMIT, IMHAMKUKA COIePXKaHUsI TOPMOHA B XO-
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Ta6auua 1. M3aMeHeHUe TeMIlepaTyphl TeJia, ypOBHSI CaIlMBapHOro KOPTU30J1a 1 MoKa3aTesieil reMo-
JUHAMUKW Yy MY>KUUH TIPU 9KCIIEPUMEHTAIBHOM O0LIeM oxJlaxk1eHuu opranusma (M = SD)

Table 1. Change in body temperature, salivary cortisol level and hemodynamic parameters in men
with experimental general cooling of the body (M % SD)

IToka3zarenb I'pynna I aTan 11 aTtan II1-x aTan P-YPOBEHb
Indices Group I stage II stage I11-f stage p-level
IS ] 363+02 | 342+08 | 357+05 | [ THEs oott
Temrmeparypa teina, °C .
BOdy temperature, °C CK 1-11-11Ik < 0.001
DC 36.3+0.2 340+ 1.1 35.7+0.5 L-II-11If < 0.001
I aTan I1I-H aTan I11-x aTan
I stage 111-s stage I11-f stage
I-IITu < 0.05
NS | 1264101 | 206% 119 | 213130 |50
CanuBapHbIii KOPTU30J, HT/MJI - ? <o
Salivary cortisol, ng / ml [-II£ <0.05
CK [-111u-111k < 0.001
DC 234+ 1.57 | 161%1.21| 1.30£0.90 L-I1Is-T1If < 0.001
I-1IIH-111k < 0.01
K IITu ITK-CK < 0.05
IC 129.4 £ 13.6 | 145.7 £ 13.5 | 128.4 £ 12.3 L-IlIs-I11f < 0.01
Cucronmaeckoe AJl, MM pT. CT. s IC-DC < 0.05
Systolic blood pressure, mm Hg CK I-ITIH < 0.05
DC IIH-111k < 0.01
123.7 £13.2 | 129.2 £10.0 | 121.5 £ 11.1 I-I11s < 0.05
IIIs-111f < 0.01
OS] 8774109 | 987+ 188 | 886+ 105 | iS00
Hwnactonmmaeckoe A, MM pT. CT. .
Diastolic blood pressure, mm Hg CK I-IH-II1x < 0.001
DC 81.3+7.2 90.2+9.5 83.3+8.0 L-I1Is-T1If < 0.001
IS ] 6s1£154| 6202119 | 6374146 -
YCC, yn/MuH
Heart rate, bpm CK I-I1Iu-11Ik < 0.01
DC 68.9+£10.3 | 63.0+8.7 67.9 +10.2 L-1s-11If < 0.01

TK u CK — rpyniibl ¢ IOBBIIIIEHNEM W CHUKEHUEM YPOBHSI CaJIUBAPHOTO KOPTU30J1a B XONIEe IKCIIEPUMEHTA.
I atarm — doH, II atanm — oxnaxknenue, [11-1 u I11-Kk 3Tamsl — HavYaJIo ¥ KOHELT 3Tara CorpeBaHusI.

IC and DC — groups with an increase and a decrease in the salivary cortisol level. I stage — rest, 11 stage — cooling,
I11-s u I11-f stages — start and finish warming stage.

Je 3KcrepuMeHTa Obuta pasnuuHoii. B rpymnme IIK BbIsiBIeHO 3HaYMMOE MOBBIILIEHUE
YPOBHSI CaJIMBAPHOTO KOPTU30Jia, B HAOOJIbIIEH CTENEHW K OKOHYAHHWIO MCCJICIOBAHUS
(p <0.05). B rpynne CK orMeueHO 3HaYMMOe CHUXeHUe conepxkaHust ropmoHa (p < 0.001).
3HAYMMOTO OTJIWYUS MEXIY IPyIIaMK Ha Pa3IMYHbIX dTAlaxX WCCIeI0BAHUs BbISIBIEHO
He 66110 (TabuI. 1).

LlenTpanpHas TemIiepatypa UCIBITYEMbIX UMeJIa CXOHYIO IMHAMUKY B 00EUX rpymnriax
CO 3HAYMMBIM CHIKEHMEM K OKOHYaHMIO XOJ0A0BOro BozneiicTBus (koHer Il stama)
(p <0.01-0.001) 1 3HauMMBbIM ToBbIIIeHHEM T1pu corpeBanuu (I11-x) (p < 0.01—0.001),
omxHako 1 yepe3 10 MUH TTocJie OKOHUAHMST XOJI00BOTO BO3IEUCTBUS TeMIIepaTypa He J10-
cTurasia uUCXOIHOTO YPOBHSI.

TTokazarenu LeHTpaIbHON FreMOIUHAMUKYN CO CXOMHBIMU TEHACHIIUSIMU U3MEHSIIMCh
B o0eunx rpymnmax jmi. Cpa3y mocjie BbIxoaa u3 xouomoBoit kamepsl (111-H) cuctonuye-
ckoe AJl OTYETIMBO BO3PACTaIO y BCEX OOCJIENOBAHHBIX JIMI OTHOCUTEIHLHO (DOHOBBIX
gHaueHuit (p < 0.05—0.01), a Ha orane corpeBaHust (III-K) 3HaUMMO CHUXaIOCh
(p <0.01), mpu aTom B rpynrie [1K Ha atane [11-H naHHBII TTOKa3aTesib ObLT 3HAYMMO BbI-
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e, yeM B rpymniie CK (p < 0.05). lunamuka nuactonuueckoro Al B rpymax ObLia cXo/-
HOIi ¢ TakoBO# Wist cuctonmuyeckoro nasieHus (p < 0.01—0.001). Iunnamuka YCC B o6Ge-
MX TPYITIax JIUII OblTa 3epKaibHOM TuHaMuKe A/l 1 BeIpaxkajiach B CHUKEHUU 3HAUYCHU
3TOrO IT0Ka3aTelIsl cpa3y Mocje BhIXoma 13 xonomoBoit kameps! (111-H) u mocreneHHOM
ero moBhIllIeHMU Ha 3Tane corpeBanus (I111-x), mpu 3ToM cTraTUCTUYECKN 3HAYMMBIE U3-
MeHeHMs1 oTMedaau Julb B rpymme CK (p < 0.01).

OBCYXIEHMUME PE3VJIbTATOB

[To cTemeHu CHMXXEHUS lLIeHTpajbHOU TemmepaTypbl Teaa (34.0—34.2°C) rumorep-
MUIO, SKCIIEPUMEHTAJIbHO CO3IaHHYIO Y UCIBITYEMbIX, MOXHO OTHECTH K MSITKOI, a 110
IUIMTEILHOCTU BO3AEHMCTBUSI — K KpaTKoBpeMeHHoi1 [8]. [TompasymeBasi, 4TO CHUXKEHUE
TeMIIepaTyphl B YIITHOM MPOXOAE OTPaXKaeT CTEIEHb X0JIOA0BOI BA30KOHCTPUKIIUU COCY-
JIOB 000JIOUKH Tesia (MaKCUMAaJIbHO MPUOIMKEHHOM K LIEHTPY), TO CHYXKEHHME KOPTU30J1a
aCCOLIMMPOBAHO CO CTENEHbIO BhIpaXXeHHOCTH 6apopeduiekca (3Haunmoe cHkeHue YCC)
B OTBET Ha XOJIOIOBOE TIOBBIIIICHUE TaBJIEHUSI B MAarucTpaJibHbIX cocyaax. B To xxe BpeMst
y JIULI C TIOBBIIICHEM YPOBHS CaIMBapHOTro (CBOOOIHOTO) KOPTU30s1a 6apopediiekc, Kak
MBI TI0JIaraeM, He cpabaThIBaeT B IOJKHOM Mepe, UTO OTPaKaeTcsl B HE CTOJIb 3HAYMMOM
cHmxkeHun YCC m Gojee BBIpaKCHHOM MOBBIIIEHUM cuctonmdeckoro AJl. MoxHo
MPEIOJIOKUTh, YTO COXPAHHOCTh GapopedJieKca B YCJIOBUSIX TUITOTEPMUM U CHUKEHUST
YPOBHSI CBOOOIHOIO KOPTU30Ja CBUACTEIBCTBYET O OoJiee 3(hheKTMBHOM cpabaThbIBaHUU
aJanTHBHBIX MEXaHU3MOB B YCJIOBUSIX Xoyiofa. [Ipu aToM MeHee BhIpaxkeHHasi bapope-
¢eKTopHasl peakidsl B KOMILIEKCE C KaTtaboandyecKuMu 3¢pdeKTaMu HapacTarollero
YPOBHSI KOPTH30J1a IIPUBOIUT K 00Jiee aKTUBHOMY MOBBIIIEHUIO Al 1 PUCKY XOJI0I0BBIX
MOBPEXIECHMUIA COCYIOB.

YuuThIBasl BEIICONMCAHHYIO TMHAMUKY U3MeHeHn noka3ateiaeit YCC u A/l, mepen
HaMM BCTaJI BOITPOC O TOM, SIBJIAETCS JIM KOHTPOJIMPYEMOE OXJIAKIACHUE OPraH3Ma eJio-
BeKa CTPECCOM B KJIaCCUYECKOM ero moHuMaHuu? [1pu CTOJTKHOBEHHMU CO CTPECCOPOM
OpraHu3M JOJKEH OTBETUTh Ha BbI30B. OOBIYHO TOBBILICHUE YPOBHSI KOPTHU30J1a paclie-
HUBAIOT KaK WHAUKATOP HaauuMsi crpecca. I[eicTBUTENbHO, colepkaHuWe KOpTU30Ja
MPY OCTPOM CTPECCE MOBBIIIAETCS B ChIBOPOTKE KPOBU U B ciitoHe [2]. OmHaKo npu min-
TEeJTbHOM BO3ICHCTBUY CTpeccopa BO3MOXKHO KaK MOBBIIIEHUE, TaK U CHIDKEHNUE aKTUB-
HOCTHU THUIIOTajJaMO-Tunogu3apHo-HaanodyeyHnkoBoii cuctembl (I'TH-cuctemsr), dro
MPOSIBJISIETCS B pa3HOHATPABJICHHbBIX U3MEHEHUSIX cofepxXaHus Koptusoa [9]. Cornac-
HO pe3yJbTaTaM MeTa-aHAJIM30B, MOBBIIIEHHAsI MPOAYKIIMS KOPTU30Ja yallle Habona-
eTcsl TIpU AETPECCUBHBIX cocTosTHUAX [2, 10], Torma Kak mocTTpaBMaTUYeCKUe CTPECCO-
BbI€ PAaCCTPOICTBA, CUHAPOM XPOHUYECKOTO HAIMPSIKEHUSI U OO0llee MCUXOJIOTUYECKOe
HMCTOIIEHNE aCCOLIMUPYIOTCS ¢ TEHACHIIME K CHIDKEHUIO YPOBHS KopTtu3oia [11]. XoTsa
aktuBaumsi [TH-cucTteMbl — HeoTbemiieMasi YacTh HOPMaJIbHOM cTpecc-peaklinu, ee
IJIATENIbHASI WM Ype3MepHasl aKTUBAIlWs TMOUTH BCeTaa MMeeT HeOJIaronmpusiTHbIE TOo-
ciaenctsus [2, 12].

IIpu KpaTKOBpeMeHHOII YMEpEeHHOM THUIIOTEPMHUU CONIepKaHWe KOPTHU30Jia B KPOBH
Bo3pacrtaeT Ha 43.2% OTHOCUTEbHO KOHTpoIs [13], ripu ri1yO0oKoil TMIIOTEpPMUU 3TO IM0-
BBIIlICHUE cocTaBisieT 54.4%, najibHeiilee MPOJIOHTMPOBaAHNE YMEPEHHOI THIIOTEPMUN
MPUBOIUT K CHUXKEHUIO YPOBHSI KOPTHU30J1a M1 COOTBETCTBEHHO TOBBILICHUIO YPOBHS all-
peHokopTtukoTporHoro ropmoHa (AKTT) mo cpaBHeHUIO ¢ KpaTKOBPEMEHHOM yMeEpeH-
Hoit Tunotepmueii. TakumM 06pa3oM, IIpH MUCCIIeTOBAHHBIX TUTIOTEPMHUYECKUX COCTOSTHU -
SIX CYIIIECTBEHHOE TTOBBIIIIEHNE YPOBHS KOPTH30J1a B KPOBM IMTPOUCXOIUT Ha (DOHE HUBKOM
koHueHTpauuu AKTI, yro HaBomut Ha MbIcab 00 AKTI-He3aBucMMOM OTBETE HAIIO-
yeyHUKOB. [ToTeHUMaTIbHble MeXaHU3Mbl, BOBJICYECHHbBIC B 3TOT MPOLECC, MOTYT BKJIIO-
yaTh B ce0s1 MOBBIIICHUE aKTUBHOCTA CUMIIATUYECKOM HEPBHOM CUCTEMBI, C aKTUBallUEi
YPEBHOTO HEpBa, WKW MOBBIIIEHUE YPOBHSI APYIMX CTEPOUAOTEHHBIX (haKTOPOB, B TOM
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yucyie HEUPOMenTHUI0B (Ba30aKTUBHOIO MHTECTUHAaIbHOTO nentuaa — VIP, koptukorpo-
nuH-BbICBOOOXKAatoiiero ropmona — CRH) u npocrarnanauxa E2 [14].

ITomuMo BbIIIECKAa3aHHOTO, BhIsIBJAeHHast nuHaMuKa nokasatenaeit YCC u A/l mo3Bo-
JISIET MIPEATIONOXUTh, YTO MPU CHUXEHUU TeMIepaTypbl BHEIIHEN Cpenbl U, Kak Clie-
CTBUE, TIPU TUTIOTEPMUU, Y UCTTBITYEMBIX CO CHVDKEHVEM YPOBHSI CAJIMBAPHOTO (CBOOOTHOTO)
KOPTU30J1a HE MPOUCXOAUT OXMIAEMOW OTBETHOW CTPECCOPHOI peakuuu (CpadaThIBAIOT
CTPECC-TUMUTUPYIOIIUE CUCTEMBI). DTO Kaxyllleecsi HECOOTBETCTBUE, BEPOSITHO, MOXKHO
MHTEPIPETUPOBATh C YYETOM XapakTepa cTpeccopa. Haie uccrnenoBaHvue mpoBOaMIIOCh B
KOHIIe KaJleHIapHOi 3uMbl ((heBpaib), T.€. MPU OTHOCUTEILHON (PU3NYECKON amarTupo-
BaHHOCTM 00CJieyeMbIX K HU3KUM TeMIiepaTtypaM. KpoMe Toro, ncciienoBaHue He ObUI10
IUTST HUX BHE3alHOW cuTyauMei, TpeOylolleii HeMeAJIEHHOrO OTBEeTa CUMIMATUYEeCKOM
HepBHOIl u ['TH-cucrem, Bce mcrnbITyeMble ObUIM 3apaHee TCUXOJOTMYeCKU TOTOBBI K
9KCIIEPUMEHTY, 3HAJIM €TO NU3alH 1 MPOJOIKNUTEIbHOCTD.

Ewe B 1960-¢ ronpl, korma Cesbe TTPOBOIWI UCCIIEIOBAHUS, OPUSHTUPYSICHh Ha (pr31-
YecKMe CTPeCCOphl (HampuMep, TEeII0, X001, 601b), Mason [15] 3aHuMascs nsydeHueMm
W3MEHEHUI YPOBHS CEKPELIMU KOPTU30Jia B CTPECCOTEHHBIX YCIOBUSX (HanpuMmep, Bo3-
)ZlyLLlelﬁ NEPEJICT UIH MPBIKKU C l'lapaLLllOTOM) C YYCTOM IICUXOJIOMYECCKUX IMapaMeTpoOB
ctpecca. B pesynbrate ObM chOpMYTUPOBAHBI TP OCHOBHBIE XapaKTEPUCTUKU CTpPeC-
copa, IeTepMUHUPYIOIIME PeaKkIInio CTpecca: OH JOJKEH BOCTIPUHUMATLCS MHIMBUIOM
KaK HOBBII, U/WJIN HEOXWIAHHBIN, U/WIN HETIOABIACTHBIN KOHTPOJIIO CO CTOPOHBI UH-
nuBUAA. 3HAYUTENIBHO MO3IHEE K 3TOMY MEPEYHIO Oblia NoOaBlieHa ellle OHA XapaKTe-
PUCTUKA — HAJIMYME YTPO3bl COLIMAIILHOM OLIEHKU [ 16]. DTH yeThIpe mapameTpa Xxapakre-
PU3YIOT Cy6'beKTl/lBHOC BOCIIpUATHUE CUTYyaLIlUU, l'lpe6bIBaHI/IC B KOTOpOﬁ 3aI1yCcKacT ouo-
XUMUYECKUE TIPOSIBJICHUST CTPECCOBOM peakuuu [2, 17].

Taxkum o6pa3zoM, HapacTaHKe YPOBHSI KOPTH30Jia B CIIOHE TPy KpaTKoBpeMeHHOM (10 MuH)
OXJIAXIECHUU OPraHU3Ma YeJIOBEKa CBSI3aHO C BBIPAKEHHOM XOJIOI0BOU TMIEpTEH3UEH,
0osee HU3KUM GapopedIeKTOPHBIM OTBETOM U PUCKOM XOJIOJIOBBIX TTOBPEXACHUI COCY-
noB. CHUKEHME YPOBHS CAJIMBAPHOTO KOPTU30J1a KaK OTpaXKeHMEe COKpaIlEeHUs TOCTYT -
JIEHUsI CBOOOJTHOTO TOPMOHA B KJIETKY MPU XOJOIOBOM CTPECCE B KOMILJIEKCE C YMEPEeH-
HOI1 XOJIOOBOIM apTEepUaAIbHOW TMNEPTEH3UEH MOXET CBUAETEIbCTBOBATbH O BapUAHTE
YCHCLUHOﬁ agarTaimn opraHM3Ma K XoJiogy € OrpaHMYeHUEM pa3BUTUSA THIIOTCPMUU.
DKCIEepUMMEHTATBHOE KPAaTKOBPEMEHHOE OIHOKPATHOE BO3AYIITHOE 00I1Iee OXJIaXKIeHUE MPU
TaKUX Pa3HOIUIAHOBBIX (PM3MOJIOTMYECKUX PEaKIIUsX, MO-BUAMMOMY, HE MOXKET SIBJISITHCS
MPSIMOIA MOJIEJTBIO KPaTKOBPEMEHHOTO cTpecca. B To xke Bpemst Mbl HE UCKITIOUYaeM TOTO, UTO
nanbHelllee HaxoXAeHUEe 4YesioBeKa MpU TMOJ0OHOM XOJIOJOBOM BO3JAEMCTBUU MOXET
TMIPUBECTHU K TTIOTEPE KOHTPOJISI HAJl MEXaHU3MaMU afanTalun, UCTOLLEHUIO (PYHKIIMU KO-
PbI HAAMTOYEYHUKOB, KPUTUYHOMY CHUKEHUIO YPOBHS KOPTHU30J1a U Pa3BUTHUIO MATOJIO-
TUYECKUX COCTOSIHUIA.

NCTOYHUK ®UHAHCHUPOBAHMUA

Pa6ora BbinmonHeHa B pamkax TeMbl @HUP UDTIA OT'BYH OUIIKHMA PAH Ne AAAA-A19-
119120990083-9.
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The Relationship Between Hemodynamic Reactions to Cold Stress and Changes
of Salivary Cortisol Levels

D. B. Demin*

Federal Center for Integrated Arctic Research of the Russian Academy of Sciences,
Arkhangelsk, Russia

*e-mail: denisdemin @mail.ru

An experimental study was conducted with the participation of 30 healthy male volun-
teers (18—20 years) in order to determine the types of hemodynamic reactions to the
general cooling of the body and to determine the severity of cold stress from the dynamics
of salivary cortisol levels. The experiment included three 10-minute stages: rest 1 = 20°C;
being in a cold chamber ¢ = —20°C; warming ¢t = 20°C. During each stage, blood pres-
sure (BP), heart rate (HR), temperature in the ear canal were determined, and saliva
samples were taken for subsequent determination of free cortisol levels. Volunteers were
divided into two groups according to the dynamics of changes in salivary cortisol during
cooling: with an increase (» = 22) and a decrease (n = 8) in the hormone’s level. It was
shown that during cooling the body temperature of the subjects significantly decreased
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by an average of 2.1—2.3°C and did not reach the initial values by the end of the warming
stage. In both groups of individuals, when cooling, an increase in BP and a decrease in
HR occurred, while in the group with an increase in cortisol, significantly higher levels
of systolic BP and a slight decrease in HR were detected. During warming, the hemody-
namic indices tended to the initial levels, and the change in the salivary cortisol level was
similar to that during cooling. Thus, an increase in the level of salivary cortisol during
short-term (10 min) cooling of the human body is associated with severe cold arterial hy-
pertension, a lower baroreflex response, and the risk of cold damage to blood vessels.
A decrease in salivary cortisol as a reflection of a decrease in the release of free hormone
into the cell during cold stress, in combination with moderate cold arterial hypertension,
may indicate a successful adaptation of the body to cold with limited development of hy-
pothermia.

Keywords: cortisol, blood pressure, whole-body cold air exposure, hypothermia
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XpoHunyeckast 6ojie3Hb mouek (XBIT) mmpoko pacrnpocTpaHeHa U siBjisieTcsi (pakTopom
pMCcKa pa3BUTHUS LIepeOPOBACKYJISIPHBIX 3a00JIeBaHUI M HEBPOJIOTUUECKUX OCJIOKHE-
Huil. K HacTosiiieMy BpeMeHU Majio M3BECTHO O IMPOIleccax, MOCPEACTBOM KOTOPBIX
XBII ycunuBaeT pucK IMOBpexXIeHus Mo3ra. B Hamem ucciaegoBanuu Ha moaeau XbI1
y caMLIOB KpbIC TMHUM Bucrap in vivo usyyanuce NO- u H,S-onocpenoBaHHble n3Me-
HEHUsI KJIETOYHBIX W MOJIEKYJISIPHBIX MEXaHU3MOB PETYJISILIMN TOHYCa 1iepeOpaibHbIX
aptepuit. XBI1 MonenupoBav MOCpencTBOM ynajieHusi 5/6 movyeyHoi TKaHU B BO3-
pacte 4 mec. YUepes 4 Mec. ynajsuii 4acTh TEMEHHOI KOCTH Y TBEPIIO MO3rOBOil 060-
JIOYKHU U TTOJT MUKPOCKOTIOM U3MEPSITA AUAMETP apTepuil mpy AeiicTBUU 6J10KaTOPOB U
WHTUOUTOPOB CUTHAIBHBIX MyTeil. ¥ He(hPIKTOMUPOBAHHBIX KPBIC peaKklMU Liepe-
OpaJIbHBIX apTepUii Ha allTUIMKALIMIO alleTWJIXOJIMHA TIPOSIBIISUIMCHh MPEUMYILIECTBEHHO
B BUIIe KOHCTPUKIIUM, TOTAA KaK B KOHTPOJBHOU rpyrime mpeobiiagana Ba3oauiaTa-
uus. Hurponpyccun HaTpusi IpUBOAWI K AWJIATALIMUA apTepuii, aMIUTUTyIa KOTOPOit y
KkpbIc ¢ XBI1 Obl1a 3HAYMTEIBLHO MEHBIIIE IO CPAaBHEHHWIO C KOHTpoJieM. MeTUIeHOBBII
cuHUit 1 TIMbeHKIamMun y Kpbic ¢ XBI1 mpuBoanin K He3HAYUTEILHOMY OCIa0JIeHUIO
peaxkiuii Ha alleTWIXOJIWH, B TO BpeMsl KaK Y KOHTPOJIbHBIX KPbIC AUIaTalUs apTepuii
3HAYUTEIbHO yMeHbInanack. CTeneHb uiataluu LepedpanbHbIX apTepuilt Ha H,S y
kpbic ¢ XBIT 6buUta 3HAUNTETFHO MEHBIIIE TI0 CPAaBHEHUIO ¢ KOHTpoJieM. [Ipomapru-
MJIMIWH BBI3BIBAJ cj1abble M3MEHEHUs nuameTpa aprepuit y Kpbic ¢ XBI1, B To BpeMmst
KaK B KOHTpOJIE peaKIMM MPU NMPUMEHEHUU TIPONapTWINIMIIMHA ObUTU TOCTOBEPHO
3HaunMBI. Jlenaercs 3akmodeHne, uto XbI1 cnmoco6eTByeT OCaabaeHUIO SHIOTEINI -
3aBUCHUMBIX U 3HAOTENIU-He3aBUCUMBbIX NO- 1 H,S-onocpenoBaHHbIX AMJIATATOPHBIX
peaxkiuii B 1iepedpaIbHbIX apTEPUSIX.

Karoueeguie cnosa: xponndeckast 6oye3Hb mouek, nuaabHble aptepuu, NO, H,S, Bazonu-
JIaTalusi, BA3OKOHCTPUKIIMS

DOI: 10.31857/S0869813920080063

B MHorouyucieHHBIX HNCCJICJOBAHUAX TIOKa3aHO, YTO XPOHHNYECKasd 00JIe3Hb IOYeK
(XBIT), kotopoit ctpamaer 23.4% wHacenenus (1—5 cramum) [1], sBIsieTcss hakTOpOM
pucka cepaeyHo-cocyauctbix 3aboneBanuii. [lammentsr ¢ XBIT umeror B 15—30 pa3 60-
Jiee BBICOKMIA PUCK 3TUX 3a00JIeBaHUI, CMEPTHOCTD y IauueHToB ¢ XBI1 5-if cramum ot
CepIeYHO-COCYIUCTBIX 3a00JIeBaHUI TTPUMEPHO B 15 pa3 BhIlIe, YeM B OOIIEi TTOIyJIs-
muu [2]. XBII aBisieTrcs He3aBUCUMBIM (DAKTOPOM pHUCKa Pa3BUTHUS 1IepeOPOBACKYISIP-
HBIX 3200JieBaHUII, 0OCOOEHHO 3a00JeBaHUII MEJIKUX COCYIOB, KOTOpPbIE MOTYT MpPOSIB-
JISIThCSI B pa3/IMYHBIX BApMaHTaX, HAYMHasi OT MUKPOKPOBOU3IUSIHUI U TaKyHApHBIX WH-
¢apKTOB 1 3aKaHUYMBas 00JIE3HSIMU OEJIOro BelIeCTBa, KOTHUTUBHBIMU HapYLICHUSIMU U
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MHCYJIbTaMU. Takasi cuTyalusi HaGIoaaeTcsl He TOJIbKO Y MAallMEHTOB ¢ TEPMUHAIbHOM
CTaJuei TIOYEYHON HENOCTATOYHOCTH, HO TAKXE Y TALIUEHTOB C JIETKOW WJIM YMEPEHHOM
XBIT [3]. MeTa-aHaiu3 KOTOPTHBIX MCClIeNOBaHUI MoKa3biBaeT, yTo XBI1 yBesnuuBaer
puck uHcynbTa Ha 71—92% [4]. TTpu XBI1 Ha cocymuCTyIO CTEHKY AeHCTBYET MHOXKECTBO
MOBpEXaINX (hakTOpoB: TOBBIIIEHHOE apTepraibHOE [aBJ€HUE, TTOBBIIIEHHbINI
OKHMCIIMTENbHBIN cTpecc, rumepdocharemMusi, Kaabuudukanus, IUchyHKIUsS TPoMOO-
LIMTOB, XPOHUYECKOE BOCHAJIEHUE U YpeMHUUECKUE TOKCUHBI [5].

Hapsiny ¢ HeiiporeHHbIMU U TyMOPaJIbHBIMUA MEXaHU3MaMU SHAOTENIUAJIbHbIE KJIETKU
B COCYAMCTOI CUCTEME MO3ra, CUHTE3UpPYsl Ba30aKTUBHBIE BEILECTBA, MOAIECPXKUBAIOT
HEeoOXOIUMBI YPOBEHb TOHYCA apTepuil U apTepUo 1 BEJIUUYMHY LIepeOpaaIbHOro Kpo-
BoTOKa [6]. AueTwixonuH, 6pagukuHH, AT® u AJIMD akTUBUPYIOT PELIENITOPHI, pacIio-
JIOKEHHBIE Ha 3HIOTEJIMU, KOTOPbIil, B CBOIO OYepeb, TeHEPUPYET Pa3IMUHbIE CUTHAJIb-
HbIE MOJIEKYJIbI, BIMSIIOIINAE HA 1IepeOPOBACKYISIPHBIN TOHYC B HOPMaJIbHBIX YCIIOBUSIX U BO
BpeMs1 00Jie3HU. DHAOTEIMaIbHbIE KJIIETKU CEeKPETUPYIOT AulaTtaTophl: okcua azota (NO),
SHIOTeNUaNbHbIN runepnoisapusyomuit dakrop (EDHF) u npocrauuknun (PGI,).
Wmerotcst naHHbIE, CBUIETEJIBLCTBYIOIIME O TOM, YTO B HOPMAJIbHBIX YCIOBUSIX B KPYITHBIX
MO3TOBBIX apTepusiX Mpeodianaet BeicBoooxkaeHre NO, Torna kak EDHF 6osiee BaxkeH B
MEJIKUX apTepusix U apTtepuonax. [IpousBonumelii sHgorenueM PGI, He BHOCUT 3HaUM-
TEJIbHOTO BKJIaJa B LIepeOpOBACKYJISIPHBINA TOHYC MOKOSI Y 310POBBIX B3POCIBIX B HOP-
MaJIbHBIX YCJIOBMSX [7].

M3BecTHO, uTO 3a 0Opa3zoBaHue NO u3 L-apruHuHa B (pU3MOJOTUYECKUX YCIOBUSIX
OTBETCTBEHHA dHIOTeJMaIbHasi cMHTa3a okcuaa azota (eNOS) [8]. B psae nyoaukanmii
MoKa3aHo, YTO B Mpoliecce KOHTPOJsI MO3roBoro kpopoodpaiueHuss EDHF pononHsier
NO, npoayuupyeMblii 3HAOTEIMEM, B 0COOEHHOCTU B Meskux cocynax [9]. [Nonarator,
YTO MPU NaTojornvyeckux cocrosiHusx aktuauuss EDHF Moxer komrnieHcupoBaTh auc-
¢ysakuuio B cucteme NO 11 moaaepXaHusI MO3roBoro kposotoka [10]. B psime padot
MPUBOMSTCS NaHHBIE, 10KA3bIBAIOIINE, UYTO B KPOBEHOCHBIX cocynax posib EDHF Beimo-
Hsier H,S, KoTopblil runepnonsipusyeT MeMOpaHy COCYIMCTBIX I1alKOMBILLIEUYHBIX KJIE-
TOK apTepuii 1 MIPUBOOUT K MX mutatanuu [11].

OHaoTeMMaIbHbIe KJIETKU PETYJIMPYIOT TOHYC LEepeOpalibHbIX COCYIOB MOCPEICTBOM
B3aMOACHCTBUS C IIanKOMBIeIHbIMU KieTkamu [12]. T1pu XBI1 xoMruieke pa3mmyHbIX
MaTOJIOTMYECKUX (PaKTOPOB MHULIMMPYET U CIOCOOCTBYET MPOTPECCUPOBAHUIO Hapyllie-
HUIA CTPYKTYPbI U (PYHKIIMM IIIaAKOMBIIIEYHBIX KJIETOK 1iepeOpaibHbIx apTepuii [13].

Lenbio naHHoit pabotsl 66110 Uccaenoanue NO- u H,S-onocpenoBaHHoil peryssi-
U1 TOHYCa liepeOpalbHBIX apTepuii y KpbIC ¢ Moaebio XBIT.

METOAbI UCCIEJOBAHUA

PaGora npoBeneHa Ha XKUBOTHBIX U3 “KosuteKuny 1abopaTopHbIX MJIEKOITMTAIOIINX
pa3Hoii TaKCOHOMMYeCcKoM npuHamiexHoctn” MHctutyTa dusnonorun uM. M.I1. I1as-
noBa PAH. WcciaenoBaHust MPOBOAWINCE B COOTBETCTBUM C PEIJIAaMEHTOM, YCTaHOBJICH-
HeiM JdupextuBoit 2010/63/EU Epomneiickoro mapiamenta u Cosera EBporneiickoro
Colo3a 1o oxpaHe XWBOTHBIX, MCIIOJb3YEeMbIX B HAYYHBIX LIEJISIX U PEKOMEHIALUSIMU
ouoatuueckoii komuccun MHctutyra husznonoruu uM. M.I1. [TaBnoBa PAH.

DKcnepuMeHTHI TPOBeIeHbI Ha Kpbicax-camiiax JMHUU Bucrtap (n = 35). 2KUBOTHBIX
coliepKajli B CTAaHAAPTHBIX YCJIOBUSIX BUBapUsl MPU €CTECTBEHHOM OCBEIIEHUU U CBO-
0OAHOM JOCTYTIE K Bozie U nulle. B Havasie aKcriepuMeHTa BO3pacT JKUBOTHBIX COCTABJISIIT
3 mec., macca 250—280 r; B koHIIe 3KcriepuMeHTa — 7 Mec. 1 400—500 r COOTBETCTBEHHO.
Bce xupypruueckue u 9KCrepuMeHTalIbHbIe AeCTBUS ObLIM MPOBEAEHBI Ha XKMBOTHBIX,
HapKOTU3UPOBAHHBIX BHYTPUOpPIOMIMHHO (30seTrn 20 mr/kr, Virbac, ®paHuus); 3BTa-
Has3usl MpoBeJeHa IMyTeM BBEICHMSI YBEJIMYEHHOM 103bl HADKOTUYECKOTO BelecTsa. st
MpoBeIeHUS UCCeA0BaHUS ObLIM c(hOPMUPOBAHBI IBE TPYMITbI (KUBOTHBIX: 1 — HepaK-
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TOMUpPOBaHHBIE KpLICH (7 = 17, apTepuanbHoe nasiaeHue (Al) 159 + 3.5 MM pT. cT.), 2 —
JIOXKHOOTIEpUpOBaHHbIe KpbIchl (n = 18, Al 117 £ 1.5 mM pT. cT.). Pacnipenenenue xu-
BOTHBIX MO TPyMITaM B HavyaJie 3KCIIepUMEeHTa OBLIO TTPOBEIEHO METOIOM CITyYaifHOI BBI-
oopku. Hedpakromuio (HD) y KpEIC IIpoBOaMIN 110 OIIMCAaHHOI paHee MeTonuke [14] B
2 5Tarna: Ha TIepBOM 3Tarle yaajsuin 2/3 4acTu JIeBOi MOYKU, Ha BTOPOM — MPAaBYIO MOYKY
MOJHOCTBIO. KOHTpOJIEM CTY>KUJTU JIOXKHOOTIEPUPOBAHHbBIE KPBICHI, KOTOPbIE TOIBEpra-
JINCh aHAJIOTUYHOMY OIepaTUBHOMY BMEIIATEIbCTBY, HO 0€3 yIaJIeHUsI [TOYeUHOM TKaHU.

Yepes 4 Mec. mocsie omnepauuii MpOBOAWIN MPUKU3HEHHOE MCCIIEIOBAaHUE peaKInit
NUAJIBHBIX apTEPU CEHCOMOTOPHOM KOPbI TOJIOBHOIO MO3ra Ha BO3JCHCTBUE Ba30aK-
TUBHBIX BelllecTB. [1JIst 3TOro y HapKOTU3MPOBAaHHBIX KPHIC B TEMEHHOI 00JIaCTH yepena

BBICBEpJIMBaJIM OTBepcTure (S = 1 CM2), TBEPAYI0 MO3TOBYIO 000JI0UKY B Mpeaesiax OTBEp-
CTUS yIISIIA, TEM CaMbIM OTKPbIBasi T10JIe CEHCOMOTOPHOM KOPHI JJIs1 JajbHEMIIIero uc-
cienoBaHus. [ToBepXHOCTh MO3Ta HEIIPEPHIBHO opollaiu pactBopoM Kpeb6ea (B MM:
NaCl 120.4; KC15.9; NaHCO; 15.5; MgCl, 1.2; CaCl, 2.5; NaH,PO, 1.2; rmoko3za 11.5;

pH 7.4), remnepatypa pactBopa cocrasisiia 38°C. Ha mpoTsKeHUY BCero 3KCrepuMeHTa
KOHTpOJMpoBaiu cpenHee A/l MHBa3MBHBIM METOIIOM Yepe3 KaTteTep B OeIpeHHOI apTe-
pun, coenrHeHHBIN ¢ maTankoM DTXPlusTM (Argon Critical Care Systems, CuHraryp), ¢
TTOMOIIIbIO KOMITBIOTEPHOM MpOrpaMMBbI, pa3pabOTaHHOM B Haiei Jaboparopun. AJl sku-
BOTHBIX B T€YEHUE BCETO IKCIIEPMMEHTA OCTaBAJIOCh MPUMEPHO Ha OHOM ypoBHe. Temrie-
paTtypy TeJia XKMUBOTHOTO TojiepXXuBaiau Ha ypoBHe 38°C. Busyanusanuio nuajbHbIX ap-
Tepuit (ITpu OGIIEM YBEJIUYEHUN ONMTUYECKOM crcTeMbl 160 KpaT) MpOBOAUIN C TTOMO-
IIbIO OPUTHHAJBHOM YCTAHOBKY, BKITIOYAIOIIEH B Ce0ST CTEPEOCKOMTMUECKUIT MUKPOCKOTT
MC-2ZOOM (Mukpomen, Poccus), IBeTHYI0O KaMepy-BUACOOKYIISP IISI MUKPOCKOTIA
DCM-510 (Scopetek, KuTait) u mepcoHaaIbHBIIT KOMITBIOTED.

Y aKCITepUMEHTAJIBHBIX KPBIC BCE MCCIIeNOBaHHbBIE TTHAIbHBIE apTepUy ObIITA Pa3OUThI
Ha IPYIIHI 110 UCXOOHBIM auameTpam: 6osee 80, 60—80, 40—60, 20—40 u meHee 20 MKM.
VY KaxIoro sKCIepuMEHTAIbHOTO XWBOTHOTO ObUIO MccienoBaHo Oosiee 20 cocyaoB.
B Hauasne skcnepuMeHTa y KaxJa0ro >KUBOTHOTO U3MEPSIU TUaMETP TMTUAIbHBIX apTepuii
(y HedbpaKTOMUPOBaHHBIX KpbIC # = 530; y TOXXHOOTIEpUPOBAaHHBIX # = 455) B cTaHAapT-
HBIX YCJIOBUSIX IPU HETNPEPBIBHOM OPOIIEHUM MTOBEPXHOCTH Mo3ra pactBopoM Kpebca.
3aTeM y 3THUX € KPbIC U3MEPSIT TUaMeTp TeX 3Ke COCYIO0B MPU allTUIMKALIMU Ha MOBEPX-
HOCTb MO3Ta pacTBOpa Pa3IMYHbBIX BEIIECTB, aKTUBUPYIOIIMX VI MHTUOUPYIOIIX BHYT-
PUKIIETOYHBIE CUTHAJIbHBIE ITyTU: aneTuixoarH (Acetylcholine chloride, Sigma-Aldrich,
0.1 MxM), metuneHoBbIi cuHuii (Methylene blue, Sigma-Aldrich, 10 MxM), HUTponpyc-
cun Hatpus (Sodium nitroprusside, Sigma-Aldrich, 10 MkM), ruapocynbdua Hatpus (Sodi-
um hydrosulfide monohydrate, Sigma-Aldrich, 30 MmxM), L-NAME (N(w)-nitro-l-arginine
methyl ester, Sigma-Aldrich, 100 MkM), nponaprunriuuuH (D-Propargylglycine, Sigma-
Aldrich, 5 MM), namomeranua (Indomethacin, Sigma-Aldrich, 100 MxM), rmrbeHKIAMMIT
(Glybenclamide, Sigma-Aldrich, 10 mxM), nunanuami (Pinacidil monohydrate, Sigma-
Aldrich, 200 MmxM). IIpuMeHsieMble BellleCTBa PACTBOPSIN Mepe IKCIIEPUMEHTOM B pac-
tBope Kpebca. MHmomeTalimH, rMOeHKIaMUA U TIMHALIMAWI TIPEeIBapUTEIbHO PAaCTBO-
psiiu B iumetuiicyibdokeune (DMSO) u niepen Bo3aeiicTBUEM HEOOXOIMMOE KOJTMYECTBO
KOHIIEHTpaTa 100aBJsuin B pusnonorndeckuii pactsop. Konuenrpamuss DMSO B KoHeu-
HOM pactBope He TipeBbiaia 0.1%. PaHee mpoBeneHHbIE UCCIEIOBAaHMS TTOKA3aIy, YTO
DMSO B Takoii KOHIIECHTpAIlX He OKA3bIBaeT BIMSHIS Ha TOHYC LIepeOpaIbHBIX apTepHIA.

[TpoBepka BLIOOPKU HAa HOPMAJIbHOCTh pacmpee/ieHUsI U MaTeMaThudeckasi oopaboTka
MOJTy4eHHBIX TaHHBIX MPOBEIeHA C MCIOJIb30BAHWEM TaKeTa CTAaTUCTUYECKHUX TTPOTpaMM
Microsoft Excel 2003 u mporpammsl InStat 3.02 (GraphPad Software Inc., CIIIA). dan-
HBI€ IPEACTABJIEHBI B BUAE CPEIHET0 apu(PMeTUIECKOTo 3HaUeHUS U ero omnoku. CpaB-
HEHHUE CPEeTHUX JaHHbBIX HE3aBUCHMbIX BEIOOPOK MPU HOPMAJIBLHOM XapaKTepe pacrpenesie-
HUSI BAapUaHT B COBOKYITHOCTU JaHHBIX (BbIOOPKE) PACCUMTHIBAIN MPU MOMOIIM ~KPUTEPUST
CrolonenTa. [1pu pacripeneneHnu BapuaHT B BBIOOPKE, OTJIMMHOM OT HOPMaJbHOTO, TIpU
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Puc. 1. UsmeHnenust auametpa KpymHbIix (60—80 MkM) u Meakux (<20 MKM) MUAIbHBIX apTepUil pu AeCTBUN
aterwixonuHa. KoHTposp — noxHoonepupoBaHHblie Kpbichl, NE — HedpakromrpoBaHHBIK Kpbichl, L-NAME —
uHrn6urop cuHTaszsl NO, Indo — uHmoMeratmH. VicxomaHblil nuaMeTtp aprepuii ipunsr 3a 100%. * — p < 0.05;
#—p<0.01; & —p<0.001.

Fig. 1. Changes in the diameter of large (60—80 microns) and small (<20 microns) pial arteries under the action
of acetylcholine. Control — false-operated rats, NE — nephrectomized rats, L-NAME — NO-synthase inhibitor,
Indo — indomethacin. The initial diameter of the arteries is taken as 100%. * — p < 0.05; # — p < 0.01; & — p < 0.001.

CcpaBHEeHUHU ABYX rpymi npuMeHsin U-kputepuit ManHa—YutHu. [{0CTOBEpPHBIM YPOB-
HEM OTJIUYMI CYUUTAIU BEPOSITHOCTh He MeHee 95% (p < 0.05).

PE3VJIBTATbBI UCCJIIEJOBAHUA

C 1enpl0 UCCIeOOBaHUSI SHIOTEIMI-3aBUCMMON OWIaTallMd MUAAIbHBIX apTepuii B
(bU3MOTOTYECKUX YCIOBUSAX B PAcTBOP, OMbBIBAIOIIUII MOBEPXHOCTh MO3Ta, BBOIMIN
aLIETWIXOJIMH, IUPOKO MPUMEHSIEMbIi It cTUMyJisiiuu cuHTaszbl NO. Y j1oxkHOOTIeprpo-
BaHHBIX XMBOTHBIX alleTUJIXOJIWH TIpuBOmMi K mawnataiun 50—80% muanbHBIX apTepuit:
IraMeTp KpYIHbIX aptepuit (60—80 MkM) yBemuwmics Ha 8.2 = 1.3%, menkux (<20 MKM) —
Ha 31.1 £ 2.2%. Y He(ppaKTOMUPOBAHHBIX KPBIC aIllTUIMKALIMS alleTHIIXOJIMHA COTTPOBOXK-
najgach BAa30KOHCTpUKIMEN B cpenHeM y 80% nccienoBaHHBIX apTepuii. MakcuManbHOe
YMEHbIIIEHHE pa3MepoB HabJoaanoch B aprepusax nuamerpom MeHee 40 MkMm. C 1ieabio
BBISICHEHUSI BO3MOXHOM POJIM MPOCTAHOWIOB B Pa3BUTUU BAa30KOHCTPUKIIMMU B (PU3HMO-
JIOTUYECKUI pacTBOp OOABISIM MHIOMeTallMH. [IpenBapurenbHas anmiuKaluus WHIO-
MeTalliHa TIpUBeJia K YMEHBIIEHNI0 KOHCTPUKTOPHOMN peakIuKM apTepyii Ha alleTHIIXO-
uH (puc. 1).

Bropasi cepust onbITOB 1O UCCAEA0BAHUIO SHOOTEIN-3aBUcUMOii NO-omnocpeaoBaH-
HOIi AujaTaiuu uepeOpalibHbIX apTepUil 3aKI0Uaiach B TIpEeIBaApUTEIbHOM anTUIMKALIAU
Ha noBepxHOocTh Mo3ra L-NAME (HecenekTuBHbIT MHTMOUTOp NO-CUHTa3bI) U TTOCTIe-
nyrolreM Bo3aekicTBum auetwixonuHa. Jeiictsue L-NAME npuBomnio y JIOXKHOOIIEpH-
POBaHHBIX XMBOTHBIX K BbIPAXX€HHOI KOHCTPUKLIMU THUATBbHBIX apTepuii, MaKCUMaJlb-
Hasi KOHCTPUKLIMS HaOI01a1ach B MEJIKUX apTepusiX (YMEHbIIEHUE IUaMeTpa COCTaBUIIO
23 £ 1.6%). JeiictBue anerunxonrHa Ha ¢poHe L-NAME cornpoBoXaaioch yBeTUYEHH -
em nuameTpa (puc. 1). Y HeppaKTOMUPOBAHHBIX KPBIC peaklMU 1LiepeOpaaibHbIX apTepuit
Ha npuMmeHeHue L-NAME otiimyanuch OT TaKOBBIX Y KOHTPOJILHBIX XKUBOTHBIX, YMEHb-
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IIeHVe AuaMeTpa ObLIO MEHee BbIpaXKeHHBIM. MaKCUMalIbHbIC pa3Inuusi ObUIU 3aperu-
CTPUPOBaHBI B MEJIKMX apTepusix (pa3HUIla B aMIUIMTYIe Ba30KOHCTPUKIIMY KPbIC KOH-
TPOJIBLHOM TPYMITEI M He(PIKTOMUPOBAHHBIX KPBIC cOCcTaBuiIa okoo 12%). [TpuMeHeHune
aneTwixonnHa Ha ¢one neiictBus L-NAME npuBoamiio K He3HAYNTEIbHO KOHCTPUK-
ouu aprepuii (puc. 1)

B crnenyrolieit cepyn 3KCrepMMeHTOB OLIEHUMBaIM 3HIOTEJIU-HE3aBUCMMYIO Ba3ouia-
Taiuto. C 3Toii Le/IbIo B (PM3MOJIOTMYECKU pacTBOP 100aBISIIM HUTPONPYCCUT HATPUS, SIB-
ssirommiicst noHopoMm NO. Hurponpyccun HaTpusi OKasblBal BbIpaxkKe€HHbI TU1aTaTop-
HbI 3 deKT Ha MUabHbIE apTEePUM KpbIC. B rpyrine J10XHOONEpUpPOBaHHBIX KPBIC YBe-
JIMYEHYWE AUaMeTpa KPYITHbIX apTepuii Ipyu IeMCTBUY HUTPOIIPYCCHUIA HATPUSI COCTABUIIO
31.4 + 3.6%, a B Mmenkux — 93.4 + 7.7%. Y He(pIKTOMUPOBAHHBIX KPBIC pEaKIINs Ha HUT-
pornpyccul HaTpus ObljIa MeHEee BbIPaXKEHHON (iMaMeTp KPYIMHBIX apTepuii yBeJTUUUIICS
Ha 19.8 = 2.1%, a Mmeakux — Ha 49.6 = 3.8%).

3areM NpoBOAWIM UCCIenoBaHNe (YHKIIMOHATBHOM aKTUBHOCTU CUTHAJIBHOM 11IEMOYKU:
pactBopuMast ryanunaruukiiasa (pI'll) — uukinuueckuii ryaHo3uHMoHodocdar (il M®d) —
— AT®-uyBcTBUTENBHBIE K -KaHaBI B I1aKOMBIIIEYHBIX KJIETKAX MUATbHBIX apTepuil
KpBbIC. Y JIOXXHOOTIEPUPOBAHHBIX JKUBOTHBIX IPUMEHEHUE METUJIEHOBOTO CUHEro (MHTH-
outop pl'll) mpuBomMIO K KOHCTPUKIIMU Bcex apTepuit. Peakiiuu KpymHBIX apTepuit
JIOXKHOOTIEPMPOBAHHBIX U HE(GPIKTOMUPOBAHBIX KPHIC HA METWJICHOBBIA CUHUI U Ha
alEeTUJIXOJIMH Ha (DOHE METHUIIEHOBOTO CUHETO HE UMEJIM JOCTOBEPHbIX OTIUuuii. B men-
KUX apTepusix (ImamMeTpoM <20 MKM) KOHTPOJIbHBIX XKUBOTHBIX IO BIUSTHUEM METUJIe-
HOBOTO CHHETO TMaMeTp YMEeHbIwIcs Ha 19.3%, nobGasiieHne alleTUIXOJIWHA MPUBENIO K
YMEHBIIIEHUIO KOHCTPUKIIMU. Peakiimm Melkux apTepuii HapaKTOMUPOBAHHBIX KPbIC
MpU 1eICTBUU METUIIEHOBOTO CUHETO OTJINYAJIMCh OT TAKOBBIX B TPYIIIIE JIOXKHOOTIEPUPO-
BaHHBIX — WX AMaMeTp yMeHbInwiIcsa Ha 14.2 + 1.8%. [1pu no6aBieHNN alleTWIXOJIMHA B
PacTBOP ¢ METWJIEHOBBIM CTHUM Pa3BUBAJIACh JOIOJTHUTEIbHASI BA3KOHCTPUKIIHS (pUC. 2).

B cienyioleii cepum onbIToB nccienopany poiab AT®-uysctBuTenbHbix K -kananos
IJIAAKOMBITIIEYHBIX KJIETOK B peasin3aiuu 3h¢dekToB anetniixoirHa. ATd®-uyBcTBUTEb-
Hble KT -kanans! 61oxuposanu mmbeHkaaMunoM | 15] [puMeHeHe TMOGeHKIaMUIa Ha
npoTskeHuu 10 MUH MPUBENO Y KOHTPOJBHBIX XUBOTHBIX K TOCTOBEPHOMY YMEHbIIIE-
HUIO IUaMeTpa BCeX MUaNTbHBIX apTepuii (Ha 8—15%). [leiicTBre alleTWIXOJMHA Ha (hOHe
mIMOeHKIaMuAa Yy JIOXKHOOIIEPUPOBAHHBIX KMBOTHBIX COIMPOBOXKAAIOCH OujaTaiyeit
BCEX apTepHii, OMHAKO CTeTIeHb pacIIMPEeHUS OblIa 3HAYUTEIbHO MEHBIIIE TTO CPaBHEHUIO
¢ addexToM aneTWIXoJrHA B (PU3MOJOTUIECKOM pacTBope. Y HedpIKTOMUPOBAHHBIX
KPBIC allIIMKAUS TIMOSHKIaMKUOIA COIPOBOXKIAIACh ¢/1a00ii Ba30KOHCTpUKIEi. Jleii-
CTBME alleTUJIXOJMHA Ha (poHe TMMOeHKIaMuaa MPUBOAWIO K HETOCTOBEPHBIM U3MEHe-
HUSIM TUaMeTpa KPYITHBIX apTeprii 1 YMEHbIIEHUIO TMaMeTpa MEJIKUX apTepuil.

Bropoit BapuaHT usydeHus poiau AT®-qyscTBuTenbpHbIX K -KaHam0B rmagkomsliey-
HBIX KJIETOK 1IepeOpaIbHBIX apTePUii B PETYJISILIMU UX TOHYCA 3aKJII0UaJiCsl B TIPUMEHEHU U
nuHanuauia (aktusatop AT®-uyscTBuTenbHbIX KY-kananos). Munaumuaun npuBoaun
K BBIPOXKEHHOM OUJIaTallMy 1iepeOpaibHBIX apTepril KaK JIOXKHOOINEPUPOBAHHBIX, TaK U
HehpIKTOMUPOBAHHBIX KpbIC. CTeNneHb paclIMpeHus] KPYIMHBIX M MEJKUX apTepuit
HehPIKTOMUPOBAHHBIX KPbIC HA TIMHALMAMI OblJ1a JOCTOBEPHO HUXE MO CPABHEHUIO C
TaKOBOM y JIOXKHOOTIEPUPOBAHHBIX XKMBOTHBIX. MakcuMasibHas AuaTalus Obia 3aperu-
CTPUPOBaHA B MEJIKHUX apTEPHUSIX JTOXHOOEPUPOBAHHBIX Kpbic — 38.3 + 2.6% ot mucxon-
HOTO TMaMeTpa.

[Tocne NO BTOpPBIM MO BaXKHOCTU ra30TPAaHCMTUTTEPOM, PETYJIMPYIOLIUM Pa3IMYHbIC
¢usnonornueckue GyHkumnu, asisiercs cepoponopon (H,S). B HameMm nccinenoBanuu B
Kadectse foHopa H,S Mbl ucnons3osanu ruapocyabdut Hatpus (NaHS) B KoHLeHTpa-
muu 30 MxM. Ilpu pactBopernu B Boge NaHS ObIcTpo rumponmsyeTcst ¢ 06pa3oBaHUEM
H,S. Anmnukanust NaHS Ha noBepxHOCTb MO3ra npuBoaMa K AWJIATaLMKU LEPeOpabHBIX
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Puc. 2. UameHeHust auametpa KpymHbix (60—80 MkM) u Meakux (<20 MKM) NMUATbHBIX apTepUil Mpu AeHCTBUN
MeTuiaeHoBoro cuHero (MB) m anerunxonuna (Ach). KoHTponab — JoXXHOONepupoBaHHBIE Kpbichl, NE —
HedpaKTOMUpPOBaHHbIE KpbIChl. MIcXomHbIit quameTp aptepuii mpuHsT 3a 100%. * — p < 0.05.

Fig. 2. Changes in the diameter of large (60—80 pm) and small (<20 um) pial arteries under the action of methy-
lene blue (MB) and acetylcholine (Ach). Control — false-operated rats, NE — nephrectomized rats. The initial di-
ameter of the arteries is taken as 100%. * — p < 0.05.

apTepuit Kak B KOHTPOJILHOM TpyrIIie, Tak U Y He(PPIKTOMUPOBAHHBIX KPBIC. YBEIMUECHUE
IMaMeTpa KPYITHBIX ITHaIbHBIX apTepuii npu anrumkauuu NaHS cocrasuino 9.7 £ 0.7%, a
Meakux (mmametpoM MeHee 20 MkM) — 35.4 &+ 2.2%. AHajIoruyHOe BO3ACICTBIE HA T~
aJIbHbIe apTepun He(PIKTOMUPOBAHHBIX KPbIC TAKXKE COMPOBOXIAIUCH UX AUJIATALIUA,
OHAKO aMIUIMTYIa JujiaTallui Oblja MeHbIIIeil BO BCeX TpyIIax apTepuii. YBeJIudyeHue
nraMeTpa KpYITHBIX apTepuii coctaBuiio 3.3 = 0.4%, yBenndeHue nuamMeTpa MeJKHUX ap-
tepuii — 10.2 £ 0.9% (puc. 4).

B mocnenHue roabl MpoBeneHO JOBOJBLHO MHOTO MCCIIENOBaHMI, B KOTOPBIX M3ydya-
sock B3aumozneictsue NO u H,S B pazivMuHbBIX TKaHSIX, B TOM YMClEe U B cocynax. Mbl
oueHum B3aumoneiicteue NO u H,S B nepeOpanbHbIx apTepusix Kpbic. C 3TOi LIEJbIO UH-
rubupoBaym nponykuo NO mocpenctsoM ammmmkanun L-NAME. Ha ¢done L-NAME
netictBue H,S y KpbIC MPpUBOIMIIO K YBETMICHUIO THMaMeTpa KPYITHBIX LIepeOpaTbHbIX ap-
Tepuit Ha 4.1 = 0.4%, menkux — Ha 11.4 £ 0.8%. Y HeppoIKTOMUPOBAHHBIX KPHIC U3MEHE-
Hust iuametpa nipu aeiictBun H,S Ha done L-NAME cocraBumm +2.1 £ 0.4% un +5.6 + 0.6%
COOTBETCTBEHHO (puc. 4).

B 3aK/1104UTENBHOI CEPUU OMBITOB UCCIENOBAIU BO3MOXHOCTb 00pa30BaHUSI DHA0-
reHHoro H,S B cTeHKe 1epeOpabHBIX apTepuil y JIOXKHOOTIEPUPOBAHHBIX W He(PIKTO-
MUpPOBaHHBIX KpbIC. C 3TOM 1Iebl0 B (DM3UOJIOTMUECKUIT pacTBOp, aNTUIMIIMPYEeMblii Ha
MOBEPXHOCTh MO3ra, nobasisuiv nponapruiarauuuH (II1T), aensommiics MHrMGUTO-
poM uucrtatuoH-y-1uasbl (CSE) — depmenra, npoayuupytowero H,S B cocynucroit
creHke. HdeiictBue TTTTIN He MpUBOAWIIO K TOCTOBEPHBIM M3MEHEHUSIM TUaMeTpa KpyIl-
HBIX TTHAJIbHBIX apTepuil KOHTPOJbHBIX U HE(PPIKTOMUPOBAHHBIX KPBIC. YMEHBIIICHUE
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Puc. 3. ismeHeHust nuamerpa KpymnHbix (60—80 MKkM) 1 Menkux (<20 MKM) MUAbHBIX apTePUii TPY AEHCTBUN
rnbenkinamuna (Glib) u anerwixonuna (Ach) Ha done rubGeHknamuna. KoHTpoib — JIOXHOOMEPUPOBAaH-
Hble KpbIcbl, NE —He(dpaKkTOMUpOBaHHBIK KpbIChl. IcxoqHbIN tuameTtp apTepuii mpuHsT 3a 100%. * — p < 0.05;
#—p<0.01.

Fig. 3. Changes in the diameter of large (60—80 um) and small (<20 pm) pial arteries under the action of gliben-
clamide (Glib) and acetylcholine (Ach) against the background of glibenclamide. Control — false-operated rats,
NE — nephrectomized rats. The initial diameter of the arteries is taken as 100%. * — p < 0.05; # — p < 0.01.

JauameTpa MeJKux aprepuit nox aeiictBuem ITIT y KOHTPOILHBIX XXUBOTHBIX COCTABUIIO
9.3+ 1.1%, y HedpakTomupoBaHHbIX — 3.7 + 0.6%.

OBCYXIEHMUME PE3YJIbTATOB

B perynasiuuyu M03roBoro KpoBOoToKa MPUHUMAIOT y4yacTUE HEHPOTEHHbIE, TyMOpalb-
HbIe, a TAaKXKe DHAOTEINI-3aBUCUMbIE U SHAOTE/INI-HEe3aBUCUMBIC JIOKAJIbHBIC MEXaHU3-
Mbl. [TOTOK KpOoBM 3aBUCUT HE TOJILKO OT pacIIUPEHUsT apTePUOJI, HEMMOCPEACTBEHHO T1e-
pexonsdiux B KaluuIsIpHOE PYCiIo, HO TaKXe OT paclIMpeHus 00jiee KPYITHbIX apTepuit
[16]. UMeroTcs 3KCIepUMEHTabHBIE TaHHBIE, JOKA3bIBAaIOIIME, YTO SHIOTEIUI Liepe-
OpaJibHBbIX apTepUil MOXET UTPaTh IJIABHYIO POJib B MPOBEAESHNUU IUJIATATOPHOTO OTBETA
BIIOJIb COCYIMCTOTO pycJia OT MEJIKMX apTepuii K 60jiee KpyHbIM [17]. CuHTE3 1 Bblaeie-
Hue NO 3HIOoTeMaTbHBIMU KJIETKAMU SIBJISIETCSI OTHUM M3 OCHOBHBIX (haKTOPOB MECT-
HOIi peryisiiuu ToHyca liepeOpalibHbIX apTepuii 1 MO3roBoro Kposortoka [18, 7]. B Ha-
eM ucciegoBaHuu Mol usydanu NO- u H,S-onocpegoBaHHble MEXaHU3MBI PETYIISILIUU
TOHYca LepedpalbHbIX apTepuil y Kpbic ¢ Moaeabio XbI1. B mpouecce paboThl Mbl U3Me-
pSITA TMaMeTphl BCeX MTUAaIbHBIX apTepUii, HO B TaHHOW MyOJUKaIIMU TTPECTaBICHbBI pe-
3yJbTAaThl UCCIEIOBAHUS TOJILKO KPYIHBIX apTepuii (muamerpoMm 60—80 MKM), KOTOphIE
BBITIOJTHSIIOT TTPEUMYIIECTBEHHO (DYHKIIMIO KOJUIEKTOPOB, U MEJIKUX (IMaMEeTPOM MeHee
20 MKM), OCYIIECTBISIOIIMX PE3UCTUBHYIO (PYHKIIUIO B CIOXKHON COCYIMCTON CeTu
mosra [19]. PesynbTaThl McciaemoBaHUsl MOKa3aid, YTO alETWIXOJWH, SIBSIONIUICS
KJIaCCUUYECKUM aKTUBAaTOpoM sHnortesnaabHoil NO-cuHTasbl [20], okas3biBaeT Mperumy-
1LIECTBEHHO IWJIATaTOPHBIN 3((DEKT Ha MUaIbHbIE apTepUM KPbIC KOHTPOJIBHOU TPYIIIHI,



POJIb NO 1 H,S B PETVJIALMHN TOHYCA HEPEBPAJIbHBIX COCYIOB 1009

150

* 0 60—80 um

140 - @ <20 pm

—

(78]

o
T

—

[\

=)
T

Diameter, %
[
—
(a)
T
—t

——
——

100 |- -

90

80

Control + NaHS NE + NaHS
Control + L-NAME + NaHS NE + L-NAME + NaHS

Puc. 4. UsmeHeHust auametpa KpymHbIx (60—80 MKM) 1 Mekux (<20 MKM) MUATbHBIX apTepUil Mpu AeCTBUN
ruapocynbduaa Harpust (NaHS) u ruapocynbsbuna Hatpusi Ha pore L-NAME. KoHTpoJsb — JI03KHOONIEpUpPO-
BaHHBIE KpbIChl, NE —HedpakToMupoBaHHbIe KpbIChl. 3a 100% NpUHAT UCXOMXHBII qruaMeTp aptepuii (riepBast
U TPEThsl Mapa CTOJOMKOB) U AuaMeTp apTepuii mocie Bosneiictsust L-NAME (BTopast u yeTBepTas nmapa croi-
6ukoB). * — p < 0.01.

Fig. 4. Changes in the diameter of large (60—80 wm) and small (<20 um) pial arteries under the action of sodium
hydrosulfide (NaHS) and sodium hydrosulfide against the background of L-NAME. Control — false-operated
rats, NE — nephrectomized rats. The initial diameter of the arteries (the first and third pair of columns) and the diame-
ter of the arteries after exposure to L-NAME (the second and fourth pair of columns) are taken as 100%. * — p < 0.01.

MPU 3TOM MaKCUMaJIbHas TUJ1aTalius ObLj1a 3aperucTpupoBaHa B MEJIKUX apTepusix (puc. 1).
IMpenBapurenbHas anrmnukaius L-NAME 3HauuTenbHO yMmMeHbIIasia WU TTOJTHOCTBHIO
MOJABJIsIa AUJIATATOPHBIN OTBET apTepUii Ha alleTUIIXOJIMH, 3TO CBUIETEILCTBYET O TOM,
YTO OCHOBHBIM (haKTOPOM, CITIOCOOCTBYIOIIMM NMJIATAIIM TMUATBHBIX apTepuil KphIC B
dusnonorndyeckux ycioBusx, saBisietcss NO. YV HedpaIKTOMUPOBAHHBIX KPBIC PEaKIIMsI
OOJILIIIMHCTBA apTepUit Ha allETUIIXOJIUH MPOSIBIISIIACH B BUIE KOHCTPUKIIMU. B KpYITHBIX
apTepusix (82% OT McCaenOBaHHBIX) CTENIEHb YMEHBIIEHUS TraMeTpa Obljla MUHUMAJTb-
HOWM M 4aCTO HEIOCTOBEPHOM, B MeJIKUX apTepusix (73% OT ucCaeI0OBaHHBIX) B CPEIHEM
cocrapisina 11.3 £ 0.8% ot ucxogHoro auametpa. Takke MBI MOKa3ajau, YTO HHTUOUTOPD
NO-cunTasbsl — L-NAME y He()p3KTOMUPOBAaHHBIX KPBIC HE MIPUBOJIUT K JTOCTOBEPHBIM
M3MEHEHMSIM quaMeTpa. DTH JaHHBIE CBUAETEILCTBYIOT O TOM, YTO Y HE()PIKTOMUPOBAHHBIX
SKMUBOTHBIX B [IepeOpaIbHBIX apTePUsIX TTPOUCXOIUT MHrMOoMpoBaHre NO-CHUHTa3bI.

OTCyTCTBUE alleTUIXOJIVMH-UHAYIUPYEMON AUjIaTallMi B OOJBIIMHCTBE IepeOpasib-
HBIX apTepuil OO0BbsCHseTCa MHruoupoBaHmeM NO-CHUHTa3bl, HO B 3THUX apTEepUsIX y
HedDPIKTOMUPOBAHHBIX KPBIC TIPU IEMCTBUU alleTUIIXOJIMHA ObllIa 3aperMcTpUpOBaHa Ba-
30KOHCTPUKILIMS. MexaHU3M KOHCTPUKIIMU LiepeOpabHbIX apTepuii HE(PIKTOMUPOBAH-
HBIX KPbIC Ha alleTWJIXOJUH TTOKa He M3y4yeH. Mbl MPEAnoa0XWIN BO3MOXHOE yJyacThe
MeTabOoJIMTOB apaxua0BOM KUCIOTHI B aKTUBALIMM COKPAIIEHUI TJIAIKOMBIIIEYHBIX KJe-
TOK. MBI MTHTUOMPOBAIN 1IMKJIOOKCUTEHA3y MHIOMETALIMHOM M Ha (DOHE UHIIOMETAlIMHA
anTUIMLIMPOBAIN alleTWIXoNuH. [IpenBapurebHOE BBeIeHUE MHIOMETallMHA HE OKa3bl-
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BaJIO 3HAYMMBIX 3((HEKTOB B KPYMHBIX 1LIepeOpalbHbIX apTepusiX He(PIKTOMUPOBAHHBIX
KpBIC, 2 B MEJIKHUX — TPUBOIWJIO K YMEHBIIIEHUIO aMIUIMTYIbl WY TTIOJABJICHUIO Ba30H-
CTpUKLIMU. MBI MpearnosaraeM, 4YTo B KOHCTPUKIIMU MEJIKUX apTepuii HeppaIKTOMUPO-
BaHHBIX KPbIC TIPU IEHCTBUM alETWIXOJIMHA MTPUHUMAIOT y4acTHe TIPOCTAaHOUIbI, 00Ja-
HIalolre KOHCTPUKTOPHBIMU CBolicTBaMu, B yacTHOCTHU, 20-HETE, saBastommiicst Mor-
HbIM Ba30KOHCTPUKTOpPOM. Tak, npu oOcjieloBaHUU MALMEHTOB C Mporpeccupyloleit
XBII Ob1710 BBISIBIIEHO 3HAUYUTEIbHOE yBeauyeHue KoHueHTpauuu 20-HETE B paznuu-
HBIX OpraHax W, B YaCTHOCTH, B CTEHKE KPOBEHOCHBIX COCYIOB. ABTOPbI UCCJIeIOBaHUS
YCTAaHOBWJIM, YTO TIOJ BJIMSIHUEM YPEMMYECKUX TOKCMHOB METa0O0JIM3M apaxujoHOBOM
KuCJIOTH cMmemmaercs B monb3dy CYP4F2, akTMBHOCTH KOTOPOTO IIPUBOIUT K 0Opa3oBa-
Huto u3dsiTounoro koiaudectsa 20-HETE [21].

IMpumenenue noHopa NO — HATpPOIIpycCUaa HATPUS TTOKA3aJI0, YTO U B KPYITHBIX U B
MEJIKMX apTepUsIX Pa3BUBAETCS BhIpaKeHHAs! SHIOTeINIi-He3aBucuMasi mutatamus. [pu
5TOM JUaMETP MEJKUX apTepuil yBeIMUMBaJICs B cpeaHeM Ha 93.4 £ 5.2%. Y HedppakTo-
MHPOBaHHBIX KPbIC AUJIaTaTOpHas peakuus LepeOpaabHbIX apTepUili Ha HUTPOMPYCCHUL
HaTpusl ObLIa 3HAYUTEBHO ciabee (yBeJMUeHUe IMaMeTpa MEJKUX apTepuii COCTaBUJIO B
cpernHeM 47.6 = 2.7% oT UCXOMHOTO YPOBHS ). 3HAYNUTEbHOE OcIabieHe TUIaTaTOPHBIX
peakiuii Ha 9k3oreHHbIt NO B 11epeOpabHBIX apTeprsiX He(PIKTOMUPOBAHHBIX KPBIC
CBUETEJIBCTBYET O HAPYIIEHUSIX B CUTHAIBHOM ITyTH (MJIM B COKPATUTETBLHOM MEXaHW3-
Me€) B IJIaIKOMBIIIEUHBIX KJIETKaX apTepuil 3TUX XKMBOTHBIX. MBI MPEATOIOXUIN, YTO B
[JIaIKOMBIIIEUHBIX KJIETKaX apTepuii He(p3IKTOMUPOBAHHBIX KPbIC HapyllleHa CUTHaJIb-
Hag uenouka pI I—uIM®—ATd-uyscTBuTenbHbIe K -Kanans! (mpotennkunasa G).

C 1enbio ucciieoBaHUs CUTHAJILHOTO MYTU, akTUBUpYeMoro NO B IJ1afKOMbBIIIIEYHBIX
KJIeTKax LepedpalibHbIX apTepuil (pacTBopumas ryaHuiaaruukiasa (pI'll) — uukiuue-
cKkuit ryaHosuHMoHodochat (UTM®d) — ATdD-uyscTBUTEaBHBIE K -KaHAIBI), MBI TIPU-
MEHSUIM METWJICHOBBI CUHUM, sIBystiolmiicss uHruouropom pI'Ll. deiicTBrie METUIEHOBOTO
CHMHETO Ha 1iepeOpalibHbIe apTEPUN KOHTPOJIbHBIX KPBIC MPOSIBIISIIIOCh B BUAE KOHCTPUKIIMU
(maMeTp KpYITHBIX apTepuii yMeHbIica Ha 13.8 + 1.6%, menkux — Ha 19.3 + 1.5%). [1pu-
MEHEHUE alleTUIXOJIMHA Ha (hOHE METUIIEHOBOTO CUHETO HE MPUBOIWIO K 3HAYUMBIM U3-
MEHEHMSIM JuaMeTpa liepeOpaibHbIX apTepuil JIOXKHOOMEPUPOBAHHBIX KpbIc. Peakiium
KPYIMHBIX U MEJIKMX LiepeOpaibHbIX apTepuili HEHPIKTOMUPOBAHHBIX KPBIC HE OT/IMYa-
JICh OT peakivii apTepuii JIO(KHOOIIEPUPOBAHHBIX XXUBOTHBIX. [IpMeHEeHMEe alleTUIXO-
JIMHA Ha (poHE METUJIECHOBOTO CMHEr0 B MEJIKUX apTepUsIX MPUBEJIO K TOMOTHUTEIbHOM
KOHCTPUKIIUM (AUaMeTp yMeHbIicsa Ha 25.8 = 2.1%). CpaBHeHHe TaHHbBIX TTOKA3bIBa-
€T, YTO B MEJIKUX apTepusiX He(hpIKTOMUPOBAHHBIX KPbIC MEXAaHU3MBbI TWJIaTALIMU OCJ1ab-
JIEHBI, MpeodsanaeT KOHCTPUKLIMS. DKCIEPUMEHTATbHOE WHTMOMPOBAHUE OIHOTO U3
MexaHu3moB Bazoauiaataiuu (NO — pI'll - uI’'M®) conpoBoxnaeTcs Y He(ppIKTOMU-
POBAHHBIX KPbIC BBIPAXXEHHOM KOHCTPUKLMEH. DTO, BEPOSITHO, CBSI3aHO C TEM, UTO U
Npyrve MeXaHU3Mbl Bazoauiataluuu (poctTauukianH- 1 DI d-onocpenoBaHHbIE), KOTO-
pbie B HOpME B 3HAYUTEIBHOM cTelleHr KoMIieHcupyroT aeunut NO [22, 23], pyHKIM-
OHHPYIOT HemocTaTo4HO 3ddeKTuBHO. OO0 MHIMOMPOBAHUM MEXaHM3MOB IMIATAlIK
TIPY YPEMUU CBUNIETEJILCTBYET TAKXKE OTMEUEHHBIH BbIllle (DaKT, YTO alleTUIIXOJTUH-UHIY -
1MpyeMasi Ba3oaujiaTaliusi, BbISIBIsieMass ¥ KOHTPOJIbHBIX KUBOTHBIX B (DU3MOJOTHUYE-
CKUX YCJIOBUSIX, CMEHSIETCSI Y HEP(DIKTOMUPOBAHHBIX JKUBOTHBIX HA alleTUIXOJUH-UHIY -
LMPYEeMYI0 BA30KOHCTPUKIIUIO.

MsI Taxxke ucciaenoBamu poib AT®-uysctBuTensHbix K'-kananos rmamkomsrmed-
HBIX KJIETOK B JWJIaTalluU LiepeOpajbHbIX apTepUil y KOHTPOJIbHBIX U HE(PPIKTOMUPO-
BaHHBIX KPBbIC. Bbruio YCTAHOBJICHO, 4YTO amIlJIMKaLns FJ]I/I6CHKJ'[aMl/l,£la, SABJISIIOLLIETOCS
61okatopoM AT®-uyBcTBUTENbHBIX K -KaHaOB, conmpoBoxIaeTcss KOHCTPUKLMEN ap-
Tepuii B 00eux rpyIrimnax JKMBOTHBIX, IIPU 3TOM CTEIICHb CY>XKEHUSI Y KOHTPOJIbHBIX XXUBOT-
HBIX ObLIa 3HAUYUTEIBLHO OOJIbIIIE TI0 CPAaBHEHUIO C HEDPIKTOMUPOBAHHBIMU. DTHU TaH-
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HBIE TTOKa3bIBaIOT, 4yTo AT®-uyBcTBUTENbHBIE K -KaHAbI TagKOMBIIIEYHBIX KJIETOK B
GU3NOTOTUYECKUX YCIOBUSX MPUHMUMAIOT YYacTUe B CHMXKEHUU TOHYCa liepeOpaibHbIX
apTepuii, MO-BUAMMOMY, Oyay4ud aKTMBUPOBAHHBIMU CIIOHTAHHO TpoayLupyeMbiM NO
(curHanpHas nenouka: NO — pI'll - uITM® — AT®-uyscTBUTeNbHBIE K -KaHabI).
Panee npu uccienoBanuu GyHkuunii NO B apTepusix pa3IUUHbIX OPTaHOB y Pa3HBIX KU-
BOTHBIX OBLJIO TTOKA3aHO, YTO Y 3MI0POBBIX XXKUBOTHBIX SHIOTEJIMI TTOCTOSTHHO MPOIYIIUPYET
NO, BbICBOOOXIEHE KOTOPOTO MOXET BO3pacTaTh MpU ACHCTBUU Pa3IUUHBIX Usnue-
CKUX 1 XMMU4YeCcKUX (pakTopoB [24, 25]. HakomieHre ypeMrudeCcKX TOKCUHOB y He(pIK-
TOMUPOBAHHbBIX XWBOTHBIX MPUBOAUT K MHruoupoBaHuio NO-CUHTa3bl, YMEHBILIEHUIO
KoJn4decTBa rpoayupyemoro eio NO u ocitabneHuio aktuBanui AT@-4yBCTBUTETbHBIX
K" -kananoB kierok. Takxke ecTh OCHOBAHMS IOJIATaTh, YTO Y HEMPIKTOMUPOBAHHBIX
KpBIC CHMXeHa TUIoTHOCTh AT®-uyBcTBUTENbHBIX K -KaHamoB Ha MeMOpaHe TIamko-
MBIILIEYHBIX KJIETOK 1IepeOpaIbHBIX apTEPUIi I UX YYBCTBUTEIBHOCTb K Ba30aKTUBHBIM
BelllecTBaM (B HaIlIMX SKCIIEPUMEHTAX B MEJIKUX apTepusix He(hpIKTOMUPOBAHHBIX KPbIC
peakuus Ha nuHauuaua (aktusatop ATd-uyscTBUTENBHBIX K -KaHanoB) 6bI1a mocTO-
BEpPHO MEHbIIIE MO0 CPABHEHUIO C peakliMii apTepuii KOHTPOJIbHBIX KMBOTHBIX). PaHee
MPY UCCJIeIOBAHUM M30JIMPOBAHHBIX KOJIell OpbIXKeEUHbIX apTepuii HehpIKTOMUPOBAH-
HBIX KPBIC TAKXKE ObLTY BBISIBIIEHBI HAPYIIEHNSI MEXaHM3MOB Ba30njIaTalliv, KOTOPbIE aBTOPbI
OOBSICHSIIOT IEHICTBUEM YpeMUYeCKX TOKCHOB Ha AT®-uyscrBuTensHble K -kaHaner Mem-
OpaHBbI TJIaAKOMBbIIIEYHbBIX KJIETOK apTepuii [26].

HcciemoBaHus TOCIEIHEr0 NeCSTUIECTUS TOKA3bIBAIOT, YTO B HOPMAJIbHBIX YCIOBUSIX
B Pa3JIMYHbIX TKaHSIX XXUBOTHBIX U yesoBeka obpasyercss H,S, KOoTopblit UrpaeT BaKHYIO
POJIb B PETYyJISINUY AeSITeIbHOCTM MHOTUX CUCTeM U opraHoB [27]. B wacTtHocTH, B cep-
neyHo-cocynucroi cucteme H,S obpasyercss B Ii1aiKOMBILLIEYHBIX KJIETKAX, SHIOTEIU-
aJIbHBIX KJIETKaX COCYIOB M KapAMOMHUOIIUTAaX U 00J1afaeT aHTUOKCUIAHTHBIMU, aHTUA-
MONTOTUYECKUMU, IMPOTHUBOBOCHAIMUTEILHBIMU U Ba30aKTUBHBIMM CBOMcTBaMu [28].
NmeroTcs naHHbIE O TOM, YTO HapyLUeHUs] B 00pa3oBaHMU U 6uogoctynHoctu H,S sBisi-
€TCsl BaXKHBIM TTO0Ka3aTesieM MOBPEXISHUS SHIOTEINATbHBIX KJIETOK U 9HA0TETUATbHOMN
nuchyHkuuu [28, 29]. ¥V maunentoB ¢ XBII u y xxuBoTHBIX ¢ Monesbio XBIT BbisiBIeHO
cHuXeHue KoHueHTtpauuu H,S B 6uonormueckux xuakoctsx [30, 31]. JlobasieHue no-
HOPOB CEpOBOIOPO/Ia MPUBOAUT K TTOBBIIIIEHNIO CEPOBOIOPOAA B IJIa3Me KPOBU 1 TTOBbBI-
meHuto akTuBHOcTU eNOS, uyTo compoBoxmaeTcs cHiKeHueM AJl u yaydineHueMm
GyHKUMM nmoyek [32]. B HaieM ucciaenoBaHUM Mbl U3ydajiu peaklUuy LepeOpabHbIX ap-
TepUil KOHTPOJIBHBIX U HE(DPIKTOMUPOBAHHBIX KPBIC Ha 3K30reHHbIit H,S, MexaHu3Mbl
€ro JeiCTBUS Ha apTEPUU U BO3MOXHOCTb 00pa3zoBaHus aHnoreHHoro H,S B cTeHke ap-
Tepuii. Mbl ipuMmensu NaHS B kontieHTpatmu 30 MKM, OCKOJIBKY paHee OBUIO IIOKA3aHo,
yTo KOoHIeHTparws H,S B m1a3Me KpoBU KPBIC pa3HBIX TUHUN cocTaBisteT 10—46 MxM [33].
Bbbeuto ycraHoBieHo, yto aoHop H,S — NaHS npuBogun x auwnatauuu OOJbLIMHCTBA
M3YyYEHHbIX LiepeOpalibHbIX apTeprii. MakcuMaibHast fujaTalys Obljaa 3aperucTpupoBa-
Ha B MEJIKUX apTepUsIX, UX JUAMETP YBEIUIUIICS B cpemHeM Ha 36.2 + 1.9%. Y HedbpakTO-
MUPOBaHHBIX KPbIC YBEJIMUEHUE AUaMeTpa MeJIKuX aptepuit npu Aeiictsuu H,S cocraBu-
0 10.2 = 1.1%.

B nocnenHue roasl NosiBasieTcs Bee 60bllle CBUAETENbCTB Toro, uto H,S 1 NO He gB-
JISIFOTCS] HE3aBUCUMBIMU PETYJISITOPAMU, HO UMEIOT MePEKPhIBAIOLIMECS CUTHAJIbHBIE Y-
™™ TpaHcaykumu. H,S 1 NO He TonbKo BAMSIIOT HA OMOCUHTE3 OPYT ApYyra, HO Takxe
TMPOU3BOJSIT HOBbIE BUbI CUTHAJIbHBIX MOJIEKYJI [TOCPEACTBOM XMMUYECKOTO B3aUMOIeii-
ctBus [34]. Xopoluo usBectHo, uto H,S MoxeT yBennuuBath akTuBHOCTh eNOS u, cie-
IOBaTEJIbHO, MOCeAYIONLY0 MpoayKinio NO HernocpeacTBEHHO UM Yepe3 CUTHATbHBIN
nyte AMPK/Akt. B sHnorenuanbHbix kietkax H,S yBenunuusaer obpazoanue NO B 1Ba
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pasa nocpeactsoM aktuBauuu eNOS [35]. Ectb nannsble, uro H,S MoxeT ycunusarh ak-
tuBHOCTH eNOS mytem S-cynabbruapataunu. M3BectHo, yTo NO BbeIpabaThIBa€TCS TOTb-
ko numepamu eNOS. H,S cnoco6erByer obpazoBaHuto numepa eNOS 1151 yBeanueHust
obpazoBanust NO. B cBorwo ouepenb, NO moBBIIIIaeT aKTUBHOCTh 1 3Kcmpeccuio CSE,
YTO BeIeT K yCWIeHuIo BeipaboTku H,S [29, 36] OnHako B 1uTepaType UMEIOTCS U ApY-
rue naHHole o B3aumopeiictsun H,S u NO. Tak, npu rcciienoBaHuu OpbXKEEUHBIX apTe-
puii MbILIelt ObUTO MOKa3aHo, YTO NpeaBapuTeIbHast oopaboTtka cocynos H,S nmpusoaniia
K CHIDKEHMIO BazopenakcaHTHOro 3¢ dekra Hutporpyccuaa Hatpus [37]. [IpumepHo Ta-
K€ Xe pe3yJbTaThl ObIJIM MTOJIy4eHBI IIPU UCCIIeIOBaHUU aoPThI KpbIc [38].

Kaxk 6pu10 oT™MeueHo Boiie, L-NAME npuBonni K KOHCTPUKIINHT 1iepeOpaTbHBIX ap-
Tepuii. MakcuMaabHOE YMEHbBIIIEHE IMaMeTpa HaOMoaaIn B MeJIK1UX apTepusx. Jlodas-
nenue H,S Ha done neiicteust L-NAME BbI3bIBaio AusiaTallio COCy10B, aMIUIMTYAA KO-
TOpoii OblIa MeHblle 1o cpaBHeHUIO ¢ 3ddekTom H,S B pactBope Kpebea (puc. 4).
Menbluuit nunaratopHbiii apdexr H,S Ha uepepedpanbHble apTepuu NMpU CHUXKEHUU
npousBoacTBa NO cBUAETEIBCTBYET O TOM, YTO YacTh 3TOro a¢dekra B pusnogornye-
CKMX ycloBMSIX peaynsyercst ¢ yuacteM NO. OcnaGieHue nuiataiyy MeJKUX apTepuit
He(dPIKTOMUPOBAHHBIX KPbIC MPU AeiicTBUU H,S MOXKHO 4aCTUYHO OOBSICHUTD UHTUOUPO-
BaHMEM Yy 3TUX XUBOTHBIX eNOS 1 npoaykireid MeHblero Konudectsa NO, KOTOpbIit He-
ob6xonuM 11 peantv3aliuu qunaratropHoro acddexkra H,S. Panee npu uccienosanuu aHao-
TeJMAJbHBIX KJIETOK IyMOYHOI BEHbl ObUIO NOKa3aHo, uTo H,S ctumysnpyer BbIpabOTKY
NO u 3a1IMIIaeT SHAOTEIUOLUTHI ITyTeM MHAYKLINHU curHaabHoro nyt Akt/eNOS [39].

B 3akimtounTeIbHOM CepUM 9KCIIEPUMEHTOB Mbl OLIEHUJIV CITOCOOHOCTD KJIETOK CTEHKH 1ie-
pedpaibHBIX apTepuit poayuupoBaTh sHAoreHHbIt H,S. M3BecTHO, 4TO OCHOBHBIMU hep-
MEHTaMH, oOpa3ylIlMMU B cocyaucToil creHke H,S, sBisioTCS LMCTaTMOH-Y-TWas3a
(CSE) n uucrarnon-p-cunraza (CBS) [40]. B Hamux ombitax Mbl nHruGuposaiu CSE
TMOCPEACTBOM 00aBIC€HUS B allTUIMLIMPYEMBbII1 paCTBOP MPONapruirjuliMHa — CEJIEeKTUB-
Horo uHruourtopa CSE [41]. Bbuto ycTaHOBJIEHO, YTO MPOMAPTUWITIUIAH TTPaKTUIESCKU
He OKa3bIBaJl BIIUSTHUSI HA KPYITHBIC 1IepeOpaibHbIe apTepUU U MPUBOAMI K BIpaXKeHHO
IUIaTalu MEJIKUX apTepuil y KOHTPOJIbHBIX XKMBOTHBIX. YMEHbIIIEHUE TUaMeTpa MeJl-
KMX apTepuil y HePIKTOMUPOBAHHBIX KPbIC ObLIO HE3HAYMTENbHBIM U YaCTO HEIOCTO-
BepHbIM. [losyyeHHbIe JaHHbIE MOKa3aIM HAJIMYKE B CTEHKE MEJIKMX LIepeOpaibHbIX apTepuit
kpbic CSE u 6azanbHoil nponykumu ero H,S B pusnonornyeckux ycnoBusix. Ypemusi, Xxapak-
TepHasl 11 HePIKTOMUPOBAHHBIX XUBOTHBIX, UHTMOUpyeT nponykuuio H,S B cTreHke
MEJIKUX 1iepeOpabHbIX apTepril KPbIC.

Mpr1 npuxoauM K 3akiaodeHu1o, yTo XbII cnocobcTByeT ocinablieHUIo SHIOTeNrii-3a-
BUCUMBIX U 3HAO0TeIuii-He3aBucuMbIx NO- 1 H,S-onocpenoBaHHBIX TUaTaTOPHBIX pe-
aKUUi B IepeOpaIbHBIX apTEPUSIX.

NCTOYHUK ®NHAHCHUPOBAHUA

JaHHoe uccienoBaHue BbIMOMHEHO B paMkax TeMbl Ne FMUG-2019-0001, Ne roc. perucrpaiuu —
AAAA-A18-118050490045-3.

CITUCOK JIMTEPATYPHI

1. Imtiaz S., Salman B., Qureshi R., Drohlia M., Saudi A. A review of the epidemiology of chronic
kidney disease in Pakistan: A global and regional perspective. J. Kidney Dis. Transpl. 29(6):
1441—1451. 2018.

2. Muntner P., He J., Hamm L., Loria C., Whelton P. Renal insufficiency and subsequent death re-
sulting from cardiovascular disease in the United States. J. Am. Soc. Nephrol. 13(3): 745—753.
2002.



POJIb NO 1 H,S B PET'VJIA AWMU TOHYCA HEPEBPAJIbHBIX COCYJOB 1013

(95}

AN bk

10.

11.
12.

14.

20.

21.

22.

23.

24

26.

. Chillon J-M., Massy Z., Stengel B. Neurological complications in chronic kidney disease pa-

tients. Contrib. Nephrol. 179: 1—6. 2013.

. Toyoda K. Cerebrorenal interaction and stroke. Cardiol. Res. Pract. 179: 1—6. 2013.
. Lau W., Huisa B., Fisher M. The cerebrovascular-chronic kidney disease connection: perspec-

tives and mechanisms. Transl. Stroke Res. 8(1): 67—76. 2017.

. Hainsworth A., Oommen A., Bridges L. Endothelial cells and human cerebral small vessel dis-

ease. Brain Pathol. 25(1): 44—50. 2015.

. Faraci F. Role of endothelium-derived relaxing factor in cerebral circulation: large arteries vs.

microcirculation. Am. J. Physiol. Heart Circ. Physiol. 261: H1038—H1042. 1991.

. Atochin D., Demchenko 1., Astern J., Boso A., Piantadosi C., Huang P. Contributions of endothe-

lial and neuronal nitric oxide synthases to cerebrovascular responses to hyperoxia. J. Cereb.
Blood Flow Metab 23: 1219—1226. 2003.

. You J., Johnson T., Marrelli S., Bryan R. Functional heterogeneity of endothelial P2 purinocep-

tors in the cerebrovascular tree of the rat. Am. J. Physiol. Heart Circ. Physiol. 277: H893—
H900. 1999.

Marrelli S. Altered endothelial Ca2+ regulation after ischemia/reperfusion produces potentiat-
ed endothelium-derived hyperpolarizing factor-mediated dilations. Stroke. 33: 2285-—2291.
2002.

Tang G., Yang G., Jiang B., Ju Y., Wu L., Wang R. H,S is an endothelium-derived hyperpolar-
izing factor. Antioxid. Redox Signal. 19(14): 1634—1646. 2013.

Hill R., Tong L., Yuan P., Murikinati S., Gupta S., Grutzendler J. Regional blood flow in the nor-
mal and ischemic brain is controlled by arteriolar smooth muscle cell Contractility and not by
capillary pericytes. Neuron. 87(1): 95—110. 2015.

. Alesutan I. Augmentation of phosphate-induced osteo-/chondrogenic transformation of vascu-

lar smooth muscle cells by homoarginine. Cardiovasc. Res 110(3): 408—418. 2016.

Cmupnos A.B., Jlo6poupasos B.A., Heeopomun A.U., Xoxnoe C.E., Cunosckuii B.I., bapabanosa B.B.,
Yegyy C.I., 2Knoba A.A., baawko D.JI. TuneproMoLnuCTeUMUsl yCYryOJsieT MOBPEXKICHMS
HedpoHa MpH IKCIePUMEHTATILHOM XPOHUYECKOM MoYyeuyHol HemoctatouHocTu. Hedpoo-
rust. 9(4): 67—74. 2005. [Smirnov A.V., Dobronravov V.A., Nevorotin A.1., Khokhlov S.E., Sipov-
sky V.G., Barabanova V.V., Chefu S.G., Zhloba A.A., Blashko E.L. Hyperhomocyst Greedyemia
aggravates nephron damage in experimental chronic renal failure. Nephrology. 9(4): 67—74.
2005. (In Russ)].

. Bonev A., Nelson M. ATP-sensitive potassium channels in smooth muscle cells from guinea pig

urinary bladder. Am. J. Physiol. 264(5 Pt 1): 1190—1200. 1993.

. Segal S. Communication among endothelial and smooth muscle cells coordinates blood flow

control during exercise. News Physiol. Sci. 7: 152—156. 1992.

. Horiuchi T., Dietrich H., Hongo K., Dacey R. Mechanism of extracellular K+-induced local and

conducted responses in cerebral penetrating arterioles. Stroke. 33: 2692—2699. 2002.

. ladecola C. Neurovascular regulation in the normal brain and in Alzheimer’s disease. Nat. Rev.

Neurosci. 5: 347—360. 2004.

. Avolio A., Kim M., Adji A., Gangoda S., Avadhanam B., Tan I., Butlin M. Crebral haemodynam-

ics: effects of systemic arterial pulsatile function and hypertension. Curr. Hypertens. Rep. 20(3):
20—25. 2018.

Han J., Chen Z., He G. Acetylcholine- and sodium hydrosulfide-induced endothelium-depen-
dent relaxation and hyperpolarization in cerebral vessels of global cerebral ischemia-reperfusion
rat. J. Pharmacol. Sci. 121(4): 318—326. 2013.

Afshinnia E, Zeng L., Byun J., Wernisch S., Deo R., Chen J., Hamm L., Miller E., Rhee E., Fischer M.,
Sharma K., Feldman H., Michailidis G., Pennathur S. Elevated lipoxygenase and cytochrome P450
products predict progression of chronic kidney disease. Nephrol. Dial Transplant. 35(2): 303—312.
2020.

Yada T., Shimokawa H., Tachibana H. Endothelium-dependent hyperpolarization-mediated
vasodilatation compensates nitric oxide-mediated endothelial dysfunction during ischemia in
diabetes-induced canine coronary collateral microcirculation in vivo. Microcirculation. 25(5):
e12456. 2018.

Mokhtar S., Vanhoutte P., Leung S., Yusof M., Wan Sulaiman W., Mat Saad A., Suppian R., Ra-
sool A. Endothelium dependent hyperpolarization-type relaxation compensates for attenuated
nitric oxideémediated responses in subcutaneous arteries of diabetic patients. Nitric Oxide. 53:
35—-44.2016.

. Bohlen H. Nitric oxide and the cardiovascular system. Compar. Physiol. 5(2): 808—823. 2015.
25.

Giles T., Sander G., Nossaman B., Kadowitz P. Impaired vasodilation in the pathogenesis of hy-
pertension: focus on nitric oxide, endothelial-derived hyperpolarizing factors, and prostaglan-
dins. J. Clin. Hypertens. (Greenwich). 14(4): 198—205. 2012.

Kalliovalkama J., Jolma P., Tolvanen J., Kohunen M., Hutri-Kohuynen N., Saha H., Tuorila S.,
Moilanen E., Pursti I. Potassium channel-mediated vasorelaxation is impaired in experimental
renal failure. Am. J. Physiol. 277(4): H1622—H1629. 1999.



1014 JIOBOB, COKOJIOBA

27.

28.
29.
30.

31.

32.
33.
34.

35.
36.

37.
38.

39.

40.

41.

Yepmok B.M., Kouytoba A.E. DHnoTenMalbHblil (MHTUMHBI1) MEXaHU3M PETYJISILIMU MO3TOBOM
reMOIWHAMUKU: TpaHchopMauusl B3MISIAOB. TUXOOKEaHCKMIE Men. XypH. 2: 17—26. 2012.
[Chertok V.M., Kotsyuba A.E. Endothelial (intimal) mechanism of cerebral hemodynamics
regulation: changing views. Pacific Med. J. 2: 17—26. 2012. (In Russ)].

Kanagy N., Szabo C., Papapetropoulos A. Vascular biology of hydrogen sulfide. Am. J. Physiol.
Cell Physiol. 312(5): C537—C549. 2017.

Sun H., Wu Z., Nie X., Bian J. Role of endothelial dysfunction in cardiovascular diseases: the
link between inflammation and hydrogen sulfide. Front. Pharmacol. 10: 1568. 2020.

Perna A., Lanza D., Sepe 1., Di Nunzio A., Conzo G., Satta E., Capasso G., Ingrosso D. Vasodila-
tation caused by endogenous hydrogen sulfide in chronic renal failure. J. Ital. Nefrol. 30(2): 18—
25.2013.

Perna A., Luciano M., Ingrosso D., Raiola I., Pulzella P, Sepe 1., Lanza D., Violetti E., Capasso R., Lom-
bardi C., De Santo N. Hydrogen sulfide, the third gaseous signaling molecule with cardiovascu-
lar properties, is decreased in hemodialysis patients. J. Ren. Nutr. 20(5): S11—-S14. 2010.
Pushpakumar S., Kundu S., Sen U. Hydrogen sulfide protects hyperhomocysteinemia-induced
renal damage by modulation of caveolin and eNOS interaction. Sci. Rep. 9(1): 2223. 2019.
Wang R. The gasotransmitter role of hydrogen sulfide. Antioxidants & Redox Signal. 5(4): 493—
501. 2003.

Testai L., D’Antongiovanni V., Piano 1., Martelli A., Citi V., Duranti E., Virdis A., Blandizzi C.,
Gargini C., Breschi M., Calderone V. Different patterns of H2S/NO activity and cross-talk in the
control of the coronary vascular bed under normotensive or hypertensive conditions. Nitric Ox-
ide. 47: 25—33. 2015.

Predmore B., Julian D., Cardounel A. Hydrogen sulfide increases nitric oxide production from
endothelial cells by an Akt-dependent mechanism. Front. Physiol. 2: 104—108. 2011.

Wu D., Hu Q., Zhu D. An Update on Hydrogen Sulfide and Nitric Oxide Interactions in the
Cardiovascular System. Oxid Med. Cell Longev. 2018: 4579140. 2018.
https://doi.org/10.1155/2018 /4579140

Tang G., Yang G., Jiang B., Ju Y., Wu L., Wang R. H2S is an endothelium-derived hyperpolar-
izing factor. Antioxidants & Redox Signal. 19(14): 1634—1646. 2013.

Ali M., Ping C., MokY., Ling L., Whiteman M., Bhatia M., Moore I P. Regulation of vascular nitric
oxide in vitro and in vivo; a new role for endogenous hydrogen sulphide? Br. J. Pharmacol.
149(6): 625—634. 2006.

Xiao L., Dong J., Teng X., Jin S., Xue H., Liu S., Guo Q., Shen W., Ni X., Wu Y. Hydrogen sulfide
improves endothelial dysfunction in hypertension by activating peroxisome proliferator-activat-
ed receptor delta/endothelial nitric oxide synthase signaling. J. Hypertens. 36(3): 651—665.
2018.

Szijorty 1., Marky L., Filipovic M., Miljkovic J., Tabeling C., Tsvetkov D., Wang N., Rabelo L.,
Witzenrath M., Diedrich A., Tank J., Akahoshi N., Kamata S., Ishii I., Gollasch M. Cystathionine
v-Lyase-Produced Hydrogen Sulfide Controls Endothelial NO Bioavailability and Blood Pres-
sure. Hypertension. 71(6): 1210—1217. 2018.

Wang M., Hu Y., Fan Y., Guo Y., Chen F,, Chen S., Li Q., Chen Z. Involvement of hydrogen sul-
fide in endothelium-derived relaxing factor-mediated responses in rat serebral arteries. J. Vasc.
Res. 53(3—4): 172—185. 2016.

Role of NO and H,S in the Regulation of the Tone of Cerebral Vessels
in Chronic Kidney Disease

G. 1. Lobov“* and 1. B. Sokolova® *

4 Paviov Institute of Physiology RAS, St. Petersburg, Russia
*e-mail: Sokoloval B@infran.ru

Chronic kidney disease (CKD) is a widely spread condition that is a risk factor for the
development of cerebrovascular diseases and neurological complications. Currently the
mechanisms by which CKD increases the risk of brain damage are poorly understood. In
our study, NO- and H,S-mediated changes in the cellular and molecular mechanisms of
cerebral artery tone regulation were investigated in male Wistar rats in vivo with a CKD
model. CKD was modeled by removal of 5/6 renal tissue at 4 months of age. After
4 months, part of the parietal bone and the dura mater were removed, and the diameter
of the arteries was measured under the action of blockers and signaling pathway inhibi-
tors using a microscope. In nephrectomized rats, the reactions of cerebral arteries to the
application of acetylcholine (AH) manifested mainly in the form of constriction, while
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vasodilation predominated in the control group. Sodium nitroprusside led to a dilatation
of the arteries, the amplitude of which in rats with CKD was significantly lower com-
pared to the control group. Methylene blue and glibenclamide in rats with CKD led to a
slight weakening of reactions to ACh, while in control group rats, the dilatation of arter-
ies was significantly reduced. The degree of dilatation of cerebral arteries on H,S in rats
with CKD was significantly less compared to rats in the control group. Propargylglycine
caused only slight changes in artery diameter of CKD rats, while in the control group the
reaction to propargylglycines was statistically significant. We conclude that the CKD at-
tenuates endothelium-dependent and endothelium-independent NO- and H,S-mediat-
ed dilator reactions in cerebral arteries.

Keywords: chronic kidney disease, pial arteries, NO, H,S, vasodilation, vasoconstriction
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CTENNEHB AKTUBAITY TEMOITOD3A C TIOMOIIIBI0O CYMMAPHOI PHK
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B pa6ore uccienoBaniv 3¢hdeKkThl CTUMYIUpYolei remonoa3 cymmapHoii PHK mpu
TMOJIKOKHOM (T1/K), BHYTPUMBIIIIEYHOM (B/M), BHYTPUOPIOIIMHHOM (B/0), BHYTPUBEH-
HOM (B/B) U UHTpaHa3aJlbHOM (1/H) crocobax BBeneHusi. CymmapHyio PHK Bbinessi-
JIK U3 IMMMOUTHBIX KJIETOK CeJIe3eHOK 3I0POBbIX KpbIC Yepe3 17 4 rnocie KpoBornore-
pu. B kauecTBe Moz YyTHETEHHOTO 3PUTPOITO33a UCIOJIb30BaIach OEH30/IbHAST aHe-
mus. Yepes 28 cyr mocne mnepBoil MHBEKUMU O€H30/1a KpbICaM pPa3IMYHbIMU
crniocobamu BBoawiu PHK. I1pu B/0, B/B 1 U/H BBeIeHUHU B KPOBU KPbIC C OEH30IbHOM
aHeMuell yxe Ha 7-e cyTKU B 1.5—2 pasa yBeJIUYUI0Ch KOJUYECTBO PETUKYIOLIMTOB U
TPOMOOLIMTOB, KOJIMYECTBO JISHKOLIMTOB B IPyIrax ¢ B/B U U/H BBEIEHUEM YBEIUUYUIOCH
B 1.4—1.6 paza. K 14-bIM cyTKaMm KOJIMYECTBO PETUKYJIOLIUTOB B IpyMIax ¢ B/0, B/B 1 U/H
BBEJIEHUEM YBEJIMYWIOCH B 2—2.6, KOTUYECTBO JIEHKOLIMTOB — B 1.6, TPOMOGOLIUTOB —
B 1.4—1.6 pasa. Ha 21-e cyTKM B yKa3aHHBIX IpyIMIIaxX KOJUYECTBO PETHUKYJIOLIMTOB
OBLTO BBIIIE KOHTPOJIST B 3—4, neiikounuToB — B 1.4, TpoM6omuToB — B 1.5—1.7 paza.
Ha 21-e cytku nosiBuncs acddekr ot B/M BBeneHust PHK: konmumyectBo perukynonum-
TOB YBEJIMYMJIOCH B 2, a KOJIMYECTBO TpOoMOOLIMTOB — B 1.2 pa3a. Ha 21-e cyTKu y KpbIC
ucciaenoBaau MmuenorpaMmel. [Ipu Bcex cioco6ax BBenenust PHK, kpome /K, B KOocT-
HOM MO3re JIOCTOBEPHO YBEIUYMIOCH KOJIMUECTBO 0a30(WIbHBIX, TOJIMXPOMATODUITb-
HBIX U 303MHO(UIIBHBIX 9PUTPOOIACTOB, a TAKXKE KOJIMYECTBO MerakapruouuToB. Kou-
YECTBO MMES001acTOB, MPOMUETIOLMUTOB, MUEJOLUTOB U JUMGMOLUTOB YBEJINUUIOCH B
KOCTHOM MO3T€ KPBIC TOJIbKO TIpU B/0, B/B U U/H criocobax BBeneHUs. Taknum oOpa3om,
HaWIy4yIIMMu criocodbamu BBeneHust cymmapHoiit PHK okaszanuchk B/0, B/B u u/H. [1pu
B/M BBEICHUU CTUMYJIMPYIOIIUI TeMOorno33 3((hEKT MOSIBUICS TOJBKO K 21-bIM CyTKaM.
I1/x BBenenue cymmapuoii PHK 6bu10 HeadhhekTuBHBIM.

Knroueswie crosa: PHK, numdonnt, remomnoss, pereHepanust
DOI: 10.31857/S0869813920080099

C pa3BuUTHEM pereHepallMOHHON MeIUIIMHBLI 0co00e 3HaYeHUe MPUOOpEeTaloT Hayd-
HbIe HaIIpaBJIEHUs, CBSI3aHHbIE C U3yUyeHUeM (haKTOPOB, BIUSIIOIUMX HAa MOpGOreHes3, U ¢
TMTOMCKOM HOBBIX CPEICTB, MOAYIMPYIONINX Mpoudepalmio, nuddepeHIMPOBKY U CO-
3peBaHue KJIeTOK. OMHUM 13 HEHTPATbHBIX 3BEHbEB PETYJISIIIUM POCTAa U Pa3BUTHUS TKa-
Helt sBisieTcs auMmbonnaHast cuctema. MopdoreHetndeckast pyHkimst T-1umM@oILuToB pe-
AJIN3YCTCA HE TOJIBKO ITYTEM CHUMHTE3a 3TUMU KJIICTKAMHW OPMOHOB U TKAaHEBBIX d)aKTOpOB
pocta [1, 2], HO ¥ TOCPEACTBOM MEXKJIETOUHOTO MH(MOPMAIIMOHHOIrO OOMeHa, CBI3aH-
Horo ¢ nepeHocoM mosiekya PHK [3]. MHorumMu ucciemnoBareisiMu 1oKa3aHa CIIoco0-
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HOCTb 3K30reHHbIX cyMMapHbix PHK K perynsiiiuy pazimyHbIX MPOLECCOB B OPraHU3Me
[4—6], mpryeM B cpaBHEHUM C PE3YJIBTATOM BBEIECHUSI LIEIbHBIX KJIETOK, aKTUBHOCTD BbI-
NeJeHHON n3 3TuX KieTok cymmapHoit PHK okasbeiBaercs cymiectBeHHO Bbiiie [7]. Pa-
Hee HaMM OBbUIM ITOJIYyYeHBI JaHHEIE 0 TOM, 4To cymMmMapHass PHK nmumdonaHbx KiteTok
cesie3eHKM U neprudepudeckoil KpoBM CTUMYJIUPYET TEMOII033 Y KMBOTHBIX C TTOCT-
TpaHCchY3MOHHOI NToTULUTEMUEN U OEH30JIbHOI aHeMueii [§, 9].

IMpu nzyuenun mopdoreHeTndyeckux cBocTs Mojiekys PHK B akcniepumeHTax in vivo
u 11pu pazpadbotke HOBEIX PHK -conepkaiimx Omoiornyeck akTUBHBIX ITpeIiapaToB He-
00XOIMMO 3HaTh, KaKue ITyTU BBEISHMS BellleCTBa B OpraHu3M OyayT Haubosee 3 dpek-
TUBHBI, a TIPU KaKWUX TECTUPYEMbI€ BEILIECTBA MOTYT MOTEPSTh CBOIO OMOJIOTMYECKYIO aK-
TUBHOCTb. B aKCniepMMeHTaIbHO# (DU3UOJIOTUU UCTTONB3YETCSI MHOXECTBO MapeHTepaib-
HBIX CITIOCOOOB BBEICHMS BEIIECTB JIAOOPATOPHBIM >KMBOTHBIM, OIHAKO Y KaXIOTO
OMOJIOrMYECKU aKTUBHOTO BEIIECTBA €CTh CBOM OCOOEHHOCTU MPOTEKAHMS TIEPBBIX ATATIOB
KWHETUKM — BCAChIBAHUSI, TPAHCTIOPTA, CBSI3BIBAHUS C MOJIEKYJIaMU-TTIEPEHOCUMKAMU U T.1.
Llenbio HacTosiIel pabOThl SBUJIOCHh CPABHEHUE BBIPAXKEHHOCTU CTUMYJIUPYIOIIETO re-
MOI1033 AeicTBUS JuMdonuTapHoii cymmapHoit PHK mipu BBeneHun ee B opraHu3M KM -
BOTHBIX HauboJiee pacpoOCTpaHEHHBIMU B JIAOOPATOPHOI MpakTUKeE IMyTIMU (MOIKOX-
HO, BHYTPUMBIIIIEUHO, BHYTPUOPIOIIMHHO, BHYTPUBEHHO), a TaKXe OIpele/IeHUe BO3-
MOXHOCTH MCIIOJIb30BaHUSI MHTPaHAa3aJIbHOTO criocoba BBenaeHusi cymmapHoii PHK.

METOAbI UCCIIEJOBAHUSA

PaGora Oblia BHINOJIHEHA Ha 36 HeJMHEHbIX Kpbicax-caMiiax (cTok Bucrap) maccoit
200—210 r ¢ TOKCHMYECKOI TUITOILIACTUYECKOI aHeMueit U 15 HeMMHEeHBIX KphlcaX-caM-
nax (crok Buctap) maccoii 220—250 r, 13 1uM@GOUIHBIX KJIETOK CeJIe36HKI KOTOPBIX BbI-
nensau cymmapHyio PHK. MccnenoBanue npoBeaeHO B COOTBETCTBUU € MPUHLIMIIAMU
ba3zenbCcKoli AeKIapaluy U peKOMEHAALUUSIMU O COOJIIOIEHUN OMO3TUYECKUX HOPM 3TU-
yeckoro komurera ®I'bOY BO HOxHO-Ypanbckuii rocyaapCTBEHHbBIN MeTULIMHCKUIA
yHuBepcuter Mun3apasa Poccuu. 2ZKUBOTHBIE COlep>KaIMCh B 9KCIIEPUMEHTAILHO-0UO-
Jjiorudeckoil KimHuke HOxXHO-YpasbCKOro rocyaapcTBEHHOro MEIMIIMHCKOIO YHUBEP-
cutera B cootBercTBUM ¢ mpaBwiamu CIT 2.2.1.3218 u Jdupekrtuoit 2010/63/EU no
OXpaHe XXUBOTHBIX, UCITOJb3yeMbIX B HAYYHbIX LIEJSIX: B CTAHAAPTHBIX KJIETKAX U3 MOJIU-
KapGoHara (Imo 6 KpbIC B KaXXI0l KJIEeTKe), B YCIAOBHUSIX CBOOOIHOTO JOCTYITA K BOJE, MTPU
TemIieparype Bosnyxa 24—25°C. ExxeTHeBHBIN palliOH XXMBOTHBIX COCTOSII U3 CICIINATA3PO-
BaHHOTO TPaHYJIMPOBAHHOTIO KOPMa, COOTBETCTBYIOIIETO 1O COAEPXKAHUIO TUTATENIbHBIX Be-
11I€CTB, BUTAMUHOB U MUHEPATIOB MexXayHapoaHbiM ctaHaaptam u FOCT P 50258-92 (Kowm-
OMKOpMa MOJHOPAIMOHHbBIE TSI IAOOPATOPHBIX XUBOTHBIX). Bce MaHUITYISILIMU C KU-
BOTHBIMU MPOU3BOIMIIN 1101 3(UPHBIM HAPKO30M, 3BTAHA3UIO I'PbI3YHOB OCYIIECTBIISIN
MyTeM LEPBUKAJbHOM AUCIOKALIMU, TAKXE TTPOBOIAUMOI MO 3(PUPHBIM HAPKO30M.

s MoAeTMpOBaHUS TUITOILUIACTUYECKON aHeMUH 36 KpbIcaM TPUXKIBI (C MHTEPBAJIOM
B 7 CyT) NOAKOXHO BBOOWJIM PaBHYIO MO OOBEMY CMECh XMMMYECKM YHUCTOro OeH3oJia
(Kamckast xumuyeckast komnanusi, Poccust) B nosze 0.05 mi1/100 T Macchl JKUBOTHOTO U
crepuibHoOro noacoinHeyHoro Macia (TOO XKaiiuk-AS, Kazaxcran) B noze 0.05 m/100 r
macchl xuBotHoro [10]. Ha 28-e cyTku mocie nepBoii MHbeKIIUM OSH30/1a Y XUBOTHBIX
OBLIM MCCIEO0BaHbI ITOKa3aTeIn epudeprIecKoii KpoBH, MOCJIE Yero CIydaiitHbIM oOpa-
30M OHHU OBUIM paszesieHbl Ha 6 Tpymi (1Mo 6 KpbIC B KaxIOi rpyrrme). B aToT Xe neHb
5 rpymrmaM XUBOTHBIX Oblia BBeaeHa cymmapHass PHK. OcraBiimecst 6 KpbIC COCTaBUIIN
KOHTPOJIbHYIO TPYIIITY.

B pabote ucnosb3oBanachk cTuMydpytomas remonos3 cymmapHas PHK numboun-
HBIX KJIETOK cejie3eHKU. C 1LIe/IbIo ee MoJiydeHUsI 15 310poBbIM MHTAKTHBIM KpbICaM ObllIa
Mpou3BeIeHa KPOBOIOTePsI B 00beMe 2% OT Macchl Tesla (Iocjie aMIyTaluyd KOHYMKA
MpeaBapUTEIbHO MPOTrPETOro XBOCTa COOMpanu BbITEKAIOIIYI0 U3 paHbl KpoBb). Uepes
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17 4 mocJie KpOBOIOTEPH KMBOTHbBIE ObLIIM MOABEPIHYTHI 3BTaHa3uU. JIMM@OIIUTHI BbIaE-
JISLTA TIyTeM CYCIIEHIUPOBAaHUSI TKAHU CEJIE3eHKU B CTEKJISTHHOM TOMOTE€HU3aTope C
dbunbTpaliueit yepe3 KarmpoHOBBIN UIBTP U TTOCJIEIYIOIIUM 3-X KpaTHBIM OTMbIBAHUEM
KJ1eToK cTepuibHBIM 0.9%-HbiM pacTBopoM NaCl. Cymmapnyio PHK Beinensiiu B cre-
PWIBHBIX YCJIOBUSIX METOAOM TyaHUAWH-TUOLIMAaHAT-(hEeHOI-XJI10poDOPMHON 3KCTpaK-
uu. Konuenrpauus BoiaeneHHoit PHK onpenensiiacey criekTpodoToMeTpUIeCKUM Me-
TOIOM IO ONTUYECKON MIOTHOCTH MperapaTta Mpu IJIUHE BOJIHBI 260 HM.

Cymmapnyio PHK BBomuian momombITHBEIM KphIcaM Pas3jIMYHBIMU CcIIoco0aMU depes
7 CYTOK IIOCJe TTocienHeil mHbeKuun o0eH3oma. [1pu sBenennu PHK ucnonb3oBanmm me-
TOJ CTEepUIM3YIolIei (huyibTpauuy (CTepUIbHBIE IITIPULIEBbIE HACAAKHU C AMAMETPOM T1OP
0.22 Mxm). JToza PHK B kaxknom ciayuae coctasisuia 20 Mkr/100 r Macchbl, 00beM BBOAM-
MOTO PacTBOpa BO BCEX CAyYasX KpOMe MHTpaHa3aIbHOTO crocoba BBEJEHMSI COCTABIISLI
0.5 mu1. ITpu monkoxxHOM (11/K) criocobe BBeAeHWSI MHbEKIIMU TTPOU3BOAMIN B 00J1aCTh X0~
KU, TIPU BHYTPUMBIIIIEYHOM (B/M) — B MBIIIIIBLI Oefipa, MPU BHYTPUOPIOIIMHHOM (B/0) — B
HVDKHUI TIpaBblii KBaIpaHT 00JIaCTU XXMBOTA, TTPU BHYTPUBEHHOM (B/B) — B XBOCTOBYIO
BeHy. MHTpaHa3anbHOE (M/H) BBEIEHUE OCYILECTBIISUIM C TIOMOIIBI MEXaHUYECKOTO J10-
3aTopa, >KMBOTHBIM 3aKalbIBaJIu MO 25 MKJ B KaXIblid HOCOBOI xoa. KpbicaM KOHTPOJIb-
Holi rpynmbl cymmapHyto PHK He BBoamu.

Ha 7-¢, 14-¢ u 21-e cytkm nocne BBeaeHUsI PHK B KpoBU >XKMBOTHBIX OIIpeNeIsuIn
4yuciao (opMeHHBIX 35ieMeHTOB. KonuecTBO 3puTpOLIMTOB U JIEMKOIIUTOB MOICUNTHIBA-
m B KaMmepe ['opsieBa, KOJIMYECTBO TPOMOOILIMTOB — B OKpallleHHOM 1o PoMaHOBCKOMY-
T'um3a maszke kpoBu (MeTon PoHMO), KOIUUECTBO PETUKYJIOLUTOB — B Ma3Ke KpPOBH,
OKpallleHHOM OpWJLIMAHTOBBIM KPE3UJIOBBIM CUHUM.

Ha 21-e cyTku XXUBOTHbIE ObLIU BBIBEIEHBI U3 3KCIIEPUMEHTA C 1IeJIbI0 U3YYEHUS CO-
CTOSIHMSI KOCTHOMO3TOBOTO KPOBETBOpeHUs. B Ma3zkax KOCTHOTro Mo3ra, OKpalleHHBIX
no PomaHoBckomy-I'uM3a, onpeaensiyii MpoLeHTHOE CONEeP>KaHUE SPUTPOUTHBIX, TUM-
GOUNHBIX, MErakapyuoLMTAPHBIX U MOJIOABIX MHUETOUIHBIX KJIeTOK. B Kaxaom maske
noacyuTbiBagoch 500 KJIETOK KOCTHOTO MO3ra.

Craructuueckasi 00paboTKa pe3yIbTaToB ObljIa BHITIOJIHEHA C TTOMOILBIO KOMITBIOTEP-
Hoii mporpammbl IBM SPSS Statistics 19,0. CpaBHeHUs TpyMIT MPOBOAUINCH METOAAMU
HermapaMeTpuYeCcKO CTaTUCTUKU C UCTOJIb30BaHUEM KpUTepreB MaHHa-YUTHU U XU-
kBanapat. st BoIsiBIeHUsI Haubosiee 3((HEKTUBHBIX CIIOCOOOB BBEICHMUS CyMMapHOI
PHK 6b11 mpuMeHeH LEeHTPOUAHBII METO NepapXMUECKON KlacTepu3aliu ¢ TOCIeny-
IOIIUM TTIOCTPOSHUEM JACHIPOTPAMMBI.

PE3VJIIBTATBI 1 UX OBCYXIEHUE

M3BecTHO, 4TO O€H30J1 001a7aeT BEIPaXKE€HHBIM MUEJIOTOKCUYECKUM IeCTBUEM, U Ia-
K€ npu €ro OJHOKparHOM BBCACHHWU B KOCTHOM MO3I€¢ BO3HUKACT TUIIOIIA3UAd BCECX
pocTKoB KpoBeTBopeHUs [11]. B HallleM sakcneprMeHTe IMocje TPEeXKpaTHOrO BBEACHUS
OeH30J1a KOJIMYECTBO PETUKYJIOLIMTOB Y KPBIC CHU3UJIOCH B 4.8, TeiiKouToB — B 3.3, TpOMOO-
1mToB — B 4.2 pa3za, T.e. B nepudepuueckoit KpoBU MOSIBWINCH SIBHbIE TIPU3HAKKY YTHETEHUS
remornoa3a. [1pu 3ToM 4uCI0 3penbIX 3PUTPOLIUTOB HE OTJIMYAIOCH OT MoKa3aTesieii 310po-
BBIX XXMBOTHBIX, ITOCKOJIbKY 3T KJIETKU LIMPKYJIUPYIOT B KpoBU 90—110 nHeit, u nepudepu-
YeCcKOe 3B€HO 3pUTPOHA B YKa3aHHOM BPEMEHHOM MpoMexXyTKe (28 cyT rmocie nepBoi
WHDBEKIINY TOKCUKAHTA) ellle He OTpearnpoBaio Ha 6€H30JIbHYI0O MHTOKCHUKaIuto. Takum
obpa3oM, Kk MoMeHTy BBeaeHUs PHK y mogonbITHBIX KpbIC pa3BUlach TOKCUYECKas TH-
noryiacTuyecKas aHeMusl.

Yepes 7 cyt nocie n/K uau B/M BBeaeHuss PHK konnyecTBo (hbOpMEeHHBIX 3JIEMEHTOB
KPOBM OCTaBajJOCh HU3KHUM W HE OTIMYAJIOCh OT KOHTPOJIbHBIX 3HayeHWil (Tabia. 1).
¥ kpsic, kotopeiM PHK BBOIMIIach B/6, B/B WM U/H, YUCTIO PETUKYIOLMTOB B CPEIHEM
YBEJIMYUJIOCHh B 2 pasa, a YUCjIo TpoMOoUMTOB — B 1.4 pa3a. B/B 1 u/H nmyTtu BBeIeHUSI
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Ta6auna 1. JlvHaMuKa KoJrdecTBa (DOPMEHHBIX 3JIEMEHTOB KPOBU Y KPBIC C O€H30JIbHOM aHeMueit
MpU pa3InyHbIX crtiocodax BBeneHust cymmapHoit PHK

Table 1. The dynamics of blood cells number in rats with benzene anemia with various methods of
administration total RNA.

Petukynountel | Dpurpountsl | Jleiikouutsl | TpoMOOLIMTHI
s oy | a0t T o | oo
Reticulocytes Erythrocytes Leukocytes Platelets
7-e cytku (Day 7)

Kontpors 6.6 +0.3 5.6+ 0.1 243+0.04| 84.0+18
The control
TTonxoxHoe 6.0+ 0.4 5740.1 2.4+0.1 86.6 + 2.3
Subcutaneous
Buyrpumbiiuetioe 74402 57402 25401 | 868+27
Intramuscular
BryrpuCpiowinitoe 13.0 + 0.4* 58403 28+0.0 | 106.2£2.2*
Intraperitoneal
?“YTP”BGHHOG 15.2 + 0.4* 5.5+0.1 3.94+0.1% | 138.6 £3.1%

ntravenous
WurpanasanbHoe 11.0 £ 0.5* 54402 3.5+ 0.1*% | 1010 + 3.2*
Intranasal

14-e cytku (Day 14)

Kontponn
The control 7.2+0.4 5.6+0.1 2.5+0.1 90.6 + 3.5
IToakoxHoe
Subentaneous 6.8+ 0.6 59404 24+0.1 93.8 + 3.0
BHyTpuMEILIeHO® 8.6+0.3 5.8+0.1 25+0.1 | 103.8+2.7
Intramuscular
BryTpuGpiolmttoe 18.6 £ 0.5* 5.9+0.3 3.9+ 0.1* | 126.6 + 3.0%
Intraperitoneal
FHWPHB@HHO@ 19.0 £ L.1* 6.0+0.5 40+0.1% | 145.6 +2.6*

ntravenous
Murpanasazeroe 14.4+0.5% 5.840.1 3.8+ 0.01% | 130.8 +3.6*
Intranasal

21-e cytku (Day 21)

Konrponb 7.0 £ 0.6 5.6+0.3 2.8+0.1 | 105.2+3.2
The control
ITonxoxtoe 8.0+0.5 58+0.1 26401 | 1100422
Subcutaneous
Bryrpumsiittetiioe 15.0 £ 0.8* 6.0£0.1 32+0.0 | 127.4+2.6
Intramuscular
Buyrpubpioutnntoe 27.0 +0.5% 6.1£0.2 384 0.1% | 168.4 £ 4.1*
Intraperitoneal
BryTpuBerHoe 28.7 +0.7* 6.0 £0.2 42+0.1% | 182.4 +3.3*
Intravenous
Murpanasaibroe 21.8 +0.7* 62401 3.9+0.01% | 157.8 £ 4.0%
Intranasal

* — HaJIMYMeE JOCTOBEPHBIX Pa3INIMil MEXIY IMOKa3aTeIIMA KOHTPOJIBHBIX U OIBITHBIX rpyrird, p < 0.05.
* — the differences between the control and experimental groups, p < 0.05.



1020 THUILIEBCKA{, TEBOPKAH

Tabmuua 2. [IpolieHTHOE coaep>KaHue IPUTPOUTHBIX KJIETOK U MErakapuOLIMTOB B KOCTHOM MO3re
KpBIC ¢ OeH30JIbHOIT aHeMueil yepe3 21 cyTku mociie BBeneHust cymMmapHoii PHK

Table 2. The percentage of erythroid cells and megakaryocytes in bone marrow of rat with benzene
anemia 21 days after the injection of total RNA

BazoduibHbie TMonuxpomaroduiabhbie| OKcudUIbHBIE

ITytu BBeneHust 3PUTPOOIACTHI 9PUTPOOTACTHI 9pUTPOOIACTEl  |MerakapuonuThbl
Administration Basophilic Polychromatophilic Orthochromatic | Megakaryocytes
erythroblasts erythroblasts erythroblasts
Kountponb
The control 1.4£0.1 32+0.2 54+0.1 0.22 £0.03
[omxoxHoe 17402 33+0.1 56+0.2 0.21+0.01
Subcutaneous
Bryrpumbietroe 1.9 £0.1% 4.4+0.1% 8.2+ 0.3* 0.84 + 0.02*
Intramuscular
BryrpuGpiouimoe 34402 8.2+ 0.2 12.8 4 0.3* 1.92 + 0.05*
Intraperitoneal
Bryrpusenroe 44403 10.4 +0.1* 16.7 + 0.6* 1.84 +0.07*
Intravenous
MurpanasansHoe 4.2 +0.2 8.8 + 0.4* 14.4 + 0.5 1.43 £ 0.05*

Intranasal

* — HaJIMYMe TOCTOBEPHBIX Pa3InYMil MEXIY IMOKa3aTeIIMA KOHTPOJIBHBIX U OIBITHBIX rpyrird, p < 0.05.
* — the differences between the control and experimental groups, p < 0.05.

PHK mipuBenu u K yBeJIMUEHUIO YKMCJIa JIEUKOLMTOB B MepucepruiecKoil KpOBU KpPhIC C
O6eH3osbHOM aHemueit. Yepes 14 cyt nocne BBenenuss PHK saddexrusHocTs B/6, B/H 1
W/H TIyTell BBEJEHUS HE BbI3bIBaJIa COMHEHMIA: KOJIMYECTBO PETUKYJIOLIMTOB, JIEHKOIM-
TOB U TPOMOOIIUTOB B KPOBU XKMBOTHBIX 3TUX I'PYTIT ObUIO JOCTOBEPHO BHILIE, YEM Y KOH-
TPOJIBHBIX KPBIC.

Ha 21-e cytku nocne B/B u B/6 BBeaeHuss PHK konnuecTBO peTUKYyJI0LMTOB B KPOBU
TMOIONBITHBIX XXKMBOTHBIX B 4 pa3a MpeBbICUIIO KOHTPOJIbHbIE 3HAYEHUS, B TPYIINE C U/H
BBeJeHueM — B 3 pa3a. Yucso 1eiiKOUMTOB ¥ TPOMOOLIMTOB Y XKUBOTHBIX 3TUX I'PYIIT TaK-
>XKe ObLIO TOCTOBEPHO OO0JIbllle, YeM B KOHTpOJbHOU rpyrire. K 21-bIM cyTkam BIiepBble
ObLT 3aperucTprupoBaH 3ddekT nocie B/M nubekinn PHK: konnuecTBo peTUKYIOIIUTOB
1 TPOMOOIIMTOB B IAHHOM IPYIIIE CTAJIO TIOCTOBEPHO 0O0JIbIlIe KOHTPOJIbHBIX 3HAYEHUIA.

I1pu uccnenoBanuu BausiHUS cymmapHoii PHK nuMdounHbIX KIeTOK cele3eHKU Ha
TreMOoMo033 y KpbIC ¢ OEH30JIbHOI aHeMUEll ObLTIO YCTAHOBJIEHO, UTO SPUTPOUIHBIN U Me-
rakapyMoLMTapHBIN POCTKU KPOBETBOPEHUS K 21-bIM CyTKaM OTpearupoBaii Ha BCe MyTU
BBeneHus PHK, kpome 1ni/k (ta6u. 2). I1pu 3ToM B/0, B/B 1 u/H cniocoObl BBeneHust PHK
oKa3zaJauch B 2—3 pa3a addpexkTuBHEe B/M MHBEKITUIA.

B rpyrnmnax xKMBOTHBIX, TTOJIYYMBIIMX I1/K Wiv B/M nHbeKMio PHK, riporieHTHOE conep-
JKaHWE MOJIOJIBIX MUEJIOUTHBIX U TMMMOUTHBIX KJIETOK HE OTJINYAIOCh OT MoKa3aTesieil KOH-
TPOJBHOM Tpyribl Kpbic (Tada. 3). Eciu xxe cymmapnass PHK BBommiace kpeicam B/0,
B/B WIX U/H, TO B MUeJOTpaMMe ObUI OTMEUEH TOCTOBEPHBIN MPUPOCT KOJIUYECTBA Bbl-
11IeyKa3aHHbBIX KJIETOK.

VYBenuuyeHue ynciia TMM@ONIHBIX KJIETOK B KOCTHOM MO3re, HabJomaeMoe Tpu BBe-
nenun cymmapHoit PHK nmuMmdonuToB cene3eHKM aHeMU3UPOBAHHBIX XXMUBOTHBIX 3aCITy-
JKMBaeT OTAEJIbHOTO BHUMaHMUSI, MMOCKOJIbKY paHee HaMu ObLJIO MOKa3aHO, YTO MMEHHO
9TU KJIETKU MPUHUMAIOT HEMMOCPEACTBEHHOE yYacTUE B PETYJISILIMA BOCCTAHOBUTEIbHBIX
MopdoreHe30B B HOpMe U Ipu naroJyioruu [3, 8, 9, 12].

st onpenenenust HanOoaee 3(pGeKTUBHBIX CIIOCO00B BBedeHUsT cymmapHoii PHK
OBbLI MPOBEAEH KJIACTEPHBIN aHaIN3, MPEICTABISIONIUIA COO0l MHOTOMEPHYIO CTaTUCTU-
YECKYI0 Mpoleaypy, OObeIMHSIIOUIYIO0 UCXOIHbBIC JaHHbIC B CPABHUTEIBHO OIHOPOIHbIC
rpyrnmbl (Kiaactepbl). MeTod BBISIBWI, YTO TMOJIyYeHHBIE HaMM pe3yJibTaTbl 0Opa3yloT
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I:"> Cluster 1

The control
Subcutaneous injection
Intramuscular injection

I:"> Cluster 2

Intravenous injection
Intraperitoneal injection
Intranasal injection

Puc. 1. Pe3yabTatr npoBeaeHHOTO KJIACTEPHOTrO aHaIU3a (IeHAporpaMmMa).

Fig. 1. The result of the cluster analysis (dendrogram).

2 knacrepa (puc. 1). B nepBblit Kj1acTep BOIUIM MTOKa3aTeJIM KOHTPOJILHOM TPYTIThI KPbIC
W TPYMII (KUBOTHBIX, MOJYYMBIINUX TIpenapar 1/K uiu B/M. Bropoii kinactep 6611 06pazo-
BaH MOKa3aTeJIsIMU XUBOTHBIX, noayuuBiiux PHK B/B, B/6 uau u/H.

ITo COBOKYITHOCTM TIOJlyUeHHBIX HAMM PE3YJIbTATOB CaMbIM JI€ICTBEHHBIM ObLI B/B
cniocob BBeaeHust PHK, ogHako B/6 1 1/H IyTH BBeEHUS OKa3aluch He MeHee 3ddex-
TUBHBIMU, YeM B/B MHBbEKIIMU. B/6 BBeIeHNE pacCTBOPOB IIIMPOKO MCIIONb3YeTCsI B BeTe-
PUHAPHOI MpaKTUKe U HEPENKO B IEYEOHBIX YUPEKACHMSIX, TOCKOJIbKY 3a CUET OOIBIIIO
MOILIAIN TTOBEPXHOCTU U OOMJIbHOI BacCKYJISIpU3aLMM OPIOLIMHBI 3TOT CMOCOO XapakKTe-

Taoauua 3. TIpoueHTHOE cofepkaHMe MUETOUAHBIX KJIETOK U JIMM(OLKUTOB B KOCTHOM MO3Te KPbIC
¢ 6eH30J1bHOI aHemuell yepe3 21 cyTku noce BBeneHusi cymmapHoit PHK

Table 3. The percentage of myeloid and lymphoid cells in bone marrow of rats with benzene anemia
21 days after the injection of total RNA.

I1ytu BBeneHust Muenobiactsl TTpomuenouunTel Muenouutsl JlumbounTtst
Administration Myeloblasts Promyelocytes Myelocytes Lymphocytes
KoHTtpoap
The control 0.13 £ 0.05 0.74 £ 0.09 2.1£0.1 6.4+0.3
Toaxoxeoe 0.14 £ 0.06 0.71 + 0.04 23401 6.5+0.4
Subcutaneous
Bryrpumpiedroe 0.16 +0.08 0.75 £ 0.05 25402 6.8+0.3
Intramuscular
BryrpuOpromnntoe 0.82 + 0.06* 1.23 +0.08* 3.9+ 0.2 16.6 £ 0.7*
Intraperitoneal
?“VT"”B“““ 0.85 % 0.05* 1.35 £ 0.06* 4.1+0.3* 15.6 £ 0.5
ntravenous
?“Tpa““a“"ﬂ"e 0.69 + 0.05* 1.28 + 0.06* 4.140.2% 16.4 + 0.6
ntranasal

* — HaJIMYMe TOCTOBEPHBIX PA3IMYMI MEXITY MTOKA3aTeJIIMU KOHTPOJIBHBIX U OTBITHBIX Ipyt, p < 0.05.

* — the differences between the control and experimental groups, p < 0.05.
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pusyetcst 6bIcTpoii U 3 heKTUBHOM abcopbumeii. I/H BBeneHUIO BEIIECTB B HACTOSIIIEE
BpeMsI YACJSIIOT 0c000€ BHUMaHME, TaK KaK OHO TMPEeNICTaBIIsIeT CO00it aOCOMOTHO HE UH-
Ba3UBHBII CIOCO0, 00ecneynBamInii ObICTPOE MOCTYTUIEHUE JIEKAPCTBEHHbBIX TTpernapa-
TOB CHayaja B MO3TOBOIi, a 3aTéM B CUCTEMHBII KPOBOTOK. D(PPeKTUBHOCTH TaHHOTO
criocoba BBeAeHUST 00yCIOBIIEHA XOPOIIel BaCKYISIPU3aUE CIM3UCTON 000JIOUKY HO-
ca, MaJIOi TOJIIMHOM Y MOPUCTOCTHIO 0a3aIbHOM MeMOpaHbl AMUTENMSI HOCOBOM T10JIO-
CTHU, a TakxKe OOJIbIION TUIoLIAAbI0 adcopOLIMu. Y KpbIc ¢ Maccoii Tesa meHee 250 r 00-

1I[as1 TUTOLLAAb MOBEPXHOCTH HOCOBBIX X0H0B cocTasisieT 10.4 cm? [13]. BaxxHo OTMETHTb,
YTO MPOJAEMOHCTPUPOBAHHAS B TaHHOI pabore 3¢h(heKTUBHOCTh U/H CIIOCO0a BBEICHMUS
mumdonumTapHoit cymmapHoii PHK ciy>xuT moka3aTeabcTBOM TOTO, YTO ee MOpdoreHe-
TUYECKas aKTUBHOCTh pean3yeTcs 3a cueT BXxomsimux B ee coctaB MUKpoPHK [3], mo-
CKOJIBKY STIUTEINAIbHBIN 0apbep CIU3UCTON HOCOBBIX IMYTEH SIBISETCS MPETSITCTBUEM
IS COEMMHEeHU, MOJIEKYJIsIpHas Macca KOoTophix mpeBbiiaeT 1000 [da [14].

HecmoTpst Ha cBeeHUsI O TOM, YTO 3K30T€HHbIE HYKJIEMHOBBIE KUCJIOTHI U OJITUTOHYK-
JIEOTUIBI OBICTPO MPOXONSIT YEPE3 TUMCTOreMaTHYeCcKue 0apbephl, U 1aXe NMPU KOHbIOHK-
TUBAJIbHOM BBEICHUM OHM OOHApPYKMBAIOTCS B KPOBOTOKe yxe depe3 10—15 mun [15],
OYEBUIHO, UTO MYyThb BBeeHUs1 3k30oreHHbIX PHK B opraHusm nmeet Gosbliioe 3HaUY€HUE.
B/6, B/B 1 /H TIyTH BBeACHUS NO3BOIWIU JuMdoLmtapHoii cymmapHoit PHK B monHoik
Mepe peaan30BaTh CBOM CTUMYJIMPYIOIINUE TeMOI1033 3(P(eKThI, 1 OHU OBUIM COMOCTABU-
MBI IO BbIpakeHHOCTU AeicTBUs. [1/K MHBEKINS OKa3agach caMbIM He 3 (HEKTUBHBIM
criocoboM moctaBku cymmapHoii PHK B opraHn3m XWBOTHBIX, a TIPU B/M BBEICHUU €€
CTUMYJIMPYIOLLAsl TeMOMO033 aKTUBHOCTb MPOSIBUJIACK JIUILb K 21-bIM CyTKaM, 1 MO COBO-
KYIMHOCTU ToKa3aTeseil LeHTPaJbHOro U neprudepruyeckoro 3B€HbEB KPOBETBOPEHUS
rpyrnira XVWBOTHBIX C B/M BBEJACHUEM CYILIECTBEHHO “OTCTaBayia” OT rpyMIl, IMOJYyYUBIIUX
PHK B/B, B/06 unu u/H.
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Comparative Analysis of the Effectiveness of Various Routes
of Administration of Total RNA

N. V. Tishevskaya® * and N. M. Gevorkyan®

4South Ural State Medical University, Chelyabinsk, Russia
b Institute of Biomedical Chemistry, Moscow, Russia
*e-mail: natalya-tishevskaya @yandex.ru

The effects of hematopoiesis-stimulating total RNA were studied with subcutaneous
(s/c), intramuscular (i/m), intraperitoneal (i/p), intravenous (i/v) and intranasal (i/n)
routes of administration. Total RNA was isolated from the lymphoid cells of the
spleens of healthy rats 17 hours after blood loss. Benzene anemia was used as a model
of inhibited erythropoiesis. 28 days after the first benzene injection, RNA was adminis-
tered. After 7 days ini/p, i/v, i/n groups the number of reticulocytes and platelets increased
1.5—2 times, in i/v and i/n groups the number of leukocytes increased 1.4—1.6 times. After
14 days in i/p, i/v, i/n groups the number of reticulocytes increased 2—2.6 times, the num-
ber of leukocytes — 1.6 times, platelets — 1.4—1.6 times. After 21 days in these groups, the
number of reticulocytes was 3-4 times higher than the control rats, leukocytes — 1.4 times,



1024 THUILIEBCKA{, TEBOPKAH

platelets — 1.5—1.7 times. After 21 days the effect of the i/m administration of RNA ap-
peared: the number of reticulocytes increased 2 times, the number of platelets — 1.2 times.
On 21 days, myelograms were examined. In all groups, except s/c, the number of baso-
philic, polychromatophilic and orthochromatic erythroblasts, as well as the number of
megakaryocytes, significantly increased in the bone marrow. The number of myelo-
blasts, promyelocytes, myelocytes and lymphocytes increased in the bone marrow only
in i/p, i/v, i/n groups. Thus, the best methods for administration of total RNA were i/p,
i/v, and i/n routes of administration. In i/m group, the stimulating hematopoiesis effect
appeared only by 21 days. S/c administration of total RNA was ineffective.

Keywords: RNA, lymphocyte, hematopoiesis, regeneration
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XpoHuyeckast 60Jie3Hb IMoYeK B TepMUHaNbHOM, V cranuu (XBI1 V), conpoBoxnaercst
CTPYKTYPHBIMU Y (DYHKLIMOHAJTBbHBIMU HapYIIEHUSIMU 3PUTPOLIUTOB, MPEICTaBIISIO-
LIUMU YTPO3y UX CTAOUIBLHOMY (PYHKIIMOHUPOBAHUIO, OIHAKO MEXaHU3MbI OTHX SIBJIE-
HUIl HEIOCTAaTOYHO M3y4yeHbl. MeToaoM JaszepHoOi Audpakiuyu ObUIO MCCIETOBAHO
BimusiHue XBIT V u camoro ceanca remonuanu3a (I'/l) Ha nepopmMalinoHHO-(PYHKIINO-
HaJibHbIe MOKa3aTeau 3puTpouToB nalueHToB ¢ XbI1 V. I'l ceccus He Bausiia Ha Je-
dopMaIMoHHbIE XapaKTEPUCTUKN SPUTPOLMTOB. OMHAKO OBLIO IMOKAa3aHO JABYXITall-
HOe yxyauieHue aehopMaimoHHO-(OYHKIIMOHATbHBIX CBOMCTB 3PUTPOILIMTOB Y Malll-
entoB ¢ XBII V: cranus yBenuyeHMs! XpYNMKOCTH 3PUTPOLUTOB (MOBbILIEHUE V;
cHrkeHne T,,.) y maiueHToB, Haxonsmmxca Ha XI'Jl no 25 mec. (rpynmna 1), u ctagust
YBEJIMUEHUS] PUTMAHOCTU (CHIKeHue V;, yBenuuenue 7Tp,,,) Y MalLMEHTOB, HaXOs-
muxcss Ha XpoHudeckom remomuanuze (XIII) ot 25 mo 250 mec. (rpymma 2).
B Mexnranm3HOM MpOMeXYTKe ObLTO BBISIBIICHO YBEJMYeHUE KOHIICHTPALIMU ypeMude-
CKMX TOKCUHOB, IIPUBOJAILIEE K TUNEPOCMOSISUIbHOCTU I1a3Mbl (10 330 MOcm/krH,O B
rpynne 1 u no 340 MOcm/krH,O B rpymnmne 2), 01HaKO KOHLEHTpaLMs Na' u nmokossr
OCTaBaJIMCh B Ipejesiax HOpMbl. TakuM 06pa3oM, Mbl MOKa3aJId OTCYTCTBUE BIUSIHUS
camoii '] ceccun, BMecTe ¢ TeM, ObUTO BBISIBJIEHO ABYX3TaITHOE yXyalleHue negopma-
LIMOHHBIX XapaKTEPUCTUK IPUTPOLUTOB MauueHToB ¢ XBII V, BbI3BaHHOE ypeMuue-
CKHUM CUHIPOMOM, KOTOPOE MOXET MPUBOAUTH K MOYEYHO aHEMUU U CEPIIEYHO-COCY-
JIIUCTBIM OCJIOKHEHUSIM, XapaKTepHbIM s matmeHToB XI' /1.

Kniouegule cnro6a: XpoOHUYECKUI reMOIUAIA3, SPUTPOLIMTHI, AMMOHUIHBIN CTpecc, ype-
MMSI, ypEMUUECKHUI CUHAPOM, Ja3epHas nudpakiysi, a30TUCThI ToMeocTas

DOI: 10.31857/S0869813920080038

XpoHmndeckasi 601e3Hb ITo4eK B TepMuHaibHOI, V ctanuu (XBII V), xapakrepusyercs
MpOrpeccUpymolieil yrpaToi mouykaMu nx (pyHKIMH, COTIPOBOXKIAEMOI OCIIOXKHEHUSIMU
1 BBICOKOII CMEPTHOCTBIO, B 0OJIbIIIEii CTEIIEHU BI3BAaHHON CepaeyHO-COCYAMCTHIMU Ha-
pyuwieHusimu [1]. XBIT V BbI3bIBaeT B opraHu3Me psiji UBMEHEHUW, HapylaloluX roMeo-
cra3 [2—6]. OmHUM M3 TaKUX M3MEHEHW SIBISIETCS HOPMOLIMTapHash HOPMOXpPOMHast
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aHeMMsl, CYIIECTBEHHO yXyllalolias KauyecTBO XXu3Hu nauueHToB ¢ XbI1 V [7—11]. Oxn-
HOIf U3 OCHOBHBIX NMPUYNH BO3ZHUKHOBEHUS MOUYEUHOM aHEMUU CUMTAETCS] CHUXKEHHAas!
NPOAYKIIMS 3pUTporodTUHa [11], omHaKO, coKpallleHre XKU3HEHHOTO IIUKJIa SpUTPOLIU -
TOB U YpEMUYECKME TOKCUHBI TaKXKe MOTYT UTpaTh CyllleCTBEHHYIO poib [9, 12—17]. Co-
KpAIlIEeHHBI XXU3HEHHBI UMK 3PUTPOLIMTOB MOXET ObITh OOYCJIOBJIEH KaK TOKCUYe-
CKUM BJIUSTHUEM OKPYKaIOIel ypeMrUYeCKOM I1a3Mbl Ha SpUTPOLIUTHI [13], Tak u cien-
CTBUEM JiedeHUsI XpoHMYecKuM remonuanuzoM (XI') [9]. U3BecTHO, 4YTO TOMMMO
CHMXXEHUSI OOIIEero KOJIMYeCTBa SPUTPOLIMTOB B YCIOBUSIX YPEMUM UM MPUCYIIIA MHOTO-
YUCJIEHHbIE CTPYKTYPHbBIE M (DYHKIIMOHAJIbHBIC HAPYILICHUST: CHUXKEHHAs! aHTUOKCUIAHT-
Hast akTUBHOCTS [ 18, 19], moBbIllIeHHAsT anre3uoHHasi CIOCOOHOCTD K SHAOTEJIUIO U TIPO-
KoaryJassHTHas aKTUBHOCTH [20, 21], n3MeHeHHUsI 9KCIIpecCur OeJIKOB IIa3MaTUIeCKOMN
membOpanbl [13]. Bce mepeunciaeHHbIe (aKTOphl IIPEACTaBIISIOT HEMOCPEICTBEHHYIO
yIpo3y CTaOMIbHOMY (PYHKIIMOHUPOBAHUIO 3puTpouuToB [1, 8, 17], onHaKO, MeXaHU3MBbI
Pa3BUTUS STUX SIBJICHUI HETOCTATOUHO U3YYEHHBI.

CrpyKTypa U UeJOCTHOCTb IMTOILIa3MaTUYECKO MEMOpPaHbI 3pPUTPOLIUTA PETYIUPYET
BSI3KO-2JIACTUUHBIE CBOICTBa (1e(hOPMUPYEMOCTD) KJIETKH, 00EeCIIeYrBaIOIINe BO3MOX-
HOCTb TTPOXOXXACHUSI CKBO3b MUKPOLIMPKYJIITOPHOE PYCJIO M UMEIOIIME pellatolee 3HaYe-
HUE UIsi HOpMJIBHOTO (DYHKIIMOHMPOBaHMS 3puTpouuTos [13, 22, 23]. CHukeHue nedop-
MUPYEMOCTH MOXKET MPUBOIUTH K HAPYIIEHWIO MUKPOLIMPKYJISILIMUA, TEMOJIU3Y BHYTPU Ka-
NWUIIPOB U MPEXAEBPEMEHHON CEKBECTPalUM 3PUTPOLIMTOB PETUKYJIO-3HAOTETUATbHON
CHUCTEMOI, YTO TaKKe MOXKET CIIY>KUTh MPUIUHOI aHemMuu [24—28].

IIporuecc neyenust XI'/l conpsizkeH ¢ KOMIIPECCUEN 3pUTPOLIMTOB B 9KCTPAKOPHOPATIHLHOM
Kpyre KpoBooOpaieHus [4], KpOBb MaliMeHTa MoaBepraeTcst (Gu3anuyecKoMy U XuMude-
CKOMY BO3AEHCTBUIO Ha MPOTSKEHUHU JUTMTEIBHOTO BpeMeHHU [29], 4TO MOXKET HETaTUBHO
BJIMSITH KaK Ha TPOJOIKUTEIbHOCTh KU3HU PUTPOLIMTOB, TaK U Ha UX AedopMaiinoH-
HO-(pYHKIIMOHAJIbHBIC xapakTepucTuku [30—33]. DTu maHHBIC yKa3bIBalOT Ha BO3MOX-
HOE yCcyry0JieHrne IoYeYHOM aHeMIUM, BhI3BaHHOe tedeHrneM X1 /1.

Takum obpa3oM, mpu JieueHUU aHemuu, conpsckeHHoi ¢ XBI1 V, netanpHoe m3yde-
HUE moka3aTeaeil (pU3NKO-XUMHUYECKUX CBOMCTB PUTPOLIMTOB U MEXaHU3MOB BO3ICH-
CTBUS Ha HUX TPaBMUPYIOILINX (PaKTOPOB UMEET BaXKHOE 3HAYEHHUE JIS1 OTPAOOTKU KIIM-
HUYECKUX METOIOB KOPPEKUUU COCTOSIHUS NMALMEHTOB. 10 CUX MOp OCTaeTcsl HESICHBIM,
SIBJISIETCSI JIM OCHOBHBIM MOBPEXKIAIOIINM (paKTOPOM ypeMUUECKUI CUHIPOM WIH Xe caM
ceanc remonuanusa (I'1).

B npencraBiieHHOIT paboTe METONIOM Jia3epHOIi TUdpaKIMy B MOJIEIM aMMOHUITHOTO
crpecca uccienoBanm BaussHue XIIb V u ceanca I'Jl Ha medopmanmoHHO-(QYHKIINO-
HaJIbHBIE TTI0KA3aTeJIM 3pUTPOLMUTOB. bblIO BBISIBIEHO, UTO caMm ceaHc '/l He mpuBOAUT K
3HAYMMbIM U3MEHEHUSIM Ae(POpMallMOHHBIX MOKa3aTejeil 3pUTPOLMUTOB y TMAllMEHTOB
XI'I, B To BpeMsl KaK MNPOAOIKUTEIbHOCTb BO3IEUCTBUSI YPEMUUYECKOr0 CHUHIpOMa
u/unu nedeHust XI'JI mpMBOAUT K OBYX3TAITHOMY HapyllleHUo nehopMalimOHHO-(hYHK-
LIMOHAJIbHBIX CBOMCTB 3pUTpoLuTOB. Ha rnepBoii cTaniuu mpoucXoauT yBeJIUnYeHUEe XpyIl-
Koctu (mo 25 mec. meuenus XI'J1), a Ha BTopoit — yBeJIM4eHNE PUTUIHOCTU 3PUTPOILIUTOB
(ot 25 mo 250 mec. neuenus XI').

METOAbI UCCIEJOBAHUA

UccnenoBain cBoiicTBa 3puUTpoLIMTOB 19 yenoBek 0e3 peHaIbHOI MaToJI0TMU — TOHOPBI
(Me 44 rona: 30, 49) 1 23 maiMeHToB OTAEJIEHUSI XpPOHUYECKOTo reMoauanu3a (rpymnmna 1 — no
25 mecsues Ha nedenuu XTI, n = 10, Me 49 ner: 36, 61; rpynmna 2 — ot 25 no 250 mec. Ha
neuenuu XL, n = 13, Me 53 rona: 36, 67) HUW Hedpoaoruu ITCII6IMY um. akan.
WN.I1. I1aBnoBa no u nocuae I'Jl ceccuu. I'pynna maumueHTOB cocTosiiaa u3 00abHbIX ¢ XBIT
(V cranust), ojaydyaromux jJedeHue xpoHnyeckum 1, u3 Hux 11 My>X4yuH 1 12 KeHIIMH:
5 GOJBHBIX CTpagai XPOHUUECKNM IJIOMepyIoHeDpuUTOM, v 14 orMedaicss HedpocKire-
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pO3, y IBOUX — XPOHUUYECKUI MUETOHEDPUT, Y OMHOTO OOJTBHOTO IMAarHOCTUPOBAH MO-
JIMKVCTO3 U ellle y OMTHOTO — aMuJIona03 Tmodek. [TpoBeneHue Beex Mmpolieayp ObU10 0106~
peHo atnueckuM komuteroM [TCITBI'MY um. akaa. U.I1. [1aBnoa (rporokos Ne 217 ot
17.01.2020) u cooTBeTCTBOBaJIO XEIbCUHKCKOM AeKIapaliu.

PeakTuBbl. B skcnepyMeHTax ObLIM MCITOJIL30BaHbI: M30TOHMYecKast cpega No 1 —
HEPES-6ydep (8 MM: NaCl 140; KCl 5; Hepes 10; MgCl, 2; D-rimoko3a 5; EGTA 2;
pH 7.4, ocmomnsuibHOCTh 300 MOcM/kTH,0) 1 m3oTOHMYeCKast aMMOHUMITHAs cpera Ne 2 —

NHZ—6y(1)ep (8 MM: NH,CI 140; KCl1 5; HEPES 10; MgCl, 2; CaCl, 1; D-rmoko3a 5;
pH 7.4, ocmonsmeHOCTB 300 MOcM/kTH,0) mtst Monenn aMMoHUITHOTO cTpecca. Bee pe-
aKTUBBI ObLIM TIpuoOpeTeHbl B Sigma Aldrich (I'epmanus).

IToaroroBka cycneHsuu apurpoumToB. KpoBb TOHOPOB U MALIMEHTOB, TTOC/IE MOAIKCA-
HUSI UMM TIMCBMEHHOTO COTIJIacHs, OTOMpanu B BakyTeiiHepsl ¢ DJITA B KauecTBe aHTH-
KoaryJistHTa. OpUTPOLUTHI TTOJyYaau LIEHTpUdYrupoBaHueM LiejbHOi KpoBu (10 MuH,

400 g) u pecycnienauposaan B cpene Ne 1 (RBC = 0.5 x 10° ki/m1, HCT 5%).

HUccaenoBanne (hyHKIHOHAJIBHBIX XapaAKTEPHCTHK IpUTponuToB. M3meHeHne nedopma-
LIMOHHO-(MYHKIIMOHAJIBHBIX TTOKa3aTejieil 3pUTPOLIMTOB UCCIEAOBAIIM METOJIOM Jia3ep-
HOIt nudpakiu Ha aHanuzatope yactull LaSca-T (buomenuiimHckue cuctemsl, CI16),
aJanTUPOBAHHOM JIJIsI LIMTOJIOTMYECKUX MccienoBanuii [34—36]. U3aMeHeHne HaYaIbHOM
CKOPOCTH yBeJMYeHUs] oO0beMa KiIeTok (V}) xapakTepu3oBalM MO AAHHBIM KUHETUKU
MPSIMOTO CBETOpAaCCEsTHUS B Auara3oHe yria 1°. JIjist KonuuecTBEHHOTO ONUCaHUsI KUHEe-
TUKM TeMOJIM3a WCIOJIb30Balu MapaMeTpbl 7., (BpeMs TOCTMXEHHUSI MaKCUMalbHOM
CKOpPOCTHM TeMonu3a) u V.. (MakcuMmaibHasi CKOpOCTbh remonusa). B ocHoBe meTona —
perucTpalusi pacCesiHHOTO M3JIy4eHUs TO0J pa3HbIMU yrlaMU C TTOMOIIbIO MHOTO3JIe-
MeHTHoro aetekropa. [1o monyyeHHOI 3aBUCUMOCTA MHTEHCUBHOCTU PACCESTHHOTO U3-
JIy4eHUsl OT yIia paccessHUsl (MHAMKATpUca pacCcesiHUs) OCYILECTBIISIETCS pacueT pa3Me-
POB YaCTHIl M pacnpeaesicHUs YacTHIl 110 pa3MepaM, TaKUM 00pa3oM, B KaXKIblii MOMEHT
BpPEMEHU CUUTHIBAETCSI paclpenesieHUe Bceil monyasiuuu 1no oobemam. st oueHKH au-
HaMUKU U3MEHEHUs cpeaHero oobeMa kietok (MCV) ucnosib30Baayd airOPUTM OLIEHKU
pa3MepoB yacTull nmporpamMmMHoro obecrieueHus: LaSca_32 v.1498. Meroauueckue npue-
MBI, MCTIOJIb30BaHHBIEC B paboTe, IToapoOHO onucaHbl paHee [34—38].

Mogaenbp aMMOHUITHOTO cTpecca. Ha ocHOBaHNUM yHUKAJIBHOTO, TIPUCYIIETO JIUIITh SPUT-
poluTaM (Cpeaun KJIETOK KPOBU), CBOMCTBA MPHU MTOMEIICHUN B U30TOHUYECKYI0 aMMO-
HUIHYIO Cpeay YBEIUUUBATh KJIETOYHBIM 00bEM 10 KPUTUYECKUX 3HAUYEHUN U JIU3UPO-
BaTh [39—41], HamMu paHee ObUT pa3pabOTaH aMMOHUIHBIN CTPECC-TECT 151 XapaKTepu-
CTUKM JIedopManMOHHO-(MYHKIIMOHAJIBHBIX CBOMCTB 3puTpouuToB [37, 38]. s

CO3[aHUS MOJEI AMMOHMITHOTO cTpecca B 7 Ml M30ToHUYeckoro NHj -6ydepa (¢ 25°C)
BHOCHIM 20 MKJI cycrieH3uu sputpouutos (RBC = 0.5 x 106 xii/mn, HCT = 5%, koHeu-

Hasi KOHLEHTpauus 5 X 103 KJI/MJT), perucTpaluio nmokasaTeseil CBETOpacCesiHUsI IPOBO-
UM 10 OKOHYaHUs u3uca (puc. 1).

Cratucrtuueckuii anaim3. Bo Bcex skcrnepuMeHTax HaHHbBbIE TpEACTaBICHBI Kak Me
(25%, 75%). CtatucTUYECKYI0 3HAYMMOCTh PE3YJIbTATOB OIPEACIISUTN C TTOMOIIBIO TTPO-
rpammbl SPSS Statistics v.24 HermapaMeTpU4eCKMMM METOJIaMU CTaTUCTUYECKOTO aHaIv-
3a, UCTOJIB3Ysl KpuTepun ManHa—YutHu u Kpackena—YoJuca mist HeCBSI3aHHBIX BbI-
OOpOK (IOHOPHI VS. MAMEHTHI Tpynmbl 1 1 2 mo u nocie ['/l; maumeHTsl rpynmsl 1 1o u
nocie 'l vs. maumeHTsl Tpynisl 2 10 u niocsie ['J1), YuiakokcoHa st CBSI3aHHBIX BbIOO-
poK (IalreHTHl 10 Vvs. mmocie ceaHnca ['/1). Paznuuus mexmy rpynnamMu CYATaId CTaTH-
cTuyecku 3HauynMbIMu Tipu p < 0.05.
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Light scattering intensity 1°

5 % 10° cells/mL

Time

Puc. 1. I'padhnyeckoe onpeneneHre CKOPOCTU HAYaIbHOTO YBEIMYEHUsI oObeMa KieTok (V}), MakcuMasbHoM
ckopocT reMonn3a (¥, ,4) ¥ BpEMEHN TOCTMKEHUS MAKCUMAJIbHON CKOpoCcTH remonn3a (7,,,) B MOIETn aM-

MOHUITHOTO cTpecca B auamnasoHe yria 1° npu 25°C. B 7 mu uzotonunyeckoro HEPES-6ydepa BHOCHIM cyc-
neH3uio aputporuToB (RBC 5 x 10° KJI/MJI) B Ka4ecTBe KOHTPOJIsI, 3aTeM 3aMeHsun Oydep Ha NHI—Gyd)ep c

nob6aBKoit 5 X 105 KJI/MJI 9pUTPOLIMTOB. PeructpupoBasiy yBeJuueHUe CUrHaIa CBETOPACCESTHUST, COOTBETCTBY -
[o1llee YBEJIMUYEHUIO 00beMa KJIETOK, U MOCeaylollee CHUKEHUE CUTHAJIa, COOTBETCTBYIOLIEE reMOn3y (MyHK-
TUPHAst IUHUS).

Fig. 1. Graphic determination of the initial velocity of cell swelling (¥7), maximal hemolysis rate (V,,) and time
to peak hemolysis (7};,,y) in the ammonium stress model (forward scattering at 1°, 25°C). The intensity of scat-

tering light was registered for RBCs (5 % 10° cells/mL) resuspended in 7mL of isotonic HEPES-buffer and taken
as control. Then, the buffer was changed to isotonic NHZ “buffer with 5 x 10° cells/mL RBCs, and the intensity
of scattering light was also registered. The initial increase of the light intensity with the following decrease in the
light intensity corresponding to cell swelling and hemolysis (dashed line), respectively, are shown.

PE3VJIBTATHI UCCIIEAOBAHUA

Ceanc I'/l He BbI3bIBaET H3MEeHEHH J1e()OPMANHOHHO-(DYHKIIMOHAIBHBIX XapaKTePUCTHK
aputpouuTos namuenToB XI'JI. ITockoabKy HeM3BECTHO, KaKoi (paKTOpP BBI3BIBAET U3MEHE-
Hue nedopMalOHHO-(PYHKIIMOHAIBHBIX XapaKTePUCTUK 3PUTPOLIMTOB mnaieHToB I,
cam ceaHc I'JI uiam ypeMudyeckuii CMHAPOM, ObIIU UccaenoBanbl V.., T, 1 V; mauueHToB
1o u nocisie ceanca I'Zl. AHanu3 nokasareneit Vy,,, 7,.x 1 V; HE BbISIBWI 3HAUMMBbIX OTJIMYMIA
1o u rtocie ceaHca '] Kak BHyTpY IpynIibl 1, TaK M BHYTpU rpyImsl 2 (puc. 2—5).

Ypemuyeckuii cunapom, conpopozknaroumii XBI1 V, Bei3biBaeT IByX3TanHoe HapyuieHue
nepopManMoOHHO-(DYHKIIMOHAILHBIX CBOWCTB JPUTPOUUTOB. /[lJIsST BBISIBICHUS] BIUSHUS
XBIT V Ha nedopmalinoHHO-(GYHKIIMOHAIbHBIE MTOKA3aTe I SPUTPOLIMTOB UCCIIeIOBAIN
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Puc. 2. Ceanc '/l He BbI3bIBAET 3HAYMMOTO M3MEHEHUs T, v maumenTos ¢ XBIT V. Bpems nocTixkeHus Mak-
cumanbHoi ckopoctu remonu3a (7y,,4) 10 u mocne ceanca I'/l He pasnuvaercs (Kputepuit Buikokcona st
CBA3aHHBIX BHIOOPOK), OMHAKO, Y IOHOPOB T .\ BBILIE, YEM y MAUMEHTOB Tpynnbl 1 1o [l, ipu 3TOM 3TOT 110~
Kaszatesb y rpynimbl 1 go '/l 3HauMMo HMXe, 4eM y TaiueHToB rpymibl 2 1o v nocie I'J1 (kpurepuit ManHa—
VUTHU TSI HECBSI3aHHBIX BEIOOPOK).

Fig. 2. HD session does not affect significantly 7;,,, in patients with CKD-V. Time to peak hemolysis rate
(Tihay) before and after the HD session had no differences (Wilcoxon matched pair test) between the groups. At
the same time, 7}, for donors was significantly higher than in patients of Group 1 before HD, and T, for
Group 2 before and after the HD session surpassed significantly that for Group Nel before HD (Mann—Whitney
U-test).

sputpouutsl nauueHToB ¢ XbIT V (rpynna 1 no/mocne I', rpynmna 2 no/nocae I'J1) B cpaB-
HEHUU C 3PUTPOLIMTAMU KOHTPOJILHOI IPYIIbI 6€3 peHATbHOM MaTOJIOTMU — JOHOPDI.

Trnax Y IOHOPOB — 453.6 ¢ (360, 586) Gbia nocToBepHO Bhiiie (p = 0.039), uem y naiu-
eHrtos rpynns! 1 go I'J1 — 401.4 ¢ (350.2, 427.5), npu atom T,,,,, y TaLlMEHTOB rpymnmnsl 1 10
I'T — 401.4 ¢ (350.2, 427.5) 6b1a noctoBepHO Hike (p = 0.016), yeM y MalIMEHTOB TPy~

el 2 1o T'JT — 557.6 ¢ (400.7, 702.0) v yeM y mauueHTOB rpymiisl 2 nocie I'J — 586 ¢ (402;
721) (puc. 2).

Viax AoHOpoB — 0.202 oTH.ex. (0.179, 0.240) 6bu1a nocroBepHo (p = 0.020) BbILLE, YEM
y nmauueHToB rpynibl 2 tocie [l — 0.160 otH. ex. (0.127, 0.206) (puc. 3). CpaBHeHUE C
NIPYTUMU BBIOOPKAMU He BBISIBUJIO TOCTOBEPHBIX OTJIMUMIA.

V;y nonopos — 0.518 otH. ex. (0.386, 0.601) 6bu1a 3HaumMo (p = 0.010) Hike, 4yeM y
nauueHToB rpymmsl 1 o T/ — 0.611 otH. ex. (0.542, 0.876) u mocne I'Z] — 0.633 oTH. en.
(0.533, 0.901) (puc. 4). Kpome toro, V; y maumenros rpynmnst 1 go I'/] — 0.611 ortH. ex.
(0.542, 0.876) 6buta 3Haunmo (p = 0.047) BbIlIEe, YeM y TTALMEHTOB TpyImsl 2 g0 T —
0.453 otH. ex. (0.366, 0.760). ITocae T' Vi rpynmel 1 — 0.633 otH. en. (0.533, 0.901) 6buta
Takxe 3HauuMo Boilie (p = 0.047), yeM y mauueHToB rpyrmimbl 2 — 0.516 otH. en. (0.341,
0.608) (puc. 4).
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Puc. 3. Ceanc I'J] He BBI3bIBAET 3HAUMMOTO U3MEHEHUS Vi o\ v manenTos ¢ XBIT V. MakcuManbHas CKOpocTh
remonn3a (Vj,,) 0o u nocne I'/l ceccun He omMyanach (Kputepuit BUKokcoHa [UIsl CBA3aHHBIX BBIOOPOK),
OJIHAaKo, Y JIOHOPOB B CPABHEHUH C ManmeHTamMu rpyrisl 2 ocne [1 V., nocTtoBepHo Bbile (Kputepuit ManHa—
YUTHM JUTST HECBSI3aHHBIX BHIOOPOK).

Fig. 3. HD session does not affect significantly ¥}, , in patients with CKD-V. Maximal rate of hemolysis (Vj;2x)
did not differ before and after HD session (Wilcoxon matched pair test) whilst V,,, for donors was significantly
higher than V,, for patients of Group 2 after HD (Mann—Whitney U-test).

UccnenoBaHue nusMeHeHuil cpeqHero oobema sputpountoB (MCV) He BBISIBUIO 10-
CTOBEPHBIX OTJIMYMI Y TIAIIMEHTOB TPynIibl 1 u rpynmsl 2 10 u niociie ceaHnca I['JI. OnHako
MCVy noHopoB — 84.43 ¢ (81.85, 87.3) 6611 noctoBepHoO (p = 0.017) HUXKe, UeM y Mmauu-
enToB rpynmnsl 1 1o I'Jl — 88.59 ¢n (85.85, 91.92). B ammoHuitHOM cTpecc-Tecte 00bem
SPUTPOLIMTOB B cpeaHeM yBenuuuBaiics Ha 68% (ot 84.43 no 129.15 ¢u) y moHOpoB, Ha
72% (ot 88.59 no 125.4 1) y maumenToB rpynisl 1 go I'/I. B octanbHBIX rpyrnax He Ha-
OJTI0AATOCh 3HAYMMBIX Pa3TUUUA.

Tlokazarenu KIMHNIECKOro 1 OMOXMMUYECKOro aHajn3a KPOBH MAllMeHTOB IpynIl 1 u
2 no u nociie I'/l ¢ pedepeHCHBIMU 3HAYEHUSIMIA HOPMBI TIpeICTaBIeHbI B Ta0I. 1.

AHaJIN3 3TUX TToKa3aTesieil BBISIBUI, YTO KOHIICHTPAIMs MOYEBUHBI B TUTa3Me TPYIIbI 1
no 'l 6puta 3Haumumo Hike (p < 0.05) KOHIeHTpallMd MOYE€BHMHEI B IJIa3Me TPYMIILI 2 10
I’ 29. CymMapHasi KOHLIEHTpaLUSI YPEMUYECKUX TOKCMHOB (MOYEBUHBI, MOYEBOM KUC-
J10ThI, KpeaTuHuHa) a0 I'JI momHumanacek 1o 30 MM, 4TO 3HAYUTEJILHO YBEJIMYMUBAJIO pac-
YETHYI OCMOJISIBHOCTB T11a3Mbl — 110 330 (rpynma 1 go I'1) u no 340 (rpynmna 2 no I'/1)
MOcm/krH,O npu Hopme — 275—298 MOcm/kTH,O. ¥V naimeHToB HE 0TMEUYanoCch HU TU-

nepHaTtpemun (koHueHTpauuu Nat 6suta B mpenenax Hopmsl — 140 MM B 06eux Tpym-
nax), HA TUIeprianKeMuu (KOHLIEHTpAaIUs TJI0KO3bI B rpyrne 1 — 4.45 MM (4.35, 5.08), B
rpyrre 2 — 4.3 MM (3.90, 4.95)). Ceanc I'/l cHuMai ypeMuyecKuii CMHIpOM, OJTHAKO TT0-
KaszareJib YpOBHSI MOUEBUHBI TIPEBHIIIIAJI HOPMY B 00eux rpymrax naxe rnocie ['Jl ceccuu.

[TonydyeHHBIe pe3yJibTaThl YKa3blBAlOT Ha yXyAlleHUe aedopMaiioHHO-(QYHKINO-
HaJIbHBIX CBOMCTB 3puUTpoLMTOB naiueHToB ¢ XBII V, npu aTtom yxyniieHue siBjisieTcst
JBYX3TalHBIM: CTaaUsl YBEJIWYEHUS XPYNKOCTH 3PUTPOLIUTOB (MOBBILIEHUE V), CHUXE-
Hue T,,.,) nauueHToB, Haxonswmumxcs Ha XI' ] no 25 mecsLeB, U CTaaus yBEJIUYEHUS pU-
ruaHocTu (cHuxeHue V,, ysenuuenue 7,,,,) y nauueHToB, Haxonsuuxcst Ha XTI ot 25
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Puc. 4. Ceanc I'/l He BbI3bIBAET 3HAYMMOTr0 U3MeHeHus V;y naumenTos ¢ XBIT V. HauanbHas ckopocTh yBenu-
YeHust 0obema 3puTpounTos (V;) He oTanvanack 1o u rnocie I'Jl ceccun (Kputepuit Bunkokcona st cBa3aH-
HBIX BBIOOPOK), OMHAKO, y maumeHToB rpymmsl 1 no I'J1 n mocye I'/] V; G6buta 1OCTOBEPHO BBILIE, YEM y TALIMEH-
TOB IPYMIIBI 2, KPOME TOrO, V; JIOHOPOB OblIa IOCTOBEPHO BhIILIE, YEM Y MALIMEHTOB IPYMILI | KaK /10, TaK U MO-
cie I'Jl (kputepunit MaHHa—YUTHU 1T HECBSI3aHHBIX BBIOOPOK).

Fig. 4. HD session does not affect significantly V;in patients with CKD-V. The initial rate of cell swelling (V;) did
not differ before and after HD session (Wilcoxon matched pair test), whilst V; for patients of Group 1 both before
and after HD were higher than those for patients of Group 2. Moreover, V; was significantly higher in donors than
in patients of Group 1 before and after HD session (Mann—Whitney U-test).

1o 250 mec. Kpome Toro, TMIepoCcMOJIsIIbHOCTD TUTa3Mbl, BBI3BaHHAST TIOBBIIIIEHUEM KOH-
LIEHTPALMU YPEeMUYECKUX TOKCUHOB, B COBOKYITHOCTHU C CAMUM JIEMCTBUEM YPEMUIECKUX
TOKCMHOB MOXET MTPUBOIUTH K MOYEYHON aHEMUU, MPEXKIEBPEMEHHO 3aITycKasl aronTo3
3PUTPOLIUTOB.

OBCYXIEHMUE PE3VJIBTATOB

YpeMudecknii CUHAPOM XapaKTepU3yeTcsl 3aIepXKKOM U aKKyMYJISIIIMI psia COeHe-
HUI — ypEMUUYECKUX TOKCMHOB, B HOPME 9KCKPETUPYEMBIX TTOUKaMU. YPEeMUIECKUE TOK-
CHUHBI TTOKA3bIBAIOT IIMPOKUI CHEKTP (PUBMKO-XUMUYECKUX XapaKTEPUCTUK, MEXaHU3MOB
reHepauunu u l'laTO(i)l/l?)I/IOJ'lOl'l/l‘{eCKOFO BO3£[CI>1CTBI/IH Ha KJIC€TOYHOM U MOJICKYJIAPHOM
ypoBHsix [42, 43]. INamuenTts ¢ XBIT V noasepkeHbl 00JbllIEMy PUCKY CEPAEYHO-COCY-
JIMCTBIX OCJIOXKHEHU I, KOTOPBIM YBEJIMIUBACTCS C YXyAIIeHUEM (DYHKIIUH ITOYEK, TIPUBO-
IIST K BEICOKOI cMepTHOCTH [13].

Y nanmenToB ¢ XBI1 V nuarHocTUpyoT aHEMUIO pa3INYHOMN CTENEHU BBIPAXKEHHOCTH,
TIPY 3TOM aHEMMUSI UMEET MYJIbTU(hAKTOPHOE TTPOUCXOXKIEHNE U TTPEUMYIIIECTBEHHO BO3-
HUKAeT BCJEACTBME HENOCTATOYHOW MPOAYKIIMU 3PUTPOINO3TUHA B MOYKAX HapaBHE C
COKpAaIlleHHBIM >KM3HEHHBIM 1IMKJIOM 3PUTPOLIUTOB 1 XPOHUYECKUM BocTiasieHueM [44].
B HOpMe cpok kmu3Hu sputpoumTta coctasiser 100—120 nueii [45], Torma Kak XXU3HEH-
HbBI HUKJ 3pUTpOoLnTOB y mauueHToB XI'JI cHuskeH a0 73 (38, 116) aHeii [46]. B ycioBu-
SIX YPEMUM KXU3HEHHBIN IUKJT SPUTPOLIMTA MOXKET ObITh CHUKEH HE TOJIbKO U3-3a yPEMU-
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Ta6auna 1. IMokazaTenu KIMHUYECKOTO M OMOXMMMYECKOT0 aHaIN3a KPOBY MNALIMEHTOB 0 U MOce
ceanca ['J]
Table 1. Complete blood count and blood chemistry for patients before and after the HD session
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2 Pl = = = e <= £ s =
AEE R AN AR PR N
g, PO e S ] > s g - -
S8 2T |TE | BT | 8% ZE | £ | 39 ZE | a5 2¢ | 2E
99 =6 | ¢ ¥ ¥ S Eg a5 28 :§ S5 53 =7
2 =22 | QO QO @ | 35 S 23 2.2 g2 25 =2
2yl 2E | @& 0O 29 °op | &% 538 382 3= ] 5
22 A5 |22 | BE | B2 | 25 | 25|35 | 28 S& 230 A
I'pynmna 1 no 49 10.5 3.09 7.2 106 0.89 21.85 430 138 1.99 2.20 4.9
Th(n=10) | 36, | (5.3, | 287, | 6.70, | (97.75,| (0.67, |(17.60,| (368, | (137, | (1.83, | (2.03, | (4.70,
Groupl 61) 18.3) | 3.57) 9.47) | 113.75) 1.01) |25.55)| S515) 145) 2.19) 2.26) 5.78)
before HD
(n=10)
I'pynma 1 0.36** 7.9*% 109* 140.9 1.02* 2.44* 3.75%*
nocse [ 029, | (7.45, | (108, | (137.7, | (0.94, | (2.35, | (3.45,
(n=10) 0.39) | 1L18) | 179) | 143.5) | L14) 2.51) | 4.10)
Groupl
after HD
(n=10)
'pynma 2 53 105 3.2 6.5 99 0.97 29.45% | 404 138.8 2.19 2.14 5.7
70 TIT (36, | @6, | (285 | @1, | OL5, | (0.89, | 22.7, | 3285, | (137.0, | (172, | (2.09, | (4.9,
(n=13) 67) 134) 3.75) 8.1) 112.5) 1.17) 36.3) | 406.5) | 140.8) 2.48) 2.44) 6.1)
Group 2
before HD
(n=13)
Tpyrma 2 0.36" | 8.3 | 100.5* | 1407 17 2.49% | 377
nocne TJT 0.30, | 6.75, | (70.3, | (1388, | (075, | (236, | (3.6,
(n=13) 0.47) 12.00) | 154.3) 142.7) 1.08) 2.61) 4.0)
Group 2
after HD
(n=13)
PedepencHbie 3.8—5.7]4.5—11.0 [117—173(0.53—1.15|2.1—7.1|208—476| 136—145 |0.78—1.42|2.10—2.55| 3.5—-5.1
3HA4YCHUA
Reference
range

* p < 0.05, kputepuit YUIKOKCOHA [JIsT CBSI3AHHBIX BBIOOPOK; **p < 0.003, kputepuit YUIKOKCOHA IS CBSI3aH-
HBIX BBIOOPOK — rpynl}%tl nocie ['] mo cpaBHenwuto ¢ rpynmoii 1 no I'1;” p < 0.05, kpurepuit YuiakokcoHa ist
CBSI3aHHBIX BBIOOPOK;™ " p < 0.005, kpuTepuii YUIKOKCOHA ISl CBSI3aHHBIX BBIOOPOK — rpymma 2 nocie [J] no
cpaBHeHuIo ¢ rpynmoii 2 no ['1;” p < 0.05, xpurtepuii Kpackena—Yonnuca st He3aBUCUMBIX BHIOOPOK — TPyTITia
2 no I'/l to cpaBHeHwmI0 ¢ rpynmoii 1 no I'/1.

*p <0.05, \;Vilcoxon matched pair test; **p < 0.005 XVilcoxon matched pair test — group 1 after HD vs. group 1
before HD;" p < 0.05, Wilcoxon matched pair test; * p < 0.005, Wilcoxon matched pair test — group 2 after HD
vs. group 2 before HD;” p < 0.05, Kruskal—Wallis test — group 2 before HD vs. group 1 before HD.

Puc. 5. Ceanc I'/] He Bbi3biBaeT 3HaunMoro usmeHenust MCV y naunenToB ¢ XBI1 V. 4 — ncxoaHble mokaszarenu
MCYV spurpouutoB; B — mokaszateim MakcUMalibHoro yBenndeHuss MCV B aMMOHUIAHOM ctpecc-Tecte; C —
% yBenuyeHus 00beMa B aMMOHUITHOM CTPECC-TECTe MO CpaBHEHUIO ¢ McxonHbIM MCV. 3HaYMMBIX U3MEHE-
nuiit MCV no u nocine '/l ceccun He BbisiBAeHO (KpuTepuii BunkokcoHa mjist cBsI3aHHBIX BBIOOPOK), OIHAKO,
ucxonHble nokasaresin MCV 1OHOPOB ObUIM 1OCTOBEPHO HMXE, YeM y nauueHToB rpynimsl 1 1o Il (kpurtepuii
ManHa—YUTHU 711 HECBSI3aHHBIX BBIOOPOK).

Fig. 5. HD session does not affect significantly MCV in patients with CKD-V. 4 — control RBCs MCYV values; B —
MCYV values of maximally swollen RBCs in ammonium stress-test; C — MCV increase of control RBCs in com-
parison with ammonium stress-test (in %). There were no significant differences in MCV before and after the HD
session (Wilcoxon matched pair test), however the control values of MCV in donors were significantly lower than
in patients of GroupNe1 before the HD session (Mann—Whitney U-test).
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YeCKUX TOKCMHOB (aKpOJIEUH, METUJITIMOKCAIb, UHAOKCUII CyJIb(daT 1 Ap.), HO U U3-3a
CTPECCOPHBIX BO3ICUCTBUIT — OCMOTUYECKMX CIIBUTOB, OKMCIUTEILHOTO CTpecca U SHep-
reTUYECKOro UCTOIeHUs [46].

CpenHsisi TPOAOJLKUTEIbHOCTh XU3HNU 3PUTPOLIMTOB MOXET CHMXKAThCS M3-3a KOM-
npeccuii u nedopmalivii KIeTOK B SKCTPAKOPIIOPAJIbHOM Kpyre KpoBOOOpallleHus Mpu
neyenuun XI'JI [12]. CnocoOHOCTh 3pUTPOLIMTOB K 0OpaTUMBIM AedopMaliusM — aedop-
MUPYEMOCTb MMEET pellalpllee 3HaYeHue I MUKPOLMPKYJSLMU, TaKUM OO0pa3oM,
CHMXXEeHHUE NeOPMUPYEMOCTH CBSI3aHO C MHOTUMMU maTtoiorusiMmu [28]. B okpyxkeHuun
YPEMUYECKOM TIJIa3Mbl 3PUTPOLIUTHI TIPEIPACTIONOXEHBI KO MHOTUM IIepecTpoiikam, Ko-
TOpPbIE MOTYT OKa3bIBATh HETATUBHOE BIIMSHME Ha CepaecIHO-COCyarcTyIo cuctemy [13]. Io-
JIyY€HHbIE HAMU PE3YJIbTaThl JOMOMHSIOT NaHHbIe [12] 1 yKa3bIBalOT Ha OTCYTCTBUE HETIO-
cpencTBeHHOro BIsiHUS ceaHca '/l Ha ¢pyHKIIMOHAIBHBIE TTapaMeTphl 3PUTPOLIMTOB.

VYpemust oka3biBaeT HEraTUBHOE BJIMSIHWE HA Psill FeMaToJIOTUYECKUX apaMeTpoB, Ta-
KMX KaK MPOAYKIIMS U IeCTPYKLIMS SPUTPOLIUTOB, (DYHKIIUS TPOMOOLIMTOB, JIMM(MOILIUTOB
W OPUTPOLIMTOB, U aKTUBALIMS KOATYJISILIUOHHON CUCTEMBbI. YpeMruuecKrne TOKCUHBI MO-
TYT HE TOJIbKO BJIMSITh Ha (DYHKUMIO KJIETOK M3BHE, HO M aKKyMYJIHUPOBATbCS BHYTPU
kJieTk [1]. B moJib3y 3TOro roBopsIT pe3yJibTaThl UCCIIEIOBAHUI, B KOTOPBIX ObLIa BbISIB-
JIEHa CIIOCOOHOCTb 3PUTPOLIMTOB UMIIOPTUPOBATh U 3KCMOPTUPOBAThH (B MOPSIIKE BO3-
pactaHus): runnypoByio kKuciaoty (HA) < unmokcun cynbdat (IS) < p-kpe3wn cyiabdar
(pCS) < mHpmos-3-ykcycHyto kuciaoty (I1AA). Ummopt u axkcnioptT HA 1 umnopt pCS uH-
rubuposauch 6okatopom AE1 (6eok rostocsl 3) — DIDS [43]. Takum o6pa3oM, B UM-
TopTe psiia ypeMUIeCKUX TOKCMHOB B 3pUTPOLIUT 331eiiCTBOBAH OJIUH U3 IJTABHBIX CTPYKTYP-
HBIX OEJIKOB, OCHOBHBIMU (DYHKIIMSIMU KOTOPOTO SIBJISIETCS TIOANEP>KAHUE CTPYKTYPHOU 11e-
JIOCTHOCTH MeMOpaHbI 3pUTpoLUTa 1 BHyTprKieTouHoro pHi [37, 47, 48].

CTpyKTypHas LIEJOCTHOCTbh CETU LIMTOCKEJIETa — OCHOBHOM (hakTop, onpenesiolinii
BSI3KO-2JIaCTUYHBIE CBOICTBa 3puUTpolUTa U ero aedopmupyeMocth [49]. M3meHe-
HUE/CHUXEHNE IKCIPECCU MEeMOpPaHHBIX OEJIKOB MOXET ObITh MPUUYMHON M3MEHEHUSI
BSI3KO-3JIACTUYHBIX CBOMCTB 3PUTPOIIUTA U MOXET BO3IEUCTBOBATH HAa MOJIEKYJISIDHbIE
MyTU CUTHAJIMHTA B 3puTponuTax [ 1, 13]. MeTogaMu IIpoTeOMHOT0O aHaI3a ObLIO BBISIBIICHO,
YTO 3KCIpeccusi OEJIKOB B IUTOIIa3MaTUYECKO MEMOpPaHE SPUTPOLIUTOB MALIMEHTOB, CTpa-
NAIOIIMX OT YPEMUYECKOTO CUHIPOMa, 3HAYMTEJIbHO OTJIMYAeTCs OT 3A0POBbIX JTtozeit. B ype-
MMYECKUX BPUTPOLIUTAX TTOKA3aHbl: CHUKEHHAsI 3KCIIPECCUsl CIIeKTPUHA, GeJika MoJio-
col 3 (AE1), najmanuHa, aktuHa, cromaruia 1 CD47 (Mapkep, NpensTCTBYIOLINA daro-
muto3y) [50, 51]; m u3MeHeHMsI B B3KCIPECCUM TaKux OEJIKOB, KaK OeTa-amIylrH,
TPOIIOMOIYIUH- 1, 33puH, pamukcuH [1, 5, 52, 53]. OmcanHble MOAMGUKAIINT, BEPOSITHO,
BOBJICUEHBI B MATOT€HE3 HAPYILIEHUs CIIOCOOHOCTU 3PUTPOLIMTOB K 00paTuMbIM nedopma-
11sIM, KoTopoe Habonaercs y nanmeHToB ¢ XbBIT V [1, 13].

XapakTepuCTUKH, ONUChIBaloIIMe 1e(OopMaLIMOHHYIO CIIOCOOHOCTb PUTPOLIMTOB I1a-
nueHToB ¢ XBII V u, cooTBeTCTBEHHO, (PYHKIIMOHAIbHbBINA CTaTyC 3pUTPOLIUTOB, paHee
He ObuTM onucaHbl. [IpuMeHeHre MeTona Ja3epHoil [udpaklvy MO3BOJIUIO OXapaKTe-
pU30BaTh 3PUTPOLIUTHI C HOBOI CTOPOHBI — IO U3MEHEHUI0 (DYHKIIMOHAJIIBHOTO CcTaTyca
KJIeTOK B yciaoBusax XBIT V.

Hamm manHbple, onmuchIBaloline CHIDKEHUE OeOopMallMOHHO-(YHKINOHAIBHBIX Xa-
PaKTEPUCTUK SPUTPOLIMTOB, SIBJISIIOTCS CEPbE3HBIM AOIOJHEHUEM K OMOXUMUYECKUM U
MPOTEOMHBIM TaHHBIM, TTOJIydeHHBIM paHee [1, 5, 13, 43, 50—53], 1 BHOCAT BKJaz B 1O-
HUMaHUe TMPOLIeCCOB M3MEHEHMS/CHIDKeHUST (DYHKLIMU 3pUTPOLIMTOB B ycioBusix XBIT V.
W3Mepsiemble mapaMeTphl SIBISIOTCS CYIIECTBEHHBIMU [IJISI XapaKTepPUCTUKU (DYHKIIMO-
HaJIbHOTO CTaTyca 3pUTPOLIMTOB: HaYaJbHasi CKOPOCTb YBEJIMUYEHUSI 00beMa SPUTPOLIM-
ToB (V)) yka3biBaeT Ha uaMeHeHue pyHkumMu AE1l; MakcuMajibHass CKOpPOCTb reMojun3a
(Vinax) ¥ BpeMsI JOCTHXXKEHMSI MAaKCHUMaJIbHOUM ckopoctu remonusa (7),,,) OMUCHIBAIOT
CKOPOCTb pa3pylleHUsT KJIETOK U, COOTBETCTBEHHO, SIBJISIIOTCS XapaKTePUCTUKOM XpYyIl-
KocCTH KJIeToK. [Tatojjornueckue n3MeHeHUs BhISIBJISJINCh aMMOHUHBIM CTPECC-TECTOM.
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CpasHenue V;, V., Tmax Y NauneHToB XTIl ¢ HOpMOIT (ZIOHOPBI) MO3BOJIWIO BBLISIBUTh
CYLIECTBEHHbIE Pa3INYUs.

JledopMallMOHHBIE XapaKTePUCTUKH, HadyajlbHasi CKOPOCTb YBEJIMUYEHUSI oObeMa
sputpoluToB (V) 1 Bpemsl HOCTMXKEHUS MaKCUMaslbHOI ckopocty remonu3sa (7;,.,)
IPUTPOLIMTOB MaleHToB XI' /] 3HaUUTEIbHO OTJIMYAIMCh OT HOPMHBI (IpyIiia 1OHOPOB)
(puc. 2, 4). Y nanuenrtoB ¢ XBII V, Haxoasiuxcsa Ha XTI 1o 25 mec., GbUIO BBISIBJICHO
nosblleHye V; u cHkenue 7, 0 CPaBHEHUIO € TPYIIIOi TOHOPOB, YTO YKa3bIBAET Ha yBe-
JIMYEHUE XPYITKOCTU 3PUTPOLIMTOB. Y maumMeHToB, Haxomsmuxcs Ha XTI/ ot 25 no 250 mec.,
HaOJII0JAI0Ch CHIDKEHUE V; U yBenndeHue 71,,, 10 CPaBHEHMIO C KOHTpoJieM (puc. 2, 4),
yYKa3bIBalolllMe Ha YBEJIMYEHUE PUTUIHOCTU KJIeTOK. [lolydeHHbIe pe3ynbTaThl MokKasa-
JIM, YTO CPOK JieueHUs1 TTporpaMMHbIM XTI 1/Win moaBep>KeHHOCTb BO3ACHCTBUIO ype-
MHMYECKUX TOKCHUHOB TIPMBOASAT K JBYXCTaIUWHOMY YXYIIICHUIO Ie(OopMalOHHO-
(YHKIIMOHAJIBHBIX CBOMCTB 3pUTpolIMTOB nauueHToB ¢ XBIT V: (i) cranuu yBennyeHust
XPYIKOCTH IJIsI MaueHToB, Haxonsamuxces Ha X1 mo 25 mec., u (ii) cTaguy MOBBIIIICHUS
PUTUIHOCTH IJIs ITaureHToB, Haxomsmuxcs Ha XTI ot 25 go 250 mec.

B HOpMe B M300CMOTHUYECKOI Cpefie IPUTPOIIUTHI YeT0oBeKa MMEIOT (hOpMY JBOSTIKOBO-
THYTOTO IMCKA, YTO MPUIAAET UM BBICOKOE COOTHOIIIEHUE MTOBEPXHOCTU K 00bEMY U BO3-
MOXHOCTb MOABEPraThCs MUPOKOMY IMana3oHy 00beMHbBIX U3BMEHEHU. B runmoocmMoTu-
YeCKOI cpelie 3pUTPOLUTHI TPaHC(HOPMUPYIOTCS B CTOMATOLUTHI U YBEJIUUMBAIOT CBOM
00beM 10 74%, B TUIIEPOCMOTHYECKOM cpene — ckuMaroTcst Ha 34% u TpaHchopMupy-
IOTCSI B XUHOUMTHI [54, 55]. HecMoTpst Ha clTOCOOHOCTH MOABEPTATHCS PA3TUIHBIM JIE-
dopmMalMaM 1 HAXOIUTHCS B pAaCTBOPAX C IIMPOKUM IMATIA30HOM OCMOJISUTBHOCTH, BIIU-
SIHUE LUKJIMYECKOro JIOJTOBPEMEHHOIO HAaXOXIEHUsI B TMIIEPOCMOJISIDHOI cpeae Ha
TPaHCTIOPTHBIE XapaKTEPUCTUKU SPUTPOLIMTOB U3YYEHO HE B MOJIHOI Mepe. BrisiBieHHOE
B HAIIIMX 9KCIEPUMEHTaX HUKINYECKOE JOJATOBpeMEeHHOE (10 48 1) HaXOXJAeHUE B OKPY-
>XeHUU runepocmosisiibHoi (1o 340 MOcm/krH,0) ypemuueckoii rmia3mel TakKe MOXKET
BJIMSITH Ha U3BMEHEeHMe Ae(hopMallMOHHO-(DYHKIIMOHAIBLHBIX MTOKAa3aTe/Ieil 3pUTPOLIMTOB.

XBIT V accolimupoBaHa ¢ HapylIeHUSIMU apTepUaJIbHOTO AABJICHUST, XUMUYECKOTO CO-
cTaBa KpOBU M MPOAYKIIMU 3PUTPOLIMTOB, YTO MOXET HETAaTUBHO BJIUSATh Ha (DYHKIIUU
moazra. [IneiitomopdHbIe POSIBIIEHUS YpPEMUM BO3HUKAIOT MapasuleIbHO C yXyILIEeHUEM
paboThl MOYEK M BKJIIOYAIOT CHUXXEHUE KOTHUTUBHOM AESTeJIbHOCTH, HapyllIEeHUe Heli-
POMBIIIEUHOM (PYHKLIMU C MBIIIEUHOM CIa0OCThIO, SMUJIENTU(GOPMHBIE NpUNaIKu |5,
56, 57]. Panee 6bu10 TTOKa3aHo, uto XBI1 V conpoBoxaaeTcsi CyOKOPTUKATbHBIMU HIIIE-
MUYECKUMU TMOpakeHUsIMU, aTpodueil 1 HapylIeHUSIMU KOTHUTUBHOM NEsITeIbHOCTU
[58, 59]. OnHako mexanu3mbl Bo3aeiicTBust XbI1 V Ha dyHKIIMIO MO3ra 1 BpeMeHHasi Tn-
HaMuKa ocTalTcs HensydeHHbIMU. ['pynna Liu [60] noaTBepauia cucteMaTuueckue 3¢-
(eKThbI pacyeTHOI CKOPOCTU KIIyOOUKOBOI (hUIbTpallii, YPOBHS FeMaTOKpUTa U apTepu-
aJIbHOTO JaBJICHMSI HA MO3TOBOM KPOBOTOK, BBI3BIBAIOIIME HAPYIIEHUSI PErMOHAIBHOTO
MO3rOBOTO KPOBOTOKA, UTO MOXKET OTpaxkaTh HapylleHHOe (DYHKIIMOHWpPOBaHWE MO3ra,
0o0ycaaBIuBalollee HEMPOKOrHUTUBHBIE cuMOTOMBI pu XBIT V [60]. OnucaHHbBIe HEpo-
JIereHepaTUBHbBIC CUMIITOMEI, corryTcTByiomue XBI1 V, Moryr OBITh TakKe 00YCIIOBICHBI
rurnepaMmMoHuemueii [61].

PaHee HamMu OGbLIO MOKA3aHO, YTO SPUTPOLIMTHI YeJIOBEKA CIIOCOOHBI TPAHCIIOPTUPO-
BaThb U UMIIOPTUPOBATh aMMOHUii/amMMuak [37, 41]. DTH KJIETKU, MO-BUIAUMOMY, UTPAIOT
BaXKHYIO POJIb B MOAJEPXKAHUM a30TUCTOro OasaHca B opranusme. Kpome Toro, aputpo-
LIMTHI TAKXKE MOTYT SBJISIThCSI MapKepaMM MaTOJIOTUUECKUX HApYIICHU I, TPOUCXOMSIIINX
B OpraHu3Me, TTO3TOMY KOHTPOJIb COCTOSTHMST 3PUTPOIIMTOB KpaifHe BaxkeH. B cBsA3u c
9TUM, Ka4eCTBO SPUTPOIIUTOB U MX CIIOCOOHOCTh BBIITOJIHSITH CBOIO (DYHKIIMIO IPUOOPETAIOT
CYHIECTBCHHOC 3HAUYCHUEC B I'pyInIiax pucka ruriiCpaMMOHUEMUN: TTALHUCHTBI OTACIICHUS XPO-
HUYECKOTro TreMouann3a (HapyleHue OMOXMMHUUYECKOTO ToMeocTa3a U MOCTOSIHHOE arpec-
CMBHOE XMMMUYECKoe U (pu3nuecKoe BO3NeUCTBUE Ha KJIETKU), HOBOPOXIEHHBIE C TPaH3M-
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TOPHOI rUIiepaMMOHMEeMUEN (HapylleHue (YHKIMOHAIBHBIX CBOUCTB 3PUTPOLIMTOB),
B3pOCJIbIe C TMOBBIIEHHON (hU3UUecKoil Harpy3kKoil (HecmoCOOHOCTh OpraHM3Ma cripa-
BUTBCS C U3OBITOYHBIM MTOTOKOM aMMOHMUsI/amMmMuaka). McciienoBaHue naHHOI obyiacTu
naTodU3NOJIOrMY MTOMOXET B YJIYYLIEHMH U CBOEBPEMEHHOI KOPPEKLIUU TepareBTuye-
CKMX TOAXOOB, UCMOJIb3yEMBIX IJIsI MALMEHTOB I'PYNIl pUCKa TUIIEPAMMOHUEMUHU, Ta-
KHUM 00pa3oM MOSIBUTCSI BO3MOXHOCTD YJIYYILIUTh KaU€CTBO JMArHOCTUKHU U, YTO BaXKHee,
Ka4yeCTBO XKMU3HU IMAallUCHTOB.

3AKITIOYEHUME

AHanu3 nepopMailMoHHO-(PYHKIMOHAIBHBIX TTApAMETPOB 3PUTPOLIMTOB MAIIUEHTOB C
XBIT V no u nocse ceaHca reMoauaiv3a HE BBISIBUJT 3HAYMMBbIX OTJIMUUIA, B TO BpEMSI KaK
cpaBHeHUe nokaszateneir V;, 7. 1 V.. TOHOPOB, MAalIUEHTOB, HaXOASALIUXCS Ha Jieye-
Huu XI'II no 25 mec. (rpynma 1) v maumeHToB, Haxoasmuxcs Ha JedeHun X ot 25 no
250 mec. (rpynrma 2), BBISIBWIO OBYX3TAIlTHOE yxylleHue aedopMalMoHHO-(PYHKIIMO-
HaJIbHBIX CBOMCTB 3puTpoMTOB mManueHToB ¢ XBIT V: cramust yBenndeHUs] XpyImKOCTH
SPUTPOLIMTOB (MOBbILLIEHUE V}, cHUXeHue T,,,.) MalUueHTOB rpynmnel 1 U cTanus yBeauye-
HUSI pUTUIHOCTU (CHUXeHue V;, ysenuuenue 7,,,) y nauueHToB rpymnmnsl 2. KpoMe Toro,
B MEXIMAIN3HbIC TTPOMEXYTKU KOHLIEHTPALUSI YPEMUUECKUX TOKCUHOB CyMMapHO IO~
BhIIIaack 10 30 MM mpu HensMeHHoI KoHLeHTpauuu Nat 140 MM 1 rmokossl <5 MM,
TEM CaMbIM MPUBOJIS K TUNepocMotsuibHOCTH M1a3mel (10 330 MOcm/krH,O B rpymre |,
1o 340 mOcm/krH,O B rpymnre 2), 4To Takxke MOXET CNOCOOCTBOBATh YXYILIEHUIO Ae-
(GOopMalLIMOHHBIX XapaKTepUCTUK 3pUTPOLUTOB nanreHToB XI/1.

IMonyyeHHbIC pe3yJibTaThl YKa3bIBalOT HA TO, UTO y MALIMEHTOB OTACJICHUS XPOHUYE-
CKOTO TeMoaualin3a ypeMudyeckasi MTHTOKCUKAIIUSI M TTIOCTOSIHHOE HaXOXICHUE 3PUTPO-
LIUTOB B OKPYXXCHUU TUIMIEPOCMOJISIPHON TIa3Mbl/TIPU BO3AEUCTBUM YPEMUYECKUX TOK-
CHMHOB, a He caM ceaHC TeMOIUaJIN3a, BLI3bIBAIOT HapyllIeHUe 1eOopMaIlOHHO-(DYHKII -
OHAJIBHBIX XapaKTePUCTUK SPUTPOIIUTOB, TPUBOIAIICE K aHEMUYECKOMY CUHAPOMY.

NCTOYHUK ®UHAHCHUPOBAHMU A

HccrenoBanue BHIIOJIHEHO MTpy (PUHAHCOBOM noanepxke POM®U B paMKax HaydHOTO IIPOEKTa
Ne 19-315-60015 (FOnust CynHULbIHA).
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Uremic Syndrome Triggers Red Blood Cell Deformability Alteration
in Hemodialysis Patients

Yu. A. Borisov?, J. S. Sudnitsyna® ¢ *, T. D. Vlasov?, L. V. Dulneva?, V. O. Abolmasov?,

1. V. Mindukshev‘, and A. V. Smirnov*
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Moscow, Russia
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End stage of chronic kidney disease (CKD-V) is associated with alterations in erythro-
cyte structure and functions which are the potential risk factors to interrupt erythrocyte
proper activity however the mechanisms of such changes remain understudied. We used
laser diffraction approach for investigation of CKD and hemodialysis (HD) effects on
deformability of CKD-V patients red blood cells. HD did not affect red blood cell (RBCs)
deformability however we showed two-stage alteration in renal patients’ RBCs deformabil-
ity corresponding to the time of HD treatment or/and susceptibility to uremic syndrome.
The first stage was characterized by increase in initial velocity of cell swelling (¥;) and de-
crease in the time to peak hemolysis rate (7},,,5), and indicated the increase in RBCs fra-
gility in patients receiving HD treatment up to 25 months (Group 1). The second stage
outlined the decrease in V; and increase in 7},,,,, that indicated the increase in rigidity of
RBCs in patients receiving HD treatment from 25 months to 250 months (Group 2). In
interdialytic periods the increase in concentration of uremic toxins (urea, uric acid) was
detected, at the same time there were no changes in sodium and glucose concentrations.
The increase in uremic toxins lead to osmolality accrual up to 330 mOsm/kg in patients
of Groupl before HD, up to 340 mOsm/kg in patients of Group 2 before HD. In sum-
mary, HD did not affect the functional parameters of RBCs, however our data clearly
indicated the two-stage deformability alteration in renal patients’ RBCs that is triggered
by uremic syndrome and potentially may lead to renal anemia and cardio-vascular com-
plications specifically attributed to CKD-V patients.

Keywords: chronic hemodialysis, red blood cells, uremia, uremic syndrome, laser diffrac-
tion, nitrogen balance
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TMonnepxxanue GanaHca HaTpusi 0OECTIEUMBAETCSI YETKUM COOTBETCTBUEM IOCTYILIE-
HUSI COJIM Yepe3 XKeJyIOUHO-KUILIEYHbII TPAKT U €€ BbIBEACHUEM, PEUMYIIECTBEHHO,
noukamu. [Ipencrasisier HTEpecC olleHKa (YHKIIMOHATBHON CBSI3U TTUIIEBAPUTEb-
HO# cuCTeMbI U MOYEK U ee BKJIaa B MOAIep>KaHue MOCTOSTHCTBA KOHLIEHTPALlMY Ha-
TpUsl BO BHYTpeHHel cpene opraHusma. Llenb vcciaenoBaHUsi — OLEHUTH yvyacTue
MENTUI0B KUIIEYHUKA, TPOU3BOIHBIX IMPOTJIOKAroHa, B PETYJISIIIUM BbIBEICHUS Ha-
Tpusl MoyKaMu. KccnenoBaHo AMypeTUUecKoe Y HaTpUiiypeTnyeckoe IeicTBre BHYTPY-
OPIOIIMHHOIO BBEACHMSI OKCMHTOMO/YJIMHA, TiTtoKaroHonoaooHoro nenrtuaa-1 (FCTI1-1)
u TirokaroHomnono6Horo nenTtuna-2 (I'TIT1-2) B no3e 1.5 HMOIb/KT B OOBIYHBIX U CTaHIAP-
TU3UPOBaHHBIX (Ha hoHe HanauBaHus 0.9%-HbM pacTBopoM NaCl B o6beme 50 Mi1/KT)
YCJIOBUSIX BOJHO-COJIeBOro OanaHca. [Toka3aHO MOBBILIEHWE MOYEOTAEIEHUSI U IKC-
kpetiuu Hatpust tipu aeiictBum ['TII-1 u cHUXkeHUe nuypes3a U HaTpuilypesa Iocie
nnabekiuu [TIM-2. Ddbdekr okcuHTOMOMyTMHA HAa (DYHKIMU TMOYEK HE BBISBIICH.
OlLIeHEH CEeKPETOPHBII OTBET MCC/IEAYyeMbIX IMENTUIOB Ha TMEpPOpajibHYI0 HAarpysKy
2.5%-ubM pactBopoM NaCl (18 Mi1/KT), BEI3BIBAOIIYIO TUTIEPHATPUEMUIO: Yepe3 5 MUH
Habmonanochk nopeieHue KoHueHTpauuu [TITT-1 u camkenue I'TITT-2 B kpoBU, ypo-
BEHb OKCUHTOMOJYJIMHA He U3MeHwIcsl. M3yueHo BiusiHME MENTUAOB Ha BbIBEICHUE
IMOYKaM1 U30bITKA HATPUS U XJIOPUIOB TIPU TUTIEPHATPUEMUU TI0C]Ie TIEPOPATTLHOTO U
BHYTPUOpPIOIIMHHOTO BBeaeHust 2.5%-Horo pactBopa NaCl. Mubekums T'TITT-1 ycu-
JIWJIAa AMYpe3, 9KCKPELIMIO HATPUSI U XJIOPUAOB IMoYyKaMu Ha ¢hOHE BHYTPUOPIOILIMHHOM
Harpy3ku NaCl u yckopwia BeIBeIeHUE NOHOB TIOCJIE TepOopaJibHON Harpy3ku. BoisiB-
JIEHBbI aHTUANYPETUIECKUI M aHTUHaTpuitypetndeckuii a¢pdexrnl ['TII-2 mpu BBeme-
HUU TOpMOHa Ha ¢oHe TnepopayibHOi Harpy3ku NaCl. Takum o6pa3oM, MPOU3BOAHBIE
npormokarona, ['TITI-1 u I'TIT1-2, yyacTBylot B peryasiuuu 6anaHca Hatpust. [Tpu u3-
o6biTouHoM moctyrieHnu NaCl uepes KelynouHO-KUILIEeYHbI TPaKT Kak M3MeHEeHUe
CEeKpEeLMM DTUX PETYJISTOPHBIX MENTUAOB, TaK U UX 3 GhEKThl Ha SKCKPELUIO HATPUsI
IMOYKaMU MPOTUBOITOJIOKHO HAIIPABJICHBI.

Knroueswie crosa: TIIOKaroHONMOOOOHBINM MENTHI-1, TIOKArOHOMOAOOHBIN MenTUI-2,
OKCUHTOMOJIYJINH, Harpy304Hasl mpoda, HaTpuilype3, rurepHaTpueMusi, moyka

DOI: 10.31857/50869813920080026

basianc HaTpus noanepxuBaeTcs 61aronaps CJI0XKHOW MHOTOKOMITOHEHTHOM cucteme
PeryasiuuM MpoLIECCOB IOCTYIJIEHUSI U BbIBEIEHUSI KaTHUOHA M3 OpraHu3Ma M CTPOro
KOHTPOJIMPYETCSI MHTErPUPOBAHHBIMU HEMPOIHAOKPUHHBIMY U TTIOBEIEHUYECKUMU MeXa-
Hu3Mamu [1]. T1aToreHe3 pa3nuyHbIX 3a00JIEeBaHUI COTTPOBOXIAETCS HapyluIeHUusIMu 6a-
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Puc. 1. [TocTTpaHCISIUMOHHBINA MPOLIECCUHT MPOMTIOKAroHa: I — B O-KJIeTKaxX MOMIXKETyIOUYHOM Xene3sl, I — B

L-knerkax KuiieyHuKa. besbiM 1BETOM 0003HAaYeHbI YYaCTKU MOJIUIENITHAA, COOTBETCTBYIOIIME OTACIbHBIM
rOpMOHAaM, HOMEPaMM YKa3aHbl MO3ULIMM aMUHOKUCIOTHBIX OCTATKOB B MOCJIEIOBATEIbHOCTU MPOTIOKAroHa
(1—160), coOTBETCTBYIOIIKME HAYaly M KOHILY Kaxaoro u3 nentuaoB. GLP-1 — [IoKaroHomomo0HbIi nenTui-
1, GLP-2 — n1ioKaroHonoao0HbIi NenTu-2.

Fig. 1. Post-translational processing of glucagon: I — in the pancreatic o-cells, II — in the intestinal L-cells.
White areas indicate fragments of the polypeptide corresponding to individual hormones; the numbers indicate
the amino acid positions in the proglucagon sequence (1—160), corresponding to the beginning and end of each
of the peptides. GLP-1 — glucagon-like peptide-1, GLP-2 — glucagon-like peptide-2.

snaHca HaTpus. [loHMMaHUe CUCTEMBI €T0 PEeryslury HEeOoOXOAUMO ISl MPaBUIBHOTO
aHaM3a MEXaHU3MOB COJIb-UYBCTBUTEILHOCTH, KOPPEKILIMN COCTOSTHUI, COMTPOBOXKIAI0-
LIMXCS 3aePXKKOU HATPUS U XXKUAKOCTU B OpraHu3Me (Ipy apTepuaabHON T'MNepTeH3UH,
CeplIeYHOM HEAOCTATOYHOCTU, OTEYHOM CUHAPOME Pa3INYHOM STUOJOTUHU U 1p.). [1pu ru-
MOBOJIEMUU Y TUTIOHATPUEMUHU aKTUBUPYIOTCS LIEHTPAJIbHBIE U TIepudepruiecKue ocCMo- 1
HaTpUEBbIE PELIETITOPhI, BKYCOBbIE PELIETITOPhI, apTepUaIbHBIE U CEPIEUHO-JTIETOUHbIe Oa-
popelenTophl 1 00beMHbBIE PELICIITOPhI, pPEHUH-aHTMOTeH3MHOBas cucteMa |2, 3]. [1pu u3-
OBITOYHOM TTOTPEOJICHNM HATPUSI CHIDKAETCSI COJIEBOM anmeTuT [4], yMeHbIIaeTcs pead-
copOl1IMs HATpUs B MOYKAX U YBEJIMUMBAETCS €ro 9KCKpelus ¢ moyoit [5, 9]. TlocnenHee
SIBJISIETCS CJICICTBUEM HE TOJIBKO CHMXKEHMSI YPOBHS aHTHOTeH3uHa II u anbnocrepoHa,
HO Y ACUCTBUSI pa3IMUYHbIX HATpUilypeTudeckux (akTopoB (TpeacepaHblii HaTpuitype-
TUYECKUI TIENTH I, HeiiporunoduzapHbie TOpMOHBI) [6—9]. [Tpu 3TOM TOCTaTOYHO JaB-
HO OTMEUYEHO, UYTO 3(HEKTUBHOCTh BhIBEACHUSI M30bITKA MOHOB HATPUSI U3 OpTaHU3Ma
3aBUCUT OT IyTH UX NocTyruieHus. Harpuiiypes mociie mepopaabHO COJEBOI Harpy3Ku
B 2 pasa BbIllI€, YeM MOocje BHYTpUBeHHOI nHPY3uu [10—12] wiu BHYTpUOPIOIIMHHOIO
BBeneHUs TurieproHudeckoro pactsopa NaCl [13]. B ¢cBsi3u ¢ 3TUM npeAcTaBiIsijia MHTE-
pec olieHKa (PyHKIIMOHAJIBbHOM CBSI3W XEJIYJIOUYHO-KHUIIIEYHOTO TpaKTa U MOYeK, MOMCK
OMOJIOTUYECKN aKTUBHBIX BEIIIECTB, KOTOPbIE MOTYT OIMOCPENOBaTh ONMUcaHHbIe 3 dex-
Thl. B XKeymoYHO-KUIIIEUHOM TPaKTe CEeKPEeTUPYETCs IIIMPOKUIA CIIEKTP TOPMOHOB U pe-
TYJSITOPHBIX TETITUIOB, CPEAN KOTOPBIX OCOOBIN MHTEPEC MPENCTABISIOT UHKPETUHBI —
MEeNTUABI, CTUMYJIUPYIOLLIME MTIOKO303aBUCUMYIO CEKPELIMIO MHCYJIMHA MOIKETyT10YHOM!
>KeJIe30id B OTBET Ha IoCTyrieHue muiyu. OCHOBHOM MHCYJIMHOTPOITHBIN 3(dEKT omno-
CpeaoBaH riioKaroHononooHbIM nentuaoM-1 (ITITT-1), MUMEeTHUKY KOTOPOTo UCTIONb3YIOT
B Tepalliy MallMeHTOB ¢ caxapHEIM nuabetoM 2 tura. ['TII-1 sBasieTcsa Hanbonee n3ydeH-
HBbIM MPOAYKTOM OTPAaHUYEHHOTO MPOTEOJM3a IMpOorIoKaroHa. [locTTpaHCISIIMOHHBIN
MPOTEOJ M3 MPOTIIOKaroHa TkaHecrnenududeH (puc. 1). B o-kieTkax momkeaya1ouHom ke~
Jie3bl KOHBEpTa3a 2 TUIIA OTIIETISIET OT MPOrOpMOHA [IIOKArOH; B 9HTEPO3HIOKPUHHBIX
KJIETKaX TOHKO U TOJICTOI KUILKU MPU ASUCTBUM KOHBEpTa3 1—3 TUITOB U3 MPOTOpMOHA
o0pazyeTcst cpa3y HECKOJbKO MEeNTUA0B, POACTBEHHBIX 10 aMUHOKUCIOTHOI MocenoBa-
TEJILHOCTH, HO MMEIOIIMX Pa3IMYHyl0 OMOJIOTMYECKYIO aKTMBHOCTb. OKCUHTOMOIYJIMH,
T'TIII-1, mmrokaroHomonoOHkbIi rtenTua-2 (I'TIM-2) u op. [14, 15].

I'roko303aBrcUMas MOCTIpPaHIMaTbHAs CEKPEeLMs MHCYJIMHA JajleKO He eIUHCTBEeH-
HbI 3¢ dekT, KoTopblit okasbiBaeT ['TITI-1 [16]. YcranoBieHo, yto peuentopsl I'TITT-1
KpoMme B-KJIETOK TMOKEeTYTOUHOM XKele3bl TAKKE PACITOIOKEHBI B MIEYEHU, CEPIIE, IO~
JIOBHOM MoO3re, nmoykax. BeisiBieHo HaTpuitypetudyeckoe aeiictBue I'TITI-1 1 mnkpeTun-
HoMUMeTHUKOB [17, 18]. B Haleit 1abopaTtopuu ObLIIO MOKa3aHO BaxKHOE MHTETpUpYIOIIee
3naueHue ['TITT-1 B cucteme BomHO-coneBoro romeoctasa [13, 19]. HecmoTpst Ha To, 4yTO
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okcuHtoMonyauH u I'TITI-2 cekpetupytorcst coBmectHo ¢ I'TITI-1, 06 nx 6uosornyeckoit
aKTUBHOCTH in Vivo M3BECTHO ropasmo MeHblne. OKCUMHTOMOOYJINH (27-aMUHOKUCIOT-
HBI TETITUT) PETYIUPYET CEKPELIMIO COJISTHON KUCIOTHI B XEJIYIKE U TPAHCTIOPT reKCco3 B
TOHKOM KMIIKe. Ero coOCTBEeHHBIE pellenITOphl He BBISIBJIICHHEI | 14], OH paccMaTpuBaeTcs
Kak aroHuct peuentopoB I'TIII-1 u rmrokarona [20, 21]. ITo coBpeMeHHBIM TaHHBIM A -
ctBue I'TITI-2 (33-aMMHOKMCIOTHBIN TENTUA) OCYIIECTBIISIETCS B XKEIyIOYHO-KUIIIeY-
HOM TpakTe, B UEHTPAIbHOU HEPBHOM cUCTeMe U B KOCTHOM TKaHU. Ha MHorouuciieH-
HBIX MOJIEJSIX MOBPEXIEHUS! KUIIKWA ONMUCAHO TpoirudepaTMBHOE U aHTUATIONTOTHYEe-
ckoe pneivictBue [TII-2, koTopoe BeaeT K YBEJMYEHUIO TUIONIAAM TMOBEPXHOCTHU
CJIM3KUCTON U IOBBIIICHUIO CITIOCOOHOCTH K abcopouum HytpueHToB. I'TIIT-2 oka3piBaeT
cBoe neiictBue yepe3 G-CBSI3aHHBIN pelenTop B MeMOpaHaX HEMPOHOB M SHTEPOIHIO-
KPUHHBIX KJIETOK; OH crierdudecku pacno3HaeT ['TIIT-2, Ho He apyrue poncTBEHHbIE eMy
nentuasl. [lpennonaraior, uro acpdexto I'TII-2 nmpermyliiecTBEHHO OIMOCPEIOBaHbI U3MeE-
HEHUEM TPOAYKIIMU IpYrux (pusnonornuyecku aktuBHbIX BenecTB [22]. T'TITT-2 oka3biBaeT
[JTIOKarOHOTPOITHOE JEHCTBIE, HO He BIMSET Ha CEKPELNIO MHCYTMHA B-KITETKaMU TTOIKe-
JTyno4yHoi Xene3bl [14]. Bmusane okcuaTomonyauHa u I'TII-2 Ha pyHKIUM modyek He
U3Yy4EHO.

Lenb uMccaenoBaHusi — OLIEHUTb Y4acCTUE PETYJISTOPHBIX TENTUIOB, TMPOU3BOIHBIX
MPOTJIIOKAroHa, B PEeryysiiiuu BbIBEACHUsI HAaTpUsl MoykaMmu. B 3amauu paboTsl BXonuia
OlleHKa TNypeTUIeCcKoro u Harpuitypetudeckoro aevicrsust I'TII-1, I'TII1-2 1 okcuHTO-
MOJIyJIMHA, OTpelesieHNe CEKPETOPHOIro OTBeTa MPOU3BOAHBIX TMPOMIIOKArOHa Ha Ha-
rpy3ky NaCl u u3ydyeHue BIMSHUS TaHHBIX ENTUIOB HA CKOPOCThb BbIBEIEHUST U30bITKA
HaTpUsI U XJIOPUAOB MOYKAMMU B YCIOBUSIX MOJI0XUTEIbHOTO Oaanca NaCl.

METOAbI NCCIEJOBAHUA

DKCIepUMEHTBI MTPOBEAEHBI HAa caMKaX Kpbic TMHUU Buctap maccoit 160—250 r. Kpbic
coliepXajli B BUBApUU B TJIACTUKOBBIX KJIETKAX C JPEBECHO-CTPYKEUHBIM HATIOJTHUTE-
neM (5 ocobeil B KJIeTKe) B KOMHATE ¢ KOHTPOJIMPYEMO TeMItepaTypoii. 2KUBOTHEIE T10-
JIyJaJii CTaHAAPTHBIM TpaHYJIMpOBaHHBIM KopMm mist rpeidyHoB (I1K-120, JlaGopartop-
KopM, Poccus) u Bony ad libitum. Bedyepom HakaHyHe skcniepuMeHTa (B 17:00) y KpbIC 3a-
Oupaau KOpM, COXpaHsiss CBOOOIHBIM mocTyn K Boae. MccienoBaHue MPOBOAUIOCH B
COOTBETCTBUM C NMPUHLMITAMU ba3enbckoii Aekaapaiy U peKOMeHAaIUusIMU 3TUYECKOTO
komutera UDDb PAH.

Kumeunste perynsaropubsie nentunbl I'TII-1, I'TIN-2 u okcuaToMonynuu (Bachem,
[IBeituapust) B 1o3e 1.5 HMOIb/KT Macchl Tea Wik ux pactBopurenb (0.9%-Hblii pac-
tBop NaCl) uHbepoBaan KpbicCaM BHYTPMOPIOIIMHHO B oO0beMe 1 mi/kr. B 1 cepuu
9KCIIEPMMEHTOB MCCJIENOBAIN BIUSIHUE 9K30T€HHbBIX PETYJISITOPHBIX TTENTUI0B Ha (hyHK-
1IM TIOYEK KPBIC B YCIIOBUSIX OOBIYHOTO BOIHO-coJieBoro pexxuma. Bo Il cepuu — B Tex
K€ YCJIOBUSIX Ha (pOHE YyrHeTeHUsl aKTMBHOCTU AUMENTUAWIIENTUAA3bI-4 BHYTPUOPIO-
IIMHHBIM BBeneHueM BuiaaraunTuHa (Matrix Scientific, CIIIA) B no3e 1 Mr/Kr.

B III cepuun a3KCriepuMeHTOB MPOBOAWJIM OLICHKY TUYPETUUECKON M HaTpUilypeTuue-
CKOI aKTUBHOCTH NenTUIOB 1o MeTonuke Kau u coasrt. [23] B Momudukauuu Lahlou n
CcoaBT. [24] ¢ mpenBapUTEeIbHBIM NEPOPATLHBEIM BBEICHUEM XXWBOTHBIM (DU3MOJIOTHAYE-
CKOTro pacTBopa B o6beMe 50 MJI/KT (UTO COOTBETCTBYET 7.7 MMOJIb/KI HATPUSI U XJIOPHU-
JIOB) Yepe3 30H/1 B XKeJIyIOK ISl CTAHIaPTU3allM1 BOIHO-COJIEBOro OanaHca.

B IV cepun onbITOB OLIEHUBAJIN BIUSTHUE PETYJISITOPHBIX MENTUIOB Ha (PYHKIIUIO TT0-
yeK B YCJIOBUSIX TUIIEPHATPUEMUHN, CMOJCIMPOBAHHON MEPOPATIbHBIM BBEIEHUEM TOTO
K€ KOJIMYeCTBa HaTpus U xjopuaos (7.7 Mmoib/Kr), uto u B 111 cepun, Ho B Bune 2.5%-
Horo pactBopa NaCl B oobeme 18 mii/kr. B 'V cepun aKCIepuMeHTOB MCTIOJIb30BaIU CXO-
Kyto ¢ IV cepueit Monenb onbita, HO pacTBop NaCl BBoAWIM BHYTPUOPIOIIMHHO ISl YC-
KJTIOUeHUSI U3MEHEHUI ceKpeluuu peryasaTopHbix nentunoB. B 11—V cepusx addekr
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oxyntomodulin,
GLP-1, GLP-2 or saline

Y

1 saline

1 i
111 0.9% solution of NaCl 50 mL/kg per os
v 2.5% solution of NaCl 18 mL/kg per os
AV 2.5% solution of NaCl 18 mL/kg i.p.

30 min 4 h — urine collection

Puc. 2. Cxema 0CHOBHBIX 2KcIiepuMeHTaIbHBIX cepuii (I—-V). Ctpenka — BBegeHne okcuHTOMOonynuHa, I'TIIT-1,

I'TITI-2 unu ux pacTBOpUTEJIS.
Fig. 2. Design of the main experimental series (I—V). Arrow — administration of oxyntomodulin, GLP-1, GLP-2

or saline.

MEeNTUIO0B OLIEHWBAICS Ha (pOoHE MpeaBapuTEeIbHOTO BBeACHUS BUmarmunTuHa. Cxema
1—-V skcnepumeHTanbHBIX cepuii mpuBeneHa Ha puc. 2. Kaxnas cepust coctosiia us 3—
4 onbITHBIX rpymi no 10 xxuBoTHBIX. [Tocie 3KCIepUMEeHTaTbHOTO BO3ICHCTBUS JKMBOT-
HBIX TTOMEIIIM B MHAUBUAYaJIbHbIE KIETKHU-TIEHAIbI C TTPOBOJIOYHBIM JHOM W MEPHOIit
MPOOUPKOI i c6opa MposG MOYM TPH CIIOHTAHHBIX MOYEUCITYCKaHMSIX B TeueHUe 4 U,
U3MePSITN 00beM KaxkI0M MpOoObl M (GMKCUPOBAIN BpeMsI €€ HAKOTIJICHUSI.

B VI cepun (2 rpymmsr mo 10 ocoOeit) onpenessiin ImapaMeTpbl CHIBOPOTKM KPOBU
(OCMOJISIIBHOCTD, KOHIIEHTpAllUsI KpeaTuHUHA, O0Ilero 0ejKa, MOHOB HaTpUsl, Kajlus U
XJIOPUAOB) Y KPBIC B KOHTpoJie U yepe3 30 MUH 1ocjie nepopajibHoro BBeaeHust 0.9%-Ho-
ro pactBopa NaCl B o6beMe 50 mi/kr. B VII cepuu (3 rpynmbl 1o 10 oco6eit) onpenensi-
JI TeMaTOKPUT, B CBIBOPOTKE KPOBU — OCMOJISTTIBHOCTD, KOHIIEHTPALIMIO HATPUS, KaJIusl,
XJIOPUIOB, 06IIeTO OeJika 1 aaTpoyMuHa yepe3 30 MUH MocJie TepopaibHOrO U BHYTPU-
oprornHHOro BBemeHust 2.5%-noro pactsopa NaCl B o6beMe 18 MJI/KT U B KOHTpOJIE.
B VIII cepuu (2 rpynmsl mo 10 ocobGeit) B mia3mMe KPOBU OIPENesid KOHILIEHTpaIUIo
T'TITT-1, TTIM-2 ¥ OKCUHTOMOAYJIMHA Yepe3 5 MUH Mocje IepopaibHOrO BBEICHMUS
2.5%-wnoro pactBopa NaCl B o6beMe 18 MiI/KT 1 B KOHTpoJie. KOHTpojieM B KaxkIoii ce-
pUU CITy>Kuja TpyTia MHTAaKTHBIX XXUBOTHBIX U3 BuBapus. B VI-VIII cepusix skcnepu-
MEHTOB KPOBb 3a0MpaJiv U3 COCYAOB 1IeU Mo Hapko3oM (3osnetwi, Virbac, 50 Mr/kr uimu
Tenazon, Zoetis, 40 Mr/Kr, BHyTPUMBIIIEYHO), ITOCJIE YETO XKMBOTHBIX ACKATUTUPOBAJIN.
I1po6bI KpOBU B YMCTHIX IUIACTUKOBBIX MpoOUpKax HeHTpudyruposaiu mnpu 8000 odopo-
Tax B TeUeHME 15 MUH IpU KOMHATHOM TemriepaTtype Ha LeHtpugyre MIKRO 20 (Het-
tich, l'epmanHust) 1Jist MOJIy4YeHUs! CBIBOPOTKHU. KpOBb /ISl TeMaToI0rM4ecKOro 1 MUMMYHO-
¢depMeHTHOrO aHanu3a cobupanu B oxJiaxneHHbie nmpooupku ¢ K3-BATA (Sarstedt,
I'epmanwust). s moaydeHUsT TIa3Mbl KPOBHM €€ HEMEIJICHHO LIeHTPU(YTUpoBaau Tpu
2000 ob6oporax u 4°C B Teuenue 15 mun Ha neHtpudyre MIKRO 22R (Hettich, I'epma-
HUS), MoJiydeHHble npoObl XxpaHuwiu npu —20°C. KoHLeHTpal1io NenTUaoB B IUIa3Me
KPOBHU OIPEACIISII KOJTOPUMETPUUECKUM METOMOM C MOMOIbBIO HAOOPOB 11 UMMYHO-
depmenTHoro aHanuza: I'TITI-1 (GLP1 Total ELISA, Millipore, CIIIA), I'TITI-2 (Rat
GLP-2 EIA, Yanaihara, fInionust), okcuntomonyauH (Rat and Mouse Oxyntomodulin
ELISA, Ansh Labs, CIIIA). M3MmepeHne ONTUYECKON INIOTHOCTA M pacyeT KOHIICHTpa-
UM TIENITUOOB IMPOBOMWIM Ha MuKporuaHmeTHoM puaepe ELx808 (Bio-Tek Instru-
ments, CIIIA).

OCMOJISITTBHOCTh ChIBOPOTKM KPOBU M MOYM ONPEACIIsUIM KPUOCKOITUUYECKUM METOA0M
Ha mukpoocmometpe 3300 (Advanced Instruments, CIIIA), KOHIIEHTpal1MIO KpeaTUHUHA —
KMHETUYECKUM MeToaoM 1o peakiuu Adde 6e3 aernporenHr3aMm Ha aBTOMaTU4eCKOM
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ouoxumuueckom aHanuzatope Erba XL-200 (Erba-Lachema, Yexusi), KOHLIEHTpaLUIO
MOHOB HaTpUsl, KaJusl U XJIOPUIIOB B CBIBOPOTKE KPOBU — C MIOMOIIIbIO MOHOCEJIEKTUBHO-
ro 6J10Ka aBTOMaTU4YeCKOro oroxumMmdeckoro aHaanzatopa Erba XL-200, moHoB HaTpus
B MoYe — Ha IuraMeHHoM doroMmeTpe Sherwood-420 (Sherwood Scientific, Beaukoopu-
taHus). KoHlieHTpalmio o61ero 6e1kKa ChIBOPOTKY M3MEPSUIN TIPU ITOMOIIY OMypeTo-
BOT'O peakTuBa, a aJlbOYyMUHA CbIBOPOTKU — OPOMKPE30JI0BOTO 3€JIEHOTO Ha aBTOMAaTH -
yeckoM ouoxumuueckoM aHaiauzatope Erba XL-200. 'emaToKpuUT omnpenessiyiu Ha Be-
TepUHApPHOM aBTOMaTW4YeCKOM TemaTtosiorndeckoM aHanusatope MEK-6550K (Nihon
Kohden, dmonust).

Huype3 (V), 9KcKpeLnio ocMOTHYecKM akTUBHBIX BelecTB (Ugg,,V), HOHOB HaTpus
(UnaY) u xnopunos (U V), kiupeHc kpeatuHuHa (Cc,) paccuUThIBAJIM MO CTaHAAPT-
HbIM (hopMyJiaM U HOPMAJIM30BAJIM Ha KT Macchl Tena. [lojydeHHbIe TaHHbBIE MpeIcTaB-
JICHBI KaK cpelHee 3HaueHUe T ommbka cpenHero (M + m). CpaBHeHUs MEXIy TpyIIa-
MU MPOBOIWJIM C TTOMOILIbIO KpuTepusi CThIoAeHTa C yueToM TonpaBku boHdeppoHu Ha
YMCJIO CPAaBHEHU, pa3inyusl CUMTAIM CTaTUCTUYeCKU 3HauYuMbiMu ripu p < 0.05. Ilpu
KOPPEJSIIUMOHHOM aHaJIM3€e pacCUYUThIBaIU KoadduimeHT koppeasiuuu [TupcoHna (r).

PE3VIJIBTATHI UCCIIEAOBAHUA

B 0OBIYHBIX YCIOBUSIX BOTHO-COJIeBOTO pexkxuma (I cepust) u GyHKIIMOHAJIBLHOMN aKTUB-
HOCTHU JAMTIETITUAMITIENITUIa3bI-4 B KPOBU UCCIIelyeMble KUILIEUHbIE MENTUIbI HE OKa3a-
i 3ddexTa Ha Iuype3 U 9KCKpelrio MoHOB HaTpus noukamu. Beenenue I'TII-1 Ha ¢o-
He IIpeIBapuTelIbHOI O01oKansl pepMenTa BrimarmunTruHoM (11 cepust) BeI3Baio yBeau-
yeHWe auype3a B 6.6 pa3, 3KCKpeUMHM WOHOB Hatpus — B 11.5 pa3 (ta6m. 1).
IponomkutenbHOCTh HaTpuitypeTuueckoro addekra I'TII-1 coctaBuna 30 MuUH ¢ Mak-
CUMYMOM B niepBble 15 MuH 3kcniepumeHTa (puc. 3). BuimarmunTuH cam 1o cebe, a Tak-
ke okcuHTOoMonynH 1 ['TII1-2 B coyeTaHMM ¢ BWJIOATJIMIITUHOM He oKasanu 3ddekTa
Ha AWYPETUYECKYIO U HATPUMYPETUUECKYIO (DYHKIIMU TTOYEK KPBIC B OOBIYHBIX YCITOBUSIX
BOIHO-COJIeBOro OamaHca (Tabim. 1).

s uccnenoBaHusl BEUIECTB C MPEAIOJaraéMo TUypeTUYeCcKoi U HaTpuilypeTude-
CKO#l aKTUBHOCTBIO TIPUHSITO MCMOJIb30BaTh METOAMKM, UCKIIOUAIOIINE BIUSIHUE pa3-
JIMYHOTO MCXOJHOTO COCTOSTHUSI 9KCTIEPMMEHTATBbHBIX XUBOTHBIX U TTO3BOJISIIOIINE BbI-
SIBUTh BO3MOXHBIE CKpBIThIE 3¢(deKThl. BBemeHue (u3noaorniyeckoro pacrBopa Ijist
CTaHAApTU3aLMU BOIHO-COJIEBOro OajlaHCa He MOBJMUSIIIO HA OCMOJISUIBHOCTh ChIBOPOTKU
KpPOBHM, KOHLIEHTPALIMIO MIOHOB HATPUS 1 Kausl, HaOI0aaaCsl pOCT KOHLEHTPAIIUM XJIOPU-
noB (tab. 2). B craHmapTM3MpoBaHHBIX YCIOBUSIX BOJHO-COJIEBOTO OajaHca Mpu OJioKae
munentumatnenTuaasbi-4 swimarauntuHoMm (111 cepust) 'TII-1 BeI3Ban 3HAYUTEIBLHBIA
pOCT Iuype3a U OKCKPELIMU HATPUsl, OKCUHTOMOIYJINH He TIOBJIWSUT Ha (DyHKIIUM TIOoUeK, a
T'TITI-2 oka3zan aHTUANYPETUYECKUI U aHTUHATPUIypeTuIecKuii 3¢ deKTH (Tadu. 1).

IMpencrapisiyio UHTEPEC OLIEHUTD BIMSIHME TIPOU3BOIHbBIX MPOTIIOKAaroHa Ha (hyHKIIUU
MOYEeK B M3MEHEHHBIX YCJIOBUSIX BOJIHO-COJIEBOTO OayniaHca. bbllo cMoaenMpoBaHO co-
CTOSIHME TUIIEPHATPHUEMUM IIyTeM BBeIACHUS XUBOTHBIM 2.5%-Horo pactBopa NaCl. Kak
MpU BHYTPUOPIOIIMHHOM, TaK U MpU IIepopajbHOM IocTyrieHuu u3ositka NaCl B opra-
HU3M BbISIBJICH 3HAUUTEIbHBIN POCT KOHIIEHTPALIMX MOHOB HATPUS U XJIOPUAOB B KPOBH,
runepocmus (tabs. 3). B maHHBIX 3KCIIEpUMEHTAJIbHBIX YCJIOBUSIX Y SKMBOTHBIX HE TIPO-
MCXOIUJIO CYIIIECTBEHHOTO YBEJIMYeHUsI 00beMa BHEKJIETOYHOM KUIKOCTU, O YeM CBUIE-
TEJIbCTBOBAJIO OTCYTCTBUE U3MEHEHHUI reMaTOKpUTA 1 COolepXXaHUs aJibOYMUHA B CHIBO-
POTKE KPOBU U JIMIIIb HEOOJIbIIIOE CHUXXEHME KOHIIEHTPALIMK 00111eTO O6ejika B CBIBOPOTKE
KPOBHM MOCJIE IEpOpaIbHOM Harpy3ku (Tadj. 3). Mi3aMeHeHne KOHLIEHTpaluy IIPON3BO/I -
HBIX TTPOTJIIOKArOHa B KPOBM OLIEHMBAJIM B OTBET Ha MOCTyIieHUe 2.5%-HOro pactBopa
NaCl uepe3 keqyaqOYHO-KMIIEYHBIN TpakT. BhISIBIEHBI pa3HOHANpaBeHHBIC CIABUTHU
ypoBHsi ['TITI-1 (poct) u I'TITT-2 (cHUXXeHMWe) 1 cTabuIbHAsI KOHLIEHTPALMSI OKCUHTOMO-
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Taoamna 1. Bausuue okcuHtomonmynuHa, I'TITT-1 u T'TITT-2 (1.5 HMOJBb/KT) Ha (YHKLMH ITOYEK
KpPBIC B OOBIYHBIX U CTAHIAPTU3UPOBAHHBIX (BBeneHue per os 7.7 Mmoib/kr NaCl B Bune 0.9%-Horo
pacTtBopa B 06beMe 50 MJI/KT) yCIIOBUSIX

Table 1. The effect of oxyntomodulin, GLP-1and GLP-2 (1.5 nmol/kg) on rat kidney function under
normal and standardized conditions (oral administration of 7.7 mmol/kg NaCl as 0.9% solution in a
volume of 50 ml/kg)

BDKCIIepUMEHTAJIbHBIE TPYIIITHI Jwnype3, Mt Un,V, MMOITB Ccp, MJI/MUH
Experimental groups Diuresis, ml UniaV, mmol Ccy, ml/min
6e3 0.9%-nHoro pactBopa NaCl m.o.
without 0.9% NaCl solution per os
Gipaw 10.7 + 1.6%%* 150 +0.20%* | 0.31+0.02
I'Tr-2+B
GLP-2+V 0.9+0.1 0.10 £ 0.01 0.27 £0.02
OKCUHTOMOLyIMH + B 1.3+0.3 0.14 +0.03 0.30 £ 0.04
oxyntomodulin + V
dusmnonornyeckuii pacteop + B 1.6+ 0.4 0.13 % 0.02 0.33 + 0.01
saline + V T o e
0.9%-npr1it pacrBop NaCl 11.0.
0.9% NacCl solution per os
+I'TII-1+ B
+GLP-1+V 21.8 £ 2.1* 3.27 £ 0.25%* 0.31 £0.02
+ I'TII-2+ B
+GLP-2+V 7.1 £ 1.5% 1.16 £ 0.19* 0.36 = 0.01
+ okcmHTOMOIYJIMH + B
+ oxyntomodulin + V 16.2+2.1 2.20+0.24 0.30 £ 0.01
+ dusmnonornyeckuii pacrsop + B
+ saline + V 14.0 £2.0 1.93 +£0.20 0.28 £0.02

JKuBoTHBIE BO Bcex 9KCTIEpUMEHTAIBHBIX rpyriax 3a 30 MUH 10 MHBEKIIMU MTENTUAOB U HATPY30YHBIX TTPOG IM0-
Jtyvanu BuigarunTyH (B) B 1o3e 1 Mr/Kr BHyTpuOpIolMHHO. Kakiasi sKcreprMeHTaIbHasl IpyIira BKIovaia
10 xxuBOTHBIX. BeMunHbI yKazaHbl B BUujae M * m 3a 1 4 Ha Kr Macchl TeJia. 3HaUMMOe OTJIMYKME IPU CPaBHEHUU
C COOTBETCTBYIOLIEH TPYIITOit 03 BBEICHUS MENTUIOB (MpUMeHeHa IonpaBka boHdeppoHu Ha 3 cpaBHEHUST):
* —npu p < 0.05, ** — npu p < 0.01, *** — p <0.001.

Animals received vildagliptin (V) at a dose of 1 mg/kg intraperitoneally in all experimental groups 30 min before
the injection of peptides and loading tests. Each experimental group included 10 animals. Values are presented as
M £ m for 1 h per kg of body weight. Significant difference compared with the corresponding group without pep-
tide administration (Bonferroni correction for 3 comparisons was applied): * — at p < 0.05, ** — at p < 0.01,
% p < 0.001.

Tabauna 2. OcMOJISIBHOCTD U KOHLICHTPALMsI MIOHOB B CHIBOPOTKE KPOBU KpbIC Yepe3 30 MUH To-
ciie HarmauBaHus 0.9%-ubiM pactBopoMm NaCl 11t craHgapTU3aLMKA BOIHO-COJIEBOTO OalaHca
Table 2. Osmolality and ion concentration in rat blood serum 30 min following drink with 0.9% NaCl
solution to standardize the water-salt balance

IMTapameTp KonrponbHas rpynia 0.9%-nwr1it pactBop NaCl
Parameter Control group 0.9% NacCl solution
OcmonsbHOCTh, MOcMonb/kr H,O 3001 3001
Osmolality, mOsmol/kg H,O
Harpuii, Mmonb/n 1459+ 0.2 146.8 + 0.4
Sodium, mmol/I
XJ10pHABI, MMOJIb/JT 105.0 £ 0.4 108.8 £ 0.6%**
Chlorides, mmol/1
Kamnmii, MMonb/n 4.0x0.1 4.0£0.1
Potassium, mmol/1

Kaxnmas skcnepuMeHTanbHas rpynrmna Bkioudana 10 xkuBoTHbIX. BenuunHbl ykazansl B Buae M + m. *** — 3na-
YUMOE OTVIMYME TT0 CPAaBHEHUIO C KOHTPOJIbHOI rpynmoit npu p < 0.001.

Each experimental group included 10 animals. Values are presented as M + m. *** — a significant difference com-
pared with the control group at p < 0.001.
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Puc. 3. [MponomxurenbHOCTh HaTpuitypeTndeckoro addekra ['TITI-1, 3ammimeHHOro UHTMOUTOPOM TUTIETITUA-
nunentunasbi-4. Kaxnast akcriepuMeHTanbHas rpynmna Bkiodaia 10 XXuBOTHbIX. JlTaHHBIE TTPEACTaBICHbI KaK
M * m Ha KT Macchl Teia. 3HaYMMOe OTJINYME MPU CPaBHEHUM C TPYMIoi 6e3 BBeneHus BuinarmuntuHa (V)
(mpumeHeHa nionpaBka bordepponu Ha 10 cpaBHeHmit): * — mipu p < 0.05, *** — p < 0.001.

Fig. 3. Duration of the natriuretic effect of GLP-1 protected by a dipeptidyl peptidase-4 inhibitor. Each experi-
mental group included 10 animals. Data are presented as M + m per kg of body weight. Significant difference
compared with a group without vildagliptin (V) (Bonferroni correction for 10 comparisons was applied): * — at
p<0.05, ¥** — p <0.001.

Tabmuna 3. ['eMaTOKpUT U TapaMeTpbl CLIBOPOTKM KPOBU Y KPbIC B KOHTpoJIe 1 yepe3 30 MUH rocie
MepopayibHON M BHYTPUOPIOLIMHHOM Harpy3o0K 2.5%-HbiM pactBopom NaCl B o6beme 18 mi1/Kr
Table 3. Hematocrit and blood serum parameters in rats in control group and 30 minutes after oral
and intraperitoneal loads with 2.5% NaCl solution in a volume of 18 ml/kg

IMapameTp Kontpounsb | 2.5%-nb1it pactBop NaCl 11.0. | 2.5%-HbIii pactBop NaCl B/6p
Parameter Control 2.5% NaCl solution per os 2.5% solution of NaCl i.p.
OCMOJISIITIBHOCTD, 302+1 317 £ %% 317 £ 1¥**
MOcmornb/kr H,O
Osmolality,
mOsmol/kg H,O
Harpuii, MMoutb/ 1439 +£0.3 151.0 £ 0.3%** 151.9 £ 0.3%**
Sodium, mmol/I
Xnopuael, Mmoiib/n - (102.9 £ 0.5 113.3 & (.5%** 114.7 £ 0.4***
Chlorides, mmol/1
Kanuit, Mmonb/n 4.1x0.1 4.0x0.1 4.4+0.1*
Potassium, mmol/1
OO6u1uii 6es10K, T/J1 63.4+0.6 60.2 + 0.6%* 61.3+0.8
Total protein, g/1
AJBOYMUH, T/JT 29.5+0.2 28.9+£0.3 29.2+0.2
Albumin, g/1
I'ematokpur, % 42.7+£0.7 41.5+£04 41.3£0.6
Hematocrit, %

Kaxmas sxcniepuMeHTabHasI TpyTia BKitodaia 10 XuBoTHBIX. BemunHbl ykazaHbl B Bune M + m. 3HaumMoe oT-
JIMYME TIO CPAaBHEHUIO ¢ KOHTPOJIBHOM IpyIToil (mpuMeHeHa rornpaBka boHbeppoHu Ha 2 cpaBHeHMs): ¥ — Mpu
p<0.05, ** —mpu p < 0.01, *** — mpu p < 0.001.

Each experimental group included 10 animals. Values are presented as M £ m. Significant difference compared
with the control group (Bonferroni correction for 2 comparisons was applied): * — at p < 0.05, ** —at p < 0.01,
**% _at p <0.001.
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Ta6mua 4. KoHueHTpalys NenTruaoB, MPOM3BOIHBIX MPOITIOKArOHa, B IJIa3Me KPOBHU Y KPBIC B KOH-
TpOJIE ¥ Yepe3 5 MUH TocIie TepopalibHOM Harpysku 2.5%-HbeiM pactBopoM NaCl B o6beme 18 Mir/Kr
Table 4. Concentration of proglucagon derived peptides in rat plasma in control group and 5 minutes
after oral loading with 2.5% NaCl solution in a volume of 18 ml/kg

TMapamerp KoHtpoinb 2.5%-wwrit pactBop NaCl
Parameter Control 2.5% NacCl solution
I'TII-1, nir/mn 73t 4 108 & S***
GLP-1, pg/ml
I'TIIT-2, /v 520+ 8 488 + 10*
GLP-2, pg/ml
OKCUHTOMOIYJIUH, TT/MJ 161 £+ 25 167 + 40
Oxyntomodulin, pg/ml

Kaxnas skcriepumeHTanbHas rpymnmna Bkaodana 10 XuBoTHbIX. BeTnunHbI yKazanbl B Bune M + m. 3Haunmoe
OTJIMYME TT0 CPABHEHUIO C KOHTPOJIBLHOM rpymiioii: * — mipu p < 0.05, *** — mpm p < 0.001.

Each experimental group included 10 animals. Values are presented as M *+ m. Significant difference compared
with the control group: * — at p < 0.05, *** — at p < 0.001.

Taomuua 5. Bnusinue ['TITT-1 u I'TITT-2 (1.5 HMosb/KT) Ha (PYHKLIMY MOYEK KPBIC ITPU TMIIEPHATPU -
€MUU, BBI3BAHHOI TIEpOPATBHON U BHYTPUOPIONTMHHOI Harpy3kamu 7.7 Mmmonb/Kr NaCl (2.5%-Hblit
pacTBop B o0beme 18 M1/Kr)

Table 5. The effect of GLP-1and GLP-2 (1.5 nmol/kg) on the kidney function of rats with hypernatremia
caused by oral and intraperitoneal loads of 7.7 mmol/kg NaCl (2.5% solution in a volume of 18 ml/kg)

DKcrnepuMeHTaIbHbIE TPYIIIThI Huypes, v | Uy,V, mmons | UV, mmons | Ce,, Mil/MUH
Experimental groups Diuresis, ml | Uy,V, mmol | UV, mmol | Cc,, ml/min

2.5%-nbi1it pactBop NaCl 11.0.
2.5% NaCl solution per os

+ITIII-1+B 132+ 1.8 296 +£0.36 | 2.09+0.23 | 0.34+0.03
+GLP-1+V
+TITIT-2+ B 6.910.6%* 2.04+0.14* 1.81£0.12**| 0.37 £0.01
+GLP-2+V

+ dusuonoruueckuii pacrsop + B 11.8 £ 0.9 326+0.26 | 2.62+0.20 | 0.37 £0.02
+ saline + V

2.5%-nwi1it pactBop NaCl B/6p
2.5% solution of NaCl i.p.

+ITII-1+B 1.1+ L1** | 3.25+0.32*%| 2.46+0.21*| 0.35%+0.02
+GLP-1+V
+ITIII-2+ B 4705 1.68 = 0.16 1.54 £0.13 | 0.38£0.02
+GLP-2+V

+ dusuonorunyeckuii pactsop + B 59+04 2.07 £0.11 1.77 £ 0.11 0.37 £ 0.02
+ saline +V

ZK1BOTHBIE BO BceX 9KCMEPUMEHTAIBHBIX IrpyIinax 3a 30 MUH 10 MHBEKLMU MENTUI0B U Harpy304HbIX P06 MO-
syvyanu Busgarmuntv (B) B mose 1 Mr/kr BHyTpubpionimHHo. Kaxnast skcriepuMeHTabHast TpyIIa BKIoyaia
10 >xuBOTHBIX. BenmnunHbl ykazaHsl B Buae M + m 3a 1 4 Ha KT Macchl Tejla. 3HAYMMOCTh OTJIMYMii oT 3ddekTa
Harpy304Hoii poObl 6€3 MHBEKLMU NENTUIO0B (IIpPUMEeHeHa rnorpaska boHdeppoHu Ha 2 cpaBHeHUsI): * — ipu
p<0.05,** —pu p < 0.01, *** — p <0.001.

Animals received vildagliptin (V) at a dose of 1 mg/kg intraperitoneally in all experimental groups 30 minutes be-
fore the injection of peptides and loading tests. Each experimental group included 10 animals. Values are presented
as M £+ m for 1 h per kg of body weight. Significance of differences from the effect of a loading test without peptide
injection (Bonferroni correction for 2 comparisons was applied): * — at p < 0.05, ** — at p < 0.01, *** — p < 0.001.

IyJIrHA IIOCJe TTepoaaIbHON HAarpy304HoOi NpoOokl (Tad. 4). YunTeiBas JaHHBIE 00 U3Me-
HeHuu cekperiuu I'TITI-1 u I'TIIT-2 B oTBeT Ha nepopaibHylo Harpy3kKy NaCl, addekTnr
OTUX PETYIATOPHBIX NCIITUAO0B ObLIU N3YUYCHBLI B YCJIOBUAX T'MIICPHATPUECMUN.

IMpu nabekiuu I'TITN-1 Ha hoHe runepHaTpueMuu, pa3BUBILIEICST BCIEACTBUE ITEPO-
panbHoro BBeaeHust NaCl (IV cepus), BenuuunHa auype3a U 3KCKpeluu HaTpust 3a 1 4
9KCIIEpMMEHTa He MEeHSTUCH (Tabut. 5), oqHako, I'TITI-1 yckopua BeiBeieHE HArpy3KH.
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Puc. 4. Dxckpeunst Hatpus nmoukamu nocie nabekunu ['TITT-1 u I'TITT-2 (1.5 amonb/Kr) Ha doHe nepopab-
Horo (A) u BHYTpubpIomnHHOTO (B) BBeaeHus 2.5%-Horo pacrBopa NaCl.

JKuBOTHBIE BO BCEX DKCIIEPUMEHTAIBHBIX Ipyrmax 3a 30 MUH 10 MHBEKLIMU TMENTUIOB U HArPY30YHBIX MPOO
noaydanu BuagaraunTid (V) B mo3e 1 Mr/Kr BHyTpuOpiomnHHO. Kaxaast aKkcriepruMeHTaIbHast TPyIa BKIIO-
yana 10 xuBoTHBIX. CTpeKka — MOMEHT BBEJSHMUS MeNTHAa U Harpy3ku. JlaHHbIe TIpencTaBieHbl Kak M + m Ha
KT Macchl Tejia. 3HaYMMOe OTJIMYME TIPU CPABHEHUH C TPYIIOil 6€3 MHBbEKLIUK MeNTUA0B (IPUMEeHEeHa MOTpaB-
kxa bondepponu Ha 18 cpaBHeHMit): * — nipu p < 0.05.

Fig. 4. Urinary sodium excretion after injection of GLP-1 and GLP-2 (1.5 nmol/kg) with oral (4) and intraperi-
toneal (B) administration of 2.5% NaCl solution.

Animals received vildagliptin (V) at a dose of 1 mg/kg intraperitoneal in all experimental groups 30 minutes be-
fore the injection of peptides and loading tests. Each experimental group included 10 animals. Arrow — the mo-
ment of peptide injection and loading tests. Data are presented as M = m per kg of body weight. Significant differ-
ence compared with a group without peptide injection (Bonferroni correction for 18 comparisons was applied):
* —atp<0.05.
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IMuk nuypesa, sKcKpeLuun Hatpus (puc. 4) U xJiopuaoB Habmogaacsa Ha 30 MUH paHbIIIe.
Beenenue I'TITI-1 Ha doHe ruTiepHaTpUEMUU, BbI3BAHHOI BHYTPUOPIOIIMHHBIM BBeElIE-
HueM NaCl (V cepust) BBI3BAJIO pOCT AUYpe3a, SKCKPEIIUM HATPUS U XJIOPUIOB, 3HAUCHUS
nokazaTesieil ObUTM COTIOCTaBUMBI C TAKOBBIMHU 3a | 4 BKCIIEpUMEHTA TIPU MTePOPATLHOM
MOCTYIUIEHMM pacTBOpa XJIOpHaa HaTpus 0e3 BBeaeHMs nenTuaa (tadi. 5). Makcumaib-
HbIN 3¢ dekT Habmogancs B TedyeHue 30 MUH OT MOMEHTA MHBEKIIMU Mpernapara, MUK
BBIBEJICHSI HATPUsI OTMEUEH B MepBbie 15 MuH akcnepumenTa (puc. 4). I'TITI-2 ymeHbIIMI
poCT Auype3a, SKCKPelM MOHOB HATpusl (Tab1. 5) U XJIOPUIOB C MOUYOI B OTBET Ha TEPO-
panbHoe nocryiuieHrue NaCl, MmakcumanbHbIN 3ddekT Habmogancs ¢ 30-it mo 60-10 MUH
OT MOMeHTa MHbeKLMM nentuaa (puc. 4). [Ipu BHyTpUOPIOIIMHHOM BBeaeHUU 2.5%-HOro
pactBopa NaCl I'TIT1-2 He BbI3Ban M3MEHEHMII nuype3a W BbiBedeHUs HaTpus (Tabi. 5).
CKOpOCTh KIIyOOUKOBOM (DUIBTpallMM BO BCEX IKCIIEPUMEHTAIBHBIX CEPUSIX HE MEHSIACD,
a CyIIECTBEHHbIC U3MEHEHUSI TMype3a TECHO KOPPEIMPOBAIU C BEJIMYMHAMU SKCKPELIUU
Hatpus 1 xyopunosB (r = 0.94—0.98 ma Hatpus, » = 0.92—0.98 ma xaopunos). [ToayueH-
HbIe JaHHbIE YKa3bIBAIOT HA TO, YTO BO BCEX CIIyYasix U3BMEHEHHsI CKOPOCTU MOYe0oOpa3oBa-
HUS SIBJISUTACH, TJIABHBIM 00pa3oM, CJIEICTBUEM Pa3JIMuMii B KaHAJIbLIEBOW peabcopOounu
3JIEKTPOJIUTOB.

OBCYXIEHMUE PE3YJIbTATOB

[TocTyruieHue MOHOB HAaTPUSI, a TAKXKE UX MOTepsl ¢ (PU3MOJIOTUUYECKUMU KUIKOCTIMU
W TP MaTOJIOTUM MOTYT TIPUBOIUTH K CEPbE3HBIM HAPYIIIEHUSIM BOIHO-COJIEBOTO OajlaH-
ca, OTHAKO, He3aMeTUTEIbHBIN OTBET CO CTOPOHBI MHOTMX OPTaHOB M CHCTEM CITOCO0-
CTBYET ero HopMaiu3auuu. [Ipeamnonaraiock, 4To CBSA3b XKeJIyTOTHO-KUIIIEYHOTO TpaKTa
M TTI0YeK BHOCHT CYIIIECTBEHHBII BKJIAJ B MOIeP>KaHME TTOCTOSTHCTBA KOHIIEHTPAallMKY Ha-
TpUsl BO BHYTPEHHE cpeie OpraHn3Ma, YTo sSIBJISIeTCSl BaXKHBIM YCJIOBUEM €TI0 ONTUMAIb-
Horo (yHKUMoHUpoBaHUsl. [TepopaibHOE MOCTYTUIEHHE PacTBOPOB COJIeit SIBsIETCS CTU-
MYJIOM CEKpELIMU PETYJIITOPHBIX MENTUIOB 3HTEPOIHIOKPUHHBIMU KJIETKAMM MPU y4da-
CTUM HEPBHOM W OSHAOKPUHHON CHUCTEMBI. DTO TPOMCXOOUT ellle A0 HACTYIICHUS
M3MEHEHUI mapaMeTpoB BOTHO-coJIeBoro OamaHca [25]. Ilouku, B cBOIO odepens, B OTBET
Ha IefCcTBUe caMUX TMETNTUIOB WM IPYTUX OMOJOTUYECKHN aKTUBHBIX BEIIECTB, CEKPETH -
PpYIOLLIMXCS MO UX BIMSIHMEM, Ha KJIETKW KaHaliblieB He()pOHOB MOTYT U3MEHUTH MPO-
LIECChl CeKpelMu U peadbcopbiium noHoB. Hamu skcneprMeHTaIbHO ObLUT OlLIeHEH UHAM-
BUIYaJIbHBIM BKJIaJ KaXIOro M3 KO-CEKpeTUpyeMbIX L-KiieTKaMM KUIlIeYHUKa TPOU3-
BOJHBIX MTPOTJTIOKaroHa B U3MeHeHWe (OYHKIINI IMOYeK.

YcTaHOBJIEHO, YTO BBEAEHUE UCCAEIyEMbIX MENTUIOB XXUBOTHBIM, COIEPKaBIIMMCS B
OOBIYHBIX YCIIOBUSIX B BUBAPUU, HE OKA3aJIO0 BIVSIHUS HA SKCKPEILUIO HATPUS TTIOYKAMU.
DTO MOTJIO OBITH CBSI3aHO C OBICTPON Aerpananueil KUIIeYHbIX MeNTUA0B IUTICTITUINI-
nenruaasoii-4 [26, 27]. IpenBapurenbHasl 6J0Kaga TUIENITUAMINCIITUAA3bI-4 BUIIA-
IJIAIITUHOM BBISIBWIA OIUYpeTUYeCKUid M Hatpuitypetnueckuii a3 dextor I'TII-1, HO He
I'TITI-2 u okcuHTOMOAYJIMHA. B OOBIYHBIX YCIOBUSIX BOAHO-COJIEBOrO OajlaHCa BBISIBUTH
yCUJI€HWE OOpaTHOrO BCAChIBAaHUSI HATPUsI B MOYKaAX MO BAUSHUEM OMOJIOTMUYECKM aK-
TUBHBIX BEILIECTB 3aTPYAHUTEILHO, TaK KaK MPaKTUYECKU BeCh MPOGWILTPOBABIIMIACS
HaTpuii U Tak noaBepraercss peabcopouuu. CraHnapTusanusi BOIHO-COJIEBOTO OajaHca
BBeJeHUEM (PU3MOJIOTUYECKOTO PAacTBOpa MO3BOJIWIA HE TOJIBLKO YMEHBIIUTh BIUSHUE
pa3IUYuii B UCXOJTHOM COCTOSIHUM XXUBOTHBIX, HO U OLIEHUTb MOTEHIIMAIbLHOE aHTUHA-
TpUilypeTuueckoe neicTBhe MenTUaoB. BhIsiBIIEeHO pa3HOHAIpaBJIEHHOE BJIMSIHUE KO-
CEKPETUPYIOIIUXCS MPOAYKTOB MporiatokaroHa. B ornmuuue ot I'TITI-1, Bei3BaBIIero 3Ha-
YUTEIbHBIN POCT AWype3a U HaTpuilype3a, OKCUHTOMOJYJMH He TOBIUSI Ha (DYHKUIUU
nouex, a ['TITT-2 oka3an aHTUIMYpETUYECKOE Y aHTUHATPUIYPETUUECKOE NEUCTBUE.

JI1s1 TOHUMAaHUS CBSI3U MEXIY UBMECHCHUEM COACP>KaAHUA PEryJIATOPHBIX IICIITUI0B B
I1a3M€ KpoOBU U UX 3(1)(1)€KT3.MI/I Ha BBIBECACHHNEC HATpUA U XJIOPUIOB ITOYKAaMU CMOACIN -
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poBaHo cocTtosiHue runepHarpuemuu. Beenenue I'TIII-1 B ycinoBusix mepopajibHOro mo-
crymienus 2.5%-uoro pacropa NaCl He npuBeIo K KAKOMY-JIM00 U3MEHEHUIO B BEIM-
YMHE Tuype3a, SKCKPELIMU MOHOB HaTpus U xyiopuaoB. [TogyuyeHHbIe pe3yJIbTaThl MOXHO
CUMTATh 3aKOHOMEPHBIMU, €CJIN TIPEIMOJIOXUTh, YTO BBEICHUE HATPY3KHU B XKETYTOUYHO-
KMIICYHBIN TPaKT B HEOOXOAMMOM CTETIEHU CTUMYJIMPYET CEKPEeIUIO SHIOTEHHOTO TeTl-
TUAA, a €ro JOIMOJHUTEIbHOE TTOCTYIIJIEHWE U3BHE HE MOXET yCUInTh 3¢hheKT Ha PyHK-
LMY TToYeK. DTO MOATBEPXKIACTCS COMOCTABMMBIMM BEIMYMHAMMU AUype3a U 3KCKPELUU
MOHOB B OTBeT Ha nepopaybHyto Harpy3Ky NaCl u ipu neiictBuu I'TITI-1 Ha ¢hoHe BHYT-
PUOPIOIIMHHON Harpy3Ku, He BbI3bIBAIOIIEH CEKpelnio 3HaoreHHoro rentuaa [28]. He-
00JIb1IIOE YCKOPEHUE BhIBEACHMSI U30BITKA XJIOpUAA HATPUSI U3 OpraHU3Ma MMpU 1eiiCTBUN
I'TITI-1 BHa done mepopanbHOii Harpy3ku NaCl, BepossTHO, 00yCIOBJIEHO OTCYTCTBHEM
BPEMEHHOI 3aJIep>KKU, HeoOxoaumoi L-kieTkaMm KullleYHUKa 11 CEKpEeLMU TeTThaa B
KPOBb, M 3aLLIMTOI BUIIATJIUNTUHOM KaK 3HIOTEHHOTO, TaK U UHBELIMPOBAHHOTO TTEeTITH-
J1a OT AeTpajalu TUTTeTITUIMIITIeITUAa301i-4.

T'TIII-2 mpuBoaUT K 3adepKKe BBIBEICHUS DJIEKTPOJUTOB IIOCHE IepOpaibHOM Ha-
rpy3ku NaCl, cHuXast Iuype3 U 3KCKpelMio HaTpusl U xJopuaoB. To ecTb, OH obJiamaer
npoTtuBomnojoxHbIMU ¢ ['TITT-1 perynsiropHbiMu 3ddekTaMu Ha QYHKIIMU ITOYEK B 3TUX
yciaoBusix. PaHee nmpotuBomnoioxHbie 3MEKTHI 3TUX TTENTUIOB ObLIIN ONUCAHBI TTPU U3Y-
YEeHUU PETyJIsiuu MeTaboJin3Ma XWJIOMUKPOHOB B KullleyHuke [29]. B cooTBeTcTBUU €
maHHbIMEU JutepaTypbl TTIII-1 u I'TITI-2 B3amMoOmeiiCTBYIOT C pa3HBIMH pellelITOpaMu
[14, 30], omHaKO, OTCYTCTBYIOT CBUIAETENbCTBA JIoKanu3auuu perentopon ['TIT1-2 B mou-
K€ U CIOCOOHOCTHU MeNTHaa HEeMOCPeACTBEHHO BausTh Ha cekpeluto I'TITIT-1. MoxHo
npeanonaoxuTtb, yto aeiicteue I'TII-2 peanm3yercss olmocpeIoBaHHO 4Yepe3 CEKpelMIo
NPYTUX OMOJOTUYECKU aKTUBHBIX BEIIECTB U TOPMOHOB UJIY Yepe3 U3MeHeHue PyHKIIMO-
HaJIbHOTO COCTOSIHUSI CUMITATUYECKON M MapacUMIIaTUYECKON HEPBHOW CUCTEMBI. YCTa-
HoBJIeHa Jtokanm3aims petenTopa I'TII-2 Ha adhdepeHTHBIX HelipoHaX raHIIMEB OIyKIaro-
mero Hepsa [31], TToKa3aH ero ruImoTeH3UBHBIN 3MMEKT ITpH neprudepruIecKOM U IIEHTPab-
HOM BBeneHUHM [32]. OnmHaKo OTCYTCTBYIOT MCCJIeIOBaHMSsI, MTOATBEpXKAAIOIINeE TIPSIMOE WU
kocBeHHoe Biusinue ['TITT-2 Ha HepBHYIO peryJisiuio hyHKIui moyek. B padore Yusta u
coasT. [14] onucaHo rmokaroHotpornHoe aeiicteue ['TITT-2, mosToMy aHTUHaTpUitype-
taeckuii apdexr ['TIT1-2 MoxeT OBITH CIEACTBUEM CIOCOOHOCTHU INIIOKAaroHa YCHINBATh
peabcopO1IMIo MOHOB HaTpusl B Bocxomsieit vactu netim ['ense [33, 34]. AuzaitH mpo-
BEICHHOIO HAaMU MCCJIeIOBAHUS HE MO3BOJISIET UCKITIOUUTh OMOCPEIOBAHHOTO BIUSIHUS
I'TITI-2 Ha moyeuHylo reMoauHaMuKy. OOHAaKO pe3yJbTaThl APYTUX MCCIEAOBAHUM He
BoIsIBIIsLUIN 3(pdekroB T'TITI-2 Ha KpoBOTOK B moukax npu 3HauuMoM NO-3aBUCUMOM
YCUJICHUY 3HOAOTeHHBIM 1 MHBbeliupoBaHHbBIM ['TIT1-2 kpoBoTOKa B ME3eHTEpUATIbHBIX U
KapoTUIHBIX cocynax [35]. Heobxomumo mpomoKMTh aHAIU3 MEXaHU3MOB IEHCTBUS
T'TITI-2 Ha pyHKIMM TTOYeK It 60J1ee TOYHOTO MOHUMAHMS CUCTeMBI PeTyJISIIUY OajtaH-
ca HaTpus B (pU3MOJIOTUYECKOM COCTOSSHUM M, YTO OoJiee BaXKHO, IIPU Pa3IUIHBIX (QOp-
Max IaToJIOTUU, COMTPOBOXIAIOIINXCS 3aI€P>KKOIM HATPUS U XKUIKOCTH B OpraHU3MeE.

Taxum o6pazoM, rponsBonHbie TIpormokarona, I'TITI-1 u I'TII-2, oka3piBaioT BIusIHIE
Ha BbIBEJEHNE HATPUs MOYKAMU Kak MPU ero OObIYHOM, TaK U MPU U30BITOYHOM COJIEp-
>)KaHUU B OpraHU3Me XUBOTHBIX. HecMOTpst Ha oOpa3oBaHUe U3 OOIIErO MPEIIIeCTBeH-
HUKa B L-KjeTKax KuIlleuHWKa, IMpu M30bITouHoM noctyruieHuu NaCl yepe3 XKenymnou-
HO-KUIIIEYHBI TPAKT KaK U3MEHEHUE CEKPELIMU ITUX PETYJISITOPHBIX TTENTUIOB, TaK U UX
3 deKTh Ha SKCKPELMIO HATPUST TOYKAaMU TTPOTUBOITOJIOXKHO HaIPaBJICHbI.

HccnenoBaHust BHITIOJHEHBI ¢ UCTIOJIb30BaHMeM obopynoBanus LIKITT UD®B PAH.

NCTOYHUK ®MMHAHCHUPOBAHUA

Pabora BbInosiHeHa B paMKax rocyaapcTBeHHoro 3aaaHus (per. Ne AAAA-A18-118012290371-3)
MpHY YaCTUYHOM noaaepxkke rpaHta Poccuiickoro ¢poHna yHaaMeHTalIbHBIX UccaeqoBaHmit No 18-
315-00291 mon_a.
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Effect of Glucagon-Like Peptides and Oxyntomodulin on Urinary Sodium Excretion in Rats

E. V. Balbotkina® *, T. A. Karavashkina?, T. V. Kovaleva?, and A. V. Kutina®

“Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences,
Saint- Petersburg, Russia

*e-mail: Liravega@mail.ru

Maintaining sodium balance is ensured by a clear correspondence of salt intake through
the gastrointestinal tract and its excretion mainly by the kidneys. It is of interest to evalu-
ate the functional relationship of the digestive system and the kidneys and its contribu-
tion to maintaining a constant sodium concentration in the internal environment of the
body. The aim of the study was to evaluate the participation of gut peptides, proglucagon
derivatives, in the regulation of urinary sodium excretion. The diuretic and natriuretic
effects of the intraperitoneal administration of oxyntomodulin, glucagon-like peptide-1
(GLP-1) and glucagon-like peptide-2 (GLP-2) at a dose of 1.5 nmol/kg were studied un-
der normal and standardized (drink with 0.9% solution NaCl in a volume of 50 ml/kg)
conditions of water-salt balance. An increase in urination and sodium excretion under
the action of GLP-1 and a decrease in diuresis and natriuresis after injection of GLP-2
were shown. The effect of oxyntomodulin on kidney function has not been identified.
The secretory response of the studied peptides to the load with oral administration of a
2.5% NaCl solution causing hypernatremia was evaluated: after 5 min an increase in
GLP-1 concentration and a decrease in GLP-2 in the blood were observed, the level of
oxyntomodulin did not change. The effect of peptides on the excretion of excess sodium
and chloride by the kidneys during hypernatremia after oral and intraperitoneal admin-
istration of 2.5% NaCl solution (18 ml/kg) was studied. Injection of GLP-1 increased
diuresis, excretion of sodium and chloride by the kidneys with an intraperitoneal NaCl
load and accelerated the elimination of ions after oral loading. The antidiuretic and anti-
natriuretic effects of GLP-2 were revealed upon administration of the hormone with an
oral NaCl load. Thus, derivatives of proglucagon, GLP-1 and GLP-2, are involved in
the regulation of sodium balance. With an excessive intake of NaCl through the gastro-
intestinal tract, both the change of secretion of these regulatory peptides and their effects
on urinary sodium excretion are oppositely directed.
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OT PEJAKIINU

ITAMATU BUKTOPA NCAEBUYA IT'OBAPJOBCKOTI'O

26 mioHs 2020 r. yurea u3 XU3HU 3aMedyaTeIbHbIA YeIOBEK W KPYITHBINA YYeHBIA-(pr-
3MO0JIOT, DBOJIOLIMOHUCT, QUIoCcO(]d HayKu, JOKTOp OMOJOrMYyecKux Hayk mpodeccop
BukTtop McaeBud 'oBapaOBCKMIA.

Bcio cBoto xu3Hb BukTop McaeBuu nmpopabotan B MHCTUTYTE 3BOJIIOLIMOHHON (hu-
sponorun n ounoxumuu uM. I.M. CeuenoBa Poccuiickoii akamemun Hayk. Knaccuue-
CKMIT “TexHapb” Mo 06pa3oBaHUIO, B 1962 I. OH ¢ OTIWYMEM OKOHYWI JICHUHTpaICKUiA
9JIEKTPOTEXHUYECKUN MHCTUTYT U ObLJT MPUHSIT MHXEHEPOM IO OOCITY>XMBAHUIO BJIEK-
TPOHHOTO MHUKpPOCKOIIa B JlabopaTopunio 3BOJIOLMOHHON MOP(OI0rum, pyKOBOAMMOMN
npodeccopoMm A.A. BunnukoBbsIM. Ilepexon K McclienoBaTeEIbCKON AEITEILHOCTU U K
CO37aHUI0 COOCTBEHHOTO HAyYHOT'O HAIpaBJICHUS — CPAaBHUTEJIbHOMY M3YYEHUIO 3pU-
TeJIbHO perernuus — He 3aHsUT y Bukropa Mcaesuua MHoro BpemMeHu. B 1967 romy oH
3alUTUAJI KAHAUAATCKY10, a B 1978 1. — MOKTOPCKYIO T1CCepTalUIo.

OOIMPHEINA psif JKUBOTHBIX: MIHOTH, pa3HbIe BUALI pbIO, aMMUOMii, IITUI] ObLI IIPU-
BJICYEH UM [IJISI CPABHUTEJILHOTO U3YYEHUSI CUCTEM LIBETOBOTO 3peHusi. st aToro, mnpu
MOMOIIM 3JIEKTPODU3NOTOTHYECKUX METOAOB, UMMYHOLIMTOXUMMUU U MUKPOCIIEKTPO-
GOTOMETPUU UCCIENOBATUCH (PYHKIIMOHAbHBIE CBOMCTBA (POTOPELIETITOPOB U 3PUTEJIb-
HBIX TIMT'MEHTOB MHOTHX BUJOB KMBOTHBIX. OH CO3/1aJl yHUKAIBHBII TPUOOP — CKOPOCT-
HOI MOJISIPU3ALIMOHHBIN MUKPOCIIEKTPODOTOMETP, U pa3paboTasl METO, TTO3BOJISIIONIN i
U3y4aTh 3pUTEIbHBIE IUKJIbI B OAUHOYHBIX MHTAKTHBIX MAJlOYKax U KOJOOYKaxX ceTyar-
KM, KOTOPBI U B HACTOSI1Iee BpeMs TIPUMEHSIIOT B BEAYIINX JIAOOpaTOpUsIX MUDPA.

B.W. l'oBapmoBckuit OBUI pa3HOCTOPOHHUM HcciiegoBatejieM. OH MHOTOE claeal
ISl BBISICHEHUSI MEXAaHU3MOB 2JIEKTPUYECKON peleniiuu Y4epHOMOpPCKUX ckaToB. MH-
CTUTYT Meauko-ouosiornyeckux npoodiem PAH mnpusiek B.U. I'oBapaoBcKoro cos-
mecTHO ¢ J1.B. JIstuakoBbiM, D.I'. 'pubaKMHBIM U IPYTUMU COTPYIHUKAMHU J1abopaTo-
puu Ad.A. BUHHUKOBA, K U3YUYEHUIO BIUSHUS HEBECOMOCTU HAa CTPYKTYPY W pa3BUTHE
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BECTUOYJIIPHOTO armnapara JIJisi MeIMKO-0MOJI0rMUYecKOTo odbecrneuyeHus: OpOUTaIbHbIX
noJietoB. B.U. 'oBapaoBcKuit BHeC OOJIbIIION BKJIAd B pa3BUTHE KOCMUYECKOU OMOJIO-
T'MU He TOJbKO KaK yYeHbIii-MopdoJior, HO U KaK MHXKXEHEP-TPOCKTUPOBIIUK OPUTH-
HaJIbHBIX OMOKOHTEHEePOB, MCITOJIb3YEeMBIX IIJISI IOJIETOB Ha Kopabisax “Corwo3” u op-
6utanbHbIX cTaHusaX “Canor” B 60—80-¢ roabl.

Bukropa Mcaesuua Bcerna uHTepecoBaia 3arajka CIBUTa YyBCTBUTEIbHOCTU CKOTO-
MUYECKOro 3peHUsI B KOPOTKOBOJIHOBYIO 001acTh (“cnBur IlypkuHbe”), 1 OH caenan
OrPOMHBI BKJIaJ, B MOHMMaHWE OCHOBHBIX 3aKOHOMEpPHOCTEe (DYHKIIMOHAIBHOI 3BO-
JIIOLIMM 3PUTENIbHOM cUCTEMBI, (DyHIAMEHTAILHBIX MPUHIIMIIOB CTPOeHUs (oTopelren-
TOPHBIX KJIETOK CETYATKU U 0TOOpA 3pUTENIbHBIX MUTMEHTOB B COOTBETCTBUU CO CBETO-
BOI cpenoii ooutaHusi. B ocobeHHOCTU, YUYUTBIBASI, YTO COOCTBEHHbIH 1IIyM 3pUTEILHOTO
MUTMEHTa MOXET ObITh BaXKHBIM (DAKTOPOM, KOTOPBIIA OTPaHUYUBAET YYBCTBUTEIBHOCTD
3peHUs 1 KOHTPOJUPYET BBIOOP TUIA MUTMEHTA.

B atoM HOMepe Poccuiickoro ¢gpusnonornyeckoro XxypHaia uM. MU.M. CeyeHoBa I1y6-
JIMKYyeTCsl TlocsienHsist cratbss BukTopa McaeBuya, nmocesiieHHas: OMOMOTOHUKE U 3pU-
TeJibHBIM (heHOMeHaM. B Heit oH mpemiaraer yHUBEpCaAJIbHBIN MEXaHU3M, JieXalluii B
OCHOBE MHOTHUX, 10 CUX SIBJISIOLINXCS 3aralouHbIMU, (hEHOMEHOB.

Vxon Bukropa McaeBuua — HeBOCIIOJIHMMASI ITOTEPsI ST BCeX HAC, €ro COTPYIHUKOB,
npy3eit, KoJuer, Ajisi BCceX, KTO XOTb pa3 MMeJ cyacTbe oOliaTbesi ¢ HUM. Bcio cBoto
xu3Hb B.W. ['oBapmoBckuit ObUT HE TOJBLKO YCHEIIHBIM YY€HbIM, OOJHUM U3 HauboJiee
LIUTUPYEMBbIX POCCUHCKUX MCCenoBareyieii B 00J1aCTU CEHCOPHOU (DU3UOJIOTUU, HO U
Y4YUTEJIEM M BOCITMTATEJIEeM HECKOJIbKMX MOKOJIEHUN CBOMX YYEHUKOB, HPABCTBEHHBIM
9TAJIOHOM XXU3HU B HAyKe.

M.JI. @Dupcos, dupexkmop UPDPH PAH
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