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DIFFERENT MODES OF BINDING OF HOECHST 33258 WITH DNA
A.P. ANTONYAN

Yerevan State University, Department of Biophysics
apantonyan@gmail.com

Spectrophotometric study of Hoechst 33258 binding to DNA has been investigated. It was
shown that this ligand forms at least two types of complexes at 0.002 M and 0.02M ionic strengths of
solution. One of them is strong, the other is weak. It was revealed that at 0.02M ionic strength of
solution, the binding constant value by strong mode is one order higher than at 0.002M. It was
obtained that at both ionic strengths of solution at weak mode of interaction the values of binding
constant of Hoechst 33258 to DNA coincide with each other.

DNA-Hoechst 33258 complexes — intercalation — binding constant — binding site number

Yuuwpyl] £ YuE-h htw Hoechst 33258-h Juwdwl uwybinpudnundbnphly nunduw-
uhpnipnil: 8nyg E wipdk), np wyu (hquint wpwewgimy k tpynt whwh Yndukputkp nisnyph
0.002 U 1 0.02 U hnlwlwl nidbpmud’ mdtn b poyp: Zupnbwpbpdb) b np psnyph 0.02 U hnbwlub
nidnud mdbn knuwtwlny juydwi hwunwnmh wpdtpp Uk jupgnd wybtih dbs E, put 0.02 uny
hntwljwt mdnud: 8nyg bt wpdk, np pnyp Eqwbwlh phypnd tpyws  hntwljub mdbpny
nwsnyputpnid YuE-h htwn Hoechst 33258-h Juwdwt hwuwnwwnnith wpdbpubpp hwdpujund Bu
Uhujug htiwn:

QUL-Hoechst 33258 [nuwy bpulikp — plunkpjuyjughw —Juwuydwl hwuwnannnt i —
Juupdwl ik bph ]

IpoBexneHo crekTpodoToMeTpruueckoe ncciaenoBanue cs3biBanus Hoechst 33258 ¢ THK.
[lokazano, 4To nuraHx oOpasyeT Mo KpallHe Mepe ABa THIIA KOMIUIEKCOB NPH HMOHHBIX CHIIAX
pactBopa 0.002 M u 0.02 M. OnuH U3 HUX SBISETCSA CHIIBHBIM, Ipyroi — cinadeiM. OGHapyKeHo,
YTO IpH HOHHOM cuie pacTBopa 0.02 M 3HaueHHe KOHCTAHTHI CBS3BIBAHMS CHIIBHBIM CIIOCOOOM Ha
nopsiok Ooukire, yeM mpu 0.002 M. Ilokazano, uto mpu cnaboM criocobe 3HAYCHHS KOHCTAHT
ceszpiBanus Hoechst 33258 ¢ JIHK npu yka3aHHBIX HOHHBIX CHIIAX PacTBOpPa COBITAJAIOT JIPYT C
JIPYTOM.

JIHK-Hoechst 33258 komnuexcel — uHmepranayus — KOHCMAHMA CE:A3b186aHUS —
YUCTIO MEeCT C8S3b16AHUSL

One of widely investigating ligands immediately binding to DNA is Hoechst 33258
which is applied as a fluorescent dye of chromosomes. This ligand penetrates through
cellular and nuclear membranes, and binding to chromosomes shows a high biological
activity. The molecule of Hoechst 33258 consists of piperazine, two bisbenzimidazole and
one phenol group (fig. 1) and at physiological conditions it preferably binds to AT-
sequences in DNA minor groove [1, 10, 17, 18].
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DIFFERENT MODES OF BINDING OF HOECHST 33258 WITH DNA

DNA complexes with Hoechst 33258 are stabilized by electrostatic, Van-der-Waals
and hydrophobic interactions and hydrogen bonds between ligand molecule and nucleotides
in minor groove. Formed hydrogen bonds between ligand molecules and DNA azotic bases
substitute earlier existing hydrogen bonds between solvent and DNA molecules in minor
grooves [1,18]. It was revealed that the minor groove of DNA-Hoechst 33258 complexes is
more hydrophobic and has[120D dielectric constant compared to water dielectric constant
equal to 80D. The decreasing of dielectric permeability of the minor groove at DNA
complex-formation with Hoechst 33258 enhances resistance of hydrogen bonds compared
to that of these bonds between DNA and water which results in additional deposit of
enthalpy at the binding [10].

O~
Noaal —C‘L,Q

~

Fig. 1.Structure of groove binding compound — Hoechst 33258.

NMR investigations of Hoechst 33258 complexes with DNA showed that this ligand
binds in the minor groove with nucleotides with 1:1 stoichiometry, moreover each
benzimidazole interacts with two AT-pairs byforked hydrogen bond across helix and takes a
region corresponding to approximately 1.5 base pairs [17]. Sequence selectivity and high
affinity to AT regions are connected to both negative electrostatic potential inside of minor
groove and decreasing of its width in AT-rich areas. It is conditioned by the fact that at
interaction with DNA one of ends of Hoechst molecule is subjected to some changes. These
structural changes in ligand molecule result in DNA minor groove width alterations [17].
Numerous investigations indicate that high affinity of H33258 to DNA AT-sequences is
conditioned by ligand molecule form which is in geometric correspondence to this groove
form [3-5, 12, 19]. Despite H33258 high specificity to AT-sequences of DNA it was shown
that guanine exocyclic amino-group interacts with ligand molecule.

Thermodynamic investigations revealed that H33258 interacts with DNA at least by
two modes — strong and weak [13]. Strong binding mode does not depend on solution ionic
strength; moreover it depends on type of base pairs, while weak mode has mainly
electrostatic nature and does not depend on DNA sequence in binding region [20].

The aim of this work is to reveal Hoechst 33258 binding mechanism to DNA by
strong mode at low ionic strengths and to determine binding constant K value and number
of bases n per one binding site.

Materials and methods. Calf thymus DNA (ultrapure) “Sigma” (USA), H33258 “Sigma”
(USA), NaCl, Na-citrate (ultrapure), EDTA (ethylenediaminetetraacetate) were used in this work.
All preparations were used without further purification. Concentrations of used preparations were
determined by absorption spectroscopy method, using the following extinction coefficients:
[560=6600 M'em™ for DNA, [13,3=42000 M 'cm™ for H33258. The investigations were carried
out at 0.002 M and 0.02 Mionic strengths of the solution, t=25°C — pH=6.95 at 0.002 M and
pH=7.02 at 0.02 M.

Spectroscopic measurements were carried out on PYE Unicam-SP8-100 (England) spect-
rophotometer. Huge number of theoretical [25] and experimental [8, 15, 21] studies are devoted to
interaction of ligands with macromolecules (DNA, RNA). For analysis of experimental data of
ligand adsorption on macromolecules it is important to achieve a state, when all binding sites on
macromolecule are entirely occupied by ligands, though binding curves of ligands with DNA in
Scatchard’s coordinates are constructed via an equation obtained in [8]:
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1-nr

ric, :K(l—nr){m}nl )

In that case when ligand binds to DNA by two different modes, the binding curve is
obtained in non-linear way [16]: that is why for linearization of this curve in [2] the equation (1) is
modified by following way:

L oka-@ri-r @

c
/
where 1 is number of ligands per one binding site, C;— concentration of ligands in solution,
K — binding constant. Comparing formula (2) with experimental data the values of K and n may be
determined. For obtaining of 1/Cs and r from absorption spectra of DNA-ligand complexes the
concentration of non-bound ligands — C¢ was determined by the following equation:

Cr_A-4,
N ©)
CO AO - Aw
where A is complex absorption at given ligand concentration, Ay and A, — absorptions of
thoroughly free and bound ligands respectively, where Cj=C¢+Cy, — total concentration of H33258
in solution; r=C,/C,; C, — bound ligand concentration, C;, — concentration of nucleotide phosphate
groups.

Results and Discussion. Despite the fact that Hoechst 33258 is a typical
representative of groove binding ligands to DNA and shows a pronounced specificity to
AT sequences of it, the studies of last years have shown that this ligand may bind to GC
sequences as well. Moreover it is assumed that ligand molecules form stacking contacts
with DNA GC-sequences [14]. To reveal H33258 binding mechanisms with DNA we have
carried out a spectrophotometric titration of this ligand solutions by DNA solution at 0.002
M and 0.02 M ionic strengths.

Absorption spectra of pure H33258 (curve 1) and its complexes with DNA (curves
2-7) at 0.02 M ionic strength, t=25°C and pH=7.02 (analogous absorption spectra have
been obtained at 0.002 M, because of it they are not shown) are presented in fig. 2. It is
obvious from fig. 2 that absorption spectra of complexes are shifted to longer wavelength
region with DNA concentration enhancement in solution, because the concentration of
ligand free molecules decreases during titration. Absorption maximum of thoroughly
bound ligand molecules corresponds to [1=350 nm, while absorption maximum of free
H33258 molecules corresponds to [1=343 nm. Based on obtained absorption spectra the
binding curves in Scatchard’s coordinates are obtained that are presented in fig. 3 (A and
B). As it is clear from presented figure the binding curves constructed on the basis of
absorption spectra are non-linear. It is known that non-linearity of binding curves of low-
molecular compounds with macromolecules indicates that an anti-cooperative interaction
takes place or ligand binds by more than one mode [21].

=
=

Absorption

04

200 300 400 3. nm 00

Fig. 2. Absorption spectra of pure H33258 (curve 1) and its complexes (curves 2-7) with DNA




DIFFERENT MODES OF BINDING OF HOECHST 33258 WITH DNA

In the statement [22] it was shown that H33258 interacts with DNA at least by
two modes — strong, specific (with AT-sequences) and weak, electrostatic (with DNA
phosphate groups). Based on this the obtained binding curves were analyzed taking into
consideration that two interaction modes exist: one of them has a big slope and
corresponds to strong binding mode, the other — to weaker mode. From adsorption
curves by equation (2) the values of binding parameters were determined — K and n, and
it was revealed that K=31110° M which corresponds to strong binding mode of
H33258 with DNA at 0.02 M ionic strength of solution and is in two orders higher than
at weak binding mode — K,=2.251110° M. At 0.002 M ionic strength of solution
K=3010" M, K,=50010° M. Apparently a decrease of solution ionic strength by an
order results in significant lowering of value of K at H33258 strong binding to DNA
and approximately two-times increasing of value of K,, at weak binding mode. This
experimental result may be a consequence of higher degree dependence of H33258
strong binding mode with DNA on solution ionic strength than in the case of weak
binding mode. On the face of it this fact is unexpected, because at 0.02 M solution ionic
strength the strong mode corresponds to specific binding of this ligand molecule with
AT-sequences in DNA minor groove. Moreover, an electronegative potential of DNA
minor groove in AT-rich regions plays a determining role in complex-formation [7, 12,
23]. From this point of view at H33258 specific binding to DNA AT-sequences the
decrease of ionic strength should not influence on binding constant value, at weak
electrostatic mode — it should. The fact that at strong binding modeKy; values differ by
one order, most probably, indicate the qualitative change of H33258 binding mechanism
with DNA, which is coordinated with data obtained in [23]. On the other hand, the fact
that at weak binding mode the values of K, differ twice is maintenance of this mode
correspondence to interaction electrostatic mechanism of H33258 molecules with DNA
phosphate groups. This is indicated by the fact that at weak binding mode the number of
base pairs per one binding site (value of n) does not depend on solution ionic strength —
ny[13-4. In the case of strong binding mode values of ny differ, because at 0.02 M
ng[116-17, at 0.002 M ng[714-15.

r/Cy; 10° M

002 0,04 0,06 0,08 0,1 01z 0,14 016

r/Ci 10° M

Fig. 3. Binding curves of H33258 with DNA at 0.002 M (A) and 0.02 M (B) ionic strengths of solution

9




AP. ANTONYAN

Obtained experimental data indicate that H33258 specificity to DNA AT-sequences is
expressed at relatively high ionic strengths of solution, consequently, at salt low
concentrations this specificity disappears and this ligand besides electrostatic one binds
also by other mode(s). In the literature a possibility of H33258 binding intercalation mode
with DNA is discussed. Particularly, in [9, 11, 16, 24] it was shown that H33258 may bind
with DNA GC-sequences by intercalation mode. Moreover, a classical intercalation in the
case of this ligand is not observed. Usually, classical intercalators, particularly, ethidium
bromide and acridine dyes contain a group of aromatic rings that are inserted into the plane
between DNA base pairs and form stacking contacts with them [23]. From this point of
view for stacking contact formation with DNA base pairs (intercalation), most probably,
H33258 piperazine rings are appropriate. At the same time the group of aromatic rings of
intercalators forms a flat structure which contributes to intercalation as well. H33258
molecule has semi-moon-like structure and geometrical coincidence with DNA minor
groove [17]. As a consequence of such structure this ligand shows a high specificity to
DNA AT-sequences in minor groove. On the other hand, this ligand shows a
conformational lability in solution [17]. It is not excluded that at low ionic strengths of
solution H33258 becomes more flexible, in consequence of which it may intercalate into
DNA GC-rich regions.

Thus, from spectrophotometric measurements it is revealed that H33258 forms at
least two types of complexes with DNA. One of them is the strong mode and characterized
by high value of K ([13(1108 M-1) and n ([116-17) at relatively high ionic strengths of
solution ([10.02 M): this type of binding corresponds to specific interaction of ligand with
AT-sequences in DNA minor groove [22]. The other mode is weaker and has an
electrostatic nature with following binding parameters: K=2.25[1106 M-1 and n[13-4. At
low ionic strengths of solution [10.002 M H33258 binds to DNA by at least two modes:
strong (K[1307107 M-1 and n[114-15) and weak (K[15[1106 M-1 and n[13-4). These
results are in correspondence to literature data based on which we assume that at low ionic
strengths the strong mode respects to intercalation, the weak mode — to electrostatic
mechanism of interaction [9, 11, 16, 24].
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The aim of the present study was evaluation of soil genotoxicity from Karvachar (Nagor-
no-Karabakh Republic) and Kapan (Republic of Armenia) using the single cell gel
electrophoresis (comet assay) on peripheral blood leukocytes of the local Ural field mouse
(Apodemus uralensis). DNA damage in mice leukocytes from Karvachar was significantly
higher compared to Kapan. It is worth to mention, that in the soil samples from Karvachar the
content of Fe, Mg and Ca was significantly higher compared to Kapan indicating potential
genotoxic influence. The obtained results confirm that the assessing of genotoxicity by the
Comet assay in free-living mice is valuable test in monoitoring of environmental pollution.

Comet assay — Ural field mouse — leukocytes — biomonitoring

Uohiwnwph tyyuwnul bp Lupjuwdwnh (Lintuyhtt Twpwpunh Zuwtpuwbnnpniy) b Gw-
wuih (Zujuunwih Zwbpwybnmpni) honh ghtwpnibuyumpjut gowhwwnndp thnpp winw-
nughtt Uwb (Apodemus uralensis) suypudwuughtt wpyub (Eynghnubpnud Gquljh pehouinh dti-Ekljn-
pudnpkgh (FYu-Yndbn dbkpnn) Yhpwndwdp: Lupjudwnh whnwnuhtt dutph (Enghnitpnud
TUE-h Juwudwspubpp hwjwunhnpbt wbih pupdp B, hwdbdwnws Yuywth dukph htn: 2upy
E ok, np Lupjwgwnh hnnh tdnipubipnud Fe, Mg Ut Ca wwipnitwlynipiniup qquiphnptt wykh pupdn k,
hunftlfunnws Guwuth htwn, hsp JYuynud E htwpunjnp qiiupniiught wgnbgmpiut dwuhb: Fue-
Yndtwn dbpnnh Yhpwenwdp thopp winwpughtt djub suypudwuughtt wpywb (Elnghnibpod
wpyniiuybn dnintignud | hnnh ghiwpniiuyimipjut. guuwhwwndw hwdwp:

QUL-Indltan Wkpny — thnpp whnmwnuyhl unil — jEnghunbkp — jEkinununanumuplinid

Ilenpio HACTOAIETO UCCIEAOBAHNUA ABJIAIACH OLlEHKA TeHOTOKCHYHOCTH 104B Kapsauapa (Ha-
ropao-Kapabaxckas Pecrry6nuxa) u Kamana (Pecrry6iika ApMeHIs), C IpEMeHeHHeM MeToza
resb-d7eKTpodopesa efUHNYHBIX KiaeToK (MeTog JHK-komeT) B neiikonuTax
nepudepuIecKoit KpOBH y Maytoi secHoi M (Apodemus uralensis). Y poBHE HOBpeXIeHUI
JHK B nefixomurax Mbiuei u3 KapBadapa GpLIM 3HAYUTEIBHO BBILIE II0 CPAaBHEHHUIO C MBIIIAMHU
n3 Kamana. Ctout ormeruTs, 4To B mpobax moussl u3 Kapeauapa copepkanue Fe, Mg u Ca
GBLIO 3HAYHTEIBHO BBIIIE II0 CPABHEHUIO ¢ o6pasuamu no4B u3 Kamnana, uTo ykassiBaer Ha
MIOTeHIIMAJIbHOe TeHOTOKCHYecKoe BauaHue. IlomryyeHHbIe pesyIbTaThl MOATBEPKAAI0T, YTO
OlLleHKa FeHOTOKCHYHOCTH II0YB ¢ mpuMeHeHueM Mertoza JJHK-xomeT y Masoii ecHO# MbImu
ABAeTCA 3PPEeKTHBHBIM ITOAXO0J0M JJIT MOHUTOPHHTA OKPY>Kaloleil cpe/Ibl.

Merog [JHK-rxomeT — Manas 1ecHAA MBIIID — JT€HKOIHTH — OHOMOHHTOPHHT

Environmental pollution causes a variety of effects, including increasing level of
DNA damage. For the evaluation of environmental genotoxicity chemical
analysis of pollutants should be combined with the analysis of DNA damage in
testing species.

Rodents are routinely used as bioindicators of environmental contamination
due to their ubiquitous distribution, high relative abundance, ease of trapping and
12
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handling, and close association with the soil [8]. Earlier mice from the genus
Apodemus have been successfully applied as pollution bioindicators using
micronuclei test [7] and chromosomal aberrations [12].

The Comet assay, also known as a “single cell gel electrophoresis”, has become
an important tool for assessing DNA damage and repair in single cells [4]. This
method is established as a valuable tool in genetic ecotoxicology in wild animal
populations [13], including free living mice [6].

In the present study the Comet assay was applied on the peripheral blood
leukocytes of Ural field mouse (Apodemus uralensis) sampled from two areas with
different levels of contamination: Kapan, the center of the Syunik Province, Republic
of Armenia and Karvachar or Kalbajar, Nagorno-Karabakh Republic (NKR) for
detection of soil genotoxicity.

Materials and methods. Soil chemical analysis was realized in Institute of Chemical
Phy sics of NAS RA, according to APHA [1]. Levels of Ca, Mg, Mn, Fe, Co, Cr, Cu, Zn, Mo, Pb,
Cd, P and V were measured in soil samples from Kapan and Karvachar in 2014.

In total, 26 mice were caught in 2014 using live traps and transported to the laboratory:
11 (10 males: 1 female) from Kapan and 15 (10 males: 5 females) from Karvachar. To avoid
interindividual differences related to age, only adult specimens were examined. Blood samples
were collected from each mouse by cardiac puncture, placed in vials with heparin as an
anticoagulant.

Alkaline Comet assay was applied with some modifications [11]. A mixture of 20 pl of
whole blood sample with 80 pL low melting point agarose (0.5%) (Sigma) was pipetted onto a
microscope slide precoated with 1% normal melting agarose (Sigma). After the solidification of
gel layer the slides were immersed in lysis solution (2.5 M NaCl, 100 mM Na2EDTA, 10 mM
Tris and 1% Triton X-100, pH 10.0) for 24 hour at 4°C. Subsequently, the slides were incubated
in freshly made alkaline buffer (300 mM NaOH and 1mM Na2EDTA, pH>13) for 20 min for
DNA unwinding, and electrophoresed in the same buffer for 15 min at 300 mA and 25 V.
Slides were washed with neutralization buffer (0.4 M Tris, pH 7.5) for 10 min and stained with
20 pg/mL ethidium bromide (Sigma). The images were evaluated by fluorescence microscope
(ZEISS, Germany) in conjunction with a digital camera. DNA damage was assessed using a
Comet Assay IV imaging system (Perceptive Instruments, UK). 150 cells scored from each
mouse. To characterize DNA damage the parameters % DNA in tail, Tail moment and Tail
length was used.

Statistical analysis of obtained data was performed using nonparametric Mann—
Whitney U test and Chi-Square (x2) test by StatgraphicsCenturion 16.2 (StatPoint
Technologies, Inc. USA; Warrenton, VA) program.

Results and Discussion. The chemical composition of soil from two sampling
sites is shown in and data of data of maximum allowable concentration (MAC) [9] for
soils of Armenia are shown in tab. 1.

Chemical analyses of soil samples demonstrated differences in concentrations of
pollutants between sites. In soil samples from Karvachar the content of Fe, Mg and Ca
was significantly higher compared to Kapan.

DNA damage values assessed by the Comet assay in leukocytes of mice sampled
in Kapan and Karvachar are shown in tab. 2. Data are presented pooling together the
sexes, since the preliminary analysis did not show significant differences between
female and male animals within the same group. This result coincides with literature
data [8].

Nonparametric Mann—Whitney U test showed that the comet parameters (% of
DNA in the tail and tail moment) in mice leukocytes from Karvachar were significantly
higher compared to Kapan (p<0.05). Significant difference between two sites by the tail
length was not revealed (tab. 2). This can be explained by the fact that the tail length
does not linearly related to DNA break frequency [4].
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Table 1. Concentrations of chemical elements (mg/kg) in the soil samples from Kapan and
Karvachar and MAC - “maximum allowable concentrations
of chemical elements” for soils of Armenia.

Chemical elements Kapan Karvachar MAC
Ca 0.35 96.26* No data
Mg 0.05 92.82* No data
Mn 0.30 1.10 <1500
Fe 19.62 58.72* No data
Co 0.01 0.03 No data
Cr 0.02 0.49 <90
Cu 0.31 0.04 <132
Zn 0.19 0.10 <220
Mo 0.03 0.00 <132
Pb 0.04 0.01 <65
Cd 0.00 0.00 <2
P 0.60 1.59 No data
\ 0.20 0.06 <150

*— denotes significant difference compared to Kapan (p<0.001)

Increased level of DNA damage in mice from Karvachar compare with Kapan
could be related with higher content of Fe, Mg and Ca. Earlier the genotoxicity Fe, Mg
and Ca was shown [2, 5, 10]. Chemical composition assays of environmental habitat
give important information on the extent of its contamination. However, they do not
show the real effect on biological systems, because the combination of different factors
acts simultaneously and reveals a summary biological effect. For this reason, biological
assays of genotoxicity evaluation have been elaborated [3].

Thus, the assessment of DNA damage by Comet assay in leukocytes of mice
Apodemus uralensis can be used as a valuable tool for assessment of genotoxic hazards
of environmental pollution.

Table 2. DNA damage in leukocytes of mice Apodemus uralensis
collected from Kapan and Karvachar

Sampling site Number of % DNA in tail Tail moment Tail length
mice Mean +SE | Median | Mean +SE | Media | Mean +SE | Median
n
Kapan 11 6.64+0.22 2.84 0.99+0.03 | 0.43 |[31.74:0.21| 30.49
Karvachar 15 7.59+0.19 | 4.25* 1.19+0.03 | 0.68* |31.04:0.17| 29.17

*— denotes significant difference compared to Kapan (p<0.001)

The present study showed that DNA damage in mice leukocytes from Karva-
char was significantly higher compared to Kapan. It was also found that soil samples
from Karvachar more polluted with Fe, Mg and Ca. Thus, soil chemical analysis data
agreed with the data of the analysis of DNA damage.

The results obtained demonstrate the sensitivity of free living mice Apodemus
uralensis as biomarkers of environmental genotoxic pollution.
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In present work the effect of millimeter electromagnetic radiation on the surface charge density of
rat blood erythrocytes has been studied. The experiments were carried out irradiating suspension of
erythrocytes of rat blood by different frequencies. It was shown that in the case of the irradiation by water
non-resonant as well as resonant frequencies the value of studying parameter decreases compared to control
samples. In the case of the irradiation by water resonant frequency the decrease of the value of studying
parameter is more pronounced. In both cases a reliable changes of the surface charge density value of rat
blood erythrocytes take place.

Irradiation — rat blood erythrocytes — surface charge density — water resonant frequency —
water non-resonant frequency

Muunudtwuppygty £ dhhdbnpught bEjunpudwqihuuot funuquypdut wqptgnipmniip wntbnubph
wpul tphppnghnibph dwltpinipught hgph pnmput Jpu: Mumdbwuhpnipmiatbp junwpdt) B
wnbbnubph wpywb Ephppnghunubph jwhinypp Swnwquypkiny wwppbp hwdwinipeiniuutpny: 8nyg k wpdby,
np oph hwdwp ny phignuwbuwhtt b phgnuwbuuwghtt hwdw-junipniitpny fwnwquypwhwpdwt Rhypnud
nunidtwuhpynn yupwdbnph wpdtpp Wugnud £ unnighy tdnpubph hwdbdwwn: Qph hwdwp nkqnuwtuugh
hwdwim pjudp Surwuquypuhwptne nhypnid wyn yupudbnph wpdtph tdugqnidt wygkh Jun Ewupnwhuwjn-
Jus: Gpim phwypnud b whknh ki mbkinud webbnibph wppub tphppnghnubph dwljbpinipughtt thgph
huwnnipjut wpdtph twjwb thnthnfunipniibp:

Kwnwquypuhwpnil — wnhknbkph wppul Ippppnghunbkp — dwlkplhnipughl jhgph prnnyemi i — opp hunlup
phgninubuuyhll hwdwjunieinil — oph hundwp ns nkqniwbuughl hwdwpinipnt i

HccnenoBanock BIMsSHUE MHJUTIMETPOBOTO 3JIEKTPOMArHUTHOTO M3TyYeHHUs HA IIOTHOCTb MOBEPX-
HOCTHOTO 3apsiia KPOBH JPUTPOIMTOB KPHIC. DKCIEPUMEHTHI OCYIIECTBISUIICH OONydEHHEM CYCIICH3UU
SPUTPOLUTOB KPOBH KPBIC Pa3HBIMH YacToTaMu. [Ioka3aHo, 4To B cirydae oOMydeHHUs] HE PE30HAHCHBIMH U
PE30HAHCHBIMU Ul BOJBI YaCTOTAMU 3HAUYEHHME UCCIELYEMOIO IapaMeTpa YMEHBIIAeTCA [0 CPaBHEHUIO C
KOHTpoJeM. B ciayuae oOydenust pe3oHaHCHOMN AT BOABI YaCTOTOH yMEHBIICHHE 3HAYEHHS UCCIELYyEMOTo
napaMeTpa BBIpaKeHO Oojee spko. B o0oux ciydyasx MMEIOT MECTO JOCTOBEpPHBIC M3MCHEHHSI 3HAUCHUS
IUIOTHOCTY ITOBEPXHOCTHOI'O 3apsA/ia SPUTPOLIUTOB KPOBU KpBIC.
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Obunyuenue — 3pumpoyumsl Kposu KpblC — NIOMHOCHb NOGEPXHOCMHO20 3aPsi0d — Pe30HAHCHAS OJisl
600bl YACMOMA — YACMOMA He Pe30HAHCHAs 05l 800bl

Millimeter electromagnetic radiation (MM EMR) composes the background of surrounding
medium and intensively effects on living material [7, 11, 19]. It has been shown that the effect of
MM EMR results in changing of different parameters of the blood: influencing on the plasma surface
tension, the electrokinetic potential of erythrocytes as well as the resistance of erythrocytes etc., [7].
The surface charge created by the equilibrium between cell membrane components and medium
components is an important parameter of erythrocyte membrane [5]. The surface charge is created by
polar heads of phospholipids, glycoproteins (essentially by carboxylic groups of sialic acid and
amino-acidic residues), as well as glycolipids. Due to the compounds the membrane surface is
charged negatively. Sialic glycoproteins consisting of membranes of blood erythrocytes create the
negative surface charge (60%) which provides the repulsion between the cells, excluding an
interaction between them, particularly, aggregation of erythrocytes that has a big biological
importance [1, 6]. Taking into account that sialic glycoproteins play a crucial role in the modulation
of erythrocyte-erythrocyte interaction as well as erythrocyte interactions with other blood corpuscles
and endothelium [13, 18] it may be insisted that the surface charge of erythrocytes plays a leading
role in aggregation and disaggregation of erythrocytes [10]. Decreasing of negative surface charge
density of erythrocytes may result in destabilization of suspension of blood corpuscles [14] and, as a
consequence, in disturbance of blood functions. The goal of the present work is to study the effect of
MM EMR on the surface charge density of membranes of erythrocytes of rat blood.

Materials and methods. White outbred rats with 80-100g mass were used in experiments (Rattus
norvegicus, “vistar”’). Animals were pickled and the blood was gathered into glass, where previously 1-2 ml
5% Na-citrate solution was added. The latter was prepared on the basis of physiological solution. From each
animal the blood with almost 3-3.5 ml volume was taken. Animal blood was centrifuged during 10 min with
1500g acceleration (Electronic Centrifuge Capacity). Erythrocytes were separated from supernatant liquid.
Physiological solution was added to the sediment of erythrocytes. The last was suspended. The obtained
erythrocytes were suspended in the physiological solution for obtaining of a suspension with an optical
density equal to 0.7. The obtained suspension was irradiated at (/=670 nm wavelength. Optic density
measurement was carried out by photoelectrocolorimeter (KFK-2). Non-irradiated suspension of erythrocy-
tes was used as a control sample. In each group — control and experimental 6 rats were used, the experiment
was repeated three-times, and then obtained data were averaged. Animals were in the same-type conditions
and fed by combined food. Suspension of blood erythrocytes was irradiated with the following frequencies:
41.8 GHz, 42.2 GHz, 50.3 GHz and 51.8 GHz during 20 min, 40 min, 60 min, 80 min, 100 min. MM EMR
was produced with Russian-made “Istok” (Model G4-141) generator (Istok, Fryazino, Russia) with working
interval of frequencies 37.5-53.5 GHz. The power flux density on the sample was equal to 64CJWt/cm2.
Electromagnetic field was homogeneous, distance between sample and waveguide was equal to 180 mm.
The choice of these frequencies is conditioned by the fact that 50.3 GHz and 51.8 GHz are water resonant
frequencies and 41.8 GHz and 42.2 GHz frequencies have a biological application [9, 17]. The suspension of
erythrocytes was used to determine surface charge density of erythrocyte membrane. It was judged about the
surface charge density value of erythrocyte membrane by their mobility in electric field. The mobility of
erythrocytes was determined in constant electric field. The surface charge density was calculated by the
following formula [2, 8]:

on
=21 1
7 k+r M

where [ is the surface charge density of erythrocytes (C/m?), @ — electrophoretic mobility of particle, i.e.

relation of erythrocyte linear rate to electric field potential gradient, [1 — disperse medium viscosity,

k — width of double electric layer (A), r — radius of anti-ion. Taking into account that at ionic strength of buffer —
0.15M/1, k is approximately equal to 7.74 A, the radius of anti-ion may be neglected. Further calculations were
carried out by this consideration. The statistic treatment was carried out.
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Results and Discussion. The effect of EMR with 41.8 GHz, 42.2 GHz, 50.3 GHz and 51.8
GHz on the surface charge density of membrane of rat blood erythrocytes was investigated.

The values of surface charge density changes of erythrocyte membrane of blood of irradiated
rats by EMR with 41.8 GHz are presented on figure 1. It is obvious from figure 1 that after each
irradiation the value of [ of erythrocyte membranes decreases compared with control. It should be
mentioned that the degree of the change of surface charge density value differs from each other at
different durations of irradiation: thus at suspension irradiation with 20 min duration the value of [
decreases by 13% compared to control, while at irradiation with 100 min duration — by 38%. The
irradiation of rats by 42.2 GHz induces a bigger response of biological system to external physical
effect (figure 2). In this case a decrease of the value of [ is also observed compared to control and
fluctuations after each irradiation with respective duration are significant: from 37% at 20 min
duration up to 46.5% at 100 min duration.

3 o o(x10-9)C/m?

1.5 mK
=41.5 GHz

20min  40min  60min  30min 100 min
Fig. 1. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 41.8 GHz.

3 4 o(=10)C/m?

1.5 - L LS
422 GHz

0min  40min  60min S0min 100 min

Fig. 2. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 42.2 GHz.

It is interesting that at irradiation of rat blood erythrocyte suspension with 50.3 GHz and 51.8
GHz frequencies the same regularity is observed: the value of [] decreases with enhancement of
irradiation duration. In the case of irradiation of suspension of rat blood erythrocytes with 50.3 GHz
frequency induced changes of surface density charge value alter from 44% up to 53% (fig. 3).

(103

1.5 =K
u50.3 GHz

20mm  40mm  60mm  S0mm 100 mm

Fig. 3. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 50.3 GHz.
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In the case of irradiation of rats by 51.8 GHz frequency, the induced changes of the surface
charge density value are in the interval from 53% to 60% (fig. 4).

Therefore generalizing the above obtained data it may be noticed that the effect of EMI EHF
when the suspension of erythrocytes is irradiated, causes a decrease of surface charge density value
of rat blood erythrocytes which may be conditioned by the influence of irradiation on membrane
proteins and plasma. On the other hand it is obvious that in the cases of irradiation with 50.3 GHz
and 51.8 GHz frequencies the decrease of this value if bigger compared to the cases with 41.8 GHz
and 42.2 GHz frequencies. It may be assumed that at the irradiation by 50.3 GHz and 51.8 GHz
frequencies, as a consequence of water structure changes in the plasma, the concentration of protons
increases which may change water buffer properties and a width of double electric layer. In its turn
it changes the membrane physicochemical properties of erythrocytes, particularly, the values of
surface charge density and electrokinetic potential.

7 S 10w

L 1%
W51.8 GHz

20min  40min  60mm  E0mm 100 mm

Fig. 4. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 51.8 GHz.

The change of structure of membrane proteins may change a density of molecule twisting in
membranes which results in disorders of physicochemical properties of erythrocytes. The change of
protein composition of blood plasma in its turn influences on erythrocyte membrane. It was shown
that the stability of erythrocyte membrane increases with the negative charge decreasing on
membrane external surface [3]. It was revealed that the stability of erythrocyte membrane decreases
with the surface charge increasing on internal side of membrane [4]. It is peculiar for membranes a
pronounced electrostriction: with transmembrane difference enhancement of potentials the
membrane is condensed which results in thinning of hydrophobic zone and increasing of cellular
membrane capacity [16]. The width of double electric layer increases and the electrokinetic
potential enhances. The enhancement of electrokinetic potential is accompanied by cell surface
charge increasing. The increasing of erythrocyte surface charge, conditioned by membrane structure
change, results in enhancement of its permeability, reduction of erythrocyte resistance to hemolysis
agent as well as acceleration of hemolysis. The obtained data indicate that MM EMR effect on
suspension of erythrocytes in common results in changes of the surface charge density of
membranes of blood erythrocytes of rats. The surface charge of erythrocytes is an important
parameter for aggregation and disaggregation of erythrocytes. The aggregation of erythrocytes,
conditioned by [ decreasing, leads to the increase of ESR [10]. In the statement [12] it is informed
about reliable increasing of ESR
at blood irradiation by low intensity MM EMR. It was also shown that the irradiation of blood by 60
GHz frequency with 30 min duration results in ESR increasing more than twice which is considered
to be a consequence of erythrocyte aggregation degree enhancement [15].

Therefore the irradiation of suspension of erythrocytes of rat blood by electromagnetic
waves with extremely high frequencies induces a change of different blood criteria including
erythrocyte properties. In consequence of multiple irradiations of rats by 41.8GHz, 42.2 GHz, 50.3
GHz and 51.8 GHz frequencies the surface charge density of erythrocytes changes. The multiple
irradiations of animals by 41.8 GHz and 42.2 GHz frequencies result in decreasing of erythrocyte

surface charge density compared with control. Changes of the surface charge density value of
erythrocytes induced by suspension

19



A.V.NERKARARYAN, M.S. MIKAELYAN, M.A. SHAHINYAN, P.O. VARDEVANYAN

irradiation with 50.3 GHz and 51.8 GHz frequency which is resonant frequency for water are more
pronounced. Water structure changes in its turn induce alterations of physicochemical properties of
plasma and erythrocyte membrane of irradiated blood suspension. The observed changes are stable
in the suspension and do not subjected to correction of protective regulatory mechanisms realizing
by organism.
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11.

12.

13.

14.

15.

16.

17.
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HccnenoBannuch KOHIEHTPAIMU THPEOTPOIHOTO FOPMOHA THIO(pH3a U THPEOUTHBIX TOp-
MOHOB B KPOBH Y KPBIC IIPH JIaTePaJbHON IT'€MHUCEKIUH CIIMHHOTO MO3Tra JI0 U I10CJIe BO3JICHCTBUS
CBEpXMaJlbIX 7103 TMIIOTAIaMUYECKOro HelfponenTuia raiapmusa. MceiaenoBanus nokasaiu, 4To B
YCIOBHSAX TEMHCEKLIUH CIIMHHOTO MO3ra y KpbIC HAaOIIOJAJOCh PE3KOE yBEIHUEHHE YPOBHS KOH-
LEHTPAlM{ TUPEOTPOIIHOTO TOPMOHA rUmodu3a U pe3Koe CHIDKEHHE TakoBoro B kposu. ITocie
BO3JICHCTBHS CBEPXMAIIBIX JI03 TAlapMHHA B KPOBH y KPBIC HAOMIOAATOCh PE3KOE CHIDKEHUE YPOB-
HSI THPEOTPOITHOTO TOPMOHA TUTO(H3a U MOBBIICHNE YPOBHS THUPEOUIHBIX TOPMOHOB B KPOBH, C
JIOCTH)KEHHEM TaKOBOTO Y HHTAKTHBIX KUBOTHBIX.

Tupeomponnvlil 20pMOH 2unoghu3a — MUPOKCUH — MPULOOMUPOHUH — SATAPMUH —
2eMUCEKYUsL CNUHHO20 MO32d

Unyt nuunudtwuppnipjut tywwnwli tp' hbnwgnnt) hhyndhgh phpinwnpny hnpdnuh b
Juwhwbwgkndh hnpunbiuiph Ynughinpughugh thnthnjunipeiniip wpbknutkph wppub dke, nnunintnh
Juwnbtpuy Jhuwhwndwt  yuydwbbbpnud, hhwynpuyuuhl tkpnybuunhny quupdhuh  qlpgusp
swhwpwdhubph Yhpwenidhg wpwe U hbkwnn: Mumdbwuhpmpinitibpp gnyg o wydk, np
wpubkwnbbph nnunintnh Jhuwhwndwt yuypdwbbpnd tjuwndt) E wpjut kg hhuyndhgh phptn-
wnpny hnpdnuh Ynb-gitnpughugh jupnyy wd b Jquhwbwgbndh hnpdntuubph Ynugkinpughugh
Jupnly wjugnud: Suqupuhuh gipgusdp swhwpwdhuph wqptgnipjut mwly YEunuuhubph wput
Uk wnbknh Ep mbbkund hhuyndhqh phpinupny hnpunth Ynbghinpughugh Yunpmly wjugnud b
Juhwtgkndh hnpuntibph dwljupnuiljh Yunpnil) wé, npp pinpng £ inpdwy hiimpwithubpht:

2pwndpqh phplnupny hnpiink - phpnpupl - npfyngphpnipl -
quyupdpll — npimnknh fhuwhunnnid

The aim of this study was to investigate the changes of thyroid-stimulating hormone and
thyroid hormones concentrations in blood of rats with lateral hemisection of spinal cord before and
after injection of ultra-low doses of hypothalamic neuropeptide galarmin. Studies showed a sharp
increase of thyroid-stimulating hormone level in rats with hemisection of spinal cord and an
appreciable drop in the level of thyroid hormones in blood.and a sharp drop in the level of thyroid
hormones in the blood. The action of ultra-low doses of galarmin decreased the concentration of
thyroid-stimulating hormone and simultaneously increased the level of thyroid hormones which is
typical for the intact animals.

Thyroid-stimulating hormone — thyroxin — triiodthyronine — galarmin — hemisection
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U3BectHO, uTO TOpaskeHUs cnwHHOTO Mo3ra (CM) SBISIOTCS camMoOl TSDKENOH
TPaBMOH, HEPEIKO COMPOBOXKIAFOMIEHCS TIOKOBBIM COCTOSIHUEM, TPEOYIOIIMM TOMeIIIe-
HUS OOJIEHOTO B OT/ACJICHUE PEaHNMAIIUH, IPOTUBOIIOKOBYIO MMAJaTy HIIH I1ajaTy MHTEH-
cuBHOU Tepanuu. [lo stnonmornu mopaxenns CM nensaTcs Ha clemyromue Tpynms: 1)
TpaBMaTHYECKHE TMOpaXKeHUs (JacTUYHBIN pa3pbiB CM, KpOBOM3IHUSIHUE B HETO — reMa-
TOMUEINHNS, TIOJTHBIN MOTIEPEUHBINA TIepephIB); 2) 3a00IeBaHms MOCIE MEPEHECEHHBIX BOC-
MaJUTENbHBIX MPOLIECCOB (MHUENUT, apaxXHOMUETHUT U Jp.); 3) COCTOSIHUE IOCIe orepa-
THUBHBIX BMEHIATEILCTB (yIAJICHHE OIYXOJIM U MEKIIO3BOHOUHBIX JucKkoB) [8]. Helipome-
reHepaTHBHBIE coMaTtnueckue 3adboneBannss CM, a Takke ero TpaBMaTHyeckas 0oye3Hb,
BO3HMKAIOIIAs BCIIEACTBUE HOBPEXKICHUS ITO3BOHOYHHUKA, OTHOCATCS K BayKHEHIINM He-
pELICHHBIM NpoOJIeMaM COBPEMEHHOW MEAMIMHBL. JTH 3a00JIeBaHUS PaCIEHHBAIOTCS
KaK OJJHA M3 CaMbIX IPOrHOCTHYECKN HEOJIAronpusSTHBIX BBUAY TSDKECTU IOCIENICTBUH,
HEIOCTaTOYHOH A(PPEKTHBHOCTH CYMIECTBYIOIINX METOIOB JICUCHHS i OTCYTCTBUS ITHO-
TPOIHBIX JIEKAPCTBEHHBIX cpeAcTB [14]. [l nedeHns Kak AereHepaTUBHBIX, TaK U TPaB-
MaTmaeckor Oome3Hn CM pa3nYHBIME aBTOpaMH OBUIO HCCIICAOBAaHO NEHCTBHE psaa
MPEnapaToB CaMblX Pa3IMYHBIX (HAPMAKOJIOTHYECKUX TPYII: OJIOKaTOpoB anbha-ape-
HEPrHYECKUX PELENTOPOB, CTUMYJIATOPOB M OJIOKATOPOB O€Ta-aApeHOPEHenTOpoB, Oap-
OouTypaToB, aHTHU(HUOPUHONUTHUECKUX CPEICTB, AHTUKOATYJSHTOB, HHU3KOMOJIEKYISp-
HbIX ACKCTPAHOB, OIMMUATHBLIX AHTArOHUCTOB, TUPCOTPOIIHOIO rOpMOHA, UMMYHOICIIPEC-
CaHTOB, JIMIHUIHBIX AHTHOKCHIAHTOB, dy(QWUIMHA, NUMETWICYIb(POKCHIA, HECTEPOU]I-
HBIX TIPOTHBOBOCIIAINTEBHBIX IPETapaToB, MBIIIEUYHBIX PEJaKCaHTOB. Pe3ynbTarThl KC-
NIEpUMEHTOB, HE BCET/1a 00HAIEKNBAIOIIHE, BCE JKE ITO3BOJIIOT TOBOPUTH O TOM, UTO Te-
pamneBTUYECCKUI HUTHIIN3M B OTHOIICHUU 3a0oneBanuii CM He ompasnas [7, 11, 13].

B nacrosimee BpeMsi OTHUM W3 HanOoJee pacipoCTpaHEHHBIX CIIMHANBHBIX IO-
BPEXXICHUHN SIBISETCS CHHAPOM IIOJIOBHHHOTO TopakeHns CM (JlaTepaiibHasi TEMHUCEK-
uust CM, cuagpom Bpoyr-Cekapa (JIT'MC)), BOZHUKAIOIIHN MIPH €T0 PaHEHUSIX, SKCTpa-
MEAYJUIIPHBIX OMYXOJSIX M MIIEMHH, BCIEACTBHE HAaPYIICHUS KPOBOOOpALICHHS IO Tie-
penHeir 6opo3auaToil aprepun (BETBb NEpeIHEN CIIMHHOMO3TOBOM apTepun). DTa apTe-
pusi cHaOXaeT KPOBBIO MOYTH BCIO OOKOBYIO MOOBUHY morepedHnka CM, 3a HCKiroue-
HUEM 33/IHUX KaHATHUKOB, IIOATOMY B JIaHHOM Cily4ae Ipu uieMun cuaapom bpoyn-Ce-
Kapa OyleT HEeIOJHbIH, TaKk Kak OyAyT OTCYTCTBOBaTh IPOBOJHUKOBBIE PacCTPOWCTBA
SMUKPUTUUECKON UyBCTBUTEIHHOCTH Ha CTOpOHE mopakeHus [12].

Jns To3HaHUsI HEHTPAIBHBIX HEHPOIyMOpPaIBHBIX MEXaHU3MOB PETrYJISLUN BCEeH
UMMYHHOW CHCTEMBI OOJBLIOE 3HAUYCHHWE MMEIOT HOBBIE MMMYHOMOJYJIATOPBI MO3ra —
nposuaoM 6orateie nentuas! (I1BI1), mpoaynupyemble HEHPOCEKPETOPHBIMH KJIETKaMU
THIOTaNaMyca. PerynsaropHbsle menTuabl M CONMPSKEHHBIE ¢ WX (QYHKIUEH (EepMEHTHI
ClIeyeT paccMaTpUBaTh KakK CIOXKHYIO aJallTUBHYIO CHCTEMY OpTaHHW3Ma, OpraHU3YIO-
IIYI0 pean3alirio IPUCTIOCOONTENBHBIX PEeaKIuii Ha BCEX YPOBHAIX ero mHTerpanuu. K
MOT0O0HON TpyMIle XU3HEHHO Ba)KHBIX MENTHIOB C HEBBIICHEHHBIM J0 KOHIIA MOJIEKY-
JISIPHBIM MEXAaHW3MOM JEUCTBHSI OTHOCATCS M OOTaThIe MPOJMHOM IENTHIIBI, BBIICICH-
Hble A. ['aosiHOM H COTp. U3 HEHpOCceKPeTOpHBIX sijep runotaiamyca (N. Paraventricu-
laris u N. supraopticus) KpyIHOro poraroro ckora. Briociencrsuu Oblia BhIICHEHA Hep-
BHUYHAs CTPYKTYypa 3THX MENTHIOB, YTO MO3BOJIMWIO CUHTE3UpOBaTh uxX [9]. I3 BeIgeneH-
HBIX NenTHI0B Hanbosee uzydeH ranapmut (I"AJI), cocrosmuii U3 15 aMHHOKHCIOT CO
crenyromei nepBu4yHoi crpykrypoii: Ala-Gly-Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-
Pro-Gly-Val-Tyr [10]. TAJI obnanaer cBoiicTBaMH LIMTOKWHA U SIBISIETCS PETyJSTOPOM
TYMOPAJIEHOTO ¥ KJIETOYHOTO HMMYHHTETA [2].

Bwmecte ¢ TeM B IPOBOAMMBIX B HACTOSIIIEE BPeMs HCCIIEIOBAHUAX 10 BBIIIETIEpe-
YHCIICHHOW MpoOiieMe MPOJ0IDKAIOT OTCYTCTBOBATh CBENICHUS OTHOCHUTEIHHO M30IHPO-
BAaHHOTO MPUMEHeHHs cBepxMaibix 103 (CMJI) 10°-10"" M TAJI 8 M3YYeHUH MPOIIeC-
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POJIb TAJJAPMHUHA B UBMEHEHUU KOHIEHTPALIMW TUPEOTPOITHOI'O U THPEOMIHBIX TOPMOHOB B KPOBH YV KPBIC ITPH. ..

COB M3MEHEHHS KOHIICHTPAIH THpeoTponHoro ropmoHa rumnodusa (TTI), ceodbomHoro
tpuitoatupornHa (T3), cBobogHoro tupokcunaa (T4) B CHIBOPOTKE KPOBH y KPBIC TPH
JI'MC.

Mamepuan u memoouxa. Viccienosanus nposezieHsl Ha 80 BEHAALATUMECSIYHBIX KpbICaX-
caMiax JIMHUM BucTap B YCIIOBHSIX IOJYXPOHHYECKOTO IKCIIEPUMEHTA, pa3AeieHHbIX Ha 6 MO-
OIBITHBIX TPYIIIL:

—

KOHTPOJIbHBIE )KUBOTHBIE — 30 9K3.;

2. xusotHble ¢ JI'TMC, nonyuasue B TedeHue 14 nocineonepannonssix gaeir CM/L 108 M
I'AJT-105k3.;

3. XuBOTHBIE, noay4asmue CMJ] 10 M TAJI - 10 9K3.;

4. xuBoTHble, nomyuasme CMJI 10™° M TAJI - 10 5k3.;

5. KuBOTHBbIE, noiyyasiure CM/J{ 10 M TAJI - 10 3k3.;

6. >KHMBOTHBIE, moiay4asime CM/] 107 M TAJI - 10 k..

B nmaHHBIX CepHsX SKCHEPHMEHTAIBHBIX HCCIEIOBAHMH HCIIOIB30BAIACh XHPypPrUUecKast
mozens JITMC. JKuBoTHBIE ONEpUPOBATUCH B CTEPHIBHBIX YCIOBHAX MO BHYTPHOPIOIIMHHOM
HEeMOyTaJI0-XJI0paj030BEIM Hapko3oM. [lox Oproxo HapKOTH3MPOBAHHOTO YKUBOTHOTO ITOIKIAMIbI-
BaJICsl HEOONBIION BaJIMK U NEpEeJHUE Jalbl IMOATATHBAINCE K 3aJHUM. B rpyqHON YacTH CIHMHBI
BBICTPHUTaJIM U BBHIOPUBAJIM LIEPCTh, 3aTEM CMa3bIBAJIM KOXY ionom. OnepanoHHOe 1ojie o0KiIa-
JIBIBAJIOCH CTEPUIIBHBIMH caj(eTkamu, Iociie 4ero MpOU3BOAWIN pa3pe3 MO JIMHUHM OCTUCTBIX OT-
POCTKOB Ha ypOBHE TPyHOTO OT/eJa MO3BOHOYHUKA. MBIIIIBI 0 CTOPOHAM OTPOCTKOB OTCIIAUBa-
JIHCh B CTOPOHBI IO CaMBIX TyXeK MO3BOHKOB. MaleHbKUMH KOCTHBIMH IHIIIAMH PE3ELHPOBa-
JIICh OCTUCTBIE OTPOCTKH JIBYX IO3BOHKOB, CIIEIMATBHBIMH KPIOUKAMH Pa3ABUTAINCh Ty>KKH 1103-
BOHKOB. C IIOMOIIBIO0 yTOHYEHHOTO KaTapaKTAIBHOTO CKabIelns nepepe3and CM 1 ero 060109Ku
1o okpyxHocTH Ha ypoBHe T8-T9. Ilocie 3TOro MONHOTY Hepepe3Ku MPOBEPSUIN OCTOPOIKHBIM
MIPUITOTHATHEM KOHIIOB MO3Ta U 00C/Ie0BaHUEM HX IPH OPOIICHUH OIEPAIIMOHHOTO OIS caboit
CTpy€i (HM3MOIOTHYECKOr0 pacTBoOpa, a TAKXKE HATSDKEHHEM XBOCTA )KMBOTHOTO. 3aTeM IPHOCTA-
HaBJIMBAJIM KPOBOTEYEHHE C IIOMOIIbI0O MECTHOTO KPOBOOCTAHABJIMBAIOLIEIO CPEACTBA C IOCIe-
JYIOLIMM TIIATEIbHBIM OPOLICHHEM (U3HOJIOTHYECKUM pacTBOpoM. [locie 3Toro y3j0BbIMH IIBa-
MH CIIHBAJIU MBIIIIBI U KOXY.

CM/] TAJI 6pun mosrydeHsl MHOTOCTakaHHBIM MetonoM C. ['anemana ¢ coOmironeHneM
TEXHOJIOTHYECKUX MPaBHJI, U3JIOKEHHBIX B PyKOBOACTBaX 1o romeonaruu [4, 6]. [Tocne JITMC u
OKOHYaHMs MHBbEKLUI B MecTonoBpexaeHus CMJ] 102107 M TAJI B teuenne 14 mocneome-
PaLMOHHBIX JHEH y UCCIIeyeMbIX KHBOTHBIX ObLIa IIPOBECHA JEKAUTALs U OCYIIECTBIEH cOOp
KpoBU. B CBHIBOPOTKE ¢ MOMOINBI0 MeToia uMMyHOpepMenTHoro ananusa (MPA) onpenensiach
koHuentpanus TTI, ceoboaroro T3 u cBob6oaHOoro T4 mocpencTBOM UMMYHO(DEPMEHTHOTO aHa-
nu3aropa RISER 8793 ¢ nabopom “Elisa neoxcunnanenona (W81115)”.

JlocTOBEpPHOCTD pa3iMuMii OLEHHBAIM HAa OCHOBE IapaMETPUYECKOro OXHO(AKTOPHOTo
UCTIEPCHOHHOTO aHanu3a (one-way Anova) U IOCTAMCIIEPCHOHHOTO aHanm3a XoimMm — Cupaka ¢
moMoIIbI0 nakera nporpamm Sigma Plot 12 for Windows.

Pezynomamul u o6cyrycoenue. B npencraBieHHON cepuM HCCIEIOBAHUNA HaMU
OBUTO M3y4YeHO a0303aBuUcuMOe BiusiHHe CMJ] 10" M=10"7 M TAJI Ha u3MeHeHue
ypoBHsi koHIeHTpauuu TTI' B chIBOpOTKE KPOBM JBEHAALATHMECSUYHBIX OEJBIX KpBIC-
camuos ripu JITMC (puc. 1). YcraHOBIIEHO, YTO Y CIIMHAIBHBIX KpbIC HaOmoqaeTcst pes-
Ko€ NoBbIIeHNe YpoBHs koHUeHTpauuu TTI B ceiBopoTke kpoBu Ha 477, 6 % 1o cpas-
HEHHIO ¢ KOHTPOJBHBIMHU JKUBOTHEIMU. [locne BozmeiictBuss CM/] 107" TAJI na6momna-
JIOCh PE3KOe CHIKEHUE YpoBHS KoHLeHTpauuu TTI B CBIBOPOTKE KPOBH y KpBIC C
JITMC, cocrasmstoutee 157, 1 %, mocie Bosaeiicteus CMJI 104 TAJT— 167, 2 %.
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Kourpone firMc 10 (-13) M 40 (-14) M 10 (-15) M 10 (-16) M 10 (-1T) M

Puc. 1. Jlo303aBucHMOe BIMSIHYE FaJapMHUHA HA COEP)KaHNE THPEOTPOIIHOIO TOPMOHA B CEIBOPOTKE KPOBU
JIBEHA/IATHMECAYHBIX OCNBIX KPBIC-CAMIIOB IPH JIATEPaIbHON TeMHCEKIINK CIIMHHOrO Mo3ra. [loctaucnep-
CHOHHBIN aHau3 XonMm-Cuiaka mpu cpaBHEHUH Beex rpyni: F'=84.25, p <0.001.

1
14

1

W TPMHOATHPOHH A/

¥

Hx

Kowrpons [IrMC 10 (43) M 10 (-44) M 10 (-45) M 10 (-16) M 10 (-T) M

Puc. 2. Jlo303aBHucHMOE BIMSIHUE rajlapMHHA HA COAEPKaHUE CBOOOHOTO TPUHOATHPOHNHA B CHIBOPOTKE KPOBU
JIBCHA/ILIATUMECSYHBIX OEJIBIX KPBIC-CAMLIOB IIPH JIaTepaIbHOM FeMICEKIIMH CIIMHHOTO Mo3ra. [loctaucnep-
cHOHHBIN aHanu3 Xonm-Cuaka npy cpaBHEHUH Beex rpym: F=19.8, p <0.001.

55
5
45
4
33
3
235
2
L5
1
0.5
0

MKI THPOKCHHA/MJI

Tupoxcun

Koutponb IrMC 10 (-43) M 10 (-14) M 10 (-45) M 10 (-16) M 10 (1T) M

Puc. 3. Jlo303aBucHMOE BIHSHUE TaJapMHUHa Ha KOHIIEHTPAIIUIO CBOOOIHOTO THPOKCHHA B CEIBOPOTKE KPOBU
JIBEHAILATHMECSIYHBIX OCJIBIX KPbIC-CaMIIOB IIPH JIATEPAITBbHON FeMHCEKIMN CIIMHHOTO Mo3ra. [Toctaucmep-
CHOHHBIN aHanmu3 XonM-Cuiaka npu cpaBHeHUH Beex rpyni: F'=9.54, p <0.001.

Hocne npumenenns CMJT TAJT 107 cHmkenne yposrs konuentpamuu TTL B
CBIBOPOTKE KPOBH y CIIMHAIBHEIX KpbIC cocTaBmio 173, 7 %, a B caygae CMJ 107 M —
191, 5 %. Ipu nccnenosanmu Bo3aeiicteus CMJ] TAJI 1077 y kpic ¢ JITMC nomydeso
cHmkeHue ypoBHs koHneHTpanun TTI Ha 110, 3 %.

IloaBoast UTOTH TaHHOM CEpUM UCCIENOBAHUM, MOXKHO CAENATh BBIBOJ O TOM, YTO
Bce ucnonpzoBanHbie CMJ ["AJI mposBISIOT MPOTEKTOPHOE IS CTBHE B OTHOIICHUH W3-
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POJIb TAJJAPMHUHA B UBMEHEHUU KOHIEHTPALIMW TUPEOTPOITHOI'O U THPEOMIHBIX TOPMOHOB B KPOBH YV KPBIC ITPH. ..

MEHEeHHsI pepEHCHBIX OHana3oHoOB KOoHIEHTparun TTI B CEIBOPOTKE KPOBH Y KPBIC C
JITMC, B ocoberrocti CMJT X231 1077 M.

B crnenyromiei cepun ncciiefoBaHU HaMHA OBLTO M3yYEHO T0303aBHCUMOE BIIHS-
Hue ['AJI Ha koHIIeHTpanuio cBOOOHOTO T3 B CHIBOPOTKE KPOBH JIBEHATIIATHMECSIHBIX
6enbix kpbic-camioB mpu JITMC (puc. 2). B npoBeaeHHBIX MCCISI0BAHUSAX HAOIII0Ia-
JIOCh CTOIKOE IIaBHOE CHM)KEHHE YPOBHS KOHIICHTpaluu cBoboaHoro T3 B CHIBOpPOTKE
KpOBH y CIUHANBHBIX KpbIC Ha 13, 7 % Mo cpaBHEHUIO ¢ KOHTPOJBbHBIMHU KMBOTHBIMH.
Tocne Bosaeiicteus CMJT 10™"° M T'AJI oTMeueHO TIaBHOE MOBBIIICHHE YPOBHS KOH-
neHtparmu cBoboHoro T3 B ceiBopoTke KpoBH Yy Kpbic ¢ JITMC Ha 11,9 %. ITocne Bo3-
neiicteuss CMJ 10" MTAJI- 9,2 %. Ilocne npumenenuss CM/JI T'AJL 10> M noBbIme-
HUE YPOBHS KOHIICHTpAaUU cBOOOIHOTO T3 B CBIBOPOTKE KPOBU cocTaBisuio 9, 0 %, a B
ciayyae CM/]| 10"°M — 11,4 %. IIpu uccnenoBanuu Bozaeicteuss CMJ X3/ 107 M y
nBeHannaTuMecsTIHeIX Kpeic ¢ JITMC monmydeHO MOBBINIEHHE YPOBHS KOHIICHTPALIUU
cBoboanoro T3 Ha 12,3 %.

IloaBoas UTOrM AAHHOM CEPUU UCCIENOBAHUM, MOXKHO CHENATh BBIBOJ O TOM, YTO
Bce ucnosibzoBanable CMJI I"AJI mposIBISIFOT MPOTEKTOPHOE IEHCTBUE B OTHOIICHUHN W3-
MEHEHHs pe(PEHCHBIX JMAIa30HOB KOHLIEHTpAIK cBOOOHOTO T3 B CHIBOPOTKE KPOBU
y kpeic ¢ JITMC, B oco6ernocty CMJI XDOJ 1077 M, kak u B cilydyae HCCIIEIOBAHUS
Bo3zeiicteust CM/] 'AJI B oTHOIIEHNU pe(PEHCHBIX AUAa30HOB KOHLEHTPALMU ChIBO-
porounoro TTI.

B cnenyromieii cepun uccienoBaHnii HaMH ObLIO M3Yy4YEHO J0303aBUCHMOE BIUS-
uue ['AJ] Ha KOHIIEHTpaIio cCBOOOTHOTO T4 B CHIBOPOTKE KPOBHU ABCHAIIATUMECIIHBIX
6enbix kpwic-camuos npu JIF'MC (puc. 3). Habmronanock cToiikoe CHM)KEHHE YpPOBHS
KOHLICHTpAaIK cBOOOAHOTO T4 B CHIBOPOTKE KPOBH Y CIIMHAIBHBIX KpbIC Ha 9, 1 % mo
CPAaBHEHHIO C KOHTPOJIBHBIMH HBOTHEIMHU. ITocie Bosaeiictus CMJI 107 M T'AJI 3a-
(hUKCUPOBAHO IIABHOE MOBBIIICHNE YPOBHS KOHIIEHTpanuu cBoboaaoro T3, cocrasisto-
mee 8,4 %. Ilocne Bo3aerictBuss CM/] 10 M T'AJI nnaBHOE TIOBBILIEHHE YPOBHSI KOH-
neHtpanuu cBoboanoro T4 cocrasisio 8,7 %. [Tocne mpumenennst CM/] T'AJI 10° M
MOBBIIIEHUE YPOBHSI KOHIEHTpauuu cBoboaHoro T4 cocrasisio 8,9 %, a B cmydae CM/]
107 M=8,7 %. Ilpu uccnenoBanuu Bozaeiicteust CMJ] T'AJL 107 M y IIBeHaaTUMe-
csiuHbIX Kpbic ¢ JITMC BBISIBIIEHO NOBBINIEHHE YPOBHS KOHIIEHTpauuu cBoboaHoro T4
Ha 9,0 %.

[TonBozast HTOrM NaHHOW CepHM UCCIIENOBAaHNH, MOXKHO CIeJIaTh BBIBOJ O TOM, 4TO
Y CIIMHAIIBHBIX KpbIC Bee ucnonb3oBanHble CM/JI I'AJI nposBIstOT NIPOTEKTOPHOE A€HCT-
BHE B OTHOIICHUH W3MEHEHHs peppEHCHBIX AMANa30HOB KOHLEHTpaly cBoOoaHoro T4
B CBIBOPOTKE KPoBH y Kpbic ¢ JITMC, B ocoberrocti CMJ] X3J1 1077 M.

MenrkaMeHTO3HOE JIeYeHHE OCTPHIX TPaBM ITO3BOHOYHHKA OCTACTCS CIIOPHBIM
BonipocoM. OCHOBHEIMH €T0 3BEHBSIMH SIBJIAIOTCS MPOTHBOOTEYHAS, ACTHIPATAIIHOHHAS
Tepanus U IpenapaTsl, yiydmatoniie okcureHarnuo CM. [IpuMeHsIoT KOpTUKOCTepOou-
IIbI, OCHOBBIBAsCh HAa TEOPETHYECKHUX BHIBOJAX O TOM, YTO OHH CTaOMIU3UPYIOT KIETOU-
HBIE ¥ COCYIUCThIE MEMOpaHbl M MPEAOTBPALIAIOT OTEK aKCOHOB, OJHAKO OCHOBATEIb-
HOW MH(pOpMaIMKU B NONB3Yy uX 3(dexTHBHOCTH HEeT. B HacTosIee BpeMst Ha paKTHKE
TepaneBTUUECKOE JIeUeHHe HEeHpOJIereHepaTHBHBIX COMAaTHUECKUX 3a00JIEBaHUI U TpaB-
Marnueckor OonesHn CM, Kak NpaBWIO, OTPAaHMYMBACTCS HAa3HAUYEHHEM OOLICyKpel-
JSIOMMX W TIOJAEP)KUBAIOIINX JIEKAPCTBEHHBIX CPEJCTB: BUTaMUHOB Tpynmsl B, E,
AT®, meTroHUHA, [TyTaMUHOBOM KUCIOTHL U 1ip. [1, 5].

JlaHHBIE HACTOSIIIETO HMCCIIEJOBAHUS CBUACTEIHCTBYIOT O MPOTEKTOPHOM IeiCT-
BHH TUIIOTanamMudeckoro Heiiponentuaa TAJI B CMJ] 10"°~10"" M B otHouIeHHH HOp-
Manm3anuu nporecco koHneHTparuu TTI u TT B ceiBopoTke kpoBH y kpbic ¢ JITMC.
Ha ocHoBaHMM pe3ynbTaTOB MPOBEICHHBIX MCCIEIOBAHUII MOXKHO C/IEIATh BBIBOJ O IIe-
J1eCO00Pa3HOCTH MPUMEHEHHS TUTIoTAIaMudeckoro Heiponentiuaa I'AJI npu opranugec-
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kux noBpexaeHmssx CM tuna JITMC B otHomennu nokazateneit TTT u TT B kpoBu y
KpPBIC, YTO WILTIOCTPUPYETCS MOITYYEeHHBIMH JaHHBIMHU. HalmmMu nmpenplayuMu uccie-
JIOBaHUSIMU TaK)K€ YCTaHOBIJIEHA NpoTekTopHas posib I'AJI nmpu ocTpoil Helipoaerenepa-
M MOTOHEHPOHOB CIIMHHOTO MO3Ta, BBI3BAaHHON 3MEUHBIMHU samu [3].
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ULNP38UUL 2ULURNUYULARE3UL UNGSNRE3NRUE CALLISIA
FRAGRANS-P $P2PNLNTU-E\ULPUPUGUL SNPSULPTCLEP BY
UrsnrLUdesNkhE3uL 40U duzn ucuunkaeh
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22 QUU Q.U. Mtunfppubp winjul hhppnuynihluygh wpnp Edikph piuinpunnin
hydrop@netsys.am

Upwpuwjwl nuonh wihnn dwlnyph wuydwtitpnid wnwehtt wiquud nunidtwuhpyly
ulinigdwtt hwwhujuinipjut wqptgmpmniup wpdbpuynp phnupnyu poipuybn uhqhwyh wp-
iy nnipjut b $hqhninqu-ninuphthuljub wnwbdtw-hwinlmpmuttph Ypu:

Nupqyt) k np ginupnyuh hwdwp wewydbjpugny wpynibwgbnngeinth wywhngby Eutinigdwui
opwjuwi 2 wiquuju hwdwpwluwinmpmniup: U gudwbibpmd, h hwohy Jhuuwquiqush
wgbjugdwl, wbkplhutpnd b pudmnubpnud Epunpuljnpy  wopbph  Ep,  dmpdwupyus  djntu
wnuppbpuyubph hudbdwnmpiudp, wdkjugl) £ hudwywunwupwbwpwp, 1,1-42 b 1,2-4,7 whqu:
Utniguwt hwdwjpwljuinipnii wqnb) b wbkplutph $hqhninghwujwt gnigunhpubph Jpw: Cun npnud,
utmguwt hwwpwjuwinipyut dkdwugdwipn qnigpupwug nhundlp L ooph wybih owpdmt $pulghugh
Ubdwgnid, wyt dwdwtwly, Epp uuyduws oph b ouudnwnhl Lupdwi nhypmd qpubgyt; E hwljunwuy
ophtiwgwthnipjni:

Zhnpnunihlw - Callisia fragrans — wipiyni iunEwnnieinil — vimgul hwdwpnulwinyeini i

BrepBbie B YCIOBHSAX OSCHOYBEHHON KYJIBTYpbl ApapaTcKoil JOJIMHBI H3YYCHO BIMSHHUE dac-
TOTHI NUTAHUS Ha NPOIYKTUBHOCTH M (HH3HONIOTrO-(hapMaxUMHUUECKHE OCOOCHHOCTH LEHHOTO Jie-
KapCTBEHHOTO PacTeHUsI KAJUTU3UH Ty IIHCTOM.

BrrsBi1eHO, 4TO MakcuManbHas IPOJYKTHBHOCTE IS JIEKAPCTBEHHOTO PAaCcTeHUs o0ecrednia
2-KpaTHasl 4acToTa NMUTaHMSA. B 3THX YCIIOBHSX 32 CUET yBEJMYECHUsS] OMOMACCHI BBIXOJ JKCTPAK-
THUBHBIX BEILECTB B JINCTBSIX M M00Oerax, Mo CPaBHEHUIO C OCTAJILHBIMH MCIIBITAHHBIMU BapHaHTaMH,
yBenuuuBaics B 1,1-4,2 u 1,2-4,7 pasa coorBeTcTBeHHO. YacToTa NMTaHMS IOBIUSUIA Ha
(bu3HONIOrNYecKHe TOKA3aTeIN B JIUCThX. [Ipn 5TOM mapauienbHO ¢ YBEINYSHHEM 4acTOThl TUTAHUS
HabOronanoch yBenwdeHue Oojiee MOOWIBHOW ()pakIMM BOABI, a B CIy4asx CBS3aHHON BOABI H
OCMOTHYECKOTO JIaBJICHUs HaOI0a1ach oOpaTHasi 3aKOHOMEPHOCTb.

Tuopononuxa — Callisia fragrans — npoOykmugHocms — 4acmoma numanus

The influence of nutrition frequency on productivity and physiological and pharmachemical
peculiarities of valuable medicinal plant Callisia fragrans has been studied for the first time in soil-
less culture conditions of the Ararat Valley.

The maximum productivity was provided if the medicinal plant was nourished twice a day. In
these conditions the output of extractive substances in the leaves and sprouts compared to the other
tested variants increased 1,1-4,2 and 1,2-4,7 times, correspondingly due to biomass increase.
Nutrition frequency affected physiological indices of the leaves. Moreover, parallel to the increase of
nutrition frequency, an increase of more mobile water fraction was observed, while in case of bound
water and osmotic pressure the opposite phenomenon was registered.

Hydroponics — Callisia Fragrans — productivity — nutrition frequency

Rdoympjut Uty Yhpwndnn nhinupnyubph pniduljut bpwbwlnipmniiop jujudws
npuignid wnlw JEuuwpwtuut wljnhy wniptph yupnibwlmpniuhg, npnup dwpnnt
opquithqu puthwigkiny® niukunid B npnywlih $hqhninghwljuts wqptignipinii: Tunphhy
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Jtuwpwtwut  pupdpuwlunp] wopkph  (Epunpulnhy  Woebp,  qupunuigniphn,
druynuinhnubp, tphpuynintp, wjunhnubp b wyb) Yupnibwlnput, ghnwpnyubpp hnudp
k.  hwighuwind wpwydl] wpynibwdtinn b ghdbpkugjus wqpbgmpnit  niukgnn
nhnuigniptph wnwugdwi hwdwp, npnup qniply b uhipbnhl yquwnpuwunnitjutpht punpny
wkpghl] nkwlghwbkphg b wy wigwmuuh hbwnbwuputphg [2, 7, 8]: Niuwnp, pwuljupdtp
phnupnyubph  tbpumédnudp  whnng dwlnyp b ppuig wpynibwpbpuud  gubpw-
wnwpwésputph  hhdunudp, hswbu twb Jhuuwwnbjpunnghuwt tnp  Enuwbwlubpng
Eyninghuytu wijunuig b npuljjuy poruwhmdph wpnwnpmpniup, pipe twpuwnpyuyg
Jupnn E hwinhuwbw ks wwhwbeowply niubgnn ghnwpnyubph fEuuwpuqiuquinipeiniap
wuwhywitine wenidny: Uju wbuwblpnmihg npybtu htnwgnudwib opjiljnn L plunpyty
wpdtpwynp ghnupnyu poipuybn Juihghwl, npp Ubs Yhpwunnipnit niuh dngndppuljui
pdoynipjut Uke [3,10]:

Quuywé hnnuyphtt dpwlnyph wyuydwbubpnud dh owpp htnwgnuinipniuubtp G
wuglugyl] pnyuh phpuhwfwb Yuquh, gpu pnidhs hwnlnipnibubph puguhwjndw
nqnupjudp [11-13], uvwluy Upwpwinjut nwpwnh pwugopju hhnpnunuhfugh wuy-
dwbubpnid wju wpdbpwynp phnupnyuh wpwehtt htwnwgqnuinipnibubpp uudbp Gu
ybpohtt nmuphubpht dbp Ynnuhg [1, 15]:

Glukny dbp wnel npwé juunphg (pugopjw hhnpnwynuhfuyh wuwydwubbkpnud Ca/-
lisia fragransh wdkguwb Ykbuwwnkjuinnghugh dpwlnd) twwinwlunpyl) kup hh-
ponwynthiuh  wuwpdwbbbpnd  oyuhdwjwugul] utmgdwt hwdwpwljwunipinitp, ni-
unidtwuppl] ghnupnyuh  wpynituybunipmiip b pugwhwynt]  $hqhninqu-nhinu-
phthwljutt wnwbdbwhwnlnpmnibibpp: Usjuw-nnwbph bywwnwls £ twb ubimgdwi
hwdwhwljuinipjut owwhdwjugdwt wpyniupnid hwubl] ogquwgnpéyny ubiinu-
wnwppbph wpyntbwybn pubwlh npnpdwip:

Poipwytn Ywhqhw (Callisia fragrans (Lindl.) Woodson), §nukjhtimqghutph (Com-
melinaceae) phwnwbhphtt wwwnjwinng puquuuju uniynybiun pnyu b Enupnyuhg
unwgywsd hjniph phihwfuwi juquh nrunidbwuhpnipjut wpyniipnid wwpgqyl) k np wy
wupnitwynd £ wspwgpkp, wulnpphtwppent, wdhtwppeniuitp, dEunjuppniuubp,
duynunhnutp, Ynidwpptubp, wbwnpw-fjuhtintubp, wphnbpykiuhtt Jhwgnipniuubp,
wjjunhnutp b funjht [11]: Sunphhy ppuind weljw jEuuwpwinpbt wnhy ynipkph
wupnibwymppul  pongub odwjws  E - hwlwopuhnuinwihl,  hwlwhhuyopuhl,
hwljwuntinwgb b wy) pnidhs hwnnipniuubpny [11, 12, 13): Callisia fragrans-h punipubpp
npyku nhquiheng ponupydnmd ku ,30JI0TON YC U CABEJIBHUK”, ,30JI0TOU YC C
MMYEJIMHBIM I7I0M”, ,30JI0TOM YC C MYPABBUHBIM CITUPTOM” b wyj whintuttkpny:

Ynip b dbpnng: Nputu (guiynip Yhpundb) E3-15 dd dwubthiubph iwpudwgdng gupwph b hpuphughte
Jupdhp pwpudh 1:1 swjwpught hwpwpkpnipyudp puetnipgp: Pogubpp nblupyyt e 0,16 ¢? utdwh
dwljipbu nitkgnn hhnpnunuhjulub Jighinwughnt winputpmd 12 poyu/d? punmpyudp: Utnignudp
Qunwpyky £ Fupjuith 0,5 U uiinuynisniypny [6], npp pnygubphls inpfky Enwppbp nhdhdubpny*
opwlut ULy, Eplyny, Epkip b Epyne opp Ukl wiquid: Lguwiynipbph wnulwnidhg pntuwhtnt hwdwp
wuppkpupwp (8-10 opp Ukl wuqud) juwnwpyby Eu Gyught opny (qugnidutip (2-3 op innnipjudp):
Qhwnuthnpdbpnid unnighs £ hwinhuwgt) hnnuyhtt dowlnypen, npuntn wuhwwint) ko punmidws
wgpnunbkuthjuljut juuntubpp (hfuptkgnud, dnjwinntph dwppnd, yupwpunwugnid b wyp): Thqb-
wnwghwjh wjwpwnhb pogubipp Bipupyyl) B twpbwut dudwh. wpubdiwgyt) Eu nkplubpp,
pudninutpp b gngnibitpp, Yooy, dwbpugyl) b snpugyt) oquihnjuynn uklywynud® 20-30°C obpdwu-
nhdwih yuydwtbkpnud: Unwugjus wdjuubpt upuplt) b duptdunpjulut dpwljdwt GraphPad
Prism 6 hwdwlupgsuyhtt Spugpny: Yunwpy by ko hbnlyw) $hqhnnqu-ninuphdhwlju
Yhpnidnmipniiibpp. mkplubpnid mundtwuhpyty kb gpughtt nidhudh gniguitholibpp ' puin Qnuulih (5],
$nuinnuhiiptinhl) gmuwbymptph (pinpndhy, jupninhtinhnbp) Wupniwlmpmiip' pun Yhnginwth
[16], mkphubkpnud b pudjninubipnid nupunuiymptph b lpunpulnhy ynpbph yupnibwlnipeniup pun
Qnhuylhsh [14] & MY XT [4]:

Upmyniliphkp & phlnupgnid: ZEnwgnunn poyuh wdh wnwbdtwhwnlnipiniuubpt
ni wpnnitwybnnipjut gniguthoubptt withnn b hnnujhtt dowlnyph wwydwbtbpnid
Fuwunpbu wnwpptp G, hush wpyniup | hhgpnuynthjuljut dowlnypnid poyubph pnint
wdp, qupqugnudp b wpynitwgbnnipmniut wywhnynn  dp gwpp  gnpéntubph
wnuynipjui:

Ulhnn dowlnyph yuydwttbpnud uvnnugus pniuwhnidpp (Yepghniyw quiiqqus)
pupd b snp pupny ghipuquiignid £ hnnquyhtt Upwlnyphtt hwlwwywinwupwbwpwn 3,7-5,1
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l 3,1-4,5 wmuquu: Uhwdwdwtwl wljthuyn b uvimgdwt hwdupwuljuiinipjut opuljut 2
wiqud nmwuppbpulh wowybmpiniup 2 opp 1 wiquuh hwdbkdwwnnipjudp, nph nhypnid
Jtpgbniyw quuqush pwupd b snp puskpp wybkjugt] Eu hwlwywnwupiwbwpwp, 1,4 b
1,5 wquu (Ux. 1, uy. 2):

UW.1. Callisia fragrans-n pugopjw hhnpnynuhljuyh wuydwbubpnid

Ungyniuwy 1. Utinigdwt hwdwhiulwinipyu wqnbgmpniup Callisia fragrans-h wpdwwnubph,
Jtpgtniyu pupd b snp quigush Ypw, g/pnyu

Upuwin Stpl 8nnnil Cludynin qhpghniyu
Utimigdwl quiiqud
hwdwjuw-
Yubnpt | pupd | sop | pupd | enp | pwpd | snp | pupd | oenp | pupd snp

Opp 1 whqud 25,3 2,0 721,3: | 42,7® 140,0 | 59 807,3® | 40,8® | 1668,5® 89,4
Opp 2 whqud 27,5 2,7 8248 | 49,9 1417 | 62 925,8° 46,3 1892,3 102,4
Opp 3 whqud 23,8 1,8 764,5: | 43,0® 136,3 | 59 816,3** | 39,3 | 1717,0= 88,1
2 opp 1 whquud 24,0 1,7 624,3" | 34,8 1150 | 4.8 634,00 30,4 1373,3 70,0
2nn (uunnighs) 11,4 1,4 176,8> | 12,5¢ 48,6 25 143,0¢ 8,0¢ 368,4° 22,9¢

< Tukey's Multiple Comparision Test (P<0.05)

2ng [unnghy)

o8 hwjkh

huasligauglibipm], pupshuniubng

2 opp 1 whguni
surlymgnul pladgmltp

® Gansfupunghhb pldgebp
Ol 3 wisgund

Opulpuly 2 wiguud

Ol 1 lagand

i

0.0 5.0 10,0 150 00 250 30,0 35.0 40,0 450 50,0

UYy. 2. Callisia fragrans-h onugnp pudyninubph pippp wihnn b honquyhtt dpwynyph yuydwbubpnud

Utnigdwtt hwwpujwinmpniup wqpb Ewnbkplubpmd gpuyghtt ndhuh gniguithoubph
Jpu: Cuwn phipdus wduyitph, thopdh ponp wwppbpulitpnud, hhdbwwinwd, pughwbnigp
onh  wwpmbulnipyut wenwdng  bwljut  wwppkpnipimibiitp skt qpuitigyt;: Uhtynbn
hhypnunuhfuljuwt  pnyubpp  hnnuyhtt pnygubph  hudbdwnmpudp  pnnp ghyptipnud
wupnibwynd B wykjh own wquun (3,7-26,5%-n4), pwt juwdws enip (8,2-31,3%-ny):
Cun npnud, uinigdwtt hwdwpwljuiinipjut dkdwugdwih qnigpipug nhwngty t oph wykih
owipdnil dpuljghuyh dkdwgnid, wy dwdwtiwly, kpp Juwuws oph nhypnid gpuingyty k
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hwljwnwl ophtwswihnipni: Uinigdwt wiupplp hwdwwlwiunipniuiiph ghypnid
nbpbubpnid oph wquun b Juwwydws Adbkph hwpwpbpnipjut  thothnpunipemnibibpp
qniqujgyty Lt peowhniph oudnwnhl dupdwit thnthnjunipniiubph htin: Fhnwthnpdtpnid
uimguut hwwhujunipyutt jpdundwip qnigpipug oudnwnhl gupdwt wipdputpp
Ukdwgh) tu 1,3-1,6 wbquu: Sfjwjubpp hpdp i wmwhu Eupwnpbini, np peowhjniph
oulnnpl] &£updwl pwpdpugnidt ntph hp $hqhnnqu-YEiuwwphdhwlwi hhdpp, npb,
wdttuyt  hwjwiwlwinipjudp, wpunwhwynynmd £ oudnwmplnpkt wlwnpy
dhwgmpiniuutph Yninwljdudp [9]: Uinigdwt hwdwpwljuiunipniup wqpignipini sh
niukgh) wkplubpnud dnnnuhiipbnhl gnibwiyniptph uhtipkqh Ypu (w. 2):

niuwly 2. Utinigdwt hwwpwljuinipjut wqnkgnipiniup Callisia fragrans-
g P] qrtgnipniup 8
$hqhninqu-jEuwphdhwlwt gniguwthpubph Jpw

Utinigdwlt hwdwwlwinipini
8niguiihpikin Opp Opp Opp 2 opp Znn
1 whiqud 2 whqud 3 whqud 1 wiquud (unnighy)
Cunhwinip oph yupniwlnipiniip,% 93,7 94,2 95,6 92,3 93,4
Uquu oph wyupnibwlnipynilip, % 60,8 63,8 68,8 56,4 54,4
Guupdws oph yupnitwlnipinip, % 32,9 30,5 26,8 35,8 39,0
Uquun gnip/fuinydud gnip 19 2,1 2,6 1,6 1,4
Poouhjniph ouunwnhly Luonud, Upl. 1,8 1,6 1,4 23 2,7
L1npndhy (a), Ug% 21,2 20,4 23,8 24,7 22,7
L1npndhy (b), Uq% 9,3 9,2 10,7 10,9 10,1
L1npndhy (a+b), Uq% 30,5 29,6 34,5 35,6 32,8
YQuipnuhunhnubp, Uq% 10,2 11,2 9,3 11,3 11,9

Yhnuphvhwlwl bpnisnipnibibph hudwp phnpyty B nupstwdwinpuljugnyi
Epwiuquynpdudp 9 b wykjh hwbgnygubp niubgnn pudninubp [10]: YPhquphdhwlw
wpdtpp  punipwgpnn  gmiguhoutph  YEpnidmipinithg wwpqyl] £ np  uimgdub
hwfwhwluinipniip twjub wqpbgnipmiin sh niubgh] pniuwhnidph  wbphbbpnud
nupunuignipbph wwpnibwlnipyui Jpu: Uhigghe pudninubpnud gupunuiynipbph
pupdp wupnibwlmpinit ghngly E poygubpp opwljwt 1 wiqud utnigknt nypnid, npp
ghipwquiglk] t hhnponwynupl dpuu wwpphpuyubphn 1,2-1,7 wbqud: Stpbhubpoud b
pudnpubpnid nqupunuiynmiptph Enyg opwlwt ukly, tphnt b Eptp wiqud ulinigqus
wnwpphpulupp ghpuquigl; Eu Gpynt opp dbkly wbqud utmgwé wmwppbpulhu
huwdwywwnwupwbwpwp 1,3 b 1,5-2,0 whqud: Epunpuljnhy wnipbkph pupdp wupni-
twlnipinitt mbkpbubpnd qputgyl) £ opwlwt tpkp, hul pudninubpnid” tplhnt whqud
poyubpp ubnighnt wuydwbtbpnid: Opwljut tpint wiquud ubnigynn nmwppbpuynud, h
hwohy Yhuuwquiqush wybjugdul, tpdws dhwugnipmniuttph Ep 1 payuh hwoyny dniu
wnwppbpulutnh hudbdwnmpjudp wykjugl) L mbkphttpnud b pudninibpnid hwdwww-
tnwupuwbwpwp, 1,1-42 b 1,2-47 wbqud: ©Lh dpnupjuy  YEuuwlunhy wni-phph
wupniuwnipjudp hnnuyhtt dywlnypmd wdbgus pnyubpp sk qhok), hull npny
nhwyptpmd  unyuhul] ghpwquigl]; G&u  hpnpowynuhl  wwppkpwlubpht, uwwluyh
JEhuwquiqush gudp wpyniuwybunipyjut hwyghtt uinnighs mwppbkpulynud gputigyty &
E1h qquh tWugnid (wy. 3):

Unyniuwdy 3. Uiniguwl hwdwhuljuimpjut wqnkgnipiniip Callisia fragrans-h nkpliutbpnud b
nudyninubipmd, Epypnpnuyht Swqdwb iyniebph wupniiwlniejui b Gh ypu

Utumgdwl Epunpuljunpy ymphp Nwpunuiynipbp
hwdwhiw- wnkpl pudynin wnhkpl pudgnin
Quimipini % |qg/pnyu| % |qg/pnyu| % |[g/pnyu| % | g/poyu
Opp 1 wbquu 28,7 | 12,3 32,7 |73 1,1 | 05 1,7 | 04
Opp 2 whqud 31,8 | 15,9 33,8 | 9,8 1,0 | 05 14 | 04
Opp 3 whquud 344 | 148 315 | 79 12 | 05 1,3 | 03

2 opp 1 wlquud 30,5 | 10,6 28,7 | 57 12 | 04 1,0 | 0,2
2nn (uunnighs) 30,6 38 312 | 21 14 | 02 1,6 | 01
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Ujuyhuny, ghunuthnpdbph wpyniupubkph hhdwt Jpu jupbh b hwigl) hbnlyuyg
Eqpuljugnipjut. Upwpwwnjut nquownh pugopju hhnpnunuhlugh wyuydwbubpnd poyuh
Jipgbntyw quibqush wrwdbjugnyt Yninulnd b wywhndt) twdpjuih nisnypnyg
utnigdwt opwlju 2 wiquu hwdwpmjuimpiniup: 4hpghtiu wwywhnyt) £ wbplutpnud b
nudminubpnud Epunnpuiljnhy Wniptph (1,1-4,2 b 1,2-4,7 wiqud) wpubjugny by

Stplitbpnd b pudgminubpnmd pupunuiympbph Gny opwljwu kY, tpynt b tpkp
wiquu utmgdws wnwppkpulutpp ghpuquigl] tu tpynt opp Ukl wbqud utnigdus
tnwppkpuyhtt huwdlwyuwunwupwtwpup 1,3 b 1,5-2,0 wiqud: Thwudwdwbwl utinigdw
hwdwjuljwinipjut dbdwgdwip qnigpupwg’ nhnydl] E oph wdbth owpdnit $pwljghuyp
Ubswgnud, wjt dwdwbiwly, Epp Juuydws oph b ouudnwnhl Lupdwb nhypnd qpubigyty b
hwljunwly ophtwswthnipynii:

Upfuunnwbipp junnwpyly F 22 3L @0Y9-p §npupg npudwngpyng phlwibuulub
wowlgnijeyuill pinphpy " 13-1F063 ghunulul phlugh ppowiuyabpnid:
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IHOJYYEHUE I'PAHYJIMPOBAHHOI'O HUTPAI'MHA
HA OCHOBE NEM3bI U ET'O D®®PEKTUBHOCTD

N.B. BATJACAPSH

HIII] “Apmbuomexnonoeus” HAH PA,
armbiotech@gmail.com

Pazpaboran cnoco0 mosydeHus TpaHy IMPOBaHHOTO HUTpPAruHa KIyOCHBKOBBIX OaKTEpUit
ropoxa Ha OCHOBE IIeM3bI.

UccnenoBanus B yCIOBUSX BETETAMOHHBIX M IIOJIEBEIX OIBITOB ITOKA3alM, YTO IIOJY-
YeHHbIE IIpernapaTthl HUTParuHa CTHUMYJIHPYIOT POCT pacTeHUi U B cpexHeM Ha 30% MOBBINIAIOT
HX YpOXKallHOCTb.

I'panynuposannwlii. Humpazun — k1ybenvKkogvle baxmepuu — nem3a — CUMouo3

Upwiljyl) L whdquyh hhdpny nnnp wwjwpwpwlunbphwibph gpubngugjus
uhwnpwghuh vnugdwt Enutul:

Zknmwgnuinipjniuutpn Jeglinnmghnt b quownwght thnpdbph wuwydwubkpnud gnyg
Eu wnydb], np uvnwugdws thunpwghtth wuwwpwuwnnijutpp jupwind o pnyuh wdp b
Uhohtip 30%-ny pwpdpugunid ki tpwig phppunynipniiin:

Zwwnhjun/npyws dhunpughl - quywpupwlnkphubbp - yhilqu — updphng

A method for producing granulated nitragin of nodule bacteria of pea based on pumice
has been developed.

Studies of vegetation and field experiments showed that obtained nitragin preparations
stimulated plants growth and 30% increased their yield.

Granulated nitragin — nodule bacteria — pumice — symbiosis

B mocneanue ropl OPOBOASATCS UCCIACIOBAHUS C IEIbIO MOBbIICHUS 3P dHEeKTHB-
HOCTH CHMOMO3a a30T(PHUKCHPYIOMINX MHKPOOPTaHW3MOB. M3BecTeH psz crocoboB Io-
Jy4deHus: OaKTepHalbHBIX MPENapaToB CUMOMOTHYECKHX a30T(HUKCUPYIOIUX MHKpPOOP-
TaHU3MOB: CyXOH, TOp(sAHOH, opraHo-MHHEpadbHBIM U Op. OgHAKO yKa3aHHBIE OakTe-
pHalbHBIC TpenapaThl UMEIOT Psii HelocTaTKoB. [IpM HMHOKYNSAIMU CeMsH 00OOBBIX
KyJnbTyp 3THMH IIperapaTaMd HE YYTEHbl BIHSHHE BBICOKOM TeMIepaTyphl BEPXHETO
CJI0sI TTOYBBI HA OaKTEpPHAIBHYIO KyJIbTypY, HEPaBHOMEPHOCTh IIEPEMEIINBAHUS KOMIIO-
HEHTOB B 00BEME CJIOsI, BBICOKAsI KOHEYHAsl BIAXKHOCTH MPOMYKTa, BEAyIasl K 3HA4YM-
TEJIbHOM rubeny GakTepHasIbHBIX KJIETOK, YTO IPUBOJAUT K MOJIYYEHHIO HEKaueCTBEH-
HOTO KOHEYHOTO mpoxaykra [4,7,9].

YuuThiBas CKa3aHHOE, 1IEJIbI0 HACTOSIIMX MCCICIOBAHHUN SBISIIACH pa3paboTKa
croco0a morydeHust HOBOro 3G QEeKTHBHOTO IPpaHyIMPOBAHHOTO HUTParnHa KIyOCHBKO-
BbIX OaKTepHii Ha OCHOBE IMEM3BI.

Mamepuan u memoouka. B xauecTBe HOCUTENS JUISl OMYUYEHHs TPaHYJIUPOBAHHOIO IIpe-
rapata Ha OCHOBAaHHH (H3MKO-MEXaHHYECKHX CBOWCTB (TmopucTocTh — 76,4%, Bomomoriomae-
MOCTb — 66,0%,) 1 XuMHYecKoro cocraBa Oputa oToOpana remsa. [leM3a conepiuT BelecTna,
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OKa3bIBAIOIHE CYLIECTBEHHOE BIMSHUE HA CUMOMOTHYECKYIO (PUKCAILMIO a30Ta, a TaKKe Heo0Xo-
JIMMBIC JJIS pOCTa PACTEHUH — KaJuii, MarHui, HaTpUH, JKese30, KalbLUui, Mapranen [3, 6].

IpenpapurensHO n3yueHa MUKpoduIopa memM3bl, 3apaHee U3MeIbYEHHOH 10 pa3Mepa yac-
THI 3-3,5 MM.

C nenpio n3ydeHHss MHUKPO(DIOPH! HECTEPMIIBHOW TE€M3bI IIPOBOAMIN PAcCeB CYCIICH3UH
memM3bl Ha pa3IMdHBIX OHUTaTenbHBIX cpenax (Yamek, MIIA, cycmo-arap, MIlb+cycno arap,
KpaxMaJl aMMHa4YHBIN, Jmon).

B pesynbrare NpoBEAEHHBIX UCCIIEAOBAHUN B HECTCPHIIBHOIM IEM3¢ BBEIIBICHO HaMIHE
Pa3HBIX BUJIOB I'PHOOB, aKTHHOMHMIIETOB, CHHOPOBBIX M HECIIOPOBBIX MUKPOOPTaHU3MOB.

UroObl HCKIIOYUTH HAJIMYUE IIOCTOPOHHEH MHUKPOQIOPHI, MeM3y CTEpHIN30BaIN (B aBTO-
1aBe 2 ati, 30 MHH), C TIPEIBAPHUTEIBHBIM BbLICPKUBAHHEM ee py Temmneparype 37°C B Teuenue
2-3 cyr. Dra mpouenypa MOBTOPSUIaCh 10 IMOJHOTO HMCYE3HOBEHHsI MOCTOPOHHEH MHKPOQIIOpSL
IMocne crepunusaiyy rpaHyIMPOBAHHYIO CTEPHIIBHYIO MEM3Y HHOKYJIUPOBAIU CYyCIEH3UEH BbIIe-
JICHHBIX HAMH IITaMMOB: Rhizobium leguminosarum (ropox) mrammsl 123, 144.

Tutp KIETOK KIyOEHBKOBBIX OaKTepWil OmMpenessuId YamledyHbiM MeToaoMm Koxa Ha 60-
6oBoM arape [5].

O PeKTHBHOCTD U BUPYIEHTHOCTH I'PaHYJIMPOBAHHOTO IIPEMapaTa U3ydaaach B BereTalu-
OHHBIX OIIBITAX Ha PACTEHUSX FOPOXa, BHIPALICHHBIX HA CTEPUIILHOM IIECKE B COCYyax, 00OraleH-
HBIX nuTatesbHOM cpenoit IlpsHumnnkoBa. [Ipenapar BHOCHIN B [IECOK COBMECTHO C CEMEHAMU
pacTeHui.

BupyneHTHOCTh ONpenensyii M0 HHTEHCHBHOCTM 00Opa30BaHMUs KIIyOEHBKOB Ha KOp-
HAX pacTeHHi, 3(PPEKTUBHOCTh — IO CHOCOOHOCTH KITyOCHBKOBBIX OakTepHil MOBBIIATH yPO-
JKaifHOCTH 000OBBIX KYJbTYp. BEDKHBaeMOCTh KIETOK KIIYOCHBKOBBIX OaKTepHii B TpaHysax oOIl-
PpenersuI METOIOM IT0CIIEA0BATEIbHBIX Pa3BEICHHM.

HUccnenosanus 3p(HeKTHBHOCTH U BHPYJICHTHOCTH 3TOTO IIperapara MpOBOIINCH B IIe-
pHOI pa3BUTHSI PACTeHUil: 5-6- JUCThEB, OyTOHM3AUMS U IIBETEHHE, B TEUCHHE 3-X JIET, B TPeX-
KpaTHO# ITOBTOPHOCTH.

Pesynomamot u odcysyncoenue. Uepes CyTKd HOCHE CMEIIMBAHHS KITyOSHHKOBBIX
Oakrepuii Topoxa (T.123) ¢ memM3o0ii ONpeAeNnsid TUTP KIETOK KITyOSHBKOBBIX OaKTepHii
TOTOBOTO TIperapara.

HccnenoBanusi BBDKUBaeMOCTH KJIETOK KITyOSHBKOBBIX OakTepHii B rpaHylax Hem-
3bI onpeessuTi B TeueHue 4, 9, 34, 60 u 130 aueii (Tadm. 1).

Tabauua 1. BepkuBaeMoCTh KJIETOK KIyOSHBKOBBIX OaKTepHii ropoxa
B PasHBIC CPOKU XPAHEHHS

Rh..leguminosarum CpoKH XpaHeHHs
(ropox) uepes cyTku | 9 nHeit | 34mus | 60 e | 130 nmeit
Iramm 123 KonuyecTBo KJI€TOK Ha OJHY TpaHyly
510° [ 567100 | 7310° ] 2,710° [ 810

CpaBHUTENBHBIE JIaHHBIE TOKAa3alid, YTO BBDKMBAEMOCTH KIIETOK KIIyOEHBKOBBIX
OakTepuil TOpoxa ¢ yBEJIMYCHHEM CPOKa XpaHeHHWs CHmkaerca. Ho, Kak MOKa3bIBalOT B
JTaTIbHEHIIIEM Pe3yJIbTaThl BETETAIMOHHBIX U TIOJIEBBIX OIBITOB, KIIyOSHBKOBBIE OaKTEpHH,
XpaHUBIINECS B MEM3€, COXPAHSIOT CBOK BHPYJICHTHOCTh M a30T(QUKCHPYIOLIYIO aKTHB-
HOCTb.

B pesynpTrare mpoBeIEHHBIX HCCIICIOBAHUM BEre€TallMOHHBIX OIBITOB (Tabi.2) BBI-
SIBJICHO, YTO 00pabOTKa rpaHyIMPOBAHHBIM HUTPArHMHOM 3HAYUTEIBHO MOBBIIIACT BUPY-
JICHTHOCTh OaKkTepuil M CTUMYJIMPYET POCT PacTeHWii, 10 CPaBHEHHIO C KOHTpoijieM Oe3
MeM3bI U C BApUaHTOM MHOKYJIMPOBAHHOMN YHCTON KyJIBTYpPOH.
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Ta6auna 2. D heKTHBHOCTD ¥ BUPYJIEHTHOCTh IPaHyJIMPOBAHHOIO HUTPAruHa ¢
KITyOCHBKOBBIMH OaKTEpHSIMH rOpoXa B 3aBUCHUMOCTH OT CPOKOB XPaHEHUS

Bapuanrtsl
OnbITa

Rh..legumino-
sarum (ropox)
Itamm 123

®a3bl pasBUTUS PACTEHHI

5-6 1McTHEB

Byronusanus

IiBeTenue

Haa3eM-
Has
4yacrb

KOPHH

KJIy-
OeHb-
KH

Haa3eM-
Has
4yacrb

KOPHH

KJIy-
0eHb-
KH

HaJa3eM-
Hast
4yacTtb

KOPHH

KJIy-
0eHb-
KH

KonTposs-
ceMeHa
ropoxa

6e3 HMHO-
KyJIsInun

24

21

41.700

31.200

96

40

KonTpous-
HEWHOKYIIH-
pOBaHHbBIE
CeMeHa co
CTepPUIIBHOU
niemM30i

27

24.5

54

44

126

46

Yucras
KyJIbTypa —
ceMeHa,
MHOKYIIHPO-
BaHHBIE KITy0.
0aKT. ropoxa

26.700

26

0,900

80

70

1.100

100

53

4.0

CemeHa +
TpaHyJIbl
MeM3bl,
HHOK. KIIy-
GEHBKO-
BBIMH OaKTe-
pUSIMH
ropoxa
(4-x mHeB.
XpaHeHHst)

41.400

29.200

1.100

80

65

4.900

147

71

5.600

Cemena +
TpaHyIIbl
HeM3bl,
HHOKYJL.
Ki1y0. 6aKT.
ropoxa
. 123
(34-x nHEB-
HOTO Xpa-
HEHHS)

42.200

30.100

1.700

101

75

5.200

152

90

6.100

BEC B rpaMmMmax

Kpome Toro, Hao 3aMeTHTh, YTO PACTEHUsI, MHOKYJIMPOBaHHbIE KITyOCHbKOBBIMH
OakTepusMH TOpoXa C TPaHyJIHPOBAHHOM NEM30M, UMEIIU KPYIHbIE KITyOSHbKHU M TBIIIHYO

3eJeHyto Maccy (puc. 1-5)

Puc.1. lunamuka pocta pacTeHHH rOpOXa, HHOKYJIHPOBAHHBIX KIIyOCHPKOBBIMH OAKTEPUSMHE C
rpaHyJIPOBaHHON NEM30i
1.KonTposb-ceMeHa 63 HHOKYJISIHH, 2. KOHTPOJIb-HEHHOKYIMPOBAHHBIE CEMEHA CO CTEPUIIBHOM MIeM301,
3.Yucras KyiabTypa, 4.4-1HeB. XpaHeHus, 5.34-1HeB. XpaHEHUS.
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Puc.2. Konrponb-cemena ropoxa 6e3 Puc.3. Uucras KynbTypa-cemMeHa,
HMHOKYJISILIUH HHOKYJIHpPOBaHHbIE KIy0.0aKkT.ropoxa mr.123

Puc.4. Cemena + rpanysibl eM3bl Puc.5. CemeHna + rpanyssl HeM3bl,
HMHOKYJIMPOBaHHbIE Ki1y0.0aKkT.ropoxa mr.123 HMHOKYJIMPOBaHHbIE KITy0.
(4-nHeB.XpaHeHUsT) 6akr.ropoxa mrt.123(34-1HeB. XpaHEeHN)

BepositHee Bcero, 3T0 0OyCIOBIEHO TeM, YTO caMa IleM3a TOXE CIOCOOCTBYeT POCTY pacTeHHi,
Onarozapsi CBoeMy XMMHYECKOMY COCTaBY M HOAIEPXKaHHIO BIIArH.

AmHajornyHasi 3aKOHOMEPHOCTb Pe3yJIbTaTOB OOHapyXeHa co mTaMMoM 144 KiTyOeHBKOBBIX OaKTepHid
ropoxa (Tabm. 3).

Tadsmua 3. D heKkTUBHOCTD M BUPYJICHTHOCTD TPAHYJIMPOBAHHOTO HUTPAruHa co
mraMmMoM 144 xiryOeHBKOBBIX OaKTepHii Topoxa (BeTeTallMOHHBIH OIIBIT)

BapuanTsl ombiTa Da3bl pa3BUTHsL PacTCHHMI ropoxa
Byronusanus IIBeTenne

Rh..leguminosarum — YBETHYCHHE —— YBETHYCHHE
(ropox) Ilramm 144 4 KOPHH HaI3eMHOI 4 KOPHH HaI3eMHO#
Has 4aCTb o, Has 4aCThb o
vactu, % qactd, %
Konrpoxs- cemena Ge3 11,400 9 100 16 33,100 100
HHOKYHSH_U/H/I
Koutpons- HenHOKY-
JINPOBAHHBIE CEMEHa 12,500 10 109 16,800 34,300 106
€O CTepHIIBHON 1meM30i1
‘ncras kynsTypa cemena, 14,300 14,700 125 19,500 36,500 121

MHOKYJIMPOBAaHHEIE mT. 144
CeMeHa + rpaHyIIbl IEM3BI,

WHOKYTMPOBAaHHEIE MT. 144 16,200 14,400 142 20,700 38,100 129
(7- cyTouHOE XpaHEHHE)

CeMeHa + rpaHyIIbl IEM3BI,
VHOKYJIMpPOBaHHbIE WIT. 144 16,300 18,600 142 21 37,900 131
(60 - cyTouHOE XpaHeHHe)

BEC B TpaMMax

C 1enpi0 MPaKTUYECKOTO MPHUMEHEHUS] TPaHyJMPOBAHHOTO HUTpPAarMHa Ha OCHOBE MEM3BI co ImT. 123
KITyOCHBKOBBIX OaKTepHil ropoxa NPOBEAEHBI TAKKE HMCCIIENOBAHMS B IIOJIEBBIX YCIOBHUAX B INEPUOA LIBETCHUS
pactenuii ropoxa (tabi.4)..

[onyueHHble pe3ynbTaThl CBHIETEILCTBYIOT O TOM, YTO B IIOJIEBBIX YCJIOBHSIX TPaHyJIMpPOBaHHBIA
HHUTParuH Takke 3HAYUTEIILHO CTHMYJIUPYET POCT PACTEHHMIT IO CPAaBHEHHIO C BapHaHTaMH YUCTOH KyJIBTYPHI U
Topda.
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Tadmuua 4. DPHeKTUBHOCT U BUPYJICHTHOCTh TPaHyJIHMPOBAHHOTO HUTParvHa
co mramMMoM 123 kiryGeHBKOBBIX GaKkTepHrii Topoxa B IIOJIEBOM OIBITE

BapuaHnTsl ombITa HanzemHas yacth Kopuu Kiy6enbku
R

h..leguminosarum (ropox) CBEKHE CyXHe | CBEKME | CyXWe | CBeXHe | cyxue
Iramm 123
KoHTpous- ceMeHa 0€3 MHOKYJISIUH 194 29.200 12 1.920 1.750 0.310

KOHTpOIIb- HEMHOKY/ITHPOBAHHBIE CEMEHa CO CTe-

o o 231 37 16.500 2.600 | 1.850 0.340
PHIIBHOH TIEM30U
Yucras KyJIbTypa — CeMeHa, I/Il-loxynnpOBaHHLIe mT. 185 8 13 2200 1.800 0.320
123 xi1yGeHbKOBBIX OaKTEepHii ropoxa
CemeHna + rpaHybl IEM3bI, MHOKYJIHPOBaHHBIE mT. 123 312 48 21 3150 4.150 0.690
(4-X THEBHOTO XpaHEHUsl)
Top — mHokys. miT. 123 kiy6. Gakrepuii ropoxa 147 25 11,5 2.05 | 0.480 0.140

BEC B rpaMMax

Takum 00pa3om, Ha OCHOBaHUH MPOBEICHHBIX UCCIIEIOBAHMIT MOJTyueH BbICOKOA((EKTUBHBIN Npenapar

HHUTparMHa Ha OCHOBE MeM3bl C KIIyOCHbKOBBIMH OakTepusiMu ropoxa- mrammbl 123 u 144. [pemiaraempiii
npenapar 3aliiaeT KIyOeHbKOBblE OaKTepHM OT BIMSHHS HEKOTOPHIX BHEIIHMX (haKTOPOB, O0OECIICUMBAET
BUPYJIEHTHOCTb U JUTUTENILHOE XpaHEHNE KITyOSeHbKOBBIX OaKTEPHii.

OTH npenaparsl B IOJIEBBIX U BET€TALMOHHBIX ONBITAX YBEIMYMBAIOT YPOXKAHHOCTH OOOOBBIX pacTeHHI

B CpCAHEM Ha 30%, YTO CBUIACTCIILCTBYECT O MNEPCIHCKTUBHOCTU MPUMEHCHHUA €r0 B IIPAKTUKE CCJILCKOI'O
XO03s1iicTBa.
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ITokaszaHo, 4TO B MUTOXOHJPHUSX CEPJLA, MO3Ia, IEUYCHH U CEJIC3EHKH OEJIbIX KPBIC, IPH
AMUIETTAPOPMHBIX TPHUIAAKaX, HHAYIHPOBAHHBIX MEHTUICHTETPA30JIoM (Kopa3oi), (hakTop aH-
THOKCHIAHTHOTO ACHCTBUS — Mpomu3BoAHOE mactoxuHoHa SkQ1, u coBmectHOe BBeneHne SkQ1
U KOpa30j1a OKAa3bIBAIOT 3HAYMUTEIHLHOE BIMSHHE HA aKTUBHOCTh KPEaTHHKHMHA3bI, ITypUHHYKIIEO-
3uadochopuiassl U aTaHHHAMUHOTPaHC(Epasbl.

Depmermor — SkQ1 — MUMOXOHOPUU — AKMUSHOCTD — INULENMUPOPMHBLE CYOOPOU

ZEkmwgqnunipjul  twpituljut nfjuyibpp gnyg ko wndk], np whunhkinbnpugning
(Ynpugn)) hunmygws byhbyuuwidwt gugmdubph dwdwbwl, hwlwopuhnutnughtt gnpéni
hwinhuwgnn wjuwuwnnphunth wéwugpuy SkQ1-h b Ynpugnih huwdwwnbn tkpupynudp pipoud E dh
owpp opquuutph Jhwunpnunphmdutph  Ypkwnhuyhtwgh b wniphutndytinghndnudpnphjuqh
whwnhympjut vwjupguyh qquih nknuywpdtph:

SEpukinnhkp — SkQI — Upunnpnigphnidblp — wlnpynyeni i — bwypybyuwin/wh ghgnidakp

The results showed that during the epileptiform convulsions in rats induced by
pentylenetetrazole (corazolum) separently as well as together with the derivative of plastoquinone
SkQl1, the significant changes inactivities of some key metabolic enzumes were revealed.

Enzymes — SkQ1 — mitochondria — activities — epileptiform convulsions

B COBpEeMEHHBIX YCIOBUSIX, KOT/A YEIOBEKY MMOCTOSIHHO MPUXOAUTCS CTAJIKHBATh-
Csl C HEraTHBHBIM BO3JIEHCTBHEM OIPOMHOTO KOJIMYECTBA arpeCCHBHBIX (PAKTOPOB BHEIII-
Hell cpenbl (PKOJIOTHS, HeCOAIaHCUPOBAHHOE MHUTAHME, MOCTOSHHBIE CTPECCHI M T.1.),
PHCK Pa3BUTHsI OKCHIATUBHOTO CTpecca KpaitHe BesuK. JlesTeapbHoCTh CBOOOJHBIX paiu-
KaJoB crocoOcTByeT passuthio Oosee 100 pasnuynbix 3aboneBanuii. Ilatomorndeckoe
IleﬁCTBPle CBO6OZ[HI>IX paliuKajloB CBA3aHO, IMPEKAC BCEro, C UX BIMAHUEM Ha KJICTOYHBIC
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MeMOpa#sI [9]. AktuBHbIe popMmel kuciopoaa (ADK), obpasyroniiecss B MUTOXOHIPHSX,
MOTYT UTPaTh Ba)XXKHYIO POJIb B TPOIEcCax HEOIUTACTHYECKONW TpaHC(OpMannH 1 KaHIle-
porenese [1]. [Tonuck 3¢ heKTHBHBIX COeNMHEHNI — aHTHOKCHIAHTOB, CIIOCOOHBIX CEINeK-
THUBHO peryinupoBats npoxykumo AMK MUTOXOHApHAMH, NPHBEN K HEOOXOAMMOCTH
paspaborku akaa. B.II. CkynaueBbiM u kojuieramu B MHCTUTYTE (PU3MKO-XHMHUYECKOI
ouosorun um. A.H. Bemosepckoro MI'Y HOBOro THIa aHTHOKCHIAHTOB, HAa3BaHHBIX
SkQ. OHU SIBIAIOTCS MPOU3BOJIHBIMU TUIACTOXUHOHA, KOHBIOTUPOBAHHOTO C JIMTIO(UIIB-
HBIMU KaTHOHAMH, YTO MO3BOJISIET UM CBOOOJHO MPOHHUKATh Yepe3 OMCIONHbBIC JTUIH/I-
Hble MeMOpaHbl MuToxoHpui [11]. beuio nokaszaHo,uTo coeanHenus thna SkQ Hakarn-
JIMBAIOTCSI B MUTOXOH/IPHUSAX KIIETOK M 3aIIMINAIOT WX OT aronTo3a U HEKpo3a, BhI3BaH-
Hbix AOK [10].

Onuierncus — oHa U3 paclpoCTpaHEHHBIX O0Jie3Hel HEpBHOM CHCTEMBI. JTa ma-
TOJIOTHSI XapaKTEPU3yeTCsl CTONKOW CKIOHHOCTHIO K BO3HHKHOBEHHIO SIIJIEITHYECKUX
npurnaakos [2]. [Ipobrema smmierncuy cioXHa 1 MHOTOTPaHHA.

HUccrnenosano neiicteue SkQ1 Ha sHEpreTHUYecKue peakii B MUTOXOHIPUIX Oe-
JBIX KPBIC IPHU 3KCIEPUMEHTANBHBIX IPHUINAAKaX, HHIYIUPOBAHHBIX MEHTHUJICHTETPA30-
oM (ITT3 wm xopason). B paborax [6-8] ObUTO MOKa3aHO, YTO BBEACHUE JKUBOTHBIM
SkQ1 B HaHOMOJISIPHBIX KOHLIEHTPALMSAX HHUBEIMPYET BBISBICHHBIE OTKIOHEHHS aKTHB-
Hocti Mg~ u Ca”"-3aBucnMbIX HOCGOrHmpOIa3 B MUTOXOHIPHSX PAa3HBIX OPTaHOB Oe-
JIBIX KPBIC U YBCIIMYUBACT BIDKMBACMOCTD )KUBOTHBIX.

JluteparypHble JaHHBIE OTHOCUTENIBHO BIMSHMS ATHUX IpErapaToB Ha UCCIEdye-
MBbI€ HaMH ()epPMEHTBI IPAKTUYECKH OTCYTCTBYIOT.

B nipencraBnenHoit paboTe, B ONBITAX in Vivo, MBI UCCIIEOBAIN BIMSHUE AHTHOK-
cunantHoro (aktopa SkQ1 Ha ypoBHHM akTHBHOCTH KpeatnHkuHa3b! (KK), mypurHyKIC€O-
sundocdopmnazer (ITHD) u amanmaamuHOTpanchepassr (AJIT) mpu smmrenTuOpMHBIX
MIpUTIaaKax, THAYIHPOBAHHBIX TEHTIWICHTeTpa3onoM (kopason): KK — Baxknermmit dep-
MEHT HHEPreTH4eCcKOro 0OMeHa KJIETKH, OTIIMYAIOIIUNACS BBICOKOI 1yBCTBHTEIBHOCTBIO K
okucnuresibHoMy crpeccy; [TH® — BaxHeiimii pepMeHT mypuHOBOro MeTabosmu3ma, Ko-
TOPBIN CITY’KUT NPYKU3HEHHBIM MapKepoM 3a00/IEBaHNH, CBSI3aHHBIX C UMMYHOAE(HHIIHT-
HBIM cocTosiHueM opranu3Ma; AJIT — oOrenpuHsTBI MapKep renaroTOKCHYHOCTH.

Mamepuan u memoouxka. [Tpenapar SkQ1 6511 1106€3HO TpepocTanieH LleHTpoM MuTONH-
xenepun MI'Y.

OmbiThl poBOAMIIH Ha 20-TH OGeCIIOpoAHBIX Kpblcax-camnax Maccoit 180-200 r, comepixa-
IIMXCSl B YCIIOBHUSAX BHBApHUs IPU €CTECTBEHHOM OCBEUIEHHU M CBOOOIHOM JOCTYIE K BOJE U IH-
me. DnunenTiOopMHbIE IPUIIAAKK BBI3BIBAINCE OIHOPA30BbIM BBeseHneM [1T3 BHyTpHUMBIILICUHO
n3 pacuera 8§ mr Ha 100 r Macchl )KUBOTHOTO. [101ONIBITHEIC KUBOTHBIE OBUTH pa3/ielIeHBI 110 Cie-
JIYIOIUM TPyTIIam:

I. >KUBOTHBIM (KOHTpOJIbHAS TPyIINa) BBOAWIN 1M huspacTBOpa;
II. >KMBOTHBIM OIUH pa3 B A€Hb, 2 qHA noapsia BBogmau SkQ1

(8 pacuere 37 umM SkQ1 B 1M1 BOZIBI);

III. xuBoTHBIM BBOaMIU 8 Mr I1T3 Ha 100 T MaccHl 2)KUBOTHOT'O B 1MJI BOJBI;
IV. xuBotHbiM BBOIMIN SkQ1 + I1T3.

CynopoxHoe moBeeHue Habmoaanocsk B teucHue 20 muH nocie uabekuuu [1T3. Ctaauu
CyJIOPOT ONIPEEIISUTN 10 MOTUPHUIIUPOBaHHOM miKaye Racine [12].

JKMBOTHBIX [EKAIMTHPOBAIM IIOCJTE IMOJHOTO MPOSBIEHUS T'€HEPATM30BAHHBIX TOHUKO-
KJIOHWYEeCKHX cymopor. Ilocne nexanuranuy COOTBETCTBYIOMINE TKAHU U3BJIEKAIH, TPOMBIBAIIN
B oxsakaeHHoM pactBope 0.25 M caxapossi- 0.02 M tpuc-HCl 6ydepa (pH 7.4).

W3MenbueHHbIE TKAHH TOMOTEHU3UPOBAIH B TOM ke Oydepe, sAepHy0 (paKkuuio u3 roMo-
reHarTa pa3IM9IHBIX TKaHeH BBIIEIUIH HeHTpudyrupoanueM mpu 600-800 g, a MUTOXOHIPUH MO3-
ra —npu 18000 g, cepaua u cenesenku — 12000 g, neuenu — 9000 g B Teuenue 15 mun. Ocagok Mu-
ToxoHpuii cycrienauposain B 0.25 M caxapossr — 0.02 M tpuc HCI Oydepe 1 noBTOpHO LIEHTpH-
(byrupoBany.
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AxtuBHOCTh KK ompezernsin mo Hakoruennto kpeatrnHa [3]; [ITH® — mo HakomeHuro ryanu-
Ha [3]; AJIT — Ha ocHoBe m3Mepenus yobu HAJTH B conpspkeHHBIX peakIusX ¢ JIaKTaTAerHapore-
Hasoil [4].

INoctpoenue rucTorpaMm BBIIOIHEHO ¢ MOMOLIBIO porpammbl Microsoft Excel.

Pesynomamur u oocyscoenue. 1lpenBapurenbHble SKCIEPUMEHTAIBHBIE PE3YJIBTaThI
YKa3bIBAIOT Ha OIpe/IeICHHbIe N3MEHEHNUS aKTUBHOCTH HCCIIELYeMbIX ()ePMEHTOB B CHIBO-
POTKE KPOBH, B OKCTPAKTaX U MEMOpaHax MUTOXOHIPUI MO3ra, CepLia, IIeUYeHH U Celle3eH-
Ku mof BozaerictereM SkQ1, kopazona (pu snuiaenTuOpMHBIX CYI0pOrax), a TakxKe IIpH
COBMCCTHOM BBCACHUH O6OI/IX COGHHHGHHﬁ.

HN3BectHo, uto [TH® karammupyer odparimMyto peakuuo Gochoposnisa mypHHOBEIX
(me3okcu)puboHyKIIeoTHIOB ¢ 0O0pasoBanueM (d)Rib-1-P u cooTBeTCTBYFOIMX OCHOBAHWUM,
KOTOpBIE SIBJIAIOTCS OCHOBHBIM MCTOYHHMKOM CHHTE3a IypuHOB B KieTke. [IH® cmyxur
crequ(pUIeCKUM JUArHOCTUYECKUM TECTOM IIpH psifie 3a00JI€BaHMMH, CBSI3aHHBIX C HMMY-
HOJe(ULUTHBIM COCTOSIHUEM [5].
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HpEaTUHKKMHAZA nH® ANT

Puc.1. Uzmenenus yposreil aktusHoctu KK, I[IH®, AJIT B cbIBOpOTKE KPOBU KPBIC IO
Bo3zeiictBueM SkQ1, kopaszona, SkQ1+kopa3on. 3mech, Kak U Ha CICAYIOIIUX PUCYHKAX,
JTaHHBIE KOHTPOJIS 1ociie 00paboTku npuHuMmarores 3a 100%

W3 puc.1 cnenyer, uro aktiuBHOCTH ITH® B CHIBOPOTKE KPOBH PE3KO MOAABIAETCA Y
YKHBOTHBIX, KOTOPBIM OBLT BBE/ICH TONBKO Tperapar SkQ1, a B 2-x npyrux rpymmax, rie
BBOIWJIN TONBKO Kopazon u SkQ1+Kkopa3oi, akTHBHOCTE MOABIICHA MOTHOCTHIO. [Tockob-
Ky HamOonee Bbicokass akTUBHOCTH [IH® HaOmomaercs B IpUTPOIMTAX U TEMaTONUTAX
TIEYCHH U ITOYKAX[5], MOXKHO TPEIIONIOKHUTh, 9TO MoaBienne akTusHocTH [TH® cBsi3aHO ¢
TEM, 4TO MHUIICHBIO aercTBus SkQ1 1 Kopasosa ABIOTCS (POPMEHHBIE 3TIEMEHTHI KPOBH.

Uro kacaerca KK, To xak BUIHO U3 pucC.1, 3HAUNTETHLHOE MOBBIIICHAE aKTHBHOCTH
KK B cpIBOpoTKEe KpOBH B TpyIIax >KUBOTHBIX C BBeAeHHEM Toibko SkQ1 mmm xopasona,
10 CPaBHECHHIO C KOHTPOJIEM, ITO-BUAUMOMY, CBA3AHO C MOBPECKIACHUEM KIIETOUHBIX MeM6-
paH Mo3ra, cepLa, IIeYeHN 1 CENIE3eHKH, YTO IIPUBOJAUT K BHIXOLY ()epMEHTa B CHIBOPOTKY
kposu. [Tpu cMemanHOM ke Bo3neiicTBur SkQ1+kopasoiia MporCXoaUT HEOOBIIOE TTOBBI-
IICHUE aKTUBHOCTU ()epMEHTA.

Hanee, paccmorpuM Bimsiare SkQ1 1 kopazona Ha ypOBHH aKTHBHOCTH HCCIIEAye-
MBIX (DEPMEHTOB B SKCTPAKTaX M MEeMOpaHaX MHTOXOHAPHUH MO3ra, Ceparla, IIEUYeHH H Ce-
JIe3eHKH OenbIX Kphic. ONEHKY NeHCTBUS HCCIIENyeMbIX COCIMHEHNI TIPOBOIIUIN HA OCHO-
BaHWM CPABHEHUS YPOBHS aKTHBHOCTH (h)epPMEHTA B OpraHaX >KMBOTHBIX ONBITHBIX TPYIIIT
10 CPaBHEHHIO C KOHTPOJIBHOW (MHTAKTHOM ) TPYIIIION.

M3menenust aktuBHOCcTH [IH® B 3KCTpakTe MUTOXOHIPH, MpPEACTaBICHHbIE Ha
pHC. 2, yKa3blBalOT HA TO, YTO B MO3r€ U CEJE3eHKE HAOIIONAETCsl PEe3KOe IMOBBIIICHHE
ypoBHs aktuBHOCTH [TH® B ombITHBIX Tpynnax. [Ipu 9ToM nuk akTuBHOCTH (hepMeHTa B
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MO3Te TIPUXOIUTCS Ha TPYIIIY ¢ COBMECTHBIM aeiicTBueM SkQ1+kopa3od, a B cene3eHke —
Ha IpyHITy ¢ ASHCTBHEM TOJIBKO KOpa3oia, HO TEM HE MEHEE B IPYIIE C COBMECTHBIM BBE-
neaneM SkQ1+xopa3zon aktuBHOCTE [TH® B ceneseHke, Takke Kak M B MO3Te, IIOYTH B TPH
pa3a Bbiie akTUBHOCTH [TH® MHTAaKTHON IpyMIIbl )KUBOTHBIX.
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Puc.2. lunamuka nsmenenuit akruBHocTH [TH®D B sxcTpakTe MUTOXOHAPHIA
Pa3IMYHBIX OPTaHOB KPBIC
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Puc.3. lunamuka nsmenennit akrusHocTH [TH® B MeMOpaHax MUTOXOHApHI
pa3IMYHBIX OPraHOB KPBIC

Oco0blit MHTEpEC BI3bIBacT felicTBre SkQ1 u kopaszona Ha IedeHb, KOTOpas Xa-
paKTepHu3yeTcs I0CTaTOYHO BBICOKOH akTUBHOCTHIO [TH® 1 pe3ncTeHTHOCTHIO K pa3iny-
HOro pona BozzieicTBusaM [4]. Ha puc. 2 u 3 HarisiqHO BUITHO MHTHOMpYoLIee JeHCTBHIE
SkQ1 u kopazona Ha [TH®-a3Hy10 aKTUBHOCTH TI€YEHOYHON TKAaHH KaK B DKCTPAKTE, TaK
1 B MeMOpaHax MUTOXOHIpHUI. B skcTpakre mMuToxoHmpuit akTuBHOCTH [TH® KOHTpOIH-
HOH TPYMITBI JOCTATOYHO BhICOKA. OJTHAKO €CIM B TPYIIIE )KUBOTHBIX C BBEACHHEM TOJIBKO
SkQ1 akTMBHOCTH (hepMEHTA 3HAYMTENBHO MAJIAeT, a B APYTUX IPYIIIAX OTCYTCTBYET, TO B
MeMOpaHax MUTOXOH/puil akTuBHOCTH [IH®D B KOHTpOIBHOI rpyIiie, Oyay4n U3HAYAIb-
HO JIOCTATOYHO HHU3KOM1, BO BCEX OCTAJIbHBIX I'PYIIAX TAKKE OTCYTCTBYET.

Ha puc. 4 nokazaHo, 4To B 3KCTPaKTe MHUTOXOHIPUI MO3ra HaOJIIOIaeTcsi BbIpa-
sxenHoe (2.5 pasa) mobimeHue aktuBHOCTH KK mpu cmerranHoMm BosaeiictBun SKQ1 u
KOpa3oJia, B TO BpeMs Kak B MeMOpaHHOU (pakiuu (puc.5) NPOUCXOAUT TTOHWKEHUE aK-
tuBHOCTH (1.5-2 paza). B skcrpakre mutoxoHnpuii cenesenkn KK-akTHBHOCTH OTCYT-
CTBYET, a B MeMOpaHHO (hpakiuy — HaOJo1aeTcsl Pe3KOe, TTOYTH 3X-KpaTHOE TOBHIICHHIE
ee B rpynne SkQ1. Ilpenmonaraercsi, 4To MOBBIIEHHE aKTHBHOCTH MOXET OBITH Pe3ylib-
TaTOM IHCCOIMAIA MeMOpaHHO-cBsi3aHHOH KK, mpuBopseii K MOBHIIICHUIO aKTHBHOC-
TH pepmenra [4].

B CcBIBOpOTKE KPOBH KCIIEPUMEHTAIBHBIX )KUBOTHBIX, @ TAK)XKE B TKAHAX HCCIIEIye-
MBIX OPTaHOB OTPEAEIUICS YpOoBeHb akTUBHOCTH AJIT, oHaKko mpu BO3IEHCTBUM Mpera-
paroB SkQ1 u kopa3osa Kakux-IM00 HHPOPMATHBHO JOCTOBEPHBIX H3MCHEHHI aKTHBHOC-
TH aMuHOTpaHcdepas, SBIAIOMUXCA OMOXUMUYCCKUMH MapKepamMH (YHKIIMOHAILHOTO
COCTOSIHHSI TeNIaTOLUTOB, HE HAOIII01ANIOCh.
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Puc.4. lunamuka nsmenenuit aktuBHocTH KK B 9KCTpakTe MUTOXOHIPUI Pa3IMYHBIX OPraHOB KPBIC
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Puc.5. Jlunamuka n3menenuii akrusHoctH KK B MeMOpaHax MHTOXOHIPHIT pa3JIMYHBIX OPTaHOB KPBIC

OG6o01was NoJy4eHHbIe Pe3yIbTaThl, MOKHO 3aKIIOUUTh O HEKOTOPOM BIIMSHHU
anTrokcuaanta SkQ1 B 3KCTpakTax M B MEMOpaHaX MUTOXOHIPHHA Pa3IMYHBIX OPraHOB
Oenbix kpbic Ha (epmeHTHyto aktiBHOCTE KK 1 ITH® npu snunentudopmHBIX Cymopo-
rax, BEI3BAaHHBIX KOPA30JIOM.
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B craTbe npuBeneHs! 6rorpaduueckue JTaHHbIE U3BECTHOTO aMEPHKaHCKOro y4yeHoro Jleo-
Ha JleonsHa, paboTaBuiero B 061acTé TpUOHBIX Oosie3HEeH pacTeHMi, (pU3noIoruu rpudboB U ce-
nekuuu pacteHudl. OH OAMH U3 MEPBBIX AKCIEPUMEHTAIBHO JOKa3ad OoJbIlyi0 Mopdoaorundec-
Ky10, (QM3MOTOTUIECKYI0O U OMOXHMHUYECKYI0 H3MEHYNBOCTh IPHOOB U €€ MPUYUHBI, TOTPEOHOCTh
rprOOB B POCTOBBIX BELICCTBAX M CIIOCOOHOCTH CAaMOCTOSATENBHO CHHTE3MPOBATh ayKCHHONOH00-
HBIE BEIIECTBA, BOSHUKHOBEHUE MYyTAIlMil 1 MUKCOXHUMEp W MPUYMHBI 3TOTO SBIEHHMs. JICOHSH HCc-
clIeioBall yCJIoBUsl (POPMUPOBAHMSI OPTaHOB Pa3MHOXKEHHS TPUOOB, TETEPOTAIUIN3M UX MHUIEIHS.
OH ocHoBaJ 1IKOy (HH3UO0NIOroB rprHOOB. XOPOIIO MU3BECTHBI €r0 KIACCHYECKHEe TPYAbI 1o (dy3a-
puo3y u putopToposy. JIeOHIH NmpencKa3al BO3MOKHOCTb U NMEPCIIEKTHBHOCT KyJIbTHBHPOBAHHS
OJJHOKJICTOYHBIX Bojopocieil. OH myTeM TMOpHIM3aLii BbIBEN 3HAMEHHUTBIH COPT JenbpUHUYMA
“JlationneH ['apmen”.

TI'pubsr — bonesnu pacmenuti — usuonoeus epubos — cenexkyus pacmeHutl

Znjudnid pipdus ki YEuuwgpujut vidyuyubp wdkphugh hwynh ghnbwlwb LEnt Lhn-
wwbh dwuhl, nf wphunnnud Ep pnygubph ubiljught hhwinmpmbbbph, tputg $hqhninghwygh,
pnyubiph ubjyghuyh ptwquyunubpmd: Vw wnwehtttphg tp, nd thnpduwljuinpbii wuywugnigkg
utljkph  Unpdnnqhwluil, $hqhnnghwlwt b Yhiuwphvhwlwi thnthnpunipmiuttpp b npuig
wuwndwnubpp, wddwb pwthsutph tjundudp vijiph wywhwbglbpp, tpwbg punniiwlnipeniup
hupunipnyt uhupbql] wnipuhtwbdwt  mpbp, wiliph Udninwghwibtph b dhpunphubplbph
wnwowgnip b wyn Eplnyph wwwdwnubpp: Linjuwip nunwdtwuhplp £ utph puqlugdui
opquiiiinh wrpwowgdw wuwydwhubkpp, tpwig dhghjhnuwh htnbpnpwhqup: Lw hhdtwnpl]
utiljkph $hqhmnqubph nupng: Lun] hwjnth ki tpw npuuuljub wpunwtpubpp $niquphngh b
bhundunnpngh  JEpwpbpuy: Lhnyuwbp jubjuwnbul; b dhwpehe ophuminubph  wphbunwlwut
wgkguwl htwpunpmpjnitiibpp b hnwblupbbkpp: Lw bhpphnhqugdwn dhgngn] unwgky k
nhpbhuhnudh «Lugnunkt Guipnkis hwynth unpup:

Utlkp — pnyukph Apjwinnipinibkp — ulhlph phghninghu — pnyulbph ubjEjghw

The article contains biographical information about the renowned American scientist Leon
Leonyan, who worked on the fungal diseases of plants and physiology of fungi, as well as in the
area of plant selection. He was one of the first who experimentally established the morphological,
physiological and biochemical changes of fungi and their causes, the need of fungi for growth sub-
stances, their ability to synthesize auxin-like substances, the mutation of fungi and development of
myxo-chimers, as well as the causes for these phenomena. Leonyan studied the conditions for the
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development of reproductive organs in fungi and the heterothallism of their mycelium. He was
first in the line of fungal physiologists. His classic works on Fusariosis and Phytophtora are well
known.

Leonyan had predicted the potential and perspectives for the artificial cultivation of unicellular
algae. He cultivated the famous “Lionden Garden” variety of Delphinium through hybridization.

Fungi — diseases of plants — physiology of fungi — plant selection

B atom rony ucrnonauinocs 70 €T co AHS CMEPTH BBIJAIOIIEr0Cs aMEePUKaHCKOTO
yueHoro — ¢uronaronora 1 Mukosora Jleona JleoHssHa, CHUCKAaBIIErO MEKAyHAPOIHYIO
N3BECTHOCTb, OJIaroaapst NepeioBbIM ISl CBOETO BpeMEeHHU (hyH/IaMEHTAJIbHBIM TpyJaM B
00J1aCTH TEOPETUYECKON MUKOJIOTHH, (PU3HOJIOTHH TPUOOB U (PUTONATOIOTHH.

Jleon JleonstH pomuiics 27-ro ¢eBpans 1888-ro roga B Bane (3amamnHas Apme-
Husi, Typrust) B cembe Xaunka U AHHBEI JleoHsH. TaM e mMOIydms cpegHee oOpa3oBa-
HUE, TI0CJIe YeTO COBEPIIII moe3aku 1mo psiny crpal (Poccws, Eruner, I'perust) u B Bo3-
pacre 20 et go6paincs go CIIA. [TopaGoras Heckonbko Jet B Heio-Hopke u JleTpoiite,
OH nocTynui B yHuBepcuteT B KeHTykky, riae B 1916 roxy nonyuui crenens OakanaBpa,
a Jepe3 roJ B yHHBEpcUTeTe mrata Muuuran — cTerneHb Marucrpa. 3aTeM oH padorai
HEKOTOPOE BpEMsI ACCUCTEHTOM II0 HCCIEIOBAaHUSM B O0JIACTH JIEKOPATUBHOI'O CaJI0-
BoJicTBa B KiIeMCOHCKOM KOJUIEIKe U aCCUCTEHTOM npodeccopa OOTaHUKU U MATOJIOTHH
pacTeHu KoJule/ka M ONbITHOM cTaHimu B mtate Heto-Mekcuko. [lo3xe JleonsH Bep-
HyJcs B MUYMTaHCKUI YHUBEPCHUTET, II€ MPOJOIDKII paboTy 110 MUKOJIOTHHU IO PYKO-
BOJICTBOM n3BecTHOTO npodeccopa Kansuna Kaydpdmana (Calvin Henry Kauffman). B
1922 ronmy oH MOy4YHI YUEHYIO CTEereHb JOKTOopa (GHI0OCO(CKUX HAyK U B TOM K€ TOIY
cran paboTaTh B YHUBEpCHUTETe 3amagHoil BUpmKUHUN acCHCTEHTOM (DUTONATOJIOTHH B
KOJIIEIDKE CEIBCKOTO XO35iCcTBa M OMBITHOW cTaHmuu. B 1936 romy JIeoHSH mOIydmi
JIOJDKHOCTB Mpoheccopa MUKOJIOTHH M MUKOJIOTa ONIBITHOW CTaHIIMH.

MesxnyHapoaHas W3BECTHOCTh JICOHsAHA CBA3aHAa C TpeMs HAy4HBIMH HaIlpaBJic-
HUSIMH — TpUOHBIC 0OJIC3HM PacTEHH, (PU3UOJIOrHs TPHOOB M CelleKIus pactenuii. Ha-
YaB HAy4HYIO JeATeIbHOCTh (uTomaTonoromM, JIeoHs H Bckope 3asBHI O cede Kak OAuH
U3 MEPBBIX HCCIIeNoBaTeNel rPUOHBIX OPraHU3MOB — BO30YMTENECH ONAcHBIX OoJie3Hen
pacrenuii. Ero nepBbie paOoThI ObLIM MOCBSIIEHBI U3YYEHHIO Pa3BUTHUS PAaCTUTEIBHBIX
MATOrCHOB, OCOOCHHO JIOKHON MYYHHUCTOU POCHI, Py3apHaIbHOMY YBSIaHUIO, PUTOPTO-
po3y, a B JaJbHEHIIIEM U MHOTHX JAPYTUX IPUOHBIX OO0JIe3HEH MOJIE3HBIX PACTEHHH. DTH
HCCIIEJOBAHMS IPUBEIN K IPU3HAHUIO M3MEHUYUBOCTH I'PHUOOB I10]] BO3JCHCTBHEM CPEIIbI
oburanus, Kotopyto JIeoHsH paccMaTpuBain Kak COBOKYITHOCTh (PakTOpOB, PEryJHpyro-
IIMX WX )KU3HEHHBIN UKJI, pOCT ¥ pa3MHOKeHue. JICOHSH ObUT OZHUM W3 TIEPBBIX MUKO
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JIOTOB, 9KCIEPUMEHTAIBHO JJOKA3aBIIUX OOJIBIIYI0O H3MEHUYUBOCTH rpu0oB. [Ipu aTOM OH
HUMEJI B BULY HE TOJIBKO U3MCHYMNBOCTD MOp(l)OHOFl/I‘leCKI/IX 1 KYJIbTYpaJIbHBIX ITPU3HAKOB,
HO W TTATOT€HHOCTH TPHOOB, UX OMOXMMHUIECKAX OCOOCHHOCTEH, MUTMEHTOO00Pa30BaHMs,
MOTPeOHOCTH B BUTAMUHAX M CIIOCOOHOCTH MX cHMHTe3a. DopMupoBaHue 00IIero ooIm-
Ka KOJOHMH JICOHSAH CBS3BIBAN C yCIOBHMSIMHU ITUTAHHSA Tpuba M TEXHOJIOTHEN €ro BhIpa-
nmBanus. “Kak mokazan Jleonsn — ormedanu Jlwum u bapaert, — Mopdosornyeckue
0COOCHHOCTH CTPOCHHUS BETCTATUBHOI'O MHUIICIIUSA M CIIOPOHOCIICB Y MHOTHUX BHJIOB poja
Phytophthora onpenenstoTcst COCTABOM MUTATENBHOM cpenbl. OOpa3oBaHUE MHUICTHAIIb-
HBIX ()OPM Ha arapoBbIX Cpefax oO0Jierdaer oIpeieseHHe MHOTHX BHJIOB IpuOOB, a B
MOTPYXXEHHBIX KYJIBTYpax IPH HENPEPHIBHOM IE€pPEMENINBAHUN KUIKOW cpensl (hopma
KOJIOHHIA TPUOOB MOKET OBITh U3MEHEHA JI0 Hey3HaBaeMocTu” [2].

[IpoBenennsle uccnenoBanus noaseny JIeoHsHa K HEOOXOAMMOCTH MIMPE U TITy0-
XKE M3y4uTh (PU3UOJIIOTHUECKHE Tpouecchl y rpuboB. OH mpuaaBajl HCKIIOYUTEIBHOE
3HaUYeHHE PadOTe C JKMUBBIMH OPraHM3MAaMH, UX POCTY, Pa3MHOXKEHHIO M METaboIn3My
[6]. Llenbto ero uccnenoBaHuii OBIIIO BBISBUTH KaK MOKHO OOJIBIIIE TIOTEHIIHATBHBIX BO3-
MOYKHOCTEH y n3y4aeMbIX opraHn3MoB. Paboramu JleoHsiHa Opita 1oKa3aHa MOTPeOHOCTh
MHOTHX I'PHOOB B POCTOBBIX BEIECTBAX M UX CIIOCOOHOCTH CAMOCTOSTETIBHO CHHTE3UPO-
BaTh ayKCHHOIIOOOHbIE BEIIECTBA.

Becbma unHTepecHbl paboThl JIeOHSHA, MOCBSIICHHBIC (DOPMHPOBAHUIO OPTraHOB
0€cr10JI0ro 1 MOJIOBOTO PA3MHOXEHHS Y IPHOOB U YCIIOBHSIM, CHOCOOCTBYIOIINM HX 00pa-
30BaHMIO. DTH BOIPOCHI ObUIN JIETAILHO MCCIIENOBAHbI y BO30OYAUTENS paka KOPbI SOJOHN
— cymyaroro rpuba Valsa leucostoma, Phytophthora coctorum, y 3UTOMHUIIETOB H JIp.

JleoHsIH MHOT'O 3aHMMAJICS HCCIIEIOBAHUEM TeTEPOTAIIM3MA MULICIIUS Y TPUOOB U
OJIHMM M3 NIEPBBIX MHUKOJIOTOB HaOII0all TOSBICHHE MyTalluii 1 MUKCOXHMED, BBISBIIAS
NIPUYMHBI UX BO3HUKHOBEeHHs. JIt000€e ncciaeqoBaHne OH MPOBOIMII HA OTPOMHOM MarTe-
pHaie, BKJIIOYAIOIIEM COTHH IITaMMOB I'PHOOB M3 Pa3HBIX CHCTEMAaTHYECKHX TPy, Ha
OonblIOM HaboOpe NMHUTATENBHBIX Cpell, MPH PasHBIX MOKa3aTelsx Temueparypsl, pH u
npyrux akropax [4].

deHoMeHaNbHOE TpynoaroOue JIeoHsIHA MOpakajlo ero COBPEMEHHHUKOB, TeM 00-
JICC 4TO 3THU pa60T1)1 MMpOoBOAWJIMCH UM JIMYHO U JIMIIb B MMOCJICIAHUEC 8 JeT KHU3HU B HUX
OBUT BOBJICUCH €r0 Y4eHUK MOKTOp B. JIwsutn, cTaBIuil B AajbHEHIIEM M3BECTHBIM (PH-
3uosorom rpudos. Briocneacreuu B. Jlnmu ¢ I'. Bapaerrom ony0iukoBanu GyHnamen-
TaIBHBIN TPy “@Pu3uonorust TpuOOB”, KOTOPHIM B aHIIMICKOM M3JIaHUHU C PU3HATEIb-
HOCTBIO nocBsmancs namsaty Jleona JleonsHa [7]. B mpeaucinoBuu k pycCKOMY U3JaHHIO
kuuru npodeccop MI'Y JLU. KypcanoB nucan “IIpennaraemasi 4nTaTeito B pyccKOM
mepeBosie MoHOrpadus Mo (HU3NOIOTHH TPUOOB aMepuKaHCKHX aBTOpoB Jlwmmu u Bap-
HETTa MPENCTAaBIsIET cOO0I CBOAKY HOBEHINICH MHOCTPAHHON TUTEPATyphl B 3TOH o0Jac-
TH, B KOTOPOIl aBTOPBI, MPUHAUIEKAIINE IIKOJIE HEAABHO YMEPILIETo KPYITHOTO MHKOJIO-
ra-guronaromnora JleoHssHa, MHOTO paboTanu Tu4Ho” [2].

MHorue Tpyapl JIeoHsIHa cTanu KIaCCUYECKUM IPUMEPOM HCCIIEIOBAaHUM B MU-
konoruu. K HUM ciemyeT oTHeCTH (yHIaMeHTaJbHblE paboThl IO (y3apro3aM, KOTO-
PBIM OBLT MTOCBSIIIICH MOYTH BeCh 9-if HOMep 19-ro TOMa aBTOPUTETHOT'O MEXKIyHAPOIHO-
ro xxypHana “Phytopathology”, u ceputo pabdot no poxy Phytophthora. Otu uccienona-
HUSI JIETII B OCHOBY HOCJIEAYIOIIUX PabOT MHOTMX MHKOJIOTOB MHUpa.

B 1923 rony JleonsH co3nan cBoil penent NUTaTenbHOM cpenbl sl KyJIbTUBHPO-
BaHMs rpuOoB mopsaka Sphaeropsidales u npyrux cucreMaTHYecKMx Tpymi. OTa
IUTaTeNbHAs cpeaa OblIa NMpHU3HAHA OAHOW M3 OOIIETIPHHATHIX B 3KCIIEPUMEHTAIBHON
MHUKOJIOTHH [3].

Hayunsie mHTepech JIeOHsSHAa OTIMYAIHCH IIUPOTON OXBaTa PasHOOOPA3HBIX BOII-
pocoB. B roael BTopoii MUPOBOW BOMHBI OH MCCIIENOBa TPUOBI IPOMBIIIZIEHHOTO 3HAUe-
HHS, B TOM YHCJIE APOXOKeBbIe TpUOBL. He Oyayun aibroiorom, oH OJuH U3 HEPBBIX Ipe]
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CKa3aJ BO3MOXKHOCTb M TIEPCIIEKTUBHOCTh KYJIBTHBHPOBAHUSI OJHOKIETOUHBIX 3E€JICHBIX
BOJIOPOCIIEH U M3y4YHIT YCIIOBUS HAKOIUIEHHS cyxoro BemectBa y Chlorella vulgaris [1].

Bynyun TBOpueckH olapeHHBIM yUeHbIM, JICOHSH MHOTOE Cclienall U Uil OOTaHUKH B
00J1acTH LIBETOBOJCTBA, B BHIBEICHUH HOBBIX COPTOB LIBETOB. BO3MOXHO, 3Ta J1F000Bb K
L[BETOBOACTBY 3apOAMIIACH Yy HETO B JAJEKHE I'OAbI AETCTBA MO MarudeCKUM BO3JEHCT-
BUEM H3YMHUTEIBHON NPHUPOABI POAHOTrO Kpas — BaHa, a BIOCIENCTBUM CTana peau-
30BBIBaThCS, KOTJIa 110CJI€ OKOHYAHHsI YHUBEPCUTETA OH IO/l pabOTaj aCCUCTEHTOM B 00-
JIaCTH JIEKOPAaTHUBHOIO cafoBoJCTBa B KieMcoHckoM Komiemxe. JIeoHsH 3aHuMaics ce-
JIeKIMel 1myTeM rubpuau3anvy AenbGUHUYMOB, THEBHOW JIMJIMUA U BOCTOYHBIX MAaKoOB.
Coznannslii uM copt “Jlaitonnen 'apaen” 3aciny’kK€HHO MOJTyYMI MEXIYHAPOAHOE MPH3-
Hanue [6]. B 1935 roxy Bemuia ero xuura “Kax BolpammBarh aenbuauyMsr”. Biec-
TSIIKI OpaToOp U CEeJIEKINOHEP OH ObUT OYEHb NOMYJISIPEH B OOIECTBAX [[BETOYHBIX KIIy-
00B 1 ObLT M30paH CITUKEPOM OOIIECTBa camoBoAoB [5]. MHorue romsr JIeoHsH n3maBain
“EsxeromHuk nes(GUHIYMOB .

JleoHsH OBIT OYEHB MOIYJIAPEH CPEIN CTYACHTOB, OH OHUMAJ NX IPOOIEMBI U aK-
THBHO nomoran uM. [locie cmeptr JIeoHsHa B TaMsATh O HEM €T0 JIPy3bsSMH H COpPaTHHUKaA-
MH 0BT yUpexieH (GOH] MaTepHanbHOH HOANEPKKH CTYAECHTOB.

Haxonsich Baamm ot poAWHbBI U POJAHBIX (1Ba Opara W cecTpa Wik B ApMEHHUN),
JleonsiH crpeMuiicsi OBITh MOJIE3HBIM MOJ10/101 COBETCKOW APMEHHH U 110 MEPE BO3MOX-
HOCTH COJICHICTBOBAJ Pa3BUTHIO TaM HAYUYHBIX UCCIIeJIOBaHUN. Yxke B 20-ble TOJIbl, KOTIa
B ApMEHHH elle He ObUI0 JUIUIOMHPOBAHHBIX CIIEIMAIMCTOB MHUKOJIOTOB M (HTOIA-
ToJI0oroB, JIEOHSH cTan mockuiaTh B EpeBaHCKHMI YHMBEPCHTET YHHMKAJIbHYIO, IIEHHEH-
LIYIO ¥ JUISl HACTOSIIEr0 BPEMEHH, CIIEHNAIbHYI0 HaAyYHYIO JINTEpaTypy, KOTOpast BKIIIO-
Yaja KOMIIIEKTHl HaYYHBIX JKYpPHAJIOB 10 MUKOJIOTHH, (puTonaronornu, G0TaHUKE, MO-
Horpa(uu MO OTAEIBHBIM CHCTEMAaTH4YeCKUM rpymmam rpuboB CeBepHoll AMEpUKH U
matutoMHuK C.A.J.A. Oudemans-a, B KOTOpOM JaHa MHPOBasi CBOAKA 00 OMHCAHHBIX K
TOMYy BPEMEHHU rpubax. OTH KHUTU CTaJd HACTOJIBHBIMHU JJISi HECKOJNBKUX IHMOKOJEHUH
MHKOJIOTOB ApMEHUH.

Jleon JleonstH ymren u3 xu3HH B 1945 roxy B pacuBeTe CBOMX TBOPYECKUX CHII U
BO3MOXKHOCTEH. [laske Oyayun TsDKeno OONBbHBIM, B T€UYEHHE IOCIEIHUX IOJIyTopa JIeT
JKM3HU OH MPOJIOJDKAl aKTUBHO paboTaTh MOYTH IO CBOMX MOCieqHuX AHeil. Ero orpom-
HOE Hay4HOE€ Hacliee CTaJl0 3aMETHBIM BKJIQJIOM B Pa3BUTHE HAYYHBIX OCHOB MH-
KOJIOTHH ¥ (PUTOIIATOIOTHH.
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[IpoBeneH KOMIUIEKCHBIH aHAIM3 aHTPOIOJIOTHYECKHX MaTepHaIoB 3MOXU MO3IHEH OpoH-
3Bl M PaHHETro Jkele3Horo Beka. Ha teppuropun Jlopuiickoit obmactu Oacceiina p. IlIHox moutu
1500 ra 3aHMMAIOT AECATKH HOCENCHUH, KpermocTeid OpOH30BOro Beka U Apyrue maMsaTHUKU. Pac-
CMaTPUBAIOTCS PE3YJIbTAaThl aHAIM3a OCHOBHBIX NPSMBIX U KOCBEHHBIX BO3/ICHCTBHUI OKpYKaroIleH
cpenpl Ha maneonomysinud. s nemorpaduueckoil XapakTepuCTHKU UCTIONB30BAH MEPEUYCHBb U3
111 monoBo3pacTHBIX onpenencHuii. Ha KpaHHOIOrH4ecKoM MaTepualie 3MOXH MO3AHEH OpOH3HI U
paHHETO KEJIe3HOTO BEeKa BBIIBICH KOMIUIEKC MOP(OIOTHYECKUX MPU3HAKOB, XapaKTEPHBIX JUIS
JIPEBHET0 HaceJIeHUs, [IPOXKUBaBIIEero Ha Teppuropuu Jlopuiickoil obixactu. B 3ybOHOi#l cucreme
MaKCHUMaJIbHO BBIPa)KECHBI 2JIEMEHTBHI 3aI1aJHOTO MOATHIIA FOXKHOTO MPalMIBHOTO TUIIA.

Apmenus — demozpadus — kpanuonozuieckue, 00OHMON02UHECKUe NPUIHAKU —
adanmayus — cmpecc mMapkepbl

Guunuipws ko ppnughk b Juin kpliuph nupuppowiibph dwpnpupubuljwb iyniph hudw-
1hp nuunidiiwuhpnipnil: 22 Topnt dwpgh Cunn ghnh wjuquitth onipg 1500 hw inwpuspnid Juh
nuuiyul] nuipupuiunupwntp, ppnuqinpuput wdpngiubp b wy hnpwpdwibbp: Lubwpldmd G
htwgnyu dwpnuyhtt jadpbph Jpuw dhowduyph wiknh mukgws hhdtwlwi mipnuyh b wumnnuyh
wqnlignipjutt  gqnpénutpp:  dnnnyppugpuijun pumpugpdwt hwdwp  oquuugnpdyty ke 111
ubkpwwnwphpughtt hwnwuhoubp: Ny ppnuqk b qun Epupk qupuoppwtubph quiqupubwlut
umiptph Jpuw huynbwpkpgus k dbwpwbwljut hwnljuthpubph vh hwdwihp, npp punpnpnid £ Lnnne
dwpqh  wwpwspubpmd  wwpnn  htwnuput ptwlsmpjuip: Unwdtughtt - hwdwljupgnud
wnwybjugnyt YEpyny wpunwhuyndus i hwpwjuyht gpugh) whyh wpldnjub Bupwnhuh
nwppbpp:

Zuywuunul — dnpnyppugpnipni i — quiqupwiwjwih, wnwdhupwiulwl hunnlwipsbbp -
hwpdupynpulwinipinil — uppku dwplEphkp

A comprehensive analysis of anthropological material of the late Bronze and early Iron
Age was carried out. There are tens of settlements, the fortresses of the Bronze Age on 1500 ha of
territory in Lori region basin r. Shnogh. The analysis of some direct and indirect effects of the
environment on the paleopopulations was discussed. The complex of morphological signs, charac-
teristic for the ancient people, living in the territory of the Lori region was revealed on the base of
the craniological data. The elements of the western subtype of the southern gracile type were
expressed at most in the dental system.
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A. I0.XV/IABEP/ISIH, A.A.EHTMIBAPSIH, C.I. OBOCSH
Armenia — demography — craniological, odontological featurey — adaptation — stress markers

W3ydenue mporeccoB amanTalud B cCpele OpEeBHUX oOurarerneir OacceiiHa p.
[ITHOX sABISIETCS OMHUM W3 MPUOPHUTETHBIX HAPABICHNH aHTPOIIOJIOTHH CEBEPO-BOCTOY-
HBIX TEPPUTOPHIA Haried cTpaHbl. IIpUCIOCOOICHHS] OMOJOTHYECKOTO0 M COLUAIBHOTO
MOPSIIKA B JKU3HM TOIYJSIIUN HACTOJIBKO TECHO IEPEIUIETEHBbl M B3aMMOCBS3aHBI, 4TO
HEBO3MOXHO H3y4yaTh MX o0OocoOsieHHo. Ilox anmanranueil MOHUMAKOT COBOKYITHOCTB
OrocoLMaTbHBIX 0COOEHHOCTEH M CBOMCTB OpraHu3Ma, 00eCleuBalOUINX €ro YCTOHYH-
BOE CYIIIECTBOBAHHE B ONpeENeTeHHON cpene oOuTaHus. IlpucnocobuTensHble peakiiu
YeJIOBeKa Ha BHEUIHECPEIOBbIC BO3JEHCTBHS MOTYT OCYIIECTBIATHCS Ha YPOBHE aKKIIH-
MaTu3alui, FTeHeTHYECKH ONpeieNIieMbIX HOPMOI peakiiy ¥ Ha YPOBHE SBOJIIOLIMOHHBIX
ajanTaryii, 00yCcIOBIECHHBIX JISHCTBHEM €CTECTBEHHOTO 0TOODA.

C TouKkH 3peHHs UccIenoBaHus (yHIaMEHTAIbHBIX 3aKOHOMEPHOCTEH alanTalnu
COBPEMEHHOTO YEJIOBEYECKOTO BHA MPEJCTABIACTCS BaXKHBIM BBIACINTH U3 BCEH TpyI-
el (pakTOpOB, OKA3BIBAIOIIMX HEOIAroNpUATHOE BO3ICHCTBHE HA OPraHM3M dYeJOBEKa,
HanOomnee 3HauMMble. VIMeHHO Haunboyiee HEOJArONMPHUATHBIE MPUPOIHBIC (HAKTOPHI
JIOJDKHBI OBUIM JIMMUTHPOBATh YHCIEHHOCTh HACENICHUS U BBI3bIBATh HauOoJee SIPKUE
aJlanTHBHBIE peakiuy. YacTblo aJanTaluy HOCHTENEH KyJIbTyphl SMOXH ITO3AHEH OpoH-
3bl ¥ PAHHETO JKEJIE3HOTO BeKa SIBJISUIACh DKOHOMHKA, OPHEHTHPOBAHHAs Ha 3eMJIe/eiIie
W KUBOTHOBOJCTBO. VI3BECTHO, YTO MaJIONOBIDKHBIE 3eMJIE/eIbYECKUE TPYIIIBI OTIIH-
YaJIMCh OTHOCHTENILHO TIOXHUM 3JI0POBBEM 10 CPABHEHHIO C HACEJIEHHEM, IPAKTHKOBAB-
muM OoJiee OABMKHBIA 00pa3 KU3HHU (T.€. OXOTOH, coOuparenscTBoM) [14-16, 21, 25].
Jlist Toro 4ToOBI OLEHWTH BIMSHUE KyJIBTYPHOW ajanTanyy Ha OMOJIOTHIO YelIOBEKa B
nepuon XIII-XI BB. 10 H.3., MBI HCHIOJIB3YyEM OCTEOJIOTHUECKUE MAPKEPHI, YKA3bIBAIOIIME
Ha (pU3MOTOTHYECKHH CTPECC, KOTOPBIN MOT IPOSBIATLCS y MOMYJISIIN, BEAYIIHX Mao-
MOJBIDKHBIA 00pa3 U3HW. MOJIENUPYIOTCS Pe3yNbTaThl U NPUYUHBI PU3HOIOTHIECKOTO
cTpecca, BOSHUKAIOIICTO IO BO3ACHCTBHEM 3THX (akTopos [21, 22]. Y aamock nmpoaHa-
JU3UPOBaTh TPU TPYMIBI MApKEPOB: KyMYJSITUBHBIE M TC€HEPAIN30BaHHBIE (OTpaKaro-
M€ JUTUTENbHOE BO3JEHCTBHIE cTpecca); MapKephl SIHM30ANUECKOT0 cTpecca (oTpakaro-
LIMe BO3/ICHCTBUE HA ONPE/ICIICHHOM JTalle pa3BUTUSI OPraHu3Ma, KaK MpaBuilo, B JAETC-
KOM BO3pacTe) U rpylina MapKepoB, CBS3aHHBIX C Pa3IMYHBIMU CHEHUPHYSCKUMH peak-
LUSIMA OpraHu3Ma (OTpakarolMMHU TO WM MHOE 3a0oneBanue) [21, 22, 32]. B kauecTBe
MapKepoB KyMYJISITUBHOTO M T€HEPAIM30BAaHHOTO CTPECca UCTIONB3YIOT auddhepeHnnpo-
BaHHBIE I10 10Ty U BO3PACTy IOKa3aTenu cMepTHOCTH. CMEPTHOCTh KaK KyMYJISATHBHBIN
IOKa3aTelb AEMOHCTPUPYET CYMMUPOBAHHOE BIMSHHE JUIMTEIIBLHOTO CTpecca Ha MpOTsi-
KEHUH OOJIBIIOTO MEpHOA KU3HW MHANBUA B TOMYJISLUY, B OTINYHE OT MOKa3aTelIeh
SMHU30/INYECKOT0 CTpecca, 6osiee TOUHO U YeTKO (PMKCHPYIOIINX BPEMs TOSIBICHUS U Xa-
paKTep BIMSHHS CTPECCOBOTO (haKkTopa.

Mamepuan u memoouka. I1aneosxonoruueckue UCCiIeOBaHUs, PE3yIbTaThl KOTOPBIX MPU-
BEJICHBI B 3TOW paboTe, BBHINOJHEHBI Ha AHTPOINOJIOTHUECKHX MaTepuajax HEKpPOHOJICH 3MOXH
MO3AHEH OPOH3BI U PAHHETO XKEJNEe3HOro Beka. B paboTe ncmonb30BaHbl MaTepHalibl U3 MOTUIIBHH-
xoB: bosep (n=40), barepu vana (n=32), bapupsn (n=39). Packonku B MOrmibHIKaX IPOBEAEHBI C
2006 mo 2014rr. mox pykoBoacteoM C.I. OGocsiHa. B HacTosmiee BpeMs pacKOIIKA MOTHIBHUKOB —
barepu uana, Bapupsan, boBep — 3aBepieHbl, TOATOMY MbI MOCYUTAIN BO3MOXHBIM ITPOBECTH
obobmiaronee MccieoBaHNe. B MormibHIKax B OCHOBHOM IIPAKTHKOBAJIKCH [JBA THIIA 3aXOpOHE-
HUH — orpeOeHust 0 0OPSIY TPYIIONOIOKEHHS (MY KUMHEI Ha IIPaBOM OOKY, SKEHIIIUHEI HA JICBOM)
U BBICTABJICHUE TPYIOB. B HEKOTOPBIX MOrpeOeHUsIX C COCyAaMH, ()parMEHTaMH KEPaMUKH U JIpy-
TMMH apTe(akTaMi HPHUCYTCTBYIOT 3yObl 4enoBeka. B yka3aHHBIX HOTpeOSHMSIX IMONHOCTBIO OT-
CYTCTBYIOT uenioBedeckue KocTi. OHM COCTaBIISIOT MO HAIIMM IOJCYeTaM, OCHOBaHHBIM Ha aHAJH-
3e 51 morpebGenust u3 MorunbHuKa boBep — 29.42% (15 cmydaeB), B Hekpomomsx bapipsn —
13.52% (5/37), barepu wana — 15.62% (5/32). Cnegyet oTMETUTB, YTO OLOOHBIE OTpeGeHHs 00-
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Hapy>XeHbl M B CHHXPOHHBIX MOTWIBHHKax ¢ Tepputopuu Jlopumiickoit obmactu (Texyrt, Jlopu
Bepn).

Bb11 poBeneH M0JI0BO3pAacTHON aHANIN3 aHTPOMOJIOTHYECKUX MaTepHanoB. Pasurtue 3y-
00B OBLIO HCIIOJB30BAHO I OLCHKH BO3pacTa Ha JIeHb CMEPTH AJIs HecoBeplieHHoieTHuX [30,
36]. Bo3pacT Ha Bpemsi cMepTH ObUT YCTaHOBJIEH HAa OCHOBE M3HOCA 3yOOB U 3aKPBITHS YEPEIHBIX
[IBOB, MPUHAUICKAIINX B3POCIBIM HHAUBUAAM [27, 29]. [lon WHAWBUAOB OBUT ONpEAEIIeH 1Mo Ye-
pery Ha ocHOBE MOP(OJIOTHYECKUX MPHU3HAKOB IO CICAYIOMKMM CTaHAAPTHBIM MeTomaM [cM. 13,
37]. Ilon MOJOABIX MHANBHIOB He OBLT OIpENENIeH U3-3a OTCYTCTBUS JOCTATOYHO TOYHOTO METO-
na. Cepuy U3y4ajauch IO aHTPOIIOJIOTHYECKUM [2, 5, 6] u nmaronoruyeckum [21, 22] metonam uc-
cietoBanus. {71t BBISIBIICHNS] OCHOBHBIX JIeMOrpaduuecKuX XapaKTepUCTUK HCIIOIb30BaHbI TPaH-
LMOHHBIE BO3PACTHBIC HHTEPBAJIbI, KOTOPBIE IPUMEHSIFOTCSI IPU COCTaBJICHUH TaOJIUIl CMEPTHOCTH
B TPAJAUIMOHHBIX Iemorpaduueckux ucciaenoanusx [11]. [Ing pacuera ucrnons3oBaHa mporpam-
Ma “ACHERON?”, pa3paborannas [[.I1. borarenkoBeiM B IHCTHTYTE apxeonorun PAH.

Pezynvmamul u oocyscoenue.

1. Ilpobaemul naneodemozpaguu Hacenenus 3N0XuU NO30HeU OPOH3bL U PAHHE20 HCENe3HO20
eexa. Moeunvnux bapypsn. AHTPONOJOTMYECKHI MaTepuall, MOJIyYEHHBIH B Ipouecce
apXEOJOTHYECKUX PACKOMNOK, HAacuuThiBaeT 39 KocTskoB. B cepum ObUIM BBISBICHBI
pa3nuYys 1O MOJIOBOMY COOTHOILIECHHIO: MPEOOIafatoT My>KCKHE CKENEThI, KOTOpbIE COC-
TaBisioT 48.72%, xenckue — 15.39%, 7.7% cocTaBiAoT AeTCKue KOCTAkH, y 10 mHIm-
BUJIOB HE OIIPEZIENIEH N0, 8 Y OIHOro Bo3pact. PaboTamu poccHiCKHX M 3apyOeKHBIX aHT-
POIIOJIOTOB YCTAHOBJIEHO, YTO JIETCKasi CMEPTHOCTD B JIPEBHUX M TPAJULHMOHHBIX OOIIECT-
Bax JOJDKHA Haxomuthes B mpernenax 30-70%, mpuueM ypoBEHb MIIaJ€HYECKOH CMepT-
HOCTH BBICOKHUH U Haxomutcs B peaenax 10—40% ot o01ero ynciia HOBOPOXKICHHBIX [7].
Ecin ato Tak, To Marepuall M3y4eHHOH CepHH HIDKE MO JeMOrpadryecKuM IapameTpam
cTaHIapTHOM nomyisiuuy. [IpudeM Ha rnepByIO BO3pAaCTHYIO IPYIITY — OT POXKACHUS 10 5
ner mnpuxogurca 2.57% cmepreii mo Bcel BBIOOpPKE. AHAIM3HPYS CyMMapHbIE
XapaKTEPUCTUKH BO3PACTHOTO pACIIPEeNICHUs 10 TPYNIE, CIECAYeT OTMETUTh TPU ITHKa
CMEPTHOCTH: B BO3PACTHBIX KoropTax 25-29 ner, 30-39 net u 40-44ner (puc. 1).
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Puc. 1. [IponieHT MHAMBUIOB B BO3PACTHBIX KOTOpTaXx.

3HAUNTENHFHO MTOBHIMIACTCS CMEPTHOCTh MY)KYHH B BO3PAaCTHOM HHTepBaie 2529
7eT, 0oJBINas YacTh MYXUHH yMepiu B Bozpacte — 40—44 net. Jlo ¢puHaIpHOTO BO3pacT-
HOrO MHTepBana (45-55 mer) moxwmm Bcero 26.32 % MyXuuH. Y KEHIIMH /IBa KA
cmepTtHOCTH — 25-29 net u 30-34 net. Oxomno 67% >KEeHIINH yMEPIH B PEIPOLYKTHBHOM
Bo3pacTe 25-35 net, ocTanbHble B Bo3pacte crapiue 40 net. B 3penom Bo3pacte — 40-44
rojila CMEpTHOCTb JKEHILMH HIDKE, 4eM y My>k4uH. JKeHIuH crapiie 45 n1eT B MOTHIIbHU-
Ke He 0OHapy»xeHo. [[Jis TaHHOTO O0IIEeCTBa €CTh BCE OCHOBAHMUS MMOJIararh, 4To K 25-29
roaM y OOJIEIIMHCTBA (DEPTIIIHHBIX JKEHIIUH yXKE TPOIILTH IEepPBbIe, HanOoJee ONacHEIC
ponbl. B TakoM ciydae oOBsICHEHHE TPeoOIaaaroneil JKEHCKOH CMEPTHOCTH POJaMH B
neproy 2529 net npeacTaBiIseTcs He BIIoJHe 000CHOBaHHEIM. K ToMYy ke oIS skeH
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IIMH, yMepIIuX B Bo3pacTe 25-34 jer (adultus), Taxke MpeBHIIACT TAKOBYIO MYXKYHUH,
YTO BITOJTHE OOBSCHUMO PACIPOCTPAHEHUEM CHIEM(PUUECKUX 3a00JIEBaHNH B TIEPUOJ POJIOB
1 TI0Cepoa0Boro nepuoaa. CpenHss IpoIOKUTEIHHOCTD JKU3HU Y HaceneHus bapipsin
(c yaeTom netckoit cMepTHOCTH) coctaBmia 33.0 roma (6e3 yuera AeTCKOH CMEPTHOCTH —
35.4). D10 NOBOJBHO BBICOKMI mOKa3zaTensb [3]. MyXUMHBI JaHHOM NaJeoNONMy LN
yMHpaiu B cpeaHeM B 39.6 ser, a xeHmuHbl — 33.3 roa. CpenHuit BO3pacT CMEPTH MyXK-
YWH BbIIC, YEM KCHIIIWH.

Mozunonux bazepu uana. 3neck Mbl IMeeM cBelleHHs 0 32 mHAMBUAAX. MyX4u-
HbI ¥ IOHOIIM cOCTaBISIOT 43.75%, xeHmnnbl — 28.13%, y TpouX MOJ HE OIpeleseH.
OO0muii mokasaresnb I€TCKOH CMEPTHOCTH B Tpymre coctaBmi 15.6%. CkeneroB miaieH-
1IeB, yMEPIIUX 0 2-JETHETO BO3pacTa, B MOrpedeHusAX He oOHapyxeHo. CienyeTr oTMe-
THTh, YTO AHAJIOTUYHAS CUTyalWsi ¢ CUHXpOHHOW Tpymnmoil u3 lllupakckoil paBHUHBI
(Yepnas Kpenocts) [8]. Kak u3BecTHO, 9TO 710 3 JIET KOCTHAsA CHCTEMa peOCHKa eIle He
ITOJTHOCTBIO Pa3BHUTA: CKEJIET B OCHOBHOM COCTOWT U3 XPSIIEBON TKAHH U TOITOMY IOCTE
pacmanga MSATKHX TKaHEH M CheJaHWs MX XHUIIHBIMHU IITHIIAMHU, OCTAHKH COOpaTh M XOpO-
HUTH ObUTIO HEBO3MOXHO. CliejoBaresibHO, Hajdu4Yre (PEHOMEHA Majoro 4YKcia JETCKUX
CKEJIETOB MOXKHO CBSI3aTh C IIOrpe0aIbHON TpajulKeil BEICTABICHUS TPYIIOB.

Ilo mMmare€puajiaM MOTHMJIbHHUKA Barepu Jajla MOXXHO CJCjiaTb BbIBOH, YTO HAa paH-
HEM 3Talle COOTHOLIEHHE MOJIOB ObUIO B MOJB3Y JKEHIIMH. CMEPTHOCTh MOJIOJBIX KEH-
uwH B niepuox 20—24 Jiet, T.e. B MEPHOI MOBHIIICHHONW YaCTOTHI JETOPOXKICHUH, ObLIa

HaMHOTO BBIIIE, YeM Y MYXUHH (pHC. 2).
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Puc. 2. [IpouieHT MHIMBUAOB B BO3PACTHBIX KOIOPTaXx.

[Toka3aTens CMEPTHOCTH Y MYXKYUH BBIIIC B TIEPUO] FOHOCTH U Moyonoctd (15-
24 ner). MHOTHE WCCIEOBATENN CBS3BIBAIOT BHICOKMI IMOKAa3aTellb CMEPTH B TEPHOLI
IOHOCTH M MOJIOJIOCTH CO CJIOKHOM BOEHHOM 0OCTaHOBKOH B 00IecTBe. B xoxe mo0oit
BOIHBI HaMOOIBIINE TIOTEPU HAOMIOJAIOTCA CPEear HOBOOpAHIEB, K KOTOPHIM ais bare-
pUYATaiiCKOro COLMyMa MOXKHO OTHeCTH 15-24 — neTHIo0 Koropty. B Bo3pacte e Be-
TEPaHOB, T.C. CBBIIIC 25 JIET CMEPTHOCTh BOMHOB PE3KO0 IOHMKaeTcs. B 3pemom Bospacte
— 35-54 roga (maturus) u B crapueckoM (senilis) CMEPTHOCTb My KUYHMH HPEBBHIIIACT TAKO-
B0 xeHIIMH. CpeaHssi NPOJOIDKUTENLHOCTD XKU3HU Y HACEJCHUs (C y4eToM JIETCKOU
CMEpTHOCTH) coctaBmwia 29.7 roxa, 6e3 ydera neTckoi cMepTHOCTH — 33.8. My K4MHBI
JTAHHOH MaJIeonomyJ AU yMUpaIu B cpeaHeM B 36.1 jer, a sxeHmuHs! — 33.1 rox. IIpo-
JIOJDKUTEIEHOCTD JKU3HEHHOTO IHKJIA MY>KYHH B M3YYCHHOW CEPUU TAKKE OKA3bIBACTCS
OoJIbIIe, YeM KCHIIWH, YTO CBHICTEIBCTBYET O JOJTOXKUTECIBCTBE MYMKCKOI'O KOHTHH-
reara. PaccmarpuBas CMEPTHOCTh KaK T€HEpPAIM30BAHHBINA TTOKA3aTeNlb OJaromnorydus,
MOYHO MPEANOI0KUTh, YTO MYKIUHBI MEHbIIIE UCIBITHIBAIN CTPECCOBOE BO3/ICHCTBHE.
W3BecTHO, 4TO colMabHAs 3AIIUINEHHOCTh MY)KCKOIO KOHTHHI'CHTA B MaTPUAPXAJIbHBIX
00I1IeCTBaX UTpaia HEMAIOBAXKHYIO POJIb.

Moeunvnux bosep. 3necs Mbl uMeeM cBenenus o 40 nHanBUIAX. MyXYHHBI COC-
TaBILIIOT 47.5%, sxeHmuab! 20%, y OAMHHAALATH WHAWBUIOB N0 HE onpeneneH. 00
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WA TTOKa3aTellb JeTCKOM CMEPTHOCTH B Tpymme cocTaBui 5%. CKeleToB MIIaJIeHIICB,
yMepIIHX 110 2-JETHETO BO3PacTa, B MOTPEOCHUSIX HE O0OHAPYKEHO.

Cu
(=

A TENI L

FLETpLe 119 2034

Puc. 3. [IpouieHT MHANBHU/IOB B BO3PACTHBIX KOrOpTax.

CMepTHOCTB XKeHIMH B nieprox 20—24 net Oblla HAMHOTO BEIIIE, YeM Y MYKIUH
(puc. 3), T.e. B IeproJl MOBBIIIEHHOW YacTOTHI IeTOpoxaeHui. [loka3arenb CMEPTHOCTH
BBICOK M y MYX4HH B nepuof mMononoctd (20-24 net). CpenHss NMPOROIKUTEIHHOCTD
KHU3HH y HaceleHHus (C y4eToM IEeTCKOW CMEPTHOCTH) cocTaBwia 32 roxga, 6e3 ydera
JIeTCKOM cMepTHOCTU — 33.3. My)KUuHBI TaHHOW MOMYJSIUN yMHUpaAIX B cpenHeM B 36.4
JIeT, a skeHIUHBI — 33.8. CpaBHUBAs TPOAOKUTEIBHOCTD JKU3HU MYKCKOTO HACEICHHUS C
CUHXPOHHBIMH MY)XCKUMH Tpynnamu u3 barepu udana (36.1 rox) u T'onyp Hdemne (36.67
rona), OOHAPYXXWIH, YTO OHA MpakTWYecKu oxmHakoBa [4]. [To abCONFOTHOW BETHMUYWHE
IIPOJOIDKUTENILHOCTH JKN3HH HaceneHue bapupsut, bosep u barepu wana raxxe 6:1m3Ko ¢
nomyisinusamu FOro-3ananHoit (Upan, Mpak) [31] n Lenrpansuoit Azun (Kapa [ene n
T'eokcrop) [1].

1. Kpamxuil ananu3s smuudeckux ocooeHHocmel.

VYepenHeHHble JaHHBIE N0 KPaHUOJOTMYECKOMY TuIly HaceneHusi barepu Yana,
Bapupsut u bosep npuBeneHs! B Tadm. 1.

Mano4ncneHHOCTh MaTepHaga M IUI0Xas COXPAHHOCTh COKPaTHiIa BO3MOXHOCTb
HIOJIHOM XapaKTepUCTUKH MOP(OIOTHUECKUX 0COOCHHOCTel uepenoB. CpenHue KpaHuo-
JIOTHYECKUE XapaKTEPUCTUKU MYXKCKOW YacTH CyMMAapHOH CEpUM NPENICTABIAIOT €€ Kak
JOJIMXOKPAHHYIO C OYCHb 6OHbLLII/IM MMpoAO0JIbHBIM, CPCAHUM HOMNCPCUHBIM AUaAMETpaMU
4yepenHoii KopoOKku. BricoTa ueperna xapakTepu3yeTcsi OPTOKpaHHEHl M aKpOKpaHHUEH.
Haumenpiiast myprHa JT0OHOHM KOCTH U 3aThUIKA — CpeaHsis. BepxHsist muprHa 1 BrICOTa
yna OoJbIlast, CpeHss UPUHA — CPEAHSS, YIUIOMEHHOCTh TOPU30HTAIBHOTO MTPOQHIIS
— oueHb Mazasg. OpOUTHI XapaKTePH3YIOTCSl XaMEKOHXHBIM BBICOTHO-IITMPOTHBIM yKa3are-
JieM, IUPUHA OPOUTHI — CPEAHss, BbIcoTa — Majast. Hoc cpeaHeBBICOKHMI 1 cpeHenmpo-
kuit, HE00 y3koe. JKeHckast JacTh Cepuy TakkKe JOMUXOKpaHHAs C OYCHb OOJNBIIAM IIPO-
JIONBbHBIM, MaJbIM HONepedHbIM quamerpamu. [llupuna n00HOM KocTu OombiIast, 3aThll-
ka — cpenusis. CpeqHsis mUpHHA Juia — Oosbiras. OpOUTHl XapaKTepU3YIOTCs THIICH-
KOHXHBIM BBICOTHO-ILIMPOTHBIM yKazareneM. Hoc BhICOKHIA U HIMPOKUii, HEOO y3Koe.

OCoOeHHOCTH CTPOCHUS Yepera MOTYT ObITh T€HETHYECKU JIeTEPMHUHUPOBAHHBI
(Quckpemmno eapvupyrowuecs: Npu3HAKyu 4epend), a MOTyT OBITh CIIEICTBUEM CHCTEMHBIX
wim MHQEKIMOHHBIX 3a0osieBanHuii. [Ipexxae Bcero OTMETHMM COOCTBEHHO aHOMAJIWH,
IIpUpPOJa MPOUCXOKACHHSI KOTOPBIX HE cBsi3aHa (MM ciiabo cBsizaHa) ¢ OOJE3HSIMHU U 0CO-
OeHHOCTSAMH (PH3HOJIOTHYECKOTO CTaTyca MHIMBHIA, 2 UMEET I'€HETHYECKYI0 00yCIIOB-
JIEHHOCTH (Tabi.2).

VY HaceJeHUs 3aBBIIICHHBIC YacTOTHI IIOBHBIX KOCTOYEK B JISIMOJOBHIHOM, de-
IIyH4YaToM IIBaxX, PE3LOBOTO M MEHJO3HOTO IIBOB, OTBEPCTHH B 3aTHUIOYHO-COCIIEBH-
HOM IIBE€, TEMEHHBIX, KPBIJIOOCTHCTHIX, TOAOOPOIOYHBIX, CKYIO-THLEBBIX, HAIJIA3HIY-
HBIX, IOANNIa3HUYHBIX OTBEPCTHH, OTPOCTKA 3aTBUIOYHON KOCTH (processus paramastoi
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deus), IpOXOXKACHNS KaHATAa CYCTaBHOTO OTPOCTKA B IOJIOCTH ueperna (canalis condyla-
ris), GOKOBOW OCTH M OTCYTCTBUS 3aHEN CTEHKH OCTHUCTOro oTBepcTus (foramen spino-
sum inco.). Hacenenue xapakrepusyercsi yMepeHHbBIMU U HU3KHMMH 9aCcTOTaMH BCTpEJac
MOCTH CKBO3HOTO KaHaJa, IPOHUKAIOIIETO B TEJIO KJIMHOBUAHON KOCTH B 00IACTH SMKH
TYPELKOro cejyia, KaHala MOJbA3bIYHOTO HEpBa, paseieHHOro mneperopoakoi (canalis
hypoglossi bip.), mapHbIX OyropKoB, pacnoiararouxcs y epeHero Kpas 3aTbUIOYHOTO
OTBEpPCTHs, BCTABHOM KOCTH B 00JAaCTH TEMEHHOH BBIPE3KH, JJOOHOTO OTBEPCTUS M OT-
pOCTKa BUCOYHOW YellyH, JJOOHOTO I1IBa, JIBYXCOCTABHOTO 3aThJIOYHOTO MBIIIEIKA, II0B-
HBIX KOCTOYEK B BEHEYHOM M CArMTaJbHOM IIBAX, CMBIKAHHS KPAeB YEIIOCTHO-TIOABS-
3BIYHOIN 6OpPO3/bl, JOOABOUYHBIX MaHAMOYIISIPHBIX OTBEPCTHH, T0OABOYHBIX KOCTOUEK He-
MIPaBHIBHOM (POPMBI B 00NIACTH JIAMO/IBI U aCTEPHOHA.

Tadmuua 1. Cpennue pa3Mepsl U yKa3aTelr YeperoB U3 MOTHIIEHUKOB

barepu vana, bapupsn, bosep

ITpusHak 4 Q
n X s n X s
1 IpononbHbIil AamMeTp 7 192.22 5.9 2 186.75 -
8 [onepeynslii tuameTp 7 139.36 4.8 2 132.0 -
17 BricoTHbI quameTp 2 139.5 - -
5 JIinHa ocHOBaHMs ueperna 3 104.0 6.2 -
9 Hanmenblnas mupuHa 16a 8 98.02 5.4 2 99.75 -
10 HanbGonpmas mupuHa Jida 6 121,67 3.7 2 119.0 -
11 Buaypukysip.mupusa 4 122,75 7.0 -

12 IllupuHa 3aTblIKa 8 111,5 59 1 103.5 -

48 BepxHsis BbIcoTa JHLA 3 74.94 4.9 -

43 BepxHsis mupuHa 1una 5 107.54 5.7 -

46 CpeHss MpHHa JIHIa 2 97.0 - 2 97.5 -

60 JliuHa anpBeod. Iyru 6 57.92 4.0 2 55.75 -

61 [IyprHa anbBeos. AyTH 7 62.99 5.6 2 60.0 -

62 Jlnuna Heba 4 51.75 5.6 1 41.0 -

63 Ilupuna Heba 7 31.6 5.5 2 29.5 -

55 BeicoTa Hoca 3 52.84 44 1 51.0 -

54 Iupuna Hoca 4 26.0 2.3 2 26.5 -

51 [Iupuna opouts mf 5 41.1 2.1 1 41.0 -

5la | Hlupuna opbutsl d 5 38.3 1.4 1 36.5 -

52 BsicoTa opOHTHI 5 31.16 1.3 1 36.0 -

Bumasip.up.fmo-fmo 4 99.08 5.3 -
Beicora Ha3. fmo-fmo 4 19.25 2.2 -

SC Cumotnueckas (57) mupuna 2 8.75 - -

SS CumMoTHYecKast BRICOTa 2 4.25 - -

MC | MakcmmiodppoHTaibHas 2 20.85 - -

(50) mupuna
MS MaxkcumnodpoHTanbHAs 2 17.9 - -
BBICOTA

DC JaxpuanbHast (49a) mupuna 2 25.85 - -

DS JlakpuanbHas BbICOTa 2 12.75 -

29 JloGHas xopaa 9 116.26 7.4 3 116.34 3.5

30 TemenHast xopaa 7 120.93 72 2 113.5 -

31 3arTbulOYHAs X0paa 6 101.44 3.4 1 110.0 -

77 HaszomonsipHslil yroa 4 134.5 3.0 -

8:1 UepenHoii yka3areib 6 73.41 33 2 70.33 -

17:1 | Bsic.-npoj. yKa3zareib 2 72.17 - -

17:8 | Bblc.-nom. yka3arens 2 98.73 - -

9:8 JIoGHo-1011. yKa3arenb 6 69.57 2.7 1 76.32 -
52:51 | OpOuTHBIN yKa3arelb 5 75.98 4.6 1 87.81 -
54:55 | HocoBoii ykazaTeib 3 47,94 1.2 -

63:62 | HeOnblil ykazarteab 4 63.87 8.2 1 75.61 -
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Taénmna 2. YacToThl KpaHMOCKOMMYECKUX TIPU3HAKOB Y HHAUBHIOB
U3 MOTWiIbHUKOB bapupsut; barepu uana, bosep

IIpusHaku %
Sutura frontalis 10.26 (4/39)
Foramina supraorbitalia 30.31 (10/33)
Foramina frontalia 20.0 (7/35)
Spina trochlearis 36.37 (8/22)
Foramina infraorbitalia 20.0 (3/15)
Foramina zygomaticofacialia 60.0 (18/30)
Spina processus frontalis ossis zugomatici
npsMoit 9
BBICTYII 12
OTPOCTOK 4
Stenocrotaphia
H-006p. 3
K-o06p. 1
X-00p. 7
Processus frontalis squamae temporalis 36.37 (4/11)
Processus temporalis ossis frontalis 38.47 (5/13)
Os Wormii suturae squamosum 61.91 (26/42)
Os postsquamosum 29.63 (8/27)
Os Wormii suturae coronalis 10.87 (5/46)
Os Wormii suturae sagittalis 6.07 (2/33)
Foramina parietalia 48.58 (17/35)
Os apicis lambdae 2.86 (1/35)
Os Wormii suturae lambdoidea 69.82 (37/53)
Sutura mendosa 20.84 (5/24)
Os asterion 33.34 (8/24)
Foramina mastoidea
Ha IIIBE 66.67 (20/30)
BHE 1B 63.64 (21/33)
Sutura palatina transversa
pSAMOit 3
BBIITYKJIBIH
BOTHYTbIH 3
WU3BUIIMCTBIN
I[1-06pa3Hblii 6
Sutura incisiva 73.92 (17/23)
Foramen pterygospinosum 57.15 (4/7)
Canalis craniopharyngeus 50.0 (3/6)
OrtcytcrBue foramina spinosum 45.46 (10/22)
Canalis hypoglossi bip. 22.23 (2/9)
Processus paramastoideus 42.86 (3/7)
Tuberculum praecondylare 37.5(3/8)
Canalis condyloideus 50.0 (5/10)
Foramina mentalia 75.0 (9/12)
Sulcus mylohyoideus 6.67 (2/30)
Foramina mandibularia 11.43 (4/35)

VY norpeGeHHBIX OTCYTCTBYIOT CICAYIONIME IUCKPETHO BAPHHUPYIOIINE MPU3HAKH:
0s zygomaticum bipartitum tripartitum, os epiptericum, os parietale bipartitum, os
bregmaticum, os Incae completes, os triquetrum, os quadratum, os interparietale s.
sagittalis, propcessus interparietalis, os wormii sut. occipitomastoideum, manifestatio
vertebrae occipitalis.

OIOHTOJIOTHYECKHUI KOMIUIEKC, CBOWCTBEHHBIM WHAWBUIAM W3 MOTHJIBHUKOB
Bapupsun, barepu yana u bosep, XapakTepusyeTr ux Kak NpeACTaBUTENEH «3ar1aJHOTO»
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OJJOHTOJIOTMYECKOTO CTBOJNIA. JlmacTemMa Me1y BEpXHUMH MEIUaIbHBIMU PE3L[aMH BBISB-
neHa y 3 urauBHI0B (n=7). OOIIas 9acToTa BCTPEYaeMOCTH KpayInHTa B CYMMAapHOI
cepun noBeimenHas (30.77%: 4/13). Penykuus BepxHero jarepaibHOro pesma (bamt 1)
obHapyxkeHa y 57.9% cyobexro (22/38). iccnenoBanust JIMHTBaIbHOM TOBEPXHOCTH BEPX-
HUX PE3LOB MO3BOJISIOT KOHCTATHPOBATh, YTO JIONATo00pa3Hble GOPMBI 3THX 3y0OB JUIs
CyMMapHOW TPYTIIbl JOBOJBHO YacThl, COCTABISIOT HA MEIUMANBHBIX pe3max 15 (n=43,
34.89%) ciyuaeB. Ha nmarepanbHbIX pe3nax 3tv (Gopmbl 3aduKCHpoBaHbl y 23 WHAWBH-
yyMoB (n=48, 47.92%). Penykuus TUIIOKOHyCa Ha BTOPBIX BEPXHUX MOJISIPAX BBISBICHA
y 66.67% cyonektoB (40/60). Becbma Hu3Kas yactorta ¢ukcanuu Oyropka Kapabennm
(14.29%: 10/70) v noBbILIIEHHAs — BOCTOYHAS WM JIUPOOOpa3Hasi TpeThst popma repBoii
60po3asl s0koHYyca (20.84%: 10/48). 1llectnOyropkoBeie (OpMBI Ha HMIKHUX MOJISIpax
BcTpewarorest y ogHoro nHauBuaa (1.43%, n=70), naruGyropkoBsie (OpPMBI XapaKTepH-
3yIOTCSI BBICOKMMH 4acTOTaMH pacrpocTpaHeHHocTH (68.58%, 48/70). MexOyropkoBbie
00pO3IBI Ha TIEPBOM HIDKHEM MOJIsSIpe (PUKCHPYIOT BBICOKYIO YacToTy “Y” (40/62) m “X”
(13/62) tuns! y3opa. YerbipexOyropkoBblie (hOPMBI BTOPBIX HU)KHUX MOJISPOB BBISBICHBI
y 51 cyonekra (87.94%, n=58), wamie Bctpewatorcs “Y” (27/56) u “+” (15/32) tumsr y30-
poB. UeTbipexOyropkoBbie (POPMBI TPETBUX HIKHUX MOJISIPOB OOHApYyKeHbl y 19 cyObek-
10B (50%, n=38). Y HaceneHHs XxapaKTepHbI BEICOKHE YaCTOTHI BCTPEYAEMOCTH JUCTAITb-
Horo rpedenst Tpuronuna (30.65%: 19/62), koneHuaro ckiaaku Metakonuna (43.55%)
n I 3amagHOTO BapnanTa Bropoit 60po3ap! MetakoHnaa (41.94%). BerpeuaeMocTs BHYT-
PEHHETO CpPEIHEro JIOMOIHUTEIBHOrO Oyropka Ha NMepBOM HM)KHEM MOJISIpe HeOOoJIbIast
(14.52%). Cnenyer yka3aTh W Ha HaJIMYUE HEKOTOPBIX apXaWdeCKHUX UEPT y HACEICHHUS.
BbIsIBJIEH HEKOTOPBI CABHI' B CTOPOHY J1aOMIIOAOHTHOM (opMbl mpukyca (20 nHAWBU-
IIOB) W BBICOKAasl YacTOTa JIOMATOOOPAa3HBIX BEPXHUX PE3IOB. JTOro OyAeT JOCTaTO4YHO,
4TOOBI YCTAaHOBUTH OOILIMIT HaJleT apxan3Ma B CTPOCHUM 3yOHOW CHUCTEMbI y HaCEelICHHS.
B macmrabe 3amagHOrO OOHTOJNIOTHYECKOTO CTBOJA TOMYJSIIUS XapaKTepu3yeTcs SpKo
BBIPKCHHBIM KOMIIIEKCOM 0COOCHHOCTEH, KOTOPBIH, OECCIIOPHO, MPUAAET UX OJIOHTOJIO-
TMYECKOMY THITy CBO€OOpasHe, BBIIENAA MX W3 CPeIbl THITMYHBIX IPEICTABUTENEH FOXK-
HOTO TPalMIBHOTO THUIA (FOKHBIX €BPONEOoua0B). IlepBoe, 4TO Mbl MOXKEM KOHCTaTHUpO-
BaTh y HAaCEJICHHS — ATO MpeodiIalaHne B OJJOHTOJIOIMYECKOM THIIE OCOOCHHOCTEH 3araj-
HOTO XapakTepa IpH OYEBHIHOM HAJINYUU MapKEPOB BOCTOUYHOTO KOMILJIEKCA: TTOBBIIICH-
HBIH TPOLEHT JUCTAILHOTO IPEOHS TPUTOHM 1A, KOJICHYATOH CKIIaJIKM METaKoHHa, (hop-
MBI [IEPBOIT OOPO3IBI F0KOHYCA.

2. Cpeoosas adanmayus u xapaxmep omoenvHuix 3abonesanuti Cribra orbitalia
(M3MeHeHUsI KOCTHOM TKaHM Ha BHYTPEHHEH ITOBEPXHOCTH OPOHUT) B OOJIBIIMHCTBE
cy4aeB accouuupyercs ¢ okenesonedunutHol anHemmed [33]. Ho atmonorms
BO3HMKHOBEHHS TOPOTHYECKOTO TMIIEPOCTO3a OPOUT MHOKeCTBeHHA. Du3nonoruueckuit
CTaTyc, MOJOBBIE W BO3PACTHBIE OCOOEHHOCTH TAaK)KE SBISIIOTCS Ba)XKHBIM (pakTopoMm B
BO3HMKHOBEHHH kene3ojeuuurHbix Hapymenuid [21]. Bo3HukHOBeHHE aHeMHU
IIPOMCXOJIUT, €CIH YPOBEHb JKEJIe3a YMEHBINAETCS,, YeMY MOTYT CIIOCOOCTBOBAThH Clie-
Iytomye (pakTopbl: HEMpaBUIbHAS JUETA, 3aTPYAHEHUS OPraHU3Ma, CBSI3aHHBIE C YCBO-
€HHMEM M I1epepaboTKo MuIny, oKpysKarollas cpeaa u oopa3 xu3Hu. HexBarka xenesa B
OpraHU3M€ TaKKe MOXKET OBITh CBSI3aHA C IApPa3sUTAPHBIMU WHBA3HMSAMH M Pa3BUTHEM
Hecrienuuueckux uHbekuid [26]. Perucrpanms 3Toro npu3Haka Ha OCTaHKax B3pOC-
JIBIX JIIOJICH CBUIETENBCTBYET O IIEPEHECEHHBIX B IETCKOM BO3pacTe 3a00IeBaHMUIX.

Mozunvnuk bapupan. [lpuronHpIMyU He OKa3aJIUCh JAETCKUE U )KEHCKHUE depera
IUTSL ompeieNieHns cribra orbitalia. I3 7 My»KCKHX 9eperioB MPHU3HAK BBISBICH Y YETHIPEX
(57.15%). Y Tpex uHIUBUAOB GUKCHpyeTcs ciaboe pa3BuTHE Hpu3Haka (6aywt 1), 6amr 2
OTIPEJIETICH B YETHIPEX CIydasX.

Mozunvnuk bazepu uana. JIns onpenencuus cribra orbitalia mpuroaHeIMU OKa3a-
much 18 ueperoB. M3 3TOTO YKCIa B TOM WM WHOW CTETIEHHU Pa3BUTHS MIPU3HAK 3a(pUKCH-
poBaH B 15 ciydasx, uyto coctaBisieT okoyo 83.34%. D10 3HaueHue ciueayeT OTHECTH K
pa3psity oueHb BRICOKHX. M3 12 My>KCKHX YepenoB MPHU3HAK OTMEYEH Y AECATH (OKOJIO

54



OCHOBHBIE AJTATITUBHO 3HAUMMBIE ®AKTOPBI [IPUPOIHON M COLIMAJIBHOM CPEJIbI Y IPEBHECO HACEJIEHUA. ..

75%), n3 mectr xeHckuXx y naTh (83.34%). ¥V mectn nHANBUIOB (HUKcHUpyeTcs cnadoe
cribra orbitalia (6amt 1), 6ayut 2 onpesiesicH B ISATH CiTydasx, 0amt 3 — B 4eThIPeX.

Mozunvnuk boeep. Jliia onpenesieHusl NMpyU3HaAKa B CEpUU MPUTOJIHBIMU OKa3a-
qck 11 gyepernos. [IpuronHsIMHu He OKa3aJIMCh AETCKHE Yeperna JJisi ONpeaesieHus cribra
orbitalia. 13 11 uepenoB mapkep 3adukcrpoBaH 7 pa3, 4To coCTaBisieT okono 63.64%. 1
9TO 3HAYECHHUE CIIEAYET OTHECTH K pa3psay BBICOKHX. M3 7 My>KCKHX UYeperoB NPH3HAK
OTMeueH y 4eThIpex (0koijo 57%), u3 uerbipex >keHCKuX — y Tpoux (75%). Y uersipex
MHIUBHUIOB (HUKCHpyeTcsl ciaaboe pa3BuTHe INpusHaka (Oamn 1), Oamn 2 ompeneneH B
Tpex Cilyyasx.

T'unonnasus smanu SABISETCS OIHUM U3 caMbIX 3()(EKTHBHBIX MOKaszarenei (u-
3HOJIOTHIECKOTO cTpecca. JedekTrl Ha 3ybax 00pa3yroTcs Ha paHHEH CTaluu pa3BUTHA
SMaJIM, HAYMHAS ¢ MJIQJIEHYECTBA JI0 MO3JHETO JAETCTBA, M IPUBOAAT K HEAOCTATOYHOMY
NPOU3BOACTBY dMallMl M3-3a HapylieHHs (OPMUPOBAHUS 3MaJbHBIX KIJIETOK, TaK Ha3bl-
BaeMbIX amenobnactoB [18]. Ilpeamonaraercs, YTO 3HAYUTENHEHOE YHCIO CIy9daeB IOB-
PEXKICHHOM dMaIM OTPaXaIOT (HU3MOJOTHYECKUI CTpecc, IPUYMHEHHBI HeJ0e1aHueM,
MHQEKUMSIMH, WIH KyMYJSTHBHBIM Bo3aedcTBueM obeux mnpuumH [20]. ['mnormiasus
SMaIM Kak Hecrieruduueckuii GakTop crpecca, SBISETCS XOPOLIMM HHIMKATOPOM JUIs
MIPOCIIEKHUBAaHUA OOIIET0 OMOJIOrMYEcKOro (PU3NYECKOro COCTOSHHS JTOMCTOPHYECKUX
o01ecTs.

Mozunvnuk Bapypsan. JIns onpeneneHus: 3TOro MapKkepa B CEpUH IPUTOAHBIMHU
okazanuck 33 yepena. M3 mecTHaaIaTH MOTPeOCHHBIX MYXYWH JIMHEHHAs IMajeBas TH-
norutasusi ooHapyxkena 'y 7 (43.75%), u3 6 xxenmuH —y 5 (83,34%), u3 9 B3poCIbIX HH-
JIMBHUJIOB, Y KOTOPBIX MOJ HE OBUT ompernelneH, npusHak ¢pukcupyercs y 4 (44.45%). Ya-
111 IPU3HAK OTMEYEH Ha pe3lax, KIbIKax 1 IPeMoIIsipax.

Mozunvnuk bazepu uana. UncneHHOCTh BBIOOPKH Ul OLIGHKH 3TOTO MapKepa
pasna 30. 13 1ByX mOApPOCTKOB c(HOPMUPOBAHHBIMH KOPEHHBIMHU 3y0aMu MpHU3HaAK (UK-
CUpYeTCs y OIHOTO, U3 14 3aXOpOHEHHBIX 37eCh MYy>K4nH Mapkep Obuty 11 (78.58%), u3
8 weHmwmH — y 5 (62.5%), U3 TpoUX B3POCIBIX WHIAUBUAOB, Y KOTOPHIX MOJ HE OBLI
orpejesieH, pU3HaK OOHapyKeH y ofHoro. Yamie npusHak (GUKCHpYETCs Ha KIbIKax U
IIPEMOJISPaAX.

Mozunvnuk bogep. [1ns onpeneneHns THIOIUIA3UH SMAJIM B CEPUH ITPUTOAHBIMH
okasanuch 38 yepenoB. M3 18 3axOpoHEHHBIX 31eCh MYXKYHH Mapkep Obu1 y 16
(88.89%), n3 7 xxeHmuH —y 6 (85.72%), n3 13 B3poCHBIX MHANBHIOB, Y KOTOPHIX IT0J HE
Ob11 onpeniesieH, npu3Hak ¢pukcupyercs y 10. Hamie npu3Hak BEIABICH HA KIIbIKAaX M Ipe-
morsipax. Hammuwme y 32 naauBunos (84.22%), kak mpaBMIIo, HEPE3KO BEIPAKEHHOM JIH-
HEWMHOW 3MajieBOM TUIIOIUIa3uH, OTpa)karolleld BO3JEMCTBHE HAacCTOr0, HO HE CHUJIBHOTO
(HU3HOIIOTHYECKOTO CcTpecca, ObLIO 00YCIOBICHO CE30HHBIMU KOJIEOAHUSIMH B MTOCTYILIE-
HUU IUILEBBIX PECYPCOB.

Credvl x010008020 cmpecca. [lpn OXJaXIEeHUU OTIAEIBHBIX Y4aCTKOB Tella Mpo-
HCXOIUT paciiupeHne nepudepniyecknx KpoBEHOCHBIX cocyloB. [lopaxenue (Tuma crib-
ra) 001acTH HapyXHBIX CIYXOBBIX MPOXOZOB IPEJCTABIAET COOOM pe3yabrar aaanTalun
OopraHu3Ma K BETpeHbIM YycioBHsM. OOHapykeHa KOppesLus MEXAY MOpaKeHUSIMU
cribra B 00:1aCTH HAPY>KHBIX CIYXOBBIX IIPOXO/IOB U 0CCEO(MUTHBIMHU 00pa30BaHUAMH (IK-
30CTO36I) B YIIHBIX KaHANaX. DK30CTO3BI MPEICTABISIOT COOOM OIyXONH OCTe00IacTH-
YECKOTO NMPOMCXOXKICHUS B Buzie OechopMeHHBIX Macc. [losBiIeHIe SK30CTO30B CBSI3bIBA-
eTCs C HaNpsDKEHNEM HaJIKOCTHHUIBI M ()OPMHUPOBAHHEM HOBOTO KOCTEOOpa30BaHHS MO
JIeHICTBHEM XOJIOIHOW BOIBI, CIIOCOOCTBYIOMIEH CYKEHHIO KPOBEHOCHBIX COCYIOB B YIII-
HOM KaHaie. [laHHbIH ()eHOMEH, BUANMO, OOBICHACTCS CIELHANbHBIM POJOM OEATEeNb-
HOCTH JIIONIEeH, MPOXKUBABIINX Ha Tepputopuu Jlopuiickoit obimactu ApMeHuH, KoTopas
61)1.]18. CBs3aHa C ITOCTOSAHHBIM Hp66blBaHI/leM Ha XOJIOAHOM BO3AYyXE.
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Mozunvnuk bapypsan. B cepuy npurogHeIMHU 7S OIIEHKH CJIeI0B cribra B o6mac-
TH Hapy>KHBIX CIyXOBBIX IIPOXOZ0B OKa3anuch 11 uepenos. [Ipu3Hak 3adukcHpoBaH Ha
8 (72.73%) guepemnax — 3TO BBICOKHII ITOKa3aTedb. MaKCHMabHas 9aCTOTa BCTPEYaEMOCTH
OTMEUEHA y B3POCIbIX HHAUBUAOB (6 MYy>KCKHX M Ha OJJHOM >KEHCKOM deperne). IIpu3Hak
¢bukcupyercst y oqHoro pedeHka. B ymHbix kaHanax y 6 nanuBunoB (13 11) ormeuaercs
HaJIMYUE 0CCEO(PUTHBIX 00Pa30BaAHHN.

Mozunvuuk bazepu uana. J1j11 onpeneneHus 3T0ro MapKkepa B CEpUU IIPUTOIHBI-
MU okazanuch 20 uepenoB. [IpusHak 3adukcuposan Ha 17 yepenax (85%, 10 My>kckux,
6 )KEHCKHMX U | JeTCKOM dYeperie) — 3TO OYeHb BBICOKHMII MOKa3aTelb. JK30CTO3bI B yIII-
HBIX KaHaJlax 3a()MKCUPOBAHbI y 15 MHANBUIOB.

Mozunsnuk bosep. B cepuy MpUrogHBIMHA TSI OIIGHKH CIIENOB cribra B oOmactu
HapY>KHBIX CITyXOBBIX IMPOXOIOB OKa3anuch 12 yepemnos. [Ipu3nak 3adukcupoBan y 11
nHIUBHIOB (91.67%) — 3TO OYeHb BBICOKHH MOKa3arelsb. MI3MEHUYMBOCTh MapKepa B pas-
JMYHBIX TPYHNNaxX B3pPOCIbIX MYXKYMH WM KCHIIWUH MO3BOJIWII OOHAPYKUTH yBEIHUCHHUE
nanHoro mokaszarens oT 20 mo 29 net u nmocne 40 net. Ha meTckux yepemnax ciebl KpH-
OTeHHOTO cTpecca He (QUKCHpyloTcA. B ymHbIX kaHanax y 10 HHOMBHIOB OTMEYaeTCs
HaJIM4Ue 0CCeO(MUTHBIX 00pPa30BAHUIA.

Yacroe nepeoxiaxIeHne OpraHu3Ma MPUBOAMWIO K Pa3IMYHbIM MH()EKIMOHHBIM
3abosieBaHusAM. KOCBEHHBIM J10Ka3aTE€IbCTBOM 3TOTO MOTYT OBITh Cllydan MacTOUANTA B
N3Y4YEeHHBIX MOMyJsInusaX. BocmaneHue sueek COCHEBHIHOTO OTPOCTKA Halle SIBISETCS
OCIIO)KHEHHEM OCTPOTO THOHHOTO BOCIIAJIEHUs CPEIHEro yxa. MacTOMANT MOXKET BO3-
HUKHYTH B pe3yJbTare TPAaBMbl WM ITIPH CETICHCE, BHI3BIBACTCS MHUKPOOPTaHM3MaMH —
cTapMIOKOKKKaMH, CTPENTOKOKKaMHU, BUpycamMu U rpudamu. OCTpoe THOMHOE BOCHaie-
HHUE CPEJHET0 yXxa OOHapyXEHO y YeThIPEeX MY>KUMH M3 MOTWIbHHMKA bapupsu, y nessitn
WHAWBUIOB (4 MyX4uH, 3 >keHIIuH, 2 nereil) n3 barepu wana u 'y 3 (2 myxuuH, | xeH-
IIMHBI) — B MorWiIbHUKE boBep. Ha pa3sutre 3a00seBaHus OKa3bIBaIN BIUSIHAE Pa3Ind-
HBIe HeOIaronpusaTHee (aKkTOpHI (B YaCTHOCTH, KPUOTEHHBIA CTpECC), BO3IEHCTRYIONIIE
HA OpraHu3M, U 0CjIabiicHue O0IIeiH PeaKTHBHOCTH OpraHu3Ma.

TecHblil KOHTAKT ApeBHUX kuTenel Jlopuiickoil o0acT ¢ AOMaIIHUMU JKUBOT-
HBIMH BIIOJTHE MOT IIPUBECTH K PACIpOCTPAHEHHIO HOBBIX BO30yauTENEi 300HO3HBIX 00-
ne3Hell 1 MHGEKIni, BKIIoYast JICHTOUHBIX YepBel, BUPYCOB OCIICHCTBA U MHKOOaKTe-
pwuii Tyoepkynesa [12]. ¥V aByx myxuus 40-501et u3 MormisHuKa barepu yana Tyoepky-
JIe3HbIC MTOPaXKEHUs! JIOKAIIN30BaHbl Ha TpyauHe [9] U B Tenax MO3BOHKOB (TyOepKyies-
HBIH cnoHAwnT). TyGepKyne3 KocTeil BO3HMKAET reMaTOreHHBIM METACTaTHYECKHUM ITy-
TEM B pe3yabraTe mepeHoca MUkoOakTepuil TyOepKyie3a U3 IepBUIHOTO KOMILTEKca (T.e.
MIEPBUYHOTO 04Yara), pacrojoKEHHOTO B JIETKOM WJIM B KaKOM-HHOYIb JPYTOM OpraHe,
WM JKe, HauOolee 4acTo, — U3 JTUMQpaTHIeCKUX y3710B. TyOepKysIe3HbId CHOHIMINT —
Haubonee Tspkenoe cnenuduieckoe 3adboneBanne ckenera. OHO MOXKET SIBUTHCS PE3YIlb-
TaTOM HHGHUIMPOBAHUS HE TOJIBKO MUKPOOAMLION THIla humanus, HO ¥ MAJOYKOH ObI-
4bero TyOepKysesa.

B 3 ciyuasix (y ogHoro unavBuia u3 barepu uana u aByx — u3 bosep) cienpl Boc-
MAJIMTEIBHOTO IIPOIlecca MOXKHO OXapaKTepPH30BaTh KaK CIIEJICTBHE HeCNelu(UIecKuX
nHdexuuii (mepuoctut). [lo MEHEHHMIO psina uccienosareneii [28], ux Bo30yuTeIIMH Ya-
1II€ BCETO SIBIISIIOTCS CTA(MIIOKOKKH 1 CTPENITOKOKKU. B mccnenyemMpIx HaMu ciiydasix Ha-
OnromaeTcs mopa)keHHe HAJKOCTHHUIIB Ha TUICYEBON KOCTH, OSIPEHHBIX U OONbIINX Oep-
LOBBIX KOCTAX. Y OAHOTO MHIWBHAA IIEPHOCTHT OOHApYKeH Ha HikHEl uemocTh (bare-
pu 4aina, xeHmuHa 30-391eT). B m1ByX ciydasx mOpa)KeHHs KOCTEeH deperna yKa3bIBaloT
Ha HaJW4ue y 3TUX MHAMBHIOB cnenupuyeckoil nHdexnuyu, ckopee Bcero cudumca
(bosep: mor. 32, myxunHa 20-29 nret; baprpsur: mor. 37, myxxunna 30-39er).

Cy11ecTBEHHBIMH MHIMKATOPAMU COCTOSHUSI 3J0POBbsI MAJICONOMYJISALMH B aHTPO-
MOJIOTUYECKUX MCCIIEIOBAHUSX SIBJSIFOTCS pa3jIMuHble 3a00JIeBaHus 3y00UEIOCTHOM
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cucteMsl. Psin 3abomeBannii B TOH WIIM WHOW Mepe TIPOBOIMPYETCS MUIIEBBIMHU CTpecca-
Mmu. K gnciy HeraruBHBIX (paKTOPOB MBI OTHOCHM HEHOCTaTOYHOE, MAaJOKAIOPHUIHOE TTH-
TaHue, ePUOBI TOJIOAaHM, HEXBATKy T€X WM MHBIX AJIEMEHTOB B pallMoHe U mmp. B ka-
YeCTBE OJHOTO M3 MPSIMBIX MapKepOB IHIIEBOIO CTpecca CIEAYeT CUMTATh MPOSBICHHUE
Kapueca B naneononysaiusx. [Tuma, 6oraras nporeuHaMu (OeIKaMu) U KUPaMH, acco-
LUUPYETCs] C HU3KOW YacToTol Kapueca. KiMHMYeckue NaHHbBIE CBA3BIBAIOT BBICOKYIO
YaCcTOTy KapHeca ¢ MoTpeOiieHHeM OOJIBIIOr0 KOJIMYeCcTBa KapOoruaparoB (YIieBOIOB)
[17]. BeusiBneHo, uto Gakrepuu, OOHUTAIONIME B 3yOHOM HaleTe, PacICIUISFOT YITICBOJIBL,
B pe3ynbTare 4ero oOpasyeTcs MOJIOYHAsl KUCIOTa, TIOBPEXAAIONIAs TIOBEPXHOCTH 3y0a.
B mupoBoM maciiTabe yBeIMUeHHE YacTOTHI KapHeca B ONPEeTICHHON Mepe KOppeiaupy-
eT ¢ paszutueM 3emuenenus [35]. [JoMHUMO KyTBTHBHPYEMBIX 3JIaKOB BHICOKMM KapHo-
TeHHBIM TIOTCHIIMAIOM OONIaJal0T MUKHE PACTCHHS, MMEIOIIHe OoTraThle KpaxMaloM
KkiyOHE 1 KopHU [34]. [IpyTuM moKa3aresieM MUIIEBOTO CTPecca SBIIETCS HAMIWe 3)0-
Ho2o kamHA. OTI0XKEeHHEe 3yOHOTO KaMHS 3aBUCHUT OT pH CITIOHBI M yCHITUBAETCS MIPH BEI-
COKOM YpOBHE NOTpeOiieHHsi OEKOB, BCIIEICTBUE YBEIUUSHUSI BO BCEX TKAHEBBIX KHII-
KOCTSIX KOHIIEHTPAI[MK MOYEBHHBI [19], a Takxke 0T aOpa3sMBHBIX CBOWCTB IMHIIH, KOTOPbIC
BapbUPYIOT B OYCHb HIMPOKOM JHANIA30HE B 3aBUCHUMOCTH OT CIIOCOOOB 00OpabOTKU H
npurotoBieHus. IIpy MCIONIB30BaHUM 3E€PHOTEPOK B MUIIY TONagaeT OoJbLIOe KOJH-
4ECTBO MeJbuaiix abpa3uBHBIX BEIIECTB, KOTOPbIE 00ECIEYHBAIOT €CTECTBEHHOE OUH-
meHne 3y0oB oT OakTepuanbHOro Hasera. [luina, MpUrOTOBIEHHAs M3 LEJNBHBIX 3€pPEH
WIN 3]IaKOB, TAKMMH CBOWCTBaMH He oOnanaer. AnveeonspHsie abcyeccbl MOTYT OBITh
CIIPOBOLIMPOBAHBI TAPOJOHTUTOM, TPaBMaMH M HEKPO30M IIYJBIEL. YenrocmHble 3K30C-
mo3bl UMEIOT CIOXKHYIO STHOJIOTHIO W OINPEHEISIOTCS TeHETHYSCKUMH W CPEIOBBIMH
(dakTopaMu. Y TEHETHUECKH MPENpacloiIoKEeHHBIX WHIWBUAOB YEITIOCTHBIC DK30CTO3BI
MOSABJISIFOTCS JIUIIB TOTIA, KOTAA CPENOBOM CTPECC JOCTUTAET ONpeeieHHOTo ypoBHA. K
CpenoBbIM (aKTOpaM, aKTUBHUPYIOIIUM POCT YENFOCTHBIX IK30CTO30B, OTHOCST JKEBa-
TEJIbHYIO TUNEep(YHKIHIO.

Mozunvuuk bapupan. V3 31 B3pocioro MHANBUIA KApUO3HBIE TOJIOCTH UMENH 7
MYKCKUX 4eperoB U 2 sxeHcKux (29.04%). 3yOHoii kameHb 3a()MKCUPOBaH Y OJJHOTO WH-
nuBuaa (mor. 29: 17-181er) (3.23%), anbpBeoJIsIpHBIH adCIiecc 0OHAPYKEH y MYKUHHBI
40-49 net (mor. 79) Ha TpaBOW CTOPOHE BEPXHEH UYEIIOCTH B 00JIaCTH M?. YemocTHbie
9K30CTO3bI BhIsIBIEHB! Ha 33.4% Myxckux yepernax (6aur 1 Ha AByX yemtocTsix, Oayur 2
Ha 1). JIuHrBasbHBIE 3K30CTO3BI BEpXHEU ueNtocTH (torus palatinus) oOHapyXeHBI Ha
20% myxcknx (6ayur | Ha 4 4emocTsIX) Yepenax, B )KEHCKOH BBIOOPKE NPU3HAK (DUKCH-
pyercs onuH pa3 (bamn 2). Y MyX4YHH OIICHWBAeTCA KakK JOBOJIBHO Cla0oe pa3BHTHE
npu3Haka (bamn 1).

Mozunvnuk bazepu uana. V13 25 B3pocibIx CyObeKTOB KAPHO3HBIE MTOJIOCTH UMEH
JIBa MY>KCKHX 4eperna U 4eThIpe >keHCKUX (24%). Y pebenka 6-7 met (mor. 30) Ha mepBOM
MOJIOYHOM MOJISIpE TaKke BBIBICH Kapuec. MHHepaTu30BaHHBIE OTIIOKEHHS CBETIIO-
JKEJITOro WM ceporo nseta gocturaroT 40%. Ha nerckux 3ybax npusHak He (pUKCHPYETCs.
W3 1ByX MOAPOCTKOB Y OZHOTO OOHApYy>KeH 3yOHOIH KaMeHb, U3 15 My>KuMH Mapkep Obul y
7 (46,67%), n3 8 xeHumH — y 2 (25%), U3 TpOUX B3POCIBIX UHIUBHUJIOB, Y KOTOPBIX IOJI HE
ObLI ompezeneH, Npu3HaK Gukcupyercst y omHoro. Ilpu3Hak yamie (GUKCHUpyeTcst Ha pes-
Lax, npemossipax 1 Moisipax. Cienbl OOHTOIeHHOTO OCTEOMHUENHTa (aJIbBEOJISIPHBIN abc-
IIeCC) He3aBUCHMO OT TIOJIOBOH MPHUHATIEKHOCTH UMEIOTCs Ha 4 yepemnax (y 1 My X4uHBI 1
3 xenmuH). Hanbonee gacto 3a0omeBanne cBA3aHO C MEAUATBHBIMA PE3LaMH, KITBIKAMH H
npeMorsipaMu. JIMHTBaIbHBIE 3K30CTO3BI HIDKHEH YENIOCTH BU3YAJIBHO PETHCTPUPYIOTCS
Ha 50% myxckux (6amt 1 Ha 4 gemocTax) u 83.34% sxenckux (6amt | Ha 3, 6amt 2 Ha 2
yemrocTsx) gepemnax. [Ipu3nak oOHapykeH 1 y OTHOTO peOeHKa.

Mozunvnux bosep. V13 38 B3pocCiibix CyObEKTOB KapHUO3HBIE MOJIOCTH UMEIH TPH
MY>KCKHX deperna u JBa keHCKUX (13.16%). MuHepanu30BaHHbIE OTIOKEHHSI JOCTUTAIOT
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B cepun 63.16%. 13 18 myxumn mapkep Obu1 3aduxcupoBan y 13 (72.24%), uz 7 xen-
uwH — y 3 (42.86%), u3 14 B3pOCHBIX MHAWBUAOB, Y KOTOPHIX IOJI HE OBUT ONperesneH,
nmpu3HaK (pukcupyercs y BocbMu. [Ipu3Hak game puKcupyeTcs Ha MOMIsIpax. AJbBEOIIsp
HBIN abcuecc pocruraer B cepun 27.28% (n=22). M3 13 3aXOpOHEHHBIX 3/1€Ch MYKYHH
Mapkep 011 y 4 (23,53%), u3 5 sxenimud — y 2 (40%). JIMHrBasIbHBIC 3K30CTO3bI HIDKHEH
4yemocTy 3adukcupoBanbl Ha 60% Myxkckux (Oamt 1 Ha 3 yemocTsx) u 50% XKEHCKUX
(6ayn 2 Ha | gyenroctH) yepenax. JIMHrBaIbHbBIE 9K30CTO3bI BEPXHEH YEIIOCTH 00OHApYKe-
HbI Ha 50% Mysxckux depenax (6amr 1 Ha 2 gemocTsx, 6amr 2 Ha 1, 6amn 3 Ha 1). Tons-
KO Ha OJTHOM >KEHCKOM deperie 00Hapy»eH npu3Hak (bamr 1).

Hosrle opurnHambHBIE TaHHBIE 00 aHTPOIIOIIOTHH KUTEJICH SII0XY TIO3HEeH OpOH-
3BI M pAHHETO JKEJIEe3HOTO Beka u3 Jlopuiickoro paiioHa SBISTIOTCS JOTIOJHEHHEM K 00IIe-
AHTPOIIOJIOTHIECKON XapaKTEPUCTHKE HaceleHHs ApPMEHHH M PAacUIMPSIOT 00beM 3Ha-
HUI 00 0COOEHHOCTSIX M 3aKOHOMEPHOCTSIX aJaNnTalliy K yCIOBUAM cyliecTBoBaHusA. [1o
CyMMapHOW XapaKTEePUCTHKE KPAHUOMETPHUIECKUX, KPAHUOCKOITMYECKUX W OTOHTOJIOTH-
YECKHUX IPU3HAKOB HACCJICHHUEC ACMOHCTPUPYET CXOACTBO C CUHXPOHHBIMU CEPUIMHU C
Tepputopuu Apmenuu [8, 23, 24]. IlonydeHHbIe JaHHBIE IO TOJIOBO3PACTHOM CTPYKType
HaceJICHUA CBUACTCILCTBYIOT, UTO MOMYJIAINU o6naﬂam/1 BbBICOKUM YPOBHEM XKHU3HU U
ObUTH B leMOrpadMuecKoM IJIaHe BechMa OnarornoiydHsl. Beicokast IIIIOTHOCTE Hacele-
HUSI CIIOCOOCTBOBAJIAa PA3BUTHIO HEOIATONPUSATHON 3MuAeMUUYecKoi oOcraHoBKU. Pacn-
pocTpaHEeHHEe MapKepa 3MH30MYECKOro cTpecca (IMalieBasi TMIIOILUIA3Us) CBUAETEIbCT-
BYeT O CHCTEMAaTHYHOM BO3/ICHCTBHH HETAaTUBHBIX (DaKTOPOB, TAaKWX Kak MH(EKIuu, ma-
PasuThl, pa3UIHbIC TIEPHOAEI TOJOAAHUS, KOTOPEIE MPENSITCTBOBAIN HOPMAITBHOMY pa3-
BHUTHIO YEIIOBEYECKOTO OpPraHM3Ma B JETCKOM Bo3pacTe. BBICOKHE 4acTOTHI pacipocTpa-
HEHHS MIPU3HAKOB BOCHAIUTEIBHBIX MPOIIECCOB M CIEIO0B aHEMHUI Y B3pPOCIOTO Hacee-
HUsI YKa3bIBaeT Ha MIMPOKOE PACHPOCTPAHEHHE PA3IMYHBIX WH(EKLIHOHHBIX 3a00ieBa-
HUI crenu(puyecKoro U Hecrenuprueckoro xapakrepa. Hamm Marepualisl okasbIBaoT,
YTO NOMYJISILIMKU, KaK U MHOTHE JPYTue 3eMiIeebuecKie 00IHOCTH, He ObUTH CBOOOIHBI
OT pa3HOro BHJa MATOJIOTHH (BOCHAIHUTENbHBIE MPOLECCHl U IPOY.), HO UX pacripocTpa-
HEHHOCTb CEPbE3HO HE BIINSIIA HA MPOIOKUTEIEHOCTD KHU3HU.

PacripocTpanenue pa3HOOOpa3HBIX MATOJOTHI 3yOOUYENIOCTHONW CHUCTEMBbI, TaKuX
Kak Kapuec, OIOHTOTCHHBII ocTeoMHenHT (adcuecchl), 3yOHOH KaMeHb yKa3bIBaeT Ha
crenn(pUIHOCTh paloHa U MHIIEBOI cTpecc. Pa3BuTHe BCeX 3THX MATOJIOTHH, BEPOST-
HO, B3aMMOCBSI3aHO C OCOOCHHOCTSIMH IHMETHI, YCIOBHU JKU3HU M CPEJOBOH OOCTaHOB-
koi. Xotst B cepusix bapupsn (32.26%) u barepu vama (26.93%) umncno MHAMBUAOB,
HMEIOIINX KAPHO3HBIC MTOJIOCTH, HE OYeHb CHIIbHO pazinuatorcs (p=0.578), obiee Koiu-
YeCTBO KapHueca B ITHX CEpHAX CYIIECTBEHHO BbIIIe, dyeM B rpymie bosep (29.595 %
mpotus 18.3 %, p=0.001). BrIsBI€HBI 1TOJIOBBIE PA3INYXs B PACIIPOCTPAHEHUH KapHeca B
uccienoBaHHbIX Tpynnax (12 MyxunH W 8 >keHIMH). Bo MHOTMX TpaJMIIMOHHBIX 00-
mecTBax JUueTa XCHIMUH U MYKYUH CYHICCTBEHHO pasjindyaiach. Kak MpaBUJIO, KCHIHN-
HBI OOJblIe MOTPEOISIIM MPOAYKTOB PACTUTENBHOTO HPOUCXOKACHHS, YEM MYKUHHBI
[38]. CnenoBarenbHO, KapHEC MOXKET CIY>KUTh CBOET0 PO/ia HHAUKATOPOM COOTHOILIEHUS
B JIM€TE NMPOAYKTOB YKUBOTHOTO W PAaCTUTEIBHOTO MPOUCXOXKAeHHs. B rpymnme baprpsut
OTJIOXKEHHsI 3yOHOTO KaMHs ObUIM HE3HAYMTENILHBI, HECMOTPS Ha IIMPOKYIO pacrpocTpa-
HEHHOCTH JIaHHOTO Mapkepa Ha 3Toii Teppuroprnu (barepu yana, bosep). Beicokue moka-
3arenu 3yOHOro KamHs 3adukcuposaHsl U B rpynne Jlopu bepn (57.2%: 42.9% y myx-
uynH, 14.3% y xenmun) [10]. MccnenoBanHsle HAMH TPYIIBI MPOKUBAIN B CXOTHBIX
MIPUPOAHBIX YCIIOBHSAX, TEPPUTOPHAIBHO ONM3KO PACIOIOKEHBI, OTHAKO 0Opa3oBaHHE
3yOHOTO HajeTa B CEPHSIX — pa3IMyHOe. DTO CBUAETEIBCTBYET O TOM, YTO B 3THUX TPYII-
ax CyLIeCTBOBAJIN ONPEJeNICHHBIE Pa3JInius B PAllIOHE TUTAHKH.
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OCHOBHBIE AJTATITUBHO 3HAUMMBIE ®AKTOPBI [IPUPOIHON M COLIMAJIBHOM CPEJIbI Y IPEBHECO HACEJIEHUA. ..

B menoM B OCHOBE MEXITHHYECKHX PA3NIMUMi IMOKa3areNied (PU3HOIOTHIECKOTO
CTpecca JIeKaT TEHETHYECKUE MEXAaHU3MBbI, OTpaKaroliue OHONOIMYECKYI0 HCTOPHIO
(bopMHpOBaHHS KOHKPETHOH nomysanuu. Ha ocHOBaHMM NPUBEAEHHBIX JAHHBIX MOXKHO
CYIUTb O HEKOTOPBIX OOILIMX XapaKTePUCTHKAaX WHTEHCHBHOCTH CTPECCOBBIX BO3ZAEHCT-
BUH Ha OTEJBHBIC MATCOMOMYJISIIUH TOXH O3IHEH OPOH3bI M PAHHETO JKEJIC3HOTO BEKa.
B HaCTOALICEC BpEMs HET OCHOBAHMM CBS3BIBATH 3TH H3MEHEHHMS TOJIBKO C Q)aKTopaMn
cpensl (apuau3anys KIMMara, BRICOKOIOpbe, TEMIIeparypa, XapakTep pacTUTEIIBHOCTH U
np.). HampaBneHHOCTh M3MEHEHHUS! YPOBHS CTPECCOBBIX BO3AEHCTBHUII MO3BOJISIET I'OBO-
PHUTH O HEMEHBIIIEH POJIM COLMATBHBIX (akTOpoB. Benp yacTora nX BCTpeyaeMOCTH 3a-
BUCUT OT JOCTaTOYHOCTH NMUTAHUS U Ka4€CTBA XKU3HU.
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The research studies the separate and combined action of inhibitor of GABA-T
ethanolamine-O-sulfate (EOS) and glutamate and GABA precursor glutamine on glutamine family
amino acid content in the brain and liver of rats. The study demonstrates a higher efficiency of
combined administration of those compounds at GABA level in brain and liver. The combined
administration of those compounds produces a protective effect on the amino acids in the organs of
rats with experimental streptozotocine diabetes, more specifically, in the brain and the pancreas. The
pancreas of rats maintains concentrations of neuroactive amino acids the compared with brain. Given
the role of GABA in the regulation and secretion of insulin, the combined use of glutamine and EOS
can be substantial in the first type diabetes.

Brain — pancreas — diabetes — neuroactive amino acids

Munultwuppgly £ AUYE-npubtuwdhimgh wpghyulhy tpuinpudhu-O-unydunh (EOU) L
QUYE-h bwunpy gninnudhih whgwn b dhwubwlwb wqpkgmpniup gununwidhith pinwthph wdh-
twppniutph wupniiwlnipyut Jpu wntbnh mpbnnud b yupgnod: 8nyg E wpdlp dhwubwljut wg-
nlgnipjutt wdkjh pupdp wpymbwbnmpmoiip FUYE-h dwjuppuih Jpu mpbnnud b jupgnuod:
Pugwhwynyby £ iymptph dhwutwljub npdw yuownuwihy wgntgnipniup wntubnh opquibpnid
wdhtwppniubph yupnibtwlnipyut ypu, duutuynpuybu mpbinnud b Eupuunwdnpuughtt gindnud
thnpdwpuwpuljut unpiywnngnuinghtught phwpbnh dudwiwl: 8nyg L wpdl] Wuwppuwljnhyg
whtuppenitbiph mnknh htn hudbdwindwb §nbgkinpughwikph wpluynipmniip Eupuuinudnp-
uuyghl gindnud: Zwgh wntibim] @UYE-h nhipp hunyhth uhtipkqh b uklpkghwgh fupquynpdwb dke
qnunudhth b EOU-h dhwubwljut ogunuugnpénidp Yupny E bwljub (hul] wpwghtt whwyh ghwpknh
dudwluly:

Mnkny — Ehpwunudnpuuyhl gknd — phwpln — uppuulnpy wdhbwppniibp

HccnenoBano pasnensHOEe W coBMecTHOe aeiictBue mHruburopa I'AMK-tpancamuHasbl
stanonamuH-O-cynbdara (D0C) u npeamectBeHHnka riryramara u ' AMK riryramuna Ha conep-
JKaHUE aMHHOKHUCIIOT CEMEHCTBa IIlyTaMHHa B MO3Te U nedeHu Kpsic. [Tokazana Gonbmast 3¢ pex-
TUBHOCTb COBMECTHOT'O BBEJIEHHMS mpernaparoB Ha ypoBeHb 'AMK B mosre u meuenu. Brrasnen
MIPOTEKTUBHBINA 3((PEKT COBMECTHOTO BBECHUS IIPENIapaToB Ha YPOBEHb aMUHOKHCIIOT B OpraHax
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KpbIC, B YaCTHOCTH B MO3T€ U MOKEIYAOUHON *Kene3e MPH IKCIEPUMEHTAIbHOM CTPENTO30TOIH-
HOBOM Jabete. [lokazaHO HanaMuue CPaBHUMBIX C MO3TOM KOHLEHTpaluii HEHPOAKTHBHBIX aMH-
HOKHCIIOT B MOJKEITy TOYHOH xkemne3e kpric. C yaetom ponu TAMK B perymnsuun cuHTe3a u ceKpe-
UM HHCYJIMHA COBMECTHOE MpuMeHeHue TiayTaMuHa 1 DOC MOXKeT OBITh CYIIECTBEHHO MPHU JHa-
0eTe IepBoro THIIA.

Mose — nankpeac — ouabem — Hetipoakmugnvle AMUHOKUCTIOMbI

The amino acids of glutamine family play a key role in nitrogen metabolism. They
provide jointing processes of protein a-amino nitrogen release and its resynthesis. Possibly
this role determines the use of these amino acids not only as a source of energy and
plasticity but also as potent mediator of metabolism, particularly as neurotransmitter. It
should be mentioned that glutamate- and GABAergic systems are the principal
neurotransmitter systems, involved in nearly all functions (energy, plasticity, information,
cognition) of brain in norm and pathology [3, 13, 19, 22].

Hence, the specified amino acids and their agonists and antagonists are used in the
treatment of a number of neurodegenerative and neuropsychical processes of the central
nervous system [4, 27]. It is known that the main source of glutamate and GABA in brain is
glutamine wich, in contrast to glutamate, is not neurotoxic and may preferably be used as
GABA source. The latter, as per our data, can be formed in a roundabout way [15, 16]. In
this connection, it is more reasonable to use glutamine together with non toxic or low toxic
inhibitors of GABA-T for the purpose of GABA generation. The presence of GABA and
the enzymes of its synthesis and breaking up in pancreas has long been known [11, 12, 24].
The participation of glutamic acid decarboxylase localized in B-cells in the launching of
autoimmune processes, inducing their death is also well known (2). The determination of
antibody to glutamic acid decarboxylase is used as a screening test on the diabetes type I
risk of development [2, 18]. In addition, the GABA participation to autoimmunity inhibition
on the CD-3, CD-4 and CD-8 levels of T-cells [30, 32] as well as ability to stimulate insulin
synthesis and secretion by B-cells of Lanherhance islets have been shown [6, 29].

In the present study, we examined the influence of glutamine as a GABA source and
EOS as an inhibitor of GABA-T on the content of the glutamine family amino acids in the
brain, liver and pancreas in norm and experimental diabetes, induced by streptozotocine.

Materials and methods. Mail white rats with weights of 180-200 g were used for the
experiments. The animals were housed in a vivarium of the Institute of Biochemistry of the
National Academy of Sciences of Armenia and had access to standard foods. The animals were
split into 4 groups, with 5 rats in each group: I-control group received intraperitoneal 0.5 ml
physiological solution a day, IT — 40mg/kg glutamine, III — 500 mg/kg etanolamine-O-sulfate, IV —
both preparations together. In 3 days the animals were decapitated with light ether anesthesia,
brain and liver were removed, carefully cleaned from covers and blood in the cold, and samples of
tissues were homogenated in 6% HClO,4. After proteins precipitation, the extracts were neutralized
with 2 M KOH to pH 5.0, centrifuged at 6000 revolutions per minute and 0°C for 10 min. The
supernatants remained at 0°C for 24 hours, and then were centrifuged again for 20 min at 16000
revolutions per minute. The separation of perchlorate extracts amino acids was performed by high
voltage paper (FN11, Germany) electrophoresis in pyridine-acetate buffer, pH 3.9. The
electrforesis duration was 1.5 hour at current power 0.5 mA/cm and 1300 V. The amino acids were
revealed by 0.2 % solution of ninhydrin in 95 %acetone with some drops of ice acetic acid. The
electroforegrams were dried in thermostat at 60°C for 20 min, then the amino acids were eluted by
Sml of 0.005 % CuSO, in 75% ethanol and after exposition during 1 hour the colour intensity was
recorded at 540 nm on the Specol-11. Amino acids contents were calculated using standard curves,
constructed with amino acids of Sigma Chemical Company (USA) [17]. Blood glucose was
determined using Accu-Chek glucometer (Germany). In a separate series of experiments, the
influence of preliminary intraperitoneal administration of glutamine and EOS on the amino acids
content in rat organs (brain, liver, and pancreas), subjected to the toxic action of diabetogen
streptozotocine (60 mg/kg), was studied.
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The rats were separated into 2 groups: the first group received physiological solution the
duration 3 days, second group received EOS mixture with glutamine. On the forth day
streptozotocine was administrated intraperitoneally to all animals and in 5 days the rats were
decapitated with light ether anesthesia. Amino acids contents were determined in brain, liver and
pancreas.

In separate experiments, the content of amino acids in the pancreas of sheep was determined.

Statistical analysis was done by GraphPad Prism software using unpaired Student’s t-test.
The differences were considered as significant at the level of p<0.05 and marked with asterisk.

Results and Discussion. The literature data testify to the presence of appreciable
quantity of GABA in animal pancreas. With this regard, we determined the content of
neuroactive amino acids of the sheep pancreas in the initial series of our experiments. The
data obtained testify to the presence of high level of neuroactive amino acids such as
aspartate, glutamate, GABA and glutamine in the rat pancreas. The concentrations of the
specified amino acids can compare with those present in brain. Given that GABA is
basically present in -cells of Lanherhanse islets, for the latter the GABA level in pancreas
is most likely to be higher than in brain.

Table 1. The content of amino acids in the rat pancreas

Amino acids uM/g
Glu 4.1+0.03
GABA 0.98+0.06
Gln 4.6+0.2
Asp 1.340.15
Ethanolamine 0.68+0.08

There are also remarkable ethanolamine quantities observed in the pancreas, which
like GABA, favour the glucose carrier via biological membrane [23]. Oleil-ethanolamine
also promoted glucose transport on the streptozotocine induced model of rat diabetes [5].
At the same time, the glucose inhibits the insulin secretion by B-cells through the
intensification of GABA-shunt [31]. In addition both ethanolamine acylation [1] and
acetylation [17] as well as anti-inflammatory and anti-allergy properties of ethanolamine
acyl derivatives provide possible still long ago [7, 28]. It should also be noted that EOS is
an inhibitor widely presented in pancreas GABA-T [9]. The synthesis of that inhibitor is
quite possible in liver, where the enzymes of monoamines sulfatation are quite active.

Tab. 2 shows the data of the content of amino acids in the brain and liver after a 3
day intraperitoneal administration of EOS, glutamine and its mixture to rats.

The content of amino acids in rat brain increases more in the case of GABA-T
inhibitor EOS administration (7.8 against 4.5 uM/g) than in the case of GABA precursor
glutamine (6.2 against 4.5 uM/g). Interestingly, in case of combined administration of EOS
and glutamine the effects on the GABA cumulate. Thus, the combined application of non
toxic inhibitors of GABA-T and GABA precursor is reasonable in pathologic conditions
related to brain GABA-ergic mechanisms.

It is characteristic that the level of neurotoxic dicarboxylic amino acids in the brain
doesn’t change, while the glutamine concentration increases both when administered
separately and in combination with EOS. In the liver compared the brain, although small
but statistically significant increase of GABA level is observed more, with pronounced in
combined administration of preparations. At the same time, a decrease of aspartate and
ethanolamine concentration is observed.
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Table 2. The influence of intra-peritoneal administration of glutamine and EOS on the amino
acid and ethanolamine content in rat brain and liver

Amino Control EOS Glutamine EOS + glutamine
acids brain liver brain liver brain liver brain liver
nM/g

8.5+0.9 2.0+0.3 10.24+0.7 1.840.2 9.3+0.7 1.7£0.3 7.9+0.4 1.740.2

GABA | 4.5#0.4 | 0.13+0.02 | 7.840.6* | 0.16+0.01* | 6.240.3* | 0.14+0.01 11+0.5*% | 0.19+0.02*
Gln 4.540.4 | 3.2+0.26 3.940.2 3.0+0.38 6.240.3* 3.6+0.5 6.3+0.5* 3.1+0.3
Asp 3.9+0.4 2.9+0.4 3.9+0.4 2.3+0.25* 4.2+0.3 1.4+0.2% 3.6£0.5 1.5+0.1*

EA 2.2+0.3 2.1+0.17 2.1+0.18 1.3+0.3*
* - p<0.05, n=5, EA-ethanolamine

In a separate part of experiments we investigated the change in the content of amino
acids in rat brain, liver and pancreas. After a combined intra-peritoneal administration of
EOS and glutamine to rats during 3 days, streptozotocine has been injected on the 4™ day.
Rats of an other group were injected with physiological solution during 3 days, and then
streptozotocine was injected on the 4™ day. 5 days later the rats were decapitated with a
light ether anesthesia, and the content of amino acids in specified organs was determined.

The results presented in tab. 3 show that the preliminary administration of EOS and
glutamine to rats promote the conservation of amino acid concentrations in organs,
particularly of GABA, in brain and pancreas.

Many authors, back in 70-80s, showed the increase of GABA level in brain and
peripheral organs in various modes of EOS administration [8, 9, 1, 29].

We revealed brain an alternative way of GABA formation from glutamine via
GABA-amid, which is activated in neurointoxication [15, 16]. The presence of this process
in the B-cells of pancreas is quite possible. Some GABA-T inhibitors are used in the
treatment of brain activity disturbances, related to GABA ergic mechanisms [4, 27]. Also
the EOS influence on the content of neuroactive amino acids in the liver and kidney [26],
but not in pancreas is shown, where GABA affects both the endocrine [11, 12, 24] and the
exocrine function [6, 25].

Table 3. The influence of intraperitoneal glutamine and EOS administration on the content
of amino acids and ethanolamine in rat with experimental diabetes

Amino acids CT Gln+ EOS +CT
brain liver pancreas brain liver pancreas
Asp 2.240.065 | 2.0+0.18 1.2+0.1 2.6+0.3 2.9+0.2* 1.4+0.2
Glu 6.5+0.7 1.4+0.3 2.1£0.2 8.0+0.6* 1.6+£0.25 4.6+0.7*
Gln 4.0+1.0 2.4+0.36 3.120.4 6.5+0.4 3.9+0.3* 7.1£0.9*
GABA 1.7+0.1 0.4+0.07 0.7+0.1 3.240.5* | 0.65+0.1* 1.240.2*
EA 1.45+0.25 | 1.05+0.06 | 0.63£0.1 2.3+0.3* 1.240.2 1.1+0.2*

n=5, CT- streptozotocine, EA-ethanolamine

The data obtained (tab. 3) with regard to maintaining the level of GABA and its
precursors in pancreas in case of induced damage of B-cells by streptozotocine, where
GABA, according to most studies, assists the insulin synthesis and secretion [2, 11]. Of
course, there are data on the inhibition, by GABA and baclofen, insulin synthesis and
secretion by B-cells of perfused pancreas with safe microcirculation [10]. The authors
associated this with the activation of GABAB receptors. Along with it, there is dependency of
this effect on both the concentration of amino acids and on the glucose in the perfused solution.

The participation of GABAergic mechanisms in the regulation of blood glucose homeo-
stasis is widely known. The inhibition of central GABAA receptors leads to an increase of
blood plasma glucose level [20]. Consequently in the pathogenesis of diabetes, not only the
disturbances of the pancreas GABA ergic mechanisms are important, but also those of brain.
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Glutamine and EOS administration also provide a higher level of amino acids in

such organs as brain and liver. Moreover, the blood glucose concentration, compared to
streptozotocine group, is 1.4 times less (16.5+1.2 against 23.7+1.9 mM/I). Possibly, the
preparations influence not only the synthesis and secretion of insulin but the glucose
utilization as well.
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Ha ocHoBe psia noka3zarelieif akTHBHOCTH I'MIIIOKaMIIAIBHBIX 1 KOPKOBBIX KIIETOK TOJIOB-
HOTO MO3ra KpOJIMKA U XapaKTepa UX B3aMMOOTHOLIEHHUH B Mpoliecce BRIPAOOTKH U 3aKPETUICHUS Y
KUBOTHOTO YCJIOBHOH peakumu u3Oeranus QopMmupyercs NpeacTaBieHHE O (YyHKIHOHAIEHOM
B3aUMOJIEHCTBUH U OCOOCHHOCTSIX YIacTHsI 3THX 00pa30BaHUI MO3Ta B OPraHU3aLUH aJalITHBHOTO
TIOBE/ICHNSI.

Venosnopegnexmoprnoe obyuenue — umnynbchas akmugHocms HelipoHa —
BUCOUHO-2UNNOKAMNATbHBLE 83AUMOOMHOUEHUS — UHPOpMaAYUs

&wuquiph qilumnbinh hhuynljudwh b Ytnbh pehotibph Uh pwpp gmguuhpubkph, husubu tub
Jhuqwint  Unn  wuwyjdwtwlwt pbdipuh  DHwldwt b wdpuwgdwt  wypngbund  npuig
thnjuhwpwpbpnipnitiph punyph hhdwt Jpu dbwdnpynud t wwnlkpugnid qilunintnh wyy
Junnigwspubph $niuljghntiwy thnpwqpbgnipyut b hwpdwpynpuljuinipjut Jupph dky npuig
mpuwhuwnniy dwubwlgnipyut dwuh:

Nuydwinuluh pkdkpuuyhll nrunignid — blgpnih wenuuyhl wlnpyniypeindl — pniipu-
hpwynlunfyuyhl hnjubwpuwpkpnipinti — ik klunmniyen i

Based on the range of indexes of activity of hippocampus and cortical cells of rabbit’s
head brain, registrated extra-cellular, activity and their relation during its learning process of a new
habit, a conception has formulated for the explanation of interaction and the particularities of the
participation of these brain structures in the forming of the adaptive behavior.

Conditioning — neuronal activity — hippocampus and temporal interrelation — information

IIpobiema (GopMuUpOBaHKs LEICHANPABICHHOW NCSITEIBHOCTH XHMBBIX OpPTaHH3-
MOB ¥ M3Yy4€HHE 3aKOHOMEPHOCTEH, JIeKAIMX B OCHOBE (hYHKIIMOHUPOBAHUS TEX Mexa-
HU3MOB, KOTOPBIC 00ECIICUNBAIOT ATH MPOIECCHI AIAITHBHOIO MOBEICHHS, OCTACTCSI O~
HOW M3 aKTyaJIbHBIX B (PM3HOJIOTHU M HEWPO(DHU3HOIOTHH TTOBeIeHus. Pe3ybTaTel nccie-
JIOBaHUH, TIOCBSIIEHHBIC 3TOM MpobieMe, TO3BOJIMIIH MTOJYYUTh CBEJICHHS KaK O CBOMCT-
Bax M (PYHKIHUAX CAMUX KIIETOK, TaK U O POJU OTACIBHBIX CTPYKTYP B MPUCIOCOOUTEIH-
HOW NesATebHOCTH opranm3ma. [2, 3, 5, 7, 9]. Bmecte ¢ Tem, IOOYIO MOBEICHUECKYIO
JESITENFHOCTD CIIEAYET PacCMaTpPHBATh KaK JTUHAMHUYECKH Pa3BEePTHIBAIOIIYIOCS IOCIe-
JIOBATEIBHOCTH OIPEICIICHHBIX B3aHMMOOTHOIICHUH CTPYKTYPHBIX O0Opa3oBaHH MO3Ta,
HaTIPaBJICHHYIO Ha JOCTIDKEHHE MPHCIIocoOnuTeNnsHOro pesyibrara [1, 4]. [Toatomy BO3-
HUKaeT HEOOXOIUMOCTh COYETaHHs OOIIEero CHCTEMHOTO TOAX0/1a K aHaJIH3y IeJeHeal-
PaBJIEHHOTO TIOBEACHHUS M ASITEIBHOCTH OTACIBHBIX HEHPOHOB (BKIIIOYas U HH(OpMa
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LIMOHHBIE OKA3aTeJIN) U CPABHEHHUS ITHX JIAHHBIX IIPH OPraHU3alUK HOBBIX ()OPM TOBE-
JeHUs.

Mamepuan u memoouka. ViccnenoBaHust ObUIM IIPOBEIEHB! Ha HEHAPKOTH3UPOBAHHBIX
KPOJIMKAX B YCIOBHSX XPOHMYECKOTo omblta. MMITy IbCHast aKTUBHOCTb, €€ 0COOCHHOCTH U HEHpO-
HaJIbHBIE IIEPECTPOUKH TOPCAIBHOTO TUIIIOKAMIIA 1 BUCOYHOH KOPBI H3y4alMCh Y JKUBOTHBIX JI0 U
Ha OTJENbHBIX 3Tanax (JOPMHUPOBAHUS U OCYIIECTBICHNS H30eTaTeIbHON Peakluy, OnpeesieMoit
CTETNEHBIO TPOSIBISIEMOCTH BbIpaOaThiBacMON peakuuu. JTO ObIT HAuadbHBIA 3Tal Hay4eHHUs
(21%), ynpouenus (58%) n crabmnmsarmu (90%), koTopslit HacTyman nocie 100 u 6onee coueTa-
Hui. OXHOBPEMEHHO PErncTpHUpOBanach BHEKIETOUHAS MMITYJIbCHAsI aKTUBHOCTh JBYX HEHPOHOB
WY OJTHOM CTPYKTYPBI, WIIH 7K€ 110 OJHOMY HEHpPOHY KaXJI0l CTPYKTYpBI MO3ra.

JU7st BEISICHEHHSI B3aMMHBIX BIIMSTHMI THITIIOKaMIIa ¥ BUCOYHOM KOPHI B ITpoLnecce mpruoodpe-
TEHHUS! )KUBOTHBIM HOBOT'O HaBBbIKA MCCIIEJOBAJINCH HAPAMETPhl KIICTOYHOW aKTHBHOCTU U BBI3BaH-
HOTO MOTEHIHANa KQKI0W U3 3THX CTPYKTYP Ha CTUMYJLILHUIO JPYrOi. DIIEKTPUIECKHE pa3apaxe-
HUS HAHOCHJINCH OT cTuMynaTopa MI'-6 uepes GunosnsipHbie HUXPOMOBBIE 3JIEKTPOIbI.

Jnst 006paboTky 1 aHanM3a MOMYYEHHBIX JaHHBIX OBUTH HCIIOIB30BaHBI OOIICIIPUHSATHIE Me-
TOJBI CTATUCTUYECKOH OLICHKU UMITYJILCHON aKTUBHOCTH KaK OIMHOYHBIX, TaK U Map HeHpoHOB [ 1, 6].

Ha ocHoBe aHanmm3a MEXHMITYIBCHBIX WHTEPBAIOB OBUIM OIpPEAENCHB HEKOTOpHIe
nH(pOPMAMOHHbIE TT0Ka3aTeNny HEeHPOHOB, TaKHe KaK KOJIMYECTBO MH(OpMAIMK, Mepa HaJeKHOCTH
niepeiady nHGOPMaIUH, H30BITOYHOCTS U MPOITyCKHAsE CHOCOOHOCTh HEPBHBIX KIIeToK [10-12].

Pezynomameul u oocyxycoenue. AHanm3 MPOCTPAHCTBEHHBIX, BPEMEHHBIX U HH-
(OpMaIMOHHBIX MOKa3aTesieil THIMOKAMIIaJIbHBIX KJIETOK B ()OHE 10 BHIPAOOTKH TOBE-
JIEHYECKOTO HaBhIKA U CPABHEHUS €€ C aKTUBHOCTHbIO HEWPOHOB BUCOYHOU KOPHI B MPO-
mecce (OPMHUPOBAHUS HABBIKOB, BBISBIII Psill OCOOCHHOCTCH, CBHICTECIHCTBYIOIIAX O
Pa3IMYHBIX CBOWCTBAX ()YHKIIMOHAIBHOM JIEATEIBHOCTH ITHX CTPYKTYP.

ITENEEENENENEETNEEEENRRUEEEERUEREBOPF
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Puc. 1. OnHOBpeMeHHas perucTpanys UMITyJIbCHONH U MEVIEHHOI aKTHBHOCTH
B BHCOYHOM KOp€E U F'MIIOKaMIIe

Takue moka3zaTe HMITyJTbCAlM HEWPOHOB THINIIOKAMITA, KaK BBICOKAs CPEIHSSA
4acToTa, MayedyHO-TPYIOBas CTPYKTypa Pa3psaoB IPH HE3HAYMMEIX Kod(dduimentax
KOPPEJISINN, 3aTyXaloIUi BHJ aBTOKOPPEIOTPAMM, PACIPEACICHUE MEXHMITYIECHBIX
HMHTEPBAJIOB, a TAK)KE CPABHUTENBHO BBICOKASI SHTPONHS M MH(OpMALMOHHAST U30bITOY-
HOCTh HEHPOHHOTO KaHAJIa CBS3U OTPAXKAIOT MHOTO(AKTOPHOCTh YCIOBUI (DOHOBOM ak-
TUBHOCTH, MaJIyl0 €€ yHOpsAA0UYCHHOCTh, CBA3AHHYIO C OT'POMHBLIM KOJHUYCCTBOM OJHO-
BPEMCHHBIX BXOOHBIX BIUSIHUNA U cna6y10 CTEIEHD JIMHEHHON CBSI3H UX HUMITYJIbCHBIX I10-
TOKOB (Tabm. 1, 2).

Ta6auna 1. ConocraBieHHe CTATUCTUIECKUX XapaKTEPUCTUK (POHOBOH aKTHBHOCTH HEHPOHOB
BHCOYHOI KOPBI C TUIITOKaMIaIbHbIMH (n=50)

Twurns! UMITyIBCAITUN
Crarucriyeckue Bucounast kopa Tunnokamn
TapanepHt HerepB]BHO: INayeuno-rpynnosoi Hel‘[pepBIBH? INayeyno-rpynmnosoit
APUTMUYHBIN APUTMUYHBIN

O 7,7 +0,41 6,1 +0,36 355+£33 282+3,1
O 2,92 2,55 23,43 22,01
Cv 39,0 413 65,9 78,0

t=2,87 ‘ ‘ F=1,72

P <0,01 P<0,01
JloctoBepHOCTH t=84
pasmu4uit ‘ P <0,001

t=7.87
‘ P <0,001
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Tadauna 2. ConocraBieHne HHYOPMAIMOHHBIX [TOKa3aTeNeil UMITYIbCHBIX TOTOKOB ()OHOBOM
AKTHBHOCTH HEHPOHOB BHCOYHOU KOpbI (n=40) u runmnokammna (n=60)

Bucounas xopa I'nnnokamn

HndopmaroHHbie
HOKa3aTeNH HCHpCpLIBH?- Haqeqno: HerepBIBH(i— Haqeln{o-v

APUTMHYHBINA TPYNIOBOI APUTMHYHBIH IPYIIIOBOit
Durponust 2,95+ 0,06 3,0+0,12 3,50+0,15 3,45+0,08
HN36bITOYHOCTD 0,48 + 0,06 0,42 + 0,08 0,61+0,01 0,44 +0,12
TponyciHas 2,06+ 0,07 230+0,11 1,31£0,04 1,12+ 0,04
C1ocoOHOCTh
Mepa HaJIe)KHOCTH 2,03 +0,09 2,15+0,10 2,31+ 0,06 2,70 + 0,08

Tak Kak 4acTOTa UMITYJIbCAIMN OTPaXKaeT CTEIICHb BO30YXKICHUS HEPBHOM KileT-
Kd, TO Ooyiee BBICOKas 4acTOTa Pa3psiOB TMINIOKAMIIAIBHBIX KJIETOK 10 CPABHEHHUIO C
KOPKOBBIMH, a, CIIEJOBAaTeNIbHO, BBICOKHI YPOBEHb BO30YAMMOCTH, IO-BHIHMOMY,
MOXKET CBHAETENBCTBOBATh 00 aKTUBHPYIOLIEM BIMSHUM TUIIIOKAMIIA Ha AESATEILHOCTD
JOPYTHX MO3TOBBIX CHCTEM.

Yro kacaercsi MHGOPMALMOHHBIX MOKa3aTeel, TO MPUMEHHUTEIBHO K UMITYJIbC-
HOMY IIOTOKY HEWpPOHHOW aKTHBHOCTH OHH OIPaBIajiH Ce0sl KaK OTPakalollue CTENeHb
ero ynopsiroueHHocTH [10].

OmnpeneneHHble OCHOBAHHMS [UIsl CYXKIIEHHSI O XapaKTepe KOPKOTO-THITIOKaMITab-
HBIX OTHOIIECHUH 1)l SKCIIEPUMEHTBHI IPH U3YUYEHHH UX B3aMMOJECHUCTBHUS MO MOKa3aTe-
JISIM OTBETHBIX PEAKIM{ THINMOKaMIa Ha CTUMYJISLUIO KOPbl M BUCOUYHOM KOpHI Ha CTH-
MYJBILHIO THITIIOKaMIIa B IIpoliecce GOpMHUPOBaHHS U yIIPOYSHHs (YHKLHOHAIBHOH CHC-
TeMBI 000pOHHUTENBHOTO ToBeAeHus (puc.l, 2). [Ipu 3ToM moKkaszaTenn JaTeHTHBIX Iie-
PHOIOB MUMITYJIECHBIX OTBETOB M BBI3BAHHOI'O HOTEHLHMAJA, KOJUYECTBO PEArHpPYIOIIIX
KJIETOK, IIPOLIEHT MPOSIBISIEMOCTH OTBETOB, IPOAOKUTEIBHOCTD MOJI0KUTEIBHON U OT-
pHUIIATEIBHOM BOJH U JIp. MIOKA3aTelH, KOTOPbIC PEACTaBICHbI B Ta0l. 3, 4, 5, 6, obHa-
PYKHIIM 3aKOHOMEPHYIO TMHAMHUKY MX OTHOLIEHHH B BUCOYHOH KOpPE U THIIIIOKaMIIe.

OO0 u3MeHeHNH (YHKIMOHAIBHBIX CBA3EH MEXIY TMIIOKAaMIIOM M BHCOYHOH KO-
POH CBUAETENBLCTBYIOT TAKXKe pe3yJIbTaThl n3ydeHus: koddduuuenra xoppensiuuu (K.K.)
HMITYJIbCHBIX ITOCJIEZ0BATENbHOCTEH HEHPOHOB U3y4YaeMbIX 00pa30BaHU MO3ra.

Ha HavanpHBIX 3Tamax HaydeHHs HaONIOAaioch HeOOJbIIOE YBEIMYEHHE K.K.
(0,26+0,06), koTOpOE HAPACTATIO U CBOETO MAKCHMYyMa JOCTHTAJIO Ha CTa (UM CTAOMIH3a-
M BelpabateiBaeMoit peakiuu (0,49+0,10).

0,518 | e
WMM

100 .ukB | Seseecsssesnsssssnnnns
0,2cex

Puc. 2. OTBeT BUCOYHOM KOPBI HA pa3jipaxeHue rurmnokamma mocie 110 coueranuit.
Ha BepxHeM KaHajIe HMITyJIbCHAsl aKTHBHOCTb, HAa HIJKHEM — BBI3BAHHBIH OTBET.

Hcxons n3 HabmrogaeMo JMHAMUKY OTHOIICHUH peakIiK KOPBI Ha CTHMYIISITUIO
TUNIOKAaMIIa U PEeaKIMK TUINOKAMIIa Ha CTUMYJISILIHIO KOPbI, MOXKHO 3aKJIIOYUTh, YTO B
3aBHCHMOCTH OT CTEIICHH CTaOMIN3allid OOOPOHHUTENBEHOW PEaKIMH WIH 10 Mepe ee
COBEPIICHCTBOBAHUS MPOUCXOAUT CMEHA CPAaBHUTEIHHOM POJIH THIIIIOKAMITA U BUCOYHOMN
KOpEI B 3TOM Tiporiecce (Tabm. 3, 4, 5, 6).

Tak, Ha HaYaJIBHBIX CTAAUSIX BHIPAOOTKH YCIOBHO-U30EraTelIbHOr0 HaBbIKA IIPO-
SIBIISIETCSI 0CO00 Ba)kKHAsi POJIb THIIIOKAMIIA, BIUSIHUE KOTOPOTO Ha BUCOUHYIO KOPY I10
MOoKa3aTeIsiM HEUPOHHBIX PEaKLM U BBI3BAHHOT'O TMOTEHIIMAJIa IOCTUTaeT Ha 3TOW cTa-
I MaKCUMyMa.
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Ta6auna 3. XapakTeprcTHKa HEHPOHOB BUCOYHON KOPBI
Ha CTUMYJILIHMIO THIIIOKaMna (n=24)

OTankl yCI0BHO- BapuabensHocTh
. CpeHee 3HaUCHUE JTATEHTHOTO IposiBisieMOCTh
000POHUTENBHOM JIATEHTHOTO N
nepuojia, Mc OTBETA KJICTKH, %0
peakuuu nepuoza
HcxomHoe cocTosiHue 21,2+04 52,6 48
1-30 coyeranuit 13,0+ 0,5 32,7 62
31-100 coueranuii 17,5+0,4 40,5 52
101 u 6oJsiee coueTanuit 15,7+ 0,6 36,5 56

Ta6una 4. HeiipoHHble OTBETHI THIIOKaMIIa HA CTUMYJISLIMIO BUCOYHOH KOPBI
B IMHAMHKE BBIPAOOTKH YCIIOBHOI 000POHUTENIBHOM peakuu

Dransl BbpaGoTKU Kofnﬁze Bo36yxnenue TopmoxeHue He pearupyror
02:50::“”5“0’7‘ Hce neﬁ. YHCII0 % YHCIIO0 % YHCIIO %
peaky xieTox | KIETOK KJIETOK KIJIETOK
Hexonmoe 126 26 20,6 30 23,8 63 55,6
COCTOSIHHE
1-30 coueranuii 99 24 24,3 30 30,3 45 45,4
31-100 . 102 28 27,4 22 21,7 52 50,9
COYCTAaHUU
101 Goxee 93 39 41,9 24 25,9 30 322
COYCTAaHUH
Ta6uuna 5. XapakTepucTHKa HEHPOHOB THITIIOKaMIIa
Ha CTUMYJBILHIO BUCOYHON KOpHI (n=24)
Orarbl BbIpaOOTKH Cpenee BapuabenbHocTh
. 3HaYEHHE [posBasemocTs
O60pOHI/ITCHBHOI/I JJATEHTHOT' O 0
JJATEHTHOT' O OTBETA KJICTKH, A)
peakuu nepuoaa
nepuoIa, Mc

HcxomHoe cocTosiHue 18,6 £ 0,6 42,3 44

1-30 coueranuii 16,0+ 0,5 54,7 49

31-100 coueranuit 13,0+ 0,3 47,5 51

101 u 6osee coueraHmit 10,8 £0,2 36,8 64

Ta0auna 6. XapaxkTepucTHKa BBI3BAHHOTO NMOTeHIMana ((pokanbHas perucTpanys) BUCOYHON
KODBI B OTBET Ha CTHUMYJISIMIO THITIOKamma (n=35)

. JlaTeHTHBIN

Drtarbl JlaTeHTHBIN

TePHOL IponomxutenbHOCTh | TIpOAOIKUTENBHOCT
BBIPaOOTKH TepUoJ . .

. . | OTpHIATENb- | MONOKUTEIBHON OTpHLATETbHON

00OPOHUTENBHON | MOJOKHUTENHHON L

HOM BOJIHEI, BOJIHBI, MC BOJIHBI, MC
peakuuu BOJIHEI, MC e
Hexonroe 19,7+ 1,8 32341 | 201212 441+29
COCTOSIHUE
1-30 coyeranuit 10,1 £0,4 31,3+1,8 11,5+ 0,6 36,1 £ 1,8
31-100 . 16,1 +1,7 38,1+2,3 18,0+ 1,6 423+33
COYCTAHUI
101 Goxee 15315 402+3,1 | 160+12 40,3 £2,7
COYETAHUI

Ilpy nocTwxeHWH CTaguu CTaOMIM3AUMKM HM30eraTenbHO peaklMy OTHOLICHHS
3TUX CTPYKTYP pe3Kko MeHsoTcd. [lokazareny BIUsHUS TMIIIOKaMIla Ha BUCOYHYIO KOpY,
JI0 TOTO HapacTalolre, Tenepb uAyT Ha yobutb. HaoGoporT, Ha NepBblil U1aH BHICTYNAIOT
MOKAa3aTeJIU BIMSHUS BUCOUYHOM KOpPbI Ha ﬂOpcaﬂbeIﬁ TUIITIOKAMII.

DU3HOIOrHYECKOe 3HAUCHUE ITEPEMEHBI 3TUX B3aMMOBIIHMSIHUN UCCIIEAyeMbIX 00acTel
MO3ra 3aKJIF0YaeTcsl, HO-BHUMOMY, B TOM YTO B Hadase 00yueHHs!, KOTJa BEpOITHOCTb
00JICBOTO MOJIKPEIUICHHUS IS )KUBOTHOTO OCTAETCsl HEOPEAEIEHHOM TN ITpodite-
MAaTHYHOM, THIIIIOKAMII, SIBJISSACH 00pa30BaHHEM, B KOTOPOM IPOUCXOIUT CIUSHUE MOTH-
BallMOHHBIX U MH)OPMALMOHHBIX IOTOKOB BO30YKIeHHs, oOecriedrBaeT peakiny Ha
CUTHAJIBI ¢ HU3KOW BEPOSATHOCTHIO WX MOAKPEIUICHHS [ 8], peannsys IMOIIHOHATFHOE COC-
TosiHKe. [1py 3TOM OH aKTUBHpPYET BUCOYHYIO KOPY, IIOMOTas ()OPMHUPOBAHHIO BPEMEH
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HBIX CBS3€H M IepecTpanBas X B HANPaBICHUH HaHOOJBLIErO MPUONMKEHUS K JTOCTH-
KEHHIO IIPUCIIOCOOUTENBHOrO pe3ysibTaTa. B 3TOM M 3akiroyaercss ero ocodo BaxkHas
POJIb HAa PAHHHUX CTAIUIX (POPMHUPOBAHUS OOOPOHHUTEIIHLHOTO HABBIKA.

Kpome Toro, nmpu nepBbIX COYSTAHUSIX YCIOBHOTO U O€3yCIOBHOTO pa3apaKeHUH
B BUCOYHOH KOpPE BO3HUKAET MOTPEOHOCTh B 00paOOTKE YBEIMYMBAIOIICTOCS 00beMa UH-
¢dopmanuu (Bo3Oyxaenuit). [Ipu yBennueHun rmoroka rnocrynaronieid nHGopMamnuy cro-
COOHOCTh KOPKOBBIX MEXaHH3MOB 110 €e 00pabOTKe MOBBIIIACTCS WM YJIy4IIaeTcs 3a
CUeT BKJIIOYCHHMS JTOTONHHUTEIbHBIX 3BEHBEB C 00Jiee BBHICOKOH aJanTHBHOCTHIO. Takum
3BEHOM B CHCTEME YIPaBJCHHA LIEIeCO00Opa3HbIM ITOBEACHHEM, B KOTOPOM MOXET HpO-
W3BOAUTHCS OLICHKA JOCTHTHYTOTO pe3yjbTara NesTeIbHOCTH B TaHHBIX YCIOBHUSX, MO-
BUIUMOMY, SIBJISIETCS TUIIIOKAMII. [ MIIIOKaMIanbHbIH yPOBEHb MOXKET OKa3bIBATh BIIHS-
HHE Ha X0J] BEIPA0OTKU HABBIKA, €TO BBIPAKEHHOCTH M T.A., TO €CTh KOOPAUHUPOBATH pa-
00Ty KOpBI. B 3THX yCIOBHAX I'MIIIOKAaMII OCYLIECTBIISET CMEHY HH)OPMAMOHHON aesi-
TEJILHOCTH KOpBI. B mocienyromiem, koraa BeIpadaTbiBaeMblii HABBIK CTAOWMIIM3UPOBAH U
BpPEMEHHBIE CBSI3M CPOPMHUPOBaHbI, HAUMHAET NPE0OIaAaTh BIMSIHAE BUCOUYHON KOPHI Ha
THIIIOKAMII, B Pe3yJIbTaTe Yero HHQopMalus O CIOKHUBLICHCS CUCTEME BPEMEHHBIX CBSI-
3eil MOCTyNaeT U3 KOPhI B THMIIIIOKAMII, YTO, II0-BUANMOMY, OTPaXaeT €e BOo3pacTaroliee
3HAYCHHUE B PEryISLUK MHPOPMALMOHHON NESITeNbHOCTH THMINOKAMIIA U SBISETCS OJ-
HHUM M3 YCIIOBHIA €r0 y4acTHsl B MEXaHH3MaX MaMsITH.

Taxum 00pa3oM, MBICIIE O TOM, YTO YCIOBHOPE(IICKTOPHAS ACSATEIBHOCTD, SIBIIS-
SICh IIEJIOCTHOM peakuueil opraHu3ma, IpUCIIOCOOICHHOHN K OBICTPO M3MEHSIOIIAMCS yC-
JIOBHSM Cpelbl, TpeOyeT Kak TMHAMUYECKOro, TaK M KECTKOrO B3aUMOACHCTBHS pasiny-
HBIX CTPYKTYpP MO3Ta, CBSI3aHHBIX MEXIY c000i Mopdoornyecky 1 QyHKIMOHAIBHO [4,
5], HaXOIUT CBOE MOATBEP)KACHHUE B IPEIOKEHHON CXeMe Y4acTHs U BO3MOXHOM Me-
XaHM3Me B3aMMOJCHCTBHS CTPYKTYp BHCOYHOM KOPHI M I'MIIOKAaMIIa B IIPOLECCE BBHI-
pabOTKH MOBEJICHYECKOI0 HABBIKA.
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BJIUAHUE OKCUJATUBHOI'O CTPECCA HA KPEATUHKHWHA3Y
ZKNU3HEHHO BAKHBIX OPI'AHOB KPbIC

JI.C. HEPCECOBA, M.C. IIETPOCSIH, 7K.1. AKOIISIH

Hucmumym monexynapnou buonozuu HAH PA
Lnersesova@yahoo.com

HesaBucumo ot ¢akropa, KOTOpEIM 00YyCIIOBIEH OKCHIATHBHBIN cTpecc, OyIb TO TOKCH-
4ecKOoe JEHCTBHE NPOTHBOOITYXOJIEBBIX COSAMHEHUH MM HOHM3MpYIOLIee 00IydeHNe, aKTUBHOCTh
kpeatnHkuHa3bl (KK) oprana-MunieHr TOHKO pearnpyeT Ha BO3/CHCTBHE MOpaXaromero Gpakropa.
Ipu stom nuHamuka m3MeHeHui akTHBHOCTH KK opraHa-MHIIEHH COOTBETCTBYET M3MEHEHHSIM
aKTUBHOCTU M m30(pepMeHTHoro crnekrpa KK chIBOPOTKH KpOBH, 4TO yKa3bIBaeT Ha M3MEHEHHE
MPOHUIIAEMOCTH KJIETOK OpraHa-muiueHd. [ToslyyeHHble NaHHBIE CBHIETENBCTBYIOT O BBICOKOH
4yBCTBUTEIILHOCTH KPEaTMHKMHA3bI K OKCHIATHBHOMY CTpECCy.

OkcudamueHulii cmpecc — moKcuieckoe Oeticmeue — npomueoonyxoieesble coeounerus —
uoHusupymoujee 06]1_)/‘{6}-[1,{6 — AKMUBHOCNb KpeamUuHKUHA3bl — u30(17€p,M€Hmbl KpeamuHKUuHRa3ol

Uulwhu opuhnughnt uppup wuwydwbwynpny qgnpénuhg’ hwljuninnigpuyht thugnipiniu-
ulinh wmnpuhl] wqpkgnipiniuhg, ph hntwgng fwnwquypnidhg, phpwhi-opquith Ypkwwnhuljhtigh
(4) wlnhynipiniutt wpdwquipnid b Juwunn gnpénuh wqnignmipjubn: Cun npoud, tjungnud k
hwlwyunuwupminipmnit Juowudus opquinmid Y4-h wlnhdnipjut b wpjwb ohdninud 449
whwnpgopjub b hgndbpdkinuyhtt wykluph dhel, husp Yyuynul E phpwju-opquih pohgubph
pwthwighhnipjut thnthnjudwt dwupt: Unwugduws wdjuubpp Jyuynud B opuhnughnt uppkup
quundwudp YY-h pupdp qquyinipyut dwuhb:

Opupnughni uppku — innpuply wgnkgnipinti — hwlunipnigpuyhl Upwgnyeniblkp —
pnlnuging dwnwquypnid — 9 wlnpynipinii i 99 pgnplputinilp

Creatine kinase (CK) of the target-organs responds to the impact of oxidative stress which
was induced by both antitumor compounds and ionizing radiation. Results demonstrate the
correlation between the CK activity of a damaged organ and the isoenzyme spectrum of blood
serum CK which testifies changes of the membrane permeability of a target-organ. The obtained
data obtained show that CK has high sensitivity to oxidative stress.

Oxidative stress — toxic effect — antitumor compounds — ionizing radiation —
creatine kinase activity —creatine kinase isoenzymes

Kak n3BecTHO, HeraTuBHOE BiMsIHUE (DAKTOPOB OKPYIKAMOILIEH CPebl, U B 4acT-
HOCTH, PaJHAIIMOHHOTO U YJIbTPa(pHOICTOBOIO H3ITyUCHHI, KCCHOOMOTHKOB, B TOM
YHCJIE JICKAPCTBEHHBIX MPEMAapPaToOB, COMPOBOXKIACTCS YBEIMUCHUEM 00pa30BaHHUS
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CBOOOIHBIX paJUKaliOB B OpPTraHW3MeE, BEAYIIUM K Pa3BUTHIO OKCHIATHBHOTO CTpecca
[4,12].

CTpyKTypHO-(DYHKIIMOHATIBbHBIE M3MEHEHHS (DepPMEHTOB, OJHU U3 MEPBBIX MHIIIE-
Hell OKCHIATHBHOTO CTpPEecCa, MOTYT OBITh CBSI3aHBI: 1) C yCHJICHHEM KaTalIWTHYECKOW
aKTUBHOCTHU 3a CYET aKTHBAIIMM CHHTE3a 3H3MMOB, OJIOKAJIbI pa3pyllcHus (GepMEeHTOB
WJIN aKTUBHPOBAHUS caMHX (DEPMEHTOB; 2) C YTHETCHUEM KaTalUTHYECKOH aKTHBHOCTH
3a CUeT YrHETCHUs CUHTe3a (pepMEHTOB, YCKOPEHUs pa3pylieHus (PepMEHTOB, YTHETECHHS
nx crenuduyeckoi akTUBHOCTH; 3) ¢ M3MEHEHHEeM KOoH(popMay GepMEHTOB.

B Hacrosimeit pabote 00001IEHB! TaHHBIE 110 BIMSHUIO OKCHAATHBHOTO CTpecca,
BBI3BAHHOT'0, C O/IHOH CTOPOHBI, TOKCHYECKUM JEHCTBHEM IPOTHUBOOITYXOJIEBBIX COE/IH-
HEHWA, MPON3BOIHBIX AMa3aalaMaHTaHOB, C APYrol — HOHM3UpYIommel panuanueit (11P)
Ha akTUBHOCTH KpeaTnHKHHa3b! (KK) XKM3HEHHO Ba’KHBIX OPraHOB M CHIBOPOTKH KPOBH
kpbic. KK murpaer kiaroueByro ponb B MOANCP)KAaHWM JHEPIETUYECKOrO I'OMEOCTasa B
KJIETKe, perynupys B Hed motoku sHepruu [13]. Heobxogmmo ormeruts, uto KK kak
(epMEeHT TOHKO pearupyrounuii Ha CTPYKTYPHO-(QyHKIIMOHATIbHBIE 3MEHEHHUS B KIIETKE,
IIMPOKO MPUMEHSETCS B KauecTBE MapKepa psilia CepAeYHO-COCYIUCTBIX, HEHPOMBI-
IOEYHBIX U OITYyXOJICBBIX 3a6oneBaH1/1171, a TaKXKXC IJ1s1 OLCHKH TOKCUYCCKOI'O )leﬁCTBHH JIC-
KapCTBCHHBIX MPEIapaToB U APYTHUX 3KOJOTHYCCKH OINaCHBLIX ar€HTOB, B OCHOBE I1aTO-
reHe3a KOTOPBIX JIEXKHUT OKHCIUTENbHbIN cTpecc [10,13,15]

Mamepuan u memoouxa. B 1epBoil cepuu ONbITOB U3y4E€HO TOKCUYECKOE JEHCTBUE IPO-
THUBOOIYXOJIEBEIX COEIMHEHUH 1,5-nuMeTnin-9-okco-3,7-nna3abumnmkino/3.3.1/aonana - (I11) u 2-
(2’-ruppoxcuHadTiin-1)-5,7-numetnin-6-okco- 1,3-1ua3zaanamanTana - (I12), cuHTE3UpOBaHHBIX B
WuctutyTte ToHKOM oprannueckoil xumuu HAH PA [1,2], na KK X1M3HEHHO Ba)KHBIX OpPraHOB U
CBIBOPOTKHU KPOBU KpbIC. OTBITHI IPOBEJECHBI Ha MOJEIH IEPEBUBAEMOI OITyXONHU KPBIC — CapKOMa
45. Uepes 4 aHs 1oCie IEPEBUBKU OIYyXOJIH JKHUBOTHBIE OBUIM pa3zesieHbl Ha 3 TPYIIIBI IO 6 KPBIC
B KaXIOU: 2 MOAONBITHEIE U 1 KOHTPOJdbHYI0. JKuBOTHEIM | rpymiel B TedeHue § mHel BBOIMIH
BHYTpHOpIoIMHHO coeaunenue I1; B nosze 1mr/kr, Il rpynmer - I1, B mo3e 140Mr/kr, a KOHTPOIIb-
HbIM xkuBOTHBIM (I rpynma) — ¢usuonornueckuit pactop. Kpome Toro, B aHaIOTHIHBIX yCIIOBH-
SIX COJIepIKajach Takas Jk€ IPyIIa HHTAKTHHIX )KUBOTHBIX (IY rpynmna), KOTOpsIM IO TOH e cxeme
BBOIWIN (u3nosnornyeckuii pactop. Ilokazarenn axtuBHocti KK TkaHel mocnemHed rpymibt
KUBOTHBIX CILYXKHJI JUI ONpeJIesIeHUs UCXOIHOI0 KOHTPOJIBHOIO ypoBHs. Uepes 24 4 mocie moc-
JIeHell NHBEKIUH )KUBOTHBIE BCeX 4 IPyI ObUIM YMEPIIBICHBI IIyTeM ACKAIUTALMU 110 dhUp-
HBIM HapKO30M, OILIGHEHBI MACChI OITyXO0Jei U 0TOOpaHbl HEOOXOIUMBbIE OPraHbl H CBIBOPOTKA KPO-
BU JUISL OIIPEICIICHUs B HUX aKTUBHOCTH (hepMeHTOB. TepaneBTnueckuid 3pGexT coequHeHuit one-
HUBAJICS 110 TPOIEHTY TOPMOXKEHHS POCTa OIyXOJIH IT0 CPABHEHUIO C KOHTPOJIEM.

Bo BTOpOIi cCeprn ONMBITOB XKUBOTHBIE C PAaBHOIIEHHBIM pacIpee]IeHueM o rpynmnaM (n=6)
OBUTH IOJBEPrHYTHl OJHOKPATHOMY TOTAJIBFHOMY OOJNYyYCHHIO HA PEHTTCHOBCKOW YCTaHOBKE
”PYM-17” B cybneransubix no3ax 3,5Ip u 4,5I'p u uccnenoBansl yepe3 6 u 13 pHelt mocie ryde-
BOTO BO3JICHCTBHS (MOIIHOCTH 1036l - 1,78 I'p/mMuH, Hanpsbkenue - 200kB, cuna Toka - 20MA, ¢o-
KyCHOe paccTostHue - S0cM Impu oTcyTCTBUH (QUIBTPOB). B KauecTBe KOHTPOIIS OBLIM UCIIOIB30BA-
HBI COOTBETCTBYIOIIUE IPYIIIBI HHTAKTHBIX KUBOTHBIX. it uccnenoBanus aktuBHocTH KK, Tak-
e KakK U B IEPBON CEPUH OIBITOB, HCIONb30BAIU CHIBOPOTKY KPOBH U 3KCTPAKTBI COOTBETCTBYIO-
mmx opraHoB. KpoBb mocie cBepTHIBaHHS LEHTPUPYTHPOBAIN B pedprKepaTopHOil HeHTpudyre
mpu 3000 o6/MuH B TedeHne 20 MUH U TOIyYSHHYIO CHIBOPOTKY KPOBH HCIIONB30BAJH B TOT JKE
JIeHb JUIsl OIpeieTIeHIsT akTUBHOCTH 1 n3odepmenTHoro crekrpa KK. M3bsaThIe OpraHsl KpbIC TIIa-
TEJIBHO OTMBIBAIN OT KPOBU OXJIAXKACHHBIM (DM3HOJIOTHUECKAM PacTBOPOM, TOMOTE€HU3UPOBAIN B
0,1M Ttpuc-anieratHom Oydepe pH 7,0, conepxamem SMM AT u 0,5MM D/ITA, n nentpudyru-
poBanu B peppmxeparoproit nenrpudyre K-24 npu 12 000 06/muH. [TonydeHHbIC SKCTPAKTHI TKa-
Hel ucronb3oBanu s ompeneneHus aktuBHocTH KK, koTopyro ompenensnn Mo HaKOIUIEHUIO
KpeathHa [7] M BBIpaKajdW B MKMOJIB/T MMH I TKaHEH M MKMOJb/JI MUH JUIS CHIBOPOTKH.
UzodepmenTrriii cocraB KK ompemenstmin crymeH4aTol MOHOOOMEHHOW XpomaTorpadueii Ha
JEAE-nenmono3e [5], BeIpaskast akTHBHOCTb KaXKA0TO n30(epMeHTa B % 110 OTHOLICHHIO K CyM-
MapHOH ()epMEHTATUBHOM aKTHBHOCTH. XapaKTep pacHpelelIeHs MOTyYeHHBIX JaHHBIX —OIIpele-
ner metooM Komvoroposa-CymupHoBa. CpaBHUTENEHBIH aHAIN3 IIPOBEIEH C HCIIOIb30BaHUEM
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HeTmapaMeTpUIecKkoro tecra MaHHa-YuTHU. Pasznuums cumranuchk moctoBepHbMH mpu p<0.05.
KoppensunoHHbII aHaIU3 IPOBEAEH C UCIOIb30BAHUEM HelapaMeTpuyeckoro tecra CupMeHa.

Peszynemamut u 0ocyycoenue. CoriiacHO HaIlMM JaHHBIM, 3()(EKTUBHOCTH CoOe-
nuHeHus [1; Mo TopMOKEHHIO pOCTa OIyXOJIM KPBICHHOW capkoMbl 45 Obuta paBHa 78%,
HO IIPY ATOM OHO TIPOSIBJISUIO 3HAYUTENBHYIO TOKCHYHOCTH (J1/1;0¢=300Mr/KT); coeanHe-
aue [, oTnmuganocs He3HAYUTENFHOU TOKCHIHOCTHIO (J111900>5000Mr/KT), HO U CpaBHU-
tesibHO MeHbleH (T%=61) npotuBoomyxoneBoii a¢dexruBHOCTEIO [1,2]. B Hammx skc-
nepumeHTax coequaenus [1; u I1,, ncronezyemsie B TepaneBTHYECKUX J103aX, MPOSIBAIA
YMEPEHHOE TOPMOKEHHE POCTa OIyXOJIM: TepaneBTHIeCKHi 3P deKT ux coctaBist 59%
u 50% coorBercTBeHHO. OOIee PU3NOIOTHIECKOE COCTOSIHUE YKUBOTHBIX OBUIO Y/IOB-
JIETBOPUTENBHOE.

AKTHBHOCTH, %

Puc. 1. U3menenus ypoBHs aktuBHOCTH KK B opranax u CBIBOPOTKE KPOBU KOHTPOJIBHBIX KPBIC C
UHIYIMPOBAHHON TOIKOXKHON OIMyXONbI0 (KOHTPOIb) U ONBITHBIX KPBIC, TOJBEPTHY THIX
neiicreuto npenapatos I1; u I1,, mo otHomenuto k aktuBHOCTH KK B cooTBeTCTBYIOIINX

OpraHax M B CBIBOPOTKE KPOBH HHTAKTHBIX )KUBOTHBIX.
(1- mos3r, 2— GepeHHast MBIIILA, 3— IEYeHb, 4— MMOYKH, 5S— cepie, 6— CBIBOPOTKA KPOBH)

Ha puc.1 npencrasnena nuarpamma pacnpeaeneHusi aktuBHocTi KK B xu3HeHHO
Ba)XKHBIX OpPraHax KpbIC B KOHTPOJIGHOM M OIBITHBIX IPYMIax MO OTHOLICHUIO K YPOBHIO
aKTHUBHOCTH ()epMEHTa COOTBETCTBYIOIIMX OPraHOB WHTAKTHBIX KpBIC. JTH JaHHbIE
CBUJICTEJIBCTBYIOT O TOM, YTO B KOHTPOJIBHOW TPYIIIE )KUBOTHBIX PA3BUTHE OITyXOJIH BbI-
3BIBACT 3HAUUTEIBHOE yBenuueHne ypoBHs aktuBHOCTH KK B meuenn, mouru Ha 85%, u
B CBIBOPOTKE KpoBH — Ha 57%. B To ke Bpems B cepaie, MOYKax, B MO3re U OeJpeHHON
MBIIIIE KOHTPOJIBHBIX KPBIC CTATUCTHYECKH TOCTOBEPHBIX M3MECHEHUH YPOBHS aKTHB-
HOCTH (pepMeHTa HE 0OHAPYKUBACTCS.

O1neHKy TOKCHYECKOTO NEeHCTBHUS MCCIENyEeMbIX COCIMHEHHI MPOBOIIIIN Ha OC-
HOBAaHUM CPaBHCHUA YPOBHSA aKTHBHOCTU q)epMeHTa B OpraHax >KMBOTHBLIX ONBITHBIX U
KOHTPOJIBHBIX I'PYHII U JOMOJHUTCIBHBIC U3MCHCHHSA aKTUBHOCTH B HUX OTHOCHJIM Ha
CYeT TOKCHYECKOro newcTBusi mpemaparoB. Oka3anoch, 4To Haubojiee 3HAUUTENBHOE
TOKCHYECKOe JelicTBHEe 00a mpernapara HpOSBISAIOT B OTHOLIEHWH IEYEHHU: OoJiee TOK-
CUYHbIM 13 HUX — [1; BBI3BIBAET JOMOJIHUTEIBHOE KOMIIEHCATOPHOE BO3PACTAHUE AKTHB-
Hoctu KK na 144%, a menee Tokcuunslii I1, — Ha 76%. B To ke Bpemsi oTMmeuaroTcs
CTaTHCTHYECKU HEeIOCTOBEpHBIC M3MEHEHHUs ypoBHs akTuBHOCTH KK B moukax u B cepa-
e KpbIc Kak B ciy4ae I1;, Tak u B ciryqae 1, (puc.1). B Mo3re u 6enpeHHON MBIIIIIE STH
TMIperapaTsl He BBI3BIBAIOT U3MEHEHUH (PepMEHTATHBHON aKTHBHOCTH.

U3 puc.l. cnemyer Taxke, YTO TOKCHKOJIOTHYECKAsl Harpy3Ka Ha II€YCHb BEAET K
yBenn4deHuio ypoBHs akTHBHOCTH KK B CBIBOpPOTKE KpOBH, O-BUANMOMY, B CBSI3U C U3
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MEHEHHEM IPOHUIIAEMOCTH KJIETOYHBIX MeMOpaH 3Toro oprana: B ciydae [1; — Ha 153%
u I, — Ha 83%.

Jst TonTBEPKIACHHUS STOTO MPEATIONOKESHHS HCCICIOBAIN U3MEHEHUs H30(ep-
MeHTHOrO criekTpa KK ChIBOPOTKM KpOBH 3KCIEPUMEHTAIBHBIX KpBIC. B cBA3M ¢ aTHM
CllelyeT OTMETHTh, YTO B OTiIH4YMe OT chiBopoToyHoid KK uenoBexa, koTopas B HOpMe
npezacTaBieHa B ocHOBHOM MM-uzodepmentom (95-98%) u cnemamu MB-uzodep-
MeHTa (2-5%) npu nonHoM oTcyTcTBUM BB-M30(epMeHTa, B CBIBOPOTKE KPOBH KpBIC
mpu npeobiiaaaronieM coaepkanun MM-u3odepmMenTa 00HAPYKUBACTCS M 3HAYUTEIIb-
Has oyt BB-usodepmenra [15].

100

80

AKTHBHOCTE, %

[E MM-n30¢ © @ MB-msodepment DBB-wiopepment |

Puc. 2. Pacnpenenenue msodepmentoB KK B cbIBOpOTKE KPOBH KPBIC
KOHTpONBHOHU rpynmsl (1) u moaBeprHyThIX AeiicTBuIo npenapata I1; (2)

Ha puc.2 npencrasiena quarpamma pacrpenenenus nzodpepmentoB KK B ceiBopoT-
Ke KPOBH KPBIC KOHTPOIBHOW rpymmsl (1) ¥ momBeprHyThIX AeiicTBHIO mpemapara 1 (2),
KOTOpas CBUIETEIBCTBYET O CMeIIeHnH m3odepmeHTHoro criekrpa KK ceiBopoTkn KpoBH B
CTOpOHY 3HAUUTEIFHOTO YBEIW4eHHs Noim BB-m3odepMeHTa W MOSBICHHS aKTUBHOCTH
MB-n3opepmenta. B cBs3u ¢ 3THM cleAyeT OTMETHTh, YTO I€YE€Hb KPBICHI COICP)KUT
uckmountensHo BB-u3zodepment [15], B JaHHOM cilydae MMEHHO Te€NATOLUTBI MOTJIH
CTaTh NCTOYHUKOM JIOTIOJTHUTENBHOTO KonmdecTBa BB-n3odepMenTa B CHIBOPOTKE KPOBH.

Takum 00pa3oM, TOKCHUYECKOE JICHCTBUE MCCIIENOBAHHBIX NPENapaToB MPUBOIUT
K: aJlanTaiioHHOMy Bo3pactanuio akTuBHOCTH KK medeHu Kkpbic, a Takke U3MEHEHHIO
MMPOHUITAEMOCTH KJIE€TOYHOMH MeM6paHI)I renaTouyuToB, YTO BEACT K YBCJIMYCHUIO JOJIHU
BB-KK B cBIBOPOTKE KpOBH; MOCIIEIHEE MOXKET OBITH UCIIOJIb30BAHO B KaUueCTBE TOKa3a-
TeJISl TeNaTOTOKCUYHOCTH KCEHOOHMOTHKOB.

Bo BTOpO#i cepuy ONMBITOB OBUIO M3YYEHO BIMSHHE OJHOKPATHOTO TOTAJIBHOTO
peHTTeHOBCKOTO 00yueHns B no3ax 3,50p u 4,5Tp Ha aktuBHOCTE KK MO3ra, neueHw,
CeJIe3eHKH, ITOYEK U CHIBOPOTKH KPOBH KPHIC B Pa3HbIE IMOCTPaTUAIMOHHEIE CpOoKu. Vc-
XOZsl M3 JaHHBIX JINTEPATYPhI, B 3TH CPOKHU OXKHUIAINCH HanOoJIee BRIPAKCHHBIC N3MEHE-
HUst akTuBHOCTU (hepmenToB [3,6,8]. beuin cocraBneHsl onbITHBIE rpynnbl: a — 3,5 ['p/6
cyt, 6 — 3,5 I'p/13 cyt, B—4,5 I'p/6 cyt, r— 4,5 I'p/ 13 cyr. B kadecTBe KOHTpOJISI ObLIH
HCIOJIB30BaHbI I'PYIIIbl MHTAKTHBIX JKUBOTHBIX, COOTBETCTBYIOIIHEC Ka)i(,[[Oﬁ Hn3 1nepevuc-
JICHHBIX OIIBITHBIX T'PYIIIIL.

Kak BumHO u3 puc.3a, yepe3 6 cyT HaOJIIOJA0TCs 3HAYUTEIBHBIC Pa3HOHAIIPAB-
JICHHBIC U3MeHEeHUs ypoBHe# aktuBHOCTH KK mouT BO BCeX MCCIEIOBaHHBIX OpraHax:
B MO3T'€, CEIBOPOTKE KPOBH M CEJIE3EHKE ITO/IONBITHBIX KPbIC O0OHAPY>KHUBAETCS CTaTHCTH
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YECKH JI0CTOBEpHOE TOBBIIeHHEe ypoBHs akTuBHOCTH KK npumepro nHa 40-100%; B me-
YEeHH er0 aKTUBHOCTH MajaeT Ha 46 %; B moukax ymeHblneHue aktuBHocTH KK 110

CpPaBHEHUIO C KOHTPOJIEHBIM YPOBHEM CTaTUCTHYECKH HeZocToBepHO. Ha 13 cyT B Mo3re
1 ToYKax HaOiromaeTcs TeHAEHIMs Bo3BpamieHus akTuBHOcTH KK k mcxomHoMy ypoB-
HIO (puc.30); B cele3eHKEe ypOBEHb aKTHBHOCTH (epMEHTa IMPOJIOJDKAET BO3PACTATh,
nocturHyB 150%-HOTO0 NIPEeBHIIEHNS HAll YPOBHEM KOHTPOJIS, TOT/1a KaK B IICUEHH [TOHU-
JKCHUEC aKTUBHOCTU CMCHACTCA CTATUCTUYCCKU NJOCTOBCPHLIM IMOBLIIICHUEM YPOBHSA aK-
tuBHOCTH KK 10 CpaBHEHHIO ¢ KOHTPOJIEM IOYTH B 2 pa3a, a B CBIBOPOTKE, HA00OPOT,
MIOBBIIIEHHE CMEHSAETCS JJOCTOBEPHBIM HOHIDKEeHHEM YpoBHS akTuBHocTH KK nmpumepHo

Ha 25%.

AKTHEHOCTL B %

123 45 1 2345 12 3 45 172 34 5

Puc. 3. U3menenus yposreii aktuBHocti KK B opranax kpeic, UHAYLIMPOBAaHHBIX CyOIeTaIbHBIMU
JI03aM{ HOHU3HPYIOLIET0 00IyUYeHHs, B pPa3In4Hble OCTPaauannoHHble cpoku (a — 3,5 p/6eyt, 6
—3,5T'p/13cyT, B —4,5Tp/6eyT, T — 4,5Tp/13cyT);

1 — mo3r, 2 — neyeHs, 3 — cene3eHka, 4 — no4ka, 5 — cbIBOpoTKa KpoBu; * - p< 0,05)

Bo BTOpOI#i cepuu ONBITOB MBI MCCIIEAOBANN BIUSIHUE O0JIee BBICOKOH 03B 00Ty~
4yeHwns1, a UMeHHO 4,51p, u mobGaBmim emie 2 MOCTpaAuaOHHBIX cpoka — 1-e m 3-e CcyT-
ku. Okazanoch, 9TO OZHOKpaTHOe oOirydeHwe B mo3e 4,5Ip depe3 cyTkM MHIYIHUPYET
CTaTUCTUYECKH JOCTOBEPHbIE M3MEHEHMs ypoBHs akTuBHOCTH KK mo cpaBHeHuro c
KOHTPOJIEM TOJIBKO B CEJIE3EHKE U CHIBOPOTKE KpoBH: ypoBeHb akTuBHOCTH KK B cemne-
3eHke maaaer B 1,6 paza (p<0,05) u moBbIIaeTCs B CHIBOPOTKE KPOBU IMOYTH B 2 paza
(p<0,05), mpuyeM MEKAy STUMH U3MCHEHUSAMH UMEET MECTO CTATUCTHUYECKH JOCTOBEP-
Hast koppessiuust (p<0,01). M3menenus ypoBHel aktuBHocTH KK B ocTanbHbIX Hccneno-
BaHHBIX OpraHax K 5TOMY CPOKY 6bIJ'II/I CTaTUCTUYCCKU HEAOCTOBEPHBIMU.

Uepes 3 cyT HabmoaeTcst oOpaTHasi KapTHHA: B CBIBOPOTKE KPOBH YPOBEHb Kpea-
TUHKMHA3HOM akTHBHOCTH manaer B 1,4 pasa (p<0,05), a B cene3eHke pe3KO MOBBIMIA-
eTcs, MOYTH B 5 pa3 10 CPaBHEHHIO C KOHTPOJIEM, HO KOPPEJSMN MEXIY STHMH H3Me-
HEHUSIMU YK€ HET. B oCTalbHBIX OpraHax, Kak W B IepBble CyTkH, u3meHeHus KK-ak-
TUBHOCTH OBIIM CTAaTHCTHYECKN HEAOCTOBEPHBIMH.

Ha 6 cyr B cenesenke HaOmromaeTcst Bo3BpamieHHe ypoBHS akTuBHOCTH KK K
KOHTpOJFHOMY (prc.3B), a Ha 13 CyT MMEeT MeCTO CTaTHCTUYECKH JOCTOBEPHOE, HO He-
0OJIBIIIOE MOBBILIEHNE aKTUBHOCTH 3TOTO (hepmenTa — nmpumepHo Ha 20% (puc.3r). Kpo-
Me TOro, Ha 13 CyT peructpupyercs CTaTUCTHYECKU IOCTOBEpHOe 25%-Hoe majeHHe
ypoBHs aktuBHOCTH KK B CHIBOPOTKE KPOBH IMOJOIBITHBIX KpbIC (puc.3-T). B ocrainb-
HBIX OpraHax u3MeHeHus ypoBHs akTuBHocTH KK He onpenenstorcs.
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[IpuBeneHHbIE AaHHBIE CBUAETEIBCTBYIOT 00 OTCYTCTBHH IPSIMO ITPOIOPIIHO-
HAJIBHOW 3aBUCHIMOCTH MEXAY BEIMYMHON 03Bl OOTYYEeHHUS W BEITUYMHONW M3MEHEHHH
yposust aktuBHocTu KK, 4T0o ormeuanocs u st apyrux ¢pepmentos [3, 8, 11].

OnHako, ecnu ydecth (pa30BOCTh M3MeHeHHi ypoBHs akTuBHOcTH KK, cBsizan-
HYI0, IMO-BUAMMOMY, C BKIIOYECHHUEM Ha Pa3HbBIX MOCTpAAHAlIMOHHBLIX CPOKaxX pas3sHbIX
aJlalITAllMOHHBIX MEXAHU3MOB KJICTKU, HEJIb34 UCKIIIOUUTDL, YTO IIPpU Bbl60pe ApYyTUx Ccpo-
KOB MOXET Ha6.]'l}0]18.Tl:CSI HWHas KapTuHa. HCO6XOI[I/IMO OTMCTUTDH, 4YTO KOJ'Ie6aTeJ'lel>Ie
N3MEHEHHsI YPOBHEH aKTMBHOCTH, a TaK)K€ M30(EPMEHTHBIX CIIEKTPOB W KMHETHYECKHX
IapamMeTpoB TOKa3aHbl I psina (pepMEeHTOB M B LIEJIOM XapaKTEpHBI VIS MTOCTpaaua-
IUOHHBIX Omonorndyeckux 3pdexToB [3, 6, 9, 11].Takum 00pa3om, U3MEHEHUST YPOBHEH
aktuBHOCTH KK pasznmaHbIX opraHoB, HAyIHpOoBaHHBIE VP, nMeroT (ha3HBIN XapakTep u
pa3sHOHAIPABJICHBI KaK BO BPEMEHHM, TaK M B 3aBUCHMOCTH OT JO3bI, YTO CBHAETEIHCT-
BYET O BKJIIOYEHHHU B PAa3HBIX OPraHax M Ha PasHbIX dTAlax pa3INYHBIX aJalTaldOHHBIX
MexaHn3MoB. [Ipy HCTIONIb30BaHHBIX J103aX 00aydeHus Ha 13 cyT mocie oOnyueHus, 3a
HEKOTOPBIM HCKIIIOUYEHHEM, JIsI BCEX MCCIEIOBaHHBIX (DEPMEHTOB HAMEYACTCS TEHICH-
LUl BOCCTAHOBJIEHUS YPOBHEH aKTMBHOCTH JI0 HCXOHOTO.

Hamn JaHHBIC CBUACTCIILCTBYIOT O TOM, YTO HC3aBUCUMO OT (l)aKTOpa, KOTOPbIM
00yCIIOBIIEH OKCHJIATUBHBIN CTpecc, a B JaHHOM Cllyyae TOKCHYECKUM JICHCTBHEM Jie-
KapcTBeHHBIX npenaparoB win MO, aktuBHocTh KK oprana-muieHn TOHKO pearupyer
Ha BO3zelicTBHe mopaxatomero ¢akropa. [Ipu 3ToM HabIrOMAETCSI KOPPEISILUS MEXITY
aktiBHOCThI0 KK TOpakeHHOro opraHa M aKTHBHOCTBIO M N30()epPMEHTHBIM CIIEKTPOM
KK cpIBOpOTKH KpOBH, YTO YKa3bIBaeT Ha M3MEHEHHE NMPOHHUIIAEMOCTH KJIIETOK OpraHa-
MHUIICHU. B CBS3M € 3TUM clieyeT OTMETUTh HEAABHO IOJyUYECHHbBIE JAaHHBIE O 3HAYH-
TeNpHO OoJiee BBICOKOW uyBcTBUTENbHOCTH KK K OKCHIAaTHBHOMY CTpeccy, 4eMm psizna
npyrux (pepmeHToB, B yacTHOCTH, TputicuHa, PHK-a3, okcuna3z D-aMuHOKHCIOT, KaTana-
36l U AT®-a3m1 [14,16].
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B 2012-2014 rr. npoBOAMIOCH U3yueHHE MOP(OIOTHUECKUX M SKOJOTMYECKUX MapaMeT-
POB CceBaHCKOI1 (openu, a TakkKe NMPOBOAMIOCH CPABHEHHE ITHUX MApaMEeTPOB B Pa3iIHIHBIC IIe-
puoxnsl Habmronenuil. [lokazaHo, YTO W3MEHEHUS MOP(OIKOIOTHUECKUX MapaMEeTPOB CEBAHCKOM
(openy MPOJOIDKAIOTCS U B HACTOsIIee BpeMs. [I[pHunHoil 3THX M3MEHEeHHUH, IO BCeil BEpOATHOC-
TH, SIBJISICTCS] ICKYCCTBEHHOE prIbopa3BenieHne. OIHAKO MEPOIPHSATHS 110 HCKYCCTBEHHOMY pa3Be-
JICHUIO CEBAaHCKOH (hopeNy MoKa He MPUBOAAT K OoJiee MM MEHee 3HAUUTEIFHOMY POCTY UX YHC-
JIEHHOCTH.

03. Cesan — cesanckas Qopenb — Mop@hosKonocuvecKue napamempul

2012-2014 pp. juunwpytk) E Uhwth hpowth dbwpwtwfut b Byninghwujut gniguithoubph
niuntftwuhpnipnit, hpwlu bwlb wyn gnigwuhpubph hwdbdwwnnmipnit wwppkp wwphubpp
htunwgnuinipyut nfjujutph hbwn: dbpnwsnipjut hhdwb Jpw gnyg k wpydk), np akpuynidu bu
wknh Lt nbkiinud Uhwbh hpjowth Fyninquabwpubiulju gniguthpubph thnthnjumpinibithp: U
thnthnjumpinibtiph wuwwngwep, wdkugh hujuiuljuinipjudp, hwinhuwinud E wphbunwljuh
Ajuwpnisnipniup: Uwluyt Ulwuh hojuowth wphbunwlwi posdwb dhgnguemidubpp nhn skt
hwlgkgunid upwig pywpwtwlh qquih wghi:

Ubwilw jp& — Ulnuith poprmis — Eympnquid iwpwinuljul gniguilihplkp

The study of morphological and ecological parameters of sevan trout was carried out from
2012 to 2014, as well as the comparison of mentioned parameters in different periods of observa-
tion was implemented. It was shown that changes in the morpho-ecological parameters of Sevan
trout continues today. The causes of such changes are probably the artificial fish farming. How-
ever, measures for the artificial breeding of Sevan trout does not lead to more or less significant
increase in their number yet.

Lake Sevan — Sevan trout — morpho-ecological parameters

Cesanckas (opeinb — umxad (Salmo ischchan Kessler) siisiercst moauMoppHbIM
BHJIOM, COCTOSIINM M3 YETBIPEX pac: 3UMHUH HmxaH — S. ischchan typicus Kessler, net-
Hull umixad — S. ischchan aestivalis Fortunatov, rerapkyuu — S. ischchan gegarkuni Kes-
sler, 6omkak — S. ischchan danilewskii Jakowlew [18]. Pacsl ceBaHCcKoO# (openu oTirya-
FOTCSI ZIPYT OT JIpyTa HE TOJIBKO MOP(OIOrHIECKUME OCOOCHHOCTSIMHU, HO BPEMEHEM U 9KO-
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JIOTHEl pa3sMHOXKEHHS, TEMIIOM POCTa, CPEAHUMH pa3MepaMu U Jonei B ynosax. [lonu-
eHne ypoBHs CeBaHa MPHUBENO K OOHAKEHHUIO MPHUOPEKHOM MMOJIOCH! TUTOPATBHOM 30-
HBI 03€pa, TPYHTHI KOTOPOH CJIaraluch B OCHOBHOM M3 T'aJIbKH, I'PaBHs M TIECKa U SBIIS-
JIMCh HEPECTOBBIM CcyOcTpaToM IUIsl 03epHO-HepecTyromux ¢openeid. CokparieHue mwio-
maau Hepectenuin Qopenei MpUBeNo K HapyNIEHHIO YCIOBHH MX €CTECTBEHHOT'O BOC-
pou3BoAcTBa. McKyccTBEHHOE pa3BelEHUE B 3TOT IEPHOJ SIBIATIOCH IOYTH EANHCTBEH-
HBIM MCTOYHHMKOM BOCIIPOM3BOACTBa 3amacoB (openei [16]. B 2010 r. ceBanckas ¢o-
penp Obula BKIIoYeHa B KpacHyIo KHUTy ApMEHHH Kak Mcde3aromuii Bua. MuHuCTepeT-
BO OXpaHbI NMPHUPOABI APDMEHHH B paMKax CIICIMAIBHON NPOrpaMMBbl KaXKIbIi IO/ BbI-
myckaeT B 03. CeBaH MaJIbKOB 2 pac HINXaHa — TeTapKyHU M JIETHETO HIIXaHa.

Lenpto maHHON pabOTHI SIBISUIOCH M3YYEHHE M3MEHEHHH MOpP(OIKOJIOrHIECKUX
IIapaMeTpOB CEBAHCKON (OPENN B yCIOBHUSIX aHTPOIIOTEHHOTO BO3/ICHCTBUSL.

Mamepuan u memoouxa. Co0op MaTepHanoB 1mo o6uonoruu Gopenn B nmputokax o3. CeBaH
npoBogmics ¢ 2012 1. mo 2014 r. PrIiObI BRUIaBIMBANKCH B PEUYKAX C MOMOLIBIO MEIKOSYCHHOM
PyHHOI HAKMIKH TUTOIAnBIo 7,65 M2 3a mecneayeMsiit meprox Gbuto BeuoBieHo 30 psiG. IIpose-
neH odumii Mopdonornueckuid aHanu3 [14]. AHanM3 M3MEHYUBOCTH MEPHUCTHUYECKUX NPH3HAKOB
WIIXaHa ObUT IPOBECH HAa OCHOBAaHHMH cpaBHEHHS AaHHBIX 1927 1. [18], 1963-1964 rr. [6], 1979-
1981 rr. [15] m Hamux cbopoB 2012-2014 rr.

Brutn paccunTaHbl cpenHee 3HaUCHHE MPU3HAKOB (M) M ommOKa ee penpe3eHTaTHBHOCTH
(m), cpemHee KBaApaTHYECKOEe OTKIOHEHWE (), AMCIepcns (6°), a TakKe Tpemeldsl W pasMax
BapbHpOBaHus (Min-max).

3HaueHHe IOKa3aTeNs JOCTOBEPHOCTH Pasnuuuid (t,) CPABHUBAEMBIX CPEJHMX 3HAYEHUH
MPU3HAKOB BBIYUCIISUIM 110 (hopMyJIe

[, -3t
tp=
(nl—l)xo'lz+(n2—l)><o'22 < +n
n+n,—2 n X n,

IUTSE N1 #N, B 9UCIIA CTeTeHe# cBo6oabl k=n;+n,-2 [7].
JloCTOBEpHOCTh Pa3NUYUil TMOMYYEHHBIX PE3YNbTATOB OLIEHUBAIH 1O TabIMIE CTaHAAPT-
HBIX 3HaueHui kpurepus t-CTpiomeHTa 1t ypoBHsS 3HauuMocTd p=0,05. JlomoaHUTENbHO pacc-
MatpuBaiucs ty s p=0,05 [8, 11].
PaccunTeiBaics Taoke ko3 duipeHt pasnuuuii (CD) [9]
= M -M, >1,28,

SD, + 8D,
rae M; u M, - cpennue 3HaYeHUs NpU3HAKoB, SD; u SD, - cTangapTHBIE (CpeIHEKBaAPATHYECKUE)
OTKJIOHEHHUS 3TUX IPU3HAKOB, 1,28 - NPUHATHINA OKa3aTeIb NOJBUAOBOTO PA3IHYMSL.

OneHka nokasaTenei aucrepcuil (mokazaTeab U3MEHYHUBOCTH - G~) MPU3HAKOB IIPOBOIM-
Jack 1Mo TabnMIE CTaHAAPTHBIX 3HaueHHH kpurepus Fy - dumepa it ypoBHS 3HAYMMOCTH
0=0,05. 3naueHne Kputepust qocToBepHOCTH pazmuunii (F) onpenensiau mo ¢popmyiie [8]
2
F=Z—‘22; (Uf Zo-zz).
Bapuanuonno-craructiuueckasi 00paboTKa IMPOBOAMIACE ITO OOMIEHPHHSATHIM METOUKAM
¢ ucnonb3oBaHueM KoMnbroTepHoi nporpammsl STATISTICA 8 [8, 12, 13].

Pezynomamut uoocysicoenue. Hamu 66U10 IpOBEIeHO H3y4eHHE MOPQOIOrHyec-
KHX ¥ 9KOJIOTHYECKUX MapaMeTpOB CEBAHCKOH (OpeiH, a Takke ObUIO NMPOBEJICHO CpaB-
HEHHE 3THX [IapaMeTPOB B Pa3IM4HbIE EPHObI HAOIIOICHUH.

HeszaBrcumo 0T ecTeCTBEHHOTO MIIM MCKYCCTBEHHOT'O MPOHUCXOXKAECHHS MOJIOJb B
TeYeHHUe ToJa AEPKUTCSA B IPUTOKAX o3epa. Eciy He cuMTaTh MEXaHMYECKOTro CHOCA BO
BpEMA 6yprIX MaBOAKOB, HOpMaJ’leblﬁ CKaT MOJIOAU MMPOUCXOANI MO JOCTHIKCHUN pbl6
8-10 cM mnmHBL. YacTh MOJOIM MOXET CKATHIBATBCS M O JOCTIIKCHHS yKa3aHHBIX
BBIIIIE pa3MepoB [4].
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Mo mamabpM Bnamummposa m [amuksaa [3, 5], momone ¢openu B MPHUTOKAX
CeBana nepxanach He Oomee 12 mecsmeB. K KOHITy 3TOTO CpoKa, Kak MPaBHIIO, CKaT
MaJIbKOB U3 PEUCK B 03€PO MOJHOCTHIO 3aBepuaics. Kak caukom, Tak 1 HAKHAKOH JOObI-
BaJlach MOJIOJIb TOJIbKO B Bo3pacte 0+, HU OHOUW pBIOBI B Bo3pacte 1+ oOHapykeHO He
Ob110. MoONIOAB TerapKyHH B peyKax Jepiaiach He OOJIbIe rojia, a MOJIOIb JETHETO UIl-
XxaHa — He Oousbme noiyrona. CoriacHo faHHBIM [IuBazsHa, Mononp Qopenn oburana B
MPUTOKax OT 6 10 19 MecdieB, ckaT ee B 03epO MPOAOIDKAICS B TeueHue 13 mecsien
[10].

B 1971-1972 rr. monoas dopenu B IPUTOKAX o3epa Mo cpaBHEHUIO ¢ 30-Mu u
50-mu rogamu 3aaepikuBanack Ha 7-10 mecaues ponbuie. B HacTosmee Bpems Mosoab
(openu ycrieBaeT cTaTh MOJIOBO3PEIION B 3THX K€ IIPUTOKAX (CTaAMs 3PEIOCTH IIOJIOBBIX
npoxykros I1I-IV), u BO3MOXHO, CKaTa 3THX PHIO B 03€pO YK€ HE MPOMCXOAUT. DTO SIB-
JICHWE MOXET OBITH OOYCIIOBJIEHO TE€M, YTO BO BpPEeMs BBIIYCKa MaJbKOB HIIXaHA C PhbI-
OOBOZHBIX 3aBOJIOB B 03€PO M PEUKH C HUMH MOTYT IONAAaTh U THOPHUIBI C PyYbEBOH
(dopernbio, KoTopasi SBISIETCS THITUYHO pedHOW phIooil. [1o BHETHMM mpH3HAKaM 3TU
rHOPU/IBI TIOXOXH U HA PYyYbEBYIO U Ha CEeBaHCKYO (openb. OO 3TOM CBHIETENBCTBYIOT
nx Mopdonoruueckue nzmenenus. K umciay Hanbonee BaKHBIX JUATHOCTHUECKUX MPH3-
HAKOB y pac ceBaHckoi ¢openu @oprynatos [18] cunraer MepucTHieckue, Mo KOTO-
PBIM TI0JIOBOI TMMOP(HU3M HE BBIPOXKEH — YHCIIO Yelllyid B OOKOBOI1 JIMHUU U jka0EpHBIX
TeruuHOK. C 1923 1. cpeiHre 3HAYCHUS YUCIIA YClIydl B OOKOBOW JIMHUM y Pac HMIIXaHa
BapbUpOBaIH HezHauuTenbHo. OnHako B 2012-2014 rr. oTME4€HO JOCTOBEPHOE yBEIU-
YyeHue 3HaueHui sToro npusHaka. B 2012-2014 rr. aucnepcus yucna >ka0bepHBIX THIYH-
HOK JIocTOBepHO yBenuumiach. Koadduunent pasnuuuii Mexny 3Ha4eHUsIMH IpU3HAa-
KOB YHCJIa 4emryid B OOKOBOW JIMHUH W >KaOepHBIX THMHHOK B 1927, 1963-1964, 1979-
1981 u 2012-2014 rr. He mpeBsbImaeT 1,28 (Tadm. 1, 2).

Ta6auna 1. Mopdosornueckue napaMeTpsl pa3IHYHbIX pac CEBaHCKOM (openu
6acceitna 03.CeBaH

Dopmbl 11 Yucno xabepHbIX
CeBaHCKOM Ton o D A TBIYMHOK AsTop
dopenn lim M+m lim M£m
Peunas
bopva 11936 1938 106-115 110,80£0,24 IV-V810  |[-V7-8 | 1722 | 19,680,18 | Brammupos,
CEBAHCKOMN 1944
dopemn
1927 104-117 110,78+0,24 19 111 8-9 1522 | 19,65+0,11 ql’;’g;y“““’
Ferap- 1963-1964 103-113 107,44+0,24 - - 1923 | 21,70:0,11 | Aopopeesa,
KyHH 1968
1979-1981 96-128 110,9340,68 - - 1624 | 20,9410,14 | CapBautosa
u 1p., 1989
1927 105-117 111,0940,22 9 111 8-9 16-21 18,60-:0,09 lcg‘z’gTy“a“’B’
Tlerinii 1963-1964 | 105-115 (118) | 109,400.46 ; ; 1824 | 20,06:0,20 | Aopodeena,
WIIXaH 1968
1979-1981 | 105-127 (130) | 115,15+0,45 . . 1624 | 20,390,172 | Capautosa
u jp., 1989
1927 108-119 (122) | 113,000,224 |11 (IV) 89 (10) | 1189 [16-20(22) | 18,33+0,10 ‘112)"2137”““"3’
SuMii 63 1964 | 104-118 110,00£0,33 ; ; 1824 | 20,7220,15 | Flopodeesa,
WIIXaH 1968
CaBBauTOoBa
1979-1981 - - - - - - W ap., 1989
1927 105-118 111,7840,31 19 I-18-9 | 1520 | 17,57+0,10 ‘Dl"gg“m‘*’
Bokak 1963-1964 103-118 108,59+0,35 - - 1824 | 18,38+0,12 Iﬁ‘;"é‘;ﬂq’ee“’
1979-1981 | (100) 102-120 | 110,35+0,30 - - 17-23 | 19,3020,09 | CarBanToB2
u ap., 1989
Cesanckas | 5015 5014 | 105-135 (140) | 116,25£3,16 | M-IV 7-10 (12) |1V 7-10] 1825 | 21,29+0,09 | HAtn
topenb JIaHHbIC
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Kpome BbIIICYTOMSHYTBIX MPU3HAKOB, U3MEHUIIOCHh TAKXKE YUCIIO JIydell B CIHH-
HOM W aHAIBHOM IUTaBHUKaX (Tabin. 1). [lo MHEHHIO HEKOTOPBIX aBTOPOB, 3TH M3MEHE-
HUsI 00YCIIOBJICHBI PE3KUMH U3MEHEHHUSIMHU YCIIOBUH BOCIPOM3BOJICTBA, U B MIEPBYIO OUe-
penp TeMmepaTypHOTO PEXHMa, a Takke CpOKOB M MecT Hepecra [15]. M3BectHO, 4TO
HM3MEHEHHE TEeMIIEpaTyphbl B MEPHOJ HepecTa U AMOpUOreHe3a BIIMSIET Ha YHCIIO HEKO-
TOPBIX MEPUCTHUYECKUX TTapameTpoB [17].

Tadmauma 2. [Toka3arenn JOCTOBEPHOCTH Pa3INdUi CPaBHUBAEMBIX CPEIHHUX 3HAUCHUH(t(),
mucnepcud (F) n koaddunmenta pasnuunii (CD) MepucTuuecknx NMpU3HAKOB CEBAaHCKOW (open
(o manubM 1927, 1963-1964, 1979-1981 1 2012-2014 rr.)

L1 Yucno xabepHBIX TBIYUHOK

TToka3zaresnu Iokazarenu

I-11 I-1I1 I-Iv I-1I [-111 I-IV
to=1,98 s to=1,98 s
(p=0.05) 4,30 6,74 2,35 (p=0.05) 2,39 0,35 0,58
F=1,85 must 17,7 22,4 F=2,03 must
(@=0,05) 6 9 2,54 (@=0,05) 2,42 7,69 3,34
CD 0,40 0,66 0,30 | CD 0,38 0,11 0,09

Obosnauenusn: 1— 2012-2014 2., I1-1927 2., Il - 1963-1964 22., IV - 1979-1981 2.

Mo mamapiM BnamummpoBa [2] mpou3onnin HW3MEHEHHsI B DKOJOTHH HepecTa
3MMHETO HWIIXaHa W TerapKyHH. B OTHOMmIEHWH 3MMHEro HIIXxaHa [2] IMpUYMHON TO-
JIOOHBIX U3MEHEHUH SBIIAIOCH HCKYCCTBEHHOE PhIOOpa3BEEHUE, HAPYIIUBILEE [TPEKHUN
X0 XM3HH (openu. YacTh NOMyJSUMHM 3MMHEr0 MIIXaHa 32 OYeHb KOPOTKUH mpome-
KYTOK BPEMEHH KOPEHHBIM 00pa3oM M3MEHMJIA CBOM JKM3HEHHbIE HAaBBIKH U IPEBPATH-
Jlach M3 TeHEpaTHBHO-03€PHON B reHepaTHBHO-pedHyro. MccnenoBanus Brnamumuposa
[2] moxa3bIBaIOT, YTO HEPECT rerapkyHH B O3epe JEHCTBUTENBHO MPOUCXOIWII, YacTo
BCTpPEYAIIUCh PBIOBI, 00JIaJaf0IIe TPOMEXYTOUHBIMH MOP(HOJIOrHIECKUMH ITPU3HAKAMHU
3MMHET0 HIIXaHa W TerapKyHW. TUIUYHBIA 3UMHUI WIIXaH uMes OyJIaBOBUIHBIC WIIN
TOJICTBIE M KOPOTKHE >kaOepHbIE TBIYMHKH, B TO BPEMS KaK y T€rapKyHH OHU JUIMHHBIC,
TOHKHE U OCTphle. JKabepHble THIMUHKA “TPOMEKYTOUHBIX ™ PHIO OBLIM KOPOTKUE U OCT-
pole. HmoKHSS 9erocTh y 3UMHETO MIIXaHa KOPOTKas: OOBIYHO BEPXHSIS YENIOCTh BBIA-
€TCsl HaJl HeH, TorJa Kak y rerapkyHd OHa JJIMHHAsI — 3aXOJUT 3a BEPXHIOW. Y “mpoMe-
JKYTOUYHBIX PBIO HIDKHSAS YENIOCTh KOHYAeTCS HapaBHE C BEpXHEH. DTH MPOMEXyTOU-
HBIE PBIOBI, MO BCEH BEPOATHOCTH, SIBISUTUCH MOMECSMH 3MMHETO HIIXaHA C TerapKyHH
[2].

B wuccnenopanmsix MapkapsiHa yka3zaHO, 4TO BOCHPOM3BOJICTBO pac HIIXaHa
OCYIIECTBIISUIOCH TOJIBKO MCKYCCTBEHHBIM IyTeM. [Ipex/ie Bcero CMeCTHJIMCh CPOKH U
MecTa pa3sMHOXKEHUs pac (openu, U3MEHWINCh XapaKTep pocTa, NPOJODKUTENLHOCTD
KHM3HHU, BO3PAcT HACTYIUICHUS TOJIOBOH 3pEOCTH, COOTHOIICHHE TOJIOB B TOMYJISLHAX,
IIUIEBOI CIIEKTp, paclpeliesieHne B BOJOEME, KaTacTpO(QHUUYECKH CHHU3MJIACH YHCIICH-
HOCTH [15].

W3menenns Mopdonorndecknx M 5KOJOTMYECKUX IapaMeTpoB CeBaHCKOM (ope-
JIM IPOJOJDKAIOTCS M B HacTosiee BpeMst. [[puurHON 3TUX M3MEHEHUH, IO BCE BEPOSIT-
HOCTH, SIBJISIETCSI HCKYCCTBEHHOE pbIOopa3BeneHne. ONHAKO MEPONPHATHS IO HCKYCCT-
BEHHOMY Pa3BEJICHUIO CEBAHCKHUX (Opesel ¢ NaJbHEHIINM BBITYCKOM MajbKOB B 03€pO
MI0Ka HEe IPUBOAUT K OOJIee NI MEHEE 3HAUYUTEIbHOMY POCTY X YUCIEHHOCTH.

B otnmune oT reHeTHUeCKuX HOCJ'leIlCTBl/Iﬁ 3aBOJICKOT'O pa3BE€ACHUA, KOTOPLIC MO-
T'YT TPOSIBIATHCS B HECKOJIBKUX ITOKOJICHHSIX, ITOKA Yepe3 aJanTalHio K MECTHBIM YCIIO-
BUSM OOHMTaHUsI HE MPOU30MIET ECTECTBEHHBIN OTOOP MOMYJIAIUN BO BPEMS €CTCCTBEH-
HOTO BOCITPOM3BO/ICTBA, OOJBIIMHCTBO 3KOJIOTHYECKHUX IOCIEICTBUI OyAET COKpaIaTh-
sl ¢ yJIy4lIeHHEM YCIIOBHUH €CTECTBEHHOTO pa3MHOXeHUs. Takum oOpa3om, Ha OCHOBa-
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HUHM MOP(]OIOrHIECKOro U IKOJOTMISCKOr0 aHAIN3a MOXKHO IPEIIONIOKHUTh, YTO B Ha-
CTOsIIIee BpeMsl TOMyJIsiKs HiixaHa B o3epe CeBaH MpecTaBiisieT coO0W THHAMHYHYIO,
MOJUMOP(HYIO TPYIIHUPOBKY, MOJYYCHHYIO OT CKPELIMBAaHHS B PbI03aBO/aX U BBIIY-
LICHHYIO B 03¢0 M PEUKH.

Ha ocHOBe pe3ynbTaToB MPOBEJICHHBIX HCCIIEA0BAHUM, B LEISX BOCCTAHOBICHHS
MIOTYJISAIIAH CEeBAHCKOH (hopenn — JIETHero WIIXaHa M TerapKyHH, He00X0AUMO B phIO3a-
BOoJax BblGI/IpaTb T€HCTHUYCCKH YUCThIX BOCHpOI/BBO[lI/ITeHeﬁ JJIA TTOJTY4YC€HHS MaJIbKOB CE-
BaHCKOH (hopeny, KoTopble B abHeleM OyIyT BbITyCKAaThCS B 03€PO U PEUKH.
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lilitavetisyan23@mail.ru

dpnijunngny hwpunwugyus uinttn unwgnn wetknubph dnwn (50% $pnijunng 9 swpwpldu
Rupwgpnid) htwnmwgnunglyp tu hknht Jipenypubph swpdnnuijutt b qquyuljut gnpdwenypubph
Jhpulubqidwb gniguithoubpp tunwiyupnh sdjnud-Juuunuthg htnn: Zudwdwh supdwb by kpuh
phunh (qquyujut gnpdwenyph pwhwlwlwt gmguuhy)' Spnynng+&dinud+Lycium  barbarum
hudpmid Juuugws Jponyph qquuniinipjut Jkpuljuuquniudp wibknh b niukgh] Juwunidhg 5 op wug,
dhtynbn dpnijnng+&dimd judpnud Jepujuiiqunudp nhindl) £ Juwunidhg 18 op wig: Zwdwduyt
Spnly-inng+&dinud+ Lycium barbarum tadpnud tunnwtyuipnh unwnhlulwt gnighsh (Qwpdnnujui
gnpdwnnyph pwhwlwlwl  gmguwihy)' qquih b hwjwuwnh JEpwluwbqunud wbnh b niukgh
Juwunilhg 14 op whg: dpnijnng+&dind fadpnud tpqws gmguithpubph phtwdhljut Jyuymd E
swpdnnuljutt gnpswnnyph ny hwjuwuwnh dwdwbwluynp Yepuwjuiqudwt b htnwqu Juwn-
pwupugdut dhindwb dwuht: Ujuwhuny, wntubknubph tunwiyupnh Juuuquspubph nbwypnud Lycium
barbarum-p (hmquq) gnpdwnnipuht kjph pupbjufdwb tkpnid niikgnn Uheng t:

Lunwiyupnh ddjnid-Jiwunid — $pnilunng — Lycium barbarum

VY KpbIc, MOTy4aBIIMX KOpM, oborameHHslil ¢pykrosoit (50% d¢pykrossr B Teuenue 9
HEJeTb), MCCIEeJOBAI JHHAMUKY IOKA3aTeledl BOCCTAHOBIICHHS MOTOPHOW M UyBCTBHTEIBHOM
GyHKOM 3aTHAX KOHEYHOCTEH MOCIIe KPaIl-MIOBPEXICHHUS CeNAIUITHOr0 HepBa. CornacHo TecTy
¢uiexcopHOro pediexca (KOMMYECTBEHHOMY ITOKA3aTENI0 UyBCTBUTENBHOH (YHKIWH), B TPyIIe
OpykrozatKpaur+Lycium  barbarum  BOCCTaHOBIICHWE UyBCTBUTENBHOCTH  ITOBPEXKICHHOI
KOHEYHOCTH HMEJIO0 MECTO CIyCTsl 5 CyT IocCie IOBPEXKICHHsS, B TO BpeMs Kak B TpyIIe
®pyxroza+Kpawr BoccranoBienne Habmoznanock crycts 18 cyr. CornacHo craTH4ecKOMYy cezia-
JIMIHOMY HMHJEKCY (KOJIMYECTBEHHOMY I10KAa3aTeslo ABUraTeiabHOH (QyHKuuM), B rpynmne dpykro-
3a+Kpaw+Lycium barbarum nOCTOBEPHO 3HAYMMOE BOCCTAHOBIICHHE UMEJIO MECTO cIycTs 14 cyT
nocne nospexzaeHus. B rpynne ®dpykrozatKpam auHamMuka OTMEUYEHHBIX IOKa3aTened CBU-
JIETENILCTBYET O HEJOCTOBEPHOM BPEMEHHOM BOCCTAHOBIICHHH U MOCIEAYIOMEH TeHACHINH yXy /-
menus. Lycium barbarum (nepes3a) IMOTEHIMANBHBIA KaHAWIAT UL YJIy4IIeHHS (yHKIHOHATIb-
HOTO UCXO/a IIPH TPaBMax CEeJaMIITHOTO HEpBa y KPBIC.

Kpaw-nospesicoenue cedanumnoeo nepsa — ppykmosa — Lycium barbarum
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L.Q. UdGShusuL

The dynamics of the recovery of motor and sensory functions of the hind limbs after sciatic
nerve crush injury was studied in rats fed a fructose-rich diet (50% fructose for 9 weeks).
According to the test flexor reflex (quantitative indicator of sensory function) in
Fructose+Crush-+Lycium barbarum group of rats the recovery of sensitivity of injured limb
occurred after 5 days following injury, while in Fructose+Crush group the recovery was observed
after 18 days. According to the Static Sciatic Index (quantitative indicator of motor function) in
Fructose+Crush+Lycium barbarum group there is reliable significant recovery after 14 days follo-
wing injury. In Fructose+Crush group the dynamics of the mentioned indicators show the unrelia-
bility of recovery time and the subsequent deteriorating trend. Lycium barbarum is a potential can-
didate for the repair of functional outcome of the injured sciatic

Sciatic nerve crush injury — fructose — Lycium barbarum

dpnijuingh UkS puwwlhh gnpswsdnidp qnignpnynid | iymiputhnjumiwljuyht hw-
dwpunnwihoh hbw, npbt wnwewgund £ jhunpnbwlui b suypudwuwghtt byupgught
hwdwlwunpgtph gnpswnnipughtt thnthnpunipnibubp [19]: ShEpowpwpupniunipnibp,
htunijhiughtt  Juyniimpiniip b (hyhptidhwt  owpwpwjpnh  wipwdwibih  pw-
nunphsutp b Swypwdwuwhtt ubjpnywwnhwitph rphuh Jupbnp gopénuubtp tu [1]:
dudwbmlulhg htnwgnunipnitubpt wywugnignud i htunyhth b bpw Wnipw-
tnwtwluyhtt pwbqupnudutph gbpp Swypudwuwght Wwpgbph Whponywnhwikph
qupquguut gnpépupwugnid: I b II mkuwlh swpwpwjuinph dudwbtul Swyjpudwuwgh
upnuyhtt hwdwlwupgp JEtnpniwwt ywpnpuyhtt hwdwlwupgh hudbdwn wyth ks
swithny k Juwugnud [14]:

Qqnijngh Ynmpwhnpwbwlnipmniip unpphinughtt fwtwwuphnyg ubpn juyyus
E oyuigub poholiiph hbw, uwluyt nhnhu pugwhwpnjws st wpyn’p wyy pehotiph
thnthnfumpynitikpp Jhtuwwphdhwlut pwbqupdwi gniguihy &b, ph $hqhninghwljwi
gnpéwnnyputph pwbqupdui wuwdwn [14]: Pugh wyy, Suypudwuughtt Wwupnbpp
oduijws ki ppnijuingh yuwowpdw uvwhdwbwithwl htwpuwynpoipyudp [18]: Qniyngh
ynmpuhnjwtwlnipyut unpphninjuyht mynt npny wpquupputp hwyntwpbpyty B
unpbyunngnghtiuyhtt  owpwpwpunny weubnubph  Swypwdwuughtt  Wwupptpmd b
nnumintnnud  [19]: Owypudwuughtt wppbpnud  unpphuinjuyghtt muynt wpquuhpubph
ynunulnidp - wnwewginid £ oduiywmb  pohoubph gnpswnnyph  fawbqupnud [11],
dwubwynpuuybu hwnduwsuyghtt dhbjhtwgqpuwi wbkupnd [19], npt & hp hbppht
owpuipujuinny hhyuwiy JEunuihutph uppbpomud tyuwunnd | wqnuljubph hwnnpnpdwt
wpugnipjut tuquuin [9]:

Lycium barbarum-p wjwinuljub pdoynipjui ke kpup dudwbwl oquuwugnp-
Snud Ehtt npuitiu pwpwpuyht nhwpbknh pniddw dhong [12]: Lycium barbarum-p hudwp-
Jnud E puwjutt hnwdp b nhwpbn pnidnn tkipnid niilignn dhong. Upnynibwdbnnipiniuu
wwwhnynn pununphstubp bt hwdwpynid puquuowpwpubpp [13]:

Lyuwwnwl] ntbktuny htnwgnunt] wetbnibkph Juuwudws tunwiyupnh Jipw-
Juqunudp dpniljinngny wnwewgpus yniputhnpwbwuyhtt sknnudubph’ dkyniuh b Ly-
cium barbarum-h upnninubph oqunugnpéuudp gqnignpyjus wuydwubbpnud® wju wphuw-
nuwbpnid nuumdbwuppyly Bu htnhtt ipenyph swjdwt nkdiipuph b tunwiyupnh
ununhluljut gnighsh gniguthpubpp &djnid-Juwunithg htinn 1-28 opkiph pupwugpnid:

Ymnip b dbpnn: Zknuqninnipjnitibpp junwpyl) i uyhnwl] ukpwhwumb wpnt wntibn-
ttph Ypw bpbp Judpbpnud (hhiqujwl Jetguih jmpupwbsnip dpnid)” Sdpnud, Spmljnng+Sdind,
Spniyunng+&dinud+Lycium barbarunr. dpnljung+&dinud, dpniyunng+&dinud Lycium barbarum padptph
YLunwuhukpp oph htin Jkg owpwp swpnitiwl] uinwghl) Eu 50% $pniljinng, nphg htnn juwmwpyty &
tunwiyupph  ddpud-Juwunud: Yktnuihubpp Jhpwhwwnnipniithg htn 28 op swpnitwlly Eu
dpnijuing uinwbiwy: Lycium barbarum-h 350 Uq/ljq sunthwpwduny dwipugyws wyunninubpp winwgky Eu
ubiinh htwn Jhpwhwwnmpinithg htwnn 21 op pwpmbuly: djnd judpnud tunwbyupnh udnud-
Juuwunidi hpuljuugyt) k hlnnwljn Yeinwihubph gpu:
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Quijuwlnnuijut tunwiyupnh &dinwdp wqnph Yyepht Eppopy dwunod junwpdty b obdpn-
wnwjughl (40 Ug/lig vA]) wmuqquyugdwb wuydwtbbpnud® 30 Juyplyuth pipwugpmu wpyniiwhnunt-
pniup Juukgunn ubnuhsny wpwehtt wnwdh nhppny ubnuuwl wpnymipnud [3]: Ujunthbnb ju-
wnuwnyl) £ dwolh b djubughtt oipinh wdpnpouljuunipjut Jkpuljuiqunud b Fhghihti-3-h Gupw-
dwouyghtt ubpupynud: Lunwbyupnh &dinuwdhg 28 op whg Sdjnud, dpnijuing+&dnud, dpnily-
unng+&Uymd Zycium barbarum fadpbpnud wigijugyky £ qquyuljuit b pwpdnpujwt gnpdwnnypikph
Jipujuiqudwt nhtwdhjujh hwdbdwnwlut  JEpmsnipymt’  hhdudbing, hwdwuyuwnwujuw-
bwpwp, sSwydwb pkpiipup phunh b bunwiyupgh vnwnhuwit gmghsh gniguhpubph Jpus
Ouuul nhdpuh phunt wighugyty k2 @l dhokjkljinpnyughtt hkpunfnpnipjundp 1 @l inpuifuigéng 2
wnudl Ubknunujuptpny juqudus tpyplte Ltjupngn hbnht puptph tbpputitph wpuwpht
Ynnup hwuthwnnt hnuwipny gpgelnt fwwwwuphny [8]: Uju phunh pluyghtt gniguhy dwnuygky &
hnuwiph nidh (MA) okdught wy dkdnipniup/wipdtpp, npit winwgwgnky k dwjdwi nkdikipu Juwuyws
1 wnnng Ykponyputpnud:

Pnnp  putwljuljut wpdbpubpp (Ubdnipiniuiubpp) thpuyugjuws tu npybu dhohtmgdws
wpdbputp +SEM 5 Jhunuunt hwdwp® hudwduwji Unjnigkunh t-suthwihoh: Swppbpnipniautpp
hwdwpyt) Eu Jh&uljugpnptt hwjwuwp, tpp p<0,05-hg:

Lunuiyupnh vnwnpljuljub gnighsh nfjuikpp vnwbune hwdwp webbnbbpp nbqunp-
Jt B wyult hwnwyn] yuunhlt wplynh dbe b 5 pnyk gl hwiquunp Jhdulnmd” hwp-
dwpdw byuinwlyny: Ujunthtnb pquyhtt wkuwjughljh oqgunipjudp wighugyt) ki htnht pupbph
dwlbtpbuubph  tjwpwhwinudutp  hwiqunh  yuunwhwujuwt  dwdwbtujuhwndusubpnd  [2]:
Ujunthtnl yuunwhwlwi pinpjws 3 tjupubp hnpowunpyk; Eu Adobe Photoshop dpwgph qéw-
gpuljut httwhwppwl b §pwiunti gnpdhph oqunipjudp swithyl] weubnbbph puptph wupw-
dbwnptipp, dwutwynpuytu wennge b Juuujws nnbwpwpbph -V dwntbph (toe-spread-TS) u II-IV
dwwnubiph (intermediate toe-spread-ITS) (wjupny’ hwenpywpwp hwogupltny pipupwismnip Ynnudh
hwdwp jnipwpwbymp wuwpwdbnph dhohtt pywpwbwluiutpp MS Excel hkuwhwppulnid:
‘Lunwbyupnh winunhluljwi gnighsp hwpquplyty E huwnndy dowljdws puiwdling [2]° SSI=(108,4 x
TSF)+(31,85 x ITSF)-5,49, npubn TSF (I-V dwwbbkph juwyunipjub  gopdnup)=  TSYuwudus-
TSwpnng/TSwnnne, hulj ITSF (I-IV  dwwnbbph  (ujunpyubt  gopsnup)=ITSYuwudus-ITSw-
pnng/ITSwnnne: SYjwutiph yh&wugpuju Jtpnidnipeiniutt hpuwbwgyt) k SigmaPlot 11.00 dpwg-
nh ogunipjuup (ndyuutpp Jipnisyk) i one-way ANOVA-h oquuuugnpsuwdp): Fnjnp putwljufui
wpdbipubpp ukpuyugyws ku npytu vhohiwgyws wipdtiputp +SEM 5 Yhunwunt hwdwp: Updbputipp,
npnug p<0,05-hg, hwlwpyt) ku Jhdwljugpnnpki hwjuuwnp:

Upnyniplkp b phinupynid:

Unnne I Jhwuyws Jhponyphlph qquyulwi gnpéweniyph niunidbwuppnieiul
phiudhlml unwiyupnh dhwlnpuwih ddjnidhg hkwnn

Zudwduy swpdw nkdipup pliunp’ qquyujut gnpswrnyph pubtwluljwt phu-
wnh gnigwuhoubph® dpnjung+&dinid fudpnid  bunwtyupnh Juwunidhg 1 op wlg
Juuujws Yhpenypnid qquynitimpinitip HEjunpuljubt hnuwbph tjundwudp qquihnpki
ujugnid £ (hinwgdwt nkd kpuh gniguwthop Yuqunid k 98+4,6 UU; p=0,17 unpaired t test)'
hudbdwwnws wenne Ytponyph unyt gnigwuhputph htwn (hinwgdwt nkdikipuh gni-
guiithop juqunud £ 50+1,6 UU; p=0,33) (uly. 1. U): &jnud-Juwunithg htivn® 28-py opp,
wnnne b Juuwudws Yhponypubpnid wyn gniguthoubpp qquijhnpbt tugnud Bu (56+1 UU;
p<0,05" wnnn9 Ytpenyph hwilwnp b 63,5+2,2 UU; p=0,75" Juwuyws Ykpenyph hwudwp) (ul.
1. 0):

au U pnnyung+£ained
1207

P Ipnlyuing + £dnud + Lycium barbarum

= wenqp

O wnnng ] Gwn]wd

100+ T = o wd

5 8 11 14 18 21 25 28opkp
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L.9. U4EShUSUL

Uly.1. Unnng b Juuujws puphkpnud (hknht Jhpenypubp) swjdwh nkdkpu wnwowmgung
EEjunpuljui ppwtdw dhohtt gniguihoutipp (W) Spnijuing+Sdinud (U),
Spmlnng+ Sdynid Lycium barbarum fadpkpnid (R) 1-28 opkph pipwugpnid

tunwiyupnh dhwljnndwh &djnudhg hkwnn

Ujuptp®  dpnijuing+&uinid judpnid gnyg b wpjws Juwugus Jtponyph
qquyuijut gnpswnniyph huptwpniju Jepujubgunid Juwunidhg 28 op wug: ‘Lokup, np
Suinud judpnid swjdwt nEdipuh gniguiithop Juwugws Yipegnypnid Juwunidhg 1 op wtg
Juqunud Ep 100,76+2,3 AU (p<0,0001), huly 28 op whg 90,6+5,3 UU. (p=0,09):

dpnijuing+&Uinwl+Lycium barbarum fudpmd tunwiyupnh Jhwynndwh gdjnt-
uUhg 5 op wig wnnne b Juwuqws Yhpenypubipnid tjunygt) k swjdwb nkdikpu wnwewg-
unn hnuwbph dbdmipjut gnigwhoutph hwjuuwpbgdwt dhunnwd (uy. 1. £): Ujuybu,
Ept dUnud-Juwunidhg 1 op wig 5 wnubwnh hwdwp wpnne b Juwuyws pupkph
Uhohttmugws gniguuthputpp juqunud thtt hwdwywwnwuppwbwpwp 58+1,2 1 112+1,2
UU, wwyw 5-py opp' 62+1,2 LU 77+3 U, hulj 11-py opdwihg ufuws’ hwdwwyw
nwupiwbwpwp 61+1,9 b 60+3,5 dU: SUnud-Juwudwi 28-pny opp wju gnigwthpubpp
Juqunid Ehut 55+1,6 wnnne Ytponypenid b 550" Juwudws Jtpgnypnid: Ujuhlpt' dwy-
dwt ntdiipup phunh gnigwhoutpp dpniungh dhgngny nmipuwhnjuwtwlfuyght
hwdwhinwithy wnwgwgpus wnubkwniubph Unn tunwiyupgh &dinidhg htnn gnyg bu
bk Juwugus Yhpeniyph qquyniinipyut okuh qquith pupdpwgnid (1-15 op) b winnng nu
Juuudws JEponypubph qquyniinipjutt hwjuwuwpbkgdwt dhwnnud (18-28 op)' htkwnht
Jtponyph ubkppwih EEjupuliuit jupwtdwi dwdwbwl: dpnijung+S&dinud+ Lycium
barbarum  fudpnmid gnyg b wpjuwés Juuudus Ybpenyph qquyuljut gnpswnnyph
JEpuljuiiqunid Juwunidhg 11 op wg:

YJlnuujwés Jkponyph pupdnyulul gnpdunnyph JEpulumbqinful hnihnpinipinihbkph
phiwdhyuyp niunidiwuppnieniip funwiyupngh dhwinpuwih ddjnidhg hkunn

Zudwdugt tunwbyupnh vinwnhljuljut gnighsh (LU8) dhohtimug]ws gniguithy-
ubtph' &Unid-unnighy judpnid swpdnnuijwtt gnpswnnypp Yupnly Juupwpuind b
wppbt hul ddppud-Juwudwt hbug hwenpn opp (LU8=-77,4+6,27; p=0,13), L Juuwn-
pwpugdwt vhnnudp yuhwwidnid £ dhiigh 25-pn opp (LU8=-80,2+1,46; p=0,20):

Sdpnjung+&dinid judpnid swpdnnuiljut gnpswnnyph gniguthoubkpp qquhnpku
Juwnpwpugh) b dhtisk 11-pn opp b Yuquly -75,16+4,67 (p=0,25): &Ujnid-Juwmudwt 18-y
opp LU8=-3,04+20,86 (p=0,24) (Y. 2. U):

100 U Ipnyuning+4gnud - P Ppnyung +£Gnud + Lycium barbarum
801
60 0 ¥ N |
40 LN J
] S e e
201 20 [ {/
0 + + * /
. 40 /
" f_,_,.{ 1 H
40+ / 60+ *
60 /
L S S /
-80 i —3 80 F
-100
120 — -100 R — — —
1 4 7 9 11 14 16 18 21 23 25 opbp 1 4 7 89 11 14 16 18 21 23 250pkp

Uly.2. Zkwht Ykpenypitkph tunwiyupnh vnwnhljulwb gnighsh (LU8) (unwnhljuljul

2updnnuljuit gnpswenyph phuwn) thohttug]ws gmguithptbpp Spniljnng+&dinud (U) b
Spnjuning+&dynud+ Lycium barbarum (£) hudbdwwnnn judpipmd® 1-25 optiph pupwgpnid
tunuiyupnh vhwlnnuwith £&djnuthg htnn: Znphgniuljut ninhnp (0 dwlupnuynud) bwhuadhpw-
hwwnwlwt duupnulji £ jud wenne b Juwudws puptph dholt mwpphipnipiut puguljuyniejntip
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18-25 opkph pupwgpnid npubtnpyly b owpdnnuljwt gnpéwnnyph Jepuljutqu-
dwl quupwupugdwt vhnnd, puth np VU8-h gnigwuhpubpp 25-pn opp Juqul) ki -
21,30+12,12 (p=0,07) (uly. 2 U): dpniyuing+&djmd Lycium barbarum fudpnmid tunnwiyupnh
&Unudhg htwn' 14-pn opp, LUB=-7,84+7,47 (p=0,2): Twpdnnuljwlb gnpéwnniyph
wpuqugyus Jhpujubqunudp ywhywidnd E biunwiyupgh £&dinidhg htnn dhigh 25-
nm opp (LU8=-8,9+2,40; p=0,9) (uy. 2. £): Ujuhuph' Ipnijuing+&dinud  fadpnid
pugwhuwyngl] bu owpdnnqujwt gnpéwenyph unwwnhluliwui gnigwuhoubph hwu-
nuwwnntt Juunpupugnid thush 11-pn opp b unyu gnigwthpubph dwubwlh JEkpuljug-
unid 18-pnp opp, hiywyhu btwl sowpdnnuljwt gnpswenyph YEpujubqudwt Yphuwlh
Juupwpugdut dhund tunnwiyupngh ddinwdhg 21 op wug: dpnjunng+&dimd Lycium
barbarum tadpmd &dnidhg wppkb hull 14 op wlg pugwhuwjnyl] L swpdnnuljut
gnpéwnnyph tnpdughtt hwdwywwnwuppwing gniguthpubph Junudwd Jtpuljuiqunid
b owpdnnuljut gnpdwenyph YEpujuwiqidut ywhywidwt Jhund bunwiyupgh
&Unidhg 25 op wiig:

Lunwiyupyp hhdtwwinud wywhnynid £ htnht Jepenyputph yuppugnpoudp:
Vyupnh Juwunidhg htnn htyybu owpdnnuijwt, wybybu b qquyuljwt wpunukpp
Jipujuiqudui (nhghubpughuyh) pignibwlnipinit otk b hwnnl) fwbwwyuphubph
unbindnudp dhwghnud b ipulg phpuwjukph htwn, wy Yhpy wuws nbgh b ok
gnpéwnnipught Yhkpuwljuwbqumu: Quwplnp b bk, np wiqud wdkbwpupbiyuun
dhowJuyph wuydwtbkpnid ntnh t niubunud hipwnhp Suypunp wijuint JEkpuljuig-
unud [4]:

vwnp gnpswnnypltpny Wwpnh qquyuiub b owpdnnuljwt pununphstph
Jtpunpuuwynpnidp hwdwpynd £ Juwudwsph  hwdpighwinip hbnbwipp: Swp-
dnnuljut ppwbuqupnudubph YEpghwjut yuwndwnp Juumudwt phypnid hwunhuwunid
E uljpnulikph nhqbubpughwt [10] b upttwwutbph Ynpniuwnp [20], hull Jhpotwlut
wpryniup Yupnn bk (hitk] wpuntwghtt ny gnpswnnipuyhtt hwdnpubpp:

Uput ke qpniyngh dwwpnuyh wpynitwybtn JEkpwhuynnnipiniup hhdtw-
nup puwy b hwdwpynud pwpwpwpnughtt pupnnipnibabph juthidwt b Jepugdul,
husytu bwl I b IT mbkuwlh swpwpuyhtt phwpkwnny hhywunutph Jjuph npuljh pupk-
jwydwt hwdwp [6]: ZujnbwpbpJws b Lycium barbarum-h puquuowpwpubph dpuy-
ghuyh hwljugbprwpwpupnitught wjnhynipiniup [7]: Uywgnigqus b twl, np Lycium
barbarum-h puquUuowpwpubpp skt gnigwpbpl] poibwynp ntwlghwibp b Jupnn Bu
hwuntu qu npyhku phwlui hnwdp swpwpwjuinp pniddwit unp dhongubiph dowljdwi
hwdwp [7]: Umnwuw Ynnuhg' opuhnuwpy uppbup ghwpbnh  whinwpwbwulut
howbqupnidubph puqiwphy dkuwthqdubpp juynn pighwinip nigh k& [17]: 9bpeoht
dudwtwlyutpu qquih htwnwpnpppnipeniu k ujunynid uhtuphnhy
hwljwopuhnunitnhtt thnjuwphunn pniuwlw hnidphg ptwlwuubph hwynbwpbpnidp:
Qhunwfub hwoyb-nynipniitbpp U jwpnpuwninp  hbknwgnuumpnititpp gnyg bu
wnwihu, np poygubpp wupnibwlynd Bo hwjwopuhnuinnuyghtt wjnhynipjudp odndus
puquuplnype Wmpbtp [5]: Lycum barbarum-h npuljwl wqnpkgmpniip nhwpbnp
dudwiwy unyuybu yuydwiwynpyus t upw hwjwopupnunuyhtt wjnhynipjudp
[15): Lycium barbarum-h uwwnninubph niumdbwuhpnipnitubpp JEunpntugdus tu
hhdtwluiunid  wpnunbngh-fububph Jpw’ hwynth npwybu  “ZLycium  barbarum-h
puquuowpunubtp”, npnup gnigupb-ponud G hwjwopuhnuitnuyhtt b wy) ginupwbwuljui
hwwnljnipniuttp wjiywhuh wwph-puyhtt hhywbnnipnibubph nhwypnwd, hiswhuht Eu
wptpnulipngp b nhwpbnnp [16]:

Ukpuyugws thnpdupupuljut wfjujikpp hwunwnnd Bu gpujut widjug-
ubipp b poy) Eu tmwjhu dwnbwgly Zycium barbarum-h nhipp wnbbnbbph tunwiyupnh
Juwuduspubtph dudwbwly gnpdwnnipuyhl bph pupkjudiwut gnpdpupugnud:
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Zuyumumulip wqquyhl wgpupuyhl hudwjuwpab
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zhuynlhukqhugh wuydwhitkpnud 4 wduwljut undynpubph dnn wpyut dky tugqnud® k
lhqnghth wuhynipniap b glhynypnunbhnubph wwpntbwlynipniup, npp JYuynud & phwljui
phdwnpnpuljuinipjui b yuwnbkowht gnpdwpnyputph puddut dwupb:

Eitnunbpnynyh dqquéph b L. acidophilus INMIA 9602 Er-2-h hwdwwntn oquugnpénidi
niluh npuljub wqnpkgnipnit hhwynyhibkghuwh wuydwitbpnud phwljut phdwnpnyuljuinipjut
Jtpp  upqws  gmgwihpubph Jpw, hsp pny; B wughu  wpwowpll]  wwwpwuwnnmlp
wpnibwpbpuljut hhdniuputipng Yhpwnt] 4 wduwfwb un&ynpubph htnbkuupy wdbgdui b
pundwi pipugpnid:

spynlpbbqhuw - jpqngpdd —phulml phdwppnpulwinigpmi b - gpynypnunkpyhip -
Lactobacillus acidophilus INMIA 9602 Er-2 — Eleuterococcus extract

ITpy rMIIOKHMHE3UH B KPOBH Y 4-MECSUYHBIX HOPOCST MOHMKEHO COICPIKAHHUE TIMKONPOTEHU-
JIOB M CHIDKEHA aKTUBHOCTB JIM30LIMMA, YTO CBHICTENBCTBYET O MOHIKCHHU €CTECTBEHHOH pe3uc-
TEHTHOCTH B LIEJIOM M, BO3MOXXHO, CHIDKCHHH OapbepHbIX (yHKLMH opraHuzma. COBMECTHOE IpH-
menenue Lactobacillus acidophilus INMIA 9602 Er-2 u skcTpaxTa 371€yTEpOKOKKA ITOJIOKHTETEHO
BIVSIT Ha BBIINICYKAa3aHHbIE ITOKA3aTeNIM E€CTECTBEHHOW pE3NCTCHTHOCTH, HAa OCHOBAHWU YETO
PEKOMEHTyeTCsI HCIIOIb30BaTh JaHHBIH NIpernapar Mpy NPOMBIIIICHHOM BBIPAIIUBAHUY HOPOCST.

Tunokunesus — IU30YuM — eCmecmeeHHAas pe3ucmeHmHoCcme — 2nukonpomeudst — Lactobacillus
acidophilus INMIA 9602 Er-2 — Eleuterococcus extract

The content of glycoproteins and lysozymes in blood of 4-month piglets was reduced during
hypokinesia which testifies to decrease the natural resistance and barrier functions of the organism.
The combined action of Lactobacillus acidophilus INMIA 9602 Er-2 and Eleutherococcus extract
expressed a possitive effect on the natural resistance indices which allows to reccomend them in
commercial cultivation of piglets.

Hypokinesia — ysozyme — natural resistance — glycoproteids — Lactobacillus acidophilus INMIA
9602 Er-2 — Eleuterococcus extract

4 wduwjub jungbphtt wdkgumd tu gjuwpwtwlh Jepwiunpnguut hwdwp jud
pidwil tyuwwnwlny: dhpwinpngiui funqtiphtt Wpnwwbu wbwnp L gmpu phply
qpnuwitiph, npykuqh tpwig opquthqup wdpwwunyh b tpwip dhwynpytt wdnip

91



U.Q. &rrenrsuu

Yuqujwspny, wnnng, wwhywsdph wuydwutbkph tjundwdp ny ywwhwigynw, pupdp
JEpupununponujuinipjudp: Upn dudwbwljuppownid hhup b npynid Yhunwhubpp
punnudp hwenn whgjugubint hwdwp: Udkgdwt opownid wuhpwdtown L wuyuhnyty
wuydwbp YEunwuhubph nuljpwluqidh b djubughtt hnrudwsph hunbbuhy wdh
hwdwp [6]: Zujwunwinid hhdtwlwinid Yhpunynud b hunqtiph wnwig gpnuwiph
wuwhywsdpp, husp sh tyuwuwnnid (hupdtp Ujutuyhtt wjnhynipjut qupgqugduip:

‘Lwjunpy thnpdbpnid wppkt wywgnigl) Ehup hhwynlhtubkqhuwyh wqpkgnipniup
gnuuuninbuwlut jEuguuhubph $hghninghuuit b jEuuwphdhwlwt npny gnigw-
uhoubinh Ypw 2, 3]: Zwynth k, np jhwwnwphp Yhuguihubph hwdbdwnn pyudp 4 wduw-
Jwb undynpubph opquithquh yuomyuwiwlwh ny mpwhwwnnly dkjpwmhquubpp ntn
lhwipdtp sk, ngpuip quiynid ki qupqugdwi thnynid [1]: Zwynuh £ bwl, np wnhpuyht
Uhypnphnunnwgh owynhdw) Juqup pwiunud b opquithquh wwonmuywbwlwb ny jnipw-
hwwnnty dkjpwthqdubph (hwupdtlp qupqugnidp: Unudnpuwnhpuyht munnt dhipn-
phntmwt ny dhuyt dhwdnpnud £ wbnuyhtt hdnitbhnbnp, wyb fwybe tyuwunmd
dwwnnuoh hunttughtt hwdwlwpgh dbwnpdwip b qupqugdwip, huyybu twb
wuwhywind £ ngpu wjnhynipiniup (hwnwphp JEuguuhubph dnwn: Unpdwy phnwnugh
puutphww dnnnijhtubpp ppwind ko huntbwlnduybntun pohoutinh wép, wyk-
jmgunid ki pumibwqgnpnyptibph,  htuwnbpdtpnuh, ghwnlhutbtph  uhbpbqp,
pupdpuginid B wpnwbpnhh b ndyidbinh dwuljupqulp, htsybu twb (hgnghup
wlnpympnibp [4]: Gukny Jkpnbpjuihg, npnpyty B wwpgby, wpynp htwpunp &
lupwttyny  wnhpughtt  dhypnpnpugh - poiblyghntwy - hwpudnpoippnibubpp,
unpduwugl) b pupdpugut] hunttuyhtt jupquyhdwyp (unuwnniup) b htug npuing
huy dtnut) ud Jtpugul) hhynlhubqhuwh puguuuub wqnpbgnipniup 4 wduwljut
lun&ynputiph opquithquh (pu:

Uppnibwpbpujut wuydwutbpnd wwhynn YEugwuhubph ptwut phdw-
nnnnuljuinipiniit nuundbwupplnt tyuwnwlny dkp Ynnuhg bwb hbnwgnnbtdt) b
Etnintpnynlh dqudph b Lactobacillus acidophilus INMIA 9602 Er-2-h wwwnpwunntly
unugus 4 wduwljub ndynpubph wpjui dke gihynwypnnbthnubph wupnitwlnipniup

Ut thqnghth wlynnupip:

Ynip & JEkpng: @npdbph hudwp «Upgnmidwit b Ugbknhur UNL wbnbumpnibbbpoud
punpyt B 4 wduwlub undynpubkp: Cwupdnudubpp vwhdwiwulbnt tywnwlnyg YEunuhukpp
wuwhyt) ku Juinulibtpnud, npnig swihbpp dby YEunuine hwpynyd 0,5-0,6 ? t: Uwnighy fudph
Yhuquihibpp wwhyb) &' 1-1,5 U2 jmpupwbsnig qpup hwdwp swihbp mbkgng Juigulibpnd b
opwljut 2 d nnipu phipl) gpnuwbiph: @npdp bty k60 op:

Zhnwgnuinmpjut hwdwp wpniup Jipgyt) £ wnsh Epuljhg husybtu dhush thnpdp, wybtwybu
£ hhuyynljhukqhuygh 5, 15, 30, 45 b 60-pn opkiphti: ZEknwgnunky ki pwljut nhlwnponuljwinipejuh
wjbyhuh gniguthpubp, hywhuhp kb wpjub Uk thqnghuh whwnhmpiniip b gihinypnnkhgubtph
wupniuwynipiniup:

Onpduwlul Yhunuuhubpp G-wjwb gntju) pudwl) Gup hnlbyw) jdpkph.

1-ht judph Yhunwuhubkpp wwhyl) tu swpdnudubph vwhdwiwhwljdut yuydwbubpnid,
wnwig npbk yunpwunntly unwbwn,

2-pn judph hhynyhukqhuyh thpupydus Yruguihubpp opp tptp whqud unwgl) th 3x108
Yhuuntbwly puynbphwikp wwpniiwlnng Lactobacillus acidophilus INMIA 9602Er-2 owunwd 317/402-h
1hndhjuglwé pulinkphutbp,

3-pn udph hhwynyhubkqhuyh Gupwplyyws Yhunwuhublpp opp tptp wiquu uwnwgh) Eu
0,2 Uq/lq (hndhjmgus Lintnkpnlnlh dqusp,

4-pn Jud unmghy junudpp wwhyty £ wowbg npbk qunpuunnly uinwbagng, 1-1,5 d? jmpu-
puitsymip gjjuh hwpyny swithtip mukgnn quunuljutpnud b opuljun 2 d noipu phpyty qpnuwtiph,

5-pn judph hhynyhukqhuyh Bipupydus YEuguihubpp opp tptp wiqud unwgl) Bu 3x108
YEuunttwl puljnbtphwbp wupniiwlyng Lactobacillus acidophilus INMIA 9602 Er-2-h (hndhjugus
puunbphwitph b 0,2 Uq/lyq thndhjugqus LiEntnkpnynlh dqusph pwnunipn:

Lhgnghuh wljinhynipiniip npnpyty E Ununnhth dkpnnny’ Uhwnyniptthinih dhwthnhodundp
[7]: Uy Ukpnnh hhdpnud pliljws k (hqnghuh tkpputhwignidp wquph dke b ipw Ynnidhg
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Micrococcus  lysodeicticus nijunipugh wéh wpghjuynudp [5]: hinypnunbkhnutph pubwlp
npnoyly E dhpdbph b Unphth dbponny, npp hpdidws E ghynypnubhnh wsuwepwnwgh
pununnhsh b opghuinih dhol intinh niukignn gniiwnp nkwlghwyh jnruwgwthdw Ypuw [5]:

Jhdwjugpuljut Jpnsnipniup juunwpdl] b huwdwlwupgswiht "two-tailed paired t"
phuwnh, StatView 4.57 (Abacus Concepts Inc.,Berkeley, Calif.) yhdwljmqpuljut thwplph, (244)
dwluinphuy  JEpnisnipjutt  ogunipjudp: p<0,05 dwwpnuyp hwdwpdl) b Jhdwlugpnpki
hwduwuwnh [9]:

Upynibplkp b phlnupnid: 2knwqnunipjub wpnniupubpp gnyg b wdbg, np
Uptigh thnpdh 30-py opp’ qthynypnuinbkhnikph wupnibwmpymip b jhqnghith whnp-
Ynipniip qquih thnthnjuniput skt upwplly (wn. 1): Cun wpnuuwlh ndpugubph’
thnpdh 45-pn opn 1hqnghuh wljnhynipinitn 5,7 %-ny tjuqk) k 1-ht fadph YEunwhubph
Unw, npnip quuinid Eht hhwnlhubqhuh wuypdwibbtpnid wowg nplt ginudhong
unwbuwnt (24,40+0,12 JU' uwnighsh 25,90+0,17 dd phdwg): Ubwgws fudpbpnud
thnpduwlut nfjuyubpp qpbipt skht mwppbpynid uinighy YEunwuhutpht Jipwpkpng
wnjuukiphg:

®npdh wwpwnhl, hhynyhutghuwyh 60-n opp, unnwgyty Lt htwnlyw) wyyuutpp:
Lhgnghuh wlnhynipniup 18 %-n tjwql) £ 1-ht pudph Yhunuihubkph Unwn (21,1541,
05 Ud unnighsh' 25,90+0,18 Ud nhuwg), 2 U3-py thnpduwwt udph YEugwuhubph dnw,
npnup unwgh] B wwnpwunnlp wpwtdhtt wnwbdht 2-pn junwdp 3x108 Yhuunitwy
puubtphwiutp wwpnitwynn L.acidophilus INMIA 9602 Er-2-h (hndhjugyms pul-
wnbphwibp) b 3-py unwdp (wnwglky Eu 0,2 dg (hndphjugjws LEnunbkpnynyh dqyusp)
wpnng tnpdp plpugpnud wyjuy gmguihoh (jhqnghth whnpynipyut) huduunh
thnthnjunipnibibp skt hwynbwpbpdl: buly 5-py judph YEugwbhubph dnw, npnbp
unwgk] Ehtt hwdwihp  wwwpwuwnntl), juwnynd £ jhgnghdh  wlinhynipjut
puipdpugnid 10%-nq (28,55+0,47 Uu):

2 Unruwly 1. L. acidophilus INMIA 9602 Er-2-h it bjknuinkpnljnh dqusph wnwbidh
b hwdwwntbn wqpkgnipniup 4 wduwlwb undynpubtph wpjw thqnghuh
wlnhynipjut ypu hhynyhitbqghwh wuwydwuubpnud, dd

Zhinwgnuinipjui dudljknp, op wig
Tudptpp
Uptsh thnpdp 5 30 45 60
1- hu 25,91+0,11 25,90+0,15 25,70+0,15 24,40+0,12* 21,15+1,05*
2-pn 25,90+0,11 25,88+0,12 25,80+0,12 25,75+0,14 25,70+0,14
3- py 25,90=+0,11 25,90+0,11 25,85+0,11 25,77+0,19 25,74+0,14
4 25,90+0,11 25,910,17 25,90+0,17 25,90+0,17 25,90+0,18
(unnighs)
5-pn 25,90+0,11 25,88+0,15 25,94+0,15 26,20+0,12 28,55+0,47

* Owhnpwgpnijeinil’ p< 005

Ldwbophtiwl] ndjuikp ko wnnwgyl) 4 wluwlwb jundynputph wpjub ghln-
wpnubkhnubph wupnittwlnipjubp YEpwpkpnn hbnwgnunmpnitiitpnud: Munpqyty k np
hhwnyhubqhuwyh wuwydwutbpp YEuguwuhubph Jpu wqpnid o dhuyte 45-py opduithg
uuws: Uju dudbnnd 1-htt fudph Yhunwuhubph unwn gpuigyl] t dtpnhhojuy
gniguihoh 8 %-ny ujuqnud, (0,90+0,22 ¢/1° uwanighsh 0,97+0,17 q/1 nhuwg), hull thnpdhp
wyjwpuht' 18%-ny (0,80+1,05 ¢/ unnighsh 0,98+0,18 g/|nhuwg): FPuguhwyngt) k twl,
np  LbEmunbpnynyh dquéph b L. acidophilus INMIA 9602 Er-2-h  wnwudhtu
oquiugnpénidp Jupnn L jubjul) Yhuguuhubph wpwb by qhynwypnunbkhnukpp
pwlwluwlwi thnthnjumipjniuubpp, hul ppuitg hwdwntn oqunugnpsdwt ntypnid
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uuwnyl] E uwyu gniguthoh 19 %-ny pwpépwgnid (1,17+0,47 ¢/1° uwnnighsh 0,98+0,18

¢/1nhuwg) (wn. 2):

U.Q. &rrenrsuu

Unymwuwl 2. L. acidophilus INMIA 9602 Er-2-h b kjknintpnlnljh dqusdph wnwudht
b hwdwwntn wqpkgnipniiup 4 wduwlwt jundynpubph wpjuy gihynypnnkhnutph

wupnibwlnipiub Ypw hhynyhubqhuyh wuwydwbubpnd, q/f

Tudptipp Uhtgl thnpanp Zhwnwgnuinipjub dudljlnp, op wig
5 30 45 60
1- hu 0,98+0,05 0,97+0,05 0,96+0,05 0,90+0,22* 0,80+1,05*
2-pny 0,98+0,05 0,99+0,02 0,98+0,02 0,96+0,14 0,95+0,14
3-pn 0,98+0,05 0,97+0,01 0,97+0,01 0,95+0,19 0,94+0,14
4 -pn (uwnnighy) 0,98+0,05 0,98+0,07 0,98+0,07 0,97+0,17 0,98+0,18
5-pn 0,98+0,05 0,99+0,05 0,99+0,15 1,10+0,12 1,17+0,47

* Owhnpwgpnipinil’ p< 005

Lwilh np 1hgnghdp wuwwnljwinwd £ hdnithnbwnh unip thnyh uwuhinwynigubpht,

npnip wwwhnynid ki opquithquh ny jmipwhwwnnl phuwnpnpuljwinipmniip, huy
hhwnyhukqhwh dudwbwy (hgqnghuh winhdnipjut tqugnidp JYuynid | jhuguhubpp
opquithquh phwljut nhdwnpniujuiinipjub pnyugdut vwuht:

Ujuyhuny, ytpnhhojwy hbnwgnunumpinibutpp hwunwnnd Bu hhynlhughwgh

wuydwbubpnid EEnunbpnnyh dquéph b L. acidophilus INMIA 9602 Er-2-h wuwwn-
puwuwnnih npujwi wqpkgnipmniin 4 wduwlwh undynpttnh wpywi gihn ypnnkhnuk
nh wupnibwlmpjub b {hqnghth wnhynipjui Jpu, hgp poy b owwhu wnwewnlyly
wuwunpwunnitjubpp  wpynibwpbpuwt  hhuniupubpny 4 wduwlwb  jundynpubpp
hunku-uhy wakguwt b Yhpwnk) pindw pipwugpnid:
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HEKOTOPBIE OCOBEHHOCTHU OHTOI'EHETHYECKOI'O
PA3BUTUSA TUNBPUIHOI'O KAPJIMKA INIIEHUILBI Dwarf I
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ruzannasad@mail.ru

HccnenoBano BinsiHAE KOMIUIEMEHTAPHBIX I'€HOB I'MOPHAHONM KapiIMKOBOCTH Ha IESTEIIb-
HOCTb KOPHEBOH CHCTEMBI, HHTEHCHBHOCTb (POTOCHHTE3a, aKTHBHOCTD KaTalla3bl M XJIOPOQIILIA3H! Y
rubpuzHoro kapiuka mureHnnsl Dwarf 1. BeisiBieHo, 4To B3auMOJEHCTBHE KOMIUIEMEHTApHBIX J0-
MHUHAHTHBIX T€HOB KapJIMKOBOCTU OKa3bIBaCT MHOI'OCTOPOHHEE BIIMSHHE HA OHTOI€HETHYECKOe pa3-
ButHe THOpuaa. ['mbpuaHas aenpeccus NposiBIANACchk KOPPESTHBHO B HAI3EMHBIX U TOJ3EMHBIX Op-
raHax pacTeHus..

TTwenuya — 2ubpuUOHas denpeccusHOCMb — KOPHeBAsl cucmemd —
gomocunmes — xaopoghunnaza —kamanaza

Nuuniduwuhpyby & hhpphnuyhtt qudwdnipjut Yndyykdktnwp ghutiph wqngnipiniup gn-
npkup Dwarf I qudwd hhpphnh wpdwnwihtt hwdwlwupgh gnpéniubnipyul, $nunnuhtiptqh hnku-
uhynipjub, Juunuugh b pppndhiugh whnpinpput Jpu: fugwhwpn]l) £ hhpphguyht
quéwdnipjut pnihtwin Yoy kdkunwp ghutiph hnjwqnbgnmpyut puquulnniwih gpubnpnudp
quéwd hhpphph otiingkubwnhl qupqugdwi Ypu: Kupdwsnipmnitp Ynpkjuwnhynptu t wpunw-
hwjnynud pnijuh Jipginiyu b unnpglnyw opquitnbpnud:

Snpkl — hppphnuyhl Kapywdnipnti — wpdunnuyhl hundluljupg —
prunnuplipkq — piapnphyug — junwyng

The action of hybrid complementary genes of Dwarf I on the functioning of root system
of plant, intensity of photosynthesis and on catalase and chlorophills activity was investigated. The
comprehensive manifestation of hibrid complementary dominant genes interaction was revealed
during the ontogenetic developments.

Wheat — hybrid depression — root system — photosynthesis — chlorophyllase — catalase

B 3BOIIOIMY MIIEHUIBI B OTEIBHBIX PETHOHAX MUPA IPOU30LIUIM €CTECTBEHHbIE OTpHULA-
TeNbHbIC JOMUHAHTHBIE MYTALIMH, KOTOPBIE IIPY B3aHMO/CHCTBIN NPUBOAAT K HEH30EIKHOMY BO3-
HUKHOBEHHMIO JICTIPECCUBHBIX MIIH JICTANBHBIX THOPUIHBIX PACTEHHUH, TEM CaMbIM MPEMATCTBYS yC-
MEITHOHN peann3auny CeIeKINOHHBIX mporpamMm [12]. W3yueHue 3Toi mpoOiieMbl IMEET OOIBIIOE
MIPAaKTUYECKOe 3HAUCHHE B CBSA3U C TE€M, YTO MHOTHE IIEHHBIE COPTa COBPEMEHHOI CENIeKIUH SBIIS-
I0TCS HOCUTEIISIMU T€HOB JeTIpecCUBHOCTH. OHOBPEMEHHOE CO/ICP KAaHNE PA3THIHBIX
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JIOMMHAHTHBIX T€HOB JEMPECCHUBHOCTH B OJHOM TE€HOTUIE NPHUBOJUT K HX COBMECTHOMY
MIPOSIBICHUIO U YCHJIEHHIO YTHETEHHOCTH THOPUIHOTO OpPTraHU3Ma.

CIHEIUIeHHOCTh TE€HOB JETIPECCHBHOCTH C T€HAMH, ACTEPMHUHHUPYIOINMHI XO3SHCTBEHHO-
LEHHBIE TPHU3HAKH (BBICOKOOEIKOBOCTh, IMMYHHTET K Pa3lIHIHBIM 3a00JICBaHHUSAM, KOHKYPEHTO-
CIoCcoOHOCTh, Macca 3epeH), B KaKOH-TO Mepe CIIOCOOCTBYET paclpOCTPAaHEHUIO TEHOB AEIPECCHB-
HocTH [6]. ['eHernueckue (axTopsl, MPU ONPEIETEHHOM COYCTAaHHH NMPUBOASAIINE K HAPYIICHUIO
PeryJsITOPHBIX MEXaHU3MOB JKU3HEACATEIbHOCTH, LIUPOKO pacnpocTpaHeHsl B poae Triticum (33-
96%), IMEIOT MHOr000pa3Hoe MposiBIeHUEe (TMOPUIHBIA HEKPO3, XJIOPO3bl, THOPUAHAS KapIINKO-
BOCTb), KOMIUIEMEHTapHBIN XapaKkTep U OTIMYAIOTCS YETKOM BUIOBOI, OMOTUIMYECKOH U reorpa-
¢uueckoit moxkanuzanueii [7, 18].

JleATenbHOCTD TPEeX Pa3iIMYHBIX HE3aBUCHMBIX KOMIIEMEHTAPHBIX FEHETHYECKUX CHCTEM
(ruOpHUIHBI HEKPO3, KPAaCHBIH U OeIOKpamyaThlii XJI0po3bl) PUBOAUT K MACHTHYHBIM (PU3HOIIO-
THYECKHM M3MEHCHUSIM: Pa3pyIICHUI0 aCCHMIIIIIMOHHOTO aIlapaTa, pacianxy MUTMEHTOB U CHH-
KEHHIO YPOBHS KH3HeHesTeabHOCTH. Kaxas ¢popMa IenpecCHBHOCTH MMEET CBOE YETKOE MOp-
(onoruyeckoe nposiBjeHue, crenuduueckoe pa3BUTHE U KOHEUHbIH pe3ynbTart [7, 9, 11].

B ommmune OT yka3aHHBIX THIIOB JENPECCHBHOCTH, TmOpuaHas kapnukoBocTh (hybrid
dwarfness) xapakTepu3yercss HHTCHCHBHBIM CHHTE30M U OOJIbLIMM HAKOIICHHEM HEaKTHBHBIX MO-
JIEKyJ1 XJIOpO(UILIa C HU3KUM YPOBHEM >KU3HEACSITENbHOCTH THOpUIO0B [7].

I'ensl, neTepMuHApyIOMINE SBICHIE THOPUIHON KapINKOBOCTH, pactpocTpaneHsl (70%) y
pa3nUYHBIX BUAOB miIeHHI. KapnukoBbsle THOpUABI BOSHUKAIOT NPH CKPEUIMBAHUN HOPMAIBHBIX
pactenuii. OmIon0oTBOpEeHNEe U 00pa30BaHUE CEMSH IIPOUCXOANT HOpMaibHO. COrflacHO HIOTE3e
Hermsen, rubpumHas KapJUKOBOCTb HPOSBISCTCS NPHU KOMIDIEMEHTAIMHM TPEX JOMHHAHTHBIX
reHoB (D, D,, D3), KOTOpbIe UMEIOT Pa3IMYHyIO CTEIeHb JOMHHAHTHOCTH. B 3aBucmmocTH OT
Hanuyusl reHa D; rubpuaHas kapiukoBocTh mposiBisiercs B Fy wim Fp. B paszmmunbix ¢daszax
Pa3BUTHS B 3aBUCHMOCTH OT F€HOTHIIA POAUTENBCKUX (HOpM rHOpUIHBIE pAacTEHUS] MPUOOpETaloT
XapakTepHble 4epTbl raburyca dwarfness ¢ pas3lUuHBIM YpOBHeM xku3HecrnocobHoctu. Ilo
CTENEHU Pa3BUTUS THOPUIHBIC KAPJIMKH MPOSABIIOTCA B TpeX pasnnuHblX popmax: Dwarf I — sie-
tanbHas popma, Dwarf Il — nmomyneransaas u Dwarf 111 — BuransHas [13].

Dwarf 1 — neranpnas, Hanbosnee cuiapHast Gopma dwarfness. CHMOTOMBI KapIHKOBOCTH
nposBisiioTcss B aze 1-2 mmcteeB (eHOKpuTHueckas (a3a). B oHTOrenese pasBmBaroTcs
pacTeHus C >KECTKUMH, TEeMHO-3€JE€HBIMH YTONIIEHHBIMH JHCTBIMH C 3aMEUICHHBIM TEMIIOM
paszButus. O6pasyercsi 60JIbIIOE KOJIMIECTBO OOKOBBIX MOOETroB, PACTEHHS IPUOOPETAIOT XOXOJI-
KOOOpa3HbIi BHJ U MOrHOAIOT, @ B HEKOTOPBIX CIIy4asX — B COCTOSIHUM 2-3 nmucTheB. JletambHas
¢a3a Hactynaer B (ha3e KOJOMICHHUs POIUTENIbCKUX Gopm [13].

BsaumopeiicTBre TeéHOB THOPUIHON KapIMKOBOCTH OKa3bIBAET MHOTOCTOPOHHEE BIIMSHUE
Ha 0COOEHHOCTH OHTOT€HETHYECKOTO Pa3BUTHsI THOPUAHOTO TIOKoneHus [7, 10].

VY rubpuna Dwarf | genpeccust nposBiseTcss B MOPHOITOTHIESCKUX 1 aHATOMUYIECKUX MOKa-
3atersix. [ mOpuz 1Mo BBICOTE pacTeHUs yCTyNaeT POJUTEIBLCKAM (opMaM IPHMEpPHO B 5 pas, IJIH-
He JIUCThEB — 2,3-2,4 pa3za, a 10 MJI0IaAu JUCTheB — 6,2 pa3a. [Ipu cuIbHOM yMEHBIICHUU JJIUHBL
U IUIOLIAJM JIUCTBEB MEHSETCS TaKXKe aHaToMHuyeckoe crpoeHue ymcra. Cokpamaercs 4Yucio
ycrbull B 2,1-2,6 pasa, a JulMHa U IUIOIIA/b KJIETOK dIUIepMUca yBeIuuuBaercs. Takas npencTras-
JIEHHOCTb YCTBHYHOTO amnmapara CBUAETENbCTBYET O TOM, YTO KOMILUIEMEHTANUsI TeHOB THOPUAHON
kapiukoBoctd (Dj, D,, D;) mpuBoauT K u3MEHEHUsIM MOPGOCTPYKTYPHOIl OpraHu3anu Me-
3o¢umra nucra. Jlempeccust MPOSBISIETCS TaKKe MHTEHCUBHBIM CHHTE30M M OOIBIIMM HAKOII-
JICHHEM HEaKTHBHBIX MOJIEKYJ XJopodmmuia [7, 15].

W3zyyenne muHaAMUKY copepxkanus xiuopodmura y rubpuna Dwarf I mokasano, uro B pas-
JUYHBIX (Da3ax OHTOTEHETHYECKOTo pa3BUTHS (KyLIeHHe, cTeOJieBaHHE, KOJIOUICHHE, [[BCTCHHE)
coZiep)KaHue XJIOPO(HILIa IPEBOCXOJUT poaUTeNbekre GopMel npumepHo B 1,7-2,4 pasza. B daze
cTebaeBaHMsT POAUTENBCKUX (OpM y THOpuaa cojepkaHue XJIopoduiula TOCTHUraeT MakCUMyMa
(5,46 mr/r), a B daze xousorreHus: oo cocrasiser (5,3 mr/r). Habmonaercs cnax ypoBHs XJI0po-
¢uIa B CBA3M C HAUAJIOM BBIMHUpPaHUS THOpuaa. B cooTBeTCTBUN ¢ MPOMCXOSIMMHI U3MEHEHHUS-
MU 110 (a3aM pa3BUTH HAPYIIAECTCS H COOTHOLIeHUE Xopoduiia a/6. OTcyTeTBHE cTEOIIs U Pop-
MHPOBAaHHE PO3ETOYHBIX JINCTHEB UPE3BBIUYAWHO COMMKAET KOPEHb M JIUCThS. [Ipn cokparmeHnn
PacCTOSIHUS MEX/y KOPHSIMU H JINCTHSIMU yCIIIUBaeTCsl 0OMeH Mexay HumMu [3, 4, 11]. BoamoxHo,
9TO SIBJISAICTCS OJTHOM U3 IMPUYNH YCHIEHHOTO CHHTe3a XJopodmuia y ruopuna Dwarf 1.
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Lenpro HammX Mccle0BaHMIl OBUIO BBISICHEHHE HEKOTOPBIX (PU3HOIIOTHYIECKHX ACTIEKTOB
BJIMSTHASL KOMIUIEMEHTAPHBIX I'€HOB TMOPHAHON KapiIMKOBOCTH Ha OHTOTCHETHYECKOE Pa3BUTHE
THOPHIHOTO OpraHu3Ma.

Mamepuan u memoouxa. Hamm vccienoBaHus IIPOBOIIINCH HAa DUMHAI3UHCKON Gase
ApPMSHCKOTO HAy9HOTO LIEHTPa 3eMJIeJIeIHsI, KOTopast HaXOIUTCs B ApapaTcKOi 30HE Peciry OIIUKH.
30Ha XapakTepu3yeTcs CyXuM, Pe3KO KOHTHHEHTAJILHBIM KIMMaToM. Bo3jenbiBaHUe CebCKOXO-
3SHCTBEHHBIX KYJIBTYD BEJETCS B YCIOBHSIX OPOLICHUS.

B kauecTBe poauTenbekux GpopM Opaich aBCTpPaIMHCKHE SIPOBBIE copTa MIieHHI] — Frisco
(Dd,d;) u Amby (d;D,D;), koTOpbIe SIBISIOTCS HOCUTEIISIMH CHIbHBIX ajuieneid D reHoB u uc-
HOJIL3YIOTCS B Ka4ECTBE TECTEPOB Ul OOHAPYKEHHs 3TUX reHoB. [uOpuasl F; momayuens meto-
JIOM HCKYCCTBEHHOTO OnbLIeHUs. KacTpiupoBaHHBIE KOJIOCHS OpaMCh O] NEPraMEeHTHbIE M30JIs-
TOPBI, 3aTeM Yepe3 3-5 aHel onbusIuch. M ceMeHa nepBoro ruOpHIHOrO HOKOJICHHS, U POJIUTENb-
ckue (OpPMBI BEICEBAINCH B 5-KMIIOTPaMMOBBIX Ba30HAX B TPEXKPATHOH ITOBTOPHOCTH KasK/IbIiA.

VHTeHcuBHOCTh (POTOCHHTE3a ONPENETSIIM METOJOM MOKpPOTO CHKHTaHUS IO AJIIMKOBY,
00BEM M MOTJIOTUTEIBHYIO OBEpXHOCTh KOpHel Metonom Cabununa u Konocosa [8]. Onpenene-
HHE aKTHMBHOCTH KaTajla3bl OCHOBAHO Ha Y4eTe PacIaja MepeKHUCH ¢ MOCIeIYIOIIM THTPOBAHHEM
nepMaHraaToM Kanus [S5]. Onpenenenne akTUBHOCTH XJIOPOQHIUIA3bl IPOBOIMIOCH BBIACICHUEM
U KOJIMYECTBEHHBIM OIPE/EICHHEM NPOTOXJIOPOdUILIA C HCTIONB30BAHUEM MOJSAPHBIX U HEHOJIAP-
HBIX pactBOpuTeneil [1]. Marematnueckas oOpabOTKa MONYYEHHBIX NAHHBIX MPOBOAMIACH IIO
Hocnexoy [2].

Pezynomamut u oocyrncoenue. B xone MHIUBUAYaATbHOTO Pa3BUTHS KapIHMKOBBIX
ruOpuIoB HAOMIONAIOTCS CYIIECTBEHHBIE M3MEHEHUSI B CHHTE3€¢ OEJIKOB M IIMI'MEHTOB,
WHTEHCHBHOCTH (POTOCUHTE3a, (PEPTHIHHOCTH IBLIBLBI U YPOBHE PaJIMOPE3UCTEHTHOCTH.
BrraBiieHsI HeKOTOpHIE actieKTH pusnonorun dwarfness [7, 11, 16, 17].

VY rubpuna Dwarf [, Hapsay ¢ genpeccueit HaA3eMHBIX YacTeH, BEISIBICHBI 3HAUH-
TeJIbHBIE U3MEHEHHSI M B KOpHEBOI cucteMe. [lornorurensHas A€ATEIbHOCT KOPHEBOH
CHCTEMBI SIBJIICTCSI AKTHBHBIM MIPOLIECCOM, KOTOPBIN HETIOCPEICTBEHHO CBA3AH C KU3HE-
JIESITEJIbHOCTBIO U PAa3BUTHEM HAJ3EMHBIX OpraHoB pacTeHus. [lomydeHHble HamMu OaH-
HBI€ COTJIACYIOTCSI C MHEHHEM O TOM, YTO MHTEHCHBHOCTH ITOTJIOTUTEIBHON JEATEIBHOC-
TH KOpHEH IpU OJIMHAKOBOIl MOTPEOHOCTH PACTEHUI B MUTATEIbHBIX BELIECTBAX U BOJC
B 3HAUMTENHHON Mepe onpeesiercs ux oobemoM [14].

B xone Hammx McclieoBaHMi BBISICHUIOCH, YTO POAMTENbCKHE (OpMBI THOpHIA
1o ooveMy, agcopoupyromel 1 padbodell MOrJIOTUTEIFHON HOBEPXHOCTSIM CYIIECTBEHHO
He pasnmyaroTes (puc.l).

BbIsicHeHO, YTO 110 CPaBHEHHMIO C POJIUTENBECKUMHU (hopMaMH y THOpHa coKpala-
1oTcst 00BeM KopHei (5,9-5,3 pa3a) u o01mas morJaoTUTeIbHAS TOBEPXHOCTH (1,5-1,4 pa-
3a). YMeHbIIeHHEe O0IIel MOTIOTHTENRHOW oBepxHOCTH KopHel y Dwarf I komneHncu-
pyeTcs yBeImYeHHEM IPOIeHTa pabodel MOTIOTHTEIbHOM moBepxHOCTH (46,2%) 0T 00-
e, 9TO MPEBOCXOIUT poauTeibckue Gopmer Ha 9,07-8,2%. U3 atoro ciemyer, 9rTo
MOP(HOCTPYKTYpPHBIE U3MEHEHHS IIOTJIOTUTENILHON TIOBEPXHOCTH KOPHEH HallpaBJIeHb! Ha
o0ecrieueHne )KU3HE eI TeIbHOCTH PaCTeHHH.

Pacrenne MoOWIM3yeT BCEe CBOM PE3epBbI, OJJHAKO I'€HETHYECKH OOYCIIOBJICHHAs
JACTIPECCU NPUBOAUT K JICTAJIbHOMY MCXOAY U OHO HC JOCTUTAaCT PEHPOAYKTUBHOI'O pa3BU-
TUs.. AKTHBHas IOTJIOIIAIONIas U MeTabonnyeckas (YHKIMS KOPHEH SBISIETCS BaKHBIM
BHYTPEHHUM (DAaKTOPOM YCHJIEHHSI CHHTE3a XJIOpO(WIa B JHUCTHSIX. BBISBIEHO, YTO HMH-
TEHCHBHBII CHHTE3 M OOJIBIIOE HAKOIUIEHHE XJIOpO(hHILIa He 00ECTICUNBAIOT HOPMAIBHYIO
KI3HEACATSIHFHOCTh THOpUAHOTO Oopranu3Ma [11].

Takoe MHEHHE MOATBEP)KAACTCSA AAHHBIMH ACCHMWIIALIMOHHOW IEATEIbHOCTH
JUCThEB (Tabm. 1).

CymiecTByeT npsmas 3aBUCUMOCTb MEX[IY MOIJIOTUTEIBHON CIIOCOOHOCTBIO KOP-
Hell 1 POTOCHHTETHYCCKON aKTHBHOCTBIO JTUCThEB [15]. X0oTs rubpua 1o coaepKanuio
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xJopouiia MPEeBOCXOIUT POAUTENBCKHE (OPMBI B JIBa pa3a, OOHAKO 3(PPEKTHBHOCTD
UCIIOIBb30BaHMS MOJIEKYJ XJI0poduuIa B JOTOCHHTE3E CHIKACTCS.

A ) B.

400

00 -
400
1

Ofmaa Palowan

®Fiscof ODwarll ® Amby Frioss Drvart | Ay

Vriser o'l S

Puc. 1. lesTenpHOCTS KOPHEBOH cucTeMbl ruOpuaa Dwarf [ u ero poaurensckux popm
A. AzcopGupyOIIas TTOBEPXHOCTE, AM2; B. OGheM KopHei, cM’;
C. % paboueil HOTIIOTUTENEHOI MOBEPXHOCTH OT 00mIei

Ta6auuna 1. MaTeHcHBHOCTH (POTOCHHTE3A Yy KapIMKOBOTO THOPH/IA MIIEHUIIB
tuna Dwarf I u ero pogurenbckux GopM B (asze KOJIOUISHHS

HuTeHncuBHOCTH Copepxanue
N O6paszen ¢doTocuHTe3A, xnopodmna, mr/r
MF/Z[MZ/‘I
1 Frisco @ 32,07+ 2,29 2,65
2 Dwarf I (Frisco x Amby) F; 11,86 + 1,36 5,30
3 Amby & 30,34 + 2,23 2,61

t haxr. > t Teop. (4,6), pa3HOCTH CyllecTBeHHA IpH 1% ypOBHE 3HAYUMOCTH.

Hecmotpst Ha To uto y rubpuna Dwarf [ nponienT paboueii morinoTuTenbHON 1M0-
BEPXHOCTH OT OOIIEH CpaBHUTENBHO O0IbIOi (46,2), TEM HE MEHee CIeyeT MoJaraTh,
YTO WHTCHCHUBHOCTH TOTJIONICHHUS HHU3Kas. Y TuOpuaHoro kapiwmka Dwarf I oHTOTCeHE3
3aBepuraeTcs B (haze KymeHus. Bereranms, mo-BUIMMOMY, COKPAIIAeTCsl 32 CUET BhIIIa-
JeHus nociexyromux ¢as. B oHTorenese crpykrypa M (QyHKIHS COOTBETCTBYIOT IPYyT
Opyry. Y THOPHIHOTO pacTeHHs OTCYTCTBHE OPIaHOB BOCHPOM3BENEHHMS SIBISAETCS BaX-
HbIM (hakTOopom cHmkeHus (2,5-2,7 pa3) aktuBHOCTH (orocunTe3a. OTCYTCTBUE KO-
nockeB y Dwarf [ HapyiiaeT 10HOPHO-aKIIENTOPHBIC OTHONICHHUS MEXKTY JIUCThsIMH (TI0-
CTaBUIMKHA aCCUMWIATOB) M T€HEpaTUBHBIMK opraHamu (morpeburenu). Kak mpasuio,
HAKOIVICHHBIC aCCUMMUIIATHI IIOAABJIAKOT HHTCHCUBHOCTD q)OTOCI/IHTe?)a. HpOI/ICXO,Z[I/IT ne-
PEKOPM JICThEB aCCHMWIISITAMHU, B PE3YJIbTaTe YE€ro WHTEHCHBHOCTH (POTOCHHTE3A IIa-
naer [4].

Kopne-nucroBasi (yHKIMOHAIBHASI CBS3b PETYJINPYETCS METa0OIMYECKUMH IIpO-
LIeccaMy, B KOTOPBIX aKTHBHOE y4acTHe MPUHUMAIOT (pepMeHThl. lenpeccus mposBisieTcs
KOPPEISITUBHO B HaJ3EMHBIX U MOJ3EMHBIX opraHax. Hapyraercst katana3zHasi akTHBHOCTb
B JINCTBSX M KOPHAX. B Kn3HemeATeNnbHOCTH THOpHAA Ba)KHOE 3HAUCHHE HMEET Me-
TabOJM3M KOPHEBOW CHCTEMBI. POJIb MeHOTHIIA KpaiiHe BaykKHA MPH (POPMHUPOBAHHH KOP-
HEBOM CHCTEMBI U CITOCOOHOCTH IKCTpaKiuy Boabl [14]. CuHTe3 X10poduiiia B JUCTIX
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BO MHOTOM 3aBHCHT OT aKTHBHOCTH TeMCOIEpalluX ()EPMEHTOB, B YACTHOCTH OT Ka-
TaJa3bl, MOCTYTAIOIIEH C TACOKON B JIMCTHS M yJacTBYIOIIEH B CHHTE3e Xiopodruia [15].

Brricanmnocs, uto B (paze TpyOkoBaHHS B JUCThsIX rudpuna Dwarf I aktuBHOCTB
Karajnasbl Beie Ha 26,5-22,5%, a kopHAX Hwke Ha 9,9-11,6% Mo cpaBHEHHIO C POJIH-
TenbcKkuMu hopmamu (puc.2).

30,00

2500

20,00

15,00

10,00

0,00
Fnsco? Dwarf 1 Amby

o licr W Eoperm

Puc. 2. AKTHBHOCTB KaTaJla3bl, MI/T CHIPOTO Beca

W3-3a HU3KOTO ypOBHS KaTaJa3HOW aKTUBHOCTH B KOPHSX Y rMOpWAa, B OTIMYHE
OT poImUTeNnbcKUX (OpM, CHHTE3 XJIOPOQHIIa MPOTEKaeT OYSHb MEIJICHHO.
HampaBnieHue aesTeNbHOCTH XJIOpO(MIUIa3hl B JIMCTHSAX IIICHHUIBI O0YCIIaBIMBACTCS
aKTUBHOCTBIO KaTalla3el B KOpHEBOH cucteMe [14]. B xopHEBoO#l cucTeme Karanasa, a B
Hag3eMHOI dacTH xJopodminasa, HX KOJMYECTBO M (DYyHKIMH B3aMMOCBS3aHBI H
JOTIONHAIOT APYT Ipyra.

AKTHBHOCTb XJIOPO(MIIIA3bl B JIUCTHSIX POMUTENBCKUX PACTEHHIH HMEET CUHTETH-
4ecKylo, a y ruopuaa Dwarf | rugponuriuueckyto akTuBHOCTB (Tadu. 2).

Tabauua 2. AkTuBHOCTS Xsopodmntassl y rudbpuaa Dwarf [
M €T0 POAUTENLCKHUX (HOPM, MI/TP CHIp.BECa

0,
N Obpasen CymMma xiopoduiia Xnopodumma % M3MEHEHUs.
KOHTPOJIb OIBIT KOHTPOJIb OIBIT XJIopo(uILIa3bl
1 Frisco @ 0,05882 0,077 0,01988 0,0162 18,5
Dwarf'1
2 (Frisco x Amby) F, 0,0852 0,072 0,02485 0,0368 48,0
3 Amby & 0,05305 0,0711 0,02152 0,1774 17,6

B ¢aze TpyOkoBaHuS B JIMCTBSIX POAUTENLCKUX PACTEHHUI OCIIE UHKYOALMK Collep-
xaHue xnopodwiia Bospactaer (Frsico-17,0%, Amby-16,2%) npu 3HAYUTETHHOM YMEHB-
meHnu xjopodwumnaa. Y rubpupa Dwarf | HaOmronmaercss moHKeHHE coAepKaHHs
xnopodwuia Ha 15,0% u yBenudeHue colepikaHusi XJOpoduiuMaa ¢ OJHOBPEMEHHBIM
CMajioM aKTUBHOCTH XJIOPO(UILIA3BI, YTO CBHICTEIBCTBYET O €€ TMAPOIUTHYSCKON aKTHB-
HOCTH.

Taxkum O6p330M, B3aHMO}1€l7[CTBHe JOMHWHAHTHBIX T€HOB KapJIUKOBOCTHU IPUBOJUT
K NIyOOKMM M3MEHEHHUSIM PEryJSITOPHBIX MEXaHU3MOB KH3HEAEATEIbHOCTH THOPUIHOTO
opranm3ma. Jlempeccuss NpOSBISETCS KOPPEIATHBHO B HAJI3EMHBIX M IOA3EMHBIX
opranax pacreHuii. CHI)KaeTCs MOITHOCTh U 00IIast TIOTJIOTUTEIbHAsI TIOBEPXHOCTh
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KOpHEH, 9TO KOMIICHCUPYETCS IPOIICHTHBIM YBEIHMUCHHEM padodell MOBEPXHOCTH OT 00-
H_leﬁ. Usmenstorcs JOHOPHO-aKUCTITOPHBIC OTHOMICHUA MEXKIY JIMCThSIMU U KOPHAMU.
HapymaeTcs cooTHOIIeHHE KaTaja3HONW aKTHBHOCTH B JIICTBAX M KOPHAX THOpHIA.
HaOmroaercst ”HTEHCHUBHBII CHHTE3 XJIOPO(DHUILIA C TOHMKEHHOW (DYHKIIMOHAIBLHOHN aK-
TUBHOCTBIO, YTO MOJATBEPKIACTCS CI1a00W aCCHMUISIIMOHHOW JCSITEIBHOCTBIO JIUCTHER.
HecMmoTpss Ha MOOWMIH3AIMIO BCErO MOTCHIIMAIA THOPUIHOTO OPraHU3Ma, TCHETHUCCKU
00ycCIIOBIICHHAs IETIPECCHs PEAONPeeIsieT OTKIOHEHHSI OT HOPMaJIbHOTO X0J1a OHTOTe-
He3a ¥ MIPEKACBPEMEHHYIO THOCNb pacTeHus. Y THOpHIa OHTOTEHE3 3aBepinaercs B ase
KYIICHUS 32 CYET BBINMAJACHUS MOCICAYIONHX (a3.
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DIVERSITY OF VOLES SPECIES OF SURROUNDING
TERRITORIES OF QUCHAK VILLAGE

T.A.HAYRAPETYAN

Yerevan State University, Department of Zoology
tigranhrptn@gmail.com

Morphological, craniological and dental studies of voles captured from Quchak village
(Central part of Armenia) showed a great variety of measurements and difference in teeth structure.
According to literature data there are 3 species of voles: European snow vole Chionomys nivalis,
social vole Sumeriomys (M.) socialis and common vole Microtus arvalis dwelling in this area. The
analysis of morphological, craniological and dental measurements of our collection showed
overlapping of some measures. The data obtained from the analysis of the morphological,
craniological measurements and teeth structure showed clear difference of studied voles from the
typical representatives of the above species. DNA analyses of collected samples were done. The
analysis showed the presence of other “species” as well. The territory of Quchak village is known as
a hybridization zone for rock lizards. It is possible there is hybridization processes are going between
the vole species living around Quchak village also.

Microtus obscures — vole — dental structure

eniyul) gninh (Yknpnwljwl Zuyuunwh) opourljuyphg poidus nupnudltkph dwpui-
tuub, quiqupubuut b wnwdubph jupnigqusph ntunidtwuhpoipniiubpp gnyg wdtghtt sw-
thnudubiph ks puquuquinipmnil b tjunbh mwppbpnipmnitibp winwdubph jurenigwspnid: Gpu-
Juit wjjuyutph hwdwdwji wju nwwpwspnid jupnn o hwinhwyl] guonwdljutph 3 wkuwlukp:
Ypubp k' 1. BYpnyuljut dub qusnudnilyp Chionomys nivalis, hwuupululjui qupnudmlp’
Sumeriomys (M.) socialis L. unynpulub nwowwdnlp' Microtus arvalis Utp hwwupwédnih
nuonudlubph dlwpwbwlub, quiqupuiului b wnwdubph jupnigyusph ntuntdtwuhpnipjut
wpyniupnid unwgyus ndjuyubpmd weluw E npny gmigutthoubph Jhpuswsl: Fugh wyy, dbp
hwjwpwédnih Yhugwuhubph swhmdubpp mwppbipynud o todws wbuwlubph whwhl ubpluyw-
gnighsiiph  gmguhoubphg: Ukp Ynnuhg Yuwwwpdl] b twb tgnpubph Yol Jhpnudnipnii:
dhpnusnipjut wpyniupmy wupqyty k bu Uk <antuwljh» wnjuynipnit vdju) mupuspnid: Lnswly
qoinp ppgwlwypp huypnth t apuybu dwjpughtt Unnbutkph dhgunbuwluihte hhpppnhqugdwi gninp:
Zowpuwynp E np wju wmwpwspmid wbnh B ombbinud twdwb gnpdppug twl nupnwdlukph
wnbuwljubph vholi:

Microtus obscures —quipnnudnij — wunwdbkph jupnigywdp

Moponorudeckue, KpaHHOJIOTMYECKHE HCCIENAOBAaHHMS W H3ydeHHE CTPOCHUS 3y0OB
MOJIEBOK IMOMMaHHBIX M3 okpecTHOocTH cena Kywak (LleHTpanmbHas yacth ApMEHHH), MTOKa3aJld
OouibIIoe pa3HoOOpasye U3MEPEHHIt U pa3HULBI B CTpYKType 3y0oB. [o uTepaTypHbIM TaHHBIM, B
9TOM paifoHe XHMBYT 3 BHAa IIOJEBOK: €Bpomeilckas cHexHas mnoneBka Chionomys nivalis,
couunansHasg mnoneBka Sumeriomys (M.) socialis m OObIKHOBeHHas1 moneBka Microtus arvalis.
Ananu3 MOp(OIOrnuecKux, KPaHHOJIOTHYSCKUX W 3yOHBIX HM3MEpEHHH Hamieldl KOJUICKIHH
MOKa3aJik MePeKPhITHE HEKOTOPBIX MPOMEpOB. JlaHHbIE aHAIH3a MOP(POIOTHICCKHX,
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KPAHHOJIOTHYECKUX M3MEPEHHH U CTPYKTyphl 3yOOB BBIABIIIM UYETKOE OTIMYHE H3ydaeMbIX
[I0JICBOK OT TUIIMYHBIX IIPEICTABUTEIICH YKa3aHHBIX BBIILEC BUJIOB.

Iposenen THK ananmm3 coOpaHHBIX 00pa3IoB KOTOPHII MOKa3al HalMu4ue Apyroro "Buma'.
Teppuropus c. Kydak u3BecTHa Kak 30Ha THOpPUAN3ALUY ISl CKAIBHBIX siiepuil. Bo3aMoxHO, uTO
BOKpYT ¢. Ky4ak ruOpuIi3alioHHbIe IPOLECCHI MPOTEKAIOT TAKKE MEXKIY BHAAMH IIOJICBOK.

Microtus obscures — nonegka — cmpoenue 3y606

Armenia is located between Europe and Asia, and can be regarded as one of the
major hotspots of biodiversity interlinking the faunas of the Mediterranean, the Middle
East, the Caucasus and the Caspian areas. It is extremely important to identify rare
species, describe their distribution, identify key habitat, evaluate the level of
anthropogenic pressure, and recommend measures protect of rich biodiversity of
Armenia. The extremely various landscapes provide many types of habitats for voles.
While the biodiversity of several vertebrate species is well studied, the voles’
biodiversity remains largely unstudied. There were few scientists working on voles’ have
done not so many work studying of voles’ in Armenia. Diversity of voles in Armenia is
presented with 9 species and 3 geniuses: genus Arvicola - 1 species: Arvicola terrestris,
genus Chionomys — 1 species: Chionomys nivalis, and genus Microtus - 7 species:
Microtus arvalis, M. levis, Sumeriomys (M.) socialis, S. schidlovskii, Terricola (M.)
majori, T. daghestanicus and T. nasarovi.

Materials and methods. 12 animals captured from surrounding territories of Quchak
village were used for current study. Animals captured by using live traps, conical traps and by
hand under the stones in summer nests. Morphological, craniological measurements were taken
and teeth structure was studied. Samples for DNA analysis were collected.

Standard morphological methods were used. 25 different variables were measured for
craniological studies (Markov et al., 2012). Statistic analyses of obtained data were done by Statis-
tica 8.0 software.

Structure of molars was compared for species identification as well (Gromov et al., 1995).

Pure cytochrome b DNA was used for analyses. QIAGEN and A&A BIOTECNOLOGY
kits were used for DNA analysis. Works were done in Mammal Research Institute of Bialowieza
Polish Academy of Science.

Results and Discussion. Morphological, craniological and dental structure studies
showed that 3 species of voles (Microtus arvalis, Chionomys nivalis and Sumeriomys
(M.) socialis) dwelling in researched area. But some measurements were different from
measurements of typical representatives of the above species. The analysis showed
overlapping of some measures (Revazyan L et al., 2014).

Very interesting results of cytochrome b DNA analyses were obtained. To ensure
further the mitochondrial origin of the sequences, they were compared with GenBank
entries (http://www.ncbi.nlm.nih.gov).

Results showed that 9 of all studied animals have cytb DNA identical with

Microtus arvalis and 3 with Microtus obscurus.
The status of the eastern “obscurus” taxon in the arvalis group is unclear. Some authors
regard this taxon as a species, M. obscurus, separate from the western M. arvalis
(Mitchell-Jones et al, 1999), but it has been demonstrated that the two forms can
interbreed in captivity and describe the taxa as two cytotype forms, M. arvalis
“obscurus” and M. arvalis “arvalis” (Akhverdian, M. R., et al., 1999; Bulatova et al.,
2007). Cytochrome b divergence between M. arvalis and the obscurus lineage is only
1.6-3.6%, which suggests that the “obscurus ’-“arvalis” split was recent (Haynes, S., et
al., 2003).

102




DIVERSITY OF VOLES SPECIES OF SURROUNDING TERRITORIES OF QUCHAK VILLAGE

However, one of M. arvalis “obscurus” morphologically was identified as
Chionomys nivalis and two as M. arvalis. Morphological, craniological and dental
structure studies showed presence of 4 individuals of Sumeriomys (M.) socialis, 1
Chionomys nivalis and 4 Microtus arvalis. But these 9 individuals were identified as M.
arvalis “arvalis” by cytb analyses.

These results can provide bases for theory of hybridization of different species of
voles on studied area. According these results new study should be obtained with using
cytological analysis and nuclear DNA analysis.
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OBHAPYKEHUE PEYHOI'O YI'PA ANGUILLA ANGUILLA
B BOOIAX APMEHHUHN
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[IpuBonutcs kpatkoe Mop¢oJIOrHIecKoe onucaHue peuHoro yrps Anguilla anguilla (L.,
1758), BuepBrie oOHapykeHHOTO B Bogax Apmenun. [Ipeamonaraercsi, 9TO JaHHBIH BUA MPOHUK
crojia mytem camopaccenenust u3 Kacnuiickoro mops.

Hxmuogayna — Apmenus — peunoii yeopv — Anguilla anguilla

Pipynud E wnwohtt whquud Zwjwunwth opkipnud npujws qhnughtt odwdwlh Anguilla
anguilla (L., 1758) huwdwnnun dhwpwtwlui tjupugpnipniup: Gupunpynud k, np nidjuy nkuwlp
Yuuwhg dnihg hupunipnyu k ukpputhwigh] Zujuunwih gpuljuyikp:

Rtuspruph — Zugumunnul — gk odwdnil] — Anguilla anguilla

Morphological short description of river eel Anguilla anguilla (L.,1758) which was first
discovered in the waters of Armenia. It is assumed that this species was settled here from the
Caspian Sea.

Ichthyofauna — Armenia — river eel — Anguilla anguilla.

3a mocnenHue eCATUICTHSI B MXTHO(AayHE BOJOEMOB APMEHHH IPOUCXOIST Cy-
IIeCTBEHHBIE TPaHC(HOPMAIMOHHBIE MIPOLIECCHI, BCIEACTBUE Yero onopasHoodpasue puid
YBEJIMUUIIOCH MOYTH BJIBOE — ¢ 22-X BUIOB Aocturas 40. Takoe yBelnyeHHEe TAKCOHOMHU-
YEeCKOro pa3HooOpasus peld BOZOEMOB APMEHMH CBS3aHO KakK C Pa3BUTHEM TOBAPHOIO
PBHIOOBOACTBA W MHOTOKPATHBIM 33aBO30M II0C3JOYHOTO MaTepHana IPYHAOBBIX PHIO W3
BOJIOEMOB Pa3IMYHBIX PETHOHOB, TaK M €CTECTBEHHBIM CaMOPACCEIEHHEM OTAENBHBIX
BUJIOB [3-7]. OgHAaKO HEOXHMIAHHOW JUIS HAC SIBUJIACH MOMMKA MECTHBIMH phlOaKaMHu-
MOOHUTENSIMA IBYX ocoOeil peunoro yrpsi Anguilla anguilla (L., 1758) B Havame uioHS
2015 r., onrcaHne KOTOPBIX SABJISETCS METbI0 HACTOSAIIETO COOOIIECHUS.

CornacHo uH(popManuu peIdakoB, 0JHa 0CO0b PEYHOrO yrps JJIMHOW Tena (OT
HauaJla pbuia JI0 KOHIIa XBOCTOBOro uiaBHuKa) 106 cM ObLia noiiMaHa B p. Apakc Ha 1o-
IPaHUYHOU 3acTaBe HEHaeKo OT r. ApmaBup (ApMaBHPCKHI Map3), a Apyras 0coOb
JuinHOM Tena 119 cMm — B ApakcHHCKOM BOJOXpaHWIHIIE B F03KHOI ApMenuu. Hamu nsy-
YeH TOJBKO 3K3eMILIp ¢ JIMHOU Tena 106 cM, moliMaHHBIM KPrOUYKOBOM cHAcThO. [Ipu
€ro ONHMCAaHWW MBI HCIIOJIB30BAIN METOINKY, NPHHATYIO B uxTHosnoruu [2]. dororpa-
(um caenaHpl aBTOPOM JAaHHOTO COOOIICHHS.
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Puc. 1. Peunoii yrops u3 p. Apakc (ApMaBHPCKHIT Map3, ApMEHH):
a) BHEILIIHUI1 BUJI CO CIIMHHOM CTOPOHBI; 0) BHELIHUI BHJ] ¢ OPIOIIHON CTOPOHBI.

CnyHa 1 BepXHsIs 4acTh OOKOB, CIMHHOM, TPyIHBIE M XBOCTOBOH IIJIABHUKH ped-
HOTO yrpsi U3 p. Apakc 3eJIeHOBaTO-cepble, OPIOX0 M HIDKHAS 4acTh OOKOB — JKENTOBA-
ThIE, aHAJIBHBIH [JIABHUK TEJIECHO-PO30BaThIM. PagyxuHa ria3 3ojotucro-xkenras. Te-
J0 UWIMHAPHYECKOe, B 3aJHeH 4acTu cxaroe ¢ 00koB. bokoBas IMHUSA MOJHAs, TOYTH
IpsAMast, TAHETCS] HECKOJIBKO BBIIIE CPEAHEH 4acTH TYJOBHILA OT IOJIOBBI O OCHOBAaHMS
XBOCTOBOT'O IUIaBHUKA. | 0710Ba KOHWYECKas!, HECKOJIBKO MPUILIIOCHYTas! B IEpeIHEN dac-
1. [Inuna ronosel coctaBnsieT 11.5 % niunbl Tena. ['na3za cpaBHUTENHLHO MaJeHbKHE,
HaxXOJSTCS HECKOJIBKO BIEPEJN OT 3aJHEr0 KOHIa pra. X nuametp B 2 pasza B JJiMHE
prita. PaccTosiHMe OT KOHIIA pbUIa 10 aHyca cocTaBiseT 44 % IUIMHBI Tena, T.€. aHaJlb-
HOE OTBEPCTHE HAaXOJIUTCS BIEepeny cepeauHbl Tena. CIMHHOM IUIaBHUK HaYWHAETCs 3a-
METHO BIIEPEAN aHAJIBHOTO IUIABHHUKA: aHTEJIO0pCAIbHOE paccTosiHue cocTaBisieT 36.4 %o,
a aHTeaHalbHOE paccrosHue — 55.0 % mmuHEI Tena. B mienoM, BHenHe Mopdororuyec-
KHe Tpu3HaKu yrps u3 p. Apakc (puc. 1) cooTBercTBYIOT mpuBeaeHHOMY beprom [2]
OTMCAaHUIO PEYHOTO yTPs B HETIOJIOBO3PENIOH cTanuu (KenTas (paza pa3BUTHA).

OTKpPBITBIM OCTaeTCsl BONPOC, KAKMUM 00pa3oM yrpu HOSBHINCH B p. Apakc. 13
HECKOJIBKUX BO3MOJKHBIX BAPHAHTOB (CaMOpAacCeleHUE, NMPOHUKHOBEHUE U3 NPYAOBBIX
XO3SHCTB, BBIITyCK PhI0AKaMHU-TIOOUTEISIMH C IENBI0 aKKJIMMAaTH3ald U Jp.) HaM Hauoo-
Jiee BEPOSITHBIM Ka)KETCS CaMOpacCeleHHe 3TOH PBIObI, T.K OHAa MMEET LIMPOKUI Iua-
Na30H oOWTaHWsI BO BHYTPEHHBIX BOJIOEMax, BCTpeYasCh B HEOOJBIIMX PYYbsSX U KPyI-
HBIX peKax M o3epax. VM3BecTHO, YTO MOJIO/Ib JAHHOTO KaTaJpOMHOIO BHAA M3 MODS 3a-
XOJUT BO Bce peku EBponbl oT bantuiickoro u bapennesa mopeit 10 YepHoro, Bo Bce
pexu Cpenu3eMHOMOpPBsT 1 ToOepexkbs Mapokko u ap. [2]. B Poccun usBecteH u3 pex
6acceiinoB benoro, banruiickoro u Yepnoro mopeil. Ilo kaHamaMm 3axOAWT B CHCTEMY
p. Bouxra, oTkynma mpoHmKaeT o I0KHBIX paifoHOB Kacmmiickoro mops [1]. YauteiBas
BBIIIECKa3aHHOE, MBI IOIYCKaeM, 4TO YIpH, IpoHuKUIMe yepe3 Boary B Kacnuiickoe mo-
pe, Morim KocTtudb ycTbs p. Kypa m oTTyna — cpeanero tedeHus p. Apakc.

Aemop swipaxcaem npusnamenviocms JLILL I'egopeany 3a npedocmagieHH)0
YeHHyI0 uHghopmayuio.
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Nowadays methicillin-resistant strain Staphylococcus aureus (MRSA) is one of the most
widespread multiresistant bacteria. Photodynamic inactivation (PDI) of microorganisms by
photosensitizers (PS) may be an effective and alternative therapeutic option against antibiotic-
resistant bacteria. The effectiveness of new PS cationic porphyrin Zn-TBut4PyP was tested on two
strains of S. aureus (MRSA and methicillin-sensitive S. aureus). It is shown that Zn-TBut4PyP has
high photodynamic activity against both strains.

Photodynamic inactivation — methicillin-resistant Staphylococcus aureus — cationic porphyrin

Ukpjuynudu  dbinhghthth  tquundwdp Yuymb  Staphylococcus  aureus owudp  (MRSA)
wdkbwnwpudsjws wynjhnkqhuntun puljnbphwutphg dbhu E hwdwpdnd: Uhypnopquthqutiph
$nunnphwdhly htwlupjugnudp ($P) $nunnubupphihquunpubph (dU) Yhpundwdp hwljwphn-
whljubph Gunidundp juynib puljnbphwtbph nld jupnn b hwinhuwbw wpynibun]bn b wgpln-
puwipughtt phpwwhuyh wwppbpul: Unp juwnhntughtt wnpbhphtt Zn-TBut4PyP-h wpynmiwyk-
wnnipniup thnpdwplyly kS aureus -h tplnt pnwdubph (MRSA b dtwnhghihth tjundudp qquyntt S.
aureus) ujundwdp: 8nyg k wipydky, np Zn-TBut4PyP-p tiplnt pnwdubph tjuwndwdp b gnigupbpmd £
pupdn dnuninphtwdhly wlnhynipnii:

Bnuinphliadhly phwlinpgugnid — dknpghiplih Gyundwdp juynih Staphylococcus aureus —

Gunnpnbiuyhli ynpphphh

B Hactosiiiee BpeMsi METUIMIUTMH-PE3UCTCHTHBIH mTaMM Staphylococcus aureus (MRSA)
SIBIISIETCS OJJHUM M3 HanOojliee PaclpoCTPAaHEHHBIX MOJIHPE3UCTEHTHHIX Oakrepuil. DoToarHaAMU-
yeckas uHakTuBauus (OAM) muxpoopranuzMoB ¢ nmpumeHeHHeM (orocencubmnuzaropos (PC)
MOXKeT OBITh 2P (PEKTUBHON U aTbTEPHATHBHOW TEPANEBTHYECKOH BO3MOKHOCTBIO MPOTHB yCTON-
YUBBIX K AHTHOMOTHKAaM OakTepwil. OQPQPEKTHBHOCTH HOBOTO KaTHOHHOro NopdupuHa Zn-
TBut4PyP Gbuta mporectipoBaHa Ha AByX mrammax S. aureus (MRSA u MeTHIMIIINH-1yBCTBH-
tespHOTO S. aureus). Ilokasano, uro Zn-TBut4PyP nposBiseT BEICOKYIO (OTOIMHAMUYECKYIO aK-
THUBHOCTb B OTHOLIEHHH 0OOUX IITaMMOB.

DomoouHamuyeckas UHAKMueayus — MemuyuiLIUH-pe3UCeHmHbolll
Staphylococcus aureus — kamuonnwlii nopgupun

MRSA causes major clinical problems. In the USA, the number of deaths due to MRSA
strains is equivalent to the total number of deaths from acquired immuno

107



M.H. PARONYAN

deficiency syndrome (AIDS), tuberculosis and viral hepatitis [1]. Currently the PDI of
microorganisms via photosensitizers (PS) is one of the most perspective directions for
destruction of antibiotic resistant microorganisms [4, 5]. PSs are dyes of natural or
synthetic origin, basically porphyrin-related compounds, which are able to generate
reactive oxygen forms under illumination [2, 5].

The current study is aimed at the investigation of differences in response to
photoinactivation between MRSA and methicillin-sensitive S. aureus (MSSA) strains.
The new cationic porphyrin Zn-TBut4PyP (Zn-meso-tetra-[4-N-(2'-butyl)pyridyl]por-
phyrin) was used as PS. Zn-TBut4PyP had an inner tetracationic charge and high quan-
tum yield of singlet oxygen generation (97 %) [3].

Bacterial suspensions consisting of 10° colony forming units (CFU) per milliliter
were incubated for 10 min in the dark at room temperature with PS of different
concentrations (from 0.001 to 1 pg/ml) and then irradiated 30 min with white light
(30 mW/cm?). Percent survival was performed by counting CFU from cells incubated
with a photosensitizer after irradiation and dividing it by the number of CFU from cells
incubated with a photosensitizer before irradiation.

Studies evaluating the susceptibility of photodynamic inactivation on sensitive
and resistant strains revealed that both strains were susceptible to photodynamic therapy
when the appropriate combination of photosensitizer and light was used. An incubation
with 1pug/ml Zn-TBut4PyP followed by illumination, yielded a 9 Log;o (100 %) decrease
in the viable numbers of MRSA and MSSA strains, indicating that the Zn-TBut4PyP had
a high degree of photodynamic inactivation (fig. 1).

100 99 g 99 99 g7 ag 88 %8 g 98 g7 96 o

= MRSA
= MSSA
= MRSA+Zn-TBut4PyP
= MSSA+Zn-TBut4PyP

80

CFU (%)

60

40

20

0,001 0,01 0.05 0,1 0.5 1
Zn-TBut4PyP concentration (ug/ml)

Fig. 1. Response of MRSA and MSSA strains to Zn-TBut4PyP-mediated PDI.
Each value is the mean from three independent experiments + standard deviation.

These data reinforce suggestions that PDI may be an alternative treatment for
localized infections caused by multidrug-resistant pathogens.
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